
© 1951 SCIENTIFIC AMERICAN, INC



Hottest thing Ln the skies 
JET AND ROCKET SHIPS top them all for high flying speeds 
- and searing engine temperatures! 

Zooming through the air at speeds far faster than sound, 
their engines generate heat that would soften any ordinary 
steel. 

Special alloy steels to withstand the terrific heat and 
pressure of the jet powered engines are made by adding 
such alloying metals as chromium, tungsten and vanadium. 
Not only in aviation but in almost every field alloy steels 
are on the job. 

Our automobiles and ships are safer and stronger be
cause of the alloy steels used in them. The gleaming, stream
lined trains in which we ride get their combination of 
beauty, strength and lightness from steel made tough and 
stainless by the addition of chromium. 

Furnishing steel makers with alloys essential to the man
ufacture of special steels is but one of the important jobs of 
the people of Union Carbide. They also provide the giant 
carbon and graphite electrodes for the electric arc furnaces 
which are used to make many of these fine steels. 

F R E E: Learn more about. the interesting things 'yOll 
use every day. Write for the illustrated booklet ··Prod
ucts and Prorcsses" u'hich tells how science and ;.". 
dustry use Union Carbide'sAlloys, Carhons, Chemical.�, 
Cases, and Plastics in creating things for you. Write 
for free booklet K. 

UNION CARBIDE 
AND CARBON 

30 EAST 42ND STREET 
CORPORA TION 

l!IEI:9 NEW YORK 17. N. Y_ 

___________ Trade·marked Products oj Alloys, Carbons, Chemicals, Gases, and Plastics include 

ELECTROMET Alloys and Metals HAYNES STELLITE Alloys NATIONAL Carbons ACHESON Electrodes 

LINDE Oxygen PREST-O-LITE Acetylene EVEREADY Flashlights and Batteries 

PRESTONE and TREK Anti-Freezes BAKELITE, KRENE, and VINYLITE Plastics . PYROFAX Gas SYNTHETIC ORGAKIC CHEMICALS 
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HOLLOMON 

SCHAEFER 

·LIKE THE QUALITY OF A NATION, 

the quality of a company is, to a large extent, determined by that 

of the men who compose it. For more than a half century it has 

been our good fortune to have attracted a large number of men 

who have since become justly renowned in science and in 

engllleenng. 

In the material resources of the Company such men found 

facilities that were vital to their work; in the imaginative leader

ship of the Company they found freedom and encouragem
'
ent in 

the pursuit of their projects; in their association with each other 

they found the intellectual stimulation that, among such men, 

both contributes to and results from their achievements. 

It is our hope and our expectation that we will continue to 

number such men among us. As long as we are privileged to do 

so, we will remain confident of our ability to make our contribu

tion to the life of the nation a significant' and fruitful one. 

GENERAL . ELECTRIC 
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Design Specialists 

for Design Engineers 

If you have a product or process in 

heating . .. commercial refrigeration 

... industrial processing or aircraft ... 
in any application where automatic 
control is a vital factor in operating 

performance, you'll get better results 

at less cost if General Controls are 

on the job. That's why top names 

everywhere will tell you that, when 

it comes to temperature, pressure, 

level or flow, for the best in auto

matic control, it's General Controls. 

General Controls Design Specialists 

will welcome inquiries from Design 

Engineers. So for better automatic 

control tomorrow ... better check 

with General Controls today! 

� 
GENERAL 

CONTROLS 
801 Allen Avenue, Glendale I, California 

vllanu/ac/uM-tJ 0/ AutO-nUllt:c i¥u4okete" 
f!fe#ltjI.etatu'M,1 �� alld f!TUuf!. �O:tlt� 

FACTOIY BlANCHES: loltlmor. 5,Birmingham 3,Ioslon 16.luffcllo 3, 
Chicogo 5, Cl ..... land 15, Columbus 15, Dallas 2, Den"er 4, Detroit 21, 
EI I'oso, Glendal. 1, Houllon 6, Indionopoli. 4, konsal Cit., 2, 
Milwouk •• 3, Minneapolis 2, Nework 6, Now Orleans, New 
Ywk 17, OmClho 2, Philodelphio 23, Pittsburgh '2, Salt Lolle Cify 4, 
St. L.vi. 3, San FroftdlCO 7, S_H'.l, lul«l 6. Woshlngton 6, D.C. 

DISTRIBUTORS IN PriNCIPAL CITIES 

2 

Sirs: 
I enjoyed the article entitled "The 

Theory of Numbers " in your July issue, 
particularly the passage that dealt with 
the celebrated problem of the sailors and 
the coconuts. However, the author has 
only three sailors in his problem, where
as I have heard the problem stated with 
Rve. Is there a similar solution for the 
problem with Rve sailors? 

WILLIAM R. JORGENSEN 

New York, N. Y. 

Sirs: 
The interesting article in your July 

issue, "The Theory of Numbers," has re
vived my interest in a problem told me 
by a calculus teacher at the University 
of California a while back. I have read 
several books on mathematical problems 
but found myself looking in vain until 
reading your article. I wonder if you can 
help me, either with the answer or a 
suggestion as to how to solve the prob
lem. 

The problem is the same as yours of 
the three sailors and the coconuts, ex-
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LETTERS 
cept that there are five sailors. I replaced 
n in your general formula by Rve and 
obtained this equation: 1024x-3125y= 
8404. Knowing that y would be the 
smaller value, I aSSigned values to it, and 
further simpliRed the problem by dis
covering that y must end in a zero. With 
large graph paper I proceeded to plot 
the above linear equation, assigning 
values to y of 10, 20, 30, 40 ... and 
trying only values of 6, 11, 16, 21 where 
the curve crossed near to values of x. 
.. . Using this method I have so far 
eliminated values of y to y=480. This 
may go on for a long time! Isn't there 
some mathematical way of Rnding the 
smallest values of x and y so that x is 
divisible by Rve with a remainder of one 
and y exactly divisible by Rve? 

I would appreciate it very much if 
you could help me in any way at all. 

WILLIAM A. BARNETT 

Berkeley, Calif. 

Sirs: 
The following solution of the equa

tion 1024x-3125y=8404 (the coconut 
problem with Rve sailors) serves to illus
trate a general method of solving a Dio
phantine equation in two unknowns. The 
equation may be written 

_ 3125y+8404 
x- 1024 

Performing the indicated division we 
have 

or 

53 212 
x=3

1024 
y+8

1024, 

_ 53y+212 
x-3y+8+ 

1024 . 

The fractional expression on the right 
must be an integer, since x, 3y and 8 are 
integers. Thus 

53y+212_ 
1024-a 

(where a is an integer), or 

1024a-212 
y 53 

This becomes 

or 

17 
Y=19 - a-4 

53 

17a 
Y=19a-4+-. 

53 

Again, the fractional expression is an in
teger: 17a/53= b. Then 

a=53b/17=3b+ 2b/17; 

r 

t 

© 1951 SCIENTIFIC AMERICAN, INC



THE MOST 

IMPORTANT 

BOOKS 
The Best in Literature 

Members' 
P,ice 
1.89 

List 
Price 
4.75 

Members' 
P,ice 
1.89 

List 
Price 
5.00 

Membe,,' 
Price 
1.89 list 

Price 
4.00 

Members' 
Price 
1.89 

List Price 3.75 
Members' Price' .89 

List 
Price 
5.00 

List Price 5.00 
Members' Price 1.89 

of these notable works 
Wherever good books are read and discussed the Book Find Club has 

become known for the high standard of its selections and their low price of 
$1.89 per book. THE BALLAD OF THE SAD CAFE-containing all the novels and 
many short stories of Carson McCullers; MALE AND FEMALE,"a study of sexes 
in a changing world" by Margaret Mead; OEDIPUs-MYTH AND COMPLEx-a 
brilliant analysis of all the major psychoanalytic theories from Freud to the 
present, including the complete Oedipus trilogy of Sophocles, by Patrick 
Mullahy; OUR CHILDREN AND OUR SCHOOLS by Lucy Sprague Mitchell; THE 
FAR SIDE OF PARADISE, the widely acclaimed biography of F. Scott Fitzgerald 
by Arthur Mizener; GENETICS AND THE RACES OF MAN by William C. Boyd; 
OUT OF My LATER YEARS by Albert Einstein; THE AMERICAN MIND by Henry 
Steele Commager; LISTENING WITH THE THIRD EAR, "the inner experience of 
a psychoanalyst," by Theodore Reik;-these are only a few of the many notable 
books available to members. They are all books that each of us would want 
to read and keep for his permanent library. 

. 

at only $1.89 regardless of list price 
The publishers' list prices 

of these books range up to 
$6.00 but as a member of the 
Book Find Club you pay only 
$1.89 (plus postage and han
-dling). Actually this means 
-an average saving of more 
than 50% on the books you 
buy. 

Receive FREE Gift Book 
As an introduction to the Book .Find 
Club, select any 2 books pictured or 
listed in the coupon as your FREE 

. GIFT BOOK and your first selection 
• • •  UP TO $12.00 RETAIL COST 
FOR ONLY $1.89. 

Join THE BOOK FIND CLUB 
FILL OUT THE COUPON BELOW AND MAIL 

The Book Find Club 401 Broadway, New York 13,N. Y. 
Please enroll me as a member Check any 2 books listed below: 

and send me the FREE book and 0 GENETICS AND TH E - RACES OF MAN 

forst selection I have indicated. § THE MEANING OF EVOLUTION 

I_ am also to receive FREE each �1�[:N�:g ����
L
�HE THIRD EAR 

month the Club's literary maga· 0 OUT OF MY LATER YEARS 
zine, the 800k Find News. I 0 CRY, THE BELOVED COUNTRY 
understand I may accept as few 0 THE AMERICAN MIND § AGE OF JACKSON 
as 4 books a year at the SPE. THEODORE- DREISER 

It costs you nothing to belong to the Book Find Club. You pay 
only for the books you want and you may take as few as four 
in-the entire membership year. Each month you- receive, FREE, 
the Book Find News, so that you can decide for yourself, after 
reading the review of the forthcoming selection, if you want 
the book. If not, you simply return the printed form (always 
supplied by us) which tells us not to send it. In addition, the 
Book Find News contains reviews of other notable books avail
able to members. Since it is almost certain that you read at 
least four Book Find Club selections during the year anyway, 
why not get them from the Club at the tremendous savings we 
are able to effect through our large printing orders. 

CIAL MEMBERSHIP PRICE OF . THE RISE OF SCIENTIFIC PHilOSOPHY 
ONLY $1.89 a BOOK (plus 24¢ 0 OUR CHILDREN AND OUR SCHOOLS 
postage and handling) and may B MATHEMATICS AND THE IMAGINATION 

cancel my membership at any BALLAD OF THE SAD CAFE § EXilE'S RETURN time after purchasing 4 selec· REUNION AND REACTION 
tions. TROUBlED SlEEP 

NAME------------------------------7p/�ea-s -e �Pr� in� t 
ADDRES�S � __________________________________ ___ 

CITY ____________ -,--,-:-'-Z'ONE _____ STATE __________ -,-
(Prices slightly higher in Canada) D' 21· 4 
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KEEP YOUR MAN POWER 
. AT FULL POWER 

• Better temperature control helps the men and ma-
. chines in your plant to perform their appointed tasks 

more comfortably and efficiently. With FOAMGLAS, the 
cellular glass insulation, you can control temperatures 
more exactly, more economically. Here's why: 

FOAMGLAS is a highly effective insulation and retains 
its insulating efficiency. FOAMGLAS is strong, rigid, long
lasting. FOAMGLAS is moisture-resistant, insect-resistant, 
rodent-resistant, chemical-resistant. 

These features-plus the long-range economy of this 
Pittsburgh Corning product "the cellular glass insula
tion" -have led prominent manufacturers all over the 
country to specify FOAMGLAS for new building and 
modernization. 

® 

\\Trite for sample and free literature. 

PITTSBURGH CORNING CORPORATION 
PITTSBURGH 22, PA. 

FOAM GlAS· 
The best glas$ insulation is cellular gloss. The 
only cellular glass insulation is FOAMGlAS. 
This unique material is composed of still air, 
sealed in minute gloss cells. It is light weight, 
incombustible, verminproof. 'It has unusually 
high resistanceto moisture, chemicals and other 
elements that cause insulation to deteriorate. 

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

I Pillsburgh Corning Corporation f 
I Dept. AM-91, 307 Fourth Avenue, Pittsburgh 22, Pa. f 
I Please send me your free sample and booklet on the use of FOAMGlAS for: 

f 
I Commercial, Industrial and Public Buildings. 0 Piping and Equipment. 0 I 
I I 
f Name ................................................................... I 
f I 
I 

Address . . . . . . • . . . . . . . . . . . . . . .  , ........ . . . . .. . .. .... . • .  .. . . .. . . • . . . .  . . . • •  f 
I City ....................................... State. . . . . . . . . . . . . . . . . . . . . . . . • f 
� ---------------------------------- � 

WHEN YOU INSULATE WITH FOAMGlAS • • •  THE INSULA TlON LASTS! 
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b=8c+c/2; 
c=2d. 

We now have an integral expression for 
c and may solve for b in terms of d 
(b=17d), for a in terms of d (a=53d), 
and so on for x and y, finding that 
x=3125d-4, y= 1024d-4. Thus we 
have integral expressions for x and y in 
terms of a parameter, d. Any integral 
value given d will produce a solution of 
the original Diophantine equation. In 
fact, this is the most general solution of 
the equation. To find the least number 
of coconuts that five sailors might have 
gathered we need only find that value of 
d which will make x as small as possible 
while keeping y positive. Thus d = 1 
gives x=3121, y= 1020. 

PAUL S. HEHWITZ 

Chapel Hill, N. C. 

Sirs: 
The interesting article by L. V. Heil

brunn, "Calcium and Life, " in your June 
issue serves to perpetuate a common fal
lacy, namely that teeth and bones are not 
"truly living tissues." Actually research 
with radiocalcium and other bone-seek
ing minerals, such as gallium, strontium, 
arsenic and yttrium, among others, indi
cates that there is a rapid uptake by bone 
when these minerals are given by intra
venous injection, and that in rats elimina
tion of these minerals from the bones 
occurs within 10 days. Although in gen
eral these elements are deposited pri
marily in areas of rapid growth, this is 
not always the case (e.g., plutonium). 
Singer and Armstrong injected radioac
tive calcium into adult rats and found 
that apprOXimately half of the radio
active calcium was lost from the bones 
of adult rats in 52 days. This is indicative 
of a high rate of calcium turnover. 

These observations are but samples of 
the many which can be presented to 
show that bone is a living tissue in dy
namic equilibrium with the fluids bath
ing it. While it is undoubtedly true that 
the components of bone are exchanged 
more slowly than those of other tissues, 
this should not be taken as any indica
tion that bone and teeth are any less 
"living " than other parts of the body. 

FELIX BRONNER 

ROBERT S. HARRIS 

Nutritional Biochemistry Laboratories 
Department of Food Technology 
Massachusetts Institute of Technology 
Cambridge, Mass. 

Sirs: 
When philosophy beckons to the un

suspecting scientist, wouldn't he be wise 
to turn his back upon the fair temptress 

© 1951 SCIENTIFIC AMERICAN, INC



AN 5 W E R : Today, a physician need not send blood samples to a laboratory for 
hemoglobin analysis and delay diagnosis. Within 3 minutes, he can read 
the answer in the Hb-Meter. This meter is so fast that a patient's condition 
can be watched during treatment. Heart of the instrument is an accurately 
polished glass wedge, graded in color, against which the blood sample can 
be matched. The Hb-Meter is a creation of American Optical Company. 

PROBLEM: 

A N 5 W E R: If you dropped steel balls on 
your glasses, they'd shatter in dangerous 
splinters. AO safety-goggle lenses won't 
splinter. Scientists at American Optical 
devised a heat treatment that makes glass 
many times as strong, eyes safer. 

A N 5 W E R: Right, £lm shielded by ordinary glass catches fire. 
Left, AO heat-absorbing glass prevents fire. This glass, 
developed for floods and projectors, absorbs 90% of heat 
from projected light, passes movie-film color in true values. 
'Nrite us about your development problems. American 
Optical Company, 12 Vision Park, Southbridge, Mass. 
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BOMBER PRODUCTION needs nut-type 
fasteners virtually by the carload. A single die 
set equipped with Carboloy Cemented Carbide 

.,.-/ has whipped out nearly 50,000,000 fasteners for 
one fastener manufacturer. Another success 
with a Carboloy man-made metal. 

Fasteners for bombers • • • 

turned out faster 
A leading manufacturer of nut-type fasteners, used by the billion 
for aircraft alone, found steel dies and punches were conking out. 

He changed to dies of Carboloy Cemented Carbide. Now his 
dies outlast steel 16:1, and output runs 7,000 extra units per die 
per hour. Such results are only an indication of how Carboloy 
Cemented Carbides are revolutionizing the press die industry all 
across the board. 

This miracle-working metal is just one of the superior Carboloy 
created-metals. Others include Carboloy Alnico Permanent Mag
nets, for lasting magnetic energy, and Carboloy Hevimet, for max
imum weight in minimum space and for radio-active screening. 

P I ONEERS IN METALS 
Can you use a hand in the appli
cation of any of these versatile 
metals? In lowering downtime and 
break-even points? In boosting 
production, improving a product? 

Get in touch with a Carboloy 
engineer . . _ for all the practical 

knowledge available on these three 
created-metals_ And look to the 
Carboloy organization for con
tinued pioneering in even broader 
fields of use for these and other 
created-metals. 

Why not write today? 
." Carboloy" is the trade-mark for the products or Carboloy Department of General Electric Company. 

CARBOLOY 
PEPARTMENT OF GENERAL ELECTRIC COMPANY 

1 1 1 99 East 8 Mile Blvd., Detroit 32, Michigan 

ALNICO PERMANENT MAGNETS 
for last

i
ng magnetic energy 

"'G�O\"O� CEMENTED CARBIDES (""" � for phenomenal cutti
ng, farming, wear resistance 

.:::: rp��"i.�-t4\�� - HEYIMET for maximum weight in minimum 
�:'/::\":·l'�·���iii l;;:;��
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in the spirit of Lewis Carroll, who wrote: 

And what mean all these mysteries to me 
Whose life is full of indices Gild sllrds? 

x2+7x+58 
11 
3 

It was a statistical philosopher who 
assured us that a team of monkeys, at 
typewriters, would eventually reproduce 
the complete works of Shakespeare. 
Now, with a verse in the Letters depart
ment of your July issue, another one says 
that everything is statistical, and not the 
least bit mystical! Most of us mystics feel 
unable to wait for scientific confirmation 
by the monkeys. We are likely to suspect 
the statistophers of having dogmatic 
faith unless they can give us more evi
dence. For example, it would help per
haps if they could prove the statistical 
necessity for a law of probability. By the 
time the monkeys have written Hamlet, 
perhaps the heads will come up twice 
as often as the tails. Meantime the un
dogmatic will continue along as a mystic. 

B. G. CHYNOWETH 

Berkeley, Calif. 

ERRATA 

The article entitled "The Fertili
zation of Flowers, " which ap
peared in the June issue of SCIEN
TlFIC AMERICAN, contained the 
following statement: "Corn plants 
. _ . are pollinated primarily by 
wind but also sometimes by bees." 
This sentence should read: "Corn 
plants ... are visited by pollen
collecting bees, but they are pol
linated by the wind." 

The same article states that the 
insects, birds and mammals ar
rived on the earth at the beginning 
of the Tertiary Period. Actually 
these animals appeared before the 
Tertiary. In that period, however, 
the birds and mammals became 
dominant and the long-tongued in
sects first appeared. 

In a caption that accompanies 
one of the illustrations for the arti
cle it is stated that "Strelit;:;ia . . _ 

has a landing platform at the right 
for the sunbird." In the illustration 
the landing platform is at the left; 
the structure at the right is the 
ovary. These errors are the respon
sibility of the editors and not the 
author. 

In the July issue Paul S. Her
witz, author of the article entitled 
"The Theory of Numbers," was 
identified as associate professor of 
mathematics at the University of 
Cincinnati. Actually Ylr. Herwitz 
was a graduate assistant at that in
stitution. 
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/1nfJOIJIJetiJg ... 
THE BIG NEW 1951-52 

BaA CATALOG of Reagents & Fine Chemicals 

Packed with helpful information 
STORAGE AND HANDLING: Special section gives 

helpful "do's and don'ts" on handling 
chemicals that require extra precautions. 

PACKAGING SECTION: Exclusive new feature
photographs and full details on major B&A 
packaging, including: ... the "PBL" Drum 
with polyeth,ylene liner, the 9·bottle case 
for reagent acids, the 6·% gallon carboy, 
the "Saftepak" plastic dispenser for HF, 
and many others. 

EXTENSIVE DATA: Over 230 pages of specifications, 
other pertinent data on B&A Reagents, 
also on many Fine Chemicals. 

Write 
Today 

Fill out coupon, attach'to your 
business letterhead and mail 
today. Free to all qualified 
users and buyers of reagents. 

A COMPLETE BUYERS' GUIDE FOR 

USERS OF LABORATORY REAGENTS 

AND FINE CHEMICALS 

* For Manufacturing Control laboratories 

* For Production Requiring Quality Chemicals 

* For Process Planning and Development 

* For Research Laboratories 

* For Educational laboratories 

Just off the press-Baker & Adamson's 

new 1951·52 Catalog is profusely illus· 

trated ... packed with 264 pages of 

important information. Gives clear, 

concise data on over 1,000 B&A Laboratory Reagents and Fine 

Chemicals! Includes such pertinent facts as grades, strengths, 

maximum limits of impurities, etc. 1£ you buy or specify labora· 

tory reagents, this new 1951·52 B&A Catalog belongs on your 

desk. Send for your copy today. 

BAKER & ADAMSON PRODUCTS, General Ch.mical Division 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Please send me your new 264 page catalog of Baker & Adamson Reagents and 
Fine Chemicals for 1951·52. 

Name ______________________________________________ __ 

Organization ___________________ Position __________________ _ 

Address _______________________ ____________________ _ 

011·_----------..,....------------....£70n.-5101.,-------------
511.9·51 
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What's Your 
� 

Produ 

I t's 71endJ� Busi nes 

In the field of product development, industry 
today faces a common problem. The pressure of 
competition makes continuous progress a necessity 
of survival. Yet engineering talent is scarce, research 
facilities are costly, and avenues to development 
constantly increase in number and direction. 

To organizations faced with this dilemma Bendix 
offers a ready solution. When you deal with Bendix, 
you acquire far more than a dependable source of 
precision devices and components. You also add to 
your own resources an array of research and product 
development facilities unique in American industry 
for scope and versatility. 

You have available an engineering staff including 
specialists in every science presently or potentially 
useful to industrial progress-electronics, chemistry, 
magnetics, hydraulics, fuel combustion, aerological 
physics, metallurgy, pneumatics, and nuclear energy 
-and in advanced manufacturing and production 
techniques for many industries. 

You have access to the facilities of the thirteen 
divisional laboratories engaged in seeking additional 
practical applications of these sciences to all manner 
of industrial problems, as well as to the discoveries 
made by the Research Division in the many advanced 
fields which it is constantly exploring. 

And you have at hand, in the hundreds of Bendix 
products with their many applications, a source of 
product improvement utilized today by virtually 
every major industry. In short, whatever your need, 
Bendix is superbly equipped to find the answer
whether with one of its present products, an adapta
tion engineered to your specifications, or by the 
creation of an entirely new device. 

As a guide to the broad facilities at your command, 
Bendix has prepared the 40-page book "Bendix and 
Your Business." Send for your copy and find out in 
detail how Bendix can speed, simplify and reduce 
the cost of your product development program. 

BENDIX PROVIDES UNMATCHED 

Over 4000 research, design 
and production engineers 

Thirteen divisional research 
laboratories 

Over 31,000 � 
employees 

America's Foremost Family of Automotive, 

Aviation, and Industrial Products 

BENDIX RADIO: railroad, mobile, aviation radio, radar • BENDIX 
RADIO TELEVISION AND BROADCAST RECEIVERS • BENDIX 
PRODUCTS: automotive brakes, power steering, carburetors, aviation 
brakes, landing gear, fuel metering • BENDIX AVIATION RESEARCH 
LABORATORIES • ECLIPSE MACHINE: starter drives, Stromberg* 
carburetors, coaster brakes • ECLIPSE· PIONEER: aviation instruments 
and accessories, foundry • FRIEZ: weather instruments • MARSHALL· 
ECLIPSE: brake blocks, brake lining • PACIFIC: telemetering equip. 
ment, hydraulic and electric actuators, depth recorders • RED BANK: 
dynamotors, inverters • SCINTILLA MAGNETO: aviation and small 
engine magnetos, diesel fuel injection, electrical connectors . SKINNER 
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ACILITIES TO SPEED AND SIMPLIFY YOUR ENTIRE PROGRAM 

A complete division 
for advanced research 

Seventeen modern 
manufacturing divisions 

Specialists in all industrial 
sciences 

Hundreds of precision devices 
and components 

New product design and 
development 

'URIFIERS: filfers • ZENITH* CARBURETOR: automotive and small 
mgine carburetors . BENDIX-ECLIPSE OF CANADA, LTD.: Windsor, 
Jntario . •  BENDIX INTERNATIONAL: 72 Fifth Avenue, New York 11, 
'i. Y. Cable "Bendixint" New York. 

DIVISIONS OF 

AVIATION CORPORATION 

Executives • Engineers • Purchasing Agents 

Whatever your business this valuable 4O-page 
book can help you make it beHer. 

SEND FOR YOUR COPY TODAY! 

*REG. U.S. PAT. OfF. 

BENDIX AVIATION CORPORATION, 1106 Fisher Building, Detroit 2, Mi'higon 
P/eOle send me, without obligation, HBenc/ix and Your Business" 

NAME _____________ TITLE ______ _ 

FIRM NAME __________________ _ 

ADDRESS ___________________ _ 

I 
I 
I 
I 
I 
I 
I 

I CITY ZONE ___ STATE I 
L __________________________ � 
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IMPREGNATED FIBER 
sheeted for shoes or 
luggage or novelties 

MOST women's shoes are built on and 
around an insole. Both the upper part 
of the shoe and the outersole are attached 
to this foundation piece which is finally 
hidden beneath the sock lining. 

The insole has to be firm and stanch 
for this service and for another important 
one: it bears the responsibility of preserv
ing the style lincs that were fashioned 
on the woodcn last. As if that were not 
"nough, the insole must, if it can, shield 
rhe foot from the hurt of a pebbly walk, 
the heat of summer pavement, the wet of 
a rainy crossing- and it must be resilient 
"ith a cushiony comfort to keep the lady 
happy with hcr purchase. 

Dewey and Almy's DAREX insoling 
materials ha"e enjoyed the confidence of 
"hoe manufacturers for twenty years and 
more. They are man-made from fclted 
fibers impregnated with rubber. Based 
tln chemical research, they possess the 
properties desired - including the pri
mary property of true uniformity - and 
eliminate the undesirable properties that 
come along with the good in natural 
materials. 

Actually, DAREX insoling is a class of 
material which, modified, becomes shoe 
welting, fabric backing or a base, ready for 
plastic coating, for artificial leather. Per
haps the case for vour eye-glasses or a piece 
of your luggage started in our factorv. 

Can it do something for you in your 
factory? 

e-wey 
Imy 

CHEMICAL COMPANY 

Adams 
Acton 
Chicago 
Lockport 

CAMBRIDGE ':;0 
MASSACHUSETTS 

Paris 
Naples 
London 

Montreal 
Melbourne San Leandro 

(eaar Rapids Buenos Aires 
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SEPTEMBER 1901. "Helium and its 
gaseous companions on the one 
hand and the radioactive sub

stances on the other are mysteries which 
have so far completelv baffled our chem
ists. And uranium and thorium, elements 
with which we once considered our
selves thoroughly familiar, are now to 
us as curious as if they had been but the 
discoveries of yesterday. If the eccen
tricities of uranium, thorium and helium, 
and the mysteries of Roentgen ra�'s, can
not be adequately accounted for bv our 
existing chemical system, the question 
arises: Can our system be wrong? Some 
dav a chemist will be found whose mind, 
br�ad enough to grasp the scattered facts 
unearthed in the course of a century of 
research, will elaborate a chemical

'
sys

tem which may prove revolutionary but 
which will embrace in its comprehensive
ness those puzzling gases and radiant 
substances so utterly inexplicable at 
present." 

"The fiftieth annual meeting of the 
American Association for the Advance
ment of Science was held in Denver from 
August 24 to 31, under the presidency 
of Prof. Charles S. Minot, of Harvard 
University. The meeting was well at
tended, and about 220 papers having a 
high order of merit were presented, Some 
of which were of the greatest scientific 
interest and importance. The cliff dwell
ers received a large share of the time of 
the anthropologists on account of the 
proximity of the ruins and the local in
terest in the subject. Prof. T. C. Cham
berlin, of the University of Chicago, gave 
the results of many years of patient in
vestigation. He has found that the nebu
lar hvpothesis of Laplace and others can
not stand against the arguments arising 
from the mathematical consideration of 
the laws of mass and m0:11entulll. A new 
section was organized at this meeting for 
the study of physiology and experimen
tal medicine under Prof. Cattell, of Co
lumbia University." 

"The problem of the past histor�' and 
future destiny of the solar s\'stem has 
occupied much attention during the cen
tun'. Helmholtz concludes that if the in
tel1sitv of radiation has been uniform 
frum . the beginning, the present order 
l';lIlllllt have existed longer than 22,000,
UOO years. Others make the period less. 
Louking into the future, at the end of 
5.000,000 vears, the sun \\'ill have con
tractecl to 

'
half its present vlllume, and 

50 AND 100 
YEARS AGO 

at the end of another 5,000,000 years it 
will be mainly if not entirely solid, and 
must have ceased to be self-luminous 
much earlier." 

"M. Deman.ay, in the course of his 
spectrum analysis work, claims to have 
discovered a new element, to which he 
proposes to give the name of europium." 

"H. Becquerel has confirmed, by an 
unpleasant experience, the fact first 
noted by Walkoff and Giesel, that the 
ravs of radium have an energetic and 
peculiar action on the skin. Having car
ried in his waistcoat pocket for several 
periods, equal in all to about six hours, 
a cardboard box enclosing a small sealed 
ttl be containing a few decigrammes of 
intensely active radiferous barium chlo
ride, in ten days' time a red mark cor
responding to this tube was apparent on 
the skin; inflammation followed, the skin 
peeled off and left a suppurating sore 
which did not heal for a month. A second 
burn subsequently appeared in a place 
l'orresponding to the opposite corner of 
the pocket where the tube had been car
ried on another occasion. P. Curie has 
had the same experience after exposing 
his arm for a longer period to a less ac
tive specimen. The reddening of the skin 
at first apparent gradnally assumed the 
character of a burn; after desquamation 
a persistent suppurating sore was left 
which was not healed fifty-six days after 
the exposure. In addition to these severe 
'burns' the experimenters find that their 
hands, exposed to the rays in the course 
of their investigations, have a tendency 
to desquamate, the tips of the fingers 
which have held tubes or capsules con
taining very active radiferous material 
often become hard and painful; in one 
case the inflammation lasted for fifteen 
days and ended by the loss of the skin; 
:lnd the painful sensation has not yet 
disappe;;red after the lapse of two 
months. 

"The greatest credit is due to that in
domitable explorer, Lieutenant Peary, 
for his latest work in defining the geog
raphy of the Arctic regions. Although he 
has not as yet succeeded in reaching the 
:'-Jorth Pole, nor, indeed, in traveling as 
far north as did Nansen and Abruzzi, as 
:1 result of his work around the northern 
coast of Greenland, the geographical 
boundaries of the great island of the 
:'-Jorthern Hemisphere are now defined 
with scientific accuracy. Thus the explo
rations of Greenland, which have been 
in progress now for a thousand �'ears, are 
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"CARRIER SYSTEM" telephony is economical, 
because many voices use the same pair of 
wires. But the extra equipment needed formerly 
limited it to the longer distances. 

Now Bell Laboratories have developed new 
short·haul carrier, economical down to 25 
miles, sending 12 conversations on two pairs 
of wires in a cable. 

Keys to the new system are new circuits, 
miniature tubes, pocket·size wave filters and 
Permalloy "wedding ring" transformer cores 
that will barely slip over a man's finger. New 

lYew type N Repealer i�1stallatio'i1. EHyillee1' 
shuws ease of sen;ici1J(f-a spare twit can be 
pl1t(J(Jed in with liffle or 'HO interruption to 
service when 'repairs moe '11eedecl. 

manufacturing processes were developed in 
co·operation with the Western Electric Com· 
pany. Components are pressed into a plastic 
mounting strip with heat, a score at a time, 
instead of being mounted separately. 

With this new carrier system more service 
can be provided without laying more cables. 
Tons of copper and lead can be conserved for 
other uses. It's another example of how science 
takes a practical turn at Bell Telephone Lab· 
oratories, to improve service and to keep its 
cost down. 

BELL TELEPHONE LABORATORIES 
WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE ONE OF TOOAY'S GREATEST VALUES 

II 
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*MAKES MUFFLERS "SAFE AND SOUND" -LESS! 
\. 

Trucking safety, noise reduction - plus 

greater power effICiency are essential for finer, "first 

choice" mufflers. Design engineers, using Magnecord 

Tape Recorders, have perfected quieter, heavy-duty 

mufflers through sound and vibration analysis. 

Whatever your recording problem - in the laboratory 

or in field tests - Magnecorders offer greater precision 

and fidelity for s� bsonic to supersonic research. 

MAGNECORD, 
360 N. Michigon Avenue, Chi<:Clgo 1, Illinois 

Send me further information on Mognecord tape 
recording for industrial "Sound" Research. 

Nome . . . . . . . . . . . . . . . . . . . . . . . .. . . . . ........ ......... ........................ ..................... . 

Company ... 

Address ...... . 

Cily ................ ............................... ... Zone .... ...... State .......................... . 

practically c�mpleted by Peary's arduous 
labors and thoroughly scientific meth
ods. Peary has also done great service to 
Arctic exploration by proving that his 
theories as to the best method of travel
ing are con:ect. He set out on this last -
trip with the conviction that, if the North 
Pole is ever to be reached, it must be 
done with the co-operation of the natives 
and with the extensive use of dogs and 
sledges. In his recent work he has given 
practical proof of the soundness of his 
theories. Early in the next spring it is 
his purpose to make a final 'dash for the 
North Pole' which, if successful, will 
add greatly to his well-earned fame." 

"Experiments have been made at 
Havana to test whether yellow fever is 
carried by mosquitoes. Out of eight per
sons bitten by infected insects three have 
died, three have the fever and will pos
sibly recover, one is not affected, while 
as regards the remaining case it is too 
early to make a diagnosis. The physicians 
are shocked at the result of the experi
ments. It was supposed that direct infec
tion from mosquitoes caused only a mild 
form of the disease, and was a safe means 
of making the subject immune." 

"On the occasion of the three hun
dredth anniversary of Tycho Brahe's 
death the Prague Town Council decided 
to gather together the remains of the 
celebrated astronomer, which were in 
the Teyn Church, and bury them anew. 
Under the guidance of NIL Herlein this 
operation was begun. After having lifted 
the stone block on the monument, a semi
collapsed arch was found, and on remov
ing the stones two mouldering coffins 
were seen. At about 10 a.m., tbe lid of 
the first coffin was removed. It was a 
surprising sight that met the eye; the 
body in the coffin was a wonderful like
ness of the effigy on the monument. The 
head was slightly turned to one side, the 
bones of the face and the peaked Spanish 
beard being well preserved. That the 
body was Tycho Brahe's was also seen 
from the absence of the nose. Tycho had 
lost this organ in a cluel and wore a silver 
one in its place. Among the rubbish was 
found a silver wreath." 

SEPTE1VIBER 1851. "It seems scarce
ly possible for us of the pres
ent generation to conceive of the 

period when the country shall be 
stripped of· its forests. By a few facts 
some idea may be formed of the rapid 
destruction of the white pine. At Bangor 
there are 1,500 sawmills in operation 
\vhich manufacture 300,000,000 feet of 
planks, boards, and timber, without mak
ing any estimate of shingles and laths. 
This is the production of one state. In 
the \;Yestern states, vast quantities of tim
ber in trees are annually destroyed in 
the process of clearing land for cultiva
tion. Our locomotives are destroying 
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SOME MEN WILL WAIT TEN YEARS 
TO ANSWER THIS ADVERTISEMENT 

The Years That Might Have Given Them So Much Will Pass On Forever, Casting Back a Look of Scorn 

OUR files bulge with letters from men of great 
promise in business whose natural talents have 

been wasted on routine tasks. 

Business, for them, has become a squirrel -cage -
they work harder every year but progress no faster. 

Of the thousands of men who will read this mes
sage, only the ambitious few will send in the coupon 
which may mean the difference between success and 
failure. But ten years from now, many will write letters 
asking for a chance to "catch up" on the years they 
have let slip by. 

"Years ago I should have thought about my 
business future. " 

"What a world of difference it would have 
made if I had written this letter ten 
years ago." 

"I put it off - just put it off." 

These are the lost and discouraged men who were 
content to wait for success; men who had no definite, 
well-defined program which would carry them a little 
closer, each day, to their chosen goal. Delay stamps 
its footstep on the pages of time and always leaves regret. 

Send for "FORGING AHEAD IN BUSINESS" 
For men who want to do something about where 
they are going to be five, ten, twenty years from now, 
the Institute has published a 64-page booklet titled 
"Forging Ahead in Business." 

This little book has been a !ource of inspiration 
and help to thousands of ambitious men. It is sent 
free and without obligation-other than the obliga
tion to read it, absorb its contents and decide lor 
yourself whether or not you wish to follow the 
program it describes. 

ALEXANDER HAMILTON INSTITUTE 
Dept. 783, 71 West 23rd Street, New York 10, N. Y. 
In Canada: 54 Wellington Street, West, Toronto 1, Onto 

.................................•••.•........•.•...••.•• 

ALEXANDER HAMILTON INSTITUTE 
Dept. 783, 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 64-pa!!e book
" FORGING AHEAD IN BUSINESS.'" 

Name ..... 

Firm Name ... 

Business Address . . . . . . . . . . . . . . . . . . . • • • • • • . • . . . . • . • . . . • . . • • • •  

Position . . . . . . . . . . . . . • . . .  " . . . . . . . . • • • • • • • • • • • • • . . • • • . . • . • . •  

Home Address . . . . . . . . . . . . . . . . . . . • • • • • • •• • • • • • • • • • • • • • • • • • • •  
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DYNAMICS 
ENGINEERS 

To investigate dynami c sta

bili ty, con trol and guidan ce 

probl ems. 

Requires b a ckground and 

experience in stability theory, 

servo-me chanism analysis, 

anal ogu e c omput o rs and 

guidance studi es. 

Unusual opportuni ties for 
. . 

senIor engIneers. 

Please communicate at once with: 

H. T. BROOKS 
El1 g i1Jeerill g D epartmeJl t 

CONVAIR 
Consolidated Vultee Aircraft Corporation 

3302 Pacific Hiway 
San Diego, California 

square miles of timber every year, and 
in many places where stood the forest 
fifty years ago, a cord of wood cannot be 
purchased for less than a sum which 
would purchase six acres of land then. 
Our farmers do not seem to be making 
allowance in raising a second growth of 
timber; a fact very little to their credit, 
for every farm should be surrounded 
with a wood belting of good trees, for the 
sake of shelter from high winds, and for 
supplying themselves with timber." 

"It has now become very well known 
that the electric fluid pervades all nature, 
and that its properties are in many re
spects analogous to those of light and 
heat. It is probably identical also with 
the attraction of gravitation, and some 
have even supposed that it is one and the 
same thing with the vital principle. Elec
tricity and magnetism are also one, and 
the opinion that it is the one universal 
force, of which all others are merely 
modifications, is rapidly gaining ground. 
The velocity with which the electric cur
rent travels along metallic wire is prodi
gious. Further observations may prob
ably show that light and electricity are 
altogether identical." 

"A valuable deposit of iron ore has 
been found on the north shore of Lake 
Superior, at Groscap, near the :\Iichi
picoten River. Large quantities of iron 
ore are found in dikes, so near the coast 
that it can be wheeled on board a vessel. 
It is said that thousands of tons may be 
obtained at that place very readily." 

"The American Association for the 
Advancement of Science met yesterday 
with Professor Louis Agassiz in the chair. 
The chairman is a foreigner and is the 
pupil of the celebrated euvier. He is al
lowed to be the first zoologist in the 
world, and is the author of the glacial 
theory of geology. He is a splendid look
ing man, and speaks with a slightly for
eign accent. Lieut. Davis presented a 
very able paper, chiefly relating to the 
work of Mr. Longstreth, whose compu
tation of the exact period of the recent 
eclipse surpassed in correctness that of 
all the European astronomers. Prof. 
Pierce of Harvard, one of our most emi
nent philosophers connected with the 
observatories, congratulated America on 
this work. Within two years the discov
eries of Americans in astronomy have 
elevated our country very highly in the 
eyes of the world. A number of papers 
had no earthly interest whatever. One 
thing was apparent in reference to many 
of them, viz., the absence of anything 
relating to the practical arts-nothing on 
engineering, nothing about chemistry 
applied to the everyday arts. Our Amer
ican Association is yet destitute of a class 
of members more practically useful than 
the great majority (not all) which they 
now have, meaning our engineers and 
mechanics." 
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·A Y A L U A B L·E 

Summary of Contents 

ANALYTICAL APPARATUS 
• Spectrometers 
• Robotized Polarographs, 

Titrators and Stills 
• Continuous Gas Analyzers 

PRECISION LABORATORY 
INSTRUMENTS 

• Special Indicators and 
Retorders 

• High and Low 
Temnerature 
Radiation Pyrometers 

• High Vacuum Gauges 
• Pressure and Force 

Transducers 

RESEARCH APPARATUS 
COMPONENTS 

• Converters, Motors and 
Amplifiers 

GUIDE TO 

8���s 
... new research bulletin No. 15-14 
This unique bulletin has been built around an important 
compilation of reference data valuable to research, develop
ment and educational programs. It serves as a guide to the 
scientific progress being made with the help of thousands of 
modifications of the ElectroniK Potentiometer and great 
numbers of Brown Electronic Components which daily are 
playing a vital role in the efficient and effective performance 
of a variety of servos. Be sure to send for your copy today! 
MINNEAPOLIS-HoNEYWELL REGULATOR CO., Industrial 
Division, 4580 Wayne Ave., Philadelphia 44, Pa. 

Honeywell 
13��� 
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NEW KIND OF SHOCK ABSORBER. Mili's camera caught two cars 
taking the same tough test bumps at the same speed, with lights 
attached to trace their line of ride. The 1950 Plymouth in the 
upper picture has ordinary shock absorbers, the 1951 Plymouth 
in the lower picture has new Oriflow Shock Absorbers. The 

startling difference in their rides is the result of a genuinely new 
shock absorber which makes entirely new use of hydraulic prin· 
ciples to give 2% times the cushioning effect of previous types. 
Oriflow Shock Absorbers add new comfort and safety to your ride, 
prove again that you get the good new things in Chrysler·built cars. 

n 
STEPS TO A SMOOTHER, QUIETER RIOE. Engineer Carl Redford, left, and an associate 
point out the secret of Chrysler Corporation's smooth, silent Floating Power. 
You see two of the three thick rubber "sandwiches" that support this powerful 
De Soto engine at its points of natural balance, high in front, low in back. 

(Inset) Engineer H. R. Smith "auditions" the door of a Chrysler New Yorker. 
Laboratory recordings are made of most other car parts, too, to find the most 
effective sound· insulating materials for Chrysler· built cars. Final selections 
of fibers, liquids and rubber are made from sensitive recordings of road tests. 

WANTED: ORNERY ROADS. Chrysler Corporation test 
drivers track down the meanest stretches of road 
they can find to make sure their cars give smoother 
rides under all conditions. This new Dodge is 
being paced over a wicked "roller· coaster" road. 
Pothole roads also help measure riding comfort 
under extreme conditions, insure smoother per· 
formance in all Chrysler· built cars. 
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CHRYSLER CORPORATION'S 

NfW SHOCl A�SOR�m HHPS �In IHf SMOOIHfSI, 
SAffSI RlDf IN AUlUMOIlYf HISlURf 

Engineers and test drivers team up to build a new kind of 

ride into Plymouth, Dodge, De Soto and Chrysler cars 

Gjon Mili, famed magazine photographer, turns his 
talented camera backstage at Chrysler Corporation 
to picture the story behind the sensational new kind 
of ride you get in the new Plymouth, Dodge, De Soto 
and Chrysler cars. 

America's cars are vital to her way of life. Here Cjon 
Mili shows how these cars are made by a company 
that today is helping to strengthen this nation's 
security in still another way - by filling important 
defense assignments. 

COMFORT GETS TRIED ON FOR SIZE. Chrysler Corporation car plans are put to 
many practical tests. Here a Chrysler seat is being checked for comfort and 
visibility by draftsman L. Buccallato and engineer Vincent Buck. In addition 
to Chair· Height seats, Chrysler. built cars feature larger windows, slender 
corner pillars, wider doors, welcoming roominess all around. These are im· 
portant safety factors, too: a comfortable, relaxed ride is a safe ride. 

HE TAMES LIVE WEIGHTS. On this rack, suspension 
engineer R. R. Peterson shows how distribution of 
weights affects springing action. Oriflow Shock 
Absorbers are only one of the reasons for the new, 
smoother, safer ride built into Plymouth, Dodge, 
De Soto and Chrysler cars. Super· tough springs 
must pit their strength against the weight of the car 
and the jolts of the road, must work with shock 
absorbers to absorb both large and small bumps. In 
Chrysler Corporation cars, these springing systems 
are scientifically synchronized to cushion the smooth· 
est automobile ride you have ever had. 

CHRfSUR CORPORAIiON 
engineers and builds PLYMOUTH, DODGE, 

Chrysler Marine & I ndustrial Engines • Oilite Powdered Metal Products • 

DE SOTO, CHRYSLER CARS & DODGE TRUCKS 

Mopar Parts & Accessories • Airtemp Heating, Cooling, Refrigeration • Cycleweld 
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..• memory for an electronic brain 
• Goodyear Aircraft's Electronic 

Differential Analyzer provides a 

method of studying performance of 

dynamic systems without computa

tions by a corps of mathematicians. 

Since there is a direct analogy 

between the dynamic behavior of 

electrical and mechanical systems, 

the performance of one system can 

be predicted by a study of the other. 

Thus, by setting up the proper elec

trical circuits, problems in such 

varied fields as aircraft design and 

control, vibration analysis, indus

trial control, structures, turbines 

and engines, and other dynamic 

systems can be solved with the 

Differential Analyzer. 

The memory for this electronic 

"brain" is provided by a Brush 

Recording Analyzer. Here, results 

from as many as six different com-

THE 

DEVELOPMENT 

putations are recorded simultane

ously. Permanent visual records are 

made instantaneously, eliminating 

laborious plotting. 

Investigate Brush instruments for 

studies of d·c or a-c voltages or cur

rents, strains, displacements, light 

intensities, temperatures, and other 

static or dynamic conditions. Write 

for information. The Brush Devel

opment Company, Dept. B-9, 3405 
Perkins Avenue, Cleveland 14, Ohio, 

U. S. A. Canadia1z Representatives: 
A. C. Wickman (Canada) Limited, 

P. O. Box 9, Sta. N, Toronto 14, Onto 

Heart of each brush Recorder 
is the Brush M a gtzetic Pen
motor-a higb-speed, direct
writill.g t'iel1ltut for illstan/II-
1Itous, pBrmdlltl1t rteo,"diu g. 
Flat jreqlltllcy respOt1se lind 

.titlear phase shift with lre
queuey permit accura,te re
prodflcliol1 oj both Irmuient 

pbellomelltJ. alld steady 
slate signals. 

PI EZO ELE CTRI C CRYSTAL S AND CERAM I CS .  MAGNETIC REC O RDING 

E LECTROACO UST ICS . ULTRA SONICS ' INDUSTRIAL & RESEARCH INSTRUMENT S 
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THE COVER 

The painting on the cover, made bv 
the famous American artist Ben 
Shahn, symbolizes the subject of 
this issue of SCIENTIFIC AMERICA:\,: 
the hUIT)an resources of the U. S. 

THE ILLUSTRATIONS 

Cover by Ben Shahn 

The illustration at the opening 
of each article in this issue 

is by Bemarda Bryson 

Page Source 
30-31 Irving Geis, from data sup

plied by Frank W. Note
stein. 

32-33 Irving Geis, from U. S. Bu
reau of the Census. 

34 Irving G�is from Population 
Trends inthe U. S., by'War
ren S. Thompson and P. K. 
Whelpton; Vital Statistics 
of the U. S., 1948; data 
supplied by Frank W. 
Notestein. 

35 Irving Geis, from data sup-
plied by Frank W. Note
stein. 

38 Eric Mose, from U. S. Bureau 
of the Census and Labor 
Force -in the United States, 
1890-1960, by John D. 
Durand. 

39 Eric Mose, from U. S. Depart-
ment of Labor, Bureau of 
Labor Statistics. 

40 Eric Mose, from U. S. Bureau 
of the Census. 

41 Eric Mose, from U. S. Bureau 

44 

45 

46 

of the Census and estimates 
by U. S. Department of 
Labor, Bureau of Labor 
Statistics. 

Sara Love, from "School 
Population of the Future," 
by Hope T. Eldridge and 
J. Williams in School Life. 

Sara Love, from data sup
plied by Dael Wolfle. 

Adolph Brotman, from U. S. 
Office of Education and 

(continued on page 20) 
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HYDROXYACETIC ACID 
makes a milder, safer cleanser 

In the cleaning of dairy equipment, alka

line detergents were formerly used almost 

exclusively. But alkalies were not effec

tive in the removal of milkstone, a hard 

milk residue. This and other problems 

were solved by the development of a bet

ter detergent using Du Pont Hydroxy

acetic Acid. Properly formulated, deter

gents made with Hydroxyacetic Acid 

remove milkstone and effectively retard 

bacterial growth on the surfaces of the 

cans. And they leave no white film, odor, 

or carry-over of any kind. 

Hydroxyacetic Acid's properties make 

it a valuable chemical for other indus

tries, too-for example, wool dyeing, or

ganic syntheses and metal-finishing 

operations. And they suggest many new 

applications. A few possibilities are: as a 

coagulant for raw latex, an ingredient of 

soldering flux, and as a reagent for devel

oper solutions in photography. 

Your business may find opportunities 

for profitable future use in Hydroxyacetic 

A c i d  ... o r  i n  m a n y  of t h e  o t h e r  

Polychemicals products. There are more 

than 100 of them-organic acids, amides, 

alcohols, ammonia, esters, resins, solvents, 

and plastics. 

Although demand for many of these 

products now exceeds supply, we will glad-

1y discuss the availability of experimental 

quantities for developmental work. 

Write for technical booklet on Polychemicals products for your industry �:��iC�� bulleti�s on Hydroxyacetic Acid and the chemicals p
. 
as

. 
ICS used In your industry are available. Each roduct �ulletIn In the booklet presents physical and chern' I 

p 

tIes, description, specifications u . 
Ica proper-

b 'bI" h 
' ses and possIble applications I lOgrap y and other data. Write us on your business letter� head for your copy -and please tell us the name of your industry. 

E. I. du Pont de Nemours & Co'. (Inc.) 
Polychemicals Department lS9S N . . 

. . 
' emours BUilding, Wilmington 98, Delaware 
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valves leak! 

20 

Btlt here's a rapid 

and accurate answer to 
where and how much. 

FllrniJhed oj a complete, compact 
tmit mo/{nted Oil rubber CtIlters. 
Standard equipment includes botb 
1'imat and audible indicatoff. 

THE SAMPLll'-:G PROBE shown here is part 

of the Consolidated Model 24-10JA Leak 

Detector. Its application is by no means 

confined to valve assemblies. Industrial or 

laboratory vacuum equipment, high pressure 

,-ylinders, compressor units moving on an 

assembly line, glass-to-metal seals in elec

tronic equipment, valves, welded and 

soldered joints-these are but a few of the 

many pieces of equipment and systems which 

can be tested. 

The Model 24-1 OJ A Leak Detector is a 

simplified, portable mass spectrometer sensi

tive to minute traces of helium. For each 

application there is a particular setup which 

gives optimum results. However, the basic 

methods are few, are easy to understand, 

and are easy to put into practice. It avoids 

the use of liquids-which can clog leaks

or any corrosive, toxic, or explosive rna. 

terials for testing_ 

This instrument tests either evacuated or


pressurized equipment. It is employed to 

show the existence or absence of any leak, 

to determine the rate of leakage, or to find 

the exact location of a leak. Its versatility is 
second in importance only to its remarkable 

sensitivity. It will detect leaks so small that 

it would require 31 years for a thimbleful 

of gas to escape. 

For complete in/ormation on con
J/rltaioll, operating principle and ap
plication, request )'011.1' copy 0/ Ihis 
profusely ill1lJlfated, 16-page b1l11etin 
CEC-1801-X22. PJeaJe file ),ollr com
pany letterhead. No obligaTion, 0/ 
(Ollrle. 

Consolidated LEAK DETECTOR 

CONSOLIDATED ENGINEERING 
Corporation 

Analytital Instruments � for Science and 111dustry 

300 N. Sierra Madre Villa � Pasadena 8, California 

Page 

66 

67 

68 

(continued from page 18) 

Source 

U. S. Bureau of the Census. 
Sara Love, from America's 

Needs and Resoltrces 
(top); U. S. Department 
of Labor, Bureau of Labor· 
Statistics (bottom t. 

Sara Love, from data sup
-plied by Karl T. Compton. 

Sara Love, from U. S. Depart-
ment of Labor, Bureau of 
Labor Statistics; U. S. Of
fice of Education, and 
Association of Engineering 
Colleges of New York 
State. 

72 Irving Geis, from U. S. De-
partment of Labor, Bureau 
of Labor Statistics. 

73 Irving Geis, from Science and 
Public Policy, a Report to 
the President by John R. 
Steelman, Chairman of the 
President's Scientific Re
search Board; estimates by 
the Department of Defense 
(top). From Manpower 

for Research, a Report to 
the President by John R. 
Steelman, Chairman of the 
President's Scientific Re
search Board; estimates by 
U. S_ Department of Labor, 
Bureau of Labor Statistics 
(bottom) . 

75 Irving Geis, from Employ-
ment, Education and Earn
ings of American Men of 
Science, U. S. Department 
of Labor, Bureau of Labor 
Statistics. 

80 Sara Love, from Vital Statis-
tics of the U. S., 1948. 

82 Sara Love, from Medicine, 
Mobilization and Manpow
er, an address before the 
Council of Medical Educa
tion and Hospitals of the 
American Medical Associa
tion by Howard A. Rusk, 
M.D., Chairman, Health 
Resources Advisory Com
mittee, National Security 
Resources Board. 

90-91 Irving Geis, from U. S. De
partment of Labor, Bureau 
of Employment Security_ 

92 Irving Geis, from U. S. De-
partment of Labor, Bureau 
of Labor Statistics. 

94 Irving Geis, from U. S. De-
partment of Labor, Bureau 
of Labor Statistics. 

96 Irving Geis, from U. S. De-
partment of Labor, Bureau 
of Employment Security_ 

119 Roger Hayward. 
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to forward.looking Engineers: reasons why 

Lockheed in California 

has a Beller Job for You ... 

Conferences 
iron out problems, 
help make work at 

Lockheed more pleasant 

Better Working Conditions 
It's not iust the modern, air-conditioned 
buildings that make working conditions so 
much better at Lockheed. It's the top 
engineers who work with you. It's the way 
personal initiative is encouraged. It's the 
frequent engineering conferences that iron 
out problems quickly. It's being a member 
of a team known for leadership in aviation. 

Better Living Conditions 

Outdoor 
life prevails in 

California-at beaches 
and mountains, at home, even 

symphonies in Hol!ywood Bowl 

Engineers at Lockheed live in a climate beyond 
compare, in an area where recreational opportunities 
are unrivalled. Beaches, mountains are an 
hour away. Outdoor living can be yours the year 
around. And your high Lockheed salary 
enables you and your family to take full advantage 
of the climate and recreational opportunities. 

Better future 
Lockheed's record of leadership shows why 
a better future awaits you. Lockheed built the 
first all-metal transport. Lockheed's Hudson 
bomber was the first American plane to fight in 
World War II. Lockheed has built more iets 
than any other aircraft manufacturer. 

In the commercial field, Lockheed's famed 
Constellation is known as the queen of 

The 
Super Conste!lation

one reason why there's 
a better future for you 

at Lockheed 

the skies. It flies on 16 of the leading air lines 
throughout the world. 

These are only a few of the reasons why 
more than 5,000 Lockheed men and women 
wear 10-year pins. 

To Engineers with Families: 
Housing conditions are excellent in beautiful 
San Fernando Valley-the home of Lockheed. 
Huge tracts are under construction now. Thou
sands and thousands of homes have been built 
since the last war. Lockheed counselors help you 
to get settled. Educational facilities also are 

excellent. The school system offers your children 
as fine an education as can be obtained any
where. Elementary and high schools are con
veniently located. Junior colleges and major 
universities abound-21 are in the Los Angeles 
area. Social organizations at Lockheed enable 
you to make new friends quickly and easily. 

Engineering Openings: 

Aerodynamicists 

Aerodynamics Engineers 

Aircraft Design Engineers 

Aircraft Electrica! and Radio 
Designers 

Airp!ane Specifications 
Engineers 

Design Engineers 
Lockheed wi!! train you to 
be an aircraft engineer. Fu!! 
pay white training. 

Drawing Checkers 

Electronics Engineers 

Engineering Technicat Writers 

Flight Manua!s Engineers 

Machine and Equipment 
Design Engineers 

Manufacturing Engineers 

Manufacturing Research 
Engineers 

Production Design 
Engineers 

Senior Etectronics Systems 
Engineers. M.S. or Ph.D. in 
Electrical Engineering 
or Physics 

Stress Engineers and Ana!ysts 

Too! Standards Engineers 

Weight Engineers 

Also ... 

Technical Editor 
to write and review 
technical reports 

Sates Engineer 
with airline experience 

Send today for free illustrated 

brochure describing life and 

work at Lockheed in Southern 

California. Use handy 
coupon below: 

Lockheed also offers you: 
�----------------------------

Generous Travet allowances • Outstanding 

Retirement Plan • Vacations with pay • Low 
cost group life, health, accident Insurance 

• Sick Leave with pay • Credit Union, 

fOT savings and low-cost financing 
• Employees' Recreation Clubs • Regular 

performance reviews, to give you every 
opportunity for promotion · On-the-job 

training or special courses of 
instruction when needed. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Mr. M. V. Mattson. Employment Manager, Dept. SA-lO 

LOCKHEED Aircraft Corporation 
Burbank, California 

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

My Name 

My Street Address 

My City and State 

2 1  
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To get off to a fast start in their careers, techn ical 
graduates are given extensive training before being 
permanently assigned at Westinghouse. Reason, in
deed, why young men who complete their training 
consider this the Doorway to a Brighter Future. 

D o o r w a y 

In this Westinghouse Educational Center, hun
dreds of experienced professional people help 
carry out the Graduate Student Training Pro
gram, as well as the Graduate Study Program, 
through which advanced degrees may be obtained. 

t o  
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A B R I G H T E R  F U T U R E . • • 

Recognizing that scientific development plays a 

fundamental part in the progress of our co untry, 

Westinghouse has encouraged it  in many ways : 

Technical and scientific training of men, and 

making the most of scientifically trained man

power, i s  an important responsibility at West

i nghouse. So important, in fact, that a new 

building . . .  the Westinghouse Ed ucational 

Center . . .  has been designed and built for its 

training program. 

Graduate Student Training Program 
Each year, hundreds of technical grad uates are 

assigned to our G raduate St udent Training 

Program at the Educational Center. Here they 

gain a clear understanding of Westinghouse 

research, engineering, manufacturing, and ap

plication, after which they are able to determine 

which field offers them the greatest opport unity 

in which to use their talents . 

Graduate Study Program 
In addition to the Grad uate Student Training 

Aided by the most modern facilities and 
techniques, trainees are given a panoramic 
view of the research, engineering and manu
facturing that go into Westinghouse prod
ucts and the methods used to market them. 

Program, an evening Grad uate Study Program 

is available to employes who wish to continue 
their education beyond the bachelor degree level. 

Science Talent Search 
Through the Science Talent Search, public 

attention is  focused on the importance of 

scientific development, and youth with a scien

tific i nterest is  enco uraged to p ursue the subject. 

Scholarships and Fellowships 
To help h undreds of young men obtain a 

scientific education, Westinghouse ann ually 

offers more than 250 undergraduate scholar

ships and grad uate fellowships. 

Westinghouse also provides a summer exper

ience program for engineeri ng professors and 

for many Ph.D. candidates. 

All of these activities by Westinghouse build 

doorways to a brighter future for the men and 

women who develop our co untry. 

Westinghouse Electric Corporation,  Pittsbu rgh, 

Pennsylvan ia. G · 1 0 1 70 

In planning the new Educational Center, careful 
thought was given to recreation. A spacious lounge, 
hobby and game rooms, a billiard room, facilities for 
indoor and outdoor sports along with a convenient 
cafeteria-all contribute to a well-rounded program. 

YO U CA N BE SURE . . .  IF ITS "\Vestinghouse 
23 
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WORKING DRAWIN G THAT MEANS . • .  JUST THAT ! 

Like the SOO-year-old invention of 

movable type, the development of 
today's prin ted e l e c t r i c  c i r c u i t s  

makes it far easier a n d  more practi

cal for people to communicate with 

each other. Printed circuits are sim

plifying production of hearing aids, 

radio and television sets, and elec
tronic test equipment. They have 
made such articles smaller, lighter, 

more reliable, easier to maintain, 

and lower in cost. 
A p r i n t e d  c i r c u i t  is a w o r k i n g  

draw ing-working. A typical one is 

made by simple photoengraving of 

a diagram on a l i ght-sensitized, cop
per-clad, laminated plastic sheet. 

W h e n  t h e  u n w a n t e d  c o p p e r  h a s  

been etched away, t h e  remaining 

copper becomes the permanent elec

trical conductor, in any desired cir
cuit configuration. 

BAKELITE Bonding Resins firmly 

24 

hold the copper to the base sheet, 
resisting the attack of engraving 
chemicals. Later, they withstand the 

heat of soldering and use. The base 
sheet is a low-loss, paper-base plas
tic laminate made with BAKELITE 
Phenolic Laminating Resins. 

A major benefit of printed cir
c u i t s  is the "m i n i a t u r i z a t i o n" of 
equipment. Sub-miniature assem

blies formerly raised extremely vex
ing problems of production, per
formance, and repair. Now printed 
circuits, completed by advanced 

techniques such as the "one shot" 
soldering of all connections, reduce 
costs to a level where replacement 

is cheaper than repair. 

The contribution of Bakelite en
gineers to printed circuits is the pro

viding of resins and plastics with 

the required properties. Such prop
erties as  bond strength, resistance to 

thermal shock, dielectric constant, 
power factor and moisture absorp
tion, are broadly controlla ble in these 

BAKELITE Plastics and Resins. 

Perhaps there is one that can be 
fitted to your particular needs. Out

line your problems. Call us in to co
'
n

fer. Write Dept. CJ-4 2 .  

BAKELITE 
T R A D E ·  M A R K  

P H E NO L I C  
R E S I N S  

--------T�.-.�.�.��M�.�.�.--------

B A K E L I T E  C O M P A N Y  
A Division of 

Union Carbide and Carbon Corporation 
30 East 42nd Street, New Yerk 1 7, N. Y. 
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What's New at CRUCIBLE 
about testing methods 

As a pioneer in the development and advance
ment of hundreds of special purpose steels, 
Crucible maintains, in each of its mills, modern 
laboratory facilities designed to insure that 
every lot of Crucible steel meets the require
ments of the customer_ The procedures shown 
below are but a small part of Crucible's large 
laboratory resources_ Crucible Steel Company of 
America, General Sales Offices, Oliver Building, 
Pittsburgh, Pa_ 

A P-V specimen is quenched in a stondard flxture. This is port of a special 
procedure for determining the hardenability of high quality shallow 
hardening tool steels. After this operation. the V-shape specimen is cut 
longitudinally and tested for hardness on the Superficial Rockwell machine. 

�hecking structure of large bars ullrpsonically for internal defects. 

CRUCIBLE 

Spaulding Works, Harrison, N. J. Midland Works, Midland, Pa_ 

Automatic polishing of test samples for use in examinations 
for decarburization, microstructure, inclusions. 

A metallurgist examines a microstructure under high power 
magnification. 

This is part of Crucible's mirror finishing equipment which is 
patterned after that of the cutlery manufacturers to whom 
Crucible furnishes mirror finish stainless steel. The polishing 
operation is designed to simulate that performed by the 
manufacturer in the production of high grade cutlery. 

first name in special purpose steels 

Park Works, Pittsburgh, Pa. Spring Works, Pittsburgh, Pa_ 

National Drawn Works, East Liverpool, Ohio Sanderson-Halcomb Works, SyrDcuse, N. Y. Trent Tube Company, East Troy. Wisconsin 
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The Human Resources 
of the U.S. 

THE u. S. is a fortunate nation. It is rich in the gifts of geologic time-climate and 
land, minerals and fuels. Out of these natural resources have grown our bounteous 

agriculture, our advanced technology and our people-l50 million strong. 
Although our population rests upon natural resources, it is a natural resource in it

self. It is a biological resource, and like other biological resources it is capable of re
plenishing and increasing itself. And like all natural resources it can be husbanded or 
squandered, spent wisely or foolishly. 

The U. S. has not always spent its resources wisely. In recent years we have become 
aware that such of our resources as forests, soil, iron ore and petroleum are finite, and 
we have begun to develop a conscience about their conservation. There is good reason 
to believe that we should be even more concerned about the conservation of our hu
man resources. 

This issue of SCIENTIFIC AMERICAN is solely devoted to an assessment of our human 
resources. The articles th�t follow reflect a particular concern with the intellectual com
ponent of these resources, because it is in this area that our problems of conservation 
have become mQst urgent. Since the turn of the century the evolution of our industrial 
society has demanded that an increasing proportion of our people work principally 
with their brains. Already we have an acute shortage of scientists and engineers; our 
national strength would appear to depend on doing something about it. 

Such problems come before us at a time of international tension, but they tran
scend crises. There is danger, in fact, that we do not take the long view of them. In ex
panding our armed forces and our production of arms we have already made some 
important decisions as to how we shall spend our human resources. Before us lie even 
more momentous decisions as to how we shall spend them without drawing too heav
ily on those of the future. A policy of emphasizing our immediate objectives at the cost 
of such long-range necessities as education and pure scientific research may strengthen 
us for fiv6 years, or even ten, but what of the next twenty years, or fifty? 

The eight outstanding authorities who discuss these questions in the folloWing arti
cles are concerned with both the short-range and the long-range aspects of the prob
lem. Beginning with an appraisal of our population resources as a whole, these authors 
go on to consider the size and skills of our labor force; our intellectual resources; our 
situation in engineering, science and medicine; the demands and effects on our present 
mobilization, and the future facing our youth. 
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POPULATION 
In 50 years it has grown fronl 75 to 150 million. An account 

of its p rincipal characteristics, how they have changed in 

the past and how they appear likely to change in the future 

T
HE tense international situation and 
our experience in Korea seem to 
have fostered many misconceptions 

about the power position of the U. S. Vve 
hear talk of our being hopelessly out
numbered in a struggle for survival with 
the rapidly increasing peoples of the Far 
East. This pessimistic account runs to the 
effect that our population is small, where
as the Far Eastern population is huge; 
that our numbers are not increasing, 
while unlimited reproduction is multi
plying those in Asia; that our nation is 
no longer rich in young men, whereas 
China's population is heavily loaded with 
youths . From these notions many draw 
the inference that our power is waning 
while that of the Far East is rising rap
idly. Actually there are several errors in 
this picture. 

It is true that the U. S. has a very 
small part of the world's two and a third 
billion people: in 1950 only six out of 
every 100 of the world's people lived 
within our continental boundaries. But 
our proportion of the world's population 
has been increasing, not falling. A hun
dred years ago the U. S. accounted for 
only two per cent of the wOl:!d popula
tion, and 50 years ago only five per cent. 
Our population has increased mOl'e rap
idly than that of the world in general or 
of the Far East in particular. It is in
creasing more rapidly now, and may well 
continue to do so for some time to come. 
Moreover, a larger proportion of our 
population is in the age groups from 
which the labor force is drawn, and we 
probably have even a larger proportion 
in the ages between 20 and 40 than 
China has . 

Most important, we are much the 
healthiest and wealthiest of the world's 
great powers. Our influence and that of 
our friends in the 'vVestern world has 
never depended mainly on numbers; we 
always have been, and shall remain, a 
rather small minority of the world's peo
ple. The prosperity, prestige and power 
of the U. S. have been based largely on 

28 

by Frank W. Notestein 

the rich natural resources at our com
mand, our excellent health, our high 
skills and our effective political and eco
nomic organization. Taken together, 
these spell large per capita production. 
In agricul ture we make more efficien t use 
of our manpower than most other coun
tries. 'vVhereas in Asia three or four out 
of every five workers work on the land 
and produce only a meager per capita 
supply of food and fiber, in the U. S. our 
people are fed and clothed much better 
with only about one worker in every 
eight working on farms. This leaves the 
other seven of the eight available for 
nonagricultural pursuits. That circum
stance, coupled with our high industrial 
efficiency, accounts for the fact that the 
U. S., with only about six per cent of the 
world's population, produces almost one. 
half of the world's industrial goods. 

The huge population of Asia (well 
over a billion) and its very high birth 
rates are not the threat to our leadership 
that they may seem. With the mass of 
the population living close to the margin 
of subsistence, the death rates in the Far 
East .are tragically high, so the rate of 
population increase is in general rather 
low in spite of the high birth rates. Any 
substantial reduction of the death rates 
through improvement of the food sup
ply would bring a rapid population 
increase, but the new mouths to feed 
would absorb most of the increased pro
duction; hence it will be extremely dif
ficult to achieve sustained improvements 
in living conditions. For some decades 
to come the situation in Asia spells pov
erty and not power-except power to ab
sorb suffering and punishment. The fact 
is that the Far East probably would be 
more prosperous and more powerful if 
it had half as many people as it has now. 

I
T IS not in the Far East but in Eastern 

Europe and the U.S.S.R. that the 
most significant new developments are 
occurring. This quarter of the world has 
a large population which until recently 

has been technologically backward. But 
these peoples are now rapidly acquiring 
the skills needed to turn their fairly 
abundant resources into economic prod
ucts . Barring major catastrophes or the 
grossest sort of mismanagement, they 
should achieve rapid increases in per 
capita production and in population dur
ing the next few decades . In industriali
zation they should advance rapidly be
cause they are moving along a path 
already well charted by the 'vVestern 
world. Their populations should grow 
swiftly because they are getting the 
knowledge and the production with 
which to reduce their high death rates. 
This segment of the human race is the 
one that would seem to have the best 
chance, among the hitherto backward 
peoples, of becoming a major new focus 
of political power in the world and of 
maintaining its position. 

All this suggests two major guides to 
policy for the U. S.: 1) as a small minor
i ty people it will be well for us to gain 
and keep as many like-minded friends 
as possible; 2) as the more numerous 
peoples modernize themselves techno
logically, we shall be able to maintain 
our leadership in peace and war only by 
rapidly increasing our own efficiency. In 
other words, our leadership in the fu
ture, as in the past, must be based on 
quality of performance, not on the num
ber of people. The task is not a simple 
one, for it requires ever-advancing illllo
vation. 

T ET US look at our recent population 
L trends to see in 1'1 ha t directions they 
seem to be taking us . During the past 
100 years the population of the U. S. 
increased. more than sixfold, while the 
world's population only doubled; our 
average annual rate of increase was al
most two per cent, in contrast with about 
three quarters of one per cent for the 
world as a whole. This increase was due 
only in relatively small part to immigra
tion; most of the growth was accounted 
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for by the native-born white population. 
But our rate of growth has been falling 
decade by decade. It dropped from three 
per cent a year between 1850 and 1860 
to .7 per cent a year in the depression 
decade 1930-1940. In the 1940s there 
was a spectacular resurgence of growth; 
we added 19 million to our population 
and the average annual rate of increase 
was twice that in the 1930s. Whether 
this was a temporary spurt or a perma
nent change of trend remains to be seen; 
we shall return to that question later. 
First let us consider the changes in the 
composition of our population. 

Between 1900 and 1950, when the 
total population almost doubled, the ru
ral population increased by only a little 
more than one-third. By 1950 the people 
living in rural areas, including unincor
porated villages and towns, amounted 
to only 41 per cent of the total popula
tion. Those actually living on farms, not 
all of whom gained their livelihood from 
agriculture, constituted 16 per cent of 
the total. Thus in 1950 a farm popula
tion some millions smaller than that of 
1900 was producing a more ample food 
supply for nearly twice as many people. 
The shrinkage of the farm population 
does not mean that it produced less than 
its share of the nation's natural increase. 
With its high birth rates and favorable 
death rates, it contributed more than its 
share to the growth of the population, 
but as job opportunities on the farm 

shrank, there was a huge and continuous 
movement of farm sons and daughters 
toward the cities. Farm families have 
done extraordinarily well in supplying 
the nation both with food and with the 
people to eat it. 

During the past 50 years great 
changes also have occurred in the re
gional distribution of the population. 
The sections that have shown the most 
marked growth are the South, which had 
the largest absolute increase in numbers, 
and the West, which had the largest pro· 
portionate increase. The two regions 
achieved their increases in diametrically 
opposite fashions. The South has grown 
mainly because of a very high birth rate, 
which has more than offset the fact that 
more people have migrated away from 
the region than to it. The West, on the 
other hand, has had a comparatively low 
rate of natural increase, but it has grown 
prodigiously by attracting migrants from 
other regions. In general the highest 
natural increases have come in areas of 
low economic opportunity. The freedom 
of internal migration in the U. S. has 
been one of the sources of our great eco
nomic strength, for it has permitted the 
flexible adjustment of discrepancies be
tween the rate of natural increase and 
economic opportunity in a region. Peo
ple have been able to move easily to 
areas where economic expansion is tak
ing place. Without such migration, the 
regional differences in the levels of liv-

ing and per capita productivity would be 
very much greater than they are. 

Another great element of strength in 
our demographic situation is the age 
composition of the population. In our 
population only a little more than one
fourth are children under age 15, where
as in Asia, for example, about four per
sons of each ten are in that generally 
unproductive group. The rearing of chil
dren of course is the soundest investment 
that a nation can make, and in our case 
the investment is a particularly good one, 
for· at current rates of survival mnre than 
95 per cent of those born will live at least 
to age 15 and more than 60 per cent will 
live to age 65. But in the Far East the 
investment is much more precarious; a 
conservative estimate is that a smaller 
proportion of those born live to age 15 
there than live to age 65 in the U. S. 
Probably more than 40 per cent of the 
children in the Far East never reach the 
productive years of life. 

. A HUNDRED years ago our own age 
dist.ibution was much like that of 

the Far East today. The median age of 
our population was only 18.8. Fifty years 
ago it had risen to 22.9. Since 1900 the 
picture has changed radically. At the 
turn of the century the age structure was 
represented by a pyramid that was 
broadest at the base (representing the 
num ber in the youngest age group) and 
narrowed in rather regular steps for each 
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WEST 
4,092,000 

1950 

1900 

REGIONAL DISTRIBUTION of the population has changed greatly during 
the past 50 years. The population of the South grew the most numerically; 
the population of the \Vest, the most proportionately. The South had the 
highest birth rate, which offset the migration of people away from it. The 
low birth rate of the \Vest was offset by the migration of people to it. 
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five-year age group from youth to old . 

age (see pages 32 and 33). This struc
ture reflected the fact that both the birth 
rates and the death rates before 1900 
had been high: each year's crop of ba
bies was larger than that of the year be
fore, and the older birth classes, besides 
being smaller to begin with, had tended 
to die at a relatively early age. 

Now the way to produce an older 
population is to cut both the risks. of 
death and the rate of expansion of the 
birth crops. Since 1900 the U. ·S. has 
done both, with the result that the me
dian age of the population has risen to 
30. 1. By 1940 the base of the pyramid 
had been sharply narrowed, because of 
the decline in the number of births. At 
that time many demographers, including 
the writer, suggested that the U. S. might 
reach its maximuIl} population in a few 
decades. But events in the 1940s upset 
these predictions. Death rates declined 
with unexpected speed, and birth rates 
rose spectacularly. The base of the age 
pyramid broadened again. The pyramid 
for 1950 in the illustration on pages 32 
and 33 clearly shows the extent of our 
error, and should warn the reader that 
current predictions also may be invali
dated by future events. 

We had a dip in the number of births 
during the depression and a sharp rise 
during the 1940s. As a result there will 
be considerable swings in the next few 
years in the size of classes coming of age 
for school, military service, work and 
marriage. We have already felt the com
plications of these changes. At a time 
when the armament program and the 
new upsurge of population growth are 
creating inflationary pressures, the an
nual additions to the productive group 
are relatively small, because the people 
who are now moving into the military 
and working ages are the reduced birth 
classes of the depression years. The fluc
tuations in the size of the birth classes 
will, of course, be felt for many years, as 
wave following trough breaks on the 
schools, the labor market, the hospitals, 
the pension funds and the insurance 
systems. 

Thus far, however, the recent swings 
in births have not changed the total pic
ture much. In 1950, as in 1940, about 
58 per cent of the population was of 
working age, as against 45 per cent in 
1850. In the past 100 years the propor
tion of old dependents in the population 
has risen considerably, but the propor
tion of young dependents has declined 
sharply, the proportion of young work
ers has increased somewhat and the pro
portion of old workers has more than 
doubled. In short, from the point of view 
of economic productivity the age distri
bution of our population has been im
proving. If we make effective use of our 
older workers, in all probability that im
provement will continue. 

This brings us to the consideration 
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SIZE of the population went from 23,192,000 in 1850 to 
150,696,000 in 1950. The diagram at the top of the page 
shows that the principal constituent of this growth was 
the multiplication of native whites. The diagram at the 
bottom of the page shows that the urhan population 

URBAN URBAN 

grew at a much faster rate than the rural. In the column 
at the lower right a new set of definitions has heen ap· 
plied to our present population. This shows that the 
proportional decline of the farm population is even 
greater than that suggested by the decline of the rural. 
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AGE AND SEX DISTRIBUTION of the population 
notably shows the effects of the economic depression of 

the 1930s. The pyramids on these two pages show the 
number of men and women in each age group in 1900, 

of what the future trends in our popu
lation are likely to be. Predictions are 
risky, as we have seen, but we have 
some facts to go on and can examine the 
possibilities. We shall leave out of the 
discussion the uncertain factor of immi
gration, which has played an important, 
though not predominant, part in our 
population growth in the past. We might 
increase our numbers greatly by opening 
the doors again, for it is clear that so 
long as the U. S. remains free and 
wealthy in a poverty-stricken world, we 
can have as many newcomers as we care 
to accept. But this seems an unlikely 
event, and in any case immigration poli
cy is a large subject of its own that is 
beyond the scope of this article. 

The two major factors that shape 
population change in a nation are mor
tality and fertility. Let us consider mor
tality first. It can be said at once that the 
growth of our population would not be 
affected much by any further reductions 
in mortality rates, unless we lengthened 
life by reducing the mortality among 
oldsters (i.e., over 60). A statistical ex
ample will illustrate why this is so. 

We shall consider a group of 1,000 
li ve-born w hi te girls. In 1901 the risks of 
death were such that barely more than 
half of the 1,000 could expect to live to 

32 

the age of 60. In 1948 more than half 
would live to the age of 75, assuming 
that the death risks remained at the 1948 
level. To put it another way, at the 1901 
survival rate for white females 1,000 
births a year would maintain a total pop
ulation of 51,000 persons, while at the 
1948 rate the same number of births 
would maintain a population of 71,000, 
with an average life-expectancy of 71 
years. (In India, according to the most 
recent official life tables-for 1921-1931 
-the death risks were so high that 1,000 
female births a year would maintain a 
population of no more than 27,000. ) 

Now most of the gain in average life
expectancy in the U. S. between 1901 
and 1948 was due to a spectacular reo 
duction in the mortality of people under 
45. There is relatively little further room 
for improvement in mortality rates below 
that age. Even if there were no deaths 
at all before the age of 45 among white 
females in the U. S., 1,000 births a year 
would support a population only six per 
cent larger than the 71,000 figure given 
above, assuming that the death rates of 
people above 45 were not reduced. This 
hypothetical maximum gain of six per 
cent is much less than the 30 per cent 
gain that was actually achieved by the 
reduction of mortality under 45 between 

1901 and 1948. By eliminating or greatly 
reducing deaths before 45 among Ne
groes, whose mortality rates are still far 
higher than those of whites in spite of 
great improvement since 1901, we could 
add somewhat more to our population 
potential. But it remains true that the 
maximum mortality reduction we could 
achieve for people under 45, or even up 
to 60, would not greatly increase our 
population growth. There is, of course, 
no theoretical limit to tlle population in
creases that we might obtain by cutting 
mortality rates among people over 60; if 
no one ever died, a population recruited 
even by . only one birth a year would 
grow indefinitely. Perhaps future ad
vances in the control of the degenerative. 
diseases of old age will have great effects 
on the size and character of our popula
tion, but such speculation seems futile 
at present. It seems safe to say that the 
growth of the U. S. population under 60 
will not be influenced to any important 
extent by changes in mortality. 

C
ONSEQUENTLY the major deter

minant of our growth probably \\rill 
be fertility, that is, the trend in the birth 
rate. The events of the past decade have 
made this very difficult to forecast. Until 
the early 1940s the direction of the trend 
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MILLION 

1920, 1940 and 1950. The pyramids at the left are broad
est at the base; the pyramids at the right are notched 

by the declining birth rate of the 1930s. Now, how
ever, the hase of the pyramid has broadened again. 

seemed perfectly clear. There had been 
an almost unbroken decline in the birth 
rate since 1800. All available evidence 
seemed to point toward a continuation 
of that decline. The nation was rapidly 
adopting the small-family system, ap
parently in all strata of the population. 
There was ample evidence that the re
ductions in bkths were coming about 
mainly through the growing prevalence 
and increasing effectiveness of contra
ceptive practices. It seemed that the peo
ple, poor and well-to-do alike, wanted 
fewer children and were rapidly finding 
the means of fulfilling that want. Further 
declines in the birth rate could confi
dently be predicted. 

So went the reasoning; the events took 
another course, as the charts on page 34 
demonstrate. From a depression low of 
2.3 million in 1933 the annual number 
of births rose to 3.9 million in 1947 and 
stayed at about 3.7 million through 1950. 
But it is far from certain that the birth 
boom of the 1940s foreshadows a con
tinuation of high birth rates in the fu
ture. There are indications to the con
trary in some of the characteristics of the 
boom. 

For example, the increase in births has 
been most marked in those sectors of the 
population where fertility has been un-

der the most effective control and is 
normally low-among city families, those 
living in the Northeast and those with 
college education. The groups that are 

usually the most fertile-farm families, 
those living in the South, those with the 
least education-had the smallest in
creases. 

Moreover, the indications are that the 
huge increase in births during the 1940s 
was due mainly to the fact that more 
families were having children or adding 
a second or third child, rather than to 
any abandonment of the small-family 
system. First; second and third children 
accounted for most of the increases in 
births. It is true that there were also 
considerable increases in the numbers of 
families that had a fourth or fifth child, 
but this appears to be attributable to the 
fact that more women were exposed to 
that risk, because of the sharp rise in 
marriage rates in 1940 and 1941. The 
actual proportion of mothers who bore 
fourth and fifth children, of the total 
number of married women in a position 
to do so, probably declined throughout 
the baby boom. Evidence pres�nted by 
P. K. Whelp ton in a forthcommg book 
entitled Cohort Fertility indicates that 
similar factors also probably account for 
most of the increase in third births. 

The increase in first and second chil
dren almost certainly has been due in 
part to the growing social disapproval of 
childless and one-child families. If this 
attitude continues, it will tend to pro
duce a permanent increase in births. 
However, the increase seems to have 
been due in even larger part to the fact 
that people have been marrying at pro· 
gressively younger ages, which has re
sulted in a very large increase in the 
number of marriages. This process can
not go on indefinitely. When the trend 
toward earlier and earlier marriage ages 
stops, the marriage rate will fall sharply, 
and if the marriage age should then rise, 
the drop in the number of marriages 
would be precipitous. That in turn, of 
course, would result in a sharp drop in 
the number of births. 

T
HESE considerations lead us to 
wonder whether tl1e baby boom of 

the past decade may not foreshadow a 
rather sharp decline in births during the 
next few years, instead of marking the 
beginning of an upward trend. To be 
sure, the fact that couples marry younger 
means that the wife is exposed to the 
possibility of having children for a larger 
part of the child-bearinrr period of her 
life, and the parents ther�fore have more 
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FERTILITY of the white populatiou steadily decreased 
from the 1800s to the end of the 1930s. The diagram 

at the right shows in greater detail tIle area indi
cated hy the gray rectangle on the diagt'am at the left. 

chances of exceeding the number of chil
dren they want or more time to change 
their minds about wanting additional 
children. On the other hand there is 
every indication that the major part of 
the increase has come from those sectors 
of the population that have their fertility 
under the most effective control, and the 
increase from this group may be can
celed to a considerable extent by the 
continued decline of the truly large fam
ilies-a decline that has gone on through
out the baby boom. 

On balance, it now seems that we 
should expect a considerable recession 
from the high birth rates of the 1940s 
before very long. It is unlikely, however, 
that we shall return to the low birth rates 
of the depression years in the foreseeable 
future, provided the marriage age stays 
young and the proportion of those who 
never marry does not increase. No one 
knows whether these conditions will con
tinue. We have learned a good deal 
about the manner in which the resur
gence in births developed, but we still 
know rather little about the motivating 
forces. Evidently the revival of the econ
omy after the great depression released 
a backlog of postponed marriages and 
births. Clearly also, the Government 
strongly encouraged a rise in the birth 
rate, without explicitly planning to, first 
by exempting married men from con
scription, then by exempting only those 
with children and finally by providing 
family allowances and free maternity 
care for the wives of the fathers it 
drafted. Veterans' benefits also contained 
family allowances, and under their pro
visions marriage was no longer a deter
rent to advanced education. The expan
sion of social security, increases in tax 
exemptions for dependents, the current 
period of full employment-these, too, 
]"obably have had something to do with 
the increases in births. The present mili
tary service act, which defers the induc
tion of fathers, adds a new stimulus to 
procreation. 
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Yet we do not really know what were 
the most important factors behind the 
baby boom; it is possible that less tan
gible causes, on which no systematic 
evidence is available, have been more 
influential tl{an any we have mentioned. 
Apparently the wartime experience 
taught young America that it was fun to 
marry young and rear a small family, 
especially when it could be done with 
financial assistance from the Govern
ment. If this is so, and if new economic 
difficulties do not arise, we may expect 
the stream of births to be sustained well 
above that of the depression years, 
though below the current level. 

O
UR population should therefore con

tinue to grow, at a rate somewhat 
lower than that of the 1940s, But we are 
not in a position to make any precise 
estimates of our future size; there are 
too many unknown variables at work. 
The measure of that uncertainty can be 
seen in the fact that the most recent 
population projections by the Bureau of 
the Census for the year 1960 range from 
a low of 161 million to a high of 180 
million. 

It is by no means certain that it would 
be to the advantage of the nation to have 
a continuation of the recent high rate of 
population increase. Growth of the popu
lation reduces the amount of natural 
resources available per person, which 
means that the nation must turn to t11e 
us

'
e of inferior or substit�te resources, 

and such uses generally entail higher 
costs. Technological advances may well 
cancel such added cost, but income used 
in canceling higher costs is not available 
for other uses. From the standpoint of 
the economic welfare of the population 
as a whole, the only economic ad
vantage that comes from a large popu
lation as such lies in the economICS it 
makes possible through specialization in 
production. It is not at all certain, how
ever, that larger numbers would greatly 
increase such economies in the U. S. 

Rapid growth undoubtedly supplies a 
kind of stimulus to the economy, making 
it more dynamic and flexible, but growth 
is only one of the ways of achieVing this, 
and if the costs of the growth are high, 
it may not be the most efficient way. 
Precipitous changes in the rate of growth 
are troublesome. As we have seen, such 
changes introduce waves and troughs 
into the age distribution, and these re
quire the nation to maintain more facili
ties to care for its population than it 
would if the same numbers were dis
tributed more smoothlv over the life 
span. School buildings 

'
are one striking 

example; they must be built to take care 
of peaks of population. The ebb and flow 
of births is, in the long run, a costly af
fair. 

From the militarv point of view the 
matter of population size may have a 
somewhat different aspect. Even from 
this point of view, however, it is ques
tionable whether the desirability of a 
larger population is as great as is com
monly supposed. Since our population 
will in any case remain a l'elativelv small 
one in world-wide terms, our main asset 
lies in our power to produce more mate
rial than we require to maintain our
selves. This asset can be retained only 
if we are able to invest heavily in the 
health and training of our youth, which 
involves retaining a high level of living. 
These considerations suggest that it is 
wise to avoid growth that presses on our 
resources, even when the object is to 
maximize national power. On the whole 
it seems to the writer that the nation is 
Fortunate to have come through its pe
riod of rapid growth without generating 
a population that seriously strains our 
resources. 

F
ROM the point of view of power and 
economic welfare the characteristics 

of the population may be more impor
tant than its size. One of our most im
pOl·tant assets will continue to be the 
favorable distribution of the population 

© 1951 SCIENTIFIC AMERICAN, INC



between the working and the dependent 
ages. The value of this asset will depend 
to a considerable extent on the effective
ness with which we employ the older 
worker. The number of young workers 
will continue to grow, but the older 
workers will increase even more rapidly. 
The aged will increase most rapidly of 
all. The "problems of the aged" are dif
ficult human and social problems, but 
these are minor liabilities of one of our 
most magnificent assets-the fact that 
relatively little of the life created in the 
U. S. is lost before it reaches the age 
when it can contribute to the social 
prod�ct. 

If the strength of the nation lies less 
in numbers than in per capita productiv
ity, then we need to place great and 
growing emphasis on the quality of the 
population. Here we have s()me disturb
ing problems. The uneducated and the 
poor continue to produce a dispropor
tionate share of the nation's children, al
though the disparity has narrowed in 
recent years. While it seems likely that 
in all the principal groups in our popu
lation the majority are fairly sound stock, 
from the point of view of the nation's 
skills it is surely unfortunate that a dis
proportionately large share of the chil
dren are reared by parents with the least 
education and the least ability to provide 
for their children's education. Similarly, 
it is unfortunate that the states whose 
high birth rates produce the heaviest 
educational burdens are also the ones 
least able to carry the loads. If the leader
ship of the U. S. is to be maintained, in 
our increasingly complex world, it is 
essential that we develop the skills of all 
our people to the maximum of their in
born potential. This we have not done, 
and shall not do until the ability of the 
child replaces the income of the parents 
as the major criterion for educational 
opportunity. 

IF THE population problems faCing us 
in the future seem difficult, it may be 

pointed out that under peacetime con
ditions the problems ahead will be small 
compared with those already solved. 
Western civilization for the first time in 
man's long history has learned to sub
stitute the control of fertility for death 
as a means of checking unlimited in
crease. Our reduction of peacetime mor
tality since 1900 has saved many more 
lives than have been lost in the wars of 
this century. With all our tragic failings 
we have become relatively efficient pro
ducers of life, and given peace and mod
erate wisdom we should continue to in
crease that efficiencv. 

-

Frank W. Notestein, 
demographer, is Di
rector of the Princeton 
University Office of 
Population Research. 
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FERTILITY DIFFERENCES among various groups in the population are 
also in a state of change. The numbers at the hottom of this diagram repre
sent children under 5 years per 1,000 married women hetween the ages of 
15 and 49. Between 1940 and 1949, fOl' example, the fertility of the rural popu
lation increased little and the fertility of the urban population a good deal. 
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LABOR FORCE 
Sixty nIillion Americans work for pay. Our increasing productivity 

per man-hour frees nIore and more of us for specialized occupations 

and at the sanIe time accentuates the demand for trained personneJI 

THE SIZE of a nation's labor force 
(in proportion to its population) 
can vary a great deal, depending on 

circumstances. There is, of course, a 
basic core of workers that does not fluc
tuate much: this consists of the male 
population between the ages of 25 and 
45, about 95 per cent of whom nor
mally work. But every nation has avail
able certain other major groups that par
ticipate in the labor force to greater or 
less degree according to the times, the 
need and the incentives. These groups 
are: 1) housewives, 2) teen-age boys 
and girls and 3) old people. In times of 
emergency large reserves from these 
pools of potential workers can move into 
the labor force and swell it greatly. Over 
the long run also the proportion of wom
en, vouths and oldsters at work may shift 
considerably. In short, the working force 
of a nation, meaning the part employed 
in industry, trade, professions, social 
services and so on, has a great deal of 
Hexibility, and the country's welfare de· 
pends in no small degree on how effec
tively it makes use of that flexibility. 

This article will attempt to appraise 
the production potential of the U. S. in 
terms of the size and composition of its 
labor force-as it is now and as it may be 
expected to develop in the future on the 
basis of the trends of the past half-cen
tury. 

As the preceding article (page 28) 
indicated, the long-run trend in the U. S. 
is in the direction of an increasing pro
portion of the population joining the 
labor force. In 1890 about 35 per cent 
of the total U. S. population was at work 
or looking for work; by 1950 this pro
portion had risen to more than 39 per 
cent. The chief reason for the increase, 
aside from the rise in the percentage of 
adults of working age, was the move
ment of women into the labor force: the 
proportion of girls and women working 
for pay rose from 20 per cent in 1900 to 
about 29 per cent in 1950. More and 
more women were, and still are, leaving 
the home to take regular jobs. Labor
saving machinery in the home, which has 
given women more time to work outside, 
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and the urbanization of the nation have 
been largely responsible for this trend; 
farm women ordinarily do not take out
side jobs for pay. 

At the same time two other trends 
operated to check the increase in the 
labor force. In contrast to the women, 
the two other groups in our reserve
teen-age boys and old people-were mov
ing out of the working pool. Fifty years 
ago 50 to 60 per cent of all boys aged 
14 to 19 went to work; now, even in the 
prosperous year of 1950, the proportion 
has dropped to about 39 per cent. This 
downward trend is likely to continue. 
Besides child labor laws and the trend 
toward staying in school longer through 
high school and college, there is now a 
new factor to divert young men from the 
civilian labor force-compulsory military 
service. The present prospect is that we 
shall have a standing military establish
ment of 3.5 million men. The mainte
nance of a military force of this size will 
necessarily draw heavily upon young 
men of 18 and 19. 

Nonetheless, we can take note of the 
fact that the group of boys aged 14 to 
19 constitutes a large potential reserve 
of workers for an emergency; during 
World War II they joined the labor force 
in large numbers. 

THE SAME holds true of our older 
men over 65. The nation' has made 

less and less use of these older citizens in 
the past half-century. Sixty years ago 
more than 68 per cent of the men 65 
years of age or older were counted in the 
labor force; today only about 42 per cent 
are. One reason for the decline is the 
shift of most of our population from the 
farm to the city; on the farm it is easier 
for an old man to keep working, at least 
part time, than it is in the city. A second 
reason is the development of social se
curity and pension systems, public and 
private, which encourage retirement at 
65. A third reason is the fact that our 
present industrial system puts a premium 
on younger workers. 

Yet the older illen constitute a human 
resource that we cannot afford to dis-

card. During the war years many of them 
returned to work or 

'
stayed on past 65, 

so that the proportion of men over 65 
working rose to 50 per cent. Since from 
the long-run standpoint it would be un
wise to draw youths away from school· 
ing into the labor force, and since there 
are limits to the number of women who 
can leave the home to work, the older 
group is likely to become our most im
portant available reserve of workers, par
ticularly as it grows to be a larger and 
larger proportion of our population with 
the increasing average life span. 

Among U. S. employers it has become 
a widespread practice to set arbitrary 
age limits-to hire no one over -15. say, 
and require all workers to retire at 65. 
There are some understandable reasons 
for this policy. "Vhen a company has a 
lot of old people already on the payroll, 
the management naturally prefers to re
place those who retire with young work
ers who can begin at the bottom and 
come up through the firm. If it has a pen
sion system, the firm has a strong eco
nomic motive to avoid bringing in mid
dle-aged or older workers who will work 
only a relatively short time before retire
ment and pensioning. It is also a fact that 
some older workers are less Hexible and 
adaptable than young workers and may 
prove to be misfits after being hired. The 
employer is much less hesitant to take a 
chance with young workers because he 
can easily get rid of those who do not 
work alit satisfactorily, whereas older 
men resist losing their jobs and may ap
peal strongly to the obligation of the 
employer to keep them. As for the policy 
of compulsory retirement, it is motivated, 
among other reasons, by the fact that 
older workers often resist any adjustment 
of job or salary to their failing powers. 

But making all due allowances for 
these reasons, it remains true that the 
problem is magnified by prejudice, and 
that an arbitrary policy of this kind is 
unwise and unnecessary. Most men of 
55 to 65, and many of those over 65, 
make excellent employees. If adjust
ments in jobs and occupations were 
made throughout industry, many men in 
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their later years could continue as mem
bers of the labor force far beyond present 
age limits. The employment of older 
workers could also be facilitated by cer
tain adaptations in private pension sys
tems. The present mobilization emer
gency may accelerate the adoption of 
such measures. We are likely to find 
increasing need to make changes in our 
society and economic institutions in or
der to reverse the downward trend in 
the employment of older people. 

At all events, in spite of declines in 
some sectors there has been a net gain 
in the size of our labor force in the last 
50 years, mainly because of the entry of 
women in large numbers. Let us turn 
our attention now to shifts within the 
labor force. 

AT THE TURN of the century the 
U. S. had about 11 million farmers 

and farm laborers, and they made up 
about 38 per cent of the total labor force. 
By 1950 this number had declined by 
several million, in spite of the fact that 
the population of the country had dou
bled and the labor force had more than 
doubled. The shift from agriculture is 
still continuing; indeed, it has been 
markedly accelerated during the present 
mobilization period. With the help of 
mechanization, however, the reduced 
farm force today produces far. more food 
and fiber than did the larger farm man
power of 1900. 

The shift of manpower of course has 
been mainly to industry. The number of 
workers employed in manufacturing has 
jumped from 7 million in 1900 to ap
proximately 15 million in 1950; during 
World War II it rose to about 18 million. 
Workers in manufacturing now account 
for 25 per cent of the total labor force. 
If we add those in mining, construction 
and transportation, the proportion is 
about 40 per cent, and the aggregate 
number in the heavy industries is nearly 
25 million. 

Most striking of all, however, is the 
huge expansion in the proportion of our 
working force devoted to service occu
pations. Our risi:�� standard of living has 
evidenced itself not only in the produc
tion of goods but even more in the pro
duction of services. 

Consider first the trade and service 
industries: retail and wholesale trade, 
restaurants, hotels, banks, insurance, rec
reation, and so on. Fifty years ago this 
whole block of activities employed no 
more than 8 million workers; in 1950 it 
engaged well over 23 million-more than 
the number in manufacturing. In World 
War II there was a considerable shift 
from this group to manufacturing and 
the military forces, but after the war the 
h'ade and service industries promptly 
expanded again. 

Even more spectacular has been the 
rise of that comparatively small but vital
ly important group-the professional, 
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semi-professional and technical workers. 
At the turn of the century this whole 
group numbered only about 1.2 million; 
now it has grown to almost 5 million and 
is still expanding rapidly. This is the 
group which, generally speaking, has 
always captured the best brains in the 
nation. In leadership and influence its 
significance, even in purely economic 
terms, runs far beyond its numbers. 

Within the professions also there have 
been sharp shifts. Fifty years ago the 
traditional trinity-the ministry, law and 
medicine-accounted for most of our pro
fessional people. Now other professions, 
particularly in the scientific and tech
nological fields, enroll as large or larger 
numbers. The number of engineers, for 
example, has increased 10-fold: from 
40,000 in 1900 to aboilt 400,000 in 1950. 
Many new professional and semi-profes
sional occupations that did not exist at 
all in 1900 have sprung into prominence. 
And it is on the need for scientific and 
·technical personnel, along with doctors, 
that the chief emphasis is now being 
placed. 

In the labor force as a whole the aver
age of skill today is higher than it was 
50 years ago. The propor.tion of highly 
skilled craftsmen has just about held its 
own, but there has been a marked in
crease in the proportion of semiskilled 
workers, with a corresponding decrease 
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in the unskilled. In 1910 there were 11 
million common laborers in the U. S., 
half of them on the farms; the number 
has now shrunk to less than 6 million. 
Meanwhile there has been a rapid ex
pansion in what the Census calls semi
skilled operatives. This carries a certain 
disaavantage : since their skills are rather 
specialized, there is a greater tendency 
for pockets of labor shortages and sur
pluses to appear. But this effect is com
paratively small and it is offset by the 
fact that workers can learn new skills in 
a relatively short time. 

1" HE NUMBER of workers and the 
reckoning of their skills are not the 

entire measure of the labor force. Quan
titatively we must take account of the 
factor of time worked. The true measure 
of the size of the labor force is not merely 
the number of people in it but the total 
number of man-hours available. From 
that standpoint the increase in the laboi' 
force may not be as great as it appears. 
In the first place, many of those who 
have been added to the working force 
are only part-time workers. This holds 
particularly for the women, some of 
whom work at jobs only part of the day 
or part of the week. Secondly, there has 
been, as everyone knows, a great reduc
tion of the average full-time work week 
in the U. S . .The effect of this, in terms 

of production, is not easy to appraise; 
there are pros as well as cons. 

Fifty years ago the standard work 
week in U. S. industry was 54 to 60 
hours, and for many workers it was much 
longer than that; for example, until 1923 
certain types of workers in the steel in
dustry had a 12-hour day and 7-day 
week. Thus at the turn of the century 
the typical industrial employ.ee who had 
steady work throughout the year worked 
a total of nearly 3,000 hours. Today, with 
a standard work week of 40 hours, holi
days, vacations and so on, a typical in
dustrial worker probably averages no 
more than 2,000 hours a year. The hours 
of labor on farms also have declined, 
though not as much as in industry. Thus 
the increase in man-hours since 1900, 
while considerable, is far less than the 
increase in the number of workers. 

An obvious corollary of these facts is 
that in an emergency we could rapidly 
expand our labor force, in terms of man
hours, by lengthening the hours. An in
crease of six to eight hours in the stand
ard week in industries where this is 
practicable might add the equivalent of 
8 to 10 million workers to the nation's 
total labor supply. 

But this would not bring a propor
tionate increase in production, for the 
output per man-hour would certainly 
decline. And there are limits to the feasi-
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PRODUCTIVITY of the lahor force increased steadily 
from 1909 to 1939. This diagram shows the rise of pr�
ductivity per man-hour in manufacturing. The numhers 
at the left are an arhitrary index. The diagram is not 

carried heyond 1939 hecause of the difficulty of compar
ing productivity statistics-in situations of war and peace. 
It is generally known that productivity per man-hour 
has increased at an even greater rate since W orId War II. 

ble length to which hours can be pushed 
and to the length of time they can be 
sustained. Great Britain demonstrated 
this during World War II. In the crisis 
summer of 1940 the British people 
worked up to 72 hours a week and 
achieved a sharp increase in production. 
After several months, however, the spurt 
took its toll in fatigue and absenteeism, 
and production fell off so much that the 
hours of work had to be cut back sub· 
stantially. 

Actually the great reduction in work· 
ing hours in the U. S. since 1900 has been 
to some extent a biological and economic 
necessity. The long hours of 1900 were 
made possible by the fact that the pace 
of the work was much slower than it is 
now. The enormous increase in the speed 
and intensity of work in many industries, 
due to greater mechanization, has made 
a reduction in hours inevitable. We can
not be sure that 40 hours per week repre
sents the optimum for maximum produc
tion in the long run, and it is clear that 
the optimum would differ for different 
industries and occupations. But it is also 
clear that we could not go back to any
thing like the hours of 1900 at the 
present tempo of work. 

IN ANY CASE, what we have lost in 
man-hours we have more than made 

lip in the increased productivity per man-

hour. In manufacturing the average 
hourly output of product by the indi
vidual worker rose at the average rate 
of three per cent a year for several dec
ades, even before the acceleration 
brought by World War II. The gain in 
other fields has probably been somewhat 
smaller than in manufacturing, but if we 
estimate conservatively that the econo
my as a whole improved its productivity 
at the rate of two per cent a year, in 50 
years the cumulative advance has been 
tremendous. It is this increased produc
tivity that is mainly responsible for the 
nation's present high standard of living 
and its position as the outstanding in
dustrial machine in the world, with six 
per cent of the world's population pro
ducing nearly half of the world's eco
nomic product. 

In part this accomplishment rests up
on the fact that the U. S. labor force in 
general is probably the most highly 
trained, experienced, resourceful and 
flexible in the world. But American labor 
also has a superior supply of tools and 
equipment with which to work. The 
U. S. has far surpassed all other major 
industrial nations in capital investment 
and in the invention of new machines, 
materials and processes. It has also led 
the world in the initiative and organiz
ing ability of management. The techni
cian and the management expert have 

more standing and influence in industry 
in the U. S. than in any other country. 
Another reason for our high productivity 
is our strong industrial competition; al
though trusts, monopolies and agree
ments in restraint of trade do exist in this 
country, they have been much less influ
ential than the cartels in other countries. 
On the whole, competition in the U. S. 
has been vigorous and widespread. Fi
nally, there is the immensely stimulating 
factor of industrial research, to which 
U. S. industry has been devoting a larger 
and larger portion of its capital invest
ment, particularly during the past dec
ade. The competition for improved prod
ucts and more economical ways of doing 
things is so keen that in some industries 
a successful research laboratory today is 
the key to industrial survival. 

We can sum up the assets of our labor 
force, therefore, as follows: It possesses 
high skill and initiative, has excellent 
technical and management leadership 
and is tooled with the most powerful in
dustrial machine in the world. Our aver
age level of education and occupational 
training has risen constantly during the 
past half-century, and the trend suggests 
that it will rise to much higher levels in 
the future. We have a growing popula
tion, and the ratio of the labor force to 
the total population is steadily increas- , ::�Jc.. 
ing. Our advances in health and the re-
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duction of mortality rates give us a 
growing pool of older workers who add 
greatly to our potential of manpower 
and experience. 

On the other hand, we also have some 
serious problems. At a time when the 
school population of the nation is rapidly 
increasing, due to the rise in the birth 
rate, we are confronted with a growing 
shortage of teachers and declining qual
ity in the teaching staff. We face an 
actual decrease of teachers, because of 
a shift from this low-paid profession to 
other occupations, and this threatens a 
breakdown in the quality of our school 
system. The evil econo�ic effects of such 
a decline will be felt 10 to 20 years from 
now when these young people join the 
labor force. 

Beyond this, there is the expanding 
need for skill that our increasingly com
plex economy imposes on us. Already we 
are seriously short in some fields, partic
ularly certain professions and skilled 
trades, in which the necessary manpower 
cannot be supplied quickly because of 
the long training required. The demands 
of our emergency mobilization, both 
military and civilian, have made this 
problem acute. 

Indeed, it is questionable whether, in 
the present mobilization or even in total 
war, it will be possible to expand the 
labor force again to anywhere near the 
extent that we did in World War II. 
Toward the end of the war we had re
cruited into the labor force an estimated 
7.3 million "extra" workers-people who 
under normal peacetime circumstances 
would not have been employed in indus
try at all. 

They were, as we have indicated, 
housewives, youngsters and old people. 
But in some of these groups we now 
have smaller reserves to call upon: a 
higher proportion of the young women 
are now tied to the home by young chil
dren; a larger proportion of the women 
over .35 are already working at jobs, 
and a somewhat larger percentage of 
the older men also are already in the 
labor force. 

OUR major strength, quite clearly, lies 
in our long-run potentialities. In the 

last analysis, the power and leadership 
of the U. S. will rest on the crucial ques
tion of whether we can continue to in
crease our productivity at as high a rate 
in the future as we have in the past, and 
this means productivity not only in ma
terial goods but also in the services, ideas 
and educational advance that have made 
us a rich and great nation. 

-
Ewan Clague, economist, 
is Commissioner of La
bor Statistics, U. S. De
partment of Labor, Bu
reau of Labor Statistics. 
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1920 1930 1940 1950 

5.0 6.1 6.5 7.5 

22.3 19.9 17.8 16.3 

13.8 16.3 17.2 20.2 

13.5 12.9 11.7 13.8 

16.1 16.4 21.0 22.4 

29.4 28.4 25.9 19.8 

workers in that category in tha t year; the size of the 
figures in the boxes corresponds to the numbers. Reflect
ing the increasing specialization of the labor force is the 
decrease in the percentage of unskilled workers and the 
increase'in semiskilled wo:.;kers and professional persons. 
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INTELLECTUAL RESOURCES 
A mil�ion and a half Anlericans work prinlarily with their 

brains. The number of young people who are capable of such 

careers is finite, but we have not yet utilized them fully 

T
HE scientiRc and intellectual ad
vances of a nation are generated by 
a comparatively small number of 

people. These few-the inventors, scien
tists, thinkers and scholars who have giv
en us the Declaration of Independence 
and atomic energy, railroads and radar, 
antibiotics and masterpieces of music 
and literature-have contributed to civili
zation out of all proportion to their num
bers. In the U. S. we think immediately 
of such giants as Thomas Jefferson, Ben
jamin Franklin, Josiah Willard Gibbs, 
Thomas Hunt Morgan, Alexander Gra
ham Bell, John Dewey, Mark Twain and 
Walt Whitman. But the geniuses repre
sent only a part of a nation's intellectual 
resources; for every genius there are hun
dreds of less eminent but highly com
petent men and women who also contrib
ute signiRcantly to the nation's intellec
tual progress. 

The Rrst step in appraising the intel
lectual resources of the U. S., therefore, 
is to try to deRne just what group we 
are talking about. We cannot deRne it 
simply in telms of education, for our 
intellectual manpower certainly does not 
include all of the six million college 
graduates in the U. S. Some of them 
have retired from work; some are in non
intellectual occupations; some, though 
they have obtained degrees, can hardly 
be classed as capable of high-level men
tal work. Conversely, there are many 
people making important intellectual 
contributions who never went to college. 

As a rough deRnition of our intellec
tual manpower let us say that it com
prises all those who work primarily with 
their brains. We do not know how large 
this number is, because no exact census 
of them has ever been taken. Efforts are 
now being made to do so: the Federal 
government, professional societies and 
other agencies have been compiling ros
ters of specialists in the sciences, hu
manities and various professions, and the 
1950 Census made a number of new 
tabulations of scientiRc specialties. 

It is estimated that we have about 
400,000 engineers, 209,000 doctors, 
200,000 college teachers and 175,000 
scientists. If we add the architects, edi
tors, lawyers, social scientists and per-
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sons in other high-level Relds, the total 
number of brainworkers is perhaps a 
million and a half. Even if the actual 
number is twice that, we are still con
sidering only two per cent of the total 
population and Rve per cent of the na
tion's labor force. 

Individually the members of this 
group vary greatly in their intellectual 
contributions to society. But in general 
these are the people who have ideas, 
develop new inventions, processes and 
products, manage the nation's social, in
tellectual and administrative machinery, 
run its industry and commerce and train 
others for these complex tasks. They are 
a growing resource. Through their work 
they have greatly increased the demand 
for people like themselves. Their scien
tiRc discoveries, inventions and social 
improvements have created new de
mands for engineers, scientists, social 
scientists, historians, scholars and other 
men of ability and training who can 
manage our ever-more-complex society. 

Our problem is: Where are we to Rnd 
the resources to meet these additional 
demands? How many people have we 
who are capable of making creative con
tributions? How effectively are we dis
covering and utilizing our intellectual 
potential? Can we increase our intellec
tual manpower? 

T
o ANSWER these questions we must 
have some reliable measure of intel

lectual ability. No one will pretend that 
this can be determined by a simple for
mula. Intelligence alone is not enough 
for effective intellectual work: to make 
creative contributions in a scientiRc or 
scholarly ReId one must also be endowed 
with interest in it, industry, persistence, 
strength of character, conRdence and 
some spark of originality. 

Twenty-Rve years ago the U. S. psy
chologist Catharine Cox Miles made an 
attempt to estimate the intelligence quo
tients of 300 of the most eminent men 
of history. Her estimates were based 
upon studies of their early writings, 
school progress and other evidences of 
achievement in comparison with tlle rec
ords of average children. She concluded 
that the average I.Q. of these 300 genius-

es was above 160, that few fell below 
140 and that many were above 180. An 
I.Q. of 160 is so rare that theoretically 
only one person in a million ranks that 
high. But not everyone-in fact, scarcely 
anyone-who has an I.Q. of 160 goes 
down in history as a genius; the other 
traits also are necessary. There are 152 
million people in the U. S., but not 152 
of the eminence of the group studied by 
Dr. Miles. 

On the other hand, the psychologist 
Anne Roe recently studied 60 of the most 
eminent research scientists in the U. S. 
and found that they varied considerably 
in intelligence. What the 60 had in com
mon was an intense driving interest in 
their chosen Relds of science. They had 
become America's most eminent scien
tists despite the fact that they would not 
all make the very highest scores on an 
intelligence test. As for the little-un
derstood gift of creative talent, it is 
apparently not restricted to geniuses; it 
exists in lesser amounts in many people 
-the people who develop short-cuts, who 
put ingenious new ideas into the sug
gestion box, who think up improvements 
on old routines. No one knows for sure, 
but it is quite possible that creative tal
ent is qualitatively the same sort of thing 
in such people as in geniuses, the only 
difference being that the latter have 
more of it. 

If intelligence is not a sufficient con
dition for creative intellectual work, at 
least it is a necessary one. Some mini
mum level of intelligence is necessary 
to master the basic concepts, problems 
and techniques of a specialized ReId. 
The minimum level varies, of course, 
with the difficulty of the Reid. It turns 
out, for example, that people who go 
into work in the pure sciences score 
higher in intelligence tests, on the aver
age, than those in applied Relds; within 
the ReId of the basic sciences the physi
cal scientists average a little higher than 
the biologists. Remember, however, that 
we are speaking only of averages; there 
are very high I.Q.'s in all Relds. 

On the whole, we must depend upon 
intelligence tests, for want of a better 
measure, as the basis for estimating our 
potential intellectual resources. Such 
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tests can measure a number of different 
kinds of ability, but for our general pur
pose a composite measure of academic 
aptitude, scored by the method used dur
ing World War II for the Army General 
Classification Test (AGCT), will suffice. 
The Army scale has an average score of 
100 and a standard deviation of 20. 
These figures are quite arbitrary. They 
do not mean that the average man an
swered correctly exactly 100 of the test 
items. Rather, the raw score of the aver
age man, regardless of what it actually 
was, was converted to a score of 100 
points. Other raw scores were converted 
to arbitrary scores higher or lower than 
100 so that the total distribution had a 
standard deviation of 20 points (i.e., so 
that 68 per cent of the population would 
have scores between 80 and 120). 

N
OW what do the AGCT scores show 

as to our intellectual potential and 
how much of that potential we are actu
ally training for intellectual work? Sup
pose we take graduation from college as 

a standard of training for such workers. 
This is not a perfect criterion, because 
we need brains in many fields for which 
college is not always the best prepara
tion, but colleges train most of the high
level specialists, and college graduation 
will serve as a rough measure of the ex
tent to which we are exploiting our in
tellectual resources. 

About 10 per cent of the total popu
lation in each age group in the U. S. now 
graduates from college. The median 

score of these graduates on the AGCT 
is about 120; that is, half of them score 
120 or higher. This means that the youths 
with an I.Q. of 120 or above who gradu
ate from college represent 5 per cent of 
the total population in an age group. 
But in the whole population 16 per cent 
are at that level of intelligence or above. 
In other words, of those youths with in
telligence equal to or better than that 
of the median college graduate, only 
about one in three graduates from col
lege. Actually it would be better to take 
the score surpassed by three quarters of 
the college graduates, rather than the 
median score, as the measure of tlle abil
ity to do college work. On the AGCT 
scale this score is 109. About 33 per cent 
of the total population in an age group 
exceed this score, but less thall a fourth 
of them go to college and receive a 

bachelor's degree. 
The story is even less favorable when 

we examine what proportion of able peo
ple obtain the Ph.D. degree-today a re
quirement for many of our top-level 
intellectual occupations. During the 10 
years from 1941 through 1950 U. S. uni
versities conferred an average of about 
3,300 Ph.D.'s a year. According to tlle 
best available information, the median 
score of Ph. D.'s on the AGCT is prob
ably in the neighborhood of 134, and 
the score exceeded by 75 per cent is ap
proximately 123. About 12.5 per cent of 
the total population scores above 123. 
Of this group, who possess the intelli
gence to earn a Ph.D., only about 1.5 

per cent actually do so. The proportion 
will probably increase during the next 
10 years; perhaps the figure will be 2 
per cent instead of 1.5 per cent. But even 
so only a fiftieth of the young men and 
women with AGCT scores over 123 will 
earn Ph.D.'s. 

This is not to imply that everyone with 
an AGCT score above 109 should gradu
ate from college or that everyone with a 
score above 123 should get a Ph.D. 
Bright people are needed in some fields, 
e.g., in business and the highly skilled 
crafts, where college training is not nec
essarily the most effective preparation, 
and the Ph.D. is not generally needed in 
such high-level fields as medicine, law, 
engineering, schoolteaching, business 
administration or social work. Nonethe
less, we have serious shortages of people 
in many specialties that do require col
lege or Ph.D. training. Consequently we 
need to give serious attention to the 
large potential of intellectual resources 
that we fail to use to full capacity be
cause of lack of the necessary education. 

C
LEARLY the raw material is avail

able for training more engineers, 
more scientists, more people in other im
portant fields. Just how many more we 
might realistically expect is hard to esti
mate. It is easy to 'see, however, how the 
numbers could be increased substantial
ly; we need only look at the reasons why 
so many bright youngsters fail to go to 
college. 

We could not add greatly to the num-
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ber of potential intellectual workers by 
attempting to keep in school those who 
drop out before finishing high school; 
the great majority of these drop-outs are 
only of average or less than average abil
ity. It is at the point of high-school grad
uation that the biggest single loss of 
bright students occurs. Only a third of 
the high-school graduates enter college, 
and of the two-thirds who do not, a large 
proportion are above average in ability. 
The attrition among bright students con
tinues in college, for half of the people 
who enter fail to graduate. Most of the 
drop-outs, to be sure, are in the lower
a bility brackets, but many are brilliant 
students; even among that rare camp an} 
who score above 150 on the AGCT more 
than 20 per cent. leave college before 
graduating. 

There are two main reasons why 
bright students fail to go to college or 
quit before graduation if they do go: 
lack of interest and lack of money. Of 
these, lack of interest is the more com
mon one. A great many able students 
forego college because their parents do 
not expect them to go, because they de
cide early on a vocation that does not 
require college, because they prefer to 
marry or because their friends are not 
planning to go to college. 

If the country wants to use the abili
ties of its ablest youngsters at the highest 
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possible level, it must somehow encour
age more of them to go on with their 
education. The first step, of course, is to 
identify these best brains. Fortunately 
this is not too difficult. The people who 
possess the talent for academic work and 
scholarship of a high order can be picked 
out at a fairly early age. Dr. Cox pointed 
out that the eminent people she studied 
gave evidence of their unusually high 
I.Q.'s in early childhood. Voltaire wrote 
verses "from his cradle." Coleridge could 
read a chapter from the Bible at the age 
of 3. Mozart composed a minuet at 5. 
Goethe produced grown-up literary 
work at 8. Nowadays intelligence-test 
scores and school-achievement records 
make possible reliable early selection of 
the able children. Indeed, whether a 
youngster will be successful in college 
can be predicted about as well by tests 
given at the ninth-grade level as at the 
time of college admission. 

The next step is to give active en
couragement to those who show the 
greatest promise. In some cases it is nec
essary to offer financial help. At the 
highest levels of training considerable 
help is becoming available. The Federal 
government, concerned about shortages 
of scientists and engineers, has started 
several new scholarship programs. The 
Atomic Energy Commission grants fel
lowships to graduate students in the sci-

ences related to atomic developments. 
The Veterans Administration gives sub
sidies to college graduates interested in 
careers in clinical psychology. The new 
National Science Foundation plans to 
make a scholarship and fellowship pro
gram one of its chief activities. But I sus
pect that graduate fellowship programs 
will be less effective in increasing our 
intellectual manpower than their sup
porters hope. To qualify for a fellowship 
one must first finish college. If the goal 
is to enlarge the total pool of highly 
trained talents, money offered as scholar
ships to help bright youngsters start to 
college would probably be more effec
tive than fellowships awarded to gradu
ate students. There is no doubt that we 
need a great many more scholarships at 
the undergraduate level. 

'
W

E have an even greater need, how-
ever, to improve our efforts to in

terest the brightest youngsters in pursu
ing an advanced education. In this task 
our schools frequently fall down. De
spite the widespread school use of in
telligence tests, too frequently the results 
are not used as a basis for encouraging 
the most promising. More school systems 
should follow the example of that in the 
State of Iowa. Each Iowa child is given 
the Iowa Test of Educational Develop
ment at several points during his school 
career. The most promising are actively 
encouraged by their teachers to continue 
their education, and their parents are 
notified of their promise. The Iowa psy
chologist Leo Phearman found that 92 
per cent of the Iowa high-school seniors 
who scored in the top 2 per cent on these 
tests, and 75 per cent of those in the top 
10 per cent, continued their educational 
careers into college. 

Probably one of the reasons why so 
many bright students lack interest in go
ing on to higher education is the poverty 
of stimulation in the school program to 
which they have been exposed. Elemen
tary and secondary schools all over the 
country have gone in for "how-to-study" 
courses, remedial reading, sight-saving 
classes, opportunity rooms and other 
commendable special provisions for the 
handicapped and the slow, but very few 
devote as much effort to special handling 
of their most brilliant students. One of 
the outstanding exceptions is the Bronx 
High School of Science in New York. 
This school each year selects a freshman 
class high in ability and eager for scien
tific careers. It then gives these students 
a high-school training and experience so 
effective that practically all of them 
graduate from high school and practical
Iv all of the graduates go to college. A 
widely influential effort to encourage 
bright students is the annual vVesting
house Science Talent Search. The Jack. 
son Memorial Laboratory in �1aine each 
summer uses as research assistants a 
small selected group of high-school stu-
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40 50 60 70 80 90 
mSTRIBUTION OF INTELLIGENCE in the popula
tion is shown by a curve based on the scores compiled 
by those who took the Army General Classification Test. 

COLLEGE DUATES 

100 110 120 
DISTRIBUTION OF COLLEGE GRADUATES on the 
AGCT scale is shown hy the curve near the hottom of 
this diagram. The curve that begins at the upper left is a 

100 110 120 130 140 150 160 
The numhers at the bottom of this diagram represent the 
scores of the test; the numhers closer to the curve show 
the percentage of people who made a score in that range. 

130 140 150 160 
section of that at the top of the page. The area ]Jetween 
the two curves approximates the proportion of people of 
hetter-than-average intelligence who do not go to college. 
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BACHELOR'S DEGREES AND SCIENCE PH.D.'S have increased in 
number at a rate greater than that of the increase in the total population. 
The wartime dip in such degrees has been corrected by the postwar rise. 

dents who show interest and outstanding 
promise in biology. This approach-giv
ing young students an opportunity to 
engage in research-seems to be an effec
tive method of starting people on careers 
in science or scholarship. 

The colleges themselves could do a 
good deal more to promote the develop
ment of superior students. One change 
that would cost little or nothing and 
would probably have good results would 
be to let the brightest students go ahead 
at their own pace. Youngsters of high 
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LQ.'s are capable of very rapid learning 
and early productive contributions. The 
Ohio psychologist Harvey Lehman, who 
has made a special study of this subject, 
cites many examples of great achieve
ments by young thinkers. The grain 
binder was invented by John F. Apple
by at the age of 18. Jane Austen finished 
Pride and Prejudice when she was 2l. 
Louis Braille, blind since the age of 3, 
developed the Braille alphabet at 20. 
William Cullen Bryant wrote Thana
tOJJsis at 18. Samuel Colt was 16 when 

he conceived the idea of the revolver. 
Sir Humphry Davy was 20 when he dis
covered the anesthetic properties of ni
trous oxide gas. Galileo at 17 discovered 
the isochronism of the pendulum. Mar
coni was 21 when he transmitted the first 
radio signals. The first synthetic dye was 
discovered by William Henry Perkin at 
18. Lord Kelvin had established a repu
tation in mathematical physics by the 
time he was 21 years old. And in general, 
according to Lehman's study, the great 
scientists and scholars who contributed 
the most in total creative output were 
the ones who started earliest. 

We can find similar examples of early 
achievement in the current crop of 
youngsters in this country. An important 
new method for releasing archaeological 
specimens from the limestone in which 
they are imbedded was developed just 
this year by a 21-year-old college stu
dent. An 18-year-old student at the Uni
versity of Minnesota holds several pat
ents on electronic equipment and serves 
as a consultant to a large electronic man
ufacturing company. One of the stellar 
contributors to the Los Alamos project 
during the war was a youth not old 
enough to vote. 

No one knows how much is lost to 
science and creative scholarship by hold
ing brilliant youngsters back to the 
pedestrian pace of the typical school and 
college. They can develop faster. As S. L. 
Pressey has effectively demonstrated at 
Ohio State University, they can do so 
without damage to health, without ap
preciable loss of opportunity to partici
pate in extracurricular activities, with
out loss in quality of work and with the 
very positive benefit that a larger per
centage of these accelerated students 
graduate from college than is true of 
equally bright but non-accelerated stu
dents. They can start graduate work 
earlier and can begin contributing sooner 
to society and to their chosen fields of 
work. 

F
ROM every standpoint it is clear that 
we are not exploiting the intellectual 

resources of the U. S. to anywhere near 
their full potential. We can have more 
engineers, more scientists, more doctors, 
more scholars and more specialists of all 
types if we need them. To obtain them, 
however, we must do better than we 
have done in the past to identify the 
brightest youngsters, encourage them to 
plan on higher education, offer them a 

chance to work in their chosen fields, 
give them financial assistance when 
necessary and give them the kind of 
education that will allow them to go 
ahead rapidly to take their places among 
America's intellectual leaders. 

• 

Dael W olfle, psychologist, is Dimc
tor of the Commission on Human 
Resources and Advanced Tmining. 
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The Kodak High Speed Camera can now 
be supplied with a special feature which 
permits the recording of cathode-ray os
cillograph traces through the back of the 
film. This makes possible high speed 
motion pictures of mechanical action 
with its electrical aspects simultaneously 
superimposed on the same 16mm film. 
When projected at normal speed, you 
get a complete picture of combined me
chanical and electrical action slowed 
down as much as 200 times. 

This basic-improvement has countless 
new applications for solving design, pro
duction, and product performance prob
lems through high speed movies, partic
ularly those involving electrical equip
ment. Since an argon lamp times the film 
travel, extremely accurate analysis is pos
sible. This unique tool may be the answer 
for which you have been looking. Further 
information and a copy of the booklet 
"Magnifying Time" will gladly be sent 
on request. 

The Kodascope Sixteen-lOR Projector . . .  To show your high 
speed movies so that you can study the critical phases of action, this 
moderately priced projector is equipped with a remote-control 
push button for reversing film direction over and over again. Its 
2-inch //1.6 lens and 750-watt lamp (replaceable by a lOOO-watt 
lamp if needed) assure bright screen illumination, sharp from 
edge to edge. Important details stand out clearly, even if exposure 
conditions have not been optimum. 

EASTMAN KODAK COMPANY, Industrial Photographic Division, Rochester 4, N. Y. 

High Speed Movies 
• • •  a function of photography 
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PHENOLIC 
RESINS 
may reinforce, 
protect, or 
add properties 

YOUR PRODUCTS NEED 
• By employing the wide range of properties 
available in Durez phenol-formalehyde resins, 
chemists have added to the usefulness of 
numerous materials, improved product ser
vice, or simplified processing. These resins 
have excellent electrical, heat, and chemical 
resistance, and. are used with Tubber, wood, 
and other materials as bonding agents, coat
ings, or ingredients in compounds. The ex
amples below may suggest a profitable solu
tion to problems in your field of interest. 

INSULATION. Resin 
bonding supplies a 
desirable combina
tion of resilience and 
rigidity in mineral
or glass-wool batts, 
plus heat resistance 
r eq uired in some 
types of insulation 
and water resistance needed in others. Blown 
as a water dispersion into mixing chambers 
with molten rock, slag, or glass the resin, 
when cured, locks the filaments firmly in 
position. 

BRAKES. Used as a binder 
in brake lining, Durez re
sins lengthen service life 
very substantially, and 
also stabilize frictional 
characteristics by increas
ing resistance to heat, 
water, oil, and grease. Re
sins also serve as lining
to-shoe bonds, eliminat
ing the need for rivets and 
leaving more lining thick
ness available for wear. 

SHELL MOLDS. Foundrymen are able to re
duce metal waste, machining, finishing, and 
rejects by using resin-sand molds made by 
the " C "process. The shell-thin molds take 
only a tenth of the sand normally used, turn 
out smooth-surfaced 
castings with ex
tr e mely clos e di
mensions. Castings 
to within a few thou
sands of an inch can 
be produced. 

Let us send you a pamphlet on these and 
other uses of phenolic resins in industry. We 
will gladly help with any particular applica
tions you have in mind. Write, on office let
terhead, to Durez Plastics & Chemicals, Inc., 
809 Walck Road, North Tonawanda, N. Y. 
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Phenolic 
plasticS 
that fit 
the job 

Students and the Draft 

THE drop in college enrollment this 
fall apparently will not be as great 

as was predicted last spring. The U. S. 
Office of Education now expects a stu
dent body of 2,045,000, a decline of 
about 9 per cent from last year's enroll
ments instead of the expected 20 per 
cent. The decline is due not to the draft 
but to the subsidence of the postwar 
C.1. bulge in enrollments and to the fact 
that the freshman class this fall reflects 
the severe depression drop in the birth 
rate of 18 years ago. 

The Selective Service regulation that 
no youths under 19 shall be drafted un
til all available older men have been 
taken has effectively preserved the fresh
man class from the draft. The loss 
through voluntary enlistments of high
school graduates will probably be more 
than made up by the gain of those who 
otherwise might not have gone to col
lege but who will do so in the hope of 
gaining draft deferment. So far as upper
classmen are concerned, most draft 
boards have complied Witll the policy of 
Selective Service headquarters and 
granted deferments over the summer, 
until the college aptitude tests adminis
tered a few months ago could be graded 
and reported to the boards. This de
ferment was encouraged by the low 
national draft quotas set during the sum
mer-15,000 in July and 22,000 in Au
gust. By the time all the test scores were 
in, the fall term was only a month off, 
and once the new term begins Selective 
Service policy is to defer all students, 
regardless of their grades, until the end . 
of the school year. As a result, though 
some students have been and are being 
drafted, the colleges' fear of severe losses 
has been allayed for at least a year. 

An indication of the results of the de
ferment tests was given by the scores 
of the first of the four tests, that of 

SCIENCE AND 
May 26. About 63,000, or 38 per cent 
of those taking the test, failed to get the 
passing mark of 70. Those who either 
passed the test or rank high enough in 
their classes are to be considered for 
deferment. This policy is not binding on 
the local boards, but they are expected 
generally to follow it so long as they 
have no difficulty in filling their quotas 
from other sources . 

It has been made clear to students that 
deferment does not mean exemption. 
Colonel Candler Cobb, New York City 
Selective Service director, said: "The 
student and his family must make up 
their minds whether tlle man is to go to 
the armed forces now or later." Under 
Selective Service any man who is in a 
deferred classification when he reaches 
26-ordinarily the top age limit for the 
draft-remains liable to call until he 
reaches the age of 35. 

The effect of this on the supply of 
new engineers has been estimated by 
the Office of Education. The number of 
engineering graduates will drop from 
38,000 this year to 17,000 by 1954. At 
the same time, as the number of veterans 
in engineering schools diminishes, the 
proportion of graduates who are liable 
for military service will rise from 50 to 
80 per cent. Those getting "essential" 
jobs within 30 days may receive occupa
tional deferment. On the whole, how
ever, it is estimated that only 3,000 of 
the 17,000 graduates in 1954 will be 
available to industry, whereas industrial 
employers report that they need 60,000 
additional engineers now and will prob
ably require a continuing supply of at 
least 30,000 each year. 

New G.l. Bill? 

THE educational provisions of the 
C.1. Bill of Rights-under which 

500,000 veterans took courses in engi
neering, 250,000 took courses in teach
ing and 200,000 took courses in 
medicine-expired for most veterans on 
July 25. Even before the books were 
closed on that great educational venture, 
Washington had begun to discuss a new 
C.1. bill for the veterans of Korea. 

About 50 C.1. education measures 
have been introduced in Congress, many 
of them calling for the same rights as 
those given to World War II veterans. 
None of these is likely to receive serious 
consideration. It appears that the bene
fits to be allowed this time will be more 
limited. The two most strongly sup
ported proposals are those of the Ad
ministration and of Representative Olin 
E. Teague's Select Committee studying 
veterans' training. 

The Administration proposal, intro-
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THE CITIZEN Tall Tala 
DOW CORNING SILICONE NEWS 
NEW FRONTIER EDITION 

F 1FT H o F A SERIES 

duced in the Senate by Robert S. Kerr 
of Oklahoma and Walter F. George of 
Georgia, extends the educational provi
sions of the present act with t\vo main 
changes: 1) the Government would pay 
only half the veteran's tuition; 2) those 
who were 23 or under on June 27, 1950,  
or on the day they entered service, or 
whose education was interrupted by the 
draft, would be entitled to benefits for 
a period equal to their length of service 
up to 48 months; those over 23 whose 
education was not interrupted by the 
draft would be entitled to only one year 
of such training. Under the old bill, all 
eligible veterans were entitled to full 
tuition for a period equal to their length 
of wartime service plus one year, up to a 
total of four years. 

The Administration bill S. 1940 also 
would restrict scholarships in privately 
owned schools to those in which at least 
25 students or a third of the student 
body pay their own tuition. This provi
sion is intended to discourage the mush
rooming of veterans' training schools 
such as appeared after the last war. 

Representative Teague's committee 
has indicated that its plan will be to offer 
less money to more people. Under S. 
1940 a limited number of veterans 
might be entitled to up to four years of 
education; the Select Committee, on the 
other hand, apparently will advocate 
fewer years of education for more veter
ans. The Committee will also propose 
that payments be made directly to the 
student instead of to the school, the in
tention being to provide a scholarship 
system rather than a Government sub
sidy for schools. 

Shortage and Surplus 

THOUGH military spending has 
passed $35 billion a year and is still 

increasing, the U. S. Department of La
bor in its July survey of the labor market 
reported that "defense activities were 
not a dominant force in local labor mar
kets except in a few areas." The national 
labor market picture was spotty, with 
shortages of workers in a few areas and 
unemployment in others. 

The shortages were most acute in air
craft centers like Hartford, Conn., 
Wichita, Kan., Indianapolis, Ind., and 
San Diego, Calif., and at the huge atomic 
construction sites near Augusta, Ga., and 
Paducah, Ky. The machine-tool and 
metal-working industries also were suf
fering severe nation-wide shortages. of 
skilled workers, and the shortage of en
gineers and many kinds of scientists had 
reached the proportions of a crisis. 

The other side of the picture was to 
be found in many peacetime industries. 

Ar m ed o n ly w i th a 
Bible and protected from � 
the elemen ts by a kettle worn 
upside down , John ny Apple
s e ed w a n d e r ed u n h a r,ned 
among the dispossessed Indi
an s, planting appleseeds in 
the wilderness. 

He made it his mission to 
bring apple sauce and apple 
butter, apple pie an d apple 
cider; to bring health an d 
happiness, as he kn ew them, 
to pioneer families from the 
Mon ongahela to the River 
Platte. Afrail, homespun sain t 
among American giants, 
Johnny Appleseed may 
ou tlive them all. 

to Fabulaus Fact 
Much more comfortable than the 
kcttle Johnny Appleseed wore as 
an umbrella, is our Silicone water 
repellent for synthetic fabrics. We 
call it DeCetex 104. Our customers 
give the treated fabric a name of 
their own. 

The important point is that 
now, for the first time since peoplc 
started to wear clothes, you can 
buy suits that will not be wet by 
the rain even after repeated dry 
cleaning or laundering. You can 
look presentable even though you 
do get caught in a sudden shower. 
Children are no longer a menace 
at meal time because most foods 
and drinks can be wiped away with- "-_-::::::Z;;;; 
out leaving a spot. 

That's another fabulous fact 
made possible by a Dow Corning 
Silicone product. Thanks to these 
most durable of all water repellent 
materials, you too may soon be 
wearing your umbrella. 

Send today for your Reference Guide to the Dow Corning Sili

cones that make the "impossible" practical. Addre .. Dept. W·9 

DOW COR N I N G.I II' COR P 0 RAT ION 
MIDLAND, MICHIGAN 

ATLANTA. CHICAGO. CLEVELAND. DALLAS· LOS ANGELES . NEW YORK. WASHINGTON, D. C. 
TORONTO: Fiberglas Canada Ltd. LONDON: Midland Silicones Ltd. PARIS: SI. Gobain, Chauny el Cirey. 

IF YOU WEAR GLASSES try Sight Savers and see how well silicones clean, 
polish and protect eyeglasses. SIGHT SAYERS are the new, popular Dow 
Corning Silicone treated tissues that KEEP YOUR GLASSES CLEANER. 

JOc at aft Jrllg aftJ toloacco COllnt.n, 
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• PERMANENT RECORDS 

Blectrical phenomena from a few millivolts to over 
200 volts maybe readily and continuously recorded. 

Registration, by heated stylus on plastic-coated 
paper, is clear, sharp, permanent. Single ... channel 

Model 128(Fig .L)has standard speed of25 mm./sec. 
(slower speeds available). Two-channel Model 60 
(Fig. 3) has ten speeds - O.S to 100 mm./sec. Four .. 

channel Model 67 (Fig. 2) has eight speeds - 0.25 
to SO mm./sec. Built-in timing and code marking. 
and ready interchangeability of Amplifiers (D.C. 
and Strain Gage) are features of all models. 

For complete description" 
illu.tration., table. of con-

• • • • • • • • • Nome • • • 
• Position • • • � Compony • 
• • 
• Street :;;; : 
· �. • Gty & Stote "'. 
� ........ -.. . - ..... --.. 
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One problem in "less essential" indus
tries was layoffs because of materials 
shortages. Said the Department of Labor 
survey: "Hardest hit were the major au
tomotive, refrigerator, and radio-TV 
centers, among tllem such important 
areas as Detroit and Chicago." In addi
tion, "softened demand for some lines of 
consumer goods-particularly in radio
TV, furniture, and to a lesser extent, 
textiles, apparel and shoes-produced an 
upsurge of joblessness in a number of 
areas." Most of these were in highly in
dustrialized sections of the Northeast, 
including New England's textile, shoe 
and jewelry centers, New York's garment 
industry, railroad shops and mining 
towns in Pennsylvania's coal country, 
and auto towns in Michigan, Ohio and 
Indiana. Out of 165 labor market areas 
in the nation, 6 were considered to have 
a labor shortage, 63 to be in balance, and 
96 to have moderate to substantial sur
pluses. 

Said the survev: "Evidence that the 
manpower pinch 'has not yet been fullv 
felt by the Nation's employers is re
flected in the failure to generally relax 
hiring specifications. Specifications with 
regard to age, sex, race, training, and 
experience vary widely. For the most 
part, there has been no general hiring of 
women in what are normally considered 
men's jobs. In only a few areas was there 
evidence that anything like the elaborate 
training programs evolved during \;Vorld 
War II were contemplated." 

The situation among Negro workers 
was a subject of special interest, since 
these workers are regarded as an im
portant manpower reserve. The Urban 
League's Industrial Director, Julius A. 
Thomas, said that unemployment among 
Negroes was still proportionately 20 to 
40 per cent higher than among whites in 
most centers. The Urban League pro
tested to President Truman against dis
crimination by the Atomic Energy 
Commission and its contractors at Oak 
Ridge, Tenn., Hanford, Wash., and the 
new centers in the South where units 
in the H-bomb project are under con
struction. Said the League's statement: 
"At Oak Ridge Negro workers are re
stricted to unskilled and service occupa
tions. Living accommodations for Ne
groes are completely segregated from 
the main project area. On tile Paducah 
project efforts to assure the employment 
of Negroes in production jobs have been 
unavailing up to the date of this report. 
At the Savannah River project, Negro 
women workers have been employed 
only as maids. Negro building mechanics 
have not been employed." 

AEC Report 

THE Atomic Energy Commission's 
Tenth Semiannual Report, issued 

last month, announced continued prog
ress in tile expansion of the atomic 
weapons program. States the Report: 

"Construction and equipment accounted 
for nearly three-fourths of the more than 
$2,000,000,000 appropriated for fiscal 
year 195 1 .  Work progressed at the two 
new major production plants in South 
Carolina and Kentucky. Construction of 
a number of other facihties proceeded at 
an accelerated pace." The U. S. this 
vear overtook Canada in the production 
of uranium ore, and now ranks second 
only to the Belgian Congo as a supplier 
of raw materials for the bomb program. 
President Truman asked Congress for an 
extra $233 million, in addition to the 
AEC's regular 1952 appropriation of 
$1,200 million, for new plants and equip
ment "made necessary by recent accele
rated technical developments." 

On the non-weapon activity of the 
Commission, the Report announced 
continued progress on reactors to propel 
submarines and airplanes. The experi
mental breeder reactor at Arco, Idaho, 
the first reactor designed to produce 
more fissionable fuel than it consumes, 
is now being tested, though it will be 
some time before specific information 
on breeding is obtained. This reactor 
will also eventually be used to study the 
possibilitv of Simultaneously producing 
fuel and power, one of the most promis
ing approaches to tlle industrial utiliza
tion of atomic energy. 

Among the research results an
nounced in the Report is the solidifica
tion of helium 3 at the Argonne Na
tional Laboratory. Like the common iso
tope helium 4, helium 3 cannot be frozen 
except under pressure. It was found that 
even at absolute zero a pressure of 400 
pounds per square inch would be needed 
to solidify it. 

The AEC's program for increased 
cooperation with private industry has 
continued to advance. Among the latest 
developments: 

1. Twenty-eight scientists from four 
industrial groups visited Oak Ridge to 
begin a year's study of the possibilities 
of private nuclear power production. 

2. Abbott Laboratories acquired pri
vate facilities in Oak Ridge to process 
radioactive isotopes for medical use. One 
reason for the move is the increasing 
medical interest in radioactive gold for 
the treatment of inoperable chest tumors. 
The half-life of this isotope is only 2.7 
days, so pharmaceutical processing at 
the point of production is necessary to 
speed it to the user. This plant is tile 
first independent commercial activity di
rectly related to atomic energy which 
has been located in an AEC community. 

3. Brookhaven National Laboratory 
has made two 1,000-curie sources of 
gamma rays available to industrial scien
tists for irradiation of samples. The two 
Brookhaven sources, made of cobalt 60 
or tantalum 182, are each as powerful as 
2.2 pounds of radium, more than existed 
in the whole world before World War II. 

The AEC has also announced that all 
the isotopes now available on an unre-

© 1951 SCIENTIFIC AMERICAN, INC



THE XRD-3 X-RAY DIFFRACTION UNIT 
Makes material analysis sim ple 

Here are some of the many practical 
applications of XRD-3 X-Ray Diffraction 

Applications to Metallurgy and Metallography 
1. The Composition and Scructure 4. The Effects of Annealing and 

of Alloys. Ocher Thermal Treatments on 
2. Study of the "order.disorder" Metals. 

phenomena in alloy systems. Study of growth of texture in 
3. The Effects of Rolling and Work. castings. 

ing on Metals and alloys through Is an annealing treatment ade-
determination of orientation, quare? 
fiber structure. slip planes, etc. 

Applications in Chemistry 
1. General and Physical Chemistry. Chemical identification and de

Differentiation between true and 
false hydrates. 
(ChemJcal analysis) 

Discovery of unsuspected chem
ical reactions. 

2. Organic Chemistry. 

terminacion. 
Measurement of the thickness of 
orientated films. 

3. Analytical Chemistry. 
Idendficadon of pure substances 
and mixtures of minor consti
tuents. 

Applications in the Process Industries 
1. Paints and Pigments. 

Structure a n d  crystal sizes as 
functions of color, spreading, 
wetting and obscuring power. 
stability. gLoss and method of 
preparation. 

2. Positive Identification of major 
components of raw materials 
for ceramics. 
Study of transition zones be .. 

-tween base metal and vitreous 
enamel. 

3. Storage Batteries. 
Study of physical arid chemical 

structure of pLates as related to 
performance. 
Study of chemica [ reactions oc
curring during charge and dis· 
charge. 

4. Rubber and Allied Products. 
Study of chemi cal reactions 
taking place during vulcaniza
tion and other processing. 

5. Furnishes a scientific method of 
classifying and studying varia
tions 10 catron, silk, wool, and 
other natural and synthetic fibers. 

Applications in Mineralogy 
1. Study of Soil Chemistry. 
2. Identification, classification, and 

differentiation of genuine, bQ(h 
natural and synthetic, and imi· 
udon gems by a non-destructive 

test. 
3. Correlation of variation of clay 

structure with catalytic activity 
in oil refinement, etc. 

The,. are iust a fer" of the hundreds of practical applications. 

• • • fast. • • positive! 

Is knowing the submicros
copic structures of materials 
you work with important to 

you? Do you want to maintain the de
sired quality of materials throughout your 
manufacturing process? If you do, you'll 
find General Electric's XRD-3 X-Ray 
Diffraction Equipment is the answer. 

Yes, for the first time you can analyze 
materials easily; quickly-eliminate the 
guesswork and inference necessary with 
former methods of x-ray diffraction 
analysis. 

It's no wonder that chemists, physi
cists, metallurgists, engineers in innu
merable companies use XRD :!pparatus 
in research laboratories - and equally 
important, for routine checks as well. 
They find it saves them time, it saves 
them money, it improves the quality of 
their product. 

GENERAL . ELECTRIC 

SEND FOR THIS VALUABLE 
BOOKLET FOR YOUR 
TECHNICAL LIBRARY 
"Analytical Applications of X·Ray 
Diffraction Using Direct 
Measurement Technics" . • • 

graphically presents 
scjent�fic findings . 

•••••••••••••••••••••• 
X-RA Y DEPARTMENT. GENERAL ELECTRlC CO. 
Rm. TT·9, Milwaukee 14, Wis. 

Yes - please send me the free booklet 
on X-Ray Diffraction. 

NAJ\1E ............ . 

STREET AND NO ............. . 

POSITION ...... ........•....••........ 

COMP/\Ny ...................... ........................................................ .. 

CITy.............. . ......• .•.................. STATE .....•.....•........ ...... .................. -................ . 
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Completes the 

Laboratory Picture 

Whatever the requirements of your 

laboratory, you'll find the right micro. 
scope in the extensive AO Spencer Line. 

Besides the various types shown at left 

there are numerous special purpose 

instruments, illuminators, stages, meas

uring and counting discs, and other 

accessories. Throughout the line you'll 

find consistently high quality optics 

and long-lasting smoothness in mechan. 

ical movements. Many models provide 

such modern features as "auto-focus". 

"adjustable tension", and "built-in il. 
lumination". 

Every AO Spencer instrument is backed 

by 100 years of precision instrument 

manufacture-your assurance of last

ing satisfaction and service that's al. 

ways available. Write for literature 

today. 

Dept. W178 

American � Optical 
c o  .. p" N, 

stricted basis to U. S. buyers will be 
made available to foreign customers. 
This raises the number of AEC isotopes 
available to foreign purchasers from 26 
to 99. Hydrogen 3, or tritium, wIll not be 
exported. 

Endocrine Arteries 

A RTERIES are not just tubes for carry-
1'\. ing blood; they are organs that take 
part in the synthesis and breakdown of 
substances in the bloodstream. This dis· 
covery has been made by a group of 
workers at the University of California, 
who have found that arterial tissue can 
synthesize cholesterol, the substance re 
sponsible for hardening of the arteries. 

Cholesterol is an important biochemi
cal intermediate. It is manufactured in 
the skin as a step in the production of 
vitamin D. It is also present in many 
foods. It has been believed that such 
dietary cholesterol was to blame for 
atherosclerosis, a circulatory disease in 
which cholesterol is deposited on the in
side of the arteries, reducing the circula
tion of the blood and sometimes causing 
apoplexy or heart failure by cutting off 
the blood supply to the brain or the 
heart. This was the theory that was be
ing checked by M. D. Siperstein, I. L. 
Chaikoff and S. S. Chernick of the Uni
versity of California School of Medicine. 
They put bits of rabbit and chicken arte
rial tissue into a nutrient solutiQn and 
added to it acetate labeled with radio
active carbon atoms. Within three hours 
cholesterol containing radioactive car
bon could be found in the solution. 
While the production of cholesterol was 
small, only about a tenth as much as for 
an equal weight of liver tissue, it was 
consistent. Considering the great surface 
of arterial tissues in the body, it could 
play a very important role in the causa
tion of atherosclerosis. 

Photosynthesis Without Cells 

IT is an accepted principle of plant 
phYSiology that photosynthesis can 

take place only in intact green cells. This 
belief, based on the failure of almost 75 
years of effort to reproduce photosyn
thesis outside the cell, has now been 
disproved by Daniel I. Arnon of the Uni
versity of California, who has succeeded 
in using a combination of leaf extracts 
to develop a photosynthetic reaction. 

Arnon achieved his feat by combining 
two previously known biochemical reac
tions. In the first of these, discovered by 
R. Hill of Cambridge University in 
1937, chloroplasts, the chlorophyll
bearing bodies of green cells, in the 
presence of light remove hydrogen from 
water and liberate oxygen. But to com
plete the photosynthetic reaction it is 
necessary for the hydrogen to reduce 
carbon dioxide, resulting in the fixation 
of carbon. This can be accomplished by 
a "malic" enzyme which has been iso-

It 
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Eng;neeringt Manu.facturing 
, , 

and Construction of 
Process P'ants and 

Equipment 

Here in America we are entering a new era of industrial production which 

may well lift our country to undreamed levels of high living standards. 

Those bent on the destruction of the free enterprise system cannot clearly 

estimate America's great industrial capacity. They attempt to match their 

moss population against ours, while overlooking our superior technical 

:apadty per man - our individual initiative, know-how and productivity. We must maintain these advan

ages by using our greater technological power to the fullest. 

rhe Vulcan organization in Cincinnati has been serving many chemical, food, pharmaceutical, petroleum 

lnd distilling companies all over the world for the post fifty years, as designers and builders of processing 

,Iant equipment. Vulcan can provide technically-trained manpower and specialized facilities to help other 

:ompanies with their processing problems - especially those now called upon to bolster the country's 

jefenses while meeting the steady appetite of civilian demands. 

(ulcan's engineering and fabricating techniques have progressed thru fifty years and will insure a success

'ul operating plant from its startup to the peak of full-scale commercial production. Write for explanatory 

iterature or better still, have a Vulcan representative call to see you. 

Techntcal and economic 
surveys' 

•• search and development 
Process and mechonlcal 

design 
Equipment manufacture 

Plant erection and 
startup 
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SPINCO ANALYTICAL 
ULTRACENTRIFUGE � 

SPECIALIZED INSTRUMENTS 
CORPORATION. 

615 O'NEILL AVE. 

Precision Humidity and 
Temperature Indicator 

Hoir·operoled and calibrated to 
professional standards of accuracy 
by the maker of the world's finest 
weather instruments. Handsome, 
modern cose-4" high, 5Y2" wide, lYe" deep. 

Model 594 

BELMONT, CALIF. 

Hand A spirated Psychrometer 

Accurate readings obtainable with
out special skill. Psychrometric 
readings con be token at any 
point desired however inaccessible. 

Model 573 
Hygrothermograph Motor A spirated Psychrometer 

The foremost relative humidity re- Designed to determine wet and 
corder for laboratory, factory, and dry bulb temperature with labora-
office use. Scientiflcally designed tory accuracy-Motors supplied for 
for occuracy and dependability. use on 115 V •• 50 cycles or 60 cycles. 

Model 550 

l��� 
A RESEARCH TOOL 
for the centrifugal purifica

tion and molecular-weight 
determination of proteins, 

viruses and other colloids. 
Single housing contains: a 

quiet electric drive to spin 
rotors at constant speeds up 

to 70,000 rpm; an optical 
system of the refractive

index type with viewing 

screen and automatic cam

era; high-vacuum pumping 
equipment for evacuating 

rotor chamber; refrigera

tion gear for low-tempera
ture operation; and related 
controls, instruments, and 

safety fea tures. 

Ask for filII illformatioll 

Model 160 
Portable Humidity and 
Temperature Recorder 

3" x 5" chorts, 10 or 30 hour 
records. Modern design ... handy for 
small space and difflcult locations 
• • .  built to meet unusual conditions. 

Model 5/1 
Pocket Sling Psychrometer 

A small, low cost instrument. 
Thermometers graduated in 1° 
increments from + 35° F to 
+110° F. Furnished complete with 
case and psychometric slide rule. 

Sling Psychrometer 
Manufactured to U. S. 
Weather bureau specifl .. 
c a t i o n s .  The r m o m e t en 
graduated in 1° incrementJ 
from _20° F to +120° F. 
or -350 C to +490 C. Export Sales: Bendix Internationa l Division, 

12 Fifth Avenue, New York 11. N. Y. 

54 

lated from animal tissues and is known to 
exist in plants. Arnon succeeded in con
centrating this substance in cytoplasmic 
fluid extracted from sugar beet and sun
flower leaves. Then, by combining this 
extract with an extract of chloroplasts, 
he succeeded in producing a complete 
photosynthetic reaction outside the cell 
-the reductive fixation of carbon dioxide 
and the release of oxygen in the pres
ence of light. It is notable, says Arnon, 
that all the components of his reaction 
are present in living green leaves. 

Another new result in photosynthesis 
research has been presented by Bernard 
L. Strehler and William Arnold of the 
Oak Ridge National Laboratory. They 
found that plants not only absorb light; 
they can also emit it. Five different types 
of green plant were exposed to artificial 
light. When the light was turned off, the 
plants themselves emitted light for as 
long as two minutes. The light produced 
by the plants was of very low intensity, 
requiring special electronic equipment 
for its detection. Strehler and Arnold 
think the most probable explanation is 
that part of the light energy absorbed by 
the photosynthesis reaction is released 
by a reversal of the reaction, with chemi
cal energy being turned back into radiant 
energy. 

Portable Blood Separator 

BLOOD can be split up into its most 
useful components as soon as it 

comes out of the donor's arm in a new 
portable fractionator developed by engi
neers of the American Optical Company. 
Plasma, red cells and platelets are a vail
able even before the donor gets off the 
cot. Separation is done by ion-exchange 
resins and an automatically controlled 
centrifuge. The device, which so far has 
been made only in one pilot model, when 
generally available will make blood frac
tions much more accessible, especially in 
areas of the world that now have no 
facilities for blood storage or fractiona
tion. It will also make it possible to study 
abnormal blood more easily. The com
pletely automatic separation will greatly 
reduce the danger to medical workers of 
handling infected blood. 

The machine was designed by Charles 
A. Ellis, Robert Tinch and Douglas M. 
Surgenov of American Optical and Har
vard University. The firm has now been 
asked to make machines that will sepa
rate the entire list of blood products 
automatically under sterile conditions. 

Technetium in the Sun 

ELEMENT 43, technetium, which is 
so rare that it had never been iso

lated until it was created artificially in 
the cyclotron, has been detected in the 
sun's spectrum. Charlotte E. Moore 
of the National Bureau of Standards 
reached this conclusion by comparing 
the recently described spectrum of the 
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Today you ride comfortably in a mod
ern airliner up 20,000 feet or higher 
because its cabin is pressurized_ 

This means that the thin, icy-cold 
outside air is scooped up, compressed, 
warmed and delivered inside the cabin 
with its life-giving oxygen, near sea
level in density, breathable! 

This miracle is made possible chiefly 
by the cabin pressurizing systems pio
neered by AiResearch. Now-backed 
by years of experience-the engineers 
of AiResearch have developed a new 
supercharger-the vital "lungs" of the 
pressurizing system. 

This new supercharger weighs only 
66 lbs. and is hat box in size. Yet one 

of them produces 73 lbs. of com· 
pressed air a minute-enough to keep 
40 people. breathing comfortably at 
high altitudes. Also, its two-speed 
principle permits plane's refrigeration 
system to operate on the ground, keep
ing cabin air cool and fresh. 

Variations of the new AiResearch 
supercharger are on the latest high
altitude transports: the Martin 404, 
Convair 340, and Lockheed Super. 
Constellfltion series. 

Another AiResearch first - this new 
supercharger reflects our ability to 
solve problems of unusual difficulty 
in the field of 
aeronautics. 

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

• AiResearch - Specialists in the design and manufacture of 
<;quipment involving the use of high-speed wheels - is a leader 
In the following major categories: 

The new AiResearch supercharger (cabin 
pressurization compress'or) has the 
highest efficiency rating ever achieved in 
equipment of this kind. 

Air Turbine Refrigeration .. Cabin Superchargers .. Gas Turbines - Pneumatic Power Units .. Electronic Controls 

Heat Transfer Equipment _ Electric Actuators .. Cabin Pressure Controls 

AiResearch Manufacturing Company, Dept. K-9, Los Angeles 45, California 
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PRECISION TOOLS OF DEFENSE-AND DEFENSE PRODUCTION! 

Today, as a decade ago, -hp- instru
ments have a vital role in electronics 
for defense. Among the armed forces 
on land, air and sea, -hp- instru
ments help keep complex equip
ment functioning efficiently. In 
the laborarory, project or proving 
ground, they help develop new 
sinews of defense. In the manufac
turing plant, they help maintain 

preclSlon standards of production. 
There are over 200 different 

equipments in the -hp- line. They 
are in use wherever men need quick, 
reliable data about electronic, nu
clear or electro-physical phenomena. 
And still more new instruments, 
new engineering techniques, and 
new electronic developments are 
on the way. 

SPECIAL OFFER TO SCIENTIFIC AMERICAN READERS 
The - bp- JOURNAL will be sent you monthly without charge 
or obligation. Its purpose - to keep men of technical interests 
informed about new developments in electronic instrumentation. 
Please request it on your letterhead. 

HEWLETT- PACKARD COMPANY 
2249 PAGE MI LL ROAD PAL O  ALT O, CALIFORNIA, U.S.A. 

FIELD ENGINEERING REPRESENTATIVES IN PRINCIPAL CITIES 

Export: Frozar & Hansen, ltd., Son Francisco. Los Angeles. New York City 

Manufacturers of: Oscillators, Vacuum Tube Voltmeter> and Accessories, Audio Signal 
GeneratOrs, Pulse Generators, Distortion and Wave Analyzers, Square Wave Generators, VHF, 
UHF, and SHF Signal Generators,Waveguide and Coaxial Microwave Test Equipment, Frequency 
Measuring and Monitoring Equipment, Power Supplies, Attenuators, Wide Band Amplifiers, 
Nuclear Counters, Electronic Tachometers. 
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element with that of the sun. Of the six 
outstanding lines in technetium's spec
trum, three are in a region where the 
solar spectrum is unknown. Of the other 
three, two, if present in the sun, would 
be masked by the stronger lines of more 
abundant elements; the third agrees with 
a hitherto unidentified line in the solar 
spectrum. 

If there is any technetium in the sun, 
it is very rare. But according to present 
information about the element, it is sur
prising that there should be any at all. 
The longest-lived known isotope of tech
netium has a half-life of only about 
2 1 2,000 years; at that rate, any that was 
present in the sun when it formed would 
have decayed long ago. Dr. Moore sug
gests that if her identification of the 
element is correct, there must either be 
a much longer-lived isotope, or else tech
netium may be continually created in 
the sun by neutron bombardment of 
molybdenum, the same process by which 
it is created in the cyclotron and the 
nuclear reactor. In either case, it would 
seem that technetium may not be so 
extremely rare in the earth's crust as 
has been thought. 

How Salmon Get Home 

A N explanation of one of the most en-
1\.. gaging phenomena of nature-the 
salmon's return from hundreds of miles 
at sea to its native creek-has been pro
posed by Arthur Hasler and Warren 
Wisby of the University of Wisconsin. 
They believe that the fish can smell its 
way back home. 

To determine the sensitivity of a 
salmon's smell Hasler and Wisby built 
special aquariums in which the water 
could be changed to introduce different 
odors. When water from one stream 
came into the aquarium, the fish were 
fed; when water from a second stream 
came in, any fish swimming into the feed
ing area received an electric shock. Baby 
salmon quickly learned to tell the two 
streams apart, and remembered the dif
ference long after the shocks were 
stopped. 

"It appears," say Hasler and Wisby, 
"that substances in the water, probably 
coming from the vegetation and soils in 
the area through which the stream runs, 
give each stream an odor which salmon 
can smell, remember, and recognize 
even after a long period of non-expo
sure." 

If their theory is correct, it may have 
an important application. The damming 
of many Pacific Coast salmon streams 
is resulting in a progressive decline of 
the yearly catch, as huge numbers of 
salmon batter themselves to death trying 
to get over the dams and back home. De
vices such as "fish ladders," which are 
supposed to help the salmon over the 
dam, have not been particularly success
ful. According to Hasler and Wisby, it 
should be possible to condition salmon 
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TENNESSEE 
PRODUCTS & CHEMICAl 

� 
NASHVILLE, TENNESSEE 

PRODUCERS OF FUELS • METALLURGICAL 

PRODUCTS. BUILDING PRODUCTS. COAL 

CHEMICALS • WOOD CHEMICALS • FINE 

CHEMICALS • SPECIALIZED COMPOUNDS 

EN ROUTE TO BIRMINGHAM OR PITTSBURGH 
CHICAGO OR ST. LOUIS 

Mines and furnaces in our Chattanooga district 

seem to grow as they go ... they're going great guns these 

days. Expanding steel production is the reason .... we supply ferro 

silicon, ferro manganese, pig iron and fuels to that 

great American giant - Steel. 

Constant research in metallurgy improves the 

raw materials that go into the manufacturing of steel. We 

regard this as part of our production job at Tennessee . 

industry that serves industry and the Nation. 

. an 
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chrome red uction • 

I n  
• ta n n i n g  

Organic reducing agents introduce a variable organic by-product into 
the tanning liquors which produces uncertain results in the final tannage. 
This variable is avoided when "Virginia" Liquid Sulfur Dioxide is used 
for the reduction of sodium dichromate in the tanning of raw hides. 
The introduction of controlled quantities of our SO, gives a chemically 
uniform sodium dichromate solution which, with necessary additives, 
results in reproducible tannages. 

Some of the largest and most important tanners in the country now 
depend on this method-pioneered by "Virginia" -for greatly improved 
quality-control and predictable results. The process is one of the signifi

c a n t  advancements stemming 
from diligent research and devel

ljlRGINIA 

opment by "Virginia" in serving 
over 40 diversified industries, over 
the past 30 years. 

Our chemists are constantly 
exploring new fields of usefulness 
for versatile "Virginia" SO,-as 
a reducing and bleaching agent, 
preservative, antichlor, neutral
izer, and pH control . If your 
product or process involves any 
of these functions, we'd like to 
undertake an application of our 
SO, for you, with a view to in
creasing efficiency and quality, 
and lowering your costs. Write 
today on your business letterhead 
for our comprehensive booklet on 
"Virginia" Liquid Sulfur Dioxide. 

V I R G I N I A  S M E L T I N G  C O M PA N Y  
Dept. SA, West Norfolk, Virgin ia 

fry to the odor of a different stream, so 
that after their years of growth at sea 
they would return to spawn not in their 
birthplace but in a different, unob
structed stream. 

Sickle Cells in Whites 

SICKLE-CELL anemia, a hereditary 
blood disease in which manv of the 

red corpuscles become sickle-shaiJed and 
ineffective as oxygen-carriers, is the only 
disease or physical impairment for 
which there has been evidence of an 
association with Negro parentage. Be
cause the great majority of the cases 
known in the U. S., where the disease 
was discovered, have been in Negroes, 
it has been widely believed that the 
disease is confined to them. Now two 
unrelated investigations have disclosed 
communities of white people with no 
evidence of Negro ancestry and a high 
proportion of sickle-cell disease. 

In _ one investigation, described in 
Natu re, F. Dreyfuss and M .  Benyesch of 
Jerusalem report 12 cases of sickle-cell 
anemia among Yemenite Jews now in 
Israel. They note that these patients 
"neither bear any resemblance to 
Negroes nor is heavy admixture of Negro 
blood at all probable." The other investi
gation was made in a group of villages 
around Lake Copais in Greece. Four 
Athens physicians report in Th e Lancet 
that 15  children, 25 per cent of the popu
lation, suffered from the disease, com
pared with about .2 per cent of U. S. 
Negroes. 

The Greek investigators note that "so 
great a number of cases of sickle-cell 
anemia among whites in a small area 
has never been described before, and 
raises several questions." In particular, 
noting the other ailments common in 
the villages they were studying, they 
ask: "Are malaria and chronic under
nourishment etiological factors in this 
disease?" 

The Automatic Factory 

WITH the great development of auto
matic controls during and since the 

war, there has been much speculation on 
the possibilities of the automatic factory, 
where all steps from the raw material to 
the finished product would be done by 
automatically controlled machines. A 
careful investigation of this problem has 
been made by a group of students at the 
Harvard Business School. They conclude 
that there is nothing to prevent most 
manufacturing industries from being 
made fully automatic, and to prove it 
they themselves have designed an auto
matic piston factory. 

The group of eight students, led by 
John T. Diebold, reports: "To a large 
degree man's function in today's industry 
is the tending of machines. Basically the 
machine performs the desired fabricating 
operations while the man services or 
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LA B RO S C O P E S 

�� for a demonstrati o n  and fo r 
complete information o n  th i s  new 
l i n e  o f  m i cro s c o p e s .  B a u s c h & 
Lomb O ptical Co. ,  7 8 1-9 St.  Paul 
St. ,  Rochester 2, N. Y. 

T H E  WO R L D ' S  F I N E S T  
L A B O R AT O RY M I C RO S C O P E S  

Set higher standards for co mfo rt, accuracy 
and speed i n  microscopy with new "Years
Ahead" advanced design features . 

• New DNa- rol LOW POSITION Ball
B eari ng and Roller Fine Adjustment
critical fo cus, easier and faster; less  
w e a r ,  l o n g e r  l i f e .  N e w  R o ta - sp h e re 
BALL-BEARING Nosepiece -and m o st 
accurate parcentricity and s moothest 
rotati o n  ever. 

New Mechanical Stage with LOW 
POSITION Controls for co mfortable 
operati o n ;  l O X  Achromatic O b j e ctive; 
New type Variable Focus Condenser for 
low-cost models;  New attachable I nte
gral I lluminator. AND - many other 
new and s ervi ce- proved advantages ex
clu sive with o r  p i o neered by Bausch & 
L o m b  . . .  further proof that the world's 

finest instruments are mctde in A m erica 
by Bausch & Lom b. 

CLIP AND MAIL  THIS COUPON TODAY 
BAUSCH & LOMB OPTICAL CO . I 781 ·9 St. Pa u l  St., Rochester 2, N . Y. 
P lease  send m e  com p l ete information I on the new B&l Dynoptic l a b roscopes.  

I o I wou l d  l ike  a d e monstration. 
NAME ____________________ __ 

SCHOOL OR F IRM ____________ __ 

ADDRESS _________________ __ 

I 
I 
I 

L �Y _ _  _ _ �A�--=-=. ...J 

59 

© 1951 SCIENTIFIC AMERICAN, INC



Look to Wollensak 
for Leadership i n  

I 

H igh Speed 
Photog raphy 

Photog raph ic 
Lenses . . . 

Photog raph ic 
Sh utters . . . • • 

Wh e n  you buy Wol lensak you buy th e best 
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O P TICAL C O M PA N Y  
RO C H E S T E R  2 1 ,  N E W  Y O R K  

tends the machine." I f  these functions 
are performed by automatic controls, "a 
higher rate of output can be made possi 
ble with no increase, and perhaps a 
decrease in the capital requirements."  
They argue that automatic control is  just 
as feasible in those industries that manu
facture discrete units as in such continu
ous-process industries as petroleum re
fining, where automatic controls are al
ready used to a great extent. The solu
tion for most industries, they believe, is 
not the single, highly specialized ma
chine that does the whole job bv itself, 
as for instance in many food pac�{aging 
plants. Such a svstem can justifv itself 
economically only where a great many 
units are to be produced with no change 
in the product. A better alternative in 
most cases is "the utilization of standard 
production type machines for the fabri
cating function, and the linking together 
of these units with automatic materials 
Ilandling equipment for the achievement 
of automation. An over-all system of 
control can be provided by use of a small 
digital computer." 

They conclude: "The technology re
quired for industrial automation is in 
large part already here. The lack of 
knowledge of what is technologically 
possible, and the lack of fruitful think
ing about the industrial application of 
this technology is today the greatest 
single factor that is holding back the 
level of automation which is otherwise 
possible." 

Corn Seed Bank 

THE widespread cultivation of hybrid 
corn has been an immense advance in 

American agriculture, but it carries with 
it certain dangers. The universal use of 
hybrid corn seed could result in the dis
appearance of the open-pollinated varie
ties from which all in bred strains are 
derived. As Paul C. Mangelsdorf wrote 
in his article "Hybrid Corn" [ SCIENTIFIC 
AMERICAN, August] : "The loss of the 
original source of breeding material 
would mean not only that improvement 
of the present strains would be restricted 
but that new types of hybrid corn could 
not be developed to cope with new 
diseases or insect pests suddenly become 
rampant." 

To meet this danger, the U. S. Depart
ment of Agriculture has inaugurated a 
seed bank to maintain a permanent col
lection of all the varieties of corn native 
to the Western Hemisphere. The pro
gram will be executed by the National 
Research Council. Seeds of over 2,000 
varieties will be collected, claSsified, kept 
in cold storage and replanted often 
enough to maintain a viable stock. The 
bank will serve as a reservoir of heredi
tary qualities which can be used bv corn 
breeders throughout the hemisphere. 
Many types of corn will become avail
able to breeders for the first time through 
the new bank. 
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I' SUPPLY HEADQUARTERS ffJr Industry 

IT ' S NOT EXACTLY a " s uper-market" but you might be 

amazed at the products and services Blaw-Knox supplies 

to basic industries . . .  to steel and non-ferrous mills,  to the 

construction industry, public utilities , to the chemical and 

process industries , and many others . All Blaw-Knox prod

ucts , all Blaw-Knox engineering services are backed by the 

experience and facilities of eleven divisions and nine plants . 

Why shop around ? 

B A S I C  P R O D U C T S  
F O R  I N D U S T R Y  

• ROLLS FOR STEEL & 
NON· FERROUS MILLS 

• ROLLI N G  MILLS & 
AUXILIARY 
MACHINERY 
OPEN STEEL 
flOORING 

• PREFABRICATED 
PIP ING SYSTEMS 

• OPEN HEARTH 
FURNACE EQUIPMENT 

• AUTOMATIC FIRE 
PROTECTIO N  SYSTEMS 

• CHEMICAL & F O O D  
PROCESSI N G  
E Q U I PMENT 

• CONCRETE & 
ASPHALT ROAD 
PAV I N G  MAC H I N ERY 

COMPLETE CHEMICAL 
& INDUSTRIAL PLANTS 
STANDARD STEEL 
BUILDINGS 

• RADIO, TELEVISION 
& TRANSMISSION 
TOWERS 
HEAVY STEEL 
CAST I N G S  
HEAT & C O R ROSION 
RESIST I N G  ALLOY 
CASTI N G S  
STEEL FORMS F O R  
C O N C RETE 
CONSTRUCTION 
CONTRACTORS 
E Q U I PMENT 

• CLAMSHElL BUCKETS 
• ENGINEERING 

SERVICE 

O P E RATING AND SALES DIVISIONS- Blow·Knox 
• Blow·Knox Sprinkler* • Buflovok Equipment • 

Buflovck Midwest Co . •  Chemical Plonts* • The Foote 
Company, Inc.** • Lewis Foundry & Machine • 

National Alloy Steel • Pittsburgh Rolls • Power 
Piping _ Union Steel Castings 

*Operofes as a division of Blow-Knox Construction Co. 
**Subsidiory of Blow-Knox Company 
EXECUTIVE O F F I C E - Blow·Knox Compony, 20 1 7  
Formers Bank Building, Pittsburgh 22,  P o .  
OFFICES IN PRINCIPAL C ITIES - Export Depart· 
ment, 342 Madison Avenue, New York 17, New York. 
Distributors and representatives throughout the world. 

B L A W - K N O X  
C O M PA N Y  

A Pacemaker for American Initiative ancl lngenuity 
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" I ettl II Have you a I €?I mi l l ion dol lar  
opportunity l ike th is ? 

This is how a saving of a few mils on a 
lamp base can be multiplied by 830,
OOO,OOO -the average n umber of in
candescent lamps sold each year. 

Engineers of two major lamp manu
facturers had looked hard at the price 
advantage of aluminum over brass. A 
difference that made them agree with 
our s uggestion, "It might cost less to 
make lamp bases of aluminum . "  

" Might cost less, b u t  will the bases 
be as good ?" they asked . . . "Will 
aluminum change our way of making 
lamp bases ?" 

Together we started two long-range 
projects. One to test aluminum alloys in 
weather, industrial fumes and years of 
standing idle that lamps endure. The 
other to find one of these alloys that 
could take the punishment of five pro
gressive draws and a thread rolling 
operation ; one with a high melting 
point to withstand the temperature of 
the red-hot glass that's poured into 
bases to insulate them. 

Alcoa Research and Alcoa Metallurgy 
supplied samples. Changed alloys, varied 
tempers, rolled different thicknesses. 
The lamp manufacturers tried each in 
production until one met all require-

ments. Worked smoothly in high pro
duction dies ; took a crisp, clean thread ; 
didn't melt or crack at the glassing stage. 

Alcoa Process Development Special
ists worked long ho urs to get the right 
solder and flux to j oin the side wire 
connection to the base. Adapted them 
to the automatic lamp-making machines. 
Located a manufacturer who would sup
ply production quantities of the special 
solder wire. 

All this time, the lamp manufacturers 
had aluminum bases installed in sea
coast and industrial atmospheres. At our 
Research Labs we had been testing both 
lit and unlit lamps under various cor
rosive conditions. After 3,000 hours of 
exposure, covering 1 Y2 years, came the 
report : Aluminum bases measure up to 
brass in every respect. In corrosion re
sistance. In conductivity. In ease of in
stallation and removal. 

And the cost saving made the change
over decidedly worth while. 

Although your problems may have 
nothing in common with lamp making, 
Alcoa facilities, experience and special
ists in your field are ready to help 
duplicate the results on a similar long
range program for -you, starting now. 

there are no l imitations 0': Z1Ht:lf� 

fo r s u c h 
1 

K�e tud } 
S� 

I N  M A N Y  F I E L DS 
A i rc raft 

A r c h itectural Specia lties 

Automotive 
Passenger Cars 
Trucks and Trailers 
Buses 
Parts and Accessories 

Beari ngs 

B u i l d i n g  I n d u stry 

Busi ness M a c h i nes 

C h e m i c a l  E q u i pment 

C o m m u n i cati o n s  

Corro s i o n  Studies 

D i esel E n g i n e s  

E lectri cal  Conductors 

E lectri c a l  E q u i pment 

Farm M a c h i nery 

Fa steners 

Food E q u i pment 

Handling, Packag i n g  
a n d  S h i pp i n g  

Hardware 

Heat Exc ha ngers 

Home A ppl ia nces 

I n strumentati o n  

I n s u lati o n  

Marine I n d u stry 

M i n i n g  
·
E q u i p m ent 

Paper M a c h i nery 

Petro leum 

Pressure Vessels 

Pri nting M a c h i nery 

R a i l road E q u i pment 

Struct u ra l  Engi n eeri ng 

Text i le  M a c h i nery 

Among these specialists at the 
Development Division are men 
already familiar with the prob
lems of your industry. They are 
your liaison with the Alcoa 
research, test and fabricating 
facilities that can be p u t  
to work on your problem. 
Through them the sum total 
of Alcoa's knowledge will be 
brought to bear. Knowledge 
of practical problems of fabri
cation and costs, gained in 
thousands of other projects, 
will flow toward yours. 
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ran g-range  proje c ts we have these to offer: 

2FAC I L I T I ES FOR BROAD RM� 
Perhaps your project will require only routine Research-like meas

uring the reflectivity of aluminum sheet shown here. But if you 

must probe into the basic nature of aluminum-its alloys, strength, 

chemical and physical properties-Alcoa has the facilities. Facilities 

which developed most of the aluminum alloys in use today. 

ADVANC ED 7Mt- EQU I PM ENT 
Whether you want to check the soundness of your new 

product by X-Ray or test it under every conceivabte service 

condition, the equipment is here to do it. Years of normal 

operation can be crammed into hours or days to prove the 

theories of basic research and test the soundness of designs. 

, .. 4 � P�1Wiit" SMjs 

ALC OA 

F O R  P I LOT AN D MO D E L  WOR K 
After thorough research and testing, the actual fabrication of 

your project in aluminum may pose further problems. Here 

Alcoa makes available all the techniques of j oining, forming, 

machining, casting, heat treating and finishing to 
create a practical pilot model, then suggests low 

cost, efficient methods for its fabrication. 

r()t, 'JUIJ'tIt d.etiiitf • • . • on the personnel, re

search and testing, and shop facilities available at Alcoa, 

write for your copy of the folder, "Road Map to a Better 

Product." It is your first step toward putting 63 years of 

aluminum knowledge to work on a long-term project 

that may effect a major change in your company's com

petitive position. Address ALUMI1WM COMPANY OF 
AMERICA, 2 1 82J Gulf Bldg.,  Pittsburgh 1 9, Pennsylvania. 
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prOperties of 
and test data on 

New Booklet Just Released 

Send for your free copy of this up·to·date, authoritative work on the grades 
of, the chemical and physical properties of, and test data on cellular rubber. 
Lists A. S. T.M., Army, Navy and Air Force specifications, among others. The 
most complete reference work yet produced on this highly.adaptable product 
of widely diversified usage. 

Write us today and your free copy will be mailed promptly. 

THE 5 P 0 N GE RUB B E R PRO DUe T 5 COM PAN Y 
475 Derby Place Shelton, Connecticut 
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ENGINEERS 
There are 400,000 of them, but they are in acutely short 

supply. An analysis of this critical situation, with some 

suggestions as to how it might be alleviated in the future 

T
HE prosperity of the U. S. in time 
of peace and its strength in time 
of war have largely depended, and 

probably will continue to depend, on 
our technological progress and industrial 
production. This fact is abundantly illus
trated and documented by the various 
authorities who have here discussed the 
subject from many points of view. The 
Industrial Revolution has proceeded at 
an ever-increasing tempo in the U. S. 
One measure of this change is the extent 
to which machines have replaced hand 
labor and animal power in our economy. 
In 1850 only a little more than 5 per cent 
of America's industrial power was sup
plied by machines; 79 per cent was 
furnished by animals and about 15 per 
cent by human muscles. Today about 84. 
per cent of our power is supplied by 
machines and only 12 per cent by ani
mals and 4 per cent by men. 

As a consequence the engineer has 

by Karl T. Compton 

become an increasingly important factor 
in our civilization, for it is engineers, 
for the most part, who design the ma
chines and the products made by 
machines. The number of engineers in 
the U. S. has grown from 25,000 in 
1890 to 400,000 in 1950, and engineer
ing is now our third largest profession, 
exceeded only by teaching and nursing. 
The ratio of engineers to the total num
ber of persons employed in the major 
industries has increased about fourfold
from one engineer for every 290 workers 
at the turn of the century to one engineer 
for every 78 workers in 1940. 

Of the nation's 400,000 engineers 
about 300,000 are employed by private 
industry, 90,000 by governmental agen
cies and 10,000 on the staffs of educa
tional institutions. The engineering 
profession is a profession of specialists, 
and it now has more than a score of 
specific branches; the four major ones 
are mechanical, electrical, civil and 
chemical engineering (see chm·t on page 
67) . 

An interesting historical fact about the 
development of engineering, and one 
that has a bearing on the present situa
tion, is that the profession has tended to 
grow in bursts. While it owes its growth 
primarily to the steady advance of the 
Industrial Revolution, it has made its 
most rapid strides under the stimulus 

of national needs and emergencies. 
France's greatest technological schoo), 
the Ecole Poly technique, was founded 
in Paris in 1795 as part of an ambitious 
movement to rebuild the country from 
the wreckage left by the Frencli Revo
lution. In the U. S. the Federal Land 
Grant Act of 1862, prompted by the 
need and opportunity for developing the 
resources of our still pioneer country, 
initiated the building of most of our 
engineering schools. In this century the 
demand for engineers was enormously 
stimulated by the two world wars, par
ticularly World War II, since modern 
warfare is waged largely with machines. 
And now in 1951, in an emergency that 
calls for increased economic strength and 
production, the demand for engineers 
has again become urgent. 

Do we have, or can we get, the engi
neers we need? The problem is a matter 
of great concern to industry, the educa
tional institutions and the Government. 
It is just as important to the national 
safety as the stockpile of critical ma
terials. 

IN many ways appraising the supply of 
engineers is like studying the ade

quacy of the water supply in a municipal 
reservoir system. The community esti
mates its water requirements for the year 
and calculates what the available supply 
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SOURCES OF POWER in industry have changed 
radically during the past 100 years. In that time men 
and animals have contributed a smaller and smaller per
centage of the power; machines have contributed a larg
er and larger one. Estimates carry the curves beyond 1980. 

1890 1900 1910 1920 1930 1940 1950 

NUMBER OF ENGINEERS has in
creased from 25,000 in 1890. Their 
proportionate increase is shown by - WORKERS PER EN GINEER 

THOUSANDS OF EN GINEERS the number of workers for each en
gineer in five major industrial fields. 
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is likely to be. To do this it makes an 
estimate of the amount of rain that is 
likely to fall over the collecting area 
and subtracts from that the expected 
losses by evaporation, soaking into the 
ground and so on. Similarly it is possible 
to estimate the future supply of engi
neers by adding to the number now in 
the profession those who will be gradu
ated from the engineering colleg�s, and 
subtracting from the total the losses 
through death, age or transfer into other 
types of employment. 

Even in normal times the supply of 
engineers in relation to demand is a 
matter of concern to employers, training 
institutions and students. Surveys of the 
situation are continually being made by 
the professional engineering societies, 
the engineering schools through the 
American Society for Engineering Edu
cation, the personnel officers of firms 
that employ engineers, the U. S. Office 
of Education and the U. S. Bureau of 
Labor Statistics. In 1946 a committee 
representing these agencies, on which I 
had the privilege of serving as chairman, 
made such an estimate. The war, by in
terrupting normal education, had cre
ated a big deficit of engineers. After 
estimating the demand for the next few 
years by surveying the plans of industry, 
government and educational institutions, 
and calculating the expected supply on 
the basis of enrollments in the engineer
ing colleges, we concluded that the sup
ply of engineers would catch up with 
the demand in 1952. Our calculation was 
that the demand (or deficit) would be 
reduced from 58,270 in 1948 to 30,260 
by 1952 and that the net additions to 
the supply of engineers in the latter 
year would be 30,400, just about balanc
ing the demand. This calculation was 
based on the expectation that gradua
tions from engineering colleges would 
add an average of about 25,000 engi
neers a year between 1948 and 1952. 

Three unforeseen events upset these 
predictions. One was the unexpectedly 
large rush of veterans, under the G.1. 
Bill's provisions, into engineering col
leges. The number of graduates rose to 
a peak of 50,000 in 1949 and 1950. An
other was the unexpectedly large de
mand for engineers in industry, which 
came much faster than the industries 
themselves had anticipated. Finally, 
with Korea, there came a sudden sharp 
rise in demand to even higher le�els. 
And this spurt in demand arrived just 
when the G. I. "bulge" in enrollments 
had begun to subside. This factor, plus 
another that we shall consider in a mo
ment, caused a precipitous drop in the 
number of engineering students. 

The most optimistic estimates I have 
seen-those of the U. S. Office of Educa
tion-predict that by 1954 the number 
of engineering graduat�s will fall to 
17,000, even assuming that all engineer
ing students now enrolled in the colleges 

• 
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remain unaffected bv the draft and the 
military situation. A more conservative 
estimate, made by Dean S. C. Hollister 
of Cornell University for the Engineering 
Manpower Commission of the Engi
neers' Joint Council, puts the 1954 figure 
at 12,400. 

T HIS very.great decrease in the out
put of the engineering schools brings 

the numbers far below the requirements. 
It falls even below the prewar trend. 
Why did it occur? The major reason, I 
believe, was this: Various authorities be
came convinced that the abnormal in
crease in the output of graduates in 1949 
and 1950 would so glut the market with 
young engineers that there would be 
great difficulty in finding jobs for them. 
These people apparently envisaged for 
the engineers a fate such as Joseph Ad
dison described for other professions in 
The Spectator in 1711: "I am sometimes 
very much troubled when I reflect upon 
the three great professions of divinity, 
law and physic [medicine]; how they 
are each of them overburdened with 
practitioners, and filled with multitudes 
of ingen

,
�ous gentlemen that starve one 

another. 
This concern a year or two ago led to 

many warnings by schools and vocation
al advisers against the impending sur
plus of engineers and the danger of un
employment. The engineering schools 
immediately suffered a drastic drop in 
new enrollments-a drop nearly three 
times as large, percentagewise, as in 
other collegiate groups. College students 
are sensitive to trends, or even to rumors, 
as to employment possibilities. 

I should not criticize the predictions 
and advice that led to this result, unless 
it be on the ground that not enough ac
count was taken of the fact that all past 
estimates of future demand for engi
neers had later proved too conservative. 
Certainly the Korean War could not have 
been anticipated. 

At all events, the fact is that the de
crease in engineering college ·enrollment 
is having tragic results. The number of 
graduates in the next few years will be 
far short of the need for new engineers, 
which no one estimates to be less than 
30,000 per year (see chart on next page) . 

The "great science of arithmetic" proves 
that we are in a very serious situation in
deed. We do not have enough engineers 
to carry through the national program 
that we have undertaken. Nothing we 
can do-no Act of Congress, no move by 
the engineering profession, the engineer
ing colleges or industry-can remedy this 
situation quickly, and by quickly I mean 
within three or four years. On the other 
hand, draft or manpower policies that 
do not deal understandingly and sympa
thetically with this situation can quickly 
change it from bad to worse. Even the 
most favorable proposals for universal 
military-service legislation so far dis-

o 10 20 30 40 50 

MECHAN ICAL _________________ c ____ A8,109 

ELECTRICAL _______________________ 45,206 

CIVI L ___________ : ____________________ 29,067 

CHEMICAL ________________________ 18,018 

INDUSTRIAL _________________________ 9,012 

GENERAL _________________________ 5,828 

AERONAU TICAL __________________ 5,746 

ARCHITECTURAL __________________ 5,498 

PETROLEUM __________________ ___ 4,397 

METALLURGICAL __________________ 3,154 

AGRICULTURAL ___ _ _ ____________ 2,398 

MIN ING __________________________ 2,152 

ENGINEERING PHYSICS ___________ 1,716 

GEOLOG I CAL ____________________ 1,508 

T EXT I LE ______________________________ 1,119 

CERAMIC _____ _____________________ _  893 

NAVAL ARCHITECTURE, 
MARINE ENGINEERING __________ A59 

ENGINEERING MECHANICS _______ 151 

SANITARY ___________________________ 67 

OTHER _ _ _ ______________________ 5,473 

KINDS OF ENGINEERING and the relative number of engineers of each 
kind are shown in this chart. It does not represent all engineers, but only 
undergraduate enrollment in engineering colleges for 1949 and 1950. 

67 

© 1951 SCIENTIFIC AMERICAN, INC



1920 1930 1940 1950 1960 

I � I 
Actual Estimated Needed 

GRADUATES 

SHORTAGE OF ENGINEERS is depicted by the num
ber of engineering college graduates past, present and 
future. The demand will increase, but a sharp decrease 
in enrollment prophesies a similar decrease in graduates. 
The number of graduates is not forecast beyond 1954. 

cussed will result in shortages more seri
ous than those indicated in the above 
analysis. 

A LL employers of engineers in indus
.tl. try and in government, including 
the military departments, are keenly 
aware of the problem, as are the place
ment officers in the colleges. I recently 
received a note from our Massachusetts 
Institute of Technology placement officer 
saying: "When larger companies and 
government laboratories write to me to 
ask for physicists, they send a job de
scription, then add 'as many men as 
we can get who meet any part of the 
requirements listed.' The demand for 
mechanical engineers, electronics engi
neers and metallurgists is little short of 
hysterical." 

The same statement might equally 
well be made about other branches of 
science and engineering. For example, 
qne industrial company last spring re
ported an unfilled need for 2,000 engi
neers and scientists. 

So we seem to have come to an im
passe. Just as we do not have enough 
steel, or cobalt, or rubber, or manganese 
to build everything we would like to 
build, so we do not have enough engi
neers to handle the jobs that are on our 
program. What is the intelligent thing 
to do under the circumstances? 

The governmental agencies most di
rectly concerned, such as the National 
Resources Board, Selective Service, De
partment of Defense and Office of De
fense Mobilization, are all trying to find 
the best answer. They have called into 
consultation outstanding representatives 
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from industry and from the leading 
scientific and engineering societies. 

The problem and the facts reported 
here were presented recently at a con
ference of some 200 leading engineers 
and administrators representing the var
ious groups concerned. The spirifed 
discussion that followed yielded a num
ber of suggestions for short-term and 
long-term remedies. Many agreed that 
one way to help meet the short-term 
needs for engineers would be to upgrade 
promising technical personnel by in
service training programs; this is already 
being done in some industries and many 
military establishments, notably in Navy 
shipyards. It was suggested that there 
are able engineers in Europe who might 
be brought here or employed there on a 
subcontract or cooperative basis. 

The conferees agreed that active ef
forts should be made to correct the re
cent false impression that there is an 
oversupply of engineers, and that more 
top-grade young men should be induced 
to train for the engineering profession. 
But fully as important as the recruiting 
of additional candidates is the problem 
of keeping those who are already in the 
engineering schools. As one educator put 
it: "We must not exchange men on sec
ond and third base for a couple of rookies 
on the bench. We must try to bring them 
in to score the needed runs." 

If human beings could be treated like 
steel or aluminum or rubber, the obvious 
emergency answer to the shortage of en
gineers would be to allocate the avail
able ones to the jobs of highest priority. 
But to do this by fiat would require a 
National Service Act far more stringent 

than is now politically possible. Total 
exemption of engineers from military 
duty has been advocated, but in spite of 
a certain degree of logic it is subject to 
the charge of being '''undemocratic''
a charge that can have a basis of merit 
as well as a demagogic political slant. 
Furthermore, there is a very real need 
for engineers in the military services. 

IN this complicated issue, involving 
national security, economic prosper

ity and social and political pressures, the 
following steps seem to be indicated, and 
some of them are already in operation: 

1. Through the control of materials the 
National Production Authority is indi
rectly effecting the allocation of engi
neers to high-priority work, since the 
withholding of materials from nonessen
tial projects releases manpower for more 
necessary ones. 

2. The Universal Military Service 
Training legislation permits deferment 
of men in essential professions and of 
some college students. 

3. Some sort of Scientific and Techni
cal Manpower Board should be set up to 
establish policies for allocating the dis
posable manpower in engineering among 
civilian and military claimants. 

4. There are strong arguments for the 
establishment of a Scientific Corps, or 
Technical Corps, to which young scien
tists and engineers of draft status could 
be assigned for national service where
ever needed, and with such insignia and 
recognition as would eliminate any feel
ing or charge of being military slackers. 
The members of such a cups could be in 
somewhat the same status as those in 
our present military establishment who 
are assigned to "engineering duty only." 

5. The armed services have been step
ping up their reserve officer training 
programs in the colleges. If the military 
situation becomes more serious, there 
will undoubtedly be a program, as in 
both world wars, to assign draftees to 
colleges for special training in technical 
fields in which there are manpower 
shortages in the military departments. 
There is equal reason for the Govern
ment to sponsor training programs in 
those civilian fields where manpower 
shortages are proving to be serious bot
tlenecks in the national defense effort. 

6. For the long term the most impor
tant need is to correct the recent wide
spread impression that the country is 
oversupplied with engineers. Even be
fore Korea this fear had come to be rec
ognized as a fallacy. There is every good 
reason for encouraging young men to fol
Iow a program of engineering education 
if they have the urge and talent to do so. 

• 

Karl T. Compton, physicist and 
administmtoT, is ChaiTman of 
the Corporation of the Massa
chusetts Institute of Technology. 
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GLASS TUBING 
BY CORNING 

Countless miles of glass tubing by Corning 
serve industry of all types. From pipe lines to 
electronic applications, Corning tubing is of 
vital importance for its special characteristics, 
unique properties, reasonable cost and ready 
availability. 

But whether you need tubing, pressed 
shapes or blown ware, Corning has the facili
ties to meet a wide variet)' of designs on a vol
ume production basis. Our engineering 
people can help you adapt glass to meet YOllr 
particular design requirements. 

If you need such qualities as 0 ptical clarity, 
controlled color, electrically conductive or 
nonconductive glass, low expansion under 
heat, high resistance to acids and weathering, 
they can be formulated into the glass. And this 
is but one facet of glass technology in which 
Corning excels. 

So don't let production lag for want of a 
"look-see." Tell us what rou require, what 
specifications we must meet, what the produc
tion schedules are and we shall be glad to give 
you a prompt answer. W'rite today. For more 
about "Glass by Corning" sign and mail 
coupon below. 

Corrosion· resistant 7 Mirrored oven door 
glass pipe handle 

2 Pipettes S Sprinkler fuse 

3 Molds for plastics 9 Capacitor tubes 

4 Flow meter 10 Level vials 

5 Neon tubing 11 Baster tube 

6 Gauge glasses 12 Thermometers 

13 Burette 

1851 ���UeG?k�1951 
___________ l\l!IUi1 

Corning Glass WorksjJ 
15 Crystal St., Corning, N. Y. I 0 

Please send me your "Designers Bulletin IZ-l." 

NAME TITlE 

COMPANY 

ADDRESS 

CITY ZONE STATE 
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• World famous work horse of the sky, the 

Douglas DC-3 is now starting a new career in the 

Navy under a new name and with a new look. 

Completely modernized and known commercially 

as the Super DC-3, new fleets of 100 of these 

rugged transports will add greatly to the Navy's 

air lift under the designation: R4D-S. 

With new swept-back wings, more power, 

greater speed, longer range and increased pay· 

load, the R4D-S represents real economy. 

LIFT FOR 

At a fraction of the cost of a fleet of new trans

ports, the U. S. will get a proved airplane that 

presents no new problems in personnel training, 

maintenance or parts supply. 

Whether the need is for modernizing a well

proved design, or providing entirely new speed

of-sound aircraft for our defense, Douglas can 

meet the challenge with its 30 years of experience 

and the trained-skills of long-time employees. 

Douglas Aircraft Company, Inc. 

Skilled engineers and technicians 
find Douglas a good place to work! 

WORLD'S LARGEST BUILDER OF AIRCRAFT FOR 30 yEARS ..... MILITARY AND COMMERCIAL TRANSPORTS 

FIGHTERS '" A T TAC K PLANES '" BOMBERS .... GUIDED MiSSiLES ..... elECTRONIC EQUIPMENT '" RESEARCH 

70 

© 1951 SCIENTIFIC AMERICAN, INC



SCIENTISTS 
We have 175,000 and need more. The problem is complicated 

by the fact that applied scwnce takes workers away from 

of our technological progress pure scwnce, the 

THE SCIENTIST has two functions 
in our civilization. One is the time
less quest for n�ore understanding 

of the nature of our world and the uni
verse-the urge to expand the frontiers of 
knowledge regardless of whether the 
new information to be won is immedi
ately useful or not. This has always been 
the primary meaning of the scientist's 
calling, and for thousands of years it was 
almost the only one; scientists took pride 
in keeping their curiosity and pursuit of 
knowledge as "pure" as possible. But in 
an industrial civilization the scientist is 
called upon more and more to perform 
another important function: namely, to 
apply his knowledge and methods of in
vestigation to the complex technical 
problems of the civilization. In a tech
nological society as highly developed as 
ours, the practical application and ex
ploitation of basic discoveries is not 
solely a matter of engineering. Our in
dustry needs and employs physicists, 
chemists, biologists, geologists, psycholo-

wellspring 

by M. H. Trytten 

gists, even that most esoteric of all 
groups-the pure mathematicians. 

Science has therefore become a large 
profession, and the demand for its serv
ices is growing at a rapid rate. The most 
insistent and effective demand comes 
from business. Of the 175,000 scientists 
in the U. S., nearly half are employed 
by private industry, a little more than a 
fourth by government agencies and only 
a fourth by the universities, where most 
of the work in pure science is done. Since 
the turn of the century, and particularly 
within the past decade, the scientist has 
faced an increasingly perplexing choice: 
whether to go into basic science, which 
he usually would prefer, or into applied 
science, where the economic rewards are 
more attractive. In the present emer
gency, when there are not enough scien
tists for our research needs in either 
basic or applied science, this dichotomy 
aggravates our quandary. The shortage 
of scientists presents a double problem: 
On the one hand there is a pressing need 

for their services in applied fields to in
crease our national power and produc
tivity. On the other, there is the equally 
great need for basic research and dis
covery, which we must have if we are 
to continue our technical progress and 
leadership. It is a disquieting fact that 
even before the present emergency basic 
research was getting less and less relative 
attention, and the new emergency de
mands threaten to make the situation 
much worse. 

T HAT the U. S. is already experienc
ing a shortage of scientists needs no 

elaborate proof. What Karl Compton has 
reported in the preceding article about 
the demand for engineers also holds true 
generally for scientists. At a recent meet
ing of the research committee of the 
National Association of Manufacturers 
attended by representatives of more than 
100 leading companies, every company 
related that it was having difficulty in 
filling its needs for scientists. Last spring 
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16 major employers of scientific person
nel, each company a leader in its field, 
reported that after scouting the nation's 
graduating classes they were able to 
obtain on the average only 36 per cent 
of the new employees they needed. An
other measure of the shortage and the 
urgency of the demand is the unprece
dentedly high starting salaries being 
offered these graduates. For graduates 
with the bachelor's degree starting sal
aries of more than $5,000 a year are 
not uncommon, and newly graduated 
Ph.D.'s are being hired at salaries up to 
$7,800 a year. 

This demand is not due solely to the 
present emergency. The employment of 
scientists has been expanding rapidly 
since 1940, and it rose tremendously in 
the postwar period even before Korea. 
For example, the nation's industrial 
laboratories, which had a total of only 
36,000 research workers in 1940, in
creased this number to 54,300 by 1946 
and to 70,500 by 1950. The laboratories 
of our military establishment employed 
more than 10 times as many scientists 
and engineers after the war as they had 
before. The atomic energy enterprise 
added a whole new field to the nation's 
scientific activity, demanding many 
thousands of scientists and technicians. 
Since the war, medical and pharmaceuti
cal research in the U. S. has become a 
multimillion-dollar enterprise, employ
ing still another sizable army of scientists. 

To all this the emergency that began 
with Korea, producing a great accelera
tion of the national program of research, 
has added large new demands for scien
tists. Eric A. Walker, of the Department 
of Defense Research and Development 
Board, said recently: "The expanding 
programs planned by the Department of 
Defense and the Atomic Energy Com
mission will probably absorb something 
like three-fourths of the national supply 
of technically trained personnel." 

Efforts are now being made to compile 
estimates of the numbers of scientists 
that the emergency will require in vari
ous fields. Since industry, government 
and the universities were absorbing vir
tually all the available science graduates 
before the emergency, it is obvious that 
the supply will fall far short of the new 
demands. This would be true even if our 
colleges and universities continued to 
turn out as many scientists as they have 
in recent years. Actually the supply will 
be falling while the demand is rising. 

In the first place, the number of col
lege graduates will drop sharply in the 
next few years, even disregarding the 
effects of the military draft. This is due 
to the fact that the postwar wave of G.1. 
students has passed through the colleges 
and enrollments are returning to normal. 
In 1950 330,000 men graduated from 
U. S. colleges; by 1954 the number will 
fall to 148,000 or less. This gives a rough 
indication of the probable percentage 
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drop in the output of �ientists, for year 
by year about the same proportion of 
college students major in science. In 
1950 there were 75,000 science gradu
ates, including 6,970 women; in 1951, 
only 47,000. On the basis of present en
rollments the number of science gradu
ates will decline further to 36,000 in 
1952, to 33,500 in 1953

· and to 29,000 
in 1954. And this forecast does not take 
account of military mobilization. Prob
ably about half of the science and engi
neering students in the colleges are draft
vulnerable or in the military reserves. 

F
ROM the standpoint of our supply of 
research scientists the crux of the 

problem is not the output of college 
graduates but the production of Ph.D.'s. 
The leaders and creative workers in sci
ence, particularly in basic research, come 
mainly from the ranks of those who have 
had the research training that goes with 
the doctorate degree. As of July 1, 1950, 
the U. S. had an estimated 40,000 
Ph.D.'s in science. They included 16,375 
chemists and biochemists, 8,260 biolo
gists, 3,561 physicists, 3,220 medical 
scientists, 2,690 psychologists, 1,950 
mathematicians, 1,860 earth scientists, 
1,790 agricultural scientists and 210 as
tronomers. Before the war the nation's 
universities produced about 1,500 
Ph.D.'s a year in the natural sciences; 
the number dipped sharply during the 
war, but it rose afterward, reaching 
3,350 in 1950 and 3,550 this year. Now 
it has begun to decline, and in a year or 
two the .number will be sharply reduced, 
mainly because of the general fall in col
lege enrollments. 

The problem of training Ph.D.'s is not 
primarily financial. Graduate students 
working for the Ph.D. as a rule do not 
have to depend on family funds for 
support. Before the war most of tqem 
supported themselves by working as 
teaching assistants, and since then other 
subsidies have been added-notably vet
erans' benefits (which during the past 
three years have supported nearly half 
of the nation's graduate students in the 
sciences) , Government research con
tracts and new fellowships offered by the 
Atomic Energy Commission, private 
foundations and, soon, the National Sci
ence Foundation. 

As Dael WoHle points out in his arti
cle on intellectual resources in this 
issue, we can increase the supply of 
Ph.D.'s substantially only by increasing 
the number of able young people we 
send to college. In other words, we need 
a larger pool of potential candidates on 
which to draw. Even if every capable 
and interested young person who now 
graduates from college were offered fi
nancial support to do graduate work, it 
is doubtful that we could greatly increase 
the output of Ph.D.'s. In 1948 the Office 
of Scientific Personnel looked into this 
question by asking the heads of science 
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departments in -the colleges how many 
of their graduating science majors they 
considered competent to go on to obtain 
a Ph.D. and what proportion were inter
ested in doing so. Their replies, cover.igg 
about four-fifths of the 1948 science 
graduates from the nation's undergradu
ate colleges, put the total number of 
qualified and interested Ph.D. candi
dates at 3,800. The true number was 
probably smaller, for experience has 
shown that estimates of students' capa
bilities are always on the optimistic side; 
a fair estimate would be 3,200 to 3,500. 
This is no larger than the number that 
actually received the Ph.D. in 1950. 
Taking into account the fact that college 
enrollments have fallen since 1948 and 
will decline much more sharply in the 
next few years, it is obvious that we 
shall not have enough qualified and in
terested candidates to keep the Ph.D. 
output even at the present level. 

Now LET US look a little more 
closely into the effect that the 

shortage of scientists, tlle trend toward 
applied science and the current mobili
zation are having on basic science in the 
U. S. 

At the end of World War II everyone 
agreed that the U. S., whose contribu
tions in the past had been mainly in the 
field of technology, should turn to much 
more emphasis on basic research. In 
Europe, which had been the major 
source of the world's great scientific 
progress during the past two centuries, 
the scientific enterprise had been all bu t 
destroyed and work had almost stopped. 
Without further progress in scientific 
discovery, technology would soon reach 
a dead end. It was obvious to the na
tion's leaders, including those in Govern
ment, that the U. S. must take the leader
ship and shoulder the responsibility for 
the march of fundamental discovery. 
Programs for the expansion of basic sci
entific work in the U. S. were laid down 
in several official reports. , 

In spite of all this the trend since the 
war has gone in the opposite direction; 
the emphasis has actually shifted more 
and more to applied science rather than 
basic science. An increasing share of the 
nation's research funds has been spent in 
engineering and development work. And 
with the funds have gone the scitmtists. 
An ever larger proportion of them have 
been drawn into programs that are main
ly applied research, if indeed they can 
be called research at all. In fact, many 
of our most productive scientists have 
abandoned research altogether and be
come administrators or policy makers. 

This trend is graphically told in the 
figures. Before the war the leading oc
cupation of the nation's scientists was 
university research and education: of the 
total of some 92,000 scientists, 40,000 
were employed in colleges and universi
ties, 35,000 in industry and 17,000 in the 
Government. During the war there was, 
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of course, a considerable shift to Gov
ernment and industrial laboratories, but 
by 1947 the universities had recovered a 
major share of the available scientists: 
they had 50,000, compared with 57,000 
in industry and 30,000 in Government. 
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In that year the Steelman Report fore
cast, on the basis of plans for expanding 
basic research and of what then ap
peared to be the trend, that by 1950 
there would be 75,000 scientists in col
leges and universities, 68,000 in industry 
and 33,000 in Government. The forecast 

. was correct as to the total number of 
scientists, but it was far off on their dis
tribution. As we have seen, in 1950 the 
universities, instead of leading in the 
employment of scientists, were at the 
tail end: they had about 44,000 scientists 
to industry's 83,500 and Government's 
47,500. 

The reasons for this are no mystery. 
Industry and the Government have of
fered scientists bigger research budgets, 
bigger and better laboratories, more as
sistants and higher salaries. The salary 
edge is considerable; as our recent study 
showed, in 1949 the average salary paid 
to scientists with Ph.D.'s was $7,070 in 
industry, $6,280 in Government and 
only $4,860 in educational institutions. 

This disparity is now being widened 
by the present emergency demand for 
scientists by industrial and governmental 
laboratories. The salaries they are offer
ing are so much higher than universities 
can pay that comparatively few gradu
ates in science are entering academic 
careers. Moreover, military research 
projects, military service and other 
emergency duties are taking many scien
tists away from the campuses. In short, 
the force of current events is accelerat
ing the trend away from basic science. 

WE HAVE many important man
power problems, but it is doubtful 

that any is more important to our future 
than this one. We must somehow find a 
way to use our scientific manpower to 
go ahead as rapidly as possible in basic 
science as well as to meet our immediate 
needs in technology. Fundamentally 
there is only one long-run answer to the 
problem of the supply of scientists: we 
need to do a better job, from high school 
on, of teaching, inspiring, encouraging 
and financing our able youngsters to take 
up careers in science-and this includes 
making such careers more attractive by 
improving scientists' pay. We face im
mediately, however, the problem of 
striking a proper balance between our 
efforts in basic science and in applied 
science, and beyond that between our 
military preparations and the over-all 
development of our strength as a nation. 
So far our national effort has been one
sided. We are proViding the money and 
the metal for national defense, but we 
have done very little to provide the 
trained manpower upon which our 
strength finally depends. 

• 

M. H. Tl'ytten, phYSicist, 
is Dil'ector of the Office of 
Scientific Pel'sonnel of the 
National Reseal'ch Council. 
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HAYE YOU FULLY EXPLORED 

THE VERSATILE ANrAROX'ES*? 
NEW uses, new applications for the 

Antaroxes-the non-ionic Antara 
surfactants-are being established almost 
every day. Their excellent wetting, dis
persing, emulsifying, detergent and general 
surface-active properties make them useful 
in many fields. Here are a few surfactant 
applications where members of the 
Antarox family may prove of value ... 

AGRICULTURAL INSECTICIDES & HERBICIDES 
The success of these new materials for 
making stable emulsions and dispersions 
of the new insecticides and herbicides is 
outstanding. They help suspend insecticide 
or herbicide powder in the spray liquid, 
then make the liquid spread on the foliage, 
greatly increasing effectiveness. 

CHEMICAL PROCESSING - Surface-active 
agents emulsify mineral oils, insecticides, 
cutting and quenching oils, are particular
ly useful when emulsions must be acid
stable. They act as plasticizers and binders 
for waxes, rubber, ceramics, yeast cakes, 
cosmetics, polishes. 

COMPOUNDED DETERGENTS-Powder, paste 
and liquid preparations for use in home 
and industry have increased manyfold with 
the aid of synthetics due to their more 
efficient cleansing, particularly in hard 
water areas. 

DAIRY -Nontoxic, odorless, and fast-acting, 
synthetic detergents reduce formation of 
milkstone, act as germicidal agents, rinse 
better than soap. In bottle washing, they 
eliminate scum, act as lubricant to reduce 
scuffing of bottles, lengthen their life. 

DRUGS & COSMETICS - Cream-type lotions 
owe their existence to synthetic emulsifi
ers; synthetics are especially useful when 
lotions contain fruit juices, require acid
stable additives. Shampoos use these 
materials, as do many pharmaceutical 
products. 

FOODS-Sandless spinach is obtained by 
new wetting agents that make it easier to 
remove dirt. Also used for washing fruits 
free of insecticides. Still under experiment 
is use in fruit-peeling, where synthetic 
materials are combined with alkalis to 

produce a compound that lifts off skins, 
removes a minimum of fruit. 

LEATHER-Sllrface-active agents aid in pick
ling, tanning, and fat-liquoring, greatly 
reduce wetting time for dried hides and 
skins by dispersing protein compounds 
and aiding penetration of liquids. They 
help in grease removal, permit acid scour
ing of fleeces. 

LUBRICATION-In lubricants, the new syn
thetics act as pour-point depressants, emul
sifiers, wetting agents. They help in wire 
drawing, stamping, and rolling of metals. 
Where cleaning as well as lubrication is 
necessary, a single synthetic may do the 
work of two other compounds. 

MET AL CLEANING - Almost every type of 
metal cleaning can use surface-active 
agents. They reduce cleaning time and 
concentration of alkali required, prevent 
formation of scum, assure better contact 
between metal and metal-treatment solu
tions used in later operations. 

METAL WORKING - Emulsifiers improve 
cutting and quenching oils; wetting agents 
act as buffing assistants, promote spread
ing of soldering fluxes. Some go into wire 
drawing and metal roIling lubricants. 

PAINTS, DYES & INKS-Wetting agents aid 
in grinding, facilitate pigment dispersion, 
reduce viscosity, promote penetration of 
ink into paper, spreading of paint on sur
faces. They also help in paint, dye and 
ink removal where their action is similar 
to detergency (cleaning). 

PAPER - Synthetic detergents and wetting 
agents are used in conditioning and scour
ing felts, as pitch-dispersing agents, as dye
levelers. They are also used to increase 
flexibility and absorbency of paper towels 
and blotters. 

PETROLEUM - Hydrochloric-acid solutions 
used to reopen oil wells (by dissolving 
limestone which blocks oil flow) penetrate 
better, act faster, when surface-active 
agents are added. Petroleum industry 
can also use them as de-emulsifiers, poly-

merization agents, lubricants, emulsifiers. 

PLASTICS - Synthetics promote penetration 
of impregnating compounds. As an ingre
dient of plastic-resin adhesives, they in
crease stability and promote bonding 
action. In addition, they act as mold 
lubricants and assure more uniform dis
persion of fillers and pigments. 

POLISHES & WAXES - As in cosmetics, 
cream-type furniture, floor, automobile 
and shoe polishes (oil in water emulsions) 
owe much of their growth to synthetic 
emulsifiers. In materials like these, syn
thetics make up only 5 to 10% of com
pound, but have big effect on performance. 

RUBBER - Wetting agents prevent adhesion 
in milling operations, help insure uniform 
dispersion of carbon black and other fill
ers, improve penetration and spreading of 
coating and impregnation compounds, 
help stabilize latex, are foaming agents for 
sponge rubber. 

TEXTILES-Surface-active agents follow tex
tiles from the carding room all the way to 
the laundry. In spinning they're emulsi
fiers, antistatic additives, spreading agents. 
They help in sizing, scouring, dyeing, fin
ishing and have many other uses. 

WATER PAINTS - Surfactants with emul
sifying and dispersing properties are useful 
for making emulsion paint compositions. 

AND IN MANY OTHER FIELDS 
- such as building materials, ceramics and 
glass, filtering, fire extinguishing, lumber 
and wood products, mining, plant cleaning 
nnd rug and upholstery cleaning. 

* * * 

Extensive research staffs and facilities sup
port the development and application of 
all Antara Products - available to work 
with you in the improvement of an exist
ing product or the development of a new 
one. Your inquiry is invited-without obli
gation. It will bring a prompt opinion as 
to whether one of the Antara Products 
may be adaptable to your needs. Kindly 
address your inquiry to Department 85. 

*" ANTAROX" - Reg. U.S. Pot. Off. 

ANTARA® PRODUCTS 
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DOCTORS 
There are 209,000 M.D. 'so When we attempt to estinlate 

whether we will have enough we must consider not only 

the demand for medical care but also the need for it 

ANYONE who undertakes to assess 
J-l. our medical manpower situation 

must first consider the question 
"medical manpower to do what?" The 
work of doctors is not, and never will be, 
a fixed and unchanging task, particularly 
in a dynamic country like the U. S., 
where not only the national scene but 
medicine itself is constantly in motion. 
To understand what is implied by such 
an idea as the shortage of doctors we 
need to examine the nature and amount 

by Alan Gregg 

of the services they will be expected to 
perform. Let us, then, look at some of 
the broader aspects of medical care-at 
the trends rather than only the latest 
figures, the dynamics rather than the 
statistics of the situation. 

Medicine has much more to offer to
day than it used to have. The Harvard 
biological chemist Lawrence J. Hender
son once remarked that somewhere 
around 1910 the progress of medicine in 
America reached a point where it be-

came possible to say that a random 
patient with a random disease consulting 
a physician at random stood better than 
a 50-50 chance of benefiting from the en
counter. In the 40 years since then the 
chances have improved a good bit be
yond that. The 14 million Americans 
who served in the militarv forces in 
World War II were giveri a notable 
demonstration of how far medicine had 
progressed: among our military person
nel during that war there were only six 
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ONCE a laboratory curiosity among the 
metallic elements, Lithium's commercial 
significance is now accepted in industry 
after industry. Lithium Salts, Metallic Lithi
um, and Ceramic Lithium Compounds are 
now recognized agents in many divergent 
fields. And it has been Metalloy's extensive 
development work that has made possible 
the amazing increase in usage of Lithium 
and Lithium chemicals. 

MET ALLOY IS BASIC TO THIS 
FAST-GROWING INDUSTRY 
ALL of Metalloy's te chnical energy is 
devoted to the research, development, pro· 
duction and application of Lithium for in· 
d u s t r i a l  u s e .  As L i t h i u m  S p e c i a l i s t s ,  
MetaUoy has developed Lithium into more 
forms for more commercial uses than any 
other processor in the field. Available to the 
Chemical industry are 15 compounds of Lith
ium,plus, for example, seven different forms 
of the metal. 

Supplied experimentally or commercial/y . •  , 

LITHIUM SALTS • Fluoride LITHIUM • Corbonot. 
{ • Bromide • Hydroxide • Chloride 

METALLIC LITHIUM 
and Derivatives • In99t 

LITHIUM : �:=ridg. 
{ • Amid. 

• Ribbon • Rod • Hydride • Wire 

CERAMIC LITHIUM COMPOUNDS • Titanate 

LITHIUM • Mongonit. 
{• Cobaltite • Zirconate 
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• Silicate • Zirconium 
Silicate 

LET US show you how 
Lithium and Metalloy 
can work for you. 
Write Dept. S today for 
Data Sheets Oil any of the 
prodllcts listed above. 

If It's LITHIUM-It's METALLOY! 

DEATHS in the U. S. from infectious diseases have dropped from 681.5 
per 100,000 population in 1900 to 88 in 1948. In the same time deaths 
from noninfectious diseases have risen from 407.9 to 627.1. The tall 
peak on the curve of infectious diseases is the influenza epidemic of 1918. 

deaths from disease per year for every 
160 such deaths in World War I, 250 in 
the Spanish-American War and 650 on 
the Northern side in the Civil War. To 
turn to an example from civilian life: 
Chicago 20 years ago had 6,012 reported 
cases of diphtheria with 513 deaths; last 
year, five cases with no deaths. 

Most people, however, seem to ignore 
an obvious but nonetheless remarkable 
consequence of the steady improvement 
in the quality of medical service; namely, 
the more doctors can do for people, the 
larger becomes the demand for medical 
services. I can remember the heated de
bates I heard in my childhood as to 
whether the automobile would ever take 
the place of the horse. Very few foresaw 
then that advances in automotive tech
nology and manufacture would make the 
automobile less expensive, more depend
able, more durable, more powerful, more 
useful, less noisy and less smelly. Almost 
no one seemed to realize that with better 
cars roads would be multiplied and im
proved. Improvement increases demand, 
and increased demand in turn creates 
and rewards still further improvement. 
This is as true in medicine as in tech
nology. The love of good medical care 
seems to follow Shakespeare's observa
tion that "love grows by what it feeds 
on." 

As a result, the entire horizon of medi-

cal care has changed. An increasing 
number of people want the better care 
that is now available. Whereas medical 
care used to be considered a privilege of 
the rich or a boon given in the name of 
charity to the poor, it is now coming to 
be thought of as a necessity that more 
and more people insist on having, if 
necessary by taxation. And at that point 
a revolutionary change occurs in the 
horizon of medicine: instead of calculat
ing increases in the demand for medical 
care, we face the task of estimating the 
need for medical care. 

No DOCTOR needs to be told that 
the number of persons who need 

medical care is at present immeasurably 
greater than those who are asking for it 
or getting it. We have no detailec! census 
of the defects and diseases (what the 
doctor calls "morbidity") among the 
American people, or even of how much 
of that need ever turns into explicit de
mand for the services of doctor, dentist 
or nurse. But such samplings as have 
been taken suggest that the unrecorded 
need far exceeds the recorded demand. 
So if the trend of the times is clearly 
toward meeting the need, we can sensi
bly dispense with the spurious accuracy 
of close figuring based on the records of 
demand. Witness the pressure on the 
Veterans Administration to include med-
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ical care of nonservice-connected dis
abilities and dependents. If you supply 
"free" (i.e., tax-supported) medical care 
to 14 million young persons in the serv
ices who are now civilians and voting, 
and maintain a growing Veterans Admin
istration medical service the while, and 
now plan for a military establishment 
involving 3.5 million more "young people 
in the immediate future, you have started 
changes in the citizens' attitude toward 
medical care that are worth thinking 
about in terms that transcend mere 
arithmetic. By all odds the most impor
tant change in the horizon of medicine as 
a whole is its improved and improving 
potential value and the increasing re
alization of that value by an increasing 
number of people in need who are com
ing to consider medical care as a civic 
right. 

Here, then, is one factor that has vastly 
increased the need for doctors. There 
are others. In the decade from 1940 to 
1950 we added 19 million to our popu
lation. At the current ratio of one doctor 
to 850 civilians, this population increase 
alone would call for 23,000 more doctors 
than we had in 1940, and the need may 
continue to rise at a comparable rate in 
the coming decades as our population 
goes on growing. There is also the fact 
that the life span of our people is 
lengthening, which means that we have 
more elderly people. As we master the 
acute infectious diseases, we are seeing 
more people reach the age when chronic 
and degenerative diseases are likely to 
call for medical care; to some extent we 
have traded mortality for morbidity. 

To all this we must add the increased 
need for doctors imposed by the present 
military mobilization. If the armed forces 
are to have 35 doctors per 10,000 men 
under arms, then the planned military 
establishment of 3.5 million men will 
call for 12,250 doctors. This is just about 
three times as many doctors as would 
be needed to take care of the same num
ber of people as civilians, because the 
military doctor-to-population ratio is 
three times that in civilian life. Nor is 
that all. In the event of war the need for 
doctors would rise at home as well as 
in the militarv establishment, for civilian 
populations {n wartime have their own 
peculiar demands. Civilian defense 
measures call for doctors. And one doc
tor killed or severelv injured in an air 
raid leaves 850 civilians in search of 
another doctor, whether oi- not the 
bombs have fallen on them! Also, when 
industry is geared to war production, we 
must have more industrial physicians 
and more doctors to rehabilitate some 
of the four million handicapped persons 
who could be reclaimed for productive 
work. 

NOT ALL of the trends in medicine or 
our national life are in the direction 

of piling up demand for more and more 
doctors. Medicine and health work are 

becoming more efficient in the use of 
manpower. By means of surer and earlier 
diagnosis, more effective drugs and forms 
of treatment, more preventive medicine, 
a higher standard of living, more wide
spread knowledge of hygiene among the 
laity, better hospital organization, more 
auxiliary personnel to save the doctor's 
time-by means of all of these, today's 
doctor can take effective care of more 
patients than ever before. The:'e are far 
more hospitals than there used to be, and 
the average stay in the hospital is shorter. 
Automobiles and better roads have enor
mously reduced the time a doctor spends 
in mere travel. Group practice, when 
the standards of the group are high, is 
an economy of time, effort and money 
to all concerned. Yet there are factors 
that offset these aids. The practice of 
medicine at its best still requires per
sonal service that is not that of the as
sembly line. A doctor cannot communi
cate with his patients over a public 
address system. And medicine cannot be 
very efficient where the population is 
sparse and scattered and without ade
quate hospitals. In these areas we have 
a chronic shortage of doctors, which can
not be corrected by the airy generaliza
tion that all we need is a redistribution 
of the doctors. If the demand for doctors' 
services were not increasing everywhere, 
the problems of distribution might stand 
a better chance of solution without any 
increase in the total number of doctors. 
But as long as the interesting opportuni
ties in the profession exceed the number 
of well-trained men, the well-trained 
men will prefer to go where those op
portunities are, that is, the cities and 
industrial centers. 

. 

The story of the unequal distribution 
of doctors can be told in a few figures. 
In 1949 nearly two thirds of the nation's 
180,000 active physicians in private 
practice were concentrated in the popu
lOllS regions of the East, the NIidwest 
and the Pacific Coast. The Middle At
lantic states, for example, had one doctor 
for every 625 people, while the so-called 
Deep South had only one for every 1,300 
-in other words, half as man v in propor
tion to population. · But the problem of 
medical care for the underprivileged 
areas will not be solved until those re
gions are provided with more hospital 
beds, medical facilities and auxiliary 
help-and until the nation as a whole gets 
more doctors, more dentists, more 
nurses, more trained persons in every 
health service. 

N0vV what are the prospects for in
creasing our supply of doctors? It 

can be said at once that the profession 
of medicine in the U. S. does not suffer 
from the handicap of unattractive pay, 
as some other intellectual occupations 
do. A survey just completed by the De
partment of Commerce and the Ameri
can Medical Association shows that the 
average net income of phYSicians in ci-

Wide Variety of Mounting Arrangements 
Flush Mounting 

Octagonal 
Junction Box 

• The Allen.Bradley Bulletin 350 reversing drum 
switch is the equivalent of a three pole, double 
throw switch with quick make action. Small ... 
compact ... simply designed-for machines and 
equipment requiring an economical starting and 
reversing switch for o·c and d-c motors rated at 

two horsepower or less. lends itself ideally to 
applications where space is at a premium. Suit
able for small workshops and medium industrial 
services. 

Reliable, trouble free operation. Rugged con
struction. Contacts are double break cadmium 
silver alloy which require no maintenance. 

ALLEN-BRADLEY 
MOTOR CONTROLS 
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Allen. Bradley Co. 
134 W. Greenfield Ave. 
Milwaukee 4, Wis. 
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Address __________ -,--__ 
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NEED FOR ACTIVE DOCTORS in 1954 is estimated at 210,600, with 
] 83,700 civilian and 18,500 military. Some doctors are not in active category. 

SHORTAGE OF ACTIVE DOCTORS may ])e 22,000. These charts are hased 
on estimates hy Howard A. Rusk of the National Security Resources Board. 

TRAINING OF ACTIVE DOCTORS might he manipulated to decrease the 
shortage after 1953. Increase in enrollment would not he felt until 1955. 
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vilian practice in 1949 was $11,058. 
There is no dearth of potential candi
dates for medicine in our colleges. The 
bottleneck lies in the matter of medical 
education. 

In the first place, the length and cost 
of medical training are a formidable har
rier. No one knows how many ahle and 
apt young men and women in the U. S. 
renounce careers in medicine for eco
nomic reasons, but the number must cer
tainly be large. Even if they can afford 
the fees in medical school, many cannot 
afford to spend the long period of their 
lives in preparation that medicine re
quires. To speak of a medical education 
as a matter of four years recalls the 
English philosopher Francis Cornford's 
definition of propaganda as "the art of 
lying in such a way as nearly to deceive 
your friends without ever taking in your 
enemies." The M.D. degree is only the 
first step; its holder must then spend one, 
two or more years in internship and fur
ther training to become a really compe
tent, fully prepared doctor. The fact is 
that a good medical education takes not 
four years but eight or ten, whether it 
be for practice as a physician, for teach
ing or for research. 

Little can be done to shorten the time 
of training. Nor can the medical schools, 
on the present basis of support, reduce 
the price of an M.D. degree. Even in 
those that receive the highest tuition 
fees, the fees pay only from one-quarter 
to one-seventh of the actual cost of in
struction. In 1949 the average tuition fee 
in our medical schools was $548, but the 
schools spent, on the average, $2,577 per 
student. In a sense, therefore, all medical 
students are on part scholarships. 

In spite of the economic barriers, the 
medical schools have nearly four times 
as many applicants as they can accept. 
Yet here again, paradoxically, difficulties 
arise. As the Greeks observed, there are 
only two groups in a peaceful society 
who may kill human beings with im
punity-judges and doctors. The selec
tion of candidates for medicine requires 
care. Since every student receives an 
education that costs far more than he 
pays for it, medical-school admissions 
committees are loath to accept stu
dents who are likely to disappoint their 
teachers or later disappoint or exploit 
the public. Candidates who rank below 
average in their class as premedical stu
dents are not the sort they want to admit. 
Yet scholastic grades alone do not tell 
everything about a student's qualifica
tions to practice medicine. Among all the 
M.D:s who have passed muster scholas
tically there are still too few real doctors. 
In weighing candidates the admissions 
committees must take into account 
health, motivation, tenacity of purpose, . 
character and emotional stability. They 
are always conscious of the necessity for 
controlling the wastage involved in the 
fact that about 10 per cent of the stu
dents who start in medical school drop 
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out before they finish, because of ill 
health, collapse of economic resources, 
inadequate scholastic performance or 
loss of interest, especially among those 
who never really wanted to become doc
tors but were pushed into it by parental 
pressure. 

T HERE ARE 72 four-year medical 
schools in the U. S. and seven others 

that provide only the first two years of 
medical instruction. At the beginning of 
the school year last fall the 79 schools 
had a total enrollment of 7,187 first-year 
students, 6,720 second-year students, 
6,256 third-year students and 6,030 
fourth-year students. This fall prob
ably 7,500 new students will be admit
ted to the first year. 

The first-year class last year ranged in 
size from 20-odd in the smallest of the 
two-year schools to more than 160 in one 
of the state universities. The teaching of 
medicine calls for individual instruction 
in small groups, for student participation 
in laboratory work and for teaching by 
example and controlled experience un
der close supervision. This means that 
enrollments must be kept small: a class 
of over 100 students begins to put a 
heavy load on the heads of teaching de
partments, and a class of 150 is common
ly regarded as excessive, especially when 
the laboratory facilities were built for 
only one-half or two-thirds that number. 
The quality of instruction suffers when 
the student's identity is lost in a class too 
large for the professor to know his stu
dents. 

During the four years of medical 
school a student studies some 20 re
tluired subjects. The teacher's load 

'
is 

increased by the fact that in almost every 
subject in the medical curriculum new 
knowledge steadily adds to or refines the 
information he must offer the students. 
The younger teachers have another wor
IT they must carry on original laboratory 
or clinical work, because they know that 
promotion is influenced by the quality 
and quantity of their published research. 
Besides all this our medical schools are 
now feeling the pressures resulting from 
the rising costs of equipment, supplies 
and building, from the dislocations and 
interruptions of teacher training due to 
the war and from the loss of endowment 
income during the last depression. 

H OW COULD the medical schools 
increase the number of their grad

uates? If time were not of the essence, 
the wisest course would be to fill out 
most of the two-year schools by adding 
the two final years and to create new 
four-year schools in states possessing 
none, sllch as New Jersey and Florida. 
But this will be slow and extremely ex
pensive, and the new schools could not 
be expected to produce any graduates 
before 1957. Furthermore, with at least 
250 teaching vacancies already in ex
istence in the present medical schools, 

8. SHOc�pROOF 1t:; MOBILE 
r---��""';'!!!!!!!!� RECORDER 

FOR INDUSTRY & SCIENCE 

Ampex special

izes in designing 

AX-49 

and manufacturing custom

built recording equipment to 

meet your requirements. A few 

of the many proven applica

tions a-re illustrated. 

\{� 
1 
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of serious astronomical research is avail
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are highest grade precj�ion ground, 

achromatic f-IS crown and flint glass, all 

moving parts are precision machined. 

Although the Saturn 3 Inch Refractor 

has a 45 inch focal length, the instrument 

is easily portable, weighing less than 

thirty pounds, including tripod. 

Saturn 4 Inch Portable Refractors from 

$345.00; larger instruments manufactured 

to order. 

Write for literature giVing full informa
tion on the Saturn Refractors. 
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SUPER PRECISION RETICLE 
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NOW AVAILABLE Low- Cost D igita I 

Electronic Desk - Side Computer 

... solves engineering and scientific 
problems rapidly and accurately 

North rop Maddida model 44A 
digital differential analyzer, a tested 
automatic computer of accepted 
accuracy and extreme versatility. 

The new Maddida is a practical, commercial mathe

matical tool capable of conserving time and money 

in scientific, engineering, and industrial applications! 

DESCRIPTION Briefly, Maddida is a magnetic-drum digital differential 
analyzer, with the accuracy of the true digital computer but with the sim
plicity and convenience of an analog type. It combines large mathematical 
capacity (44 integrators), accuracy, sturdiness, and small size. . 

As a computer, it solves ordinary differential equations or sets of equations, 
either linear or non-linear. It performs integration with respect to any variable. 
It can process empirical data from perforated tape inputs. Accuracies above 
eight decimal places are available. 

As a control, Maddida will actuate motors, switches, etc. in accordance with 
computations it has performed on input data. 

There is no substitute, either mechanical 01' human, for the mathematical 
capabilities of a modern electronic computer of this type. If your business 
requires mathematical computation, we will be glad to send you further 
information on the Maddida. 

Send fo,' Bulletin 38, describing the Maddida. Individual 
questions regarding me of the Maddida will be answered 
promptly. Wr ite AS SOCIATED PRODUCTS LABORATOR Y, 

NORTHROP AIRCRAFT, INC., 1013 EAS T B ROADWAY, 

HA\VTI-lORNE, CALIFORNJ A. 

MADDIDA 1$ ANOTHER PRODUCT OF 

Northrop Aircraft, Inc. 
HAWTHORNE, CALIFORNIA 

it would be no small feat to staff the new 
ones. 

The medical schools have undertaken 
to increase their output by admitting 
more students (about 1,000 more this 
fall than two years ago) and reducing 
the losses of students who fail to finish. 
But the only way to produce a substan
tial increase in the number of graduates 
in the immediate future would be to re
sort to acceleration, as the medical 
schools did during World War II. They 
reduced the four-year course to three by 
operating continuously, without stop
ping for the summer quarter. Both in 
promptness of results and in volume of 
production over a period of years, the 
numerical gains of acceleration are cer
tain and obvious. But the experience 
during the war showed tbat in nearly 
every other way acceleration is un
satisfactory. True, it increases the total 
tuition income per year. But it imposes 
a tremendous load on the teachers and 
students, which during the war was re
flected in the quality of student per
formance. Acceleration proved so ex
hausting to both teachers and students 
that probably nothing short of a declared 
war would induce the medical schools 
to repeat the experience; their attitude 
toward acceleration ranges from reluc
tance to bitter opposition. In the main 
they have voted against the adoption of 
acceleration in the academic year of 
1951-52. Needless to say, acceleration 
eliminates in large measure the oppor
tunity for research and for the training 
of future teachers, and therefore it 
places our long-term medical progress in 
jeopardy. 

We are driven to the inescapable con
clusion that the most important thing we 
can do to increase the number and qual
ity of doctors is to give more financial 
support to our medical schools. We al
low them to languish and retrench for 
lack of a paltry $10 million-which was 
the medical schools' deficit in 1948. This 
in a country that spent more than $4,100 
million on tobacco and smokers' supplies 
during that same year of grace! And two 
years later, with the financial clouds still 
darkening over medical education, a 
public fund appeal for $5 million for 
the schools that prepare our future doc
tors for practice finds difficulty in raising 
$1 million. 

The essential fact is that the cost of 
medical education is a part of the cost 
of medical care. Perhaps we shall have 
to find out what a shortage of doctors 
really means before we realize the im
portance of supporting enough and good 
enough schools to prepare young men 
and women to meet our need for medical 
care. 

• 

Alan Gregg, phYSiCian, 
is Director of the Med
ic(d Sciences in the 
Rockefeller Fotmdation. 
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TIME-MASTER MAKES TIME FOR THE WORLD! 

One thing 'most everyone needs is more time. Time for 
work, relaxation, play. Yet, even the ingenuity of science 
hasn't succeeded in making a synthetic for time. 

But men who must get their thinking on record-for 
themselves and for others-have found the Dictaphone 
TIME-MASTER is a simple new way to master time. This elec· 
tronic dictating machine has won a universal acceptance 
unequalled in dictating machine history. 

In creating its exclusive recording medium, the Memobelt, 
a tilJY, flexible, plastic record Dictaphone solved almost every' 
major problem of mechanical dictation. For the Memobelt is 
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plicity of operation, portability, lightness. It is the Memobelt 
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with TIME-MASTER. Try it yourself and see. Your local Dicta
phone man will gladly arrange a dem
onstration in your o\\'n office. 

Send for your free copy of "Time Itself." 

HDictaphone" is a registered trade-mark of Dictaphone Corporation. 
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AD V ERTISEM ENT 

The Synthetic 
Ion Exchange Resins 

The process of ion exchange LS transforming industrial and chemical processing, 
water conditioning, and even the treatment of congestive heart disease. 

S INCE 1940, a whole new chapter 
has been added to the history of 
chemistry. It is a chapter which 

tells of many new industries, of 
improvement and simplification of 
older industries, and even of ways to 
help prolopg our lives. 

The brilliant Swedish chemist, 
Svante Auguste Arrhenius, prefaced 
the ion exchange story when he dis
covered the formation of positively and 
negatively charged particles (or ions), 
when acids, bases, and salts are dis
solved in water. Even before Arrhenius, 
Joseph Spence, a Quaker pharmacist, 
had observed that ammonia from 
manure could replace calcium in the 
soil-by a process fundamental to 
plant growth. But it was not until 1935 
that two British civil servants, B. A. 
Adams and E. L. Holmes, produced 
synthetic resins which would exchange, 
selectively, both positively charged and 
negatively charged ions. And it re
mained for an American manufac
turer, Rohm & Haas Company, with 
long experience in related fields of resin 
technology, to develop the commercial 
possibilities of ion exchange with the 
products called AMBERLITE resins. 

Just how are ions formed, and how 
do they behave in the ion exchange 
reaction? 

Every chemical compound is com
posed of molecules-definite groups of 
atoms held together by electrical forces. 
Although these compounds may be 
decomposed into their atomic constit
uents, their properties are completely 
altered. For example, common salt 
decomposes into sodium, a very reac
tive metal, and chlorine, a green 
poisonous gas: 

2NaCI _ 2Na 
Salt Sodium + 

Cl2 
Chlorine 

If, however, sodium chloride is dis
solved in water, a very different reac
tion takes place. Instead of atoms, elec
trically charged ions have appeared: 
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NaCl _ Na+ Cl-
Salt Sodium + Chloricie 

ion IOn 

Now suppose that such a solution 
can be run through a sort of magnetic 
sponge. If the sponge is negatively 
charged, it will remove the sodium 
ions from the solution. If it is posi
tively charged, it will remove the 
chlorine ions from solution. In ion 
exchange reactions, these ions actually 
are replaced rather than removed, but 
wide choice exists in the ions which 
are substituted for those originally in 
the solution. 

Simply stated, then, ion exchange 
is the removal of ions from solution 
and their replacement with other ions. 
These ions may be removed because 
they are useful, and can be· recovered 
economically through ion exchange; 
or they may be harmful, and may be 
removed through ion exchange for 
convenient disposal. Where essentially 
ion-free water is needed, the undesired 
ions may be replaced with hydrogen 
and hydroxyl ions, which merely unite 
to form more water. 

THE instruments of commercial ion 
exchange are synthetic resins

chemical cousins to such plastics as 
PLEXIGLAS. A group of ion exchange 
resins working with high effectiveness 
in a wide range of applications is 
known as the Rohm & Haas AMBERLITE 
resins. AMBERLITE resins are bead-like 
particles, approximately Yz millimeter 
in diameter. Each of these beads is a 
storehouse for billions of ions. With 
proper treatment, the beads will release 
their ions, to waste or for recovery; 
and they then have the capacity to 
store more billions of ions. Since they 
are characterized by great stability, 
the resin beads may be used repeatedly 
without impairing their efficiency. An 
individual resin may be a strong base, 
a weak base, a strong acid, a weak 
acid, or a salt. This means that, 
through proper combination of the 
resins, AMBERLITE Ion Exchange can 

be made selective- performing specific 
tasks, with precision, time and 
time again. 

It is in water-conditioning and 
industrial processing, that AMBERLITE 
resins find their greatest use. Water
softening heads the list. The replace
ment of "hard" calcium and mag
nesium ions with "soft" sodium ions is 
being accomplished efficiently and at 
low cost in thousands of American 
homes. Many municipalities partially 
soften water for entire communities. 
The City of Los Angeles, for example, 
employs ion exchange resins in the 
world's largest water-treating installa
tion, to soften objectionably hard water 
from the Colorado River. 

More and more power plants, too, 
need treated water supplies. For high 
pressure boilers, essentially ion-free 
water is a necessity-to avoid boiler 
scale, corrosion of equipment and 
reduced efficiency of steam turbines. 
AMBERLITE ion exchangers provide this 
deionized water-often in one pass 
through a single "Mono bed" of mixed 
resins-for such companies as Iowa 
Electric Light & Power Co., Public 
Service Co. of Northern Illinois and 
Philadelphia Electric Co., one of the 
world's largest utilities. \!\There needed, 
commercial water containing less than 
one part of ionized solids in 100,000,000 
can be prepared-a value heretofore 
obtained only through multiple labora
tory distillations in quartz equiRment. 

In industrial and chemical process
ing, the list of AMBERLITE uses is 
almost endless. Alcohol, amino acids, 
apple syrup, beet sugar, beverages, 
ceramics, copper, cosmetics, candy, 
dyes, gelatin, gold, ice-these are only 
the beginning of the alphabet of prod
ucts made possible or made better by 
AMBERLITE ion exchange. The removal 
of formic acid from formaldehyde; 
deionization of sugar-bearing juices; 
refining of glycerine, sorbitol, and 
other polyhydric alcohols; removal of 
electrolytes from colloids; treatment of 
anodizing plating solutions; and the 
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recovery of valuable wastes, precious 
metals, rare earths-these are a hand
ful of the multitude of processes speeded 
and simplified by AMBERLITE synthetic 
ion exchange resins. 

AMBERLITE deionized water plays 
.tl. an important part in the manufac
ture of pharmaceuticals. The removal 
of toxic substances-lead, mercury, 
copper, etc.-was an early accomplish
ment of ion exchange technique. Then 
came the successful isolation or puri
fication of amino acids, vitamins, alka
loids, enzymes, nucleic acids, and 
carbohydrates. Exchange techniques, 
such as salt conversion, anion adsorp
tion, and chromatographic separation 
facilitated the purification of the vital 
therapeutic reagents-penicillin and 
streptomycin. Indeed, over 90% of the 
world's supply of streptomycin is cur
rently extracted from crude broths by 
an AMBER LITE resin! 

In chemical therapy, AMBERLITE 
resins also come into their own. Spe
cially prepared AMBERLITE resins form 
the basis of acid-adsorbing drugs for 
the treatment of stomach ulcers. An 
adaptation of AMBERLITE resins sys
tematically removes sodium from the 
body, preventing fluid from accumu
lating. in persons suffering from con
gestive heart diseases and cirrhosis of 
the liver. These "plastic" medicines 
are also used in the treatment of 
certain types of diarrhea, and are 
being tested in cases of toxemia dur
ing pregnancy. 

AMBERLITE resins also serve as analyt
ical materials-for the determination 
of copper'in milk, where the concen
tration of metal is extremely low
and for many other critical analyses. 
The effect of calcium on micro-biolog
ical culture media has been studied 
by means of the cation exchanger; and 
the effect of trace elements on the 
metabolism of plants has been exam
ined. The determination of phosphorus 
pentoxide in rock phosphate has been 
accomplished readil y by research grade 
AMBERLITE resins. Similarly, all traces 
of contaminating cations, such as iron, 
have been removed from the barium 
salt of adenosine triphosphate. 

S INCE Adams' and Holmes' inven
tion of the synthetic ion exchange 

resins, Rohm & Haas has, through its 
research and production facilities, pio
neered in ion exchange chemistry and 
has pursued its theory and practice in 
many fields . . .  literally from pills to 
power plants. As a result, Rohm & 
Haas today makes a very wide variety 
of synthetic ion exchangers-the 
AMBER LITE resins. If you would like 
full details of the AMBER LITE resins, 
you are invited to write to our Phila
delphia Office. We shall be glad to 
send you complete information-with
out obligation. 

Microscopic view of beads of A�IBERLITE 
anion exchange resin. Ea�h bead is capable 
of removing billions �f ions from solution, 
and can be regenerated easily for reuse 
when exhausted. 

AMBfRllTf 

ANION 

[X(HANGf R[IIN 

AMBfRlITf 

(AIiON 

fX(HANGf miN 

ADVERTISEMENT 

AIR fFFlUfNT 

IUlFUR!( A(IO t;�;::;::;:�-l R[G[NfRANT 

RINI[ INFlU[NT 

IP[NT R[GfNfRANT L.:==:J� RINI[ fFFlUfNT 

BA(KWAIH INFlU[NT 

D[IONIlfD WAHR 

fFFlU[NT 

J\'[onobed-newest word in ion exchange 
-describes the method of using both anion 
and cation exchangers in a single bed. 'Vater 
with electrical resistance of 20,000,000 ohms 
per centimeter can be obtained in one pass 
through one Monobed column. 

A�lBERLlTE ion exchange provides deionized water for power plants of both industrial 
firms and public utilities. A continuous supply of water of assured quality is oblained. 

CHEMICALS FOR INDUSTRY 

ROHM £. HAAS COMPANY 
THE RESINOUS PRODUCTS DIVISION 

Washington Square Philadelphia 5. Pa. 

Representatives in principal foreign COlin tries 

A'\IBERLlTE and PLEXIGLAS are trade.marks, Reg. U. S. Pat. Off. 

and in principal foreign countries. 
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high vacuum 
resea rch 
a nd eng ineering 

we've built a 

G IANT 

• . .  to produce high vacuum 

in bigger chambers-at 

less cost-th an ever b�fore 

S
AY you're producing one of "th e  

modern metals that h a s  wonderful 
properties but can ' t  stand oxygen 
at high temperatures . Or maybe your 
problem is  a large wind runnel, a 
synchro-cyclorron, or a vacuum 
dehydration chamber for b iologicals. 

You want to push out int� the atmos
phere as much air or gas as possible at the 
lowest cost .  You may need to exhaust 
down to 1/2000th of atmospheric pressure 
or as low as 1/7 5 , 000th of an atmosphere. 

DPi now supplies a series of non
mechanical pump� which can operate in this 
pressure range at rates well over 10 ,000 
cubic feet per minute, compressing air and 
gas to the point where mechanical pumping 
becomes highly efficient - to pressures 
as high as  1 0  mm Hg where needed . 

If you will tell us your vacuum pumping 
requirements, we'll  be glad to show you 
how these unique oil ejector pumps 
make possible a new order of operating 
economy for large high vacuum systems. 
Write Distillation Products Indllstries, 

Vacuum Equipment Department, 
7 5 1  Ridge Road West, Rochester 3, N. Y. 

(Division of Eastman Kodak Company) . 

� . . .  v i tamins  A and E . . .  d i st i l led monoglycerides . • •  m o r e  t h a n  3 4 0 0  Eastman O r g a n i c  C h e m i c a l s  f o r  s c i e n c e  and ind u st,y 
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MOBILIZATION 
By 1952 we will have an armed force of 3.5 nlillion. In the same 

time we nlust add 4.5 million workers to our arrns production. Our 

higgest problenl IS to achieve this without weakening the nation 

by Arthur S. Flemming 

I?\ round numbers our manpower needs for the current 
program of defense mobilization can be stated simply. 
We must add 2 million persons to the working force in 

defense production this year and another 2.5 million in 
1952-a total of 4.5 million. Most of these workers will be 
supplied by non-defense production, by the normal growth 
of the labor force and by the upward trend in the employ
ment of women. vVe will nevertheless need 1 to 1.5 million 
Uextra" \vorkers. 

At the same time we are providing for an armed force of 
3.5 million, and recent comments by Secretary of Defense 
George C. �'1arshall indicate that the size of this force may 
be increased above the already authorized level. Can we 
mobilize this amount of manpower without weakening our 
economv or our long-term vitality as a nation? The answer 
to the question lies in how wisely and fully we use our re
sources. We can do the job we have set for ourselves, but it 
will take a great cooperative national effort to work out this 
crucial manpower problem. 

'\IVe have seen no evidence so far of a general shortage of 
manpower. We are, however, already feeling the effects of 
shortages in certain highly trained fields, as other articles in 
this issue point out, and in certain geographical areas. It is 
these problems, rather than the total manpower situation, 
that will probably give us the most trouble. 

Let us look first at the general picture. As we have indi
cated, of the 4.5 million new workers we shall need in de
fense production, a large number will be transferred into 
it automatically through the conversion of plants from non
defense to defense work. Plants making automobiles, refrig
era tors, washing machines, radio and television sets and the 
like will shut down for a few weeks, change production lines 
and then rehire workers for manufacturing defense items. 
But allowing for this factor, and for the growth of the labor 
force and the trend in the employment of women, how will 
we obtain the 1 to 1.5 million extra workers? 

WE CAN FILL part of that deficit by making fuller use 
of women. We are not recruiting them as effectively as 

we might. During the war we drew large numbers of them 
into the labor force by emergency measures, such as pro
viding centers for the daytime care of their children. Now, 
though we are in the middle of a new mobilization program, 
many employers do not feel the same necessity to provide 
incentives for women to take jobs. One way in which more 
women might be drawn into defense work would be to find 
ways and means to employ them part time. Many women 
who could not work a full 40-hour week might be very 
willing to adjust their schedules so they could work outside 
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• AREAS OF 
LABOR SHORTAGE 
1 AIKEN, S. C.·AUGUSTA, GA. 
2 DAVENPORT, 10WA·MDLlNE, 

ILl.·ROCK ISLAND, ILl. 
3 HARTFORD, CONN. 
4 INDIANAPOLIS, IND. 
5 SAN DIEGO, CALIF. 
6 WICHITA, KAN. 

_AREAS OF 
BALANCED 

LABOR SUPPLY 
7 ALBANY·TROY· 

SCHENECTADY, N. Y. 
8 ALBUQUERQUE, N. M. 
9 ALLENTOWN·BETHLEHEM, PA. 

10 BALTIMORE, MD. 
11 BINGHAMTON, N. Y. 
12 BRIDGEPORT, CONN. 
13 BUFFALO, N. Y. 
14 CANTON, OHIO 
15 CEDAR RAPIDS, IOWA 
16 CHICAGO 
17 CINCINNATI, OHIO 
18 CLEVELAND, OHIO 
19 COLUMBUS, GA. 
20 COLUMBUS, OHIO 
21 DALLAS, TEX. 
22 DAYTON, OHIO 
23 DENVER, COLO. 
24 DES MOINES, IOWA 
25 ERIE, PA. 
26 FORT WAYNE, IND. 
27 GALVESTON, TEX. 
28 HAMILTON· 

MIDDLETOWN, OHIO 
29 HARRISBURG, PA. 
3D JACKSON, MICH. 
31 JACKSONVILLE, FLA. 
32 KALAMAZOO, MICH. 
33 KANSAS CITY, MO. 
34 LANCASTER, PA. 
35 LINCOLN, NEB. 
36 MACON, GA. 
. 37 'MADISON, WIS. 
38 MILWAUKEE, WIS. 
39 MUSKEGON, MICH. 
40 NEW BRITAIN, CONN. 

. 41 NEW HAVEN, CONN. 
42 NORFOLK·PORTSMOUTH, VA. 
43 OMAHA, NEB. 
44 PERTH"AMBOY, N. J. 
45 RACINE, WIS. 
46 RICHMOND, VA. 
47 ROCHESTER, N. Y. 
48 ROCKFORD, ILl. 
49 SACRAMENTO, CALIF. 
50 SAGINAW, MICH. 
51 SEATILE, WASH. 

52 SIOUX FALLS, S. D. 
53 SOUTH BEND, IND. 
54 SPOKANE, WASH. 
55 SPRINGFIELD, ILL. 
56 SPRINGFIELD. OHIO 
57 STAMFORD·NORWALK, CONN. 
58 SYRACUSE, N. Y. 
59 TOLEDO, OHIO 
60 TOPEKA, KAN. 
61 TRENTON, N. J. 
62 TULSA, OKLA. 
63 WASHINGTON, D. C. 
64 WATERBURY, CONN. 
65 WATERLOO, IOWA 
66 WICHITA FALLS, TEX. 
67 WILMINGTON, DEL. 
68 YORK, PA. 
69 YOUNGSTOWN, OHIO 

o AREAS OF 
tABOR SURPLUS 

70 AKRON, OHIO 
71 ALTOONA, PA. 
72 AMARILLO, TEX. 
73 ASHEVILE. N. C. 
74 ATLANTA, GA. 
75 ATLANTIC CITY, N. J. 
76 AUSTIN, TEX. 
77 BATON ROUGE, LA. 
78 BAY CITY, MICH. 
79 BEAUMONT -PORT ARTHUR,:TEX. 
80 BIRMINGHAM, ALA. 
81 BOSTON, MASS. 
82 BROCKTON, MASS. 
83. CHARLESTON, S. C. 
84 CHARLESTON, W. VA. 
85 CHARLOTIE, N. C. 
86 CHATIANOOGA, TENN. 
87 COLUMBIA, S. C. 
88 CORPUS CHRISTI, TEX. 
89 DECATUR, ILl. 
90 DETROIT 
91 DULUTH, MINN.-SUPERIOR,WIS. 
92 DURHAM, N. C. 
93 EL PASO, TEX. 
94 EVANSVILLE, JND. 
95 FALL RIVER, MASS. 
96 FLINT, MICH . 
97 FORT WORTH, TEX. 
98 FRESNO, CALIF. 
99 GADSDEN, ALA. 

'100 GRAND RAPIDS, MICH . 
101 GREENSBORO�HIGH POINT, N. C. 
102 GREENVILLE, S. C. 
103 HOUSTON, TEX. 
104 HUNTINGTON, W. VA.-

ASHLAND, KY. 
105 JACKSON, MISS. 
106 JOHNSTOWN, PA. 
107 KNOXVILLE, TENN. 
108 LANSING, MICH. 
109 LAREDO, TEX. 

110 LAWRENCE, MASS. 
111 LlTILE ROCK-

N. LlTIL£ ROCK. ARK. 
112 LOS ANGELES 
113 LOUISVILLE, KY. 
114 LOWELL, MASS. 
115 LUBBOCK, TEX. 
116 MANCHESTER, N. H. 
117 MEMPHIS, TENN. 
118 MIAMI, FLA. 
119 MINNEAPOLIS-ST. PAUL, 

MINN. 
120 MOBIL£, ALA. 
121 MONTGOMERY, ALA. 
122 MUNCIE, IND. 
123 NASHVILLE, TENN. 
124 NEWARK, N. J. 
125 NEW BEDFORD, MASS. 
126 NEW ORLEANS, LA. 
127 NEW YORK, N. Y. 
128 OKLAHOMA CITY, OKLA. 
129 ORLANDO, FLA. 
130 PATERSON, N.J. 
131 PEORIA, ILl. 
132 PHILADELPHIA 
133 PHOENIX, ARIZ. 
134 PITTSBURGH, PA. 
135 PITTSFIELD, MASS. 
136 PORTLAND, ME. 
137 PORTLAND, ORE. 
138 PROVIDENCE, R. I. 
139 RALEIGH, N. C. 
140 READING, PA. 
141 ROANOKE, VA. 
142 ST. JOSEPH, MO. 
143 ST. LOUIS, MO. 
144 SALT LAKE CITY, OTAH 
145 SAN ANGELO, TEX. 
146 SAN ANTONIO, TEX. 
147 SAN BERNARDINO, CALIF. 
148 SAN FRANCISCO-

OAKLAND, CALIF. 
149 SAN JOSE, CALIF. 
150 SAVANNAH, GA. 
151 SCRANTON, PA. 
152 SHREVEPORT, LA. 
153 SIOUX CITY, IOWA 
.154 SPRINGFIELD-HOLYOKE, 

MASS. 
155 SPRINGFIELD, MO. 
156 STOCKTON, CALIF. 
157 TACOMA, WASH. 
158 TAMPA-ST. PETERSBURG, 

FLA. 
159 TERRE HAUTE, IND. 
160 UTICA-ROME, N. Y. 
161 WACO, TEX. 
162 WHEELING, W. VA.

STEUBENVILLE, OHIO 
163 WILKES BARRE

HAZLETON, PA. 
164 WINSTON SALEM, N. C. 
165 WORCESTER, MASS. 

• 

SUPPLY OF LABOR varies with the region. Indicated 
on this map are 165 places where there is either a sur-

plus of lahor (white rectangles), a halanced supply of 
lahor (gray rectangles) or a shortage of lahor (black 

the home 20 hours a week, if industry 
made such jobs available to them. 

Anqther large reserve from which we 
could get many more workers is the 
physically handicapped. Our World War 
II experience considerably reduced the 
prejudice among employers against hir
ing people with physical handicaps, for 
it showed that a person who has the 
faculties and abilities to perform a par
ticular job is not handicapped so far as 
that job is concerned. A great deal of 
prejudice still exists, however, and the 
Office of Defense M obilization has es
tablished a special task force to make 
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recommendations toward the develop
ment of community programs for the 
more effective training and placement 
of the handicapped. It is estimated that 
the U. S. has at least 2 million handi
capped persons who could be trained 
for useful work, and there are many 
others, already trained, who merely need 
help in finding places where their abili
ties could be used. 

The older age groups offer another 
pool on which we can draw to fill our 
manpower needs. The wide adoption of 
pension plans is an obstacle to their em· 
ployment, but there is no question that 

this obstacle can be removed. The mat
ter is now receiving special attention 
from the National Labor-Management 
Manpower Policy Committee of the 
ODM , and we are convinced that it will 
be possible to develop a plan that will 
appeal to both labor and management. 

Last but not least there is the large 
unused potential among our minority 
groups, especially Negroes. We made 
some progress in breaking down employ
ment discrimination against them during 
World War II, but it is widely believed 
that we have slipped back since then. 
Certainly discrimination still exists, and 

II 
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rectangles). The numbers on the rectangles are keyed 
to the names of cities at the left. An assessment of 

this kind makes it possible to avoid building plants 
or letting contracts in the areas where labor is short. 

it is a serious handicap in handling our 
manpower problem. By indulging in dis
criminatory practices we are deliberately 
refusing to solve some defense man
power problems that could be solved. 

Summing it all up, if we do find 
ourselves up against a general man
power shortage, it will not be because a 
shortage actually exists but because we 
have failed to make the best use of the 
resources that are available to us. 

T ET US now consider the specific 
L shortages. First there is the matter 
of local needs. The Department of Labor 

has already had to classifv six places as 
areas of serious labor shortages from the 
standpoint of defense production. Two 
good examples are San Diego, Calif., and 
Wichita, Kan. There are several things 
that employers in such areas can do. 
They can examine their employment 
practices to see whether they are availing 
themselves of the extra sources of labor 
supply we have mentioned-women, the 
handicapped, older workers and minori
ty groups. They can make sure that they 
are making the most effective possible 
use of the workers they already have. 
They can up-grade their workers to more 

skilled jobs by further training, either in 
their own plants or by cooperation with 
schools and colleges. The Consolidated 
Vultee Aircraft Corporation in Texas, 
for example, has an arrangement with 
Southern Methodist University whereby 
employees are enrolled in engineering 
courses and can actually earn credits to
ward a degree. 

Employers in labor-shortage areas may 
also increase the working hours in their 
plants. The Office of Defense M obiliza
tion has issued a statement dealing with 
this matter, with a warning that the 
lengthening of hours should not be car-

9 1  
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Unless you've seen the Alnor Dew
pointer in operation, you'd never 
guess thatthis is an actual observation 
of a gas sample at its dew point. For 
the Dewpointer is the only instrument 
that actually lets you see when the 
dew point has been reached. You see 
(1 fog like this ... a cone of sunbeams 
• • •  suspended in the observation 
chamber. There can be no guesswork 
as there is when trying to observe 
condensation on a polished surface. 

Operating on a truly unique prin
ciple, the Alnor Dewpointer elimi
nates disadvantages inherent in other 
less precise methods such as: incon
sistent readings; the need for bulky 
coolants; inability to be used away 
from source of gas tested. Compact 
design means convenient portability 
-laboratory accuracy anywhere. 

These same qualities of speed, port
ability and accuracy identify all Alnor 
precision instruments such as: The 
PY ROCON, a handy portable instru
ment for quick, accurate reading of 
surface temperatures . . .  of any ma
terial,any shape.The ALNOR VELOM. 
ETER provides instantaneous, direct 
reading of air velocities in feet per 
minute without timing, calculations, 
charts or tables. 

Send today for complete informa
tion on the Alnor instrument that can 
help you accurately measure temper
ature, air velocity or dew point. Write 
to: Illinois Testing Laboratories, Inc., 
Rm. 548, 420 N. LaSalle St., Chicago 
10, Illinois. 

92 

CIVILIAN INDUSTRIES 11.6 "MILLION 

UNEMPlOYMENT .5 MIlliON 

A P RIL 1945 L A B O R  F O RCE P O T ENTIAL L A B O R  F O RCE 
66.2 MILLION 69.1 MILLION 

FULL MOBILIZATION of our potential labor force (column at right) ac· 
cording to the pattern of \Vorld War II (column at left) might enable us to 
expand our presently planned armed forces from 3.5 to 12.5 million. 

ried so far that it reduces productivity, 
as it did in some cases in World War II. 
The statement suggests that provisions 
for premium overtime pay should be 
kept as they are. This suggestion is con
sistent with the practice followed 
throughout World War II, and is based 
on the conviction that any other program 
would eliminate the incentive for over
time work. A change in overtime provi
sions would also require altering collec
tive bargaining agreements affecting 15 
million workers, and might lead to 
difficulties that would seriously interfere 
with defense production. 

All these measures will help, but the 
best solution for the maldistribution of 
workers is to take care that the work is 
placed where adequate numbers of 
workers are available. This means that 
the factor of manpower supply must be 
taken into account in the location of new 

defense plants, in the expansion of exist
ing ones and in the placement of con
tracts and subcontracts. Certainly no 
additional defense work should be 
awarded to areas that already have a 
critical labor shortage, except when it is 
impossible to place the work elsewhere. 

The ODM has issued a basic policy 
guide on this matter. It is designed to 
insure maximum use of the mltion's total 
manpower potential by promoting full 
utilization of each area's manpower re
sources. The policies laid down are cal
culated to minimize the need for migra
tion of workers and for diversion of man
power to build housing and community 
facilities for them. They also seek to hold 
unemployment to a minimum during the 
period of transition from nondefense to 
defense work; this is to be done through 
control of the allocation of materials. The 
policy instructs procurement officials to 
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make a detailed study of the manpower 
situation in those regions which are de
signated by the Department of Labor as 
critical defense areas before awarding 
additional contracts, and it requires 
similar studies by the agencies responsi
ble for the location and expansion of 
plants. These precautions should enable 
us to avoid many of the local manpower 
problems that arose in World War II. 

During World War II we had to deal 
\vith some of our manpower problems on 
an industry-wide basis without regard to 
local conditions. Although this approach 
is not too satisfactory, we probably shall 
need to resort to it again in certain cases 
where the labor shortage is industry
wide. One such case is the machine-tool 
industry. The ODM has directed that 
manpower needs of this industry be 
given top priority by the agencies con
cerned. During the tooling-up stage of 
mobilization Selective Service 'and the 
Department of Defense will hold to a 
minimum their draft and reservist calls 
from this group of workers. 

OUR shortages in the scientific and 
technical fields are discussed in de

tail elsewhere in this issue. Here I should 
like to mention certain general consid
erations that apply to the whole problem 
of. providing an adequate supply of high
ly skilled manpower. We need to keep 
reminding ourselves that we are dealing 
with a long-term emergency. During 
World War II we did a great deal of 
improvising to meet shortages in trained 
manpower, assuming that the emergency 
would soon be over and that we could 
return to normalcy. This time we must 
deal with an emergency that may be 
with us for 10 to 20 years. Undoubtedly 
we shall again have to improvise to meet 
some immediate needs. If, however, we 
merely improvise and fail to work out 
long-range solutions, we shall certainly 
find ourselves confronted with problems 
that we cannot deal with effectively be
cause we have begun too late. 

First of all, we must make sure that 
we utilize our trained people for the 
work they are best fitted to do. Consid
ering the shortages in these areas, and 
how important it is to the future of oUI 
nation and of the world that our defense 
program move forward according to 
schedule, it is inexcusable negligence fOI 
anyone in an administrative position, in 
or out of the' Government, to fail to use 
the available personnel for the kind of 
work for which they have been trained 
If an agency or organization has more 
trained persons than it needs in a cate
gory in which shortages exist elsewhere, 
it has an obligation to help place them 
where they are needed. 

. 

Second, counselors in our schools and 
colleges also should do everything within 
their power to persuade students with 
the necessary aptitudes to train for the 
occupations in which the demand ex
ceeds the supply. Industry and the Gov-

NEW FILTERS 
FOR THE ULTRAVIOLET 

Polaroid filters of this series have 
high transmittance in the visible region 
but sharp cut-offs in the deep violet or 
the ultraviolet. They are opaque at 
shorter wave-lengths. The basic filter 
material is a thin plastic sheet which is 
either colorless or (for cut-offs in the 
violet) has a pale yellowish tint. The 
graph shows typical transmittance 
curves of the five currently-available 
plastic UV filters. 

Because of their sharp cut-offs, the 
filters offer advantages in visual instru
ments and photography; in spectro
photometry; as anti-fluorescent shields; 
in studies involving isolation of part or 
al! of the ultraviolet, particularly in 
biology and the physiology of vision. 

Filters UV420 and UV395 show 
high stability in accelerated weather
ing and radiation tests. Filters UV375, 
UV320 and UV300 may require occa
sional replacement when subjected to 
long-continued, strong ultraviolet 
radiation. 

Al! five plastic filters are stocked as 
2-inch squares at $5.00 each. They 
can readily be trimmcd with shears or 

• SYMBOLIC 
LOGIC 

• COMPUTING 
MACHINERY 

• OPERATIONS 
RESEARCH 
and other subjects* 

Courses or Guided Study, by Mail 
Beginning or Advanced 
Individuals or Study-Groups 
Fitted to Your Interests and Pocketbook 

" ... I am immensely enjoying this op
portunity to discuss and learn." 

-a member of the Faculty, 
Dept. of Physiological Sciences, 
Dartmouth Medical School. 

*'¥ e believe there is a need for an educa
tional service in many fields of science. Vve 
plan to develop such a sef\'ice; please tell 
us what you would like. 

Write: 
EDMUND C. BERKELEY 

and Associates 
Makers of SIMON, 

the World's Smallest Mechanical Brain 
Berkeley is author of Giant Brains or Machines that 

Think. John Wiley & Sons. 1949 
36 West 11 St., 59, New York 11, N. Y. 

POLAROID UV FILTERS 
Ultroviolet- AbsorbinQ. Non-Polarizin9 
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razor blade. UV395, UV375 and 
UV420 are also supplied as 2-inch 
square or 2-inch diameter filters 
laminated in water-white plate glass, 
at $7.00 each. 

We invite your inquiries regarding 
larger sizes, larger quantities or glass 
filters of specified optical tolcrance. 
Write Polaroid Corporation, Dept. 
SA-91, Cambridge 39, Mass., U. S. A. 

Polaroid and m® by Polaroid Cor!>Onuion 

ANOTHER LANGUAGE 
Is a MUST For Modern Scientists 

You Can Learn !i l€'!I � ==-Easily. Quickly. /cLr;<JI. 11'iI_ 
Accura+ely � II"!. tN 

I lI;GUAPi.)rlE�; 
World's·Standard Conversational Method 
You learn through natural everyday conversa
tion . . •  with effortless ease and real pleasure. 
First you LISTEN to both men and women speak 
in their native tongue. In an amazingly short 
time you understand and SPEAK, with correct 
accent and the right swing. You learn to read 
and write. It's amazingly easy! 

In your own home you can study alone in privacy 
or have wife and children or friends join you in a 
delightful pastime that is a cultural necessity and 
invaluable asset whether science is your career or 
your hobby. 

It will take you only 20 minutes a day to master 
any of 29 languages the Linguaphone Way. 

FRENCH GERMAN SPANISH RUSSIAN 
-29 languages including the Asiatic 

available. 
Linguaphone courses were made astonishingly sim
ple, easy and practical by more than 150 expert 
linguists of international fame. Endorsed by educa
tors, used by colleges, schools, U. N., Armed Servo 
ices, Government Agencies and the choice of more 
than one million home-study students. 

Approved for Veterans' Training. 
,.----·SEND FOR FREE BOOK·----, 

I LINGUAPHONE INSTITUTE I 
I 309 Rockefeller Plo.a, New York 20, N. Y. I 
I 

Send me your FREE Book. 
I 

I I want to learn... .. ............ Language 
I 

I Name. ................................ . ................... I 
I Address ......................................... ................ ....................... I 
I City... . ....................... Zone & State .............. ............ I 
L _________________ J 
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Development Engineers ... 
Research Engineers ... Designers ••• 

This could be your 

Opportunity of a 

Lifetime! 
Continued expansion in many of 

the divisions of Minneapolis-Honey

well- America's leading manufac

turer of automatic controls - has 

created some wonderful new oppor

tunities for graduate electrical and 

mechanical engineers with research, 

design or development experience. 

Jobs are now available in the all

important heating, ventilating, air

conditioning, industrial processing, 

and a myriad of other fields-wher

ever there is a need for automatic 

controls. And this includes the fas

cinating new fields of atomic energy, 

guided missiles and aviation! 

These permanent engineering jobs 

offer you advantages most men 

spend a lifetime looking for: an 

opportunity to use the latest elec

tronic techniques and equipment; a 

chance to do work bordering on 

basic research; diversification that 

affords security, and at the same 

time allows you to choose the kind 

of work you like most. 

If this sounds like your kind of 

opportunity, we'd be glad to tell 

you more about it-and about the 

fine living conditions and salaries 

in Minneapolis and Philadelphia. 

Depending on the location you 

prefer, write to H. D. Elverum, 

Personnel Department SA-I, Min

neapolis 8, Minn., or W. Reiterman, 

P ers o n n e l  D e p a r t m e n t  S A-I, 
Philadelphia 44, Pa., giving your 

qualifications and experience. Your 

correspondence will be held in the 

strictest confidence, of course. 

Honeywell 
�tU0� 
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1950 1951 1952 
112.5 MILLION 113.6 MILLION 114.7 MILLION --- TOTAL POPULATION 

.-------r-----I-
---,...,,-I (14 YEARS OF AGE OR OLDER) 

47.3 MIlliON 46.1 MILLION 46.3 MIlliON 

NOliN 
LABOR 
FORCE 

ARMED FORCES 

CIVILIANS IN 
DEFENSE INDUSTRY 

NON-DEFENSE. 

UNEMPLOYED 

lABOll 
FORCE 

PROJECTED MOBILIZATION of a lahor force that will support an armed 
force of 3.5 million should result in a lahor force of 64.9 million hy 1952. 
The figures in this chart are for the last quarter of 1950, 1951 and 1952. 

ernment should see that the counselors 
are provided with facts about our man
power needs and opportunities. In this 
recruiting effort the women should not 
be overlooked. In many professional and 
technical fields we shall not be able to 
solve our manpower problems unless we 
use women to a greater extent than 
we have up to the present time. J:o do 
so we must convince them that training 
for these occupations will give them an 
unusual opportunity to serve the nation 
during a very critical period. 

Third, the potential candidates for 
such occupations are not confined to the 
students in our schools and colleges. 
Among the workers already employed 
there are many persons who have apti
tudes for scientific or technical work but 
lack training. We must discover them, 
and having discovered them, must he 
ingenious enough to develop ways and 

means of providing them with the neces
sary training without interfering with 
their present earnings. In many instances 
this means that employers and institu
tions of learning must display real in
genuity in working out such cooperative 
relationships. 

HOW WILL the demancls for military 
manpower affect those for civilian 

manpower? We are not yet in a position 
to say, because on some of the important 
questions the final decisions have not yet 
been made. Up to this point we have 
been planning on the basis of an armed 
force of 3.5 million men. Even on this 
basis we know that we shall have to cope 
with shortages in certain civilian occu
pations. We must now consider the im
plications of the proposal for further ex
pansion of the military services. So far 
the proposal is only in the discussion 
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We're anxious to provide adequate 

amounts of this useful material to assist in the 

development of new market potentials, and 

we're making every effort to supply suf

ficient quantities for such evaluation work. 

In some cases it may not be possible for 

us to supply Visqueen to your exact speci

fications, in spite of our desire to do so. 

Bur we're trying. 

So if your experiments call for a poly
ethylene film with many unique properties, 

write or wire or ask your Visqueen repre

sentative for details. 

and there is still some 

DEE FILM 
available for 
experimental work 

'. .a:t: -t I �0'lA (lM.t. VISQUEEN film is all polyethylene, 

but not all polyethylene film is VISQUEEN. VISQUEEN 

is the only film, produced by the process covered by U.S. 

Patent No. 2461975. Only VISQUEEN has the benefit of 

the research and extensive technical experience of The 

Visking Corporation, pioneers in the development of 

polyethylene film. Be sure. Always specify VISQUEEN 

film for superior tear and tensile strength and greater 

uniformity. 

�: 

VISQUEEN film • • •  a product of 

THE VISKING CORPORATION 
Preston Division • Terre Haute, Indiana 

In Canada: Vi.king limited, Lindsay, Ontaria 

*T. M. The Yisking Corporation 
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TRAINED MEN 
ARE SCARCE! 

Are You Sending a 

MAN 
on a Soy's Errand? 

Technically-trained men are getting 

scarcer_ Yet many concerns are tying 

up their engineers and chemists on 

routine testing jobs where their tal

ents are not most effectively used_ 

Why not send your routine teSt

ing to an outside laboratory? You 

can then assign your own trained 

technical men to your more urgent 

and unusual problems of product 

development, trouble-shooting, and 

tasks involving close familiarity 

with your own operations_ 

We are particularly adapted to 

handle routine problems ordinarily 

flowing through your laboratories. 

Our staffs include engineers, chem

ists, physicists, biologists, and 

specially trained technicians. Our 

scientific equipment is unusually 

extensive and includes such facilities 

as a radioisotope laboratory and a 

spectro - chemical laboratory which 

arc, for the most part, outside the 

scope of the plant laboratory. 
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Let's get together for discussions. 

We are sure we can help you release 

your valuable technical staffs for the 

critical problems you are facing. 

UNITED STATES 
TESTING COMPANY, Inc. 

Established 1880 
1660 Park Avenue, 

HOBOKEN, NEW JERSEY 
PHILADELPHIA ' BOSTON ' PROVIDENCE 

CHICAGO ' NEW YORK ' LOS ANGELES 

DENVER ' MEMPHIS 

MImi", 0/ Am";c,,n CQII",iI Dr CDmmtrti41 Labaraloritl 

69.1 MILLION 

66.2 MILLION 
63.5 MILLION 

WOMEN 
WOMEN 20.7 MILLION 

55.1 MILLION 19.8 MIlliON WOMEN 
18.1 MIlliON 

WOMEN 
14:0 MIlliON 

MEN 
MEN 

46.4 MilliON MEN 
45.4 MILLION 

MEN 
48.4 MILLION 

41.1 MIlliON 

PREWAR PEAK WAR PRESENT POTENTIAL 
APRIL 1940 APRIL 1945 

EMPLOYMENT OF WOMEN greatly increased during World War II and 
was a major factor in solving the manpower prohlems of that time. The con
tinued high rate of employment has kept these new workers in the lahor force. 

stage, but the mer3 discussion of the 
matter underlines the importance of the. 
problem. On one hand we must take 
account of the shortages of trained 
specialists in the civilian force that may 
interfere with production. On the other, 
we must recognize the needs of the 
military services for the same kinds of 
specialists. The working out of policies 
for deferments from military service is 
therefore one of the most important and 
difficult issues before the nation. 

After considerable discussion a policy 
has been adopted for the postponement 
of the .military service of certain col
lege students during the academic year 
1951-52, in recognition of the need for 
trained manpower. Local draft boards 
may defer induction of all students who 
receive a passing grade in a Selective 
Service qualification test or who rank in 
the upper three-fourths of men in the 

junior class, the upper two-thirds of the 
sophomore class or the upper half of the 
freshman class. If a local draft board 
refuses to permit a student who qualifies 
for this plan to remain in college for the 
coming academic year, he can appeal 
the decision through Selective Service 
channels. 

When this plan was first announced, 
there were some vigorous objections. 
Many thought that the deferred students 
would escape military service altogether. 
Actually a large proportion of them will 
be called to serve in the armed forces as 
soon as they have graduated. It was 
objected that the plan gave preferred 
treatment to the co:nparatively small 
proportion of our capable youth who 
could afford to go to colle::;e. This point 
is well taken, but the best answer to it 
is not to reduce the supply of trained 
Feople but to see that more of our able 

© 1951 SCIENTIFIC AMERICAN, INC



Va VOlA know_ .. � •Ip �� That Beckman pioneered modern 
_ ': , greSG electrode pH equipment? 

'= . 
Until Beckman pH instruments were developed, 

glass electrode pH equipment was a cumbersome, complicated 
laboratory curiosity. It was Beckman that pioneered today's 
simple, compact, highly accurate and completely dependable 
glass electrode pH equipment! I�'I � That Beei<man pioneere<! v1,w.Uy � \ 

e-Jery major deveropmem in modern 
-:' 0 ::-� \ glass e.lectirocle pH equipment? 

/ ..... , ' 
Such far·reaching advancements as glass electrodes 

that can be used at temperatures as high as 130· C, and show 
negligible deviation even in high temperature-high pH ranges 
... glass electrodes that can be used at temperatures as low 
as - 20· C and will withstand repeated freezing ... glass elec
trodes so strong they can even be used as stirring rods-so 
abrasion-resistant they readily withstand long service in abra
sive slurries ... these and other vital glass electrode advance
ments were ull pioneered by Beckman. Many of these advance

-me,,/! are still available excl1lSively ill Beckman equipment! •' - � ThElfi 6eckm.m ofrers -the industrys � , most complete line of glass electrode 
� � pH insf,nAments ? 

-' 

Included in the complete Beckman line are inslru
ments specially designed to combine the high precision and 
wide versatility necessary for advanced research, medical and 
laboratory applications . . .  others that combine maximum 

, ., ..... . . --""", 

pH CONTROL? 

That Beckman also provides ine indLlstry� most complete line of 
moolom gless electrodes? 

Although glass electrode pH instruments are the 
most efficient pH equipment obtainable, no glass electrode 
pH instrument is better than the versatility, accuracy and 
dependability of the eleclrode assemblies available for use 
with it. 

Beckman provides the industry's most complete line 
of glass electrodes for use with Beckman pH inslruments-a 
type of electrode assembly to meet every industrial, research, 
laboratory and field requirement! 

That there are so mat1y money�savin9 
applications for 6eckman pH control 
that }'OtA Wl9>, be losing impor£ant 
profits unless YOLl m9ke a compre.te 
investigation of yoor ope.ratiot1S? 

simplicity and high accuracy with complete portability for There is pH wherever there's water, water solutions, 
plant and field applications . . . still others that combine moist pastes, sludges, slurries or other moisture-containing 
maximum simplicity and high accuracy with the plug-in substances. And wherever there is pH, chances are the opera-
convenience of full AC operation ... plus completely aulo- tion can be done better ... with greater uniformity and less 
matic pH equipment for continuous pH indication, recording waste at lower overall cost . . .  by Beckman-controlling the 
and control on large-scale processing applications. pH of the various processing operations. 

�R you manufacture food products or treat sewage 
• . .  do metal plating or refine crude oil ... make textiles or 
process ore-ill fact, no matter WHAT your field of operation .. . 
if you have not yet determined whether Beckman pH Control 
can be used to advantage in your operations-possibly is already 
BEING used to cut costs by your competitors-let us study your 
processes and make helpful recommendations. No obligation, of 
course. BECKMAN INSTRUMENTS INC., SOUTH PASADENA 48, 
CALIFORNIA. Factory Service Branches: New York, Chicago, 
Los Angeles. 

For an informative, non·technicol outline of modern pH (o"'rol- what it is and how' 

it's used - sen� for this free booklet UWhot Every Executive Should Know About pH.!'!' 

STRUMENTS CONTROL MODERN INDUSTRIES 
pH Meters and Electrodes - Spectrophotometers - Radioactivity Meters _ Special Instruments 
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Don't be 

1rHE COURSE OF YOUR CAREER 
may depend upon what you do about 
your future-now. A sure way to 
miss success is to miss opportunity. 

Now is the time for qualified 
ELECTRONIC, ELECTRICAL and ME

CHANICAL ENGINEERS • . •  PHYSICISTS 

. • •  METALLURGISTS • • •  CHEMICAL 

and CERAMIC ENGINEERS . . •  as well 
as TECHNICAL SALES ENGINEERS to 

decide to take full advantage of the 
opportunities now open at RCA to 
achieve professional success. 

LIFELONG 
CAREER OPPORTUNITIES 

These are not temporary positions. 
They are independent of national 
defense requirements. The openings 
represent a wide choice of long-term 

government projects as well as chal
lenging work in the permanent ex
pansion of a diversified l i n e  o f  

commercial products. 

YOU ENJOY THESE BENEFITS 
At RCA, you enjoy professional 
status, recognition for accomplish
ments ... unexcelled research facili
ties for creative work ... opportuni
ties for advancement in position and 

income ... pleasant surroundings in 
which to work. You and your families 
participate in Company-paid hospi
tal,surgical, accident, sickness and life 

insurance. Modern retirement pro
gram. Good suburban or countryresi
dential and recreational conditions. 
Opportunities for graduate study. 
Investigate opportunities today. 

I 
to yOU! future. 

POSITIONS OPEN 

IN THE FOLLOWING FIELDS: 

TELEVISION DEVELOPMENT
Receivers, Transmitters and Studio 
Equipment 

ELECTRON TUBE DEVELOPMENT
Receiving, Transmitting, Cathode-Ray, 
Phototubes and Magnetrons 

TRANSFORMER and COIL DESIGN 

COMMUNICATIONS-
Microwave, Mobile, Aviation, Special
ized Military Systems 

RADAR-
Circuitry, Antenna Design, Computer, 
Servo - Systems, Information Display 
Systems 

INDUSTRIAL ELECTRONICS-
Precision Instruments,Digital Circuitry, 
Magnetic Recording, Industrial Televi
sion, Color Measurements 

NAVIGATIONAL AIDS 

TECHNICAL SALES 

ELECTRONIC EQUIPMENT FIELD 
SERVICE 

MAIL RESUME 
If you qualify for any of the positions listed above, send us a 

complete resume of your education and experience, also state 
your specialized field preference. Send resume to: 

Whatever your plans for the future-you 
will find the booklet "The Place of the 
Engineer in RCA" interesting reading. 
Write for your free copy. 

MR. ROBERT E. McQUISTON, 
Specialized Employment Division, Dept. V-I58 

Radio Corporation of America, 
30 Rockefeller Plaza, 
New York 20, N. Y. 

G RADIO CORPORATION 0' AMERICA 
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youths are afforded the opportunity to 
attend college. If the plan for the post
ponement of military service for students 
in college is to continue in effect for any 
length of time, it seems clear that the 
Federal government must consider the 
possibility of developing a program for 
financial assistance to needy students. 
Such a plan is now being given consider
ation by manpower policy committees in 
the ODM. 

DURING the next few months the 
nation will have to make some diffi

cult decisions on these matters. The stu
dent-deferment plan in a sense is an 
interim measure; it may be revised by 
what Congress finally decides to do con
cerning a system of universal military 
training. The Congress is awaiting the 
report of a special commission on this 
subject. It is also considering some 
changes in the basic rules governing the 
recall of reserves by the Army, Navy and 
Air Force. 

These and similar developments will 
have to be taken into consider'1tion in 
the formulation of national manpower 
policies. Such policies will be determined 
only after the most careful study has 
been given the views of persons and re
presentatives of groups of persons who 
have a vital part to play in the mobiliza
tion of our manpower resources on a 
voluntary basis. 

An Inter-Agency M anpower Policy 
Committee established by the Director 
of the Office of Defense M obilization 
provides us with the views of all of the 
agencies of the Executive Branch that 
have operating responsibilities in the 
manpo\ver field. A Labor- !-. I anagement 
M anpower Policv Committee provides 
us with the views of seven representa
tives of organized labor and a like num
ber of representatives of industrial and 
agricultural management. In addition, 
the Secretary of Labor is in the process 
of appointing both regional and area 
labor-management committees. 

A Committee on Specialized Person
nel will advise these committees on basic 
policies governing the training and em
ployment of scientists, engineers, tech
nicians and other types of specialized 
personnel. This Committee is made up 
of outstanding representatives of Gov
ernment, industry, education and labor. 
A Health Resources Advisory Commit
tee made up of recognized leaders in this. 
area gives ' similar advice on problems 
relating to doctors, dentists and nurses. 

A policy adopted as the result of the 
work of all of these groups will have a 

. tremendous effect on the supply and 
utilization of trained manpower for years 
to come. 

• 

Arthur S. Flemm ing, educa
tor, is Assistant to the Direc
tor ( Manpower )  of the Of
fice of Defense M obili::;ation.  

A new achievement in automatic data analysis • • •  

the T elep·-...... .,. 

plots graphs 
10 times faster 

than by hand 
operates from IBM o r  keyboard 

digital input 
A new prob lem has developed i n  modern sc ience 

and engineer i ng-the prob lem of manua l  p lott ing. 

The s lowness, fatigue, human errors of 

manua l  plotting frequently cause ser ious t ime 

lags, i ncrease expenses and overhead.  

The Telep lotter solves that prob lem.  Plotting 

40 poi nts per m i n ute, i t  is faster, cheaper, 

more accurate than manua l  p lotting_ 

Vital data : 
Plott ing speed -40 poi nts per  min ute, 

a pprox imate ly  10 t imes  faster 
than manual p lott ing 

Plott ing area -26 x 55 i nches or  l ess 
P lott i n g  accuracy - ± 25 m m  (paper 

stretch does not affect accuracy) 
Sca le  factors - five factors, with 

i n dependent  s e l ect ion for 
each axis 

P lots X·Y data on  l inear  or 
logar i thm ic  paper �1 Ti m e  req u i red  to set  up Te lep lotter ::?:i � for operat ion - neg l ig ib le  f�� 

Applications : 
Exper imental uses 
P lots wind tunnel  data;  static and  
structura l test  data ;  fract ionat ing 
tower design data, etc.  
P lots results of manual  ca lcu lat ions 
and  results of a utomatic e l ectron i c  
ca lcu la t ing  mach i nes to detect 
random e rrors. 

Theoretical uses 
P lots theoret ica l  curves �nd results �1 How It operates : �: of theoret ica l  ca l cu lat ions .  ;'1 ;{l Data is i ntroduced i nto the  f%. General uses 5� .� Te lep lotter by I B M  equ i pment or  g:. P lots i nsurance tab les ;  stock market, r4?; '.'�.� by the  Te lep lotter  keyboard .  �.' .• ? statist i ca l  and f inanc ia l  records; :,�, � le.; product ion control  data; results � :/f; The Te lep lotter Read i ng-Head ,  hous ing �£ of eng ineer ing studies and ana lyses; ;';� l photo-e lect r i c  "eyes," travels over the  @ management control data. �: � gra ph paper ,  counts gr id l i nes  and  J1i Pl ots results of cont inuous Cg: : .� spaces ,  p r i nts a symbol when its counts �; process operat ions for superv is ion  .:�) ,� co inc i de  with the  I B M  or keyboard data . � and  control pu rposes.

.�';i 

1';f�:����:S(�r;'j��';:;'�;�;��i;'�i:::S:'i�8��;:f..±tZ"���;FE.�';;':��':�'i::;����--<;J;i£!!M%;� 
' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , 

Write for brochure,  "Automatic Data Analysis," 

g iv ing fu l l  deta i l s  on the Teleplotter and 

other Telecomputing I nstruments. Coupon on 

the r ight i s  for your convenience.  

M r .  John H .  Weaver ,  Engineer ing , Oept. - F-2 
Dear  S i r :  P l ease send me " Automatic  Data 
A n a l y s i s . "  

N a m e  

C o m p a n y  

Street a''''dd''r'''es'''s----------
C i ty a n d  State 

T E L E C O M P U T I N G  
CORPORATION, BURBAN K, CALIFORNIA 

"Turn hours into minutes with Automatic Data Analysis" 
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Behind the EYE S O F  RE S EARC H 
PUBLISHED IN THE INTEREST OF FURTHERING ANALYSIS AND RESEARCH THROUGH MODERN OPTICAL INSTRUMENTATION 

A N  OP TICA L A ID TO 
CA NCER RESEA R CH 

Electrophoresis may help to fill one of the gaps 
in the overall cancer p roblem. Electrophoresis 
is a means of separating complex solutions, like 
blood and serum, by applying an electric current 
to the fluid in a special glass cell. The migra· 
tion of the components can be photographed as 
a series of peaks and valleys. Cancer produces 
blood changes-and blood changes vary the nor
mal electrophoretic p attern. Trained eyes can tell 
what blood components are present, and in what 
quantity. 

Still in its infancy, this new optical phase of 
cancer research provides medicine with another 
point of ;ttack. The radically new design of 
Perkin-Elmer's Tiselius Electrophoresis Appa
ratus has reduced size and weight of this instru· 
ment to 60 in. and 120 lb. ,  bringing this modern 
research tool within the reach of all medical 
laboratories. 

• �\'i \'-I "",. �.'''.'' , \." X\� " " . '.· '\�S\RV;�" " ' " 
,,:,ii � 

Do you and your resea
,
rch staff \ .c,::;;:;:' , 

know about The Perkm,Elmer \ ,�'-:c Instrument New s ?  This B-page -. YS',· 
quarterly is devoted exclusively 

\ '!.' 
to the latest news and technical 
developments of electro-optical 
instruments. We will be glad to 
place any of your staff on our 
mailing list. 

1 00 

AIR FOR CE'S A LL- SEEING EYE 
A new type of aerial camera with a unique 90-lb . rotating glass 
prism that allows aerial cameramen to photograph an area 
the size of Pennsylvania on a single roll of film, is Perkin
Elmer's latest achievement for the U. S.  Air Force. The Trans
verse  P a n o r a m i c  C am e r a  s c a n s  t e r r a i n  f r o m  h o r i z o n -t o 
horizon across a plane's line o f  flight a n d  records the image o n  
a roll o f  film 18 in. wide and 5,000 ft. long ! Extreme accuracy 
of the Perkin· Elmer optics makes it possible to record such 
ground detail as pole shadows and railroad ties from 40,000 ft. 
on a single 12-foot frame. Replacing two to five conventional 
cameras, the new 1,500-lb. giant marks a new era in recon-
naissance photography. 

TA KING THE TEMPERA TURE OF A JET 
Taking temperatures of flames as hot as 5,000 deg. F and five feet in 
diameter, with an accuracy of one percent, is a new contribution of 
infrared radiation to j et engine aerodynamics. Before a new j et engine 
can get by the drawing bo ards, engineers must know precisely how 
hot the engine will get. IMRA-Infrared Monochromatic Radiation 
pyrometry, pioneered by Industrial Scientific Company, New York 
City-provides a quick and simple answer. Infrared radiation is 
p assed through a j et flame and focused on one of the components 
of a Perkin-Elmer Infrared Spectrometer. Two measurements are 
taken, two simple equations solved, and the engineer has his answer. 
Another application for infrared spectrometers-commercially devel
oped into one of chemistry's most versatile tools by Perkin-Elmer. 

T H E P E R K I N - E L M E R C O R P O R A T I O N  

N O RWA L K ,  C O N N E CT I CUT 

M a n u f a c t u r e r s  of  e l e c t r o - o p t i c a l  i n s t r u m e n t s  a n d  o p t i c a l  d e s i g n  c o n s u l t a n t s .  

© 1951 SCIENTIFIC AMERICAN, INC



What lies beyond the full utilization of our human resources? Our 

best hope is to increase our educational opportunities and enlarge 

the fraction of our people capable of learning the higher skills 

I
T IS CLEAR that extraordinary de

mands will be made on the human 
resources of the U. S. in the coming 

years. There are shortages in trained per
sonnel. There are shortages in the educa
tional facilities that turn out the trained 
personnel. Is there also a shortage in 
human raw materials? Can we lengthen 
·the period of schooling without a dimin
ishing return? Are there enough geniuses 
and subgeniuses to maintain our social 
structures at ever-more-complex levels? 
Can our human stock stand the strain of 
the intellectual demands that the over
whelming danger of atomic warfare 
places upon all of us? 

Let us leave .out the question of our 
physical and artistic capabilities, for they 
are more or less irrelevant. We know 
how to keep ourselves in good physical 
condition, but that is not enough. And 
the artist cannot save us; he can only 
help to make us worth saving. 'vVho, 
then, can save us? Only persons who 
possess the necessary knowledge and 
leadership ability. Natural resources be
come human achievement through the 

by George D. Stoddard 

work of the scientist, the technologist 
and the professional worker in a dozen 
lines. Of course, leadership in a vacuum 
is not enough. Without the backing and 
the sustained good will of citizens who 
are dedicated to ideals held in common, 
nothing would avail. If the social organ
ism is to survive, we need both the head 
and the body. The new competition is 
not simply for economic goods, for terri
tory, for an excess of military might. 
The deep struggle is for the minds of 
men. . 

The U. S., justly famous for its process
ing of natural resources, its ability to 
produce and distribute, is called upon to 
make two additional contributions to the 
world. The first one, which Americans 
have been making almost unconsciously 
since 1776, is the lift to libertv and free
dom given in our declarati�ns of the 
rights of man. The U. S. was the first 
nation to be formed as a direct outcome 
of democratic principles, and although 
there are some defects in our practice, 
particularly in regard to the rights of 
minorities, we have not wavered in our 

general adherence to these great doc
trines. 

The second call upon the U. S. is one 
that European cultures acknowledge 
with reluctance: it is to furnish leader
ship in the world of the intellect. 
Whether we like the role or not-and 
many persons do not-America is the 
new Greece and the new Rome. Con
sider as a single indestructible symbol 
the fact that Albert Einstein chose the 
U. S. as his home-and prospered here. 

All this rests upon a discovery large
ly our own: namely, that talent exists 
in every social level of the population, 
indeed, that at birth it is about evenly 
distribu ted in all levels. America has 
tried "to give every one a chance." In 
so doing, we struck rich ore: it turned 
out that nearly everybody deserved this 
chance to make good. Our great cultural 
inventions-such as the public school, 
the land-grant college, an effective tax 
system and a social structure almost de
void of class barriers-combined to pro
duce something the world sorely needed: 
the emergence of talented leaders and 
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Are 
you 

BOEING 
caliber? 
Boeing's world-widc rcputation for sound 
engincering achievcmcnt is foundcd on 
men. Bocing enginccrs and physicists 
are graduates of many univcrsitics and 
technical schools. Under inspiring lead
ership thcy have becn weldcd into onc 
of the most potcnt forccs in any field 
of scientific advancc. 

If you can measurc up to Bocing stand
ards, thcrc is an attractive future for you 
in this rcnowned group. In addition to 
the prcstige which attaches to being a 
member of the Boeing cngineering tcam, 
there are other dcfinite advantagcs: 

1 The challenge of working on such "it .. ! pro
grams as the B-47 and B-:i2 jet bombers, 
guided missiles and other revolutionary 
developments. 

2 Stability of career opportunity with an cng'i
neering division that is still growing steadily 
after 85 years. 

3 The invigorating atmosphere of the Pacific 
Northwest-hunting, fishing, sailing, skiing
temperate climate all year around. 

4 The availability of housing. Newcomers to 
Seattle are able to get accommodations-and 
that's unique in a great aircraft manufac
turing center. 

S Good salaries. And they grow with you. 

6 '\'loving and travel expense allowance. 

Boeing's immediate needs call for experienced 
and junior aeronautical, mechanical, electri
cal, electronics, civil, acoustical and weights 
engineers for design and research; for servo
mechanism designers and analysts; and for 
physicists and mathematicians with advanced 
degrees. 

Write today to the address below or use 
the convenient coupon. 

r -- --- - ------- --, 
I JOHN C. SANOERS, Staff Enlineer-Personnel I 
I DEPT. C-9 I 
I Boeing Airplane Company, Seattle 14, Wash. I 
I Engineering opportunities at Boeing inter. I 
I est me. Please send me further information. I 
I Name I 
I Address I 
I I 
I City and State I 
L _______________ � 
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the most universally educated citizenry 
in history. Old cultures had foundered 
on the fallacy that the elite alone should 
rule. Americans escaped the trap by 
happy circumstances that led first to a 
demand for literacy and then to its se
quel in easily accessible institutions of 
higher learning. 

THE conclusion that everyone is 
worthy of the chance to make good 

deserves a little closer attention. Prob
ably many readers are acquainted with 
the study of children's intelligence that 
was carried out at the Child Welfare 
Research Station of the University of 
Iowa during the 1930s and 1940s. It was 
an examination of the mental growth of 
more than 100 children who had been 
placed in good foster homes as infants. 
They were all children of mothers low 
in intelligence and economic and social 
status. Their foster parents, however, 
gave them the careful upbringing and 
good schooling that middle-class chil
dren receive. 

Psychologists at the Research Station 
measured the intelligence of 100 of these 
children at four stages-roughly the ages 
of two, four, six and a half and thirteen 
and a half. In the last report on this in
vestigation two years ago, called A Final 
Follow-Up Study of 100 Adopted Chil
dren, Marie Skodak and Harold M. 
Skeels confirmed what the earlier reports 
had alreadv indicated: that these chil
chen of mei-Jtally inferior mothers, given 
good care and schooling, scored well 
above average in intelligence. Their me
dian LQ. at the four ages when they were 
tested was, respectively, 117.5, Ill, 
114.2 and 107.9. (These scores were 
based on the old Stanford revision of 
the Binet-Simon tests; on the last test 
the children were also examined by the 
new-1937-Stanford revision, and their 
median score on the latter was 117.2.) 
Some of the children were very bright 
indeed: the four highest scored 152, 145, 
142 and 141. Only 10 of the 100 children 
had I.Q.'s below 100. 

The remarkable thing is that as a 
group these children far surpassed the 
LQ. level of their true mothers and 
fathers and the level reached by average 
children in the U. S. The final median 
LQ. of the children (117) exceeds by 
17 points the I.Q. of the average U. S. 
child. 

THE psychological and. social impli
cations of these results are clear. In 

the first place, they prove that we can
not measure the mental ability of chil
chen through measurements of their 
parents. Every newborn child receives a 
new pattern of genes. The only reliable 
way to discover how good this pattern 
may be is to measure directly the growth 
of the child under favorable circum
stances. Studies show that when chil
dren of the same type of parentage as 
those in the Skodak-Skeels study are 

kept in poor homes or poor orphanages, 
they do not improve but tend to decline 
in mental ability. 

In brief, the theory that a child is 
tied to the mental level of his parents 
is no longer tenable. A child born to a 
secure family, sent to a good school and 
exposed to a high level of aspiration ap
proaches maximum mental power. The 
same child, placed in degrading, frus
trating situations, will approach a mini
mum. The structure of the brain allows 
for a wide range of delivered mental 
ability. 

Mental effiCiency-intelligence as we 
measure it-is a product of inherited fac
tors, the age, experience and physio
logical development of the individual 
and the adequacy of the culture in which 
he grows up. Thus there is an inevitable 
correlation between environmental fac
tors and intelligence. One way to reduce 
intelligence is to keep the child cultural
ly impoverished; by the same token one 
way to increase it is to provide enrich
ment. Other factors that play a part in 
the rate of mental growth are emotional 
involvements, diseases or injuries of the 
nervous system and growth and deterio
ration related to age. 

What an intelligence test measures is 
vocabulary, definitions, meanings, solu
tions to problems, reading comprehen
sion and the like. From the individual's 
performance on the test an estimate of 
the inherent capacities of his nervous 
system is inferred, but it is impossible 
to separate these from the cultural fac
tors. Moreover, aside from the impos
sibility of distinguishing the genetic 
from the cultural factors, present-day in
telligence tests are defective with respect 
to the measurement of high-level ab
stracting powei·s, the ability to overcome 
emotional blockages and the ability to 
solve problems through creative imagi
nation. A test of general intelligence 
needs to be supplemented by other 
measures, such as tests of character, per
sonality and special abilities. 

IT FOLLOWS from all this that the 
key to the fuller utilization of our 

human resources is to provide more en
richment-to give each person the best 
possible education. This means, as the 
first step, better schools and colleges, 
with larger enrollments. What should be 
the goals of this education? 

Surely one of the prime needs is what 
John Dewey has called social intelli
gence. It took brains to produce the 
atomic bomb. It will take still more 
brains to avoid its suicidal use. What is 
called for is a new intelligence based on 
social science and a new support of social 
science by the public. 

In the social sciences communication 
and teamwork between the expert and 
the intelligent citizen will need to go be
yond anything needed in physical sci
ence. Almost everybody is willing to 
remain ignorant, and silent, regarding 
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HELP WANTED! 
This advertisement is addressed to 

parents, teachers and young people of 

better than average scholastic ability! 

The chemical industry needs help .. . mainly 
trained scientists with postgraduate degrees 
from recognized universities. 

We urge parents and educators to advise 
promising students of the career advantages 
in chemistry, and the basic courses required. 

To qualified young scientists, the chemical 
industry offers $300-$500 per month starting 
salaries ... wide opportunities for advancement, 
interesting occupation, crea tive achievement, 
public service ... even enduring fame! 

The industry is growing, with production 
400% above 1940 ... employs some 100,000 
chemists, 30,000 chemical engineers, J 7,000 
physicists .• . needs more for years ahead. 

The chemist is today's pioneer! His big job eight new dyes and intermediates last year ... 
is re-arranging the molecules of available developed new dyeing processes, color and 
substances to form others ... to improve X-ray film, papers, acetylene derivatives ... 
on materials found in nature, and develop brought out PYP (polyvinylpyrrolidone), a 
synthetics for materials not found in nature superior blood plasma substitute and new 
... to devise more efficient and less costly detoxifier. Other GA projects promise even 
ways to make things ... to find new, better and more important developments. 
cheaper sources of energy, food, medicine. Continuous chemical research has made 

No job in the world offers a more exciting GeneralAniline the major domestic producer 
adventure, a more inspiring challenge. Of the of quality dyestuffs, and also an important 
last four Nobel Awards in medicine, three.

. 

I supplier of 

. 

ind

. 

us trial chemicals, with 
have gone to chemists! . . . . huge plants at Rensselaer, N. Y. 

The chemist, with the physician, will I l !..l and at G rasselli, N. J. 
mitigate the age old ills of mankind . . . 1.1 � . Its Ansco Division, Binghamton 
and working with the business man and _ N.Y., is the second largestUSmaker 
the engineer, will develop new products of of photographic film, papers, cameras. Its 
incalculable value. Ozalid Division, Johnson City, N. Y. makes 

In common with other companies in the 
chemical industry, General Aniline is always 
interested in scientific talent ... employs 830 
graduates from 285 colleges and universities 
... and will need more! 

General Aniline scientists have unusual 
records of achievement • . .  introduced forty-

Ozalid reproducing machines and papers. 
General Aniline is a good company to 

work for and with, worth watching! 

Write for free booklet. . •  "How to Prepare 
for a Career in Science" by Dr. H. B. Hass, 
Manager Research &Development (formerly 
head of Chemistry Dept,Purdue University). 

GENERAL ANILINE & FILM CORPORATION 
• . .  from Research to Reality . . . 238 Park Avenue, New York 17, N.Y. 
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the Greeks had 
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a word for it .. 

HkeJos 
" 

NEW CHEMISTRY OF CHELATION 
"k-elos" was that word. It means "claw" or "talon" and 
implies "to grasp," "clutch," "bind" or "hold." From "keIOs" derive 
our English words "chelate" and "chelation." By "grasping" and "binding" 
into strong chelate structures, the chemistry of chelation now gives 
you exacting chemical control over cations in solution. 

THE VERSENES* AND CHELATION 
Because of their amazing chelating ability, the Versenes are the most 
powerful organic complexing agents known. Chemically, they are the 
sodium salts of ethylene diamine tetra acetic acid and other polyamino 
acids. Available in liquid or powdered form, they are completely 
stable at high temperatures and at all pH's. 

THE VERSATILE VERSENES* 
Through the Versenes and the new chemistry of chelation, you can 
now do things chemically which were previously believed impossible. 
For example, Versene completely and permanently softens hardest 
water without precipitation. It is also a good decontaminating agent 
for removing radioactive contaminants. Versene T complexes iron in any 
caustic solution. Versene Fe3 Specific complexes iron very effectively 
in the normal pH range. The Versenes assist in the separation of metals 
from each other. Versene inactivates common metals such as cobalt, 
copper, nickel, iron, calcium, magnesium, barium, strontium, tin, lead 
cadmium, zinc and many others. Versene controls reactions 
catalyzed by metallic ions. 

By giving you exacting chemical control of cations and keeping them 
in soluble complex form, one or more of the Versenes does any or all 
of these things. Their value to you cannot be underestimated. Send 
for Technical Bulletin No.2. Ask for samples. Write Dept. J. 

'9��htOdt-��� 
RSWORTH CHEMICAL CO. 

.......... _ .. 
, 

FRAMIN G HAM, MASSAC HUSE T TS 

·Trade-mark 

advanced mathematics. But concerning 
psychology, education, sociology, histo
ry, political science and religion almost 
nobody remains silent, whatever his ig
norance or erudition. It is not easy to 
change this human trait. The difficulty 
is that in general education, dealing with 
the social problems that concern us all, 
we must rely chiefly on common sym
bols-on words-rather than the precise 
tools and symbols available to the natu
ral scientist. And a mere verbal facility 
with ideas is a form of intellectual steril
ity. It creates the impression of learning 
without its counterpart in thought. Now 
that it has become so easy to lift ideas 
out of a newspaper column or a radio or 
TV program, the pseudo-thinker assumes 
the proportions of a menace. He always 
was a bore. 

It is the business of the school or col
lege to provide the genuine article. The 
aim of higher education is not to turn 
out "educated" men and women, emerg
ing bright and shiny like so many insects 
from a four-year cocoon. The aim is 
rather to give students a living fund of 
knowledge from which they may gener
ate ideas and to encourage straight 
thinking. The essence of college life is 
learning-independent learning-on the 
part of the student. He is not there to be 
told something, to be sold something, or 
to be shown something by way of amuse
ment. He is there to get ideas-or reject 
them-straight, uncolored and uncor
rupted. 

If our colleges are free and honest as 
guides to youth, this does not necessarily 
mean that what they teach, or the way 
they t.each it, will have the desired effect 
upon immature minds. Learning is a 

subtle process. What are the general 
principles and the practical limitations 
that affect it? 

We know that the time factor is im
pOltant in learning. The mathematical 
genius who startles the world with 
unique ideas at the age of 21 may have 
been steeped in mathematics for 15 
years. John Stuart Mill was started on his 
involuntary study of Greek and Latin by 
his father in the preschool years. (For
tunately for the ego satisfaction of his 
father, the boy's nervous system was 
equal to the task.) The principle is that 
we learn by being placed in learning 
situations. We learn not by doing, but 
by thinking about what we are doing. 
To choose to go to college is to say that 
one has more confidence in what it can 
do than in casual and perhaps misdi
rected activities. The college underlines 
a sense of future, of preparation, of pur
pose. 

To some extent the conditions of 
learning determine its effectiveness. 
Learning is not something poured over a 

person like a rich sauce. It penetrates his 
cells; it shows up in what he knows, does 
and is. A college graduate is not only 
different from what he was when he en
tered-he is different from what he could 

© 1951 SCIENTIFIC AMERICAN, INC



One of the strongest 
attractions for industrial 

location i n  Chicago and 
N o r t h e r n  I l l i n o i s  is t h e  

great concentration o f  basic 
and applied scientific research facilities located here. 

Industries in this area take advantage of this in two ways. 
They make practical use of the varied research institutions 
already established, many of world renown. Or, if they prefer, 
they readily find at hand all the necessary factors for instituting 
their own research headquarters. . 

New laboratories, the outgrowth of these facilities, are being 
placed in operation at an unprecedented rate. Already operat
ing here are more than 300 research and testing laboratories, 
and the 73 technical and scientific societies embrace 36,000 

members. Adding to this the outstanding universities and 
libraries of Chicago and Northern Illinois, industrial manage
ment finds a reservoir of research skill unequalled elsewhere 
in the world. 

Defense production is quickening the country's industrial 
operations to the fastest pace in history. The great concentra
tion of research facilities in Chicago and Northern Illinois will 
contribute more and more to this great effort. 

A LETTER TO US ... describing your requirements will bring 
you a careJul analysis oj tilis area's advall/ages as they apply to 
your business. Or if you wish, we will send you a careJully 
screened list oj the available buildings or sites that IVould be suit
able Jor your operatiolls, based 011 the inJormatioll YOIl gire lis. 

We keep all such inquiries confidential. Just write us. 

Industries in the Chicago area have these outstanding advantages: Railroad Center of the United States. World Airport 
Inland Waterways. Geographical Center of U. S. Populatioll • Great FiilGncial Celller • The "Great Central Market" • Food 
Producing and Processing Center. Leader ill 11'011 and Steel Manufacturing. Good Labor Relations Record· 2,800,000 Kilowatts, 

of Power. Tremendous Coal Reserves· Good Government· Good Living· Good Services for Local Tax Dollars. 

TERRITORIAL INFORMATION DEPARTMENT 
Marquette Building-140 South Dearborn Street, Chicago 3, Illinois 

COMMONWEALTH EDISON COMPANY • PUBLIC SERVICE COMPANY OF NORTHERN ILLINOIS 
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of foods. pharmac:eutic:als. 
medic:al and sanitary produc:ts 

• based on we"·establlshed sc:ientlfi� knowledge 

High-Voltage 2,000,000-volt electron • developed out of years of resear�h 

C�
c
��;���

r 
K���t�I���o,

at
MI��ig��i��� • product engIneered for rell'able productIon. 

irradiation of pharmaceuticals. line operation 

These important questions about High -Voltage electron sterilization 
can now be answered! 

Q, What is High-Voltago oleetron
beam sterili .. tion? 

A, A process whereby a controllable 
stream of high-energy electrons 
penetrates packaged or bulk prod
uct killing the included micro-or
ganisms without significant product 
temperature rise. 

Q_ Is High-Voltage eloetron treatment 
safe? 

A. Yes. Safety to plant and personnel 
is easily assured. The process does 
not produce any radioactivity in 
the product. 

Q, Is High-Voltage eleetron sterili .. -
tion dependable? 

A. Yes. Complete sterility in the pack
aged or bulk products is consist
ently obtainable. 

Q. Is High-Voltage eleetron treatment 
economical? 

A. Yes. Total treatment costs, with 
Van de Graaff accelerators, now 

range from 5 cents per pound to 
a small fraction of a cent per 
pound, depending on treatment and 
product. 

Q. Can High-Voltago eleetron sterili· 
.ation be obtained without damage 
to the prod uet? 

A. Potency, appearance, and constitu
tion of the irradiated product re
main unchanged in the majority of 
cases. Techniques have been de
veloped to reduce alterations in 
sensitive products to a negligible 
degree. For certain products, no 
other known sterilization method 
can be used without seriously dam
aging the product characteristics. 

Q. How ean an interested eompany 
learn more about High-Voltage 
eleetron-beam sterili.ation for its 
produets? 

A. Write for our Bulletin D, which 
describes our electron-beam steril
ization equipments. 

High Voltage Engineering Corporation is equipped with con sulting 
services and facilities for sample irradiation. 

, . 
't 

HIGH VOLTAGE ENGINEERING CORPORATION' 
l 7 UNIVERSITY ROAD CAMBRIDGE 38, MASSACHUSETTS 
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have been without college. Generally the 
difference is in a favorable direction. 

What we seek finally is complete free
dom in thought combined with optimum 
freedom in action. That is the dual basis 
for comprehension and discovery. One 
test of the outcome is found in the power 
to communicate. A person who is clear 
in his mind can make his mind clear to 
others. To the ready and free mi�d be
liefs do not come suddenly and with 
certainty; they grow. This evolutionary 
process depends upon access to organ
ized facts, but it also implies critical 
evaluation. That part of one's education 
which is beyond mere memory takes 
place in areas of conflict. 

Surely there is ever more to know. 
The world of the intellect, like the uni
verse itself, is expanding. We can be as 
bogged down in a deluge of words and 
images as a dinosaur in his asphalt 
swamp. We must choose and choose 
wisely if the human brain is to remain 
useful. The call is, and will always be, 
for selection and integration. The process 
is not one of accretion. It is organic and 
evolutionary. All depends on whether 
the evolution is in a constructive or de
structive direction. It takes five years of 
expert conditioning to make or break the 
habit of thinking. It takes less than five 
minutes of drug, shock or radiation to 
ruin the nervous system. 

WHO should go to college? The re
port of the President's Commission 

on Higher Education in 1947 told the 
story in a nutshell. It found that, on the 
basis of comparative scores in the Army 
psychological tests, at least half of our 
youth population has the mental ability 
to succeed in school through the junior
college level and at least a third of the 
population could go beyond that to com
plete fo.ur years of college. 

How many do go to college? About 20 
per cent-one out of five of college age. 
We could have twice as many in college 
at a given time without dropping below 
the level of mental ability necessary for 
academic success. It is true that only 
half the present college population earns 
a college degree, but the student body 
is not drawn entirely from the upper 
reaches of intelligence-far from it. As 
Dael Wolfle has shown, the number of 
youths with college ability outruns col
lege graduation by over four to one. 

Does the nation want youth in college 
in greater numbers? This question was 
answered by a Fortune magazine poll 
two years ago. It asked a cross section of 
America: "If you had a son, would you 
want this son to go to college?" Eighty
three per cent said Yes. Even when the 
parents were asked what their answer 
would be if the son were not very intelli
gent or interested in college and the 
money were not in sight, 62 per cent 
still said they would want him to go to 
college. (For girls the insistence was 
somewhat less.) Going to college is a 
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BUSINESS IN MOTION 

War is notorious for wasting lives, money and 

materials, but, it is also responsible, at times and in 

a somewhat indirect way, for progress in scientific 

and practical matters that eventually are turned to 

valuable peace-time applications. A few such by

products are rather widely known; atomic energy, 

for example. Recently there has come to Revere's 

attention an instance that is much less important 

and spectacular but which is worth discussing. It 

might be called "the case of a case." 

During the war, one of Revere's customers made 

4.5 howitzer cases out of cartridge brass. The case 

was 3 y,i inches high, with an 

outside diameter of 4y,i inches. 

The walls were thin, and the 

base thick. Integral with the 

base was a heavy flange, Ys inch 

thick. Inside, the base was 3i 

inch thick. Since the case had to 

be a single piece of brass, the 

flange had to be generated by 

flowing the metal from the base 

after the preliminary cupping 

operations. Many problems 

were solved in the successful 

production of this case, in con-

nection with the metal, tools, lubricants and pro

duction controls. This particular firm developed pro

cedures that were somewhat unusual, which speeded 

production, realized economies, yet met strict speci

fications. 

After the war, this Revere customer was asked by 

a clock company if it could cold-form clock cases 

out of brass, the purpose being to replace a heavy 
casting with a lighter stamping. Drawings of the 

clock case showed its dimensions to be close to those 

of the howitzer case, and in other respects the simi

larities between the two were striking. The most im-

portant difference was that the large radius on 

the inside of the howitzer cases was not permis

sible fo
'
r the clock, because of the space required 

for the works. 

In order to provide a thinner base, and one that 

was flat both inside and outside, only a few manufac

turing changes had to be made. The knowledge ac

quired during the war was applied. The bottom 

design was achieved by squaring the case to the 

exact height, providing the bottom knockout with 

exactly the correct amount of spring tension in the 

restrike, and carefully governing the pressure and 

speed of press travel. If this 

sounds complicated to the aver

age reader, it was simple to the 

men who had made millions of 
cases for war. They coordinated 

all the factors, produced perfect 

clock cases, and thus provided 

another example ,of the adapta

tion of a war product to a peace

ful use. The case is handsome, 
accurate in all dimensions, and 

costs only about a third as much 

as the previous case, which 

was a machined casting. 
Let us hope there's not another world war, but if 

there is, remember that suppliers in all lines will 
learn something new. And do not forget that the 
firms from whom you now buy, no matter what 
it is, may have new knowledge that may save ma
terials and reduce costs, in these days when it is 
so important to do both. Inquire of them what 
they can do for you that is new. Instead of 
merely duplicating previous orders, ask your sup
pliers what they have, or know, that could be of 
value to you. The results may surprise you very 
pleasantly indeed. 

REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 

Executive 'Offices: 

SEE "MEET THE PRESS" ON NBC TELEVISION EVERY SUNDAY 
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XEROGRAPHY . • .  NEW, REVOLUTIONARY 

REPRODUCTION PROCESS SAVES TIME • • •  

MONEY • • •  CRITICAL MATERIALS FOR INDUSTRY 

Xerography is a dry, electrical, direct 
positive reproduction process. No nega
tive or chemicals are required. Powders 
are used instead. 

Anything written, typed, or drawn 
can be copied or duplicated by direct 
contact in one operation in less than 
twO minutes using XeroX Copying 

Equipment. Xerography speeds paper 

work; helps break the' paperwork bot

tleneck of the mobilization program. 

117RITE TODAY for descriptive illus

trated folder, money-saving case his

tories, and further details on XeroX 

Copying Equipment. 

THE HALOID COMPANY, Dept. 51-70, Rochester 3, N. Y. 
Branch Offices in Principal Cities 

PHOTOCOPY PAPERS • PHOTO-COPYING MACHINES • PHOTOGRAPHIC PAPERS 

CHROLUMINUM first-surface MIR
RORS rellect between 85% and 95% 
throughout the infra-red, visible, and 
near ultra-violet spectral regions. 

CHROLUMINUM MIRRORS are of 
superior optical quality; are amply hard 
and durable for use in instruments and 
most optical equipment. 

CHROLUMINUM MIRRORS are avail
able now, and are less expensive than you 
might think. 

Made by EV APORA TED of Ithaca 

Since 1935 Manufacturer of Opaque and 
Semi-Transparent Mirrors 

Free descriptive folder on request 
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6 POWER 
BINOCULAR 

$16.95 
7 POWER-$21.95 

! Pocli:et size
weigh only 4 oz. and 7 oz. 

�'* J respecU\'cly! Field of 370 ft. 
at 1000 yds.! Precision constructed FRISl\f binocu
lars. Not Field Glasses. Made of lightweight, dur
able black and chrome metal. Achromatic lens. 
Genuine leather case and straps. Carry the Ullited 
Seal of Q Ifality. 

16x50 
$69.50 

The ultimate in fine bin
oculars. Tl'emendous power 
(Full 16 power). Fcathc1" 
'lfJcight (weigh only 25 
ounces!), Precision made 
in eYer'y detail. COATED 
providing sharper, brighter 
images. Individually focussing, 
50 mm (2 inches) across! 

SIX TELESCOPES 
15 to 40 

p� 

Objective lens Is 

I N ONE! 

$30.75 
COATED 

American made "'ollensack telescope. Instant focus
sing at 15x, at 20x, 30x and 40x, etc. TUI'Il power 
tube to click-no guesswol'lc Telescope measures 9" 
closed, 27" when extended. 'Veighs only 18 oz, ! Has 
rustpl'oof chrome tubes, large 40 mm objectiYe lens. 
All 12 optic surfaces are COATED. See .22 bullet 
holes clearly at 300 feet. Use also for astronomical 
observation. �30, 75 price includes tax and fine leath
er case. 

UNCONDITIONAllY GUARANTEED 
'l'ry at our risk and expense. H not completely satisfied 
return for an immediate unquestioned refund of your money. 
Prices include genuine leather carrying case and straps for 
each I)air of binocl1lars. Cash orders sent postpaid. C.O.D.'s 
require $2.00 dcposit. Add federal tax, 

UNITED BINOCULAR CO. 
90435. Western Ave. Dept. ARF-1527 Chicago 20, III, 
Display Sales Rooms Open 9:00-3:30 Mon. thru Fri. 

part of our social mores. Increasingly 
those youths who do not go to college 
will carry a burden of proof as to their 
ability, drive or thrift. 

In short, the talent exists, the people are 
for it and the U. S. position in the world 
demands a tremendous upsurge in the 
number of persons in college. The lag is 
in facilities and money, but there is noth
ing unusual about that problem. If we 
can provide the money for airplanes, 
tanks, armies, navies and atomic bombs, 
we should be able to provide it for higher 
education. The return would be as great 
or greater; for education, unlike a bomb, 
is in itself a producer of new goods and 
services. The bomb is at best an insur
ance against the horror of itself turned 
upon us. Education is insurance plus
plus the heightening of conditions and 
experiences that give life more savor. 

THE discovery and full development 
. of the talent of our youth is crucial to 

our defense. It is a condition of our sus
tained leadership. We cannot match our 
potential enemies in sheer numbers, but 
we have the kind of social and political 
system that enables us to surpass them 
in the free and full cultivation of our 
people's intellectual capacities. It is no 
part of democratic doctrine to waste tal
ent or to encourage the pseudo-luxury 
of its non-development. We shall prosper 
as we relate talent to the continuing 
needs of a free society. 

Totalitarian systems tend to suffocate 
thought. The Russian experiment, like 
fascism and nazism, does not free any
body. It does not offer a new way of life, 
but an old, hardened way by which lib
erty is laid on the counter in exchange 
for a dry rot of words. With the hypno
tism of words there enters one of the 
most ancient institutions, slavery-physi
cal slavery for some, mental slavery for 
all. Thus the Iron Curtain works both 
ways, and not altogether against the free 
world. Intellectual defeatism may prove 
to be more deadly to the Soviet system 
than external enemies. 

Let us, therefore, take heart! The U. S. 
is under no compulsion to change its 
basic ways. It is still good to proclaim, 
and to establish, the rights of man. It is 
still good to grow, to keep the pioneer
ing spirit, extending it mightily in the 
realm uf the sciences, arts and humani
ties. As we look at the facts of life in 
America, we may come away not with a 
sense of grave errors and mistaken philos
ophies, but quite the reverse. The raw 
materials of life are good and the good 
genes are to be found everywhere. A new 
realization on our part of the utter in
separability of heredity and environment 
may help the next generation to find 
higher ground. 

-

George D. Stoddard, edu
cator, is President of 
the University of Illinois. 

© 1951 SCIENTIFIC AMERICAN, INC



From the time insulin was first produced commercially in 
Pfaudler equipment, hundreds of new chemicals, pharma
ceuticals, biologicals, synthetic plastics and similar prod
ucts have gone the "test tube-Pfaudler glass route_" 

Commercial. counterpart to laboratory glassware. 

PFAUDLER GLASS-LINED STEEL EQUIPMENT 
Pfaudler acid-resistant glass-lined steel equip
ment is the commercial counterpart to labora
tory glassware. As such, it has applications in 
almost every chemical process both at the pilot 
plant stage and in large-scale production. 

Pfaudler glass-lined processing equipment, 
comprising a wide range of vessels and accesso
ries, is resistant to all acids except hydrofluoric 
-even at elevated temperatures and pressures. 
\\'lherever corrosion or contamination presents 
a problem, this most durable material oj C01ZStruC

tiOIl, glass j/lSed to steel, provides a solution. 

When Pfaudler produced the first glass-lined 
beer tanks in 1884, there was no thought of the 
many varied applications to which Pfaudler 
glass is subjected today. But through the devel
opment of better glasses, better methods of 

fusing glass to steel, and better vessel design, 
Pfaudler engineered ,equipment has become an 
all important factor in production planning for 
the chemical process industries. 

If you want to increase product yield, de
crease replacement costs, and obtain greater 
processing flexibility, get in touch with us. For 
general information about Pfaudler, write for 
Bulletin 88 S. 

fau ler 

I 
THE PFAUDLER CO. 
Dept. SA-9, Rochester 3, N. Y. 
Offices a1Zd represe1Ztatives ill prillcipal cities 
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by Henry S. Dyer 

ESSENTIALS OF PSYCHOLOGICAL TESTING, 
by Lee J.  Cronbach. Harper and 
Brothers ( $5 .00 ) . 

PERSONNEL SELECTION, TEST AND M EAS
UREMENT TECHNIQUES, by Robert L. 
Thorndike. John Wiley & Sons, Inc. 
( $4 .00 ) . 

ApPRAISING VOCATIONAL FITNESS BY 
MEANS OF PSYCHOLOGICAL TESTS, by 
Donald E. Super. Harper and Broth
ers ( $6.50 ) . 

ASSESSMENT OF MEN, by the Office of 
Strategic Services Assessment Staff. 
Rinehart and Company, Inc. ($6.50 ) .  

EDUCATIONAL MEASUREMENT, edited by 
Everet F. Lindquist. American Coun
cil on Education ( $6.00 ) .  

I
· N T H E  mobilization o f  manpower for 

World War II one of the problems 
was to find among men in ordinary 

civilian pursuits those who were capable 
of being trained to handle military spe
cialties requiring, in many instances, a 
high degree of technical competence. 
The problem was met, on the whole suc� 
cess fully, by an extensive program of 
psychological testing. The testers learned 
a good deal from this experience, and 
the question arises whether tests have 
not got to a point where they can furnish 
important solutions to the nonmilitary 
manpower problems now facing us.  

The five recent books reviewed here 
reRect what is going on in the various 
branches of psychological testing, and 
outline what can be expected of it.  The 
authors of the books, however, give one 
the general impression that there is no 
simple answer to the question raised 
above. If one asks whether the tester can 
reach into his files and pull out aptitude 
tests that will unerringly locate people 
with good prospects for the law, medi
cine, engineering, teaching or scientific 
research, the answer is a simple no. But 
if one asks whether the psychologist has 
any fruitful notions about how to attack 
the problem, the answer is a cautious 
yes . Given certain conditions he can 
usually find or devise tests that will sub
stantially reduce, but not eliminate, mis
takes in picking the right person for the 
right job. The difficulty lies in bringing 
about the conditions. 

Among these books the most compre
hensive treatment-and one that assumes 
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BOOKS 
Concerning the psychological test, a tool 

for the measurement of human resources 

no technical background in psychology 
or statistics-is Essentials of Psychologi
cal Testing, by Lee J. Cronbach . Al
though the book is elementary in charac
ter, it will give the reader an insight into 
all the fundamental concepts of psycho
logical measurement. Cronbach tends to 
side with those test technicians who 
favor a controlled empirical approach to 
the description and prediction of human 
behavior, but at the same time he gives 
full recognition to the work of clinical 
psychologists and vocational counselors 
who, in the practical application of test
ing instruments to their clients, find it 
necessary to rely heavily on their own 
intuitions.  

The book begins with a preliminary 
section intended to give the reader an 
understanding of technical matters suf
ficient to enable him to follow the en
suing discussion. It then provides helpful 

descriptions and shrewd analyses of 
tests, representing all the major types 
from the old-fashioned intelligence tests 
to the so-called projective tests, which 
purport to find the individual's total 
personality in his response to ink blots. 
Cronbach has reservations about each 
of the tests he discusses, and takes 
pains to document his doubts. Never
theless he presents a wealth of evidence 
to show that psychological testing has 
made significant contributions in the past 
and has impressive possibilities for the 
future. 

Robert L. Thorndike's book, Personnel 
Selection, Test and Measllrement Tech
niques, discusses a more narrowly de
fined field. Although psychological 
measurement is at best a complex and 
uncertain business, there is one problem 
that it is reasonably prepared to handle . 
This is the problem of choosing people 
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for specified jobs In some particular or
ganization, and it is this problem with 
which Thorndike deals. Under such Con
ditions the job requirements are, or can 
be, operationally defined, and the effec
tiveness of any test used to choose people 
for these requirefnents can usually be 
checked against actual experience. Stat
isticians, as Thorndike shows, have 
evolved some powerful techniques for 
coping with the situation, but the ele
ments of the procedure are simple 
enough : they consist of ( 1 )  analyzing 
the job to see what activities are charac
teristic of those who work at it; (2) 
putting together a group of tests that on 
a pri.ori grounds seem capable of pre
dicting who will do the job well and who 
will not; (3) giving the tests to a large 
group of individuals who are about to be 
employed or trained; (4 ) determining 
after a period of time how well these 
people are doing; (5) comparing each 
individual's performance on the job with 
his performance on the tests; ( 6 )  de
tennining from the data thus obtained 
how to combine the tests so that they 
will best separate the potential successes 
from the potential failures. In brief, the 
tests are custom-built to fit the demands 
of the particular situation. In these cir
cumstances the fit, though not perfect, 
is likely to be satisfactory. 

Thorndike goes into each phase of the 
process,  describes the technical prob
lems that are likely to be encountered 
along the way, and discusses various 
methods of handling them. To illustrate 
his points he draws heavily on his expe
rience in the Aviation Psychology Pro
gram of World War II, and although the 
problem of selecting men for the Air 
Force is not exactly the same as the prob
lem of selecting men for jobs in private 
industry, Thorndike is usually success
ful in shOWing how solutions found in 
the one can be applied to the other. Pos
sibly the chief weakness in the argument 
is that while many of the techniques de
scribed in the book envisage hundreds, 
01 even thousands, of trainees on whom 
to b'y the tests , the average private em
ployer, especially when he is concerned 
about selection for high-level jobs, may 
have a scant dozen available for study. 

Appraising Vocational Fitness 'by 
Means of Psychological Tests, by Donald 
E. Super, approaches the same problem 
from the opposite end: instead of de
scribing how tests are used to find the 
right person for a particular job, he 
shows how they are used to find the 
right job for a particular person. The 
change in focus increases the uncertain
ties a thousand-fold . Not all jobs bear
ing the same label make the same de
mands on the people who work at them. 
A test that may be helpful in predicting 
the success of chemists in one company 
may be useless in predicting the success 
of chemists in another. And there are 
practically no dependable research find
ings that can be used as a basis for 
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THE LAW OF LABOR RELATIONS 
Werne 

All laws and regulations pertaining to management· labor 
relations are stated in this book with specific examples of 
their application. Fully indexed, the book is organized for 
easy reference on situations as they arise. 1951 - $5.75 

Labor and 
Industrial Relations 

Lester 

Industrial 
Peace in Our Time 

Somerwell 
Replacing Lester's Economics oj Labor, 
this book places more emphasis on labor· 
management relations. The emphasis is on 
analysis from a broad social·science view· 
point. 1951 - 84.25 

The author, in dealing with the ongms 
of industrial disharmony, devotes most of 
his study to an analysis and synthesis of 
the problem. 1950 - 82.50 

ECONOMIC RESOURCES AND 
POLICIES of THE SOUTH 

Hoover & Ratchford 
This book presents a factual survey of the South's resources 
and of all factors affecting the economic development of the 
South. It brings out the rich potentialities of the South for 
business and industry. 1951 - $5.50 

The Structure 
of American Industry 

Aaams, Editor 

Discussing the organizational struc· 
ture and price policies of 13 indus· 
tries, this book illustrates the vary· 
ing degrees of competition and 
monopoly. 1949 - $4.75 

Problems of Labor 
Miller 

Here is a descriptive, non·technical 
discussion of labor problems of 
American workmen and the efforts 
to solve these problems. 

1951- $5.00 

Money, Trade & 
Economic Growth 

In honor of J. H. Williams 
Original contributions on problems 
in international trade, economic de· 
velopment of a capitalist country, 
and monetary theory and central 
banking are included in this impor. 
tant book. 1951- S5.00 

THE MACMILLAN COMPANY 
60 Fifth Avenue, New York 11, N. Y. 

IMPORTANT 
ENGINEERING AND 

SCIENCE REFERENCES 
Introduction to the Study of 
Aircraft Vibration & Flutter 

by Scanlon & Rosenbaum $7.50 
Mathematical Engineering 
Analysis 

by Oldenburger $6.00 
Electric Circuits for Engineers 

by Kraybill $3.85 
Handbook of Engineering 
Formulae, 34th Ed. 

by Molesworth $6.50 
Evolution Emerging (2 vols.) 

by Gregory 520.00 set 

Genetics in the 20th Century 
L. C. Dunn, Editor $5.00 

Science and the Unseen World 
by Eddington, Reissue $.75 

The Somatic Development of 
Adolescent Boys 

by Stolz & Stolz $9.00 
Psychiatry in a Troubled World 

by Menninger $6.00 

III 
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STANFORD RESEARCH INSTITUTE 

112 

Stanford, California 

• 

PERMANENT POSITIONS 
FOR 

QUALIFIED ENGINEERS 
AT ALL LEVELS 

• 

�: ELECTRONICS ENGINEERS 

�: MECHANICAl ENGINEERS 

:� ENGINEERING DRAFTSMEN 

* Top Salaries 
'\ California Style Llvin9 

: 
* Opportunities for 

Professional Advanf;elllent 

WRITE: Mr. Beardsley Graham 

Stanford Research Institute 

Stanford, California 

determining an individual's relative 
chances for success in one job as com
pared with another. 

In a thorough survey of the literature 
on all the important vocational tests, 
Super demonstrates the difficulties that 
the vocational counselor faces in trying 
to extract meaning from them : the lack 
of data about tests and job requirements, 
the inadequacies of the data available, 
the conflicting evidence on tests turned 
up by different investigators, and the 
usually unanswerable question of how 
seriously the test results may be affected 
one way or the other by the testee's back
ground and previous training: "Perhaps 
some day, " writes Super, "the dream of 
a comprehensive battery of tests and of 
test weights for all the major occupa
tional fields . . .  will be realized, but cur
rent opinion is in agreement that both 
people and occupations are too complex 
for this to be at all likely." M eantime the 
counselor has to rely on tenuous infer
ences based on test data that he cannot 
trust and that he seldom or never gets a 
chance to check against the subsequent 
performance of his clients . "The use of 
tests by a vocational counselor," Super 
says, "is therefore of necessity generally 
not a predictive process but rather a 
clinical procedure." In the hands of an 
expert the clinical diagnosis of voca
tional problems is probably no less accu
rate than was the diagnosis of disease a 
few years back. By the same token it is 
getting so that it takes almost as long to 
train a really competent vocational coun
selor as it does to train a physician . 

Assessment of Men, by the OSS As
sessment Staff, reports on probably the 
most elaborate application of the clinical 
procedure that has ever been made, at 
least in this country. Candidates for as
signment to posts under the Office of 
Strategic Services were sent in groups 
of 18 to a secluded country estate where 
they were observed intensively for three 
and a half days by a corps of psycholo
gists, psychiatrists and sociologists. They 
were given tests of every description, 
from those of the ordinary pencil-and
paper variety to those that attempt to 
duplicate real-life situations calling for 
self-control, initiati,;"e, practical judg
ment and the ability to cooperate with 
others. At the close of the session the 
experts arrived at a total evaluation of 
each candidate based on all aspects of 
his behavior during the period of ob
servation. These evaluations, which de
pended exclusively on the subjective 
judgments of the staff, were used to de
termine what if any assignments the can
didate was equipped to perform. The 
whole account is a fascinating example 
of the ingenuity and insight that psy
chologists can bring to a problem of 
personnel selection where the job re
quirements and the tests most likely to 
predict them can be only a matter of 
surmise. 

The book called Educational Meas-

Now! Examine FREE for 10 Days-

MACHINE SHOP METHODS 
by LORUS J. MILNE 
University of New Hampshire 

American industry demands thou
sands more machinists for today's 
huge production output. "MA
CHINE SHOP METHODS" tells 
YOll, step by step, how each tool is 
used and how to do machine shop 
work efficiently. 432 SPECIAL 
DRAWINGS show clear details of 

, every tool, every operation. Easy
to-read text explains each ma
chining problem in clear, simple 
language. Examine FREE for ten 

take no risk. Just mail 
coupon. 

Every Basic Machine Shop Operation Exptained 
You get full information on how to opcrate lathe, shaper, 
planer. miller. drill press. tool grinder. How to use ac
cessories such as chucks. adapters. boring bars, threading 
gage. twist drills, calipers. lubricants, coolants, etc. How 
to work from drawings and specifications. How to lise 
gage blocks, sine bar, center gages, calipers. verniers, 
micrometers, etc. 
You get expert guidance on details of turning work be
tween centers; work supported by headstock; outside ma
chining such as taper turning. knurling. and parting; in
side machining such as drilling, reaming. boring. coun
terboring. countersinking, slotting. broaching, and tap
ping. Also explains threads and thread cutting, gears and 
gear cutting, how to achieve accuracy in machining, how to 
assemble machine parts, how to process and finish metals. 
NO PREVIOUS KNOWLEDGE OF SHOP TECHNIQUES 
REQUIRED, This remarkable mlume takes you step by step 
from elementary beginnings of shop practicc through crery 
detail you need to know to work each tYI)C of machinc and 
perform each machining operation properly. 
EXAMINE BOOK 10 DAYS FREE. Send no money. Just 
mail coupon to get ":MACHINE SIIOP i'IETI-IODS" for 
�"'HEE ten-day trial. 

---'MAIL THIS COUPON NOW'---" 
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Start to Speak a Foreign 
Language Correctly 
IN ONLY 7 DAYS 

Now you can learn Spanish, French, 
German or Italian easily, inexpensively 
and in an amazingly short time. 
Funk & Wagnalls' Language Phone Method with 
brand-new R.C.A. high-fidelity phonograph re
cordings, brings you the actual voices of expert 
teachers speaking in their native tongues. 

The phonograph method of learning a foreign 
language is the amazing new method you have 
heard about and been reading about in nation-
al publications_ With this method you learn 
right in your own home, your 
teacher is always there to in
struct you, your manuals al
ways there to help you_ You 
learn as fast dS you wish, re
peat lessons as often as you 
need. 

Send today for the FREE book. 
let that explains this remark. 
able new way to learn a foreign 
language. Let liS tell you how 
you can try out the Funk 8.: 
Wagnalls' Language Phone 
Method for a whole week right 
in your own home and without 
obligation of any kind. 

r--MAIL THIS CO'JPON-
1 
1 
1 
1 
1 
I 

Funk 8.: Wagnalls Company 
Department SA-S, Foreign Languages 
153 East 24th St., New York 10, N. Y. 

Please send me FREE descriptire booklet about yom 
easy method of learning ( ) Spanish, ( ) French. 
( ) German, ( ) Italian. and tell me how 1 may 

obtain a complcte Language l.Jhone Kit for seren 
days' free trial. 

I Nalue .,., ........ " ..... ," ', ... , ... , ............... , ................. . 
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Tile Story of "'lin � 
Orllmlllie Conf/uest 

of tile 
(Jpper Air 

200 
MILES 

UP 
By J. GORDON VAETH, 

Aeronoutical Engineer, U. S. Navy Special 
Devices Center, Office of Naval Research 

JUST PUBLISHED ... an absorbing 
account of modern scientific research into 
the nature of rhe atmosphere at altitudes 
beyolJd the preselJt ralJge of piloted flight 
- packed with facts, timely, accurate. 
Explains clearly, aided by over 60 photos 
and drawings, the use of incredibly pow· 
erful rockets, high·altitude balloons, air. 
borne instruments-in man's exploration 
of rhe frontiers of space. 200 MILES UP 
presents concisely the facts about the upper 
air verified by these explorations, as well 
as the ingenious techniques used to obtain 
insrrumental readings. A rich source of 
information on atmospheric research, rock· 
etry, ballooning ... background material 
of theoretical and practical importance to 
aerologists, physicists, physical chemists, 
engineers, technicians, and members of the 
armed forces concerned with rocket and 
balloon operations. $4.50 

******* 

THE ATOM 
AT WORK 

By JACOB SACKS, M. D., Brookhaven National 
Laboratory, Atom;c Energy Commission 

HOW! atomic energy is being used ,oight 
1I0W for peaceful, beneficial purposes. The 
complere dramatic story-written for the 
layman-of the history and applications 
of radioactive isotopes in medicine, indus· 
try. agricuhure. chemisrry, biology. ecc. ]n non
technical language, it describes developments from 
rhe Curies' discoycry of radioactivity (0 the atom
smashing victories of rbe scicO[ists who produced 
radioactiviry. $4.00 

Examine f()r 5 days.' 
I SEND ME books checked. Within 5 days I I 

will remit price, plus postage, or return books. I I (We pay postage jf check accompanies order

I same return privilege.) 
. I 
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ure111ent, sponsored and published by 
the American Council on Education un
der a subvention from the Grant Foun
dation, is in many respects the most 
important book on one branch of testing 
that has appeared in a long time .  Edited 
by E.  F. Lindquist, it represents the 
work of some 70 collaborators, all of 
them experts, and most of them con
tributors to the technical advances made 
during World War I I .  

T h e  fact that the book deals specifi
cally with testing as applied to educa
tion is of some Significance. In no other 
area of human activity has psychological 
measurement played a more decisive rble 
than in education . I .Q. and other tests 
have long been used as a basis for de
termining the readiness of youngsters to 
enter the first grade; scholastic aptitude 
tests have been widely used to select 
students for college; vocational and in
terest tests have been used by guidance 
departments to help pupils make intelli
gent career, choices; and achievement 
tests are used almost everywhere to esti
mate the student's level of accomplish
ment and to evaluate the effectiveness 
of schools in attaining their educational 
objectives. The authors of Educational 
Measurement discuss all phases of the 
subject, but their primary concern is with 
the theory and practice of achievement 
testing. The significance of the book de
rives from this emphasis, for it brings 
together a vast quantity of material that 
until now has been only in the minds of 
the testers or scattered through techni
cal journals. Thus it gives for the first 
time an integra ted account of all the 
issues involved and cogent suggestions 
for meeting them. A few differences of 
opinion crop up among the authors, but 
these are of the kind one expects in a 
young and developing field. 

The first section of the book shows 
how measurement can be used to help 
along the entire educational process, and 
it leaves no doubt that the possibilities 
outrun the actualities. Just as the effi
cient use of tests in industry depends on 
a thoroughgoing analysis of the jobs to 
be done, so the development of good 
tests for use in education depends on 
analysis of the educational goals that pu
pils are expected to attain. The trouble 
is that these goals have rarely been put 
in a form that specifically describes the 
kinds of behavior that pupils are ex
pected to exhibit as a result of their edu
cation. Without this information the 
achievement-test maker is somewhat at 
a loss to know what tasks to include in 
his test so that it will show how far the 
pupils have come toward meeting the 
kinds of demands that will be made of 
them as adults. 

The second section of the book deals 
with all aspects of the construction of 
achievement tests, and although the em
phasis is on how to design objective tests 
of the true-false and multiple-choice va
riety, the reader is reminded that such 
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With 100 drawings by Jon Gnagy 
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Carefully defines the science: 

Shows the pla('e of operations research as an 
applied science and its value to research and 
industry. 

Points out limitations: 

Isola tes the fields in which methods of opcra
lions research can .be most successfully ap
plied. 

Describes and illustrates the scientific tools 
used: 

Deseribes the applications of pl'obability and 
statistic-so 

Givei' the setup of an operations research group: 

Outline:-; ,II1d illustrates rceruiting, trainIng. 
reports, contact with other groups, and field 
work. 

CO NTENTS: 
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tests cannot get at many of the variables 
in human behavior which, being the 
most complex, are often the most im
portant. The writers deplore the tenden
cy to overwork tests that put a premium 
on purely verbal or rote learning, and 
they show that through imaginative test 
construction much can be done to over
come this tendency. In his chapter "Pre
liminary Considerations in Objective 
Test Construction," Lindquist writes: 
"M any of the more important objectives 
of the whole program of general educa
tion have thus far received little or none 
of the attention of measurement work
�rs. This fact is closely related to the 
extremely heavy reliance that has been 
placed· upon pencil-and-paper tech
niques of measurement in education." 
This chapter is a rousing challenge to 
testers and educators alike to break away 
from their preoccupation with factual 
knowledge and to concentrate on those 
aspects of pupil behavior wruch are 
more likely to have an enduring value 
for society. It deserves a wide reading. 

The last section of the book contains 
the most complete discussion of meas
urement theory as applied to the obser
vation of human behavior that has 
appeared anywhere. It examines the fun
damental assumptions that are implicit 
in the measurement process and takes a 
long step in the direction of establishing 
sound connections between the under
lying logic of the human events with 
which testers deal and the statistical 
techniques for summarizing them. Irving 
D. Lorge, in his chapter "The Funda
mental Nature of Measurement," regrets 
that "th e conventions of test construc
tion all too frequently confuse the un
derstanding of social and psychological 
properties and traits by attempting to 
make the field conform to the standards 
of mathematics." The chapters following 
this statement do much to clear up the 
confusion. 

The concern for better achievement 
testing in the schools has a direct bear
ing on the problem of identifying the 
talents of those who have come through 
the schools. As Thorndike points out in 
Personnel Selection, "The relevance of 
academic grades to ultimate success in 
any job is a . . .  serious question. Even 
in such professions as those of law, medi
cine, and engineering, it must be recog
nized that performance during training, 
and grades as an index of that perform
ance, are only partial cues to eventual 
success in that job." There are two prin
cipal reasons why an academic grade 
may not reflect true competence for the 
work ahead: it is not usually based on 
adequate observation of the student's 
performance while in school, and even 
when it is, the kinds of performance 
required in school too frequently bear 
only a dubious relation to the kinds of 
things the student is expected to do 
later on. Soundly designed achievement 
tests would not only serve to reveal the 
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gaps, but also would help to close them. 
From the foregoing it should be ap

parent that psychological measurement 
tries, in one way or another, to perform 
three principal functions : to select the 
people most likely to succeed in a par
ticular job; to classify people according 
to the jobs in which they are most likely 
to succeed; and to determine how well 
people are actually succeeding in the 
jobs they have. The word "job" in this 
context must be taken in a broad sense 
to include not only such activities as 
practicing medicine or driving a truck, 
but also taking a course in history or 
getting along with one's neighbors. A 
test is a sample of any observable be
havior obtained by giving an individual 
certain specified tasks to do. The tasks 
one finds in psychological tests cover an 
enormous range : they may require the 
subject to give the meanings of certain 
words, to tell what he sees in a blob of 
colored ink, to operate a complicated 
piece of apparatus, or to do any one of a 
thousand things that the tester thinks 
may elicit a bit of behavior that will 
differentiate the subject from his fellows 
in an important way. 

When a test is given for the purpose 
of selection or classification, it is hoped 
that the sample of behavior called forth 
will be predictive of the behavior the 
individual will exhibit later in doing the 
job. When a test is given to determine 
how well a person is doing his present 
job, it is hoped that the sample of be
havior obtained is a fair estimate of his 
total behavior on the job. If it can be 
shown empirically that the test contrib
utes significantly to the fulfillment of 
these hopes, it is said to be valid for the 
purpose the tester has in mind; if it 
makes no such contribution, it is said to 
be invalid. 

Thus the validity of a test is its most 
important property, and the principal, if 
not the only, concern of research in psy
chological measurement is to find ways of 
improving test validity. This can be done 
to some extent by tinkering with the tests 
themselves, but in the last analysis the 
construction of a highly valid test de
pends on the existence of a sound cri
terion of job success with which to com
pare it. Establishing such a criterion is 
absolutely crucial. Thorn dike calls it 
"the most fundamental and most difficult 
problem in any selection research pro
gram." The writers in Educational 
Measltrement give anxious and extended 
consideration to this problem. 

As one migpt suppose, it is easier to 
devise reasonably valid tests for routine 
jobs than for those of a ' more complex 
nature. The reason for the difference is 
not so much in the tests as in obtaining 
good criteria with which to compare 
tl:em : one knows fairly well what activi
ties to look for in a successful typist; one 
is not so certain when it comes to suc
cessful schoolteachers or doctors or phys
icists. Tests are now ava i l able that do 
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and to promote its useful applications 
in the service of business, industry, 
institu tions and individuals.  It is 
o w n ed ,  d i r e c t e d  a n d  o p e r a t ed by 
psychologists of recognized pro
fessional standing. 
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fairly well in predicting the grades of 
students in engineering schools, but pre
dicting engineering grades is not the 
same thing as predicting who will be a 
good engineer. 

The majority of testers seem to agree 
that there are two main tasks ahead. One 
is to secure adequate criteria for high
level jobs, and the other is to discover 
dependable methods of measuring such 
personal qualities as persistence, initia
tive and emotional control . After review
ing all the more promising devices for 
appraising these qualities, Cronbach 
concludes : "There is at present no 
method of firmly established validity 
capable of measuring or describing per
sonality. It is probable that situational 
tests and projective tests will be made 
valid and practical, but research must 
demonstrate where they are valid and 
where they err." Nevertheless, his final 
remarks reRect the perennial though 
careful optimism of most true testers. H e  
says, "M ethods are now available which, 
if used carefully by responsible testers, 
can unearth the talents in the population 
and can identify personality aberrations 
which would cause those talents to be 
wasted . Building on these techniques, 
we are in a position to capitalize as never 
before on the richness of human re
sources, "  

-

Henry S .  Dyer is Director of the 
Harvm'd University Office of Tests. 

HANDBOOK OF EXPERIMENTAL PSy
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( $ 15.00 ) .  The unborn human infant is 
capable of simple learning. Viciousness 
and docility in rats are inherited . Sea 
anemones and worms can learn, but 
there is doubt that the starfish can do so. 
Certain kinds of male fish are sexually 
attracted to females whose abdomens are 
swollen but reject Rat-bellied ones. 
Geese, incubated and reared by a man, 
followed him as if he were a mother and 
rejected other geese. Sensitivity to tones 
of high pitch decreases with age. In 
machine operation, the efficiency of per
formance can be increased if control 
knobs have shapes distinguishable by 
touch or feel. These items form a small 
and unrepresentative sampling of the 
kinds of information presented in this 
highly technical volume. They indicate 
something of the nature of experimental 
psychology, which includes almost any 
feature of human and animal behavior 
that can be studied by means of careful 
observation and experimental technique.  
Some of the material is  interesting, some 
is dull, some seems picayune, and much 
of it is too difficult for the general reader. 
But it  indicates that psychologists can be 
rigorous and quantitative in approach
ing the problems of their field and that 
by no means all of them are prone to 
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make sweeping generalizations about 
glamorous problems on the basis of 
sketchy information. 

THE POPULATIO:-< OF INDIA AND PAKI
STAN, by Kingsley Davis . Princeton 

University Press ( $7.50 ) .  An interpreta
tion of Indian population data under
taken mainly while the author was on 
the staff of Princeton University's Office 
of Population Research. This work has 
the earmarks of a first-class achievement 
of scholarship and statistical interpreta
tion. Numerous charts, maps and tables . 

D IsEAsES IN OLD AGE , by Robert T. 
M onroe, M.D. ,  Harvard University 

Press ( $5 .00 ) .  A "clinical, pathologic, 
and therapeutic survey" of the records 
of all the patients ( 7 ,94 1 individuals ) 
over 6 1  years of age on the medical 
services of the Peter Bent Brigham Hos
pital in Boston for the 30-year period 
from 1 9 1 3  to 1943. A substantial con
tribution, even though limited to the ex
perience of a single hospital, to the 
statistical side of the fledgling disciplinc 
of geriatrics .  

RADIO, TELEVISION A N D  SOCIETY, by 
Charles A. Siepmann. Oxford Uni

versity Press ( $4 . 75 ) .  An interesting ac
count of the development of radio broad
casting, the control of the radio industry 
by the Federal Communications Com
mission, of listener characteristics in the 
U.  S. and of British and Canadian broad
casting systems is followed by a discus
sion of the impact of radio ( and of tele
vision ) on society. In dealing with the 
social implications of radio, the author 
concerns himself chiefly with issues such 
as freedom of speech , education and ra
dio, and the justification of program COll
tent by the criterion of number of listen
ers. He is highly and justly critical of a 
num ber of the policies of the radio in
dustry but recognizes and points out the 
many difficulties encountered by this 
complex industry. A stimulating and in
formative book, marred by occasional 
sermonizing. 

C IVIL DE FENSE IN M ODERN W AR bv 
Augustin ·M .  Prentiss. M cGr;w:Hiil 

Book Company, Inc. ( $6 .00 ) . An analv
sis of the damage airpower can do, of the 
destructive possibilities of atomic, ba�
teriological and chemical weapons, of 
the defensive measures that can be taken 
against these dangers . A large, careful, 
technical, useful and depressing study . 

PRINCIPLES OF HUMAN GEOGRAPHY, 

by Ellsworth Huntington. John Wiley 
& Sons, Inc. ( $6.25 ) .  The sixth edition 
of a noted text ( whose aim, announced 
in the preface to the first edition, "is to 
set forth the great principles of geogra
phy in its human aspects" ) ,  substantially 
revised to include additional chapters, 
fresh descriptive material, annotations of 
recent books and new illustrations . 

Who i s  the new 
M r. Dict i ona ry ? 

_ "Clarence Barnhart is the mod
ern inheritor of the title of Noah 
Webster as 'Mr. Dictionary' ." 

-Emmett Dedmon, ChicaRo SUit· Times 
_ "Thorndike-Barnhart Diction
ary * is, without question, the best 
desk dictionary in print ."  
-Sterling Non h ,  N. Y.  lVo ,.hl·Teleg ,.alll & SUII 

* Over 80,000 entries, 700 i l l ustrations, 896 pages . . .  
for only $2 . 7 5  standard ; $ 3 . 2 5  thumb·indexed ; $3.75  
flexible  thumb index e d .  A t  a l l  book , depanment and 
station�ry stores.  Over 3 5 0,000 copies in print ! . . .  
the best -sellillg new dictionary you read about in Life 
and Tillie and in Th dek B h t Reader's Digest. orn I e - arn ar  
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I f you think you CQuld, reading thi s  may well 
help you get one-because today there are 
plCll tJ' of these j obs j ust waiting for the right 
man. 

For some time now business papers have been point
ing out that management is having great d ifficulty 
finding high-salaried executives. Actually, manage
ment is a/wa)'s looking for such men-because they 
are the ones who mean the difference between profit 
and loss. They command high salaries because they 
know how to make money for their employers. 

But j ust what do these executives have that makes 
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to apply them to his own business. 

Does this seem easy ? Frankly it  isn't-the way to 
t he top is never easy ,  but if you are really serious 
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Course i n  which 45 famous business executives de
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and simply, how you can make use of their com
bined knowledge and experience to Qual i fy for the 
great opportunities in modern business. 
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THE AMATEUR ASTRONOMER 

Conducted by Albert G. Ingalls 

H OW can a sundial be wrong unless 
the sun itself is wrong? The well
meaning sundial salesman who 

offered this logic did not know that the 
sun keeps correct time at only two in
stants in the year. The cause of this 
error, which at one season is as much 
as 16 minutes, is explained without 
mathematics in such elementary astrono
my textbooks as that bf John Charles 
Duncan, that of William T. Skilling and 
Robert S. Richardson, and in Sundials, 
by Margaret L. and R. Newton Mayall. 
It takes only an hour to dig out the in
formation; with the understanding thus 
acquired of time and the calendar you 
can have the fun of building a dial that 
is accurate within a single minu te on 
every day of the year. Such a dial will 
be unique for the builder's own latitude 
and longitude; theoretically a dial built 
by someone next door will differ from it 
a little. 

From an illustration of a dial designed 
and built by Russell Porter and described 
in this department, Ronald F. Scott, 
Box 34, Johnson City, Tenn., made a 
similar dial with minor improvements. 
"A really good sundial had been the ob
ject of my search for years," he writes. 
"I tried several built on flat plates but 
they had many shortcomings. Porter's 
sundial, with its analemma curve and 
lens for focusing the sun's image, mas
ters practically all the difficulties with 
remarkable simplicity. I have been grati
fied to find that this dial is accurate. The 
readings vary by no more than one min
ute from correct time, and often the two 
match." 

Roger Hayward's drawing on the op
posite page was made from Scott's data 
and from familiarity with the prototype 
in Porter's garden. The tiny lens, only a 
quarter of an inch in diameter and equal 
in focal length to the radius of the an
alemma plate, is mounted in a 12-liter 
boiling flask obtained from the Corning 
Glass Works, Corning, N. Y. The curve 
of the "equation of time" or error of the 
sun (actually it is the earth that errs) is 
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inscribed on a metal sheet inside the 
flask; it is the mirror image of the one 
that appears on a globe. To find the time, 
the flask is grasped by the neck and ro
tated on the stud in the lower right-hand 
part of the illustration and on the two 
supporting pads until the sun's image 
bisects the curve. This image then gives 
the date; the time is read on the scale 
surrounding the flask. 

"The polar-axis stud is tapered," Scott 
writes, "to fit a tapered hole in the glass, 
and sits in an adjustable thrust-bearing. 
The two pads that constitute the north 
bearing are adjustable vertically, and 
final adjustment of the sundial is 
achieved with them. A second hole must 
be drilled in the flask for the post that 
holds the plate in position. I spent con
siderable time trying to figure out .how 
to locate the plate correctly before I 
struck the happy though t of suspending 
a plumb bob through the stud hole so 
that the string represented the axis of 
rotation. Sighting through the center of 
the lens enabled me to align the longi
tudinal axis of the plate quickly, and the 
transverse axis was positioned by using 
a level line of sight through the lens. I 
marked a cross on the flask at the end 
of the axis opposite the stud hole to 
show the pointing of the bob in check
ing the inclination of the axis during 
adjustment. A lead weight was later 
mounted inside the flask behind the 
analemma plate to balance the weight 
of the neck, as the flask tended to creep 
in some positions." 

Scott's improvement on the prototype 
is in waterproofing the dial by using 
copper instead of paper for the time 
band. Porter warned that extreme care 
must be taken to locate the stud hole 
accurately. The holes may be made with 
a hand drill, an inch of tubing and wet 
abrasive grains. Scott's tapered hole in
sures against looseness. 

IN spite of a widespread impression, 
it is not easy to know the inventor 

and the date of invention of such things 
as the steamboat, the telegraph and the 
incandescent lamp. The same applies to 
the reflecting telescope. He who turns 
to history to find the solid ground of 
fact will soon find himself bogged in 
ooze. Was the inventor of the reflecting 
telescope the English astronomer John 
Hadley, who in 1723 made the first good 
modern reflector with a paraboloidal 
mirror? Or was it Sir Isaac Newton, who 
in 1668 built the first reflector with an 
eyepiece, though he knew no way to 
parabolize his spherical mirrors? Was it 
the Scottish mathematician James Greg
ory, who five years earlier proposed the 

type of reflector known today as the 
Gregorian, though for lack of manual 
dexterity he did not build one? Was it 
the French mathematician Marin Mer
senne, often called Mersennus, who pro
posed the idea of a reflecting telescope 
to the French philosopher Rene Des
cartes in 1639, only to be told that it was 
fallacious? Was it the English mathe
matician Leonard Digges, who used 
concave mirrors' before 1571, though 
probably without an eyepiece and as 
terrestrial telescopes? Was it the Eng
lish philosopher Roger Bacon, who 
with Peter Peregrinus spent three years 
and the equivalent of $3,000 learning to 
make concave mirrors in approximately 
1267? That Bacon even then understood 
spherical aberration is shown by his 
statement that the focal length is much 
less for rays from the outer zones of the 
mirror, and that it is half the radius of 
curvature. He left no record of the uses 
of the two mirrors that he made, but 
L. W. Taylor of Oberlin University tells 
us that a century later Peter of Trau 
recorded the tradition that with Bacon's 
mirrors "you could see what people were 
doing in any part of the world." He adds 
that the students at Oxford University 
spent so much time experimenting with 
these mirrors that the University authori
ties had them smashed. Perhaps their 
"experiments" were not limited to pure 
science. 

It is thus that the invention of the re
flecting telescope is blurred. Like most 
inventions it was a gradual process. The 
English mathematician Robert Smith, in 
his Compleat System of Opticks, pub
lished in 1738, refers to Gregory as "the 
first inventor" of the reflecting telescope; 
but Sir John Pringle in his Discourse on 
the Invention and Improvement of the 
Reflecting Telescope, delivered in 1777 
before the Royal Society of London, 
designated Newton as "the main and 
effectual inventor." Pringle looked down 
his nose at the telescope which the 
French sculptor Guillaume Cassegrain 
revealed in 1672, describing it as merely 
"a disguised Gregorian never put into 
execution by its au thor"; but Louis Bell 
has pointed out in Popular Astronomy 
that ':it is the irony of time that Casse
grain's form is the one that has survived 
in the great telescopes." 

It may be surprising tllat Mersenne, 
Digges and others did not build directly 
upon the advances of their predecessors. 
Because of the lack of facilities for dis
seminating such information, they no 
doubt remained unaware of those ad
vances. Galileo, who lived from 1564 to 
1642 and built the first astronomical tele
scope, did not know that Leonardo da 
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Vinci, who lived in Italy a century earli
er, had designed machines for grinding 
concave mirrors; none of Leonardo's 
scientific writings were published until 
1880, and they have not all been pub
lished yet. 

In 1885, two centuries after Casse
grain's invention, a modification of the 
optics of that telescope was proposed in 
English Mechanics by an unknown con
tributor with the initials A.S.L. He pro
posed to substitute a simple sphere for 
the hyperboloidal secondary and to 
shape the paraboloidal primary so as to 
balance the aberrations of the secondary. 
This would call for an ellipsoid, some
times loosely called an "undercorrected 
paraboloid." So far as is known nothing 
tangible resulted from the proposal of 
A.S.L. 

In 1931 the American amateur tele
scope maker Daniel E. �'[cGuire of 
Shadyside, Ohio, independently pro
posed the same escape from the fussy 
difficulties connected with shaping the 
small hyperboloidal secondary. Larly in 
the same year, unknown to �[cGuire, 
H. E. Dall of England had made such a 
telescope; it is shown on page 447 of 
Amateur Telescope Making. However, 
Dall did not reveal the method for cal
culating the curvature of the primary. 
Abn R. Kirkham of Tacoma, ·Wash., re
vealed the method in this department in 
June, 1938, altl10ugh he did not actHally 
make the telescope. Because these two 
were the first who were known to have 
done serious work on it, this department 
then suggested the name Dall-Kirkham 
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for the spherical-secondary compound 
telescope. 

Since that time a modest number of 
Dall-Kirkhams have been built and have 
proved satisfactory. No claim was ever 
made that they are optically superior to 
the Cassegrainian. They are simply 
easier to make, and this is why the armed 
forces have recently had a number of 
them made at the Tinsley Laboratories 
and at the Frankford Arsenal. The older, 
more difficult Cassegrainian paraboloid
hyperboloid combination still survives, 
partly from the momentum of tradition, 
and perhaps because it has been difficult 
to collect the fragmentary instrnctions 
for making tl1e Dall-Kirkham, scattered 
as they are in several back numbers of 
SCIENTIFIC AMERICAN. Robert Turner 
Smith of 735 Cerrito St., Albany, Calif., 
an employee of the Tinsley Laboratories, 
has now prepared instructions tl1at are 
complete in themselves. He writes: 

THE compound telescope has an ap

peal which cannot be denied. The 
Cassegrainian in particular has advan
tages both in construction and in obser
vation. Its long equivalent focal length 
is conveniently folded into a tube only 
about one fourth as long as that of the 
Newtonian, an arrangement which re
sults in great stability, less vibration and 
little overhang of mass beyond the bear
ings of the mounting. The eyepiece is at 
the lower end of the tube, more easily 
accessible and with less sweep than the 
eyepiece of a Newtonian. In the common 
focal ratios the Cassegrainian has one-

lens 
mounted in 

a stopper 
forms an 
imdge of 

the sun on 

secured 
ugh the 
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A snndiaiand calendar built with a large flask 

, What are you doing in 
RADIATION 
RESEARCH? 

Human intelligence and perseverance keep 
advancing the frontiers of knowledge and 
applications of radioactive materials. Tell 
us what you are doing; we may be able to 
speed your progress with the latest develop
ments from our own laboratories, in cate
gories such as: 

Radiation Sources 
The United States Radium Corporation 
produces radiation sources for dependable, 
accurate recalibration of Geiger counters, 
ionization chamber survey instruments, and 
radiation dosage meters. 

The newest type is available as an ap
proximate point source or as a linear source 
emitting (1) alpha, beta, and gamma radia
tions; (2) beta and gamma radiations; or 
(3) gamma radiations only. All these 
sources are produced only to special order 
but can be accurately duplicated at any 
time. In addition, U. S. Radium Corpora
tion can supply the conventional type of 
radiation standard, consisting of hermeti
cally-sealed capsules containing a radium 
salt. 

Alpha, Beta, and Gamma Ray Sources 
For your research or experimental require
ments, U. S. Radium Corporation can pro
vide appropriate sources of alpha, beta, or 
gamma radiation-in foil, strip, or point 
form. Sources suitable for ionizing air or 
other gases, for indirect activation of phos
phors, and for many other applications can 
be supplied. 

Standard Light Sources 
Radioactive luminous compounds requiring 
no external source of activation, exhibiting 
virtually negligible change in brightness 
with time, and emitting only easily ab
sorbed radiations, have recently been de
veloped by U. S. Radium Corporation. The 
colors available cover most of the visible 
spectrum. 

Neutron Sources 
u. S. Radium Corporation can supply ra
dium-beryllium neutron sources in a pow
dered or a compressed mixture, any size 
from a few milligrams for college laboratory 
routine experimentation to 1000 or more 
milligrams for special applications. 

Let's Work Together 
The materials described here characterize 
one of the principal categories in which 
U. S. Radium Corporation serves the exact 
needs of research, industry, and medicine. 
Our laboratories provide both standard and 
special materials-some of them available 
nowhere else. Our scientists will work with 
you to meet your requirements in this field. 

FREE FOLDER: We've prepared a 
four-page folder that describes 
the activities of the U. S. Radium 
Corporation. If you'd like a copy 
of our most recent issue-and 
future copies as they ore issued
iust write to Deportment SA9 

UNITED STATES 
RADIUM CORPORATION 
535 Pearl Sfreef New York 7, N. Y. 
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Rule and example for planning the Dall-Kirkham telescope 

half the length but twice the power of 
the usual Newtonian. When high power 
is desired, a lower-powered eyepiece 
with greater eye relief can be used to 
obtain the same power where a short
focus eyepiece with uncomfortably close 
eye relief would be needed with a New
tonian. When good seeing prevails, the 
maximum useful power of 50 times the 
aperture in inches can be attained with
out resorting to an ultra-short-focus eye
piece. 

Despite its advantages the true Casse
grainian presents many problems in the 
polishing and figuring of its mirrors. The 
primary, although usually an fl4 requir
ing a "strong" paraboloid, is not too 
much more difficult to figure than an fl8 
mirror. On the other hand, the convex 
hyperboloidal secondary is difficult not 
only to figure but also to test. The high 
center and turned-up edge is the oppo
site of what usually "just happens," and 
the small linear diameter of the second
ary for a moderate-sized primary merely 
adds to the figuring problem. The test 
of the secondary requires either a flat 
of the same diameter as the primary or 
a short-focus sphere of equal diameter 
for the Hindle test. All this adds up to a 
project that few amateurs are willing to 
embark upon. For those whose deter
mination transcends the difficulties, dis
appointment usually follows when the 
perfection of figure of the primary is not 
equaled in the secondary, for a Casse
grain ian is never any better than the fig
ure of its secondary. As a result, the 
Cassegrainian is maligned and has be
come something to be avoided. 

Several years ago Kirkham and Dall 
investigated the possibility of leaving 
the secondary spherical and adjusting 
the correction of the primary to com
pensate. Since leaving the secondary 
spherical amounted to overcorrection, it 
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followed that the primary would have 
to be undercorrected, which is an easier 
job than full correction. Parabolizing 
corrects longitudinal spherical aberra
tion. If the secondary is left spherical it 
introduces a calculable amount of longi
tudinal spherical aberration into the sys
tem. This spherical aberration is nega
tive, and the secondary would be said 
to be spherically overcorrected. The 
primary must therefore contain posi
tive spherical aberration in an equal 
amount and be spherically undercor
rected. All that remains is to determine 
the exact amount of undercorrection 
necessary. 

The formulas for determining the 
longitudinal spherical aberration and 
the percentage of undercorrection are 
not complex, but they do contain sign 
conventions which must be strictly ad
hered to, and are therefore subject to 
error. They can be simplified into the 
single formula shown at right center in 
the drawing [above]. In this all quanti
ties are considered to be positive and no 
sign convention errors are likely. N is 
the fraction of 1'2/R for any zone, R is the 
radius of curvature of the primary, R' is 
the radius of curvature of the secondary, 
and p and p' are the conjugate focal dis
tances of the secondary, as shown in the 
upper part of the drawing. 

To clarify the percentage calculation 
let us take as an example a 6-inch spheri
cal-secondary Cassegrainian in which 
the primary has a focus of 24 inches, an 
amplifying ratio of 4, with the focus 
falling 10 inches behind the surface of 
the primary. The radius of curvature of 
the primary is 48 inches and, from the 
compound telescope formulas on page 
216 of Amateur Telescope Making, the 
radius of curvature of the secondary is 
18.13 inches, p is 6.8 inches and p' is 
27.2 inches. Substituting these figures in 

the formulas we have the example 
worked out there. 

Now that we are armed with the in
formation on the percentage Qf correc
tion necessary in the primary, the ques
tion arises: How do we produce a good 
convex sphere? The problem is relatively 
simple compared with the hyperbolic 
secondary of the conventional Casse
grainian, both in figuring and testing . 
The best means of testing a convex 
sphere is with a concave spherical mas
ter, or test plate. When only one convex 
surface is to be produced the test plate 
should be one that is quick and easy to 
make. The glass grinder on which the 
secondary mirror has been ground need 
be given only a quick shine, and a suit
able test is at hand. Being concave, it 
can be tested directly by knife-edge and 
checked for radius with a steel tape. It 
need only be polished front and back 
sufficiently to be seen through for the 
interference tests. In fact, the shorter the 
polishing period on the concave sphere, 
the more likely that the curve will re
main truly spherical, provided it re
ceived a good grind. 

Since the grinder has been used for 
the test plate it will not be available for 
making the polisher. The best substitute 
is a concave metal tool, which can be 
turned to shape in the lathe [Amateur 
Telescope Making-Advanced, page 55]. 
A truly spherical and smooth surface is 
not necessary, since the surface will be 
covered with pitch in making the 
polisher. As an alternative a polisher 
back can be made by greasing the face 
of the fine-ground secondary mirror, cir
cling it with gummed paper tape and 
filling this with plaster or dental stone. 
After the polisher is made and the pitch 
formed with the mirror, a few minutes of 
polishing will produce a shine sufficient 
to obtain the first interference test. This 
test may show several fringes of differ
ence between the mirror and the test 
plate. If the fringes are circular and 
uniformly spaced, then the surfaces are 
spherical and differ only in radius of 
curvature, and polishing can be con
tinued. If more than six to ten fringes 
are apparent, fine grinding was not con
trolled closely enough to bring the two 
surfaces coincident and it had best be 
redone; otherwise prolonged polishing 
will be necessary to correct the differ
ence. 

The final figure of the secondary 
should be within one-eighth wavelength 
of truly spherical [Amateul' Telescope 
Making, page 261], but this does not 
require the same appearance under test 
as two flats that differ by one-eighth 
wavelength. In making a flat accurate to 
one-eighth wavelength there is one and 
only one surface which is flat, or plano, 
and until this particular surface is ar
rived at the flat is not accurate to the 
tolerance specified. In producing curved 
surfaces accurate to the same standard 
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there is much greater leeway, since the 
radius of curvature is not critical and 
may vary by many wavelengths so long 
as the spherical surface of the final radius 
does not deviate from truly spherical by 
more than one-eighth wavelength. This 
allows a multiple choice of radii, whereas 
the Bat allows a single choice. There
fore, the spherical surface under test may 
show as many as four or five fringes and 
still be classed as accurate to one-eighth 
wavelength, if no fringe is distorted from 
symmetrical form more than one fourth 
of a fringe. (One fringe equals one-half 
wavelength, one half fringe equals one
fourth wavelength, one fourth fringe 
equals one-eighth wavelength.) 

Testing should be done only after both 
pieces are thoroughly clean and dusted 
free of particles which could scratch the 
surface or hold tire pieces apart to cause 
extra fringes. In the final interference 
test the test plate should be gently 
rocked on the mirror so that the center 
of the fringe pattern moves to all zones 
of the mirror. In all positions of the cir
cular fringe pattern the fringes should 
show the same circular form and spacing. 
Any deviation of one half a fringe is read
ily apparent if there are fewer than six 
circular fringes in the diameter of the 
mirror, but detecting a quarter-wave 
difference becomes difficult and impossi
ble as the number of fringes increases. 
The fewer the fringes the more accurate
ly the deviations can be estimated. 

In order to observe the fringe pattern 
easily a moderately monochromatic light 
source is needed. Fringes appear quite 
clearly under a Buorescent light, and 
they stand out even more sharply under 
a sodium or mercury-vapor light. The 
light should be diffused, and the lamp 
is best fitted under the top of a black 
box with the front open so that the angle 
of the eye is kept small. 

All that remains is the figuring of the 
convex secondary to a spherical surface. 
The same techniques are used for cor
recting convex surfaces as for concaves. 
Low centers or long over-all radius (con
ca ve to the test plate) calls for short 
strokes or inverted rose laps. High cen
ters or short over-all radius (convex to 
the test plate) calls for long strokes or 
straight rose laps. During the polishing
out period appropriate steps can be 
taken to keep the number of fringes 
small, and it is quite possible to have a 
good spherical surface at the same time 
it is polished out. The secondary need 
never be tested in conjunction with the 
primary with which It is going to be 
used, and large Bats or spheres are un
necessary. The primary should be fig
ured and tested to the same degree of 
accuracy as if it were fully corrected. 
The allowable error in the accuracy of 
parabolizing should be adhered to, so 
that the primary will also meet the one
eighth wavelength criterion. 

In calculating the zonal readings for 

the undercorrected primary it is best to 
solve ".2/R for the various zones to be 
tested, subtract to obtain the difference 
between zones, and then apply the per
centage figure, obtained from the formu
la, to each zonal difference amount. For 
example, let us say that we will test 
three zones on the six-inch primary for 
which we determined the percentage 
correction to be 66.8 per cent, rounded 
off to 67 per cent. (Three zones will suf
fice for our example, but more might be 
desirable for better control of the fig
ure.) We will take zones .75-inch r. 
1.75-inch r and 2.75-inch r. For these 
zones ".2/R will be .012-inch, .064-inch 
and .158-inch. Subtracting, we get .052-
inch for the difference between zones 1 
and 2, and .094-inch for the difference 
between zones 2 and S. Taking 67 per 
cent of these figures, we get .OS5-inch 
and .06S-inch, and these new differences 
are those to which the mirror is figured. 
When the zonal test of the mirror shows 
that it agrees within the greatest allow
able deviation from a perfect figure, in 
this case 5.5 per cent [see "Accuracy in 
Parabolizing," Table I, Amateu1" Tele
scope Making, page 257], the mirror 
will be undercorrected by the proper 
amount, and it will perform as well with 
its secondary as a fully corrected pri
mary will with a hyperboloidal second
ary. 

A complicated ray trace of the spheri
cal secondary would undoubtedly show 
some higher-order differences of correc
tion when compared with the hyper
boloidal secondary system. Coma is 
probably increased slightly, but for all 
practical purposes it can be considered 
negligible. Moreover, most of us are not 
concerned with higher-order coma or 
the like. We want a convenient, high
powered telescope that doesn't take 10 
years of experience to build. We want 
to split that double star the book says 
this diameter should split; we want to 
find the Great Wall on the Moon, Syrtis 
MajoT on Mars, Cassil1i's division in 
Saturn's ring, see a transit of a satellite 
of Jupiter, locate Mercury in the twilight, 
pick out the Ring Nebula by knowing 
where to point in Lyra, and accomplish 
it all with a pair of mirrors that were 
fun to make in the first place. If, after 
our apprenticeship on the standard be
ginner's six-inch Newtonian, we are go
ing to build only one telescope and then 
see the sights, we might as well make the 
one that has the highest power and is 
easiest to use. Even if we just like to 
make telescopes, the spherical-secondalY 
Cassegrainian is an intriguing onc to add 
to the list. It works fine. I know because 
I've got one. 

Editor's note: George P. Arnold has 
shown by ray tracing that the equation 
for N is correct to less than one per cent 
of N for an eight-inch t/12 system with 
an tiS primary, and again for a ten-inch 
tl19 system with an tl5 primary. 
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.&. merica's power to grow 

A prime source of America's strength and growth has been the wide
spread coupling of science and industry-in agriculture, manufactur
ing, mining, transportation. It is a dynamic team that has contributed 
much to the welfare and greatness of our nation. 

It follows that for continued growth, increased prosperity-and 
security-America must rely even more heavily than before on its 
scientific and technological skills. 

It also follows that the number of available scientists and engineers 
must be increased to keep pace with the requirements of our growing 
population, our expanding economy and our greater international 
responsibilities. 

. 

How to assure an adequate supply of such trained men and women 
is one of the most pressing problems we face. It is a problem rendered 
all the more acute by the definite shortage already existing in the avail
able number of qualified scientists and engineers. And-a still further 
shortage is foreseen. 

Therefore -America must learn to produce the scientists and engi
neers needed to create an adequate reserve of this important manpower 
resource. America must encourage its young people with talent for 
science and engineering to enter these fields as a career. It must be 
made clear to them that the opportunities are great-that the chal
lenges are far more numerous and exciting than ever before. 

This is of first importance, because upon the supply of scientists 
and engineers depends America's power to grow and be strong. 

Monsanto has recently published a brochure entitled" The 
Technical Man with Monsanto" which explains how the 
scientist fits into "Serving Industry . . . Which Serves 
Mankind." If you would like a condensed story of the 
opportunity for technical personnel at Monsanto, write: 
Monsanto Chemical Company, 1700 South Second Street, 
St. Louis 4, Missouri. 

�IONS1\NTO cnE�IICAI, CO�(PANY 

Charles Allen Thomas, President 

MONSANTO 
CHEMICALS ,.0 PLASTICS 

S E It V I N G IN It U S T It Y • • • 'V n len S E It V E S �. A N KIN It * 

123 

© 1951 SCIENTIFIC AMERICAN, INC



124 

"i'; 111111111111111111111 II I I I III r il,:II Ii �, :�;,:ili 111I1iI ,mill ,:,' ,I I I illlIIl:IllIlIlII iili: iii; j; 11111 i:, i;,;; ifni:, Iii I", ," ,I 

A LIBRARY BINDER 

FOR THIS MAGAZINE 

Keep your copies of SCIENTIFIC AMERICAN 
111 a handsome and durable library binder 

Bound 111 

stamped 111 

dark green library fabric and 

gold leaf, it holds 12 issues 

Copies mounted III 

may be inserted or 

binder open flat and 

removed separately 

To secure complete 195 ° collection, order 

binder now. qndex published in December 

Address your order, enclosing check or money 

order for $2.50, to: 

Dep'artment B 
SCIENTIFIC AMERICAN 
24 West 40th Street 
New York 18, N.Y. 

;'SuppLy of back issues of SCIENTIFIC A"ERICAN is limited. 

1'0 ,.eplace missiug copies, mail illqui,.y <tit" you,. binder 

order. IfI e will send copies. if available, and bill YOIt. 

-
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IN EKGINEERING CURRICULA, FALL OF 
1946. Henry H. Armsby in The Journal 
of Engineering Education, Vol. 37, No. 
9, pages 675-688; May, 1947. 

AMERICA
'
S NEEDS AND RESOURCES. J. 

Frederic Dewhurst. The Twentieth Cen
tury Fund, 1947. 

The Journal of Engineering Educa
tion. Vol. 37, Nos. 1,2,3 and 4; Septem
ber, October, November and December, 
1946. 

SCIENTISTS 

ENDLESS HORIZONS. Vannevar Bush. 
American Council on Public Affairs 
Press, 1946. 

THE SHORTAGE OF SCIENTIFIC PER
SONNEL. Henry Allen Moe in Science, 
Vol. 105, No. 2721, pages 195-198; Feb
ruary 21, 1947. 

THE FUTURE SUPPLY OF SCIENTIFIC 
PERSONNEL. M. H. Trytten in Mechani
cal Engineering, Vol. 68, No.2, pages 
123-126; February, 1946. 

SCIENCE AND PUBLIC POLICY. A Re
port to the President by John R. Steel
man, Chairman of President's ScientiRc 
-Research Board. U. S. Government 
Printing Office, 1947. 

DOCTORS 

NUMBER OF LIVING PHYSICIANS BY 
STATES. Frank G. Dickinson in JOtlrnal 
of the American Medical Association, 
Vol. 137, No. 17, page 1550; August 21, 
1948. 

INCOME OF PHYSICIANS, 1929-49. Wil
liam Weinfeld in Survey of Current Busi
ness, Vol. 31, No.7, pages 9-26. U. S. 
Department of Commerce, Office of 
Business Economics; July, 1951. 

MEDICAL SCHOOL GRANTS AND FI
NANCES; Parts I, II and III; Publications 
53, 54 and 55. Federal Security Agency, 
Public Health Service; 1951. 

MOBILIZATION 

A SHORT HISTORY OF THE WAR MAN

POWER COMMISSION. Technical Service 
Division. U. S. Employment Service; 
June, 1948. 

MOBILIZATION PLANNING AND THE 
NATIONAL SECUIUTY, 1950-1960: PROB
LEMS AND ISSUES. U. S. Senate Document 
204, 81st Congress; 1950. 

TRAINING WITHIN INDUSTRY REPORT. 
District Representatives Conference; 
February 5-9, 1945. U. S. War Man
power Commission. 

YOUTH 

HIGHER EDUCATION FOB AMEIUCAN 
DEMOCBACY: VOL. I, ESTABLISHING THE 
GOALS. Report of the President's Com
mission on Higher Education. U. S. 
Government Printing Office, 1947. 

PSYCHOLOGICAL TESTING. James L. 
Mursell. Longmans, Green and Co., Inc., 
1947. 

NATURE AND HUMAN NATURE. Law
rence K. Frank. Rutgers University 
Press, 1951. 

I 
J 
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This IBM electronic tube a s s e mbly cuts 
through the unknown like a rocket through 
the stratosphere. 

It probes the mysteries of the atom's core; 
predicts critical wing flutter of fast aircraft; 
traces paths of light through a lens system; 
calculates trajectories of guided missiles; plots 
the course of planets for the navigator. 

It calculates payrolls, inventories, costs; points 
out savings of time and money. 

. 

These compact, pluggable units are the heart 
of IBM Electronic Calculators. 

INTERNATIONAL BUSINESS MACHINES 

IBM Electronic Business Machines 
are vital defense weapons in the 
hands of our nation's industrial 
engineers and scientists. 
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PhotQ{JrClph hl/ Barton Murrau 

IlTAey look w��ter than wAite! /I 

That's what housewives everywhere are saying now that soap manufacturers are 
adding the remarkable new "whitening agents" or "brighteners" to their 
laundry soaps and detergents. 

And it's true. These whiteners make white fabrics reflect more "visible" 
light and therefore appear much whiter and brighter. But their use is by no means 
limited to whites - they also brighten some of the pastel shades such as baby 
pink and baby blue as they come from the wash. 

Such brightening agents are made with AERO· Cyanuric Chloride, an interesting 
chemical compound produced by American Cyanamid's Industrial Chemicals 
Division. Cooperating closely with the soap industry, Cyanamid has helped to 
make this improvement pOSSible ... an improvement which, quite literally, is 

• 
AMERICAN � COMPANY 

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 

-' 

"brightening up" Mrs. America's work-a-day world. *Trade-mark L-______________________ _ 

Materials/or the chemical proces .• industries-alllollg the lIIany industries served by Cyanalllid 
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