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�orn to be hearthy 
LUCKY BABY! Never in all history has a youngster been born with better prospects 

for good health. For the medical profession is steadi;y gaining new knowledge 

and new weapons with which to press the relentless attack against infection 

and the diseases of childhood. 

AUHEOMYCI:-I, the most versatile of all antibiotics, is a new drug developed 

by Lederle Laboratories Division of American Cyanamid Company. Aureomycin 

gives the doctor control over many infections previously beyond the reach 

of known drugs .. . and spearheads the attack upon the mysterious near-viruses. 

This range of effectiveness against infections has proven so great that it is 

being hailed as the begjnning of a new era in medical progress! 

• 
AMERICAN � COMPANY 

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 

SlIpplying drugs, pharmaceuticals and chemotherapeutic products for the medical profession 

- one of the many services of Cyanamid. 

© 1950 SCIENTIFIC AMERICAN, INC



New RCA overseas teleprinter service by radio, first open to the public, now links New York and Holland. 

You are familiar with teleprinter service 
which delivers a typed message, by wire, 
at high speed. Now this useful service 
takes to the air on a person-to-person 
basis, and is spanning the Atlantic Ocean 
by radio! 

This new achievement, called TEX, was 
developed by RCA engineers and European 
experts. Its heart is an amazing machine 
that thinks in code, detects errors which 
may have come from fading or static-and 
automatically insists on a correction! 

• 

If, when RCA's "TEX" is at work, a letter be
comes distorted, the receiving instrument re
jects the character and sends back a "Repeat, 
please" signal in fractions of a second - then 
repeats it until a correct signal is received. Like 
other RCA advances in radio, television, and 
electronics, RCA's TEX system helps make 
radio waves more useful to all of us-and in 
more ways! 

See the newest in radio, television, and elec
tronics at RCA Exhibition Hall, 36 West 49th 
St., N. Y. Radio Corporation of America, RadIO 
City, New York 20, N. Y . 

RCA Research and pioneering pro
vide a basis for the superiority of 
RCA Victor television receivers-lhe 
best buy on the 1950 market. 

RADIO eORPORAFION oF AMERleA 

World Leader in Radio - Firsf- in Television 
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NEW .. • 

BULLETIN 849 PNEUMATIC 

TIMING RELAY 
Good for Millions of Operations 

A-B Bulletin 849 Style 
A • 'On-Delay" Pneu
matic Timer. Provides 
delay after timer coil 
is energized. An auxil
iary contact block may 
be added. 

A-8 Bulletin 849 Style 
BX " Off-Delay' I Pneu
matic Timer with one 
set of auxiliary con
tacts. This timer pro
vides delay after timer 
coil is de-energized. 

This new, compact, solenoid type, pneu

matic timing relay utilizes a synthetic rub

ber bellows for controlling the tripping 

time. Has a range of from 10 cycles to 3 
minutes, and an accuracy of approximately 

± 10%. Its setting is easily adjustable 

Over a wide range, and the relay resets 

instantaneously. This timer will provide sat

isfactory operation irrespective of tempera

ture, humidity, or vibration conditions. 

Available with "quick make" and "quick 

break," double pole, silver alloy main con

tacts-one set normally open and one set 

normally closed. Terminals are readily ac

cessible from the front. A duplicate set of 
contacts for pilot control can also be pro

vided, actuated directly from the solenoid. 

The unit can be changed readily from "dash 
up" to "dash down" operation by simply in

verting the solenoid. The Bulletin 849 Timer 

is available in twenty-four different styles. 

ALLEN - BRADLEY 

Allen-Eradley Co. 

SOLENOID 
MOTOR 

CONTROL 
.........•....• -

134 W. Gi �enfield Ave. 
Milwaukee 4, Wisconsin 

Gentlemen: 

Please send me information on Bulletin 849 
Pneumatic Timing Relays. 

Name' __________ Title __ _ 

Company' ____________ _ 

Addresss _____________ _ 

City, _____ --.J.Zone ___ State __ _ 

••••••••••••••••••••••••••• 
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Sirs: 
Professor Mangelsdorf's assumption, 

in his otherwise excellent summary of the 
most intriguing of ethnobotanical mys
teries ("The Mystery of Corn," SCIEN
TIFIC AMERICAN, July), that the subject 
of pre-Columbian Old World maize is 
closed is no longer tenable i� the light of 
recent evidence. Since Laufer, the great 
Sinicist, demolished the pre-Columbian 
arsyument with his linguistic researches 
so�e 40 years ago, those who continued 
to speculate about archaic corn in south
east Asia were regarded a� mild cranks. 
Within the past decade, however, a 
small band of botanists and plant geog
raphers, spearheaded by Edgar Ander
son of the Missouri Botanical Garden, 
have come up with virtually unassailable 
proof that corn has been known in south
east Asia since prehistoric times, and 
the question of which hemisphere was 
the original source is now wide open. 

The corn in question is scattered in
termittently through southern Asia in 
Iran, Turkestan, the Himalayan regions, 
and as far as Hainan and pOSSibly New 
Guinea, but it has been studied in great
est detail in Assam and northern Burma. 
Strains of rather non-vigorous corn, quite 
secondary to rice or millet in the agri
cultural economy, are raised here with 
much local variation in plant morphol
ogy and cultural Significance. The fact 
of corn being grown by remote, con
servative tribes and its absence among 
the more civilized peoples of monsoon 
Asia (who cultivate patently post-Co
lumbian strains when corn is used at all) 
would make a 16th-century introduction 
most implausible. The absence of ancient 
written references is scarcely astonishing 
in view of the illiteracy and inaccessi
bility of the cultivators. Other lines of 
argument for the antiquity of corn in 
Asia are: 1) the primitive morphological 
characteristics of the Asiatic varieties, 
which are approached in the Americas 
only by extinct varieties or by certain 
rare and primitive popcorns, 2) the fact 
that the many local terms for corn are 
highly indigenous and were imbedded 
in the speech of these hill people many 
centuries ago, and 3) a diversity of uses 
indicating a long period of adaptation. 

The possibility of an Asiatic home for 
maize, real proof of which awaits further 
field work in a quite unsettled part of 

LETTERS 
the world, rests at present upon the fact 
that maize has many more possible bo
tanical cousins among the Old World 
grasses than in the New, and upon the 
observation that it is more likely that 
the primitive and rather economically 
unimportant maizes of southeast Asia 
would be transferred across the Pacific 
by human agency several millennia ago, 
to be elaborated in the New World into 
the modern corns by relatively enterpris
ing plant breeders, than that the reverse 
should occur. The early farmers of Amer
ica were in dire need of good grain food; 
the people of Asia had their choice of 
several. 

However vague this story of maize 
from across the Pacific may appear at 
present, it seems to me that· there is the 
most promising prospect waiting to he 
explored, now that most of the leads 
in the New World have wound up in 
cuI-de-sacs. The history of New vVorld 
cotton (recently shown by genetic an
alysis to have been an ancient importa
tion from Asia) is instructive, and it can 
be hoped that the combined efforts of 
specialists in genetics, ethnology, lin
guistics, archaeology and botany may 
finally prove or disprove the Asiatic an
cestry of maize. 

WILBUR ZELINSKY 

University of Georgia 
Athens, Ga. 

Sirs: 
I have not assumed, as Professor Zelin

sky's letter suggests, that "the subject 

Scientific American, September, 1950; Vol. 183, 
No. 3. Published monthly by Scientific American, 
Inc., 24 West 40th Street, New York 18, N. Y.; 
Gerard Piel, president; Dennis Flanagan, vice 
president; Donald H. l\liller, Jr., vice president 
and treasurer. Entered at the Ncw York, N. Y., 
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Greenwich, Conn. 
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The Editors, Sl.IENTIFIC AMERICAN, 24 WeSl 40dl 
Street. New York 18, N. Y. Manuscripts are suh
mined at the author's risk and will not be returned 
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AdvCI·tising cUI'I'cspolldf!llcC should be aJdressctl 
to Charles E. Kane, Advertising Manager, SCiEN. 
TIFIC AMEflICAN, 24 We"t 40th Street, New York HI, 
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Solving the "unsolvable" problems of guided missile 
development is the task of the most brilliant scientific 
minds in America today. These experts apply knowledge 
of practically every branch of science. AiResearch 
engineers and craftsmen are proud to assist them. 

Outstanding contribution of AiResearch in this field 
is the design and manufacture of auxiliary power 
"packages." Utilizing hot gases, these units supply a 
second source of power within the missile needed to 
operate such vital elements 
as stabilizers, air surface and 
guidance controls. 

With research, testing and 
manufacturing facilities de
veloped through ten xears of 

specialized work in the fields of air cycle cooling, heat 
transfer, pressurization, gas turbines,electronic controls 
and electrical actuators, AiResearch brings to the 
missile program knowledge and abilities which are 
difficult to find elsewhere. 
• If you are concerned with any phase of missile 

development, you are invited to bring your hard

to-solve problems to AiResearch. Here you will 

find skilled engineers, the most modern equip

ment obtainable and

what is most important

the kind of creative think

ing that is accustomed to 

meeting and solving the 

"unsolvable. " 

• An inquiry on your company letterhead will get prompt attention. AiResearch Manufacturing Co., Los Angeles 45, Calif. 
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CONSTANT·POTENTIAL 

ACCELERATORS 
• 

produ(e 
high· energy 

radiation 
for fundamental research: 

The homogeneous and control
lable beam intensity from the 
Van de Graaff accelerator is the 
most versatile source of radiation 
used in the precision studies of 
radiation effects on materials . 

The Van de Graaff electrostatic 
accelerators provide vital data in 
nuclear physics. radiation chem
istry, and radio biology. 

for radiation therapy: 
Clinical use of the 

two-million-volt Van de 
Graaff x-ray generators 
shows remarkable skin 
and bone tolerance from 
the high quality radia
tion. New effectiveness 
in the treatment of cancer 
by this type of high
voltage equipment has 
been observed. Special 
new x-ray techniques 
have been developed as 
a result of the character
istic radiation obtainable 
from this compact and 
Rexible apparatus. 

I 
Versatile 

'"an tiP '.raall 
Accelerator 

TYPE C MODEl H 
--.--

for industrial applications: 
The inherent characteristics of the Van de Graaff accelerator 

have made it the basic tool for advanced research in the fields of 
metallurgy and food technology. The results obtained to date have 
been sufficient to unfold vast new opportunities for the steriliza
tion of food stuffs and pharmaceutical products. 

These Van de Graaff accelerators. in the two- to five-million
volt range. are built for the specific requirements of the users. The 
output beam will produce positive ions or neutrons, electrons or 
x-rays. Your inquiries will receive prompt attention. 

HIGH VOLTAGE ENGINEERING CORPORATION 
7 UNIVERSITY ROAD CAMBRIDGE 38, MASSACHUSETTS 

of pre-Columbian Old World maize is 
closed. " In dealing with a problem as 
complex as that of the origin and evolu
tion of corn, one does not arbitrarily ex
clude from consideration any possible 
solution, however unlikely it is to be the 
correct one. I have merely exercised my 
prerogative as an author to give great
est emphasis to those possibilities which 
in my judgment offer greatest promise. 
The statement in my article that "the 
evidence that corn originated in America 
is so overwhelming that it seems sensible 
to concentrate, if not to confine, our 
search for its wild ancestor to the West
ern Hemisphere" expresses quite accu
rately my present viewpoint on the pos
sibility of an Old World origin of corn. 
Professor Zelinsky, a geographer, accepts 
as "virtually unassailable proof" some 
recent botanical observations and opin
ions on Asiatic corn about which I, as 
a botanist and long-time student of corn, 
am quite skeptical. 

The observations in question are those 
of Stonor and Anderson, who found that 
the corn of Assam has several "unusual" 
characters and that it has many names 
and several uses among the native h'ibes, 
who believe it to be indigenous. Their 
hypothesis is that corn presumably "must 
either have originated in Asia or have 
been taken there in pre-Columbian 
times." 

Actually the Assam corn itself is by 
no means unique. Some of its "unusual" 
characters-uniformly green leaves and 
stems, slender pendant tassels, coior·s of 
the endosperm and aleurone, small iso
diametric kernels, and lack of vegeta
tive vigor-are rather widely distributed 
in South American maize. One of the 
Assam varieties, called Late Sidewise, 
which is said to look "unlike anything 
previously reported for Zea Mays," has 
strong affinities, if not exact counter
parts, among the living varieties of Co
lombia and will, no doubt, be found oc
curring elsewhere in South America 
when more extensive collections have 
been studied. 

Other botanical criticisms of the arti
cle by Stonor and Anderson have re
cently been made by Elmer D. Merrill 
and by Paul Weatherwax. 

The other evidence mentioned by 
Professor Zelinsky is in the same cate
gory (insofar as it has any bem';ng on 
the origin of corn) as the "unassailable 
proof" of Stonor and Anderson. Space 
does not permit a detailed discussion of 
it here. His statement on cotton will un
doubtedly come as a shock to Hutchin
son, Silow and Stephens, who several 
years ago developed a new hypothesis 
on the origin of cotton but who, I am 
sure, never foresaw that their hypothesis 
would be cited as an established fact to 
support an argument for the Asiatic 
origin of corn. Professor Zelinsky's state
ment that corn has "many more possible 
botanical cousins among the Old World 
grasses than in the New," although true, 
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qua,WY'is enhanced, performance 
processing is more/easily controlled . • .  

Chemicals are bein�.
usTd in products 

�onlyassocjoted with the nexJ fifty years�iet '�!19in�,s, 
rockets, new che,tnic:ol�:and many ot�.ers. 

Hi " N ?  H 
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�!. 
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4;; FinalJy'1he recent ayaitability of metallIc gallium created 
"more interest among scientists thanbhy other Alc?a Chemical 
product ye1.produeed. 
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If you would like to have more informOtfd" dr\' how Alcoa 
'ch�mieolf or gallium might aid YOlJj;ot" help' make your 
pr?ducts better, w�ite to: Aluminum CompanY . of. America, 

'Chemicals Division, 629 .•.. Gulf Buildingt PittSBurgh 19, Po.,,, 
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THE HORN 

OF PLENTY 

There is no foreseeable limit to the 

wealth which flows from Chemical Research. 

As Science boldly tears away the veil 

that shields the naked atom, and learns 

to produce by the ton and tankcar the discoveries 

made in test tubes, our standard 

of living steadily advances. 

Spencer Chemical Company, in Mid·America, believes most 

strongly in the importance of the laboratory, the pilot 

plant and the test plot. The scores of research 

projects now under way in Spencer laboratories 

and on Spencer test fields testify to the 

company's faith in this 

essential tool of business. 

The products which grow out of these 

studies will be Spencer's 

contribution to increased 

efficiency for industry ... 

more bountiful production for 

agriculture ... 

greater comfort and 

convenience for YOU. 

SPENCER CHEMICAL 
COMPANY 

Executive and Sales Offices: Dwight Bldg., Kansas City 6, Missour,i 

FOR INDUSTRY AND AGRICULTURE: Ammonium Nitrate Fertilizer . SPENSOl (Spencer 

Nitrogen Solutions) • Anhydrous Ammonia. Refrigeration Grode Ammonia. Aqua Ammonia 

• 83% Ammonium Nitrate Solution • Synthetic Methanol • Formaldehyde • FREZALL 
(Spencer Dry Ice) • liquid Corban Dioxide. 

is quite meaningless, since we are con
cerned not with numbers of relatives 
but with the closeness of relationship. 
The most important fact about the Old 
World relatives of corn is that they differ 
from corn quite profoundly in several 
fundamental botanical characteristics 
and, in spite of numerous attempts, none 
has ever been hybridized with corn. 

It is at present true, as stated in my 
article, that "there is no evidence of any 
kind-archaeological, linguistic, ideo
graphic, pictorial, or historical-of the 
existence of corn in any part of the Old 
World before 1492." If intuition or in
sight (the existence and importance of 
which I do not deny) pOint to Asia as 
the home of corn, then let the propo
nents of this thesis come forward, not 
with final proof, since this is perhaps too 
much to expect at this stage, but with 
the first tangible evidence in support of 
their thesis. 

PAUL C. MANGELSDORF 

Harvard University 
Cambridge, Mass. 

Sirs: 
The article by Dr. Mangelsdorf on the 

ancestry of corn has given me a great 
deal of moral support by its conclusion 
that this useful food plant originated in 
the Andean region, rather than in Guate
mala, as formerly believed. In my case, 
however, this conclusion is based on 
very different grounds from those ad
vanced by Dr. Mangelsdorf. 

In achieving its present degree of 
civilization the human species seems to 
have passed through three quite distinct 
stages-savagery, barbarism, which is 
characterized by the acquisition of do
mesticated herds, and finally agricultur
al civilization. Agriculture seems to 
have been undertaken originally for the 
purpose of providing fodder for domesti
cated herds; the use of cereal grains as 
a means of human sustenance seems to 
have been a secondary development. 

It would therefore appear reasonable 
te suppose that the original development 
of corn would have been accomplished 
by those Indians who already had ac
quired herds of domesticated animals. 
At the time of the arrival of the con
quistadores the only domesticated herds 
in America were those of the llamas in 
the Peruvian Andes. The occurrence of 
the domesticated llama in the same gen
eral area that is characterized by the 
greatest number of recognizable varie
ties of corn is too remarkable a coinci
dence to be attributed to fortuitous 
causes. It suggests that the development 
of corn was due to a deliberate attempt 
to secure a source of food supply for the 
llamas. 

JOSHUA L. BAILY, JR. 

San Diego, Calif. 
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THE PRICE OF SUCCESS 
What is it that brings one man success in life, and mediocrity or failure to his brother? 
It can't be mental capacity. There is not the difference in our mentalities that is indicated by 
the difference in performance. 

The answer is, some men succeed because they cheerfully pay the price of success while others; 
though they claim ambition and a desire to succeed, are unwilling to pay that price. 

THE PRICE OF SUCCESS IS-

. To use all your courage to force yourself to con
centrate on the problem in hand; to think of it 
deeply and constantly; to study it from all angles, 
and to plan ahead. 

To have a high and sustained determination to 
achieve what you plan to accomplish, not only 
when conditions are favorable to its accomplish
ment, but in spite of all adverse circumstances 
which may arise. 

To refuse to believe that there are any circum
stances sufficiently strong to defeat you in the 
accomplishment of your purpose. 

Hard? Of course. That's why so many men never 
reach for success, yield instead to the siren call of 
the rut and remain on the beaten paths that are 
for beaten men. Nothing of note has ever been 
achieved without constant endeavor, some pain 
and ceaseless application of the lash of ambition. 

That's the price of success. Every man should 
ask himself: Am I willing to endure the pain of this 
struggle for the rewards and the glory that go with 
achievement? Or shall I accept the uneasy and in
adequate contentment that comes with mediocrity? 

If you are willing to pay the price of success, 
the Alexander Hamilton Institute can help you 
chart your course and supply the knowledge of 
business fundamentals that is necessary for well
rounded executive competence. 

Since 1909 more than 430,000 men have bene
fitted by the Institute's Modern Business Course 
and Service, including many of the nation's fore
most businessmen and industrialists. 

The Alexander Hamilton Institute's story is summed 
up in a 64-page booklet-"FORGING AHEAD 
IN BUSINESS." A copy is offered, without cost, to 
anyone who is interested. Every business head and 
ambitious employee within his organization will 
want to read it. Simply send in the coupon below. 

ALEXANDER HAMILTON INSTITUTE 
Dept. 595, 71 West 23rd Street New York 10, N. Y. 

In Canada: 54 Wellington Street, West, Toronto 1, Ont. 

�-------------------
I ALEXANDER HAMILTON INSTITUTE 

Dept. 595, 71 West 23rd Street, New York 10, N. Y. 
I In Canada: 54 Wellington Street, West, Toronto l� Onto 

I Please mail me, without cost, a copy of the 64-page book-
"FORGING AHEAD IN BUSINESS." 

I Name . . . . • • • . • • • • • • • . . . . . . . . . . • • • • . • . . . . . . . . . . . • • • • • . . . . . • . • • . . • • • •  

I Firm Name . . . . . . • • • • . • • • • • . • . • • • • • • • . • . . . . . . . . . • . • • . • • • • • . . . . . . . . . .  

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

I Position . . . . . . . . . . • . • . • • • • •  � • . • . • . . . . . . • • • • • • • • • . • • • • • . • • • • • • • • • • • • •  

I Howe Address . • • • •  - . . . . . . . . . . . . . . . . . . ... . . . . .. .. .. . ..... . ... .. ....... . . 
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VISION! 

Take a look through the Palomar 
telescope-and you wouldn't see 
much. No layman would. But 
put a trained astronomer at the 
eyepiece and suddenly the Palo
mar giant adds billions of miles 
to the vision of anyone who 
knows what to look for-how to 
interpret what he sees. 

And when it comes to invest
ing, vision works a lot the same. 

Lots of people looking for a 
sensible way to earn more than 
1 or 20/0 on their savings are con
fused by financial facts and fig
ures ... don't get much out of 
available investment data. 

But to the trained specialist, 
even a brief study of balance 
sheets, earnings, and inco�le ac
counts yields a pretty clear pic
ture of a company's health. 

Here at Merrill Lynch, we 
have dozens of such specialists 
whose whole job it is to point 
Out the facts that many investors 
might miss - explain and inter
pret what they mean. 

So why not ask for their help 
on your investments? No matter 
how large-or small-there's no 
charge, no obligation, whether 
you're a customer or not. 

JUSt write (in complete con
fidence) to--

Department VF 

MERRILL LYNCH, 
PIERCE. FENNER & BEANE 

U nderwriterJ and DiJtributorJ 0/ 
J nVeJlmelit SecJtritieJ 
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Broken ill SecuritieJ and Commodities 
70 Pine Street, New York 5, N. Y. 

Offices in 98 Cities 

1900 
- "Recent progress in 

the electrical world 
• has been marked by 

steady advance along established lines. 
Perhaps the most striking development 
has been that of wireless telegraphy, a 
system which was shown for the first 
time in successful commercial operation 
in this country by Marconi himself dur
ing the international yacht races. Dur
ing the summer wireless messages were 
successfully h'ansmitted between ships 
of the British Navy which were sep
m'ated by 80 miles of water; decipherable 
messages were also dispatched from 
Chelmsford in England to Boulogne in 
France, over 110 miles of land and 
water. Marconi has done enough to es
tablish the practical value of his system 
for certain specified work, but its value 
will be enormously increased if he can 
discover some means to restrict the re
ceipt of messages to the particular sta
tion for which they are intended, and 
prevent all interference by the waves 
sent out from other stations that may 
happen to be within range." 

"M. Curie, in continuing his re
searches upon the rays given off by 
radium, has brought to light a remark
able phenomenon in connection with 
this form of radiation, namely, that these 
rays are possessed of an electric charge. 
They thus show a close relation to the 
cathode rays. Like the cathode rays, 
they are charged negatively. It must fol
low that the radioactive matter is the 
seat of a continuous emission of particles 
which are negatively electrified, and 
vvhich will pass through a conducting 
or dielectric screen without discharging." 

"Activity in the aeronautical world has 
been directed rather to the development 
of the airship than the aeroplane. Ever 
since Langley's brilliant success in 
achieving a flight of three-quarters of a 
mile with an experimental, steam-driven 
machine, we have heard but little either 
of the motor-driven aeroplane or the 
soaring machine. The balloonists, on the 
other hand, have been very active and 
fairly successful. By far the most ambi
tious attempt at the construction of an 
airship is that of Count Zeppelin." 

"In the domain of Becquerel rays an 
addition to the number of radioactive 
substances has been made by A. De
bierne. Up to the present we have had 
radioactivity exhibited by uranium, 
thorium, radium and polonium. The 
new substance is called actinium and 
belongs to the iron group." 

"Candidates for the Nobel prize for 
scientific achievements are being con-

50 YEARS AGO 
sidered by the Swedish Academy of 
Science, at Stockholm, which must 
award the prize this year for the first 
time. Among the names already pro
posed are Prof. Roentgen, Marconi, 
Baron Nordenskjiild and Henri Dunant, 
the founder of the Red Cross Society." 

"Prof. Haeckel, of Jena University, 
and David J. Walters, a law student, are 
about to start to find the pithecanthropus. 
Mr. Walters intends to pursue his in
vestigations in Java and will arrive in 
that isle before the great evolutionist. 
The pithecanthropus if found will be of 
great value, as it will tend to supply the 
J",:iss!�g link in the evidences of evolu
tIon. 

"Half a century ago the greatest hopes 
were entertained. The discovery of the 
conservation of energy and of its trans
formations had just revealed the unity of 
force; heat was explained by molecular 
movements; for light, . the question 
seemed solved. Electricity, just annexed 
to magnetism, was farther behind, but 
no one doubted that it would take its 
place in the general unity, and for the 
molecular properties of solids, the re
duction seemed easier. What do we ob
serve today? First, an immense progress; 
the domains of electricity, light and mag
netism now form but one. The optical 
phenomena enter as particular cases of 
electrical phenomena. While they re
mained isolated, it was easy to explain 
them, but now an explanation to be ac
ceptable must enter into the domain of 
electricity; this is not without some diffi
culties. The theory of Lorentz is the 
most satisfactory. The irreversible phe
nomena are more intractable, but are 
brought into order by Cm-not's princi
ple. The role of thermodynamics has 
greatly increased, and we owe to it the 
theory of the pile and of thermoelectric 
phenomena. To sum up, the old phe
nomena become better classified, but 
new ones are constantly coming in, and 
we must now place the cathode and 
X-rays, those of uranium and radium, 
etc. No one can predict the place they 
are to occupy, but no doubt they will fit 
into the general unity." 

"The Edison phonograph has become 
a familiar object in our modern life. The 
great growth in popularity of the phono
graph, and the necessity for keeping the 
owners supplied with fresh 'literature,' 
has caused the mere work of manufac
turing the records to assume truly enor
mous proportions. Evidence of this is 
shown in the storage room of the Edison 
Phonograph Works, in which are to be 
found tier upon tier of storage bins, 
whose contents represent records of 

© 1950 SCIENTIFIC AMERICAN, INC



Mounting Bell's new microwave 

lens in a horn-lens antenna_ 

Other blocks will complete the lens_ 

A focus on better, low-cost telephone service 
In the new microwave radio relay system be
tween New York and Chicago, giant lenses 
shape and aim the wave energy as a search
light aims a light beam. 

Reasoning from the action of molecules in 
a glass lens which focuses light waves, Bell 
Laboratories scientists focus a broad band 
of microwaves by means of an array of metal 
strips_ To support the strips these scientists 
embedded them in foam plastic which is 
virtually transparent to microwaves. Rigid 
and l ight in weight, the plastic is easily 
mounted on relay towers. 

This unique lens receives waves from a 
wave guide at the back of the horn. As they 
pass across the strips, the waves are bent in
ward, or focused to form a beam like a spot
light. A similar antenna at the next relay sta
tion receives the waves and directs them into a 
wave guide for transmission to amplifiers. 

This new lens will help to carry still more 
television and telephone service over longer 
distances by microwaves. It's another ex
ample of the Bell Telephone Laboratories 
research which makes your telephone service 
grow bigger in value while the cost stays low. 

Laboratory model of the >lew 

lens. A sirnilm' an'al1geme'nt of 

1netal strips is concealed in the 

foarn plastic blocks in the large 

piet'ure. 

BELL TELEPHONE LABORATORIES 
Working continually to keep "our telephone service big in value and low in cost. 
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DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 

Atlanta • Chicago _ Cleveland • Dallas 
los Angeles . New York 

In Canada: Fiberglas Canada, Ltd., Toronto 
In Great Britain: Albright and Wilson, Ltd., london 
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3,000 distinct subjects, or nearly half a 
million wax cylinders in all." 

"Prof. Dewar again holds a prominent 
place in current scientific progress. To 
the long list of his achievements has 
been added the liquefaction of hydro
gen. Subsequently, at the Dover meeting 
of the British Association, he described 
the experiments by which he had suc
ceeded in solidifying the same gas. In 
May Sir William Crookes informed the 
British Royal Society that he had found 
in a photograph of a spectrum a group 
of lines indicating the existence of a 
new element, which in honor of his 
Queen he named 'victorium.' '' 

"Prof. Loeb, of the University of Chi
cago, has. made interesting experiments 
upon the artificial fertilization of the 
eggs of sea urchins, and the production 
of larvae after an immersion of two 
hours in a solution of magnesium chlor
ide and sea water." 

"Never was there a time when so 
many and so well-equipped expeditions 
were abroad in the effort to fill in the 
blank spaces in the geography of the 
world. Interest is divided pretty equally 
between the Arctic and Antarctic regions 
-with a preference for the former. 
Peary is well on his way to the North 
Pole. Profiting by his past experience, 
he is engaged in establishing the neces
sary line of communications before mak
ing his final dash for the objective point. 
He has an able competitor in Sverdrup, 
Nansen's old colleague, who has taken 
the Fram once more into Arctic waters, 
with the intention of combining Peary's 
and Nansen'�, 

plan of advance in a su
preme effort. 

"The progress of the South African war 
entrenched positions, as at Glencoe and 
Belmont, the repulses at Magersfontein 
and the Tugela, where the Boers had 
thrown up elaborate entrenchments, 
proved that direct assault on such posi
tions, when held by such excellent shots 
as the Boers, are doomed to failure. The 
magazine rifle has put a heavy discount 
upon old-time valor, and the war of the 
future will be more than ever a war of 
the tacticians." 

"Unquestionably the greatest advance 
in transportation is that recorded in the 
field of the automobile, which is evi
dently destined to enjoy a popularity as 
great as, and certainly more lasting than, 
the bicycle. There has been a noticeable 
and very gratifying improvement in the 
general appearance of the latest styles of 
automobile, and the constantly accumu
lating experience is leading to marked 
improvement in tlle motors. The speed 
and 'radius of action,' to borrow a naval 
term, of the automobile have seen a truly I, 
remarkable increase. A remarkable proof 
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Company, 2147 Farlllen Bank 

Building, Pittsb"Tgh 22, Pa. 

QFFICES IN PRINCIPAL CITIES_ 
Export Department, 342 Madison 
Ave., New rork, N. r. Distributors 
and representatives throughout the 
world. 

MACHINERY 

THE engineered products and engineer
ing services of Blaw-Knox are contributing to industrial 
progress internationally. We invite an engineer-to-engineer 
discussion to determine if these products and services can 
be helpful to you in meeting changing production conditions. 

OPERATING ANO SALES OIVISIONS 
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Operating on a 

SHOESTRING 
Yes, there is a difference in shoestrings; something is being done to make 

them better. The use of sulfur dioxide (S02) after the mercerizing process 

neutralizes the caustic soda used for that purpose and greatly increases 

the wearing qualities and break strength of the shoestring. 

This is but one of the many ingenious applications which come natur

ally to "Virginia" research men in seeking out more and more industrial 

uses for "Virginia" Liquid S02' They are thoroughly familiar with the 

proved properties of sulfur dioxide as an effective reducing and bleach-

lilRGINIA 

ing agent, and as an antichlor, 

preservative, and pH control. 

For 29 years, "Virginia" has 

pioneered profitable applications 

of this versatile chemical for over 

40 different industries. Technical 

service-freely given-and un

surpassed quality of product have 

made "Virginia" t h e  world's 

Number One producer of S02. 

You may not make shoestrings, 

but it is possible that "Virginia" 

S02 can fill a keenly-felt need in 

your business. If we can put our 

S02 to work for you on a profit

able basis, we'd like the chance 

of discovering how ... and of 

serving you. Write us, outlining 

your problems. Ask for our S02 

folder. VIRGINIA SMELTING COM

PANY,Dept.SA,WestNorfolk,Va. 

of this was shown in the nine-day race 
around France, in which the winner CQV
ered the distance (1,428 miles) in 44 
hours, 44 minutes, 9 seconds, an aver
age speed of about 32 miles per hour. 
Special racing machines have made 
speeds on the track of over a mile a 
minute. The progress of the industry 
in this country has been decidedly en
couraging." 

"Prof. Percival Lowell and Prof. Todd 
have left New York with astronomical 
material to observe the eclipse of the sun 
in Algeria. Owing to the fineness of the 
climate of Algeria, it is a particularly 
good locality to observe the eclipse. 
There is an observatory in Algeria, the 
director of which recently went to Paris 
to take measurements with M. Loewey 
in order to observe the eclipse." 

"In no period of human endeavor has 
the work of man been so built into tangi
ble and enduring things of useful quality 
as in the century just about to pass into 
history. Ancient and medieval history 
dealt with bloody wars, limiting creeds, 
cunning politics and the greed of con
(luest. Modern history must leave these 
to a subordinate place, and substitute 
for them, as of greater importance, the 
genius of invention, the elements and 
agencies of industrial progress, and the 
arts of peace; and in so doing it marks 
the approaching millennium of happi
ness, good will and material prosperity 
which men have always longed for. The 
last decade of the century (1890-1900) 
is still so near to us, and is so filled with 
invented agencies of importance, that 
selection is rendered specially difficult, 
and only a few of the most important 
may be named. We find the Parsons ro
tary steam turbine, which in its applica
tions in marine engines has raised the 
speed of smaller steam craft to· that of 
an express locomotive; the Northrup 
loom, which acts almost with the discre
tion of a thinking mind; the Acheson 
process of making carborundum, the 
Yerkes telescope, Edison's kinetoscope, 
and the allied developments of the phan
tascope, cinematograph and biograph, 
whose moving and apparently living 
scenes fill the observer with wonder and 
admiration; the production of calcium 
carbide by 'WiIlson, and the electric fur
nace for making the same; the discovery 
and application of the X-rays by Roent
gen, the Krupp armor plate, the devel
opments in liquid air and apparatus for 
producing it by Linde, TripIer, Dewar, 
Ostergren, Berger and others; the mer
cerizing of cloth under tension to render 
it silky, the Schlick system of balancing 
marine engines, the improved disappear
ing gun, the practical development of 
the bicycle and automobile, the building 
and launching of the Oceanic, the largest 
steam vessel ever produced, and wireless 
telegraphy by Marconi." 
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BUSINESS IN MOTION 

Milk must be cooled quickly after milking, in order 
to lessen the growth of bacteria, and this has led to 
the development of various methods of reducing the 
temperature. On the non-electrified farm the dairy
man may make use of a cool springhouse, or natural 
or artificial ice. Where electricity is available, how
ever, mechanical refrigeration has become a virtual 
necessity. It might be thought that such an applica
tion of refrigeration would entail no particular prob
lems, but that is not the case. The milk cooler pre
sents its own special conditions of use, and hence 
requires specific, not general, con
sideration of those conditions. 

In comparatively recent years 
the tank-type cooler has come 
prominently forward. This con
sists of a large tank of water, held 
close to or at freezing temperature 
by mechanical refrigeration. The 
SO-lb. cans of warm milk are im
mersed in the water until cooled. 
In some models, the tubes or pipes 
through which the refrigerant 
flows are within the tank itself, in 
order to avoid the insulating effect 
of the tank lining if the coils were 
outside. This location of the coils, however, subjects 
them to some possibility of mechanical injury, and 
complicates cleaning. Another problem that has arisen 
in connection with these coolers is the selection of the 
material for the lining. It has to be able to stand not 
only the weight of the cans, but the shocks of drop
ping them to the bottom, and, of course, must be made 
watertight. During the war the only practical material 
available was galvanized iron, which rusts quickly 
under such conditions. When restrictions were lifted 
on the use of copper and copper alloys, a large man
ufacturer of these coolers came to Revere with a 

• • • 

number of ideas and suggestions. He claims to be 
the originator of the tank-type cooler, incidentally. 

His basic thought was that it should be possible 
to line the tank with non-rusting copper. Then, 
since copper has the highest heat-conductivity of 
any commercial metal, he planned to attach the 
copper cooling coils to the outside of the copper 
lining. Could we furnish a copper that could be 
worked easily, yet be sufficiently strong to withstand 
the inevitable mechanical abuse? 

Problems such as this challenge Revere. We 
worked closely with our customer, 
investigating the mechanical re
quirements of fabrication and of 
use, and the heat-conductivity 
needs. Two of our sheet metal spe
cialists were assigned to the proj
ect, and went to work with their 
staffs. Tests showed that electro
lytic copper was not mechanically 
feasible, and eventually a special
ly-modified copper was tried and 
found entirely successful. The 
Revere welding department de
veloped a fast method of attach
ing the Dryseal copper tube to the 

outside of the special copper lining, and the project 
was finished. Today, the manufacturer is selling all he 
can produce of this type of cooler, and, profiting by 
our mutually-developed data, is expanding his use of 
special copper alloys in coolers for other industries. 

Here is a case that is fairly typical, we think, of 
the manner in which American industry works to
gether as it moves ahead. If you are a manufacturer 
and have an idea whose practical expression may re
quire specialized knowledge, why not talk it over 
with your suppliers ? You may go much further and 
faster with than without their collaboration. 

REVERE COPPER AND BRASS INCORPORATED. 
Founclecl by Paul Revere in 7807 

Executive Offices: 
230 Park Avenue, New York 17, N. Y. 
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FOR �� ACCURACY AND PRECISION 

Medical -croscope 

Model BS 4B/77 

When it's time to decide which microscope 
you want to own, be sure to take a look at 
the new Leitz Medical Microscopes. Here is 
precision and quality that will stand the 
test of time and long-run performance; the 
kind of instrument that will meet your 

student needs today, your professional requirements tomorrow. 

Made to the uncompromising standards of quality that have earned 
world-wide recognition for the name Leitz, these improved Medical 
Microscopes embody the latest advancements optical science can 
provide. They're easier to operate, more accurate than ever. 

IMPORTANT NEW FEATURES 
Smooth working and most 
accurate coarse and fine ad
iustments yet devised. 

New substage condenser with 

swing-out upper element per

mits the use of lenses from 

lowest to highest powers. 

the focusing motion ... easier 

to carry, easier to focus. 

New, built-in mechanical 
stage with low-set drives on a 
commO!l axis ... more conven
ience, smoother operation. 

Larger yet/ighter stands with 

longer bearing surface for 

Oil immersion lens is anti

reflection coated for maxi

mum definition and beller 

color rendition. 

Write today for Catalog Micro IOI-SA 

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

LEITZ MICROSCOPES SCIENTIFIC INSTRUMENTS 
LEICA CAMERAS AND ACCESSORIES 
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THE COVER 

The painting on the cover shows the 
Earth as it might appear from a point 
20,000 miles above the East .Coast of 
the U. S. (see Preface on page 19). 
Some 258,000 miles beyond the Earth 
is its single satellite the Moon. At the 
lower left is a part of the Milky Way. 
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THE CREDITS 

Cover by Chesley Bonestell 

The portrait of the author with 
each article in this issue is by 

William Auerbach-Levy 

Source 
U. S. Navy-The Johns Hopkins 

University 
Wide World 
Mount Wilson and Palomar Ob

servatories 
Bell Telephone Laboratories 

(top). C. D. Anderson, Cali
fornia Institute of Technology 
(middle). J. R. [)unning, Co
lumbia University 

Irving Geis 

Roger Hayward, from General
Chemistry and College Chem
istry, by Linus Pauling. Pub
lished by W_ H. Freeman and 
Company, San Francisco 

Fairchild Aerial Surveys, Inc. 

Eric Mose 

Fairchild Aerial Surveys, Inc. 

Scripta Mathematica 

Eric Mose 

Berwind P. Kaufmann, Carnpgie 
Institution of Washington 

E. M. Wallace 

Julian Carlile, Rockefeller In
stitute for Medical Research 

Electron Microscopy, by R_ W. G. 
Wyckoff. Copyright 1949 by 
Interscience Publishers, Inc. 

Irving Geis 
Cambridge Instrument Company 
B. W. Zweifach, Cornell Univer

sity Medical College 
Irving Geis 

Electron JUicroscopy, by R. W. G_ 
Wyckoff. Copyright 1949 by 
Interscience Publishers, Inc. 

Mental Testing, by Florence 
Goodenough_ Published by 
Rinehart & Company, Inc., 
New York 

Eric Mose, after Carl J. Warden, 
Columbia University 

Eric Mose 

Douglas Oliver, Harvard Univer
sity_ (top). Margaret Mead 
(middle) and Harry Tschopik 

Robert Broom, Transvaal Mu-

109-110 
seum (top). G. Henri-Martin 

Roger Hayward 
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"Dime Store" items made of plas
tic look like a million dollars 
when metal coated under high 
vacuum. 

You take crisper photographs 
when lenses are coated under high 
vacltutn. 

New metals which can withstand 
the heat and stress of jet and tur
bille gas engiiles are the product 
of the metallurgist's high vacuum 

furnace. 

Finer sun glasses and binoculars 
use lenses gradiently coated unde r 
high vacuum for better vision. 

PERHAPS 

N6tfWuJ 
CAN HELP 

YOUR BUSINESS 

More reliable refrigerators and 
air conditioning systems result if 
coils have been evacuated and 
tested for tiniest leaks by high 
vaCIlUln. 

Many vaccines and serums retail, 
potency longer because of high 
VaCltllm dehydration. 

In television and other electronic 
equipment, the higher the vac-
1I1un in the tubes the longer they 
give reliable service. 

By "Nothing" we mean high vacuum-approaching complete abse11ce of air and pressure. 

New and improved high vacuum 

methods may be a profitable tool 
for you. DPi builds equipment 
which makes high vacuum appli

cable in many ways. The technical 

knowledge acquired by DPi re-

search men and engineers is avail
able to industries interested in the 
possibilities of employing high 
vacuum-or in improving present 

high vacuum installations. For 

further information, write: Vac-

high vacuum research 
and engineering 

uum Equipment De p artment, 
Distillation Products Industries, 

751 Ridge Road West, Rochester 
3, N. Y. (Division of Eastman 

Kodak Company) . 

Also • • •  vitamins A and E . • .  distilled monoglycerides . • .  more than 3300 Eastman Organic Chemicals for science and industry. 
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The laboratory, which started 
in a barn, recently moved in· 
to a new and modern home. 

YEARS 
of 'General Electric Research 

It would be pretty hard to find an industry more 
closely associated with research than the electrical 
industry. And in the electrical industry the work of 
the General Electric Research Laboratory has played a 
major part. 

It was established in 1900. At that time E.W. Rice, 
Jr., then vice president of General Electric, said: 

Although our engineers have always been liberally supplied 
with every jacility jor the development oj new and original designs 
and improvements oj existing standards, it has been deemed wise 
during the past year to establish a laboratory to be devoted ex
clusively to original research. It is hoped by this means that many 
profitable fields may be discovered. 

Many profitable fields were discovered-profitable not only 
for General Electric but also for industry, the American 
public, the world. 

A half century ago the industrial experimental laboratory 
was itself an experiment. Today it occupies a firmly established 
and most important position in accelerating the progress of 
American industry. 

?Jo«=#� emy�m� 
GENERAL. ELECTRIC 
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HE OBJECT on the cover, basking in the sunny serenity of solar-system space, is 
the Earth in 1950, as it would be seen from a point 20,000 miles directly above 
the coast of North Carolina on the year's longest day, June 21. At that distance 

the Earth would have looked exactly the same, of course, on June 21, 1900; in the his
tory of our planet 50 years is only an instant. Yet for the two billion-odd human beings 
who inhabit the Earth the past 50 years have been sufficiently eventful. What has dis-

. ltinguished this half-century from all previous ones is not wars, hunger, catastrophes 
or the clash of ideologies-from which no century in human history has been free-but 
a swift surge forward in man's knowledge and command of the physical forces of 
nature. Whatever else it may be, the 20th century is above all the age of science. 

This issue of SCIENTIFIC AMERICAN seeks to summarize the progress of that inCl'ed
ibly full half-century in science-to chronicle some of the great events, to review the 
present state of knowledge in the various sciences and to look forward toward the 
future. It recounts the advances in 10 sciences covering the principal fields of man's 
scientific inquiry. The 10 authors of these accounts, each an outstanding authority in his 
field, have themselves been major participants in the 20th century's scientific revo
lution. Their collective review is not intended in any sense to be a definitive history 
of the half-century in science; rather, they have attempted to select and interpret 
some of the most Significant discoveries and new ideas-ideas and discoveries that not 
only exemplify the progress of science but lie at the roots of the profound changes 
in man's way of life and ways of thinking that have taken place since 1900. 

As J. R. Oppenheimer points out in his introduction to these 10 accounts, no scien
tist, let alone any layman, can be acquainted with more than a small part of the 
immense endeavor of modern science; the literature covering the work of the world's 
scientists during the past 50 years is so staggering, both in volume and diversity, 
as to defy even tabulation. Yet the basic questions to which this vast labor is addressed 
can be stated simply, and the essential findings of the scientists are well within the 
grasp of any literate nonscientist. Just as scientists in nearly every field now find 
themselves most in need of syntheses to make their mountains of facts intelligible, so 
the citizen who wants to understand what science has done and where it is going 
needs an over-all picture of the main outlines of the scientist's findings. To such a 
synthesis these articles make a contribution which this magazine is proud to publish. 

19 

© 1950 SCIENTIFIC AMERICAN, INC



The Age of Science 
1900- 1950 

In the first half of this century man has vastly 
enlarged his understanding and control of nature. 
An introduction to the 10 articles in this issue 

by J. R. Oppenheimer 

THE SURFACE OF THE EARTH is photographed rocket. Man's deepest penetration of space hy rocket: 
from a height of ] 8 miles hy a camera in an Aerobee 250 miles by a two·step machine on Fehruary 24, 1949. 
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NE EVENING 
more than 20 years 
ago Dirac, who was 
in Gottingen work
ing on his quantum 
theory of radiation, 
took me to task with 
characteristic gen

tleness. "I understand," he said, "that 
you are writing poetry as well as work
ing at physics. I do not see how you can 
do both. In science one tries to say some
thing that no one knew before in a way 
that everyone can understand. Whereas 
in poetry ... " 

The 10 reports here, to which these 
words may serve as introduction, do 
indeed attest that science says things 
that no one knew before in a way we 
can all understand. They are reports, 
each written by a man eminent in his 
science, of what has happened in that 
science during the last half-century. 
Tbey are diverse in style and in sub
stance, reflecting the great qiversity of 
the several sciences and the healthy and 
heartening diversity of the authors. Yet 
they all tell heroic stories. They all tell 
of a period of unparalleled advance of 
understanding, of new experience, new 
insight and new mastery. Indeed, for 
some of the sciences-for biochemistry, 
for physics, for genetics-the ha.Jf-cen
tury now closing has been a time of splen
dor: of great men and great discoveries, 
of a real revolution in our knowledge of 
the world. For all it has been a time of 
extraordinary vitality and progress, ex
tending and enriching what we know 
about the world, and unearthing, for 
every question answered, a host of new 
questions. Few of the authors, schooled 
by the surprises and wonders unfolded 
in the history of the last 50 years, hazard 
much of a preview of the history of the 
half-century to come; yet all speak with 
confidence of a future that will be 
worthy of a great past. 

For truly science is a prototype of 
human progress. Its advances in expe
rience and technique, in knowledge and 
understanding-these are never undone. 
Even its errors and its byways turn out, 
usually before many years have passed, 
to be an enrichment and not a perver
sion of knowledge. In its application to 
practice, in extending the resources 
available to mankind, as well as in its 
ever-growing contributions to human 
understanding, it has sustained and 
nourished the very ideal of the progress 
of human civilization. 

All the reports are pervaded, though 
necessarily and properly with varying 
emphasis, by this sense of the dual role 
of science. The purpose and the fruits of 
science are discovery and understand
ing. Yet equally, though in a quite dif
feren t sense, its purpose and its fruits 
are a vast extension of hUJ;Ilan resources, 
of man's power to control and alter the 
environment in which he lives, works, 
suffers and perishes. Some of the au-

thors, perhaps notably Pauling, tend to 
speak of the future advances in terms 
of the triumphs of practice that further 
understanding will make possible. Kroe
bel' speaks only most casually of prac
tical benefits. Born, writing with the 
caution tbat experience has forced upon 
the phYSicists, refers briefly to the "for
midable issues " that the advances in 
that science have raised. But perhaps the 
wisest, because most' frankly paradoxi
cal, words are those that conclude Mey
erhof's brilliant report: 

"Biochemistry has an important bear
ing on the progress of medicine. But be
cause of this, it must remain a pure 
science, whose initiates are inspired by 
a craving for understanding and by 
Ilothing else." 

With that surely most scientists will 
agree. We hope also for agreement and 
understanding from an increasing num-

Oppenheimer 

ber of men who are not scientists, but 
who are nevertheless concerned that ad
vances in science make the greatest pos
sible contribution to human welfare. 

YET AT THIS hour in history one 
cannot read these 10 reports, which 

constitute so substantial an account of 
heroic human achievement and so per
suasive an example of the progress of 
civilization, without being sensible of a 
darker shadow, quite outside this serene 
and active workshop of the human spirit, 
and yet somehow touching it. Scientific 
progress, which has so profoundly al
tered both the material and the spiritual 
quality of our civilization, is not the sole 
root of its present grave crisis. But few 
men can be doubtful of its decisive part. 
Hand in hand, the growth of science 
and of the practical arts has produced, 
is increasingly producing, an unparal
leled revolution in human resources, re
sources that in some part have altered, 
and in far greater part can alter, the 
material conditions of man's life. 

Science, for all the brilliance of its 
contemporary development, for all the 
ingenuity of its technical invention, is 

still continuous with man's long history 
of rational life, of which it is a part; it is 
still the inheritor of the hope, so deeply 
founded in both Eastern and Western 
cultures, that, by reason and by open
minded efforts at understanding, man 
could not only enrich his life but better 
cope with the decisions that it fell to 
him to make. Those who are active, how
ever modestly, in the work of science 
tend to feel themselves the inheritors of 
this tradition and of this hope. They see 
how vastly science, and the technology 
that is both its instrument and its conse
quence, have increased the range and 
difficulty and subtlety of the occasions 
on which decisions are required of men; 
they note how characteristic it is of these 
decisions that in one way or another they 
rest not with one man but with some 
community of men. They ask, as in all 
humility they must ask, whether in their 
own successful experience there may be 
any elements that could be helpful in the 
wider issues that confront mankind. 

This is a wholesome question in the 
contemporary world: a world threatened 
with wars of vast destruction and count
less particular cruelties, a world divided 
not only as to what constitutes truth but 
as to how truth can at all be established, 
a world overripe for the fruits of science 
yet in great areas destroying the essen
tial conditions of its existence. 

THE DAY is long past-if indeed it 
ever existed except in legend-when 

the whole of science was the expert 
province of any one man. These 10 re
ports are not addressed to the expert but 
to the interested layman. They attempt 
to tell, and I think for the most part with 
great success, of the high spots in the 
story of the last 50 years. There are of 
course important points of specific com
mon interest between the sciences, 
where progress in one has made possible 
spectacular advance in another: so it has 
been with physics and astronomy, with 
biochemistry and phYSiology; so it will 
surely be with chemistry and genetics. 
The past decades have been marked by 
many such examples of the mutual fruc
tification between sciences, and all signs 
point to its growth in the years ahead. 
In this happy sense a reader can discern 
evidences of the unity of science as he 
follows the reports here published. 

But even more striking is another al
most opposite impression: that of an 
extraordinary diversification and spe
cialization of the several sciences. They 
differ from one another, and their vari
ous parts differ from one another, by 
experimental techniques, by emphasis, 
by the kind of regularities that research 
reveals, by almost everything that might 
be codified as method. Most scientists 
will follow with pleasure what is written 
in the reports; few will fail to find some
thing in them that is new, or newly 
clear; but none, I think, will recognize 
in himself any real technical compe-

21 

© 1950 SCIENTIFIC AMERICAN, INC



tence, any basis for sound critical judg
ment, or for new discovery or new 
understanding, except in a very, very 
limited part of the broad field of contem
porary science. This science is a land of 
extreme specialization and wonderful 
diversity, where the advances made by 
any one man rest, and necessarily rest, 
on the work of countless others, who 
characteristically have used techniques 
and ideas quite clifferent from his own. 
This is a cooperative enterprise resting 
on specialization; its unity is based on 
the fullest exploitation and encourage
ment of diversity. The diversity is an ap
propriate reflection of the many-sided
ness of our experience of nature; the 
unity, which we like to call the unity of 
nature, is in the first instance a result of 
the systematic application of the convic
tion that contradiction is a sign of error, 
a beginning for inquiry. The varied re
searches which in their totality make up 
contemporary science can never inhibit 
but only fructify one another: where 
their outcome appears to conflict, that 
conflict gives rise to new inquiry and the 
discovery of new truth. 

Thus the order that characterizes the 
relations of one part of science with 
another is not primarily an hierarchal 
order. It is true that there have been 
attempts to sketch out possible hierar
chies, designating, let tis say, physics as 
more abstract than biology, or astronomy 
as more quantitative than anthropology. 
But it is doubtful whether such schemes 
have contributed much either to the 
growth of science or to its general un
derstanding; certainly they do not de
scribe at all the benign and tolerant 
symbiosis in which the sciences have 
flourished and nourished one another. 
Tolerance, open-mindedness and confi
dence in the resolution of conflict by 
further inquiry-these constitute the lib
eralism of the sciences in their relations 
with one another. These relations are 
rooted in many things, but not least in 
mutual respect and in a total, a deliber
ate candor. 

O
UR VIEWS on the relations of one 

set of researches with another, of 
one mode of inquiry with another, have 

been refined and deepened in an impor
tant way by the discoveries of the past 
half-century in one branch of science: 
atomic physics. It is probably true that 
in the past centuries physics led to the 
most nearly monistic, the least dialecti
cal, the most hierarchal view of the 
order of nature. Yet it is just here that 
we have been most sharply taught by 
experience of the inadequacy of such 
syntheses. The discoveries in phYSics, 
which are described briefly in Born's 
article, revealed the inapplicability of 
causal, Newtonian physics to problems 
of individual atomic systems; they un
covered the universal duality between 
corpuscular and undulatory descriptions 
of atomic systems. Codified in the pow
erful formalism of the quantum mechan
ics, they were in the first instance given 
an acceptable epistemological formula
tion in Bohr's principle of complemen
tarity. The basic finding was that in the 
atomic world it is not possible to de
scribe the atomic system under investi
gation, in abstraction from the apparatus 
used for the investigation, by a single, 
unique, objective model. Rather a va
riety of models, each corresponding to a 
possible experimental arrangement and 
all required for a complete description 

. of possible physical experience, stand in 
a complementary relation to one an
other, in that the actual realization of 
any one model excludes the realization of 
others, yet each is a necessary part of the 
complete description of experience in the 
atomic world. 

It is of course not yet fully clear how 
characteristically or how frequently we 
shall meet instances of quite close analo
gy to the complementarity of atomic 
physics in other fields, above all in the 
study of biological, psychological and 
cultural problems. Yet it is clear, as has 
repeatedly been stressed by Bohr him
self, that the discovery of complemen
tarity has provided us with a far wider 
and more sophistioated framework for 
the synthesis of varieties of scientific ex
perience. It has refined and extended 
the pluralism natural to science, and 
added new elements of subtlety to the 
idea of dialectic. Indeed, it seems to offer 
a far richer and more adequate general 

point of view for the comprehension of 
human experience than the misleadingly 
rigid and unitary philosophies that 
flowed so naturally from the experiences 
of Newtonian mechanics. It has also 
tended of course to emphasize the ele
ments of analogy between the scientific 
tradition and the great traditions of 
Oriental philosophy, of Lao-tse and of 
Buddha-a circumstance which may 
hold some promise at this time, when 
understanding between diverse cultures 
seems more imperative than ever before. 

The candor, the openness, of science 
is too well known to need elaborate em
phasis. Yet it is basic. The most ele
mentary student is taught to preserve 
and make available direct records of his 
experience. However obscure the find
ings or recondite the subject, the pro
cedures of scientific investigation must 
be straightforwardly describable and 
communicable, so that work may be re
peated at will. The mutual respect and 
the tolerance which ought to prevail, 
and so largely do prevail, in the sciences, 
rest in overwhelming measure on this 
complete accessibility. It is through this 

FIVE NOBEL PRIZE WINNERS in physics met at 
Berlin-Zehlendorf in 1931. Walter Nernst had stated the 

third law of thermodynamics. Albert Einstein was the 
author of the special and general theories of relativity. 
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that a scientist, no matter how narrow his 
field of specialization, comes to be an 
equal member in a community: not be
cause he shares the experience of all 
other workers or even a substantial part 
of it, but because no barriers have been 
raised and all efforts have been ad
dressed to reducing the barriers to a 

minimum. Few of us can forget the de
light of entering a new field of inquiry 
that appeared relevant at one time or an
other to our own work but had hitherto 
been unknown to us. 

No DOUBT there are elements of 
overidealization in this sketch of 

the relation of the individual scientist to 
his scientific community. Honor, pre
rogative and worldly pomp do some
times, briefly and almost trivially, color 
and infect that relation. Yet there are 
few human institutions in which coop
eration is more fruitful or the freedom 
of the individual conscience and taste 
more complete, where mutual respect 
makes for so great a harmony between 
the flourishing of the community and 
the liberation of the individual man. 

This harmony, even in science itself, 
is being destroyed or threatened in vast 
areas of the world today. Terror, ortho
doxy, recantation, hierarchy, secrecy
these words are full of grim omens for 
science and for liberty. A society which 
as a matter of principle invokes the 
measures for which these words stand 
betrays, whatever its protestations, sci
ence and the h'adition that has nourished 
it. A society which invokes these meas
ures (in the name of man's welfare, in 
fear or in folly) is in danger of death. 

Increasingly, in these days of growing 
crisis, men have talked with earnest des
peration of the application of scientific 
method to new areas, to problems of 
man's behavior and to human society. 
None of us knows or can foresee what 
progress individual genius and common 
effort may make possible in our under
standing of these problems in the dec
ades to come. Yet if the history of other 
sciences is a good guide, progress will 
come in only fitful and wayward re
sponse to man's needs, and will wait 
upon his insight, his patience and his in
vention. From this modest view, I think, 

neither Cantril nor Kroeber would dis
sent. 

Yet science itself in its nature is, 
largely has been and in our hopes neces
sarily must be, world-wide. The need for 
the practical fruits of science is world
wide, as universal as man's striving to 
improve his lot on earth. The community 
of science is a limited but worthy proto
type for that tolerant, open, open-mind
ed community of men which alone can 
maintain the progress of civilization, 
which alone can contribute in these criti
cal times to fulfilling the aspirations of 
mankind. 

• 

]. R. Oppenheimer, theoretical physicist, 
is perhaps best known as the wartime di
rector of the Los Alamos Scientific Lab
oratory. Before the war he had been pro
fessor of physics at the University of 
California and the California Institute of 
Technology. He is presently chairman of 
the General Advisory Committee of the 
Atomic Energy .commission and director 
of the Institute for Advanced Study. 

Max Planck had originated the quantum theory. Robert 
A. Millikan had measured the charge of the electron. 

Max von Laue had suggested the application of X·ray 
diffraction to show the arrangement of atoms in crystals. 
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ASTRONOMY 
The big telescopes and subtler instrunlents have 

gathered and analyzed light from within the solar 

systenl to a frontier a billion light-years away 

N THE astronom
ical world of 50 
years ago no rea
sonable dreamer 
could have foreseen 
what astronomy 
would grow into 
Rve decades later. 

Some weeks ago I assisted with doctoral 
examinations in astronomy. Scarcely a 
question asked of the candidates would 
have made sense to the giants of 1900-
to Hemi Poincare, Simon Newcomb, 
Otto Wilhelm Struve, Sir David Gill, 
J. C. Kapteyn. They would have been 
baffled, helpless and perhaps suspicious 
in the face of inquiries concerning photo
multipliers, quantum theory, solar spic
ules, the carbon cycle, shell stars, the 
expanding universe, radio "hot spots," 
the Schmidt reflector, Pluto, cosmic rays 
and other common topics of today's ele
mentary astronomical studies. Pride in 
our advances and in the seeming superi
ority of today's workers should be mel
lowed, however, by contemplation of 
how much beyond us the astronomical 
world of 2000 A.D. is likely to be-in 
knowledge, theory and technical ma
chinery. Will they at that date bother to 
use such interesting earth-anchored con
traptions as the 200-inch telescope on 
Palomar Mountain, or be dependent on 
the photographic plate? 

In 1900 Edward C. Pickering, my 
predecessor as director of the Harvard 
College Observatory, could have 
sketched in some of the infant century's 
promising trends, but he would have 
made only the poorest of predictions for 
1950, largely because physics had not 
yet invented many of the instruments 
(e.g., relativity theory, practical radio, 
photoelectric measurement) of astron
omy's future accomplishments. Similarly 
any vision I may concoct for the future 
of astronomy can touch only on the most 
obvious trends of the next decade or two. 
It will probably nO,t include, even 
sketchily, sensational advances in knowl
edge of the universe that will come from 
theoretical, mechanical, electrical or 
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philosophical ideas that are now un
imaginable. 

In 1900 the celestial mechanics of the 
solar system was Rrmly in hand, as a 
result of two centuries of solid and occa
sionally inspired work, but knowledge of 
the mechanics of star systems was still 
embryonic. New techniques and devel
opments were emerging, however, that 
promised much for the future. The many 
catalogues of star positions had laid the 
foundation for useful measurements of 
stellar motions, and photomeh'ic work 
(measurements of star luminosities) at 
Harvard and Potsdam had afforded a 
base for future studies of stellar varia
tion and evolution. Two large refracting 
telescopes, at the Lick and Yerkes Ob
servatories, were opening the era of 
great telescopic power in America. The 
Astrophysical Journal had recently been 
founded. The classiRcation of stellar 
spectra on objective-prism plates had 
begun, pointing toward the building of 
the Hemy Draper Catalogue of 1910-
1925 and to the use of small-scale spec
tra in Rnding the temperatures, chem
istry, distances and evolutionary trends 
of stars and nebulae. 

B
UT the most important tool be

queathed to the 20th century was 
the photographic plate. It was just 100 
years ago (July 17,1850) that the now 
obsolescent 15-inch refractor at the Har
vard Observatory justiRed its standing as 
the then largest and presumably most 
important telescope in America by pro
ducing the Rrst photograph of a star-a 
daguerreotype of the star Vega. In writ
ing about this and other photographic 
adventures of the 1850s, the Harvard 
astronomer George P. Bond forecast the 
possible importance of photography in 
measuring the positions and brightnesses 
of the stars. He was rather eloquent 
about it, and correct in his surmises, but 
for the next 30 years relatively little 
happened in astronomical photography. 
First the dry plate had to be invented. 
Gradually silver halide emulsions re
plac;ed the human eye at the focus of 

telescopes. Yet in 1900 the Harvard col
lection had accumulated only 80,000 
plates (it now has half a million), and 
eisewhere photography had not yet 
come into extensive use by astronomers. 

At the beginning of the century, then, 
the recording of star and planet posi
tions, solar-system observations and me
chanics and the beginnings of mass 
photometry and spectroscopy were dom
inant. Among the chief operators in the 
U. S. were W. W. Campbell at the Lick 
Observatory, working with his spectro
scopes on the line-of-sight motions of the 
brighter stars; Pickering at Harvard with 
large-Reid cameras and polarizing visual 
photometers, and Newcomb and George 
A. Hill in Washington, busy with orbits 
in the solar system. Comparably distin
guished astronomers at Pulkova, 
Potsdam, Heidelberg and Paris were de
voting themselves to the same or similar 
studies. In the U. S. the restless genius 
of George Ellery Hale was just turning 
to the promotion of the golden era of 
great observatories and telescopes, and 
in England two young mathematics stu
dents, Arthur S. Eddington and James 
H. Jeans, were preparing the careers that 
were to make England dominant in 
astronomical theory for the next 30 
years. There were other serious young 
students, such as Hemy Norris Russell 
in the U. S., E. Hertzsprung in Holland, 
K. Schwarzschild and Albert Einstein in 
Germany, who were destined to add 
much to the astronomical glory of the 
following decades. Let us proceed with 
them into the half-century that has seen 
general knowledge grow sensationally, 
thoughtful judgment decline and na
tional and international morality tested 
by the Rres of futile wars and baffling 
social revolutions. 

I
T WOULD perhaps be more than bold 

to attempt a list of the Rve outstand
ing developments, say the characteristic 
and dominant contribution made in each 
of the Rve decades since 1900; there 
have been so many basic contributions 
in the half-century. Nobody would be' 

© 1950 SCIENTIFIC AMERICAN, INC



altogether satisfied with the five if I 
listed as the most significant: (1) analy
sis of stellar motions, (2) confirmation 
of the theory of relativity, (3) the con
cept of spiral galaxies, (4) the designing 
and building of great telescopes, (5) 
radio astronomy. One might find equal 
support for a different list: the birth of 
modern trigonometric parallax, the Henry 
Draper Catalogue, the exploration of 
stellar interiors, the development of the 
carbon cycle of stellar energy, the build
ing of corona graphs and birefringent fil
ters. Or still another list: development of 
the quantum theory, globular clusters 
and the galactic center, the rotation of 
galaxies, researches on interstellar dust 
and gas, the rise of photocell astronomy. 
And even these listings do not include 
specifically such important discoveries as 
the period-luminosity relation, the Rus
sell-Hertzsprung diagram, the preva
lence and structure of dwarf stars and 
the mass-luminosity law. 

In retrospect, developments in theory 
seem to be in the minority in these lists. 
Many of the theories have briefly served 
their makers (and the science) and then 
perished; whereas good observations, 
although frequently dull and laborious, 
have enduring characteristics. 

However inadequately I have por
trayed the highlights, we would all agree 
that it has been a wonderful half-cen
tury. Now where do we go from here? 
';Ye are outfitted with excellent schools 
of astronomy, with telescopic power 100 
times as great as 50 years ago, and with 
allies in the fields of electronic engineer
ing, atomic physics, geochemistry, mete
orology and statistical mathematics who 
should steadily enrich our inventions and 
interpretations. The public is effectively 
interested in astronomy. The Astror.lOm
ical League is composed of more than 
50 astronomical societies. The Schmidt 
type reflectors; the corona graphs with 
filters that segregate narrow spectrum 
bands; the 200-inch Hale telescope on 
Palomar; the big telescopes that are 
building or contemplated in Australia, 
South Africa, Egypt, India, Sweden, 
Germany, France, Belgium, England, 
the U.S.S.R. and the U. S.; the micro
wave "dishes"; new electronic devices
all these implements will provide abun
dant discoveries throughout the next 
two decades. 

W
ITHOUT reaching too far toward 
the unpredictable years around 

2000 A.D., one can suggest that the 
major trends in the next decade or two 
may lie in the fields of cosmic physics, 
precise stellar spectroscopy, the unravel
ling of the detailed structure of the 
Milky Way, the mapping of the neigh
borhood of our galaxy, and the always 
fertile and generally futile speculation 
about the origin of the planetary system. 
These fields now appear most obvious 
for future development. They will de-

mand much of the imagination and of in
strumental ingenuity. 

There are, of course, other rich fields. 
One bonanza lies near at hand in the 
upper atmospheres of the earth and of 
the sun. The intensive visual, photo
graphic and microwave radio study of 
meteors, and the exploration of the pecu
liar radiations from the flares and the 
corona of the sun, will give us a rich 
return in our attempts to interpret fully 
the earth's upper atmosphere. 

It is high time that astronomers do 
something significant about cosmic rays. 
The physicists now do practically all of 
the observing and thinking in this area, 
although astronomers have known for 
many years that a large portion of the 
energy of the universe is involved in 
these exceedingly high-frequency, pene
trating rays. Where cosmic radiation 

Shapley 

originates is still a great question. Even 
if the cosmic rays received by the earth 
should turn out to be localized in the 
neighborhood of the solar system, we 
must remember the other billions of stars 
identical with the sun. In cosmic radi
ation we are dealing with a universal 
phenomenon that is energetic, basic and 
mysterious. We cannot afford in the 
years to come to neglect the extreme 
ends of the spectrum-either the long 
radio waves or the short cosmic rays 
with which the stars amuse themselves 
and confuse us mightily. 

Little foresight is required to see that 
microwave astronomy, using radiations 
in the wavelength range of one centi
meter to 10 meters both for radar track
ing and for listening to the broadcasts 
from space, will bring in highly signifi
cant data for. the study of the Milky 
"Vay, the sun's surface, interplanetary 
space and meteors. The astrophysicists 
must actively join the electronic engi
neers in the development of this young 
branch of the science. On the basis of 
the work of the past few years we can 
also see that the magnetic properties of 
the sun and stars, and the newly discov-

ered polarization of starlight, can be 
fruitfully explored in the next decade. 

F
ROM the 20 new photoelectric pho
tometers now posted in various parts 

of the world, half a dozen of them in the 
Southern Hemisphere, we should soon 
get a flood of information. For example, 
we should obtain precise light-curves 
of variable stars, measurements of star 
colors so accurate that· "temperature 
variables" may become a common term, 
photometric records of the planets of 
such resolution that they can help us 
make practical topographic surveys of 
surface features, data on the rotations of 
ragged asteroids and on the internal 
structure of galaxies, and information 
for the development of new theories on 
the zodiacal light and the Gegenschein. 
Photoelectric operations in astronomy 
now enter a wide field. 

But as I intimated earlier, it is likely 
that the outstanding astronomical con
tribution of the next half-century will 
occur in some unexpected activity. For 
example, the now dormant relativists 
may awaken to brave new concepts that 
will reorient us in the universe of matter 
and ideas much as quantum theory and 
relativity, radioactivity and photography 
have done in the past. We have solid 
foundations. What structures can we 
build thereon? 

Astronomers must keep their eyes and 
ears open, watching and listening to the 
physicists, engineers, philosophers, geol
ogists and chemists. They must dream 
of the impossible, and promptly design 
the best way to attain it. Already we

. 
see 

the glimmers of a strange dawn, of an 
exciting era. Perhaps space does con
geal continuously into matter; perhaps 
the relativity theory is only the first ap
proximation to something still simpler; 
perhaps the moon is "alive"; perhaps the 
other planets do have Saturnian rings 
that would be "visible" if we could devise 
the proper optics; perhaps the Milky 
Way is not one but several galaxies; per
haps elements or at least isotopes that do 
not exist on the earth are to be found 
on the red "Bare" dwarf stars, or inside 
the supergiants; perhaps a h·ans-Pluto
nian shell of comets would reBect radio 
waves, or emit them; perhaps the sun, 
spectrographed from a 200-mile-high 
rocket, will not have any appreciable 
radiation at wavelengths shorter than 
1,000 Angstroms (in the ultraviolet 
range), thus blowing up delightfully a 
number of inviolable theories. 

The search demands patient work, 
imagination, freedom to inquire and 
skepticism about dogmas, about prelim
inary measures and especially about 
one's own hunches. For five decades we 
shall design, measure and think. In the 
summer of 2000 A.D. we shall ask, 
"Well, what were the answers, and what 
do you predict?" 

Obviously the most interesting feature 
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of this science astronomy (and of all 
science) is our eager ignorance. 

-

Harlow Shapley has passed his entire 
astronomical career with two institutions 
that are highly characteristic of the half
century in astronomy. From 1914 to 1921 
he was at Mount Wilson Observatory, 
whose great 60- and 100-inch reflectors 
epitomized the trend toward giant tele
scopes. With the 60-inch Shapley did 
much work of first-rank importance, not
ably the use of pulsating Cepheid vari
able stars to measure the distance of 
globular star clusters. By this investiga
tion he located the center of our stellar 
system, the Milky Way. Since 1921 
Shapley has been director of the Harvard 
College Observatory, which epitomizes 
another significant trend: intemational 
coordination of astronomical resem·ch. 

SIX PHOTOGRAPHS from Mount 
Wilson and Palomar Observatories 
illustrate some significant astronomi
cal researches. The photographs were 
selected hy Milton L. Humason. 

1. SOLAR FLARE erupted from the 
surface of the sun on April 8, 1936 
(A). The same region is shown 16 
minutes earlier in B. At the time of 
the flare severe radio and magnetic 
disturbances were observed on earth. 
This was evidence of a connection 
hetween such di.sturhances and flares. 

2. DWARF GALAXY N.G.C. 185 is 
an example of one of the two distinct 
types of stellar population that have 
recently been recognized. The stars 
in this galaxy, which resemhle those 
found in globular clusters, form an 
almost pure Type II population. The 
same kinds of stars are found in the 
central regions of the Great Nebula 
in Andromeda and of the Milky Way. 
The outer regions of these galaxies, 
however, are characterized hy Type I 
stars. This classification has opened 
new approaches for speculation on 
the evolution of stars and galaxies. 

3. SUNSPOT SPECTRUM shows 
zigzagging of vertical dark lines due 
to the magnetic field of the spot. This 
displacement of lines, called the Zee
man effect, was evidence that re
vealed the magnetic field of sunspots. 

4. STELLAR SPECTRUM showE 
dark lines of interstellar dust and gas. 
Lines in A are from calcium; those in 
B from calcium and a molecular com
hination of hydrogen and carhon. 
The continuous hackground spec
trum is from the star Zeta Ophiuchi. 

5. FOUR GALACTIC TYPES ap
pear in one cluster of galaxies. The 
galaxies are N.G.C. (New General 
Catalogue) 3185,3187,3190 and 3193. 
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PHY I 
The great experiments and heroic theories have 

revolutionized our view of the physical world 

and brought us closer to its underlying unity 

o OTHER ha1£
century in history 
has witnessed so 
r e v o l u t i o n a r y  a 
transformation in 
man's view of the 
nature of the physi
cal universe as the 

one through which we have just passed. 
We have seen not only a vast accumula
tion of new facts but a profound revision 
of basic ideas and principles. Without 
attempting to review in detail the gigan
tic work of th� past half-century in 
physics, one can indicate the nature of 
the transformation by describing some 
of the developments that most strikingly 
illustrate the contrast in the ideas held 
at the beginning and the midpoint of 
the century. 

In 1900 Newton's concepts of space 
and time were still universally accepted. 
They imply a restricted relativity, the 
mechanical equivalence of an infinite 
number of "inertial systems" of reference 
moving with constant relative velocity. 
However, the propagation of light waves 
through interstellar space was believed 
to demand a substantial carrier of some 
kind-an "ether absolutely at rest." On 
the other hand, all experimental at
tempts, e.g., those of A. A. Michelson 
and E. \V. Morley, to measure the abso
lute motion of the earth had failed. This 
discrepancy between theory and obser
vation could only be solved by a critical 
revision of our notions of space and time. 
This work, started by Henri Poincare, 
H. A. Lorentz, G. F. Fitzgerald and 
others, was finally in 1905 reduced by 
Albert Einstein to a simple argument: 
The conception of absolute Simultaneity 
of events at different places has no ·physi
cal meaning, because the velocity of the 
fastest signals (light) is the same for all 
observers, irrespective of their motion. 
In 1908 Herman Minkowski established 
the adequate mathematical treatment of 
this theory; space and time were merged 
into a four-dimensional extension, where 
every point represents an "event," and 
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where a generalization of ordinary Eu
clidean geometry holds. 

The most important consequence of 
relativity is Einstein's law of the equiva
lence of mass and energy, expressed by 
the equation E = mc2, c being the veloc
ity of light. This law, first regarded as a 
matter of mainly philosophical interest, 
later turned out to have immense practi
cal implications. 

In 1915 Einstein extended relativity 
to accelerated systems and obtained a 
field theory of gravitation, which con
tained Newton's theory as a first approxi
mation. Its greatest success was the pre
diction, and the verification during the 
total eclipse of 1918, that the light com
ing to us from stars is deflected when it 
passes near the sun. Einstein's general 
theory of relativity provided the founda
tion for a rational cosmology and cos
mogony, of which in 1900 there had 
been hardly a trace. From the observa
tional side astronomers developed the 
concept of the "expanding universe," 
based on the discovery that the distant 
nebulae or galaxies were moving away 
from us with velocities proportional to 
their distances. By 1927 mathematicians 
had worked out a modification of Ein
stein's equation which described a 
closed, expanding universe of "curved" 
spaces. This theory stimulated a vast 
num ber of investigations which widened 
our astronomical horizon more than had 
the work of all previous centuries. 

I
N 1900 physical research was still 

largely working with the concept of 
"continuous" matter; that is, it was con
cerned with the principles governing the 
behavior of matter in bulk, ignoring its 
atomic structure. For most practical ap
plications these methods-the laws of 
classical physics-have continued to 
serve. The progress and achievements 
in this domain have been spectacular 
enough. One has only to remember that 
in 1900 the internal-combustion engine 
was in its infancy, the motorcar was just 
making its appearance and the airplane 

was still a dream. In response to the 
ever-increasing demands of technology, 
applied mathematics and mechanics ac
quired a new vitality. The results of the 
half-century's advances in thermody
namics, in hydrodynamics, in electricity, 
in aerodynamics, in acoustics (including 
the new study and applications of ultra
sonics) are apparent in many aspects of 
our daily lives. Hydrodynamics, which in 
the 19th century was a beautiful math
ematical theory, often in flagrant contra
diction to experience, has become more 
realistic and tackles problems (e.g., tur
bulence) actually occurring in daily life 
and technology. Aerodynamics has been 
able to explain the forces acting on air
craft in flight and to deal with problems 
of airplane stability, even at supersonic 
velocities. In acoustics ultrasonic vibra
tions have been used for studying the 
elastic properties of crystals, for signal
ing and for timekeeping; a clock con
structed of a piezoelectric crystal and an 
electric resonator has turned out to be 
more accurate than ordinary pendulum 
clocks. In thermodynamics particular 
mention must be made of the progress 
in theory and in experimental observa
tion of the behavior of matter at ex
tremely low temperatures, close to the 
absolute zero, where such strange phe
nomena as the superconductivity of met
als and the "degenerate" state of liquid 
helium were discovered. Spectacular also 
has been the progress of electrodynam
ics. Although Marconi had already sent 
the first wireless signals in 1895, electro
magnetic oscillations and waves were not 
much more than a laboratory experiment; 
today there is hardly an aspect of our 
technology, from radio to automatic com
puting machines, in which they have not 
been put to use, with the aid of the elec
tronic tube; and radio broadcasting has 
become a powerful factor in human 
affairs. Moreover, more and more of 
the electromagnetic spectrum has been 
brought under study and useful employ
ment. In 1900 there was a large gap be
tween the longest light or heat waves 
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from incandescent bodies and the short
est known radio waves. Today the gap has 
been almost closed. Very short electric 
waves, down to about one centimeter in 
wavelength, have been put to use in ra
dar, in exploring molecules and determin
ing nuclear spins, in detecting meteor 
trails and even to reach out to the moon, 
from which radar echoes of man-made 
energy have been obtained. Especially 
important has been the development of 
the new science of radio astronomy, 
which is examining radio waves emitted 
from the sun and the stars. 

B
UT in the final analysis the most 

striking difference between physics 
in 1900 and in 1950 is the complete vic
tory of atomistics. The speculations of 
the ancient Greek philosophers and the 
dreams of the alchemists have come true. 
In 1900 the story of the atom was al
ready beginning to unfold, although 
there were distinguished scholars who 
still denied the existence of atoms. The 
landmarks of this history are now fa
miliar to almost every literate person: 
the discovery of the electron by J. J. 
Thomson in 1894, of X-rays by W. K. 
Roentgen in 1895, of radioactivity by 
Henri- Becquerel in 1896 and of the 
enormously radioactive elements radium 
and thorium by Pierre and Marie Curie 
in 1898; the identification of the atomic 
nucleus and of alpha and beta rays by 
the brilliant researches of Ernest Ruther
ford and his school from 1902 on, and 
the decisive evidence for the reality of 
atoms that was derived from the Brown
ian movement of particles by Einstein 
in 1904 and Maryan von Smoluchowski 
in 1906. 

Today we know beyond doubt that 
the atom is built up of (1) nucleons, i.e., 
positively-charged protons and un
charged neutrons, and (2) electrons, 
negatively-charged particles about 
1,800 times lighter than the nucleons. 
The nucleus of the atom, a densely 
packed cluster of protons and neutrons, 
is only a millionth of a millionth of a 

millimeter in diameter, and around it the 
electrons move, like the planets around 
the sun, in orbits whose diameters are 
about 10,000 times larger than that of a 

nucleus. Each atom has exactly as many 
electrons as it has protons, or positive 
charges, in the nucleus. All chemical and 
almost all physical properties depend 
only on the number of protons. Since the 
number of neutrons with a given num
ber of protons may vary, there may be 
several atoms, or isotopes, of the same 
chemical type but different mass num
ber. Chemical elements are mixtures of 
isotopes. 

Yet this picture of the atom, simple 
though it seems, unfolded only slowly 
through incessant improvement of ex
perimental methods and critical analysis 
of theoretical concepts. To explore the 
atom many ingenious instruments have 

ELECTRON DIFFRACTION experiments of the 1920s indicated that these 
tiny particles are also waves. This pattern is produced by directing a beam 
of electrons through a metal foil and against a photographic plate. The elec
trons are diffracted like waves by the regularly spaced atoms of metal crystals. 

POSITRON was discovered in 1932 by C. D. Anderson and Seth H. Nedder
meyer. The evidence was this curved track in a cloud chamber. The curvature 
of the track in the magnetic field about the chamher �as similar to that of an 
electron hut in the opposite direction, indicating particle of opposite charge. 

URANIUM FISSION was observed hy several lahoratories in Emope and the 
U. S. in 1939. The vertical lines on this oscillograph record show the energy of 
heavy and light fission fragments that were produced hy homharding a tiny 
sample of uranium 235 with deuterons in a Columhia University cyclotron. 
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been devised: the scintillation screen 
and later the Geiger counter for detect
ing and counting particles emitted from 
the nuclei of atoms, the Wilson cloud 
chamber and the photographic emulsion 
for recording the tracks of atomic par
ticles, the mass spectrograph for separat
ing isotopes and determining their 
masses, and so on. 

With rather primitive instruments 
Rutherford and Frederick Soddy first 
analyzed the process of radioactive dis
integration and found that it consists 
in a series of transformations of one 
atom into another. Thus the belief in the 
invariability of the chemical elements 
was shattered. At the same time ample 
proof of the existence of isotopes was 
discovered among the h�avy, radioactive 
elements, all of which were found to 
decay in time into various isotopes of 
lead. When accurate mass determina
tions became possible through the use of 
the mass spectrograph, the masses of all 
isotopes turned out to be very nearly 
integer multiples of the mass of the 
hydrogen atom. The internal structure of 
atoms was explored by bombarding 
them with various kinds of radiation 
and observing how they absorbed or 
scattered these radiations. Rutherford, 
by accurate measurement of the scatter
ing of alpha rays by atoms, gave con
vincing proof for the "planetary" model 
of the atom, and determined the nuclear 
charge that attracts the elech'ons and 
keeps them in their orbits. 

But formidable difficulties arose. In 
the first place, it was impossible to ex
plain the perfect stability of atoms by a 
Newtonian model. Nor could Newtonian 
laws account for the random character 
of radioactive decay. Newtonian me
chanics requires that every physical 
event must be strictly determined-trace
able to some cause. Yet in the case of the 
radioactive disintegration of atoms, say 
of radium, though the average rate of 
decay of a great number of atoms is 
perfectly determined, it is not possible 
to predict the moment when any given 
radium atom will disintegrate. At first 
this was thought to be due simply to a 
gap in our knowledge of the influences 
producing disintegration, but the diffi
culty turned out to be of a more funda
mental character. 

THE SOLUTION of these difficulties 
came from a quite different series of 

investigations and was much more rad
ical than expected. It meant nothing less 
than the replacement of classical me- . 
chanics and its strict determinism by a 
new atomic mechanics which is essen
tially statistical and indeterministic. 

It was from the study of radiant heat 
that the new mechanics started. In 
1900 Max Planck had convinced himself 
that the observed spectrum of radiation 
from black bodies could not be ac
counted for by classical mechanics but 
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only by the strange assumption that the 
radiated energy was given off in finite 
"quanta" instead of continuously. The 
quantum in each case, he found, is pro
portional to the frequency of the radia
tion; he calculated it to be the frequency 
times a fixed number that came to be 
known as Planck's constant. 

The physical world received this idea 
with great skepticism. It seemed quite 
unreasonable to return to the old cor
puscular concept of light. The wave 
theory of light had been well established 
by innumerable experiments, and the 
wavelengths of light could be measured 
with extreme accuracy. Nevertheless the 
corpuscular idea grew in weight. Ein
stein took it up and showed that the 
ejection of electrons from metals by light 
(the photoelectric effect) and the ther
mal properties of molecules and crystals 

Born 

could be explained in terms of Planck's 
quanta. 

In 1913 Niels Bohr applied the quan
tum hypothesis to Rutherford's plane
tary model of the atom with great suc
cess. The quantum theory at one blow 
solved the riddle of atomic stability and 
explained the mysterious regular series 
of spectral lines in the spectra of gases 
(such as the Balmer series of hydrogen) 
and some features of the periodic sys
tem of elements. Many of Bohr's predic
tions were soon confirmed by experi
ment, and the theory was extended by 
Arnold Sommerfeld and others in sev
eral directions. George Uhlenbeck and 
S. A. Goudsmit discovered the spin of 
the electron, and Wolfgang Pauli formu
lated the important "exclusion principle" 
relating to the orbits of electrons. This 
enabled Bohr himself to complete his 
interpretation of the periodic system of 
elements in terms of electronic orbits, 
and his

' 
new interpretation led at once 

to the discovery of one of the missing 
elements, hafnium. Even the most star
tling predictions arising from Bohr's 
theory, such as those concerning the 
orientation of atoms in magnetic fields, 
were found to be in agreement with ob-

servation. Meanwhile A. H. Compton's 
experiments on the scattering of light by 
electrons gave conclusive proof of the 
existence of light quanta or "photons." 

Thus the paradoxical situation had to 
be faced that both the wave and the cor
puscular theories of light were correct
in fact, Planck's formula E = hv (the 
quantum of energy equals Planck's con
stant times the frequency) actually states 
a relation between these conh'adictory 
concepts. Louis de Broglie brought this 
challenge to reason to its most bafHing 
climax: by applying the principles of 
relativity he showed that electrons may 
under certain circumstances behave as 
waves, and this was soon experimentally 
confirmed by diffraction experiments. In 
short, not only do waves behave like par
ticles, but particles behave like waves. 

S O stood matters at the midpoint of 
our half-century. The central prob

lem of physics was to formulate a logi
cally consistent theory that would ac
count for the particle and wave aspects 
of light and matter. A satisfactory mathe
matical theory was soon developed. It 
was stated in several different forms: 
quantum mechanics by Werner Heisen
berg, Max Born and Pascual Jordan; 
wave mechanics by Erwin Schrbdinger; 
"symbolic" mechanics by P. A. M. Dirac. 
The new theory included classical me
chanics as a limiting case and preserved 
some of its formulas, but differed pro
foundly from it in being essentially sta
tistical and indeterministic. These fea
tures were sh'ikingly formulated by 
Heisenberg in his so-called uncertainty 
principle, and were elaborated by Bohr 
in many examples. In 1928 Dirac 
showed that the adaptation of the theory 
to relativity led automatically to an ex
planation of the spin of the electron and 
to fhe prediction of the existence of posi
tive electrons, which were sbon actually 
found by Carl Anderson. 

. 

Today we have a complete theory of 
the electronic structures of atoms and 
molecules and of their relation to line 
and band spectra, to magnetism and to 
other phenomena. The explanation of 
the chemical bond in terms of quantum 
mechanics has made chemistry in princi
ple a branch of physics. 

Parallel to this investigation of the 
cloud of electrons in the outer part of 
the atom marched the exploration of the 
nucleus. Rutherford in 1919 was the first 
to break up the nucleus of an atom, by 
bombarding nitrogen with alpha rays 
from radioactive elements. By 1930 J. D. 
Cockcroft and E. T. S. Walton had be
gun to attack the nucleus with artificially 
accelerated particles, and two years later 
Ernest O. Lawrence invented for this 
purpose the cyclotron, the first of the 
huge modern machines for producing ex
h'emely fast particles. At the same time 
James Chadwick pushed our under
standing of the nuclear structure a long. 
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step forward by his discovery of the 
neutron. Enrico Fermi then showed that 
neutrons, which are not repelled by the 
nuclear electrical charge, are most effi
cient weapons for disrupting atomic 
nuclei. 

By means of these projectiles and the 
very fast cosmic rays (which had been 
discovered by Victor Hess in 1912) 
physicists began an intensive study of 
nuclear transformation. A kind of nu
clear chemistry-modern alchemy-came 
into existence, using reaction formulas 
very similar to those of ordinary chemis
try. The total binding energy of a nu
cleus is obtained from its mass by apply
ing Einstein's equation E = mc2• The 
results could be interpreted with the 
help of a simple model, where the nu
cleus is treated as something like an 
electrically charged liquid drop with sur
face tension. Thus it was shown that the 
nuclei of light atoms should exhibit a 
tendency to fuse, and heavy nuclei to 
disintegrate. Hence all matter except the 
elements in the middle of the periodic 
table, such as iron, is in principle un
stable. Under terrestrial conditions nu
clear reaction rates are so slow that no 
fusion or disintegration to speak of takes 
place. But conditions are very different 
in the interior of stars, and Hans Bethe 
showed in 1938 that one can account for 
the heat developed in the sun and the 
stars by a nuclear process that fuses four 
hydrogen nuclei to form a helium nu
cleus. The opposite phenomenon-the 
fission of the heavy nucleus of uranium 
into almost equal parts-was discovered 
on the earth by Otto Hahn and Fritz 
Strassmann in 1938. This process is ini
tiated by the capture of a neutron and 
is followed by the emission of several 
neutrons. Thus a self-supporting chain 
reaction can be obtained by which enor
mous energies are released. 

It is general knowledge how this dis
covery, under the pressure of war, led 
to the construction of a nuclear re
actor or "pile" and finally to the produc
tion of the atomic bomb. This is not the 
place to enlarge on the technological 
problems connected with this develop
ment, nor on its economic and political 
implications and the formidable issues 
it has raised for mankind. We need only 
note here that peaceful science-physics, 
chemistry, biology, medicine-has greatly 
profited from the products of the pile. 
The remaining few gaps in the periodic 
table of elements have been filled, and 
six transuranic elements, some of them 
fissionable, have been created. Innumer
able new isotopes of known elements 
have been produced. Some of these can 
be used as "tracers" in chemical and bio
logical research, others in the treatment 
of cancer and other diseases. 

THE LAST decade of our half-century 
has brought us to grips with a most 

fundamental problem-the nature of the 

forces that bind the nucleus of the atom. 
The nuclear forces differ, by their short 
range of action, from the electromag
netic forces which keep the electrons in 
their orbits. As Alexandre Proca pointed 
out, there exists a generalization of 
James Clerk Maxwell's electromagnetic 
equations which has such short-range 
solutions. By studying other solutions 
representing waves, Hideki Yukawa was 
led in 1935 to predict the existence of a 
new kind of particle called the meson, 
which is in the same relation to the 
nuclear field as light quanta are to the 
electromagnetic field. The mass of the 
meson was calculated from the range of 
forces to be about 300 times that of the 
electron. The actual existence of mesons 
was soon confirmed experimentally, first 
in cosmic rays, later by their artificial 
production in the University of Cali
fornia cyclotron. Two kinds of electri
cally charged mesons, one 300 and the 
other 200 times heavier than the elec
tron, have been found; the first kind 
spontaneously decays into the second 
(plus a neutral particle). It is probable 
that other types of mesons, still undis
covered, exist. 

These discoveries open new vistas for 
lhe future. The electromagnetic field 
which has long dominated physics will 
very likely be found to be only one of 
many fields, each associated with a type 
of particle. The fundamental problem 
will be to establish the relations of all 
these entities and to unite them into one 
theory, not excluding gravitation. 

S URVEYING this brief account of 
half a century, we find two remark

able facts: The fundamental-or meta
physical-concepts concerning space and 
time, matter and motion, cause and ef
fect, which physics has inherited from a 
previous period, have not withstood the 
onslaught of new experiences and have 
had to be replaced by different, even 
opposite ideas. On the other hand, the 
actual physical theories, though strongly 
modified and extended, have never been 
quite discarded; the old ones are always 
preserved as limiting cases in the new 
ones. Thus in the midst of turbulent hap
penings and in spite of an incredibly 
widened horizon of facts and theories, 
the continuity of physical research has 
been perfectly preserved. 

-

Max Bom has been one of the active 
participants in the physical revolution of 
the past 50 years. He is one of the prin
cipal architects of quantum mechanics. 
His books include the recent Natural 
Philosophy of Cause and Chance and the 
excellent popular account of physics 
The Restless Universe. He has been an 
influential teacher in Giittingen, Berlin, 
Frankfurt-am-Main, Cambridge and 
Bangalore. He is now Professor of Natu
ral Philosophy at Edinburgh University. 

CLOUD CHAMBER, invented hy 
C. T. R. Wilson, makes tracks of suh. 
atomic particleG visihle. When piston 
drops, droplets condense on tracks. 

CYCLOTRON, invented by Ernest 
O. Lawrence, accelerates particles 
to high energies by whirling them 
in "dees" within a magnetic field. 

ATOMIC PILE is an arrangement of 
moderator (black) and uranium 
(red) to produce slow neutron chain 
reaction. Vertical rods are controls. 
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CHE ISTRY 
Aided by the new ideas of physics, the chelllists have welded 

a huge body of facts into a unified systenl. JVlany of their 

fundamental advances have quickly become part of technology 

HE HALF - CEN
TURY we are just 
completing has seen 
the evolution of 
chemistry from a 
vast but largely 
formless body of 
empirical knowl

edge into a coordinated science. This 
transformation resulted mainly from the 
development of atomic physics. After the 
discovery of the electron and of the 
atomic nucleus, physicists made rapid 
progress in obtaining a detailed under
standing of the electronic structure of 
atoms and simple molecules, culminating 
in the discovery of quantum mechanics. 
The new ideas about electrons and atomic 
nuclei were soon introduced into chem
istry, leading to the formulation of a 
powerful structural theory which has 
welded most of the great mass of chem
ical facts into a unified system. At the 
same time great steps forward have been 
taken through the application of new 
physical techniques to chemical prob
lems, and also through the continued 
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effective use of the techniques of chem
istry itself. 

Chemistry is a young science. The 
chemical revolution took place only a 
little more than 150 years ago, when 
Antoine Laurent Lavoisier first clearly 
explained the role of oxygen in combus
tion and the nature of elementary and 
compound substances. Before Lavoisier 
chemical operations had been carried out 
according to recipes, and chemical re
actions had been discovered only by 
haphazard trial. His new approach led 
to the rapid collection of a great amount 
of information about inorganic and or
ganic substances. In 1828 Friedrich 
Wohler achieved the first synthesis of an 
organic substance of animal origin (urea) 
from inorganic materials, and in the fol
lowing decades many thousands of new 
substances were synthesized and their 
properties investigated. In 1852 Sir 
Edward Frankland formulated the theory 
of valence, and in 1858 Friedrich August 
Kekule perceived that carbon has four 
valences; this insight gave great impetus 
to organic chemistry. Louis Pasteur's 
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discovery of optical activity (the prop
erty, possessed by tartaric acid and many 
other substances, of rotating the plane of 
polarization of polarized light) and its 
explanation by means of the theory of 
the tetrahedral carbon atom by Jacob 
van't Hoff and Joseph LeBel effectively 
completed the classical structural theory 
of organic chemistry. Guided by this 
theory, and making use of many special 
techniques of analysis and synthesis, the 
organic chemist then investigated great 
numbers of natural substances and new 
substances made in the laboratory. 
Many of them were found to be valuable 
as dyes, as medicines, in foods and for 
special industrial purposes, and an im
mense organic chemical industry was 
developed, largely based on coal tar. 

DURING the first half of the 20th cen
tury organic chemistry has ad

vanced along an extension of this road. 
The theory of the structure of organic 
molecules has become more precise and 
more useful through the incorporation 
in it of the theory of resonance and the 

ATOMS AND MOLECULE illustrate the covalent 
chemical bond. At the left are two hydrogen atoms, each 
with an electron represented by the time average of its 
motion about the nucleus. At the right is the hydrogen 

molecule, in which two nuclei share two electrons. The 
drawings in this article are hy Rogel' Hayward and are 
from Pauling's hooks General Chemistry and College 
Chemistry, puhlished hy W. H. Freeman and Company. 
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electronic theory of valence in general, 
and also of information about distances 
between atoms, bond angles and other 
features of molecular structure deter
mined by spectroscopic analysis or by 
the diffraction of X-rays or electron 
waves. Many new synthetic procedures 
and analytical methods have been dis
covered. One of the most valuable new 
methods is the chromatographic tech
nique for separating pure constituents 
from mixtures of substances, which was 
invented by Michael Tswett in 1906. In 
industrial chemistry we have seen an im
portant shift: petroleum has to a great 
extent replaced coal tar as the raw mate
rial for the preparation of organic com
pounds. 

Another striking aspect of organic 
chemistry in our century is the part 
played by special catalysts, both in the 
laboratory and in the industrial plant. 
This 20th-century development, which 
had its first success in the production of 
catalysts for the conversion of atmos
pheric nitrogen into ammonia and nitric 
acid, has risen to immense importance, 
especially in the manufacture of valuable 
products from petroleum. Great progress 
has resulted also from the expansion of 
the field of effective endeavor of the 
organic chemist to include giant mole
cules - molecules containing thousands 
or millions of atoms. In the 19th century 
the organic chemist could work confi
dently and effectively only with relatively 
simple substances. Then during the first 
decades of the 20th century he made 
effective headway in analyzing the struc
ture and properties of macromolecular 
natural materials such as cotton, rubber 
and wood. Armed with knowledge ob
tained in this way, he essayed to synthe
size new fibers, new elastomers, new 
plastics, and he succeeded not only in 
obtaining satisfactory substitutes for 
many natural materials but also in mak
ing many materials with far superior 
properties. 

In inorganic chemistry there was a 

period of inactivity in the first part of 
our half-century, and then came a rebirth. 
The last two decades have seen the com
pletion of the periodic table as far as 
atomic number 98, with the addition of 
technetium ( 43) , promethium ( 6 1) , 
astatine (85), francium (87), neptunium 
(93) ,plutonium (94) , americium (95) , 
curium (96) , berkelium (97) and cali
fornium (98) . Spectroscopic and diffrac
tion studies of the structure of molecules 
and crystals have provided a penetrating 
insight into the nature of the interactions 
between atoms and molecules. This has 
been combined with quantum mechanics 
to yield a broad and powerful electronic 
theory of valence and chemical combina
tion, permitting the correlation of the 
structure and properties of inorganic sub
stances as well as of organic substances. 
The theory of resonance of molecules 

CRYSTAL STRUCTURE of ice is based upon the geometry of the water 
molecule. The molecules at the top of this drawing are shown with theil' 
atoms and interatomic distances in the correct proportion. The atoms at 
the bottom have been reduced in size to clarify the structure of the crystal. 
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MOLECULAR STRUCTURE of the hydrocarbon isobutane is one of many 
of such structures worked out by organic chemists. At the right the atoms and 
the interatomic distances of the molecule are shown in their correct propor
tions. At the left is a diagram showing the skeletal geometry of the molecule. 
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among two or more valence-bond struc
tures has found valuable applications 
in both inorganic and organic chemistry. 

IN RECENT years practical inorganic 
chemistry has developed rapidly. 

Many new and important compounds of 
fluorine and silicon (fluorocarbons, sili
cones) have been made. The manufac
ture of plutonium and the controlled 
release of atomic energy have been 
accompanied by extensive chemical stu
dies of uranium and the transuranium 
elements, of the rare-earth metals and of 
the elements formed as fission products. 

Chemical thermodynamics-the study 
of the chemical effects of energy and 
temperature - is essentially a 20th
century development. It is true that the 
first and second laws of thermodynamics, 
dealing with heat transfer and entropy, 
had been formulated by 185 1, and that 
Josiah Willard Gibbs had published his 
masterful series of papers on the appli
cation of thermodynamics to chemical 
phenomena in the period between 1873 
and 1878. But the impact of this work on 
chemistry was not felt until after 1900. 
At the turn of the century Walter Nernst 
discovered the third law of thermo
dynamics, relating to the behavior of 
substances at low temperatures, and 
many chemists, among whom Gilbert 
Newton Lewis deserves special mention, 
labored to collect thermodynamic data 
and to weld them into a practical system. 
Quantum statistical mechanics has shown 
how the knowledge of interatomic dis
tances and force constants obtained from 
spectroscopic and diffraction studies can 
be used in the application of chemical 
thermodynamics to practical problems. 
In the design of industrial plants the 
modern chemist - especially the petro
leum chemist-may depend on thermo
dynamic information obtained by calcu
lation from interatomic distances in 
molecules. 

Information about the thermodynamic 
properties of substances, especially the 
absolute entropy, for application of the 
third law, often is obtainable only by 
measurements made down to very low 
temperatures. Early in the present cen
tury Kamerlingh Onnes, extending the 
pioneer work of Sir James Dewar, ob
tained temperatures slightly below 1 
degree Kelvin by the evaporation of 
liquid helium. For some time it seemed 
impossible to achieve a closer approach 
to absolute zero; then William F. 
Giauque suggested in 1924 and later put 
into practice a new method-cooling by 
demagnetization. With this technique he 
and other investigators succeeded in 
reaching temperatures as low as about 
.00 1 degree K. 

Thus chemical thermodynamics has 
rapidly developed to the point where it 
is possible for tables df the thermody
namic functions of chemical substances 
to be constructed. With the aid of these 
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tables a reliable prediction can be made 
as to whether any chemical reaction in
volving these substances can be made to 
take place or is thermodynamically im
possible. This prediction, however, does 
not satisfy the chemist; he wants also to 
know whether the reaction will proceed 
rapidly enough to provide a satisfactory 
yield of the product in the available 
time. The study of the speed of chemical 
reactions is another important branch of 
physical chemistry. In this field some 

. progress has been made, but the goal of 
the formulation of a complete theory of 
reaction kinetics, analogous to the now 
essentially completed system of chemical 
thermodynamics, seems to lie far ahead. 

WHAT will the next 50 years bring? 
How much greater understanding 

and mastery of chemical substances than 
we now possess will the chemist of the 
year 2000 have? We may hope that he 
will have obtained such penetrating 

Pauling 

knowledge of the forces between atoms 
and molecules that he will be able to 
predict the rate of any chemical reaction 
with reasonable reliability. In order to do 
this he will have to find out how catalysts 
work in accelerating chemical reactions. 
At the present time no one knows why a 
particular catalyst is effective for a par
ticular reaction; the preparation of cata
lysts is essentially an empirical art. Per
haps in the next half-century chemists 
will succeed in preparing catalysts to 
order. In addition the chemist of the 
future may well be able to make use of 
new aids to cause desired chemical 
reactions to take place. One of these aids 
might be high-energy rays-alpha par
ticles, electrons, positrons, gamma rays 
-made available by the uranium pile. 
As new materials capable of withstand
ing very high temperatures and pressures 
are developed, new chemical reactions 
can be made to occur. And the develop
ment of a greater understanding of the 
relation between the molecular structure 
and the chemical and physical properties 
of substances should permit predictions 

to be made as to the types of new sub
tances that need to be synthesized for 
various special purposes. 

The recent successful development of 
valuable new compounds of silicon and 
fluorine suggests that other elements too 
may be put to additional uses. The 
chemish'y of very large inorganic mole
cules has been neglected. We may look 
forward particularly to progress in the 
study and use of compounds of elements 
that have a sh'ong tendency to be present 
in large molecules, notably phosphorus, 
vanadium, molybdenum, wolfram and 
tantalum. 

The metals constitute a great class of 
substances that deserves more thorough 
study by chemists. Organic and ordinary 
inorganic materials have been aSSiduously 
investigated year after year, but metals 
and alloys, including intermetallic com
pounds, have been neglected. The coming 
half-century should see the development 
of a sound theory of the structural chem
istry of metallic substances. Metallog
raphy will thereby become a science, and 
the straightforward formulation of new 
alloys with special properties and valu
able uses will become possible. 

IN organic chemistry there exists a field 
with equally broad room for prog

ress: investigation of the structure of 
physiologically active substances, espe
cially vitamins and drugs, and the syn
thesis of new ones. This work has been 
handicapped by the lack of a theory of 
the molecular structural basis of physio
logical activity. The next half-century 
should witness the development of such 
a theory. This would involve also the 
solution of the problem of the structure 
of proteins, nucleic acids and other mac
romolecular constituents of living organ
isms, including enzymes and ultimately 
genes. When the mechanism of drug ac
tion has been elucidated, it will be pos
sible for chemists to make greater and 
greater contributions to the problem of 
good health and the control of physical 
and mental disease. Instead of synthe
sizing great numbers of substances at 
random, the chemist will be able to plot 
the molecular structure of the most likely 
substance for each use and synthesize it 
for trial. 

-

Linus Pauling is one of the principal 
figures in the application of the fruitful 
methods and theories of modern physics 
to chemistry. He has made important 
contributions to our knowledge of the 
chemical bond, of the structure of mole
cules and crystals, of immunochemistry. 
He is the author of The Nature of the 
Chemical Bond and other books, and he 
has been president of the American 
Chemical Society. He is now head of 
the division of chemistry and director of 
the Gates and CrelUn Laboratories at 
the California Institute of Technology. 
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THE AMINO ACID alanine is one of the 20-odd amino 
acids that make up proteins. Like all the other amino 
acids except one, alanine has two stereoisomers or mo
lecular mirror images: d-alanine (left) and I-alanine 
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(right). Curiously only amino acids of the 1 configura
tion are found in proteins. Although the structure of the 
amino acids is well known, their arrangement in pro
teins is one of the fundamental problems of chemistry. 
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THE PERIODIC TABLE of the chemical elements has 
in recent years been filled in and enlarged. Four elements 
have been inserted into the former table: technetium 
(Tc), promethium (Pm), astatine (At) and francium 
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(Fr). The table has also been extended beyond uranium 
(U) by neptunium (Np), plutonium (Pu), americium 
(Am) , curium (Cm), berkelium (Bk) and californium 
(Cf) . Atomic number of each element is beneath symbol. 
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GEOLOGY 
The search for the origin of major geological features 

has advanced further into the depths of the earth and 

time. A survey from the standpoint of physical geology 

EOLOGY'S foun
dations were laid 
toward the end of 
the 18th century by 
a few lonely genius
es of western Eu
rope. The scientific 
study of our planet 

naturally had to begin at the surface of 
the dry land. The pioneers in geology 
had only a few simple tools: hammer, 
compass, clinometer, collecting bag, 
notebook, topographic map and a good 
pair of legs. With such equipment, still 
indispensable to the field geologist to
day, they explored old sedimentary rock 
formations of western Europe, where 
streams cutting through steep slopes had 
exposed the strata, and by simple inspec
tion they deduced the relative ages of 
these deposits. 

The early geologists soon discovered 
that in each successive group of strata 
there were entombed certain fossils, 
chiefly of sea animals and plants, which 
were characteristic of their time. During 
the 19th century geologists proved that 
this marine life had gone through an ir
reversible evolution. Thus the "guide" 
fossils of Europe became a kind of cal
endar for reckoning the relative an
tiquity of the principal sedimentary 
rocks, not only in Europe but on every 
continent and large island where similar 
fossils were found. They made it possi
ble to compose a rough time-scale for the 
infinitely varied events in the earth's his
tory, insofar as these were registered in 
the accessible rocks. 

The mapping of the earth's surface 
structure went on apace in an atmos
phere of thorough international coopera
tion until 19 14. Since then geological ex
ploration and the pooling of ideas have 
been hindered by revolutions, world 
wars and the erection of an iron curtain 
around one sixth of the earth's lanel. The 
grievous retardation of progress by tribal 
insanities and lethal dictatorships has 
been somewhat offset by the develop
ment of the automobile and the airplane. 
With their aid sweeping geological re-
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connaissances have been made of wide 
stretches of the war-free portions of the 
earth-in Africa, Australia, Canada and 
even forbidding Antarctica, whose border 
reveals a belt of folded rock formations 
that appears to be part of the vast moun
tain belt rimming the Pacific-the great
est mountain system on the earth. Our 
half-century has also produced a number 
of more detailed local geological studies, 
notably in California and the adjoining 
Great Basin, the mid-Appalachians, 
British Columbia, Ontario, Hawaii, Sa
moa, the Dutch East Indies, New Zea
land, the Bushveld of the Transvaal, the 
peerless Great Dike of Rhodesia, the 

Daly 

Vredefort "dome" of the Orange Free 
State and the volcanic field of Natal. 

DURING the first quarter of our cen
tury there were pubiished two great 

syntheses of geological knowledge. One 
was a three-\iolume monograph on 
Switzerland by Albel:t Heim-the most 
thorough account ever made of the struc
ture of a major mountain belt. The other 
was a four-volume work by two masters, 
Eduard Suess and Emmanuel de Mar
gerie, who attempted to draw from the 
myriad literature of geology a picture of 
the main structural elements of the 
earth's crust as a whole. But these very 
syntheses made geologists more con-

scious of the rather terrifying complex
ity of their job. To read the record 
of the rocks-a record obscured and in 
many places all but obliterated by eons 
of erosion and by concealing covers of 
sediments, lavas and invading seas-is a 
formidable program. Here is a gigantic 
palimpsest written in hieroglyphs, and 
there is no Rosetta Stone by which to 
decipher it. 

A truly scientific history of any phe
nomenon must explain it in terms of its 
origin; the geologist's problem is com
plicated by the fact that the origins of 
continents, islands, ocean' basins, land 
basins, mountain ranges, high plateaus, 
volcanoes and mineral deposits are hid
den in the depths of time as well as in 
the depths of the earth. The geologist 
cannot get far in this search without 
help, and so he has harnessed himself 
into a team with the geophYSicist, the 
geochemist and the astrophysicist. The 
partnership is responSible for the major 
achievements of the past half-century in 
geology. This brief account will deal 
only with the principal advances in 
physical geology, since there is not space 
to go into the various other branches of 
the subject, such as paleontology, petrog
raphy and economic geology. 

We delve first into the question of the 
earth's time-scale. The geologists of the 
19th century demonstrated that our 
planet had a long history of leisurely 
change, with many successive cycles of 
erosion, sedimentation and mountain
building. They divided this history into 
four major eras: the Pre-Cambrian, the 
Paleozoic, the Mesozoic and the Ceno
zoic. Their estimates of the minimum age 
of the earth ran to hundreds of millions 
of years, but they had no means of mak
ing anything like a precise measurement 
either of the total age or of the len gth of 
the successive eras. In our century the 
phYSicist and the geochemist have pro
vided geology with a remarkably handy 
clock for this purpose: the radioactivity 
of rocks. 

From measurements of the decay of 
radioactive elements in the rocks the 
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geologist-geophysicist-geochemist team 
was able to construct this time-scale: 
The oldest Pre-Cambrian rocks yet ex
amined (themselves not the oldest in the 
earth) were crystallized about two bil
lion years ago. The Pre-Cambrian Era 
lasted for at least three fourths of geo
logical time. Half a billion years ago 
were deposited the earliest Cambrian 
strata, the first to carry abundant evi
dences of life on the earth, in the form 
of specific organisms. After the Cam
brian came a series of periods meas
urable in terms of a unit of 10 million 
years. The last of these periods, the 
Cretaceous, closed the Mesozoic Era. 
In the Cenozoic Era, from the dawn of 
the Eocene Period to the present time, 
the periods have been shorter. 

T HIS time-scale is now one of the 
chief mental tools of the student of 

earth history. And the discovery of radio
activity led on to another finding of 
fundamental concern to physical geol
ogy. This has to do with the heat of the 
earth. 

Before radioactivity was known, ge
ologists had no reason to doubt that 
through all its history the earth had 

steadily been cooling off from an original 
molten state. But as studies of radioac
tivity were pursued into deep mines and 
tunnels, it soon became evident that con
siderable heat must be created in the 
earth by the spontaneous disintegration 
of atoms, chiefly of uranium, thorium 
and potassium. The earth, in short, is a 
true furnace. 

This discovery opened a world of new 
exploration, for it has a most important 
bearing on the problem of what forces 
and processes have molded the earth's 
main structural features. Since �at must 
play a key role in these processes, ob
viously our ability to find out what they 
are depends heavily on the investigation 
and correct interpretation of the tem
perature conditions down through va
rious levels of the crust and the under
lying material on which it rests. 

During this century the temperature 
of the upper part of the earth's crust has 
been measured at hundreds of deep bore
holes and mines in Europe, North 
America and South Africa. All of the 
measurements show that the tempera
ture increases with depth. But there are 
good reasons for questioning whether 
the rate of this increase is the same at 

great depth as it is near the surface. One 
reason is some uncertainty about the dis
tribution of radioactivity in the body of 
the planet. Another is uncertainty about 
how hot the infant earth was at the be
ginning. A third is uncertainty as to the 
possible effects on surface temperatures 
of localized convection currents that 
might have brought up especially hot 
material from great depth. Here, then, 
the geophysicist is in trouble, and he will 
do well to consider some relevant facts 
won by the geologists. 

A vital discovery relating to the tem
perature of the material just below the 
earth's crust was made by geologists 
when they studied the reactions of the 
earth's body to heavy and extensive 
loads piled on its surface. Just such loads 
are represented by the existing Green
land and Antarctica ice caps. With the 
seismograph the geologists proved that 
these caps are thousands of feet thick. 
Other wo.rkers made it clear that the 
glacial ice caps that lay on northwestern 
Europe and northeastern North America 
during the ice ages of the Pleistocene 
Period must have had respective maxi
mum thicknesses of about 9,000 feet and 
12,000 feet. They showed that under 

TWO KINDS OF ROCK adjoin in aerial view near Los 
Angeles. Lighter rock at top is igneous, i.e., crystallized 
from a liquid state. Darker rock is metamorphic, i.e., 

rock that has been altered from its original state. One 
problem of geology is to explain how large bodies of 
igneous granite find their way into mountain ranges. 
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CONTINENTAL SHELF is an un deciphered clue to the 
history of the earth's surface. Here the lightest tone rep
resents the Pre-Cambrian "basement"; the darker tones, 

younger sediments. The vertical scale of this drawing is 
greatly exaggerated. One puzzling feature of continental 
borders is the deep canyons carved into their slopes. 

these huge loads the crust of the earth 
was bent down as much as 1,000 feet in 
Europe and nearly 2,000 feet in America 
and, further, that these basinings of the 
crust continued even after the vertical 
excess pressure on the bottom of the 
crust had become small. This result of 
their field work shows that the material 
at and below the depth of a few tens of 
miles is extremely weak. The only good 
explanation of that weakness is that the 
material is made plastic by high tem
perature. 

The cooperative studies of geologists 
and geophysicists have also established a 
convincing explanation of the reason why 
the continents and large islands stand an 
average of three miles above the ocean 
floor. The dry-land parts of the earth's 
crust, being predominantly granitic, are 
lighter than the crust beneath the open 
ocean. In consequence the continents 
are floating on the plastic layer which 
underlies the whole of the crust. 

A related problem is the origin of the 
lava type of rocks, which have risen to 
the surface of the earth, and are still 
rising, as hot, liquid eruptions from the 
depths below. Geologists of the 19th 
century and early part of the 20th 
thought this could be explained in a 
comparatively simple way. They con
ceived the planet to have a crust of crys
tallized rock resting on a substratum of 
molten, gas-charged basalt; from time to 
time molten material from the sub
stratum erupted through fissures in the 
crust, making piles of basaltic lavas and 
ether types of melts that were the prod
ucts of chemical reactions between the 
liquid basalt and the invaded rocks. But 
doubt has been cast on this theory by 
recent geophysical evidence which 
makes it appear extremely improbable 
that any completely molten shell now 
exists near the surface of the earth. Some 
authorities have suggestyd that the lavas, 
including those of volcanoes, come from 
isolated pockets of hot liquid in the 
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thick, solid crust, but this hypothesis 
also has its difficulties. 

One of the major turn-of-the-cen
tury controversies that is still alive is the 
question of the stability of the conti
nents. The continental-drift hypothesis, 
abhorrent as it is to many geologists to
day, has not yet gone to limbo, and it 
has gained some new support from the 
cumulative evidence of the plasticity of 
the depths below the crust. Over this 
weak underpinning, the drift theorists 
hold, floating continental blocks of the 
crust have migrated many hundreds of 
miles. But no one has yet suggested a 
generally convincing explanation of what 
forces made the continents move about, 
and some insist that the underpinning of 
the crust is not as weak as this hypothesis 
would demand. 

EXPLORATION of the ocean depths 
by accurate echo-sounding methods 

developed during this century has added 
several new mysteries. One of these was 
raised by the discovery that the floor 
of the Pacific Ocean is ornamented with 
many "sea-mounts" -tall, conical hills 
whose tops are from a few hundred 
fathoms to 1,500 fathoms below the sea 
surface. They appear to be volcanic 
piles, but their tops have been beveled 
flat. It is not yet clear how and when 
they were so truncated. 

A second mystery relates to the dis
covery of the surprising ruggedness of 
the continental slopes-the plunging un
dersea banks that are found off the 
shores of the continents. Geologists of 
the 19th century assumed, on the basis 
of sketchy soundings, that these slopes 
were smooth deposits built out by pro
longed erosion from the continents. But 
this proved to be a serious error; more 
extensive and more accurate soundings 
made by the new methods in this century 
have shown that the slopes are cut by 
deep furrows like river valleys, now 
called "submarine canyons." How these 

remarkable fretworks on the flanks of 
the Americas, Europe, Asia and Africa 
developed is a matter of considerable de
bate. They seem to have been formed 
during the Pleistocene Period, i.e., the 
last million years, and some geologists 
suggest that they were actually the sites 
of rivers during the long ice-age inter
vals when the sea level was lowered by 
the piling up of ice on the land. Others 
disagree, however; the arguments pro 
and con are too long to go into here. 

This matter of the rise and fall of the 
sea level has been a subject of fruitful 
controversy among geologists; it may 
hold the answer not only to such ques
tions as the origin of the submarine can
yons and of the living coral atolls and 
barrier reefs of the Pacific but also to 
the broader problem of the stability of 
the earth's crust throughout the whole 
tropical belt of the planet during the 
last million years. Indeed, the history of 
the Pleistocene's iCt< ages has become a 
matter of great interest to biologists, an
thropologists and geographers as well as 
geologists. The investigations of the past 
half-century have yielded convincing 
proof that the ice cap in the Northern 
Hemisphere made a series of advances 
and retreats during the Pleistocene, pro
ducing alternating periods of cold and 
warm climate, and the same sequence 
seems to have taken place in the South
ern Hemisphere. The oceanographers 
have found evidence that these climatic 
changes were world-wide: in cores taken 
from the floor of the deep ocean at 
widely differing latitudes warm-water 
fossils alternate with cold-water species 
at successive levels. The computed dura
tion of these alternate periods of warm 
and cold ocean temperatures matches 
well with the length of the glacial and 
interglacial periods on the lands. 

BRIEF and incomplete as this review 
of the half-century has been, it illus

trates the youth of phYSical geology as a 
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true science. For every problem so far 
solved many new ones have arisen. The 
working out of the true story of the 
earth's evolution obviously still lies in 
the distant future. It is clear that the 

. answers will require experiments and 
investigations by physicists, chemists, 
seismologists, oceanographers and geod
esists as well as by the geologists them
selves. Perhaps it is not too much to 
hope that ultimately the cosmogonists 
will be able to supply a crucial piece of 
knowledge on which the solution de
pends; namely, a reasonably assured de
scription of what our planet was like in 
the beginning-its constitution and its 
temperature. 

Of the requirements for further 
progress in geology, perhaps the most im
pOl·tant is the restoration of one world in 
science. The geologist has a well-defined, 
and formidable, program of speCific 
projects mapped out. Some of them are: 

I. The making of detailed geological 
maps to cover more than 90 per cent of 
the land area. 

II. More thorough exploration of the 
relief of the sea Hoor by echo-sounding. 

III. Continued efforts to locate dis
continuities in the depths of the earth by 
seismological methods. 

IV. Further experiments on how 
heated rock glasses under high pressure 
transmit seismic waves, to help deter
mine the physical condition of the rocks 
encountered by such waves in seismic 
explorations of deep layers of the earth. 

V. A search for more data by which to 
test the continental-drift hypotheSiS. 

VI. Investigation of a group of more 
or lcss related questions: Why is most of 
the earth's granite concentrated in the 
continents? How did the great granitiC 
bodies in mountain ranges get there? 
How were massive strata of sedimentary 
rocks converted into crystalline schists? 

VII. Continued study of the mecha
nism of volcanic action, already well 
begun at the volcanoes of Vesuvius, 
Kilauea and Paricutin. 

VIII. Studies of sedimentary rocks for 
further clues as to long-term changes in 
the composition of the oceans and their 
effects on the evolution of marine life. 

IX. Investigation of the causes of the 
ancient changes in world climate. 

In the words of a famous teacher of 
geology: "There is a world of work to be 
done!" 

-

Reginald A. Daly has been one of the 
leaders of 20th-century geological 
thought. Among the sub;ects to which 
he has made notable contributions are· 
the origin of igneous rocks, the na
ture of the earth's interior and the 
origin .of oceanic islands. From 1912 
to 1942 Daly was professor of geology 
at Harvard University. He is pres
ently professor emeritus at Harvard. 

ANCIENT LAKE SHORELINE in Nevada is a graphic record of the shrink. 
age of a glacial lake after the conclusion of an ice age. Higher ground is at 
top. The shoreline of the lake retreated slowly at first, then more rapidly. 

SAN ANDREAS FAULT in California is a hreak in the earth's crust some 
700 miles long. This aerial photograph of the fault was made in San Luis 
Ohispo County. Periodically the crust drifts horizontally along the fault. 

ENTRENCHED MEANDER of the San Juan River in Utah is evidence of a 
lifting of the land. Once the river meandered in a low valley. When the whole 
region was raised, the river cut downward in its original tortuous channe1. 
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Pure mathematicians have become more rigorous and 

applied mathematicians less inhibited. The interaction 

of mathematics and physics continues to enrich both 

ATHEMATICS," 
Bertrand Russell 
once wrote: "takes 
us into the region 
of absolute neces
sity, to which not 
o n l y  t h e  a c t u a l  
world, b u t  every 

possible world, must conform." This 
pithy statement is perhaps as good a 
summary as any of the relation of mathe
matics to the more mundane sciences, 
and it may also be taken as a description 
of developments during the first half of 
the 20th century - a half-century in 
which the theory of relativity and other 
exercises in mathematical logic have so 
drastically reshaped our world. 

I shall not attempt here to review in 
detail the half-century's advances in 
mathematics, for the mathematician, as 
everyone is well aware, speaks a special 
tongue that is inscrutable to all but the 
initiated. But we can certainly consider 
some of the main concepts and problems 
on which mathematicians have been 
working. 

At the end of the 19th century the two 
great personalities in mathematics were 
Henri Poincare of Paris (1854-1912) 
and Felix Klein of Gottingen (1849-
1925). Both of them created many new 
developments, but they were still in the 
tradition of the older analysts, and 
broadly speaking mathematics meant to 
them what it had meant to Newton, 
Euler and Lagrange. The new century 
saw some major changes. The first was 
associated with the publication of a new 
system of mathematical logic by two 
Cambridge men, Alfred North White
head and Berh'and Russell. This was the 
Principia M athematica, a colossal work 
in three volumes published in 1910-
1913. 

One of the normal incidents of the 
development of human knowledge is 
that often a subject which has been re
garded for centuries as a part of philos
ophy becomes emancipated and acquires 
an independent status. This happened 
long ago to physics, which is still known 
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in the titles of the older university chairs 
as "natural philosophy," and it has hap
pened within living memory to psy
chology and to logic. In the case of logiC, 
much preparation for emancipation had 
been going on during the latter half of 
the 19th century, culminating in the 
work of Giuseppe Peano of Turin. Peano 
invented a new language consisting of 
symbols or ideograms for the expression 
of logical propositions; thus there were 
specific symbols to rt<present the terms 
"class," "and," uor," "is contained in," 
"there exists," and so forth. These sym
bols could be subjected to quasi-alge
braic operations. 

In 1900 Whitehead and Russell, while 
attending an international congress of 
philosophy in Paris, learned of Peano's 
system. Seeing at once that it was im
mensely superior to anything else of the 
kind that had preceded it, they resolved 
to devote themselves to creating a new 
syntax, so to speak, of mathematical logic, 
with the ideograms as the vocabulary, 
and to apply it to solve questions regard
ing the foundations of mathematics. They 
soon showed that the cardinal numbers 
1, 2, 3, ... could be defined in terms of 
purely logical concepts (such as "class," 
"not," "or") which could be represented 
by Peano's symbols. They asserted fur
ther that all pure mathematics could be 
built on this foundation, so that mathe
matics was a part of logic. 

With this as a guiding principle, they 
opened up new fields of thought, con
cerned not only with the foundations of 
mathematics, but with problems of a 
more general character, such as the ex
planation of paradoxes arising from the 
defects of ordinary language, i.e., con
tradictory conclusions developed by 
seemingly logical operations from the 
same set of premises. Many new para
doxes were discovered, and a theory 
known as "the theory of types" was de
veloped to avoid them. 

B
UT the original outlook of the 

Whitehead-Russell theory was 
slightly modified when it was recognized 

that in order to provide a sufficient basis 
for mathematics, it was necessary to 
assume certain axioms which do not 
properly belong to logic, such as the 
axiom that the series of positive whole 
numbers is infinite. Then in 1931 Kurt 
Godel of Vienna showed that some prop
ositions of mathematics could not be 
either proved or disproved by the formal 
axioms of Principia Mathematica, or by 
any similar system. Some of the difficul
ties of the situation could be evaded by 
adopting what is known as the "intui
tionist" theory of the foundations of 
mathematics, put forward by L. E. J. 
Brouwer of Amsterdam. This theory de
nies the unlimited validity of the logical 
principle of the excluded middle (i.e., 
that every proposition is either true or 
false), and regards as invalid all exist
ence-theorems which do not include a 

procedure for the actual construction of 
the entity whose existence is in question. 
In opposition to Whitehead and Russell, 
it takes the view that mathematics is not 
based on logic, but on the contrary is a 
presupposition for logic. The intuitionist 
system, however, has the drawback that 
it leaves a large part of the traditional 
analysis in ruins, and it has never been 
widely accepted. 

It must be said that many professional 
philosophers, while admitting the power 
of the Whitehead-Russell methods, found 
the complicated Peano symbolism and 
algebra an uncongenial study, and com
plained that the real result, even of the 
Principia, was not to reduce mathematics 
to a branch of logic, but to reduce logic 
to a branch of mathematics. And, in
deed, since the publication of the Prin
cipia logic has been widely regarded as a 
member of the group of the mathemat
ical sciences. 

While logic was thus developing as a 
subject in its own right, the question of 
its place within mathematics was occu
pying a great deal of attention. It was 
the ancient Greeks who first discovered 
that mathematical theorems might be 
proved by the methods of logic, and they 
attached so much importance to the mat-
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ter that they had two different verbs, one 
of which was used when a theorem was 
simply believed to be true, and the other 
when a strict logical proof of it was 
forthcoming. The great mathematicians 
of the 18th and most of the 19th century 
were in the habit of offering proofs, but 
without taking overmuch trouble about 
their rigor. But in the latter part of the 
19th century the pure mathematicians 
on the European Continent had begun to 
be more exacting. 

N
ow at the turn of the century there 

was in England a celebrated ap
plied mathematician named Oliver 
Heaviside. He was entirely self-taught 
and had never been connected with any 
university, but he had a remarkable and 
indeed inexplicable ability (which was 
possessed also by Newton and Laplace, 
and in our own day by the Indian youth 
Srinivasa Ramanujan) to arrive at math
ematical results of considerable com
plexity without going through any 
conscious process of proof. It was doubt
less the awareness of this gift, coupled 
with the recollection of tedious hours 
spent on labored proof of the obvious in 
textbooks, that made Heaviside con
temptuous of the "logic-choppers," as he 
called them. In his own writings he 
fiouted their canons in the most out
rageous way. Unfortunately the referees 
of the work he submitted to the Royal 
Society for publication thought that the 
time had come to offer up a sacrifice to 
the god of logic, and they rejected his 
papers, although it was shown later that 
the formulas he had obtained by un
orthodox methods were perfectly correct. 

Heaviside, however, was the last nota
ble victim, for the curious sequel to this 
story is that although during the past 50 
years pure mathematicians have become 
more and more rigorous, the restraints 
on applied mathematicians have been, in 
practice, altogether removed. For in
stance, P. A. M. Dirac of Cambridge 
introduced a "delta-function" which has 

the property of being infinite at one 
point and zero everywhere else but has 
a finite integral, and the applied men 
now make the most reckless use of it 
without incurring any censure. The rea
son for this situation is the increasing 
fragmentation of mathematics. The pure 
mathematicians are never asked to ref
eree an applied paper, because they 
would be unable to understand what it 
was about, and consequently it escapes 
all criticisms on the score of rigor. Prob
ably such a state of things is really quite 
healthy: first get on with the discoveries 
in any way possible, and let the logic be 
cleaned up afterward. 

Throughout the history of mathemat
ics progress has been achieved mainly 
by attacking the problems that are pre
sented by nature to the applied mathema
ticians. This has been as true in the last 
50 years as in any previous age. Let us 
take some conspicuous examples. 

T
HE general theory of relativity,' 
published by Albert Einstein in 1915, 

depends on the idea that the gravita
tional fields which exist all over the uni
verse, and which up to that time had 
been described in terms of Newton's law 
of gravitation, can be more accurately 
described by introducing a new concep
tion of space. Einstein abandoned the 
description of the geometrical properties 
of space set forth in Euclid's Elements 
and brought in the notion of curved 
space, which differs from Euclidean 
space in the same way as the curved 
surface of a sphere differs from the fiat 
surface of a plane. The curvature of 
space varies from point to point, and its 
intensity at any particular place meas
ures (broadly speaking) the intensity of 
the gravitational field there. 

The working out of this idea, and the 
testing of it by comparison with obser
vation, clearly depended on the mathe
matical theory of curved spaces. Now 
the geometry of curved surfaces had 
been studied in great detail for over a 

century, and the results were easily ex
tended to curved spaces of any number 
of dimensions. But before long it be
came evident that something more was 
needed. Einstein's purpose was to ex
plain all physical forces in terms of the 
geometrical properties of space. He 
succeeded in representing gravitation in 
this way, but electromagnetic phenom
ena still remained to be accounted for. 
It was found that these could not be 
brought into the scheme unless some 
radical innovation was made in the con
ception of a curved space. Such innova
tions first became possible when Tullio 
Levi-Civita of Rome and Gerhard Hes
senberg of Breslau discovered in 1917 
that what holds a space together, ce
menting its different volume-elements 
into a unity, so to speak, is its "parallel
transport," i.e., the definition of the way 
in which a vector of the space can be 
moved for a short distance parallel to 
itself. This idea was applied by Her
mann Weyl of Zurich and Arthur S. 
Eddington of Cambridge to furnish 
purely geometrical representations of the 
physical universe, including both gravi
tation and electromagnetic phenomena. 
Thus the physical laws became mere 
geometrical necessities, and geometry 
was enlarged from a mere system of 
measurement into a science embracing 
all that was known about the material 
lmiverse. 

Neither Weyl's nor Eddington's geom
etry was accepted as final, but their dis
coveries inspired a grand renaissance in 
differential geometry. The humblest re
search student was thrilled to feel that 
the novel and unprecedented types of 
geometrical form he invented might 
prove to be not the arbitrary and fanci
ful creations of a pure mathematician 
but a description of the actual universe 
in which we live. 

A NOTHER example of the fruitful in
ft fiuence of theoretical physics on 
pure mathematics is provided by the dis-

MATHEMATICAL CURVE is a graphic expression of 
the complex transformation W = arg th w, which utilizes 

the inverse function of a hyperbolic tangent. The trans
formation was applied to a figure based on Z=Zlj5. 
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covery, made at Gottingen in 1925 by 
Max Born and his assistants Werner 
Heisenberg and Pascual Jordan, that 
quantum mechanics requires an algebra 
in which the commutative law ba = ab 
does not hold. This law is of course valid 
whenever a and b are ordinary numbers, 
since the order in which numbers are 
multiplied makes no difference in the 
result. But in the newer kinds of algebra 
the letters can stand for entities other 
than numbers. For instance, let us take 
three axes at right angles to one another: 
Ox, Oy, Oz. Suppose that a denotes the 
operation of rotating any figure in space 
through a right angle about the axis Ox, 
while b denotes the operation of rotating 
any figure in space through a right angle 
about the axis Oy. Then ab means the 
combined operation of rotating first 
about Ox and then about Oy, while ba 
means the operation of rotating first 
about Oy and then about Ox. The results 
of these two compound operations are 
in general entirely different, so ba is not 
equal to abo The first system of algebra 
with this "non-commutative" rule was 
developed by William R. Hamilton in 
1843; it was called "quaternions." For 
quantum mechanics the necessary alge
bra was found in another system, also 
invented by Hamilton and called by him 
the "theory of linear vector operations." 
It is now known as "matrix algebra," and 
has been extensively developed in recent 
years, largely because of its value in 
applications. 

Quantum mechanics has provided the 
stimulus for investigation in several 
other fields of pure mathematics. �hen 
a parallel beam of particles strikes a re
gion containing a center of force which 
repels and scatters them, the solution of 
the problem depends on finding a cer
tain function which satisfies a differential 
equation for the incident and scattered 
waves and which is finite at the scatter
ing center, and then determining the 
behavior of this function at infinity. This 
is a problem in the pure-mathematical 
theory of asymptotic expansions. 

The theory of the special functions of 
analysis has been developed also in 
connection with the problem of finding 
the energy levels corresponding to the 
stationary states of an atom (or of any 
quantum-mechanical system). For the 
hydrogen atom, the functions required 
are the confluent hyper geometric func
tions, and for the simple pendulum 
they are the Mathieu functions. Both 
these types of function have been named, 
and their properties discovered, in the 
last 50 years. 

Still another part of pure mathematics 
which has owed much to its quantum
mechanical applications is the theory of 
"Hilbert spaces." The name commemo
rates David Hilbert (1862-1943) of 
Gottingen, who after the deaths of Poin
care and Klein was generally regarded as 
the greatest living mathematician, and 
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whose work in the 20th century ranged 
over many fields of mathematics. 

A
T the beginning of the century Hil

bert was engaged in placing geom
etry on a secure foundation. It had long 
been recognized that from the stand
point of logical rigor Euclid's geometry 
was defective: many of his theorems 
tacitly presuppose axioms that are out
side the list of those on which his system 
is supposed to be based. Hilbert con
structed a complete axiomatic founda
tion, showing that his axioms were 
compatible with one another and were 
independent, and that from them all the 
theorems of Euclidean geometry could 
be obtained. 

Hilbert's geometrical structure was 
practically completed in 1902, and his 
thoughts were now turned, by a lecture 
given in his own seminar by a visiting 
mathematician, to integral equations. In 
the years 1904 to 1912 Hilbert published 
a series of memoirs creating a complete 
theory of integral equations, with an 

Whittaker 

astonishing wealth of applications, both 
in pure mathematics and in such phys
ical subjects as radiations and the kinetic 
theory of gases. It was in connection 
with integral equations that he intro
duced the notion of Hilbert space. This 
may be described as space of an infinite 
number of dimensions in which certain 
operations can be performed, namely the 
addition of vectors, the multiplication of 
a vector by an ordinary complex number 
and the formation of the inner product 
of two vectors. With this explanation, the 
fundamental theorem of quantum me
chanics can be stated thus: The various 
states which a physical system can take 
can be correlated to vectors of unit 
length in a Hilbert space, in such a way 
that the probability that the system will 
pass from a state represented by one 
vector to a state represented by another 
vector can be expressed in terms of the 
inner product of the two vectors. 

In 1909 Hilbert turned his attention 
to a problem in the theory of numbers. 
Edward Waring of Cambridge had as
serted more than a century earlier that 
every positive whole number can be 
represented as the sum of at most four 
squares, or nine cubes, or 19 biquad
rates. Waring seems to have arrived at 
his result by observation of a large num
ber of particular cases. Hilbert now 
proved a general theorem: that every 
positive whole number can be repre
sented as a sum of at most a certain num
ber of kth powers. But he gave no rules 
[or finding this number. The problem 
was taken up in 1920 by the English 
mathematicians G. H. Hqrdy and J. E: 
Littlewood, and they succeeded in show
ing that the least number of positive kth 
powers needed to represent all suffi
ciently large numbers is not greater than 
(k-2)2k•1 + 5. (For example, when k is 
3, the case of the cube, this formula 
yields the number 9-i.e., 9 cubes.) Their 
work has been followed by much activity 
in analytic number theory. 

A 
SMALL book published in 1940 by 
Hardy under the title A Mathema

tician's Apology attracted a great deal of 
attention. "Why," he asked, "is it really 
worth while to make a serious study of 
mathematics? What is the proper justifi
cation of a mathematician's life?" 
Hardy's own answer was that "if a man 
has any genuine talent, he should be 
ready to make almost any sacrifice in 
order to cultivate it to the full," and he 
justified his choice of a career by his 
consciousness of possessing great mathe
matical ability. But the critics asked: "If 
Hardy had been conscious of great 
agility in climbing drainpipes, ought he 
to have become a cat-burglar? If he had 
found that he had a great attraction for 
the other sex, ought he to have set up 
as a Don Juan?" The fact is that the 
problem he proposed really belongs to 
moral philosophy, and Hardy, who was 
a stranger to moral philosophy, had no 
principles available to deal with it. 
Curiously enough, I do not remember 
ever having seen a sustained argument 
by any author which, starting from phil
osophical or theological premises likely 
to meet with general acceptance, reached 
the conclusion that a praiseworthy order
ing of one's life is to devote it to research 
in mathematics. Whatever the philosoph
ical situation may be, it must be admitted 
that the 20th century would not have been 
the same without its mathematicians. 

-

Sir Edmund Whittaker is one of the fore
most mathematicians of the past half
century. He is author of the important 
mathematical works Analytical Dynamics 
and Modern Analysis. F1'Om 1906 to 
1912 he was Royal Astmnomer of Ire
land. Since 1912 he has been professor 
of mathematics at Edinburgh University. 
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Where light is too coarse ••• 

The detail needed in electron micrography demands a fine
grain emulsion on glass-with enough sensitivity to permit 
exposure time less than 5 seconds. The best all-around material 
for this purpose is the Kodak Lantern Slide Plate, Medium. For 
loccasional work requiring slightly higher contrast, there is the 
Kodak Lantern Slide Plate, Contrast. Both come in the standard 
electron microscope sizes, 2" x 2" and 2" x 10", available at 
your Kodak dealer. And for information on equipment for 
replica preparation and shadow-casting of specimens for elec
tron micrography, write Eastman Kodak Company, Industrial 
Photographic Division, Rochester 4, N. Y. 

ELECTRON MICROGRAPHY 

• • •  an important function of photography 
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Some Primary 
DYNAMIC RESPONSES 

The transients initiated by specific stimuli, like a common 
language, serve to relate and identify d}'namie structures among 

'lecJmologies Wl1ich are othe�ise diverse. 
Under transrormation of the variables, how many different 

Lasic systems are represented hy the responses below? 
In this case Ihe ordinate scale is tell volts; the unit for the, 

concurrent time abscisS!lc is 0.0004 seconds. 

UPPER FI GURE I S  

STEP. FUNCTION USED 

AS ST IMULUS. BELOW 

ARE TABULATE D OPER· 

AT OR S TOGETHER 

WITH RESPONSES THEY 
PRODUCE. 

1 
5p 

1 
1+p 

!.=.P. 
l+P 

1+3f.>+9p 
IJOUNDED 

FIRST DERIVATIVE � 
The above oscilloscope photographs are unrctouched. Each 

rC5ponsc was computed periodically by a simple combination of 
GAP/R Electronic Analog Computor Components. Phenomena 
of any complexity, non-linear as well as linear, may be embodied 
and represented in this manner. Quantitative studies are speedily 
pursued through thc use of this ultra-modern tool of synthesis. 

Typical GAP/R 
Computor Component 

Employed for the direct adjustment �f local sens'itivity in 
:malog assemblies. Outputs are plus and minus the input signal 
multiplied by the numerical dial setting (0.100) .. 

Model K3-C Coefficient Component 

Special scale 
(ccntral value unity) 

Limit indicator 

Positive output signal jack 

Input siJ;1I31 jack ___ .... 

Nc�ati\'e output signal jack 

'�'h is componcnt is one of a dozen similar types which are 
available from stock. Each Jlerforms a spccilic dynamic or 
mathelllatical operation, and is specially cllginccred to play its 
part most cfiicielltly in any computing assemblage. COH\"enient 
10 usc, t.'Collomical to buy, and of wide app licability, our GAP/R 
.o\nalog Computor COlllponents are now assisting study and de
velopmcnt programs in many differcnt fields. Is it not probable 
tIle}' call help you too? 

Semi )'our computing plans and problems to US 
lor recommendations. 

GEORGE A. PHILBRICK RESEARCHES, INC. 
230 Congress St., Boston, Mass. 

ANALOG COMPUTORS FOil. RESEARCH & DESIGN 

Effects of Atomic Weapons 

THE long-awaited report on The 
Effects of Atomic Weapons, which 

has been under preparation by the Los 
Alamos Scientific Laboratory for a year 
and a half, was published by the Atomic 
Energy Commission l ast month. In
tended mainly for the guidance of civil
defense planners, it is a readable ac
count, containing much previously un
published material, of the broad subject 
of atomic exploSions. In a foreword 
Norris E .  Bradbury, director of the Los 
Alamos Scientific Laboratory, says: 
"While the predictions of this book can
not be guaranteed to be precise, never
theless they probably represent the most 
nearly quantitative approach to atomic 
bomb phenomenology which can be 
published at this time. " 

Five editors and 39 major contributors 
prepared the monograph. It includes de
tailed analyses of the phYSics and bio
logical effects of shock waves, thermal 
and ionizing radiation and residual radi
ation; descriptions of the observed re
sults of atomic explosions over land, 
under water and over water and the 
probable effects of an explosion under
ground; data on nuclear instrumentation, 
decontamination, personnel protection. 

A few samples of the material covered: 
Air Explosion. The radiation emitted 

by a bomb, covering a wide range of 
wavelengths, is absorbed in considerable 
part by the air immediately surrounding 
the bomb, with the result that the air is 
heated to incandescence. About a tenth 
of a millisecond after the burst this 
'ball of fire " has a radius of some 45 
feet, and "the temperature is then in 
the vicinity of 300,000 degrees Centi
grade. " Its luminosity, as observed about 
Rve miles away, is approximately 100 
times that of the sun as seen at the 
earth's surface. The ball of fire attains 
its maximum radius, about 450 feet, 

SCIENCE AND 
after the lapse of one second. Because of 
its low denSity, it rises like a gas balloon, 
reaching a maximum rate of ascent of 
300 feet per second . About 10 seconds 
after the detonation the luminosity of 
the ball of fire has almost died out, 
the pressure of the shock wave has de
creased to virtually harmless proportions 
and "the immediate effects of the bomb 
may be regarded as over. " 

Aftereffects. "Soon after the detona
tion a violet-colored glow is observed, 
particularly at night or in dim daylight, 
at some distance from the ball of fire. 
It is believed to be the ultimate result 
of a complex series of processes initiated 
by the action of gamma radiation on the 
nitrogen and oxygen of the air. " Another 
phenomenon is a "cloud-chamber effect" 
in the air . If the air is saturated or near
ly saturated with water vapor, the suc
tion wave that follows the shock wave 
condenses the vapor and creates a cloud . 
The cloud is dispelled as soon as normal 
air pressure is restored and the water 
droplets vaporize. The whole effect is 
over in about a second or so. 

Underground ExplOSion. The detona
tion of an atomic bomb underground 
would produce an earth shock which 
would have effects somewhat similar to 
those of an earthquake of small focal 
depth. A Hiroshima-type bomb would 
release energy comparable to that de
veloped in a damaging earthquake of 
scale 5 on Richter's logarithmic scale. But 
whereas the focal point of the disturb
ance beneath the surface of the earth in 
an earthquake is of the order of scores 
or even hundreds of miles, in the case 
of an atomic explosion it would be effec
tively at the surface. The seisinic waves 
generated by a bomb would have a 

shorter period and would decay some
what more rapidly with distance than 
those of an earthquake. "It appears that 
the damage to be expected from an un
dergroun� deton��ion is less than that 
from an aIr burst. 

Probable Effects in the U. S. "The 
multi-story bu�ldings in this country are 
generally designed to withstand a wind 
load of 15 pounds per square foot. On 
this basis, American reinforced-concrete 
huildings would be much less resistant 
to collapse than those designed for 
earthquake rcsistance in Japan. No firm 
conclusions can be drawn on this subject, 
however. . . .  American steel industrial 
buildings would probably fare no better 
than those in Japan. The sawtooth roofs 
designed as rigid frames would be es
pecially vulnerable to blast damage . . . . 
In Japan bridges withstood vertical blast 
loads quite well, and . .. it is probable 
that all bridges would be quite resistant 
to blast ."  
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Biological Effects. "Different types of 
cells show remarkable variations in their 
response to radiation. In general, it is 
the nucleus of the cell which reacts to 
radiation, whereas the cytoplasm is not 
so sensitive. Of the more common tis
sues, the radiosensitivity decreases in 
the following order: lymphoid tissue and 
bone marrow; epithelial cells (testes and 
evaries, salivary glands, skin and mucous 
mem brane); endothelial cells of blood 
vessels and peritoneum; connective tis
sue cells; muscle cells, bone cells; and 
nerve cells. . . . In connection with 
changes in the reproductive organs, it 
may be noted that the total body dose 
of radiation required to sterilize a man 
is believed to be from 400 to 600 roent
gen, which would be lethal in most cases. 
Temporary sterility can occur with 
smaller doses, however, as happencd 
among Japanese men and women. The 
vast majority of these have since re
turned to normal. It cannot be stated 
that all have recovered because it is not 
known how many were sterile from 
other causes, such as disease and mal
nutrition, before the bombings, but 
many afflicted with radiation sickness 
have since produced normal children. "  

Radiological Warfare. "An extreme 
case of contamination by radioactive 
isotopes would arise if such substances 
were used deliberately as an offensive 
weapon. This possibility is generally re
ferred to as radiological warfare, the 
term being used to describe the employ
ment for military purposes of radioactive 
material with the object of contaminat
ing persons, objects or areas. The atomic 
bomb may be described as an indirect 
weapon of radiological warfare, for its 
main purpose is to cause physical destruc
tion, the radioactive contamination being 
a secondary consideration. Perhaps the 
most important application of radiologi
cal warfare would be its psychological 
effect as a mystery weapon, analogous to 
the initial use of poison gas and of tanks 
in World War I. While it is impossible to 
predict, as in the case of chemical war
fare, whether radiological warfare will 
be used or not, it is necessary to under
stand and be prepared for it . Only in the 
event of being unprepared are the con
sequences likely to be as serious as the 
destruction caused by an atomic bomb. " 
( For a more detailed discussion of ra
diological warfam, see below.) 

Effects on the Weather. "The sugges
tion has been made that certain destruc
tive natural phenomena, such as hurri
canes, tornadoes or cold waves, could be 
dispelled by a sudden release of the 
large amounts of energy provided by an 
atomic bomb. Put it is very doubtful if 
this could be done, because the amounts 

• 
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of energy that appear to be necessary 
are of a higher order of magnitude than 
those at present attainable. A careful ex
amination of all the available evidence 
leads to the conclusion that an atomic 
bomb bu;,st has a negligible effect on the 
weather. 

AEC's Progress Report 

T· HE eighth semi-annual report of the 
Atomic Energy Commission, issued 

almost simultaneously with its mono
graph on weapons effects (see above) , 
was devoted in the main to an account 
of its extensive researches and activities 
in the control of radiation hazards. In its 
general review of the "highlights of prog
ress" during the past six months, the re
port announced that the production of 
fissionable materials, both uranium 235 
and plutonium, had been increased to "a 
new record rate." 

In its reactor program, which also has 
made substantial progress in recent 
months, the Commission has approved 
several new projects. One is a low-pow
er, experimental "homogeneous reactor," 
where the fissionable fuel and the mod
erator will be combined in a homogene
ous mixture. The Oak Ridge National 
Laboratory has been authorized to pro
ceed with research on and the assembly 
of such a reactor. Another project is a 
design for a low-power research reactor 
of comparatively low cost-about $1 mil
lion-on which North American Avia
tion, Inc., is already working and which 
may eventually be a. model for reactors 
to be built at university research centers. 

In a separate announcement last 
month the AEC said that E. 1. du Pont 
de Nemours & Co., which built and 
operated the Hanford Plutonium Works 
from 1942 to 1946, had been selected as 
the contractor to construct and operate 
a plant to produce hydrogen-bomb mate
rials. A $260 million appropriation has 
been requested by President Truman for 
this plant. It was indicated that the 
plant, presumably a pile for making 
tritium from lithium, will be capable of 
conversion to the manufacture of pluto
nium if the hydrogen-bomb project fails. 

RW 

THE AEC's eighth semi-annual report 
contained a terse announcement that 

"studies on the feasibility of radiological 
substances as a method of warfare were 
continued." The subject of radiological 
warfare, which has had little public atten
tion, was submitted to extended discus
sion for the first time in the U. S. in the 
July issue of the Bulletin of the Atomic 
Scientists. The physicist Louis N. Riden
our, dean of the Graduate College of the 
University of Illinois, there reviewed an 
earlier article on the subject in an Aus
trian journal by the physicist Hans 
Thirring. 

The munitions of radiological warfare, 
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authorities agree, would be the radioac
tive fission products, now mostly dis
carded, that are produced in a pile. 
From these, Thirring suggests, a "death 
sand" could be prepared by drying a 
water solution of salts of the fission 
products on a prepared carrier of sand 
or metal powder. Deposited on the level 
streets of a large city, this deadly dust 
would be picked up and blown about by 
the winds. Its victims would die from 
inhaling the dust. Thirring estimates that 
if the concentration of dust on the 
ground amounted to a radioactivity of 
two curies per square meter, a normal 
person would ingest a fatal dose by tak
ing 500 breaths, which would occupy 
half an hour. A death sand containing 
one half of one per cent of active fission 
products by weight would have a radio
activity of 75,000 curies per pound, and 
a layer of this sand sufficient to produce 
the lethal surface concentration of two 
curies per square meter would be quite 
invisible. 

Thirring calculates that from every 
100 fissions of uranium atoms in a pile 
there is a yield of 61 fission-product 
atoms usable as a radioactive poison for 
military purposes. This means, says 
Ridenour, that "for each million kilo
watts of reactor power-that is, for the 
original installation at Hanford-500 mil
lion curies of 'useful' fission products are 
ultimately produced. Each month's pro
duction amounts to some 250 million 
curies. Supposing that the presently ex
isting Hanford installation runs at a 
power level of three million kilowatts
which seems a reasonable assumption
we are there producing, as you read this, 
750 million curies per month of deadly 
poisons ." 

At this rate, "the three million kilo
watts of atomic power that we taxpayers 
now have working for us in the State of 
Washington produce each month enough 
fission products to contaminate 144 
square miles" -six and a half times the 
area of Manhattan Island. 

Ridenour concludes: "The area that 
can be poisoned with the fission products 
available to us today is disappointingly 
small; it amounts to not more than two 
or three major cities per month. The 
problems presented by the proper use of 
fission products in war are very difficult. 
Despite these drawbacks, the novel and 
unique properties of the weapon may 
well make it useful in special situations. 
All in all, the official silence on radio
logical warfare probably is expressive of 
classification, rather than disinterest." 

Roster Revived 

THE wartime roster of scientific per
sonnel, which was allowed to lapse 

in 1946, has been revived. The list is 
being brought up to date by a temporary 
agency called the National Scientific 
Register Project, headed by James C. 
O'Brien of the National Security Re-

sources Board and responSible to the 
Office of Education of the Federal Se
curity Administration. The agency will 
recommend measures to increase the 
number of workers in fields where man
power shortages develop. The National 
Academy of Sciences is cooperating with 
the project. When the new National Sci
ence Foundation is set up, it will take 
over the job. 

2+2=5 

ARE two drugs better than one? A 
controlled study of this current 

medical question has been made by bac
teriologist Joseph W. Bigger of Trinity 
College, Dublin. The results are reported 
in The Lancet. 

Bigger investigated the effects of 
adding antibacterial compounds in pairs 
to a culture of Bacterium coli. He used 
six compounds: sulfathiazole, penicillin, 
streptomycin, chloromycetin, boric acid 
and p-aminosalycilic acid. Most com
binations, he found, had a synergistic 
effect: two drugs together produced 
stronger bactericidal action than either 
drug would give separately. For exam
ple, a combination of streptomycin and 
sulfathiazole at the right concentrations 
was more powerful than either drug 
alone at a concentration four times as 
high. Certain drugs are always antago
nistic to each other, giving poorer results 
in combination than separately; an ex
ample is boric acid and sulfathiazole. 
Then there is a third type of combination 
that may have one result or the other 
depending on the concentration; e.g., 
chloromycetin is antagonistic to sulfa
thiazole at a certain range of concentra
tion of the latter but synergistic at other 
concentrations. 

Bigger observes: "There is no great 
difficulty in advancing hypotheses to ex
plain synergism. If the two substances 
interfere with the same constituent, cel
lular structure or metabolic process, they 
might be expected, in combination, to 
display an additive effect. If, however, 
the point of attack is different, such or
ganisms as had survived the action of 
the first substance would become ex
posed to that of the second, and, if sus
ceptible to it, would succumb. In this 
case much more than a merely additive 
effect might result." 

Antagonism is a "more difficult" ques
tion. Bigger notes that unlike some bac
tericides, such as concentrated hydro
chloric acid and sodium hydroxide, 
which are antagonistic because they re
act chemically with each other, the an
tagonism of the drugs he used is not 
chemical but phYSiological. Bigger sug
gests there may be some significance in 
the fact that, in the three examples of 
marked and permanent antagonism dis
covered, the antagonizer was either boric 
acid or p-aminosalicylic acid, both of 
which slow down the rate of multiplica
tion of bacteria, and the substance 
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INSTALLATION 
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against which antagonism was displayed 
was either sulfathiazole or penicillin, 
slowly acting substances which permit 
or perhaps require bacteria to multiply 
for several generations before they take 
action against these bacteria. The in
vestigator believes that the antagonizer 
may cause some alteration in the cellular 
structure or metabolic processes of the 
bacteria, as a result of which the other 
substance is either prevented from enter
ing the cell or, having entered it, is un
able to bring about its death. 

In clinical practice, Bigger concludes, 
it may be possible to eliminate the un
desirable side-effects of a drug by using 
it in a combination that permits reducing 
the usual dose. "A more important ad
vantage of using two drugs in place of 
one, " he says, "is the probability that 
this procedure would tend to prevent 
the multiplication of mutants resistant to 
one of the drugs. " 

A group of physicians in the U. S. an
nounced last month that the dosage of 
cortisone necessary to relieve arthritis 
could be reduced to one fourth by com
bining the drug with insulin. The com
bination was successfully tested with 12 
patients at St. Barnabas Hospital, New
ark, N. J. It elill1inated the harmful 
effects of the larger doses needed when 
cortisone is administered alone. 

Earthquake Patterns 

W ILL seismologists someday be able 
to predict earthquakes? Workers at 

the California Institute of Technology 
seem to have taken a steprin that direc
tion. They have found evidence that 
earthquakes throughout the world fol
low a rough pattern of recurrence and 
are related to a world-wide stress system. 

Investigators at the Institute's Seismo
logical Laboratory studied the 48 great 
earthquakes that have occurred all over 
the world since 1904, when reliable in
strumental observations began. The 
study was limited to the highly destruc
tive shallow quakes, which take place less 
than 45 miles below the earth's surface. 
All these quakes fell into a pattern "as 
orderly ,��d regular as the cutting edge 
d a saw. 

Major quakes used to occur in clus
ters, each period of activity being fol
lewed by a rest period. Thus there was 
violent activity between 1904 and 1907 
and then quiescence for 10 years, except 
for two quakes in 1911 and 1912. Four 
more active periods, separated by quiet 
intervals, occurred between 1917 and 
] 948. But the periods of activity became 
progressively shorter anl closer together. 
S'ince 1948 the pattern has entered a 
new phase, with apprOXimately one great 
quake a year. Instead of accumulating 
over a period of years, strain in the 
('mth's crust now seems to find release 
as fast as it is generated. 

The nature of the "global force" that 
controls this orderly pattern is unknown. 

One speculation is that periodic increases 
in the earth's rate of spin due to slight 
changes in the tidal forces of the sun 
and moon may enlarge the earth, open
ing its seams sufficiently to release the 
accumulated tensions. . 

Langmuir on Rain-Making 

IRVING LANGMUIR, Nobel prize 
winner and perhaps the world's lead

ing theoretician on rain-making, has 
written an analysis and review of the 
new art which he helped originate. In 
an article in Science he presents the 
theory of precipitation on which cloud
seeding work is based and discusses 
various successful and unsuccessful rain
making experiments. 

"Heavy natural rain from large super
cooled cumulus clouds occurs only when 
both of two separate conditions are ful
filled, " he says. "First, the weather con
ditions must be favorable. Second, there 
must be a concentration of sublimation 
nuclei to generate sufficient heat within 
the cloud to overcome the stability of 
the atmosphere and cause the clouds to 
grow rapidly and produce turbulence. 

"Artificial seeding has many advan
tages. By properly chOOSing the pOint of 
seeding, effects can be produced that do 
not occm: naturally. The cirrus-pumping 
mushroom clouds of semiarid regions or
dinarily give no rain or are very slow in 
starting to produce rain. When nuclei, 
such as those from dry ice or silver 
iodide, are inh'oduced into these clouds 
at elevations only a little above the freez
ing level, the cloud is cOl:npletely modi
fied within 10 or 15 minutes. Ice crystals 
are formed at low altitudes and grow 
rapidly to such size and number that 
they start the chain reaction long before 
the cloud reaches the minus 39 degrees 
Centigrade level, and thus the cloud be
comes an efficient rain producer. 

"The control of a system of cumulus 
clouds requires knowledge, skill and ex
perience. Failure to consider the im
portance of the type of seeding, the place 
and the time, and 3JSO the failure to 
select the best available clouds, explain 
why the Cloud Physics Project of the 
U. S. Weather Bureau was not able to 
obtain rainfall of economic importance. 

"I believe the time is now ripe for be
ginning an intensive study of tropical 
hurricanes," he adds. "It is highly prob
able that by using silver iodide genera
tors at sea level in the regions where 
large clouds first begin to grow into in
cipient hurricanes, the hurricanes can 
be modified and even prevented from 
reaching land. " 

Longevity 

THE theory that the offspring of 
young mothers tend to live longer 

than those of older mothers, suggested 
by some recent experiments with roti
fers, has just received some support from 
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READ ... 
SEE • • •  

H EA R • • •  

This new, A. C. operated Radiation Monitor makes life 
easier for the is otope "lab" worker.' Ascertains quickly 
contamination of hands and laboratory equipment. 
Geiger tube detecting element permits differentiation 
between Beta and Gamma Radiation. 

SPECIFICATIONS 
RANGE: 1,000 or 10,000 c/m full scale. Minimum 

readable count 10 elm. 

ACCURACY: Better than 100;. of full scale. 

TIME CONSTANT: Choice of 15 or 45 seconds. 

CA LIBRATION: Internal pulse generator syn-
chronized with line frequency. Calibration 
adjustment on rear of chassis. 

HIGH VOLTAGE: Adiustable from front panel 
over the range 500-1,000 V. 

AUR AL M O N I T OR-V I S U A L  M ON I T OR 

METER: 3';''' rectangular, 0-1 mao -move
ment. 

ACCESSORIES SUPPLIED: Geiger tube probe 
and 3 ft. self-retracting cord. 30 mg/sq. 
em. metal G. M. Tube. 

SPECIAL FEATURES: Connections for standard 
inking type recorder or oscilloscope. Avail
able with .adjustable contact-making meter 
for alarm circuit. Available with mica end 
window tube for alpha and beta radiation. 

CABINET: Small size steel cabinet: 8" x 8" x 8", 
Wgt. 15 Ibs. Easily decontaminated. 

KELEPRODUCTS 
These Are a Fe11' 0/ the Many Products in Our Catalog 

K·141, K·151, K·161 (5r, lOr, 50r), High 
Range Dosimeters... . ....... $ 75.00 

K-l11 Dosimeter (200 mr).... 44.50 

K .. 145 Slow Neutron Dosimeter, Full 
Scale: 3,500 nt/sq. cm/sec/8 hr... 85,00 

K-300 Slow Neutron Pocket Chamber, 
200 mrep.. 25.00 

K-700 Pocket Chamber, 200 mr... .. 12.50 

K-135 Charging Unit for charging Kele� 
kef dosimeters.... 50.00 

K·425 Charge-Reader, used for reading 
and charging K-700 and K-300 
pocket chambers... 145.00 

K-263 Alpha Scaler Complete with 
Chamber .............. ....... ......... . 650,00 

K-281 Beta-Gamma Scaler (600 to 2,�OC 
volts) Motor Driven Reset register 

635.00 

K·350 Gamma Survey Meter, 0-5, 0-50, 
0-500, 0-5,000 and 0-50,000 mr/hr ... 350.00 

K-351 A l p h a  S u r v e y  M e t e r, 0-5,000, 
0-50,000, 0-500,000 dim (AI pha) 
(0-5, 0-50, 0-500, 0-5,000 and 0-50,000 
mr/hr Gamma) . 375.00 

K·352 Beta-Gamma Survey Meter (Gutle 
Pie), 50, 500, 5,000 mr/hr ... .. .......... $250,00 

K-SSO Miniature Gamma Oetector.... 85.00 

K·800 Beta-Gamma Survey Meter, 0.2, 2.0 
and 20.0 mr/hr; 400, 4,000 and 
40,000 c/m . . ....... ............... 250.00 

K-S03 Prospector's Unit . 4S.50 . 

K-SO Electrometer Tube Tester...... 195.00 
K-180 Film Badge Holder . 1.25 

K-213 Timer (Auto and Elapsed Time). 
(For use with K-263, K-280 and 
K-285) 102,50 

K-214 Timer (Auto and Elapsed Time). 
(For use with K-281)... .. 102_50 

K-630 Probe with 4 Ft. Cable and Con-
nectors (Less K-23 GM Tube)... 12.00 

K-635 Probe with 4 Ft. Cable and Con-
nectors (Less K-91 or K-92 GM 
Tube) . 12.00 

K-950 Lead Bricks (2" x 4" x 8").... 9.60 
K-951 Liquid Sample Holder (250 ML 

Glass Beaker for GM Tubes)... 4.50 

K-961 21 MM 10 Uranium Glass, I" Sam-
pie . 2.50 

Complete Line 0/ GM Tubes Also Available 

WRITE FOR DETAILED LITERATURE 
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a study of vital statistics by the physiolo
gist Eeva Jalavisto of the University of 
Helsinki. She examined the birth and 
death records of 18,000 Swedes and 
Finns born between 1600 and 1850. In 
this large group the children born to 
mothers of 24 or younger lived six or 
seven years longer on the average than 
those borne by women of 40 or over. 
There was no correlation between lon
gevity and the father's age. 

Longevity is known to be influenced 
by heredity; Dr. Jalavisto found that 
long-lived mothers tended to have long
lived children. But the correlation be
tween life expectancy and mother's age 
'at birth cannot be explained by heredity. 
Dr. Jalavisto believes that some factor 
in the aging mother is responSible for 
shortening the lives of late children. 

Dental Insurance 

O
F the great variety of voluntary 
health insurance plans that have de

veloped in the U, S_ in the last 10 years, 
none includes dental care in its coverage. 
Several months ago the House of Dele
gates of the American Dental Association 
urged its constituent societies to establish 
"experimental "  prepayment plans. Now 
the first such plan has been announced 
in New York City. 

Group Health Dental Insurance, Inc" 
approved by the !'irst District Dental 
Society of Manhattan and the Bronx, 
will begin ope.ration in about six months. 
Subscribers will be enrolled in employee 
groups of 60 or more. Before admission 
they will be required to correct any ex
isting defects. Thereafter, for a premium 
of $19.80 a year for individuals and $72 
for families of three or more, they will 
receive all ordinary dental services, In 
most cases the subscriber will continue 
to use the same dentist as before he en
rolled. 

Dr. Oscar Jacobson, president of the 
First District Society, said: "This experi
ment is not intended as a final answer to 
all of the problems of distributing dental 
care to low-income groups. It is, how
ever, an attempt, by voluntary means, 
to explore new methods of bringing den
tistry, an essential part of health care, 
to families that do not now sufficiently 
use it," 

Blood Fractions 

T
ECHNIQUES for the separation and 
preservation of blood components 

have been further refined by work at 
Harvard University's Laboratory of 
Physical Chemistry Related to Medicine 
and Public Health. Last month Dr. Ed
win J, Cohn, director of the Laboratory, 
opened it to visitors and disclosed a 
number of advances made in blood frac
tionating and storage since the end of 
World War II. 

Some of the new techniques make it 
possible to keep blood components in 
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The mistaken young :man 

who quit the patent office. • • 

Back in the 1880's, a young man quit the 

patent office. It was a perfectly good job 
except for one thrng: There wasn't any 

future in it. You could, as he explained, 
walk through the place and see for your
self that just about every possible thing 
had been invented. 

He was, of course, just as wrong then 
as he would be today almost seventy years 
later. In a world where nothing is impos. 

sible and many things are still unknown, 
progress is limited largely by lack of 
imagination. 

In electronics alone, a "normal" quarter 
of a century's development has been 
crowded into the past ,half dozen years. 
And patent requirements of this single in
dustry probably equal the total work of 
the patent office when this mistaken 
young fellow res'igned. 

-PI-ONEER-' IN S-�RAGUE SPR�GUE ELECTRIC COmPAny 
North Adams Massachusetts 

Z ELECTRIC AND ELECTRONIC 

Sprague Telecaps·, the �rst truly practical phe� \ 
notic molded po per tubulers, introduced a new �;: 
era in trouble-free small capacitor performance, ... ,� �\ 
whether under "norma'" or exceptionally dif. "\,. 
flcult operating or "shelf" conditions. � 
�.M. registered 

Revolutionary new dry electrolytic capacitors to 

match television's ex.acting needs ore another 

Sprague pioneering development. Conserva

tively rated up to .450 volts at 85°C., these 

long-life electrolytics are outstandingly stobIe. 

DEVELOPMENT 

Sprague Subminiature Paper Capacitors, 

hermetically sealed in metal cases with 

glass-to-metal solder-seal terminals, are 

designed to be as good as, and often 

better than, larger units. 
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exactly the same state as in the body . It 
was found, for example, that contact 
with any wettable surface destroys the 
white cells and other components . This 
meant that the rubber tubing and glass 
flasks used in extracting and storing 
blood were injurious to it. The problem 
has now been overcome bv the substitu
tion of silicone-coated gla;s, plastics and 
resin-coated stainless steel for rubber 
and glass. 

Another finding was that the citrate 
and other anticoagulants employed to 
prevent the clotting of stored blood also 
injure the white cells. The Harvard 
workers therefore developed a new 
method for the prevention of clotting : by 
means of exchange resins they remove 
the calcium, which is necessary for 
clotting, from the blood and substitute 
sodium. 

Red cells are now removed from the 
blood by sedimentation with fibrinogen 
instead of by centrifuge. This permits 
the subsequent separation without dam
age of the white cells and platelets. The 
J'(;'maining plasma is fractionated by new 
chemical reagents which make it possi
ble to separate rapidly 98 per cent of 
the solid phases of the proteins. The 
reagents used are metals . 

"Most plasma proteins, " Cohn ex
plained, "combine with zinc to form less 
soluble salts than their sodium salts. 
Others combine with calcium or mag
nesium to form salts of lower solubility 
than the sodium salts . Still others com
bine more readily with mercury or lead, 
"'lith cobalt or copper or iron. But these 
are the metals which have long been 
known to have important influences up
on bodily processes. Lead and mercury 
have been thought of as poisonous; iron, 
copper, and cobalt as essential for the 
active production of blood cells. It would 
thus appear that the reagents that are 
now proving so important in controlling 
the specific in�eractions of proteins in 
the laboratory are, in fact, the same re
agents that have been known to have 
important influences on bodily process
es. " 

Meteor Trails 

EVERYONE who has watched a me
teor flash through the sky has seen 

the faintly luminous trail it leaves. Such 
a trail-technically known as "the per
sistent train" -has been photographed 
for the first time by astronomers at the 
Dominion Observatory in Ottawa, On
tario. 

The meteor was a bright Perseid visi
ble to the naked eye. For 11 seconds its 
train "remained visible in the hright 
moonlight, " reported Peter M .  Millman 
ot the Observatory . The spectrograph 
that was obtained confirmed previous 
visual descriptions of meteor trains. The 
elements responsible for the luminosity 
of the train are chiefly iron, magnesium, 
calcium and sodium. 
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For  Your  

T E C H N I C A L L I B R A RY 

Find out how you can . get this 
e q u i p m e n t  under the G E  Maxi
service P l a n .  No cash o u tlay. 

Mo nthly s e rv i c e  c h a rg e  covers 
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No technical  l i b r a ry is complete 
without this booklet : " Analytical 

A p p l i c a t i o n s  of X-Ray D i f f r a c t i o n  
Using Direct Measurement Technics." 
Send for yo",. free copy now ! Discover 
hundreds of proved a p p l i c a t i o n s  of 
x - ray diffraction to m e t a l l u rgy � to 
chemistry - to mineralogy and to the 
process industries. 

And if  knowing the submicroscopic 
structures of material you work with, 
and the ability to maintain the desired 
quality of m a t e r i a l s  throughout your 
manufacturing process are i m po r t a n t  
. . .  you' ll  want the XRD · 3 ,  General 
Electric X-Ray Corporation ' s  di ffraction 
equipment. The apparatus that enables 
you to analyze materials easily, quickly, 
directly - eliminate the guesswork and 
i nference necessary with former meth
ods of x-ray diffraction analysis .  

Chemists, physicists, metal l u rg i sts ,  
engineers have found it  pays to  stand
ardize on General Electric XRD appa
ratus. Even for routine checks, they 
find it  saves time, money and improves 
the quality of their product. 

G E N E R A L  _ E L E C T R I C  
X- R AY C O R P O R A T I O N  

General E l ectr ic  X-Ray Corporation 
Dept. TT�9, M i lwaukee 1 4, W i s c o n s i n  

Please  send me a complimentary copy of 
" A n a lyt ical  Appl i cat ions of X-Ray Di ftrac
tion Using Di rect Measurement Tech nics" · 

Name . . . . . . .  . 

Company . . .  

Posi t ion. _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...• 

Street and No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ _  . . . . . . •  

City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  State . . . . . . . . . . . . . . . . . . . .  .. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

53 

© 1950 SCIENTIFIC AMERICAN, INC



T H E P E R K I N - E L M E R  

I N ST R U M E N T D I G E ST 
A c o n d e n s a t i o n  of some of t h e  a rt i c l e s  t h a t  have a p pe a r e d  in past  i s s u e s  
o f  T H E  PE R K I N - E L M E R  I NSTRUM ENT NEWS , a q u a rt e r l y  p u b l i c a t i o n  o f  T h e  
Perk i n · E l m e r  Corpora t i o n ,  m a n u fa cturers  o f  s c i e n t i fi c  i n struments- I n frared 
S p e c t r o m e t e r s ,  T ise l ius  E l e c t ro ph o resis  Appa ratus ,  U n ivers a l  M o n o c h ro m a t o r ,  

F l a m e  P h o t o m e t e r s ,  C o n t i n uous I n fra red A n a lyzer,  low- l evel  A m p l i fi ers - a s 
we l l  as Astro n o m i c a l  E q u i p m e n t ,  R e p l i c a  G r a t i n g s ,  T h e r m o c o u p l e s ,  Photo

g r a p h i c  L e n s e s ,  Crysta l O p t i c s ,  a n d  S p e c i a l  I n s truments  for the gove r n m e n t .  
For fu rth e r  i n fo r m a t i o n ,  wri te T h e  Perk i n - E l m e r  Co r p . ,  G l e n brook,  C o n n .  

G l e n b ro o k, C o n n. 

POLARIZED SPECTRA 

SHOW CRYSTAL STRUCTURE 

Polarized infrared spectra have aided 
in the determination of simple crystal 
structures. With added knowledge and data 
applied from other sources, these spectra 
will contribute further understanding of 
the struct.ural patterns of proteins, hor
mones and complex organic compounds, 

At Columbia University, crystals or 
crystalline materials were used whose mo
lecular structures were known from other 
sources. Most frequently used were nitrates 
for which the various frequencies associ
ated with the different modes of motion of 
the molecules were known. Independent 
sources ( optical properties, x-ray diffrac
tion data, etc. ) all contributed data needed 
to interpret the polarized spectra. From 
these data, infrared spectra were predicted, 
and then actual spectra were checked 
against the theory. 

lOot - UGHT POlAR/lE{) AlONfi rlBER AXIS 
Al'ROSS 

Ammonium nitrate crystals grow in long 
needles, very elongate along the c-axis. 
The a and b axes are across the diagonals. 
To obtain polarized infrared spectra, it 
is necessary to slice, and polish off, thin 
sections of the crystals. The three funda- • 

mental spectra for the so-called "crystal 
modification IV" fulfilled theoretical ex
pectations, except for experimental im
perfections. 

The number of systems that can be 
analyzed by this approach is limited, since 
there is only a limited number of molecu
lar units whose modes of vibration can be 
identified with infrared absorption fre
quencies. The spectra above show well
defined differences and illustrate the po
tentialities of the polarized technique as 
applied to the most complex organic struc
tu res-proteins. Here, infrared observa
tions are consistent with the Astbury model 
of fibrous protein structure, and with the 
further idea that in a-keratins as opposed 
to f/-keratins, collagens and silk fibroin, 
the polypeptide chains may be folded. 
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S e p te m b e r', 1 9 5 0  

These a r t i c l e s  a r e  d i gests from current  a n d  
past issues o f  I N ST R U M E N T  N EWS. Y o u  may 
receive t h i s  8·page quarterly devoted to the 
latest  advances i n  e l ectro-opt i c a l  i n st r u m e n 
tat i o n  r e g u  l a r l y  by w r i t i n g  to The Pe r k i n - E l m e r  
Corpora t i o n ,  535 Hope S t . ,  G l e nbrook,  C o n n .  

H e r e  a r e  s o m e  of the features of the S u m -
m e r  i s s u e :  

POLA R I ZE D  I N FRARED SPECTRA 
Determ i n i n g  C rysta l Structure . . . . . . . . . . . . .  page 1 

P U N C H -CARD CLASS I F I CAT I ON 
F i l i n g  I nfrared Spe ctra . . .  . . . . . . . . . . . . . . . . . . . . . .  1 

THE O H I O  STATE SYMPOS I U M  
M o l e c u l a r  Spectroscopy Meet i ng . . .  . . . . .  2 

N E W  lO- I N CH REFRACT I N G  TELESCOPE 
Apochromatic Optics.  . . . . . . .  4 

GROWING INSTRUMENT 
REVOLUTION SEEN IN 

RESEARCH, INDUSTRY 

Today, the scientific and industrial world 
is  in a period that might be termed the In
strument Revolution-a minor revolution 
perhaps, but one that, like its parent, the 
Industrial Revolution, will mark an accel
eration of pace in man's material progress.  
The Instrument Revolution implies a rec
ognition that many of man's prior func
tions of measurement, material handling, 
or calculation can now be done faster, 
more accurately, and automatically by an 
instrument. Or more simply stated, where 
the first thought used to be to hire a man 
for a job, it is now to buy an instrument. 

Proof of Revolution 
The proof is all around us-the term, 

"Physicists' War," for World War II to im
ply automatic weapon control ;' the instru
mentation that made possible the produc
tion of the atom bomb, and represents the 
edge the United States has over other coun
tries in this fiel d ;  the trends in research 
from man-in-the-cupboard techniques to
ward research teams focused on results 
from a complicated apparatus ;  the tremen
dous increase in process control instrumen
tation, and the number of companies that 
have started in the last few years, 

The Perkin-Elmer Corporation, which 
has always been in the vanguard of this 
revolution, is vitally concerned with the 
problem of converting a basic idea (which 
often originates outside the company ) into 
a versatile, stable, commercial instrument 
of high quality. Its facilities are constantly 
being employed to develop new electro
optical instruments and increase the effi
ciency of existing ones. 

Vo l .  I, N o. 12  

NEW APOCHROMATIC 

l O-INCH REFRACTOR 

A new I O-inch apochromatic refracting 
telescope has just been completed by 
Perkin-Elmer. Intended for the study of 
planetary detail, the new refractor's un
usual degree of color correction will en
able it to perform in this respect as well 
as much larger telescopes. To the best of 
our knowledge, this is the largest apochro
matic lens yet constructed.  

Apochromatizing was carried well  be
yond the limit which may be detected by 
the eye, to permit astronomical photog
raphy on films of different color sensitivity 
than the eye. The telescope is free from 
spherical aberration and coma. 
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GENETICS 
The 

and 

the 

organized study of the mechanism of heredity 

evolution began only with the 20th century and 

rediscovery of the lost work of Gregor Mendel 

ROM THE AGE of 
Galileo through the 
first half of the 20th 
century the scien
tific movement has 
been led by the 
physical sciences. 
These sciences still 

.retain indisputable supremacy as well
springs of technological progress. But in 
our age more and more of the intellec
tually and philosophically significant ad
vances in knowledge appear in the realm 
of biology. Man's deepest urge, after all, 
is to understand himself and his place in 
the Universe-to fathom his own nature 
as a living organism and the interactions 
between heredity and environment that 
shape the development of his body and 
mind. 

In this quest for self-understanding 
no investigation of the past 50 years has 
been more enlightening nor more dra
matic than the study of heredity. The 
discovery of the basic laws of heredity 
is one of the major conquests of 20th
century science, and genetics has be
come a cornerstone of modern biology. 
Genetics, like nuclear physics, is pe
culiarly a science of out century. To be 
sure, its founder, the Austrian monk 
Gregor Mendel, reported his historic 
conclusions from his experiments with 
peas in 1865, but nobody then paid 
attention to them. It was in the year 
1900 that Hugo de Vries in Holland, 
Karl Correns in Germany and E. von 
Tschermak in Austria rediscovered Men
del's findings and thereby initiated the 
growth of a new science. By then biology 
was prepared to appreciate the sig
nificance of Mendel's work, and from 
1900 on the study of heredity developed 
very rapidly. 

Mendel's experiments were remark
ably Simple. He crossed varieties of peas 
that differed in clear-cut traits, such as 
the color or shape of their seeds, their 
flower colors and so on. He found that 
ancestral heredities do not mix or blend 
in the progeny, but reappear uncon
taminated in the second generation of 

by Theodosius Dobzhansky 

hybrids. When yellow peas were crossed 
with green peas, some of the descendants 
were yellow and some green, but none 
of a shade in between. Mendel con
cluded that heredity was controlled by 
discrete units or particles of living sub
stance transmitted by both parents to 
their offspring and reassorted in each 
generation. 

Later investigators named these units 
genes, from the Greek genos, meaning 

Dobzhansky 

race or stock. But in 1900 it was far from 
clear that all heredity is transmitted by 
genes. There was, for instance, the case 
of mulattoes-hybrids whose skin color 
is intermediate between that of their 
Negro and white parents. Did this not 
argue for a blending of "bloods" rather 
than segregation of genes? Biologists 
found in nature all sorts of refractory 
cases whose inheritance seemed to defy 
explanation in terms of the gene theory. 
But one by one they were all explained. 
In the case of mulatto inheritance, the 
answer was that skin color is determined 
not by a single gene but by the inter
action of many genes. In general every 
trait and tissue of the human organism 
develops under the joint influence of the 

whole constellation of genes and of the 
environment. 

IF THE ORGANISM was such a com
plicated product of heredity and en

vironment, how could one even begin to 
distinguish between an individual's ob
servable traits and his basic inheritance? 
In 1909 the Danish geneticist Wilhelm 
Johannsen proposed a distinction in 
terms which served to define the prob
lem clearly. He suggested that the ap
pearance and structure of an individual 
be called the phenotype, and that this 
be distinguished from the genotype, 
the endowment of genes inherited by the 
individual from his parents. The geno
type determines how the developing in
dividual will react to environment. The 
phenotype, say his size or stature, is the 
result of the interaction of the genotype 
with the environments the individual 
encounters during his lifetime. 

The problem is to evaluate or measure 
the relative importance of genotype and 
environment in the formation of human 
phenotypes. This heredity v. environ
ment question has fascinated biologists 
for half a century, but no generally con
vincing solution of the problem has yet 
emerged. The possibilities of experimen
tation with human beings obviously are 
severely limited. Almost the only way 
the question can be studied in the human 
realm is to observe the development of 
identical twins reared from early infancy 
in different environments. Horatio H. 
Newman o( the University of Chicago 
and other investigators who have made 
studies of this kind have found that the 
normal environmental variations in an 
industrial civilization like that of the 
U. S. produce relatively little modifica
tion of phYSical traits, such as eye and 
hair colors, body build and the like. So 
we can conclude that variations in these 
traits are due mainly to genotypic dif
ferences. In the formation of psychic 
traits such as intelligence and tempera
ment, however, environment plays a 
much more important role. We are still 
very far from understanding precisely 
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G e ' how either heredity or environment in

MENDEL worked with the pea plant. \Vhen he crossed a tall pea with a 
short, their offspring were tall. When the offspring were self-fertilized, their 
offspring were tall and short in a ratio of three to one. This Mendel ex
plaineJ on the hasis of dominant factors (dark disl,s) anrI recessive (light). 

56 

fluences these qualities, and during the 
next half-century genetics will certainly 
devote a great deal of attention to the 
problem-a problem of prime philo
sophical and sociological significance to 
mankind. 

The investigation of the fundamental 
units of heredity-the genes-has made 
much greater progress; indeed these 
powerful particles have occupied the 
center of the geneticists' interest. The 
genes are extremely minute quantities of 
living matter, and they are transmitted 
from parents to offspring in sex cells 
which are themselves very small. The 
geneticist Hermann J. Muller, of Indiana 
University, has estimated that the egg 
cells from which the 2,200 million 
human beings now on the earth devel
oped would about fit into a one-gallon 
pitcher, and the 2,200 million sperma
tozoa that fertilized them would occupy 
about the volume of an aspirin tablet. 
Within these cells the genes themselves
the bits of matter that account for the 
heredity of the entire human race-all 
together would make a small thimbleful. 
The powers of this' hereditary substance . 
are prodigious indeed! 

ALMOST · from the start geneticists 
.t\. singled out the nuclei of sex cells 
for special study. As early as 1903 W. S. 
Sutton of Columbifl University and 
Theodore Boveri in Germany concluded 
that the genes are carried in the chromo
somes, the nuclear structures which are 
visible under the microscope and were 
already well known at that time. In 19 1 1  
Thomas Hunt Morgan, then a t  Colum
bia University, inferred that the genes 
are arranged in a linear file, or row, on 
the chromosomes. He set up this hy
pothesis in order to make sense of cer
tain results of hybridization experiments 
vvhich would otherwise have been in
comprehensible. His hypothesis soon re
ceived further support. In genetics, as in 
science generally, one frequently learns 
more from the abnormal than from the 
normal-the exception often proves the 
rule. In this case the earliest validation 
of Morgan's theory came from studies of 
certain aberrant cases of inheritance in 
Drosophila flies that seemed to break all 
the rules. It was found that whenever 
a trait appeared to break the usual rules 
of inheritance, the chromosomes showed 
a deviation from their normal conforma
tion or behavior that explained the 
seemingly irregular heredity. And vice 
versa: deviations in the chromosomes 
always forecast corresponding abnor
malities in the phenotype. 

As the result of experiments sug
gested by the linear hypothesis, Morgan 
and others were able to construct 
genetic "maps," showing the relative 
positions of the known genes, of the 
chromosomes of the fly Drosophila 
melal1ogaster, which became the organ-
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GIANT CHROMOSOMES of the fruit fly Drosophila 
have been one of the principal tools of the geneticist. 

These were prepared by B. P. Kaufmann at the Carnegie 
Institution of \Vashington in Cold Spring Harbor, N. Y. 

ism most widely used for genetic re
search. More or less detailed maps of 
this sort now exist for several species of 
Drosophila flies, for corn and some other 
plants, for certain chromosomes of mice 
and poultry and for the sex chromosome 
in man. 

In 1933 and 1934 several investiga
tors discovered a remarkably useful 
genetic material in the giant chromo
somes in the salivary glands of the larvae 
of certain flies. Actually these chromo
somes, like Mendel's laws, were a redis
covery: the extraordinary size of the 
salivary-gland chromosomes in a water 
midge, Chironol1ws, had been noticed 
by the Italian zoologist B. C. Balbiani 
as early as 1881. When, in the fullness 
of time, geneticists inspected the giant 
chromosomes closely under a micro
scope, they found them most revealing. 
In stained microscopic preparations 
these chromosomes appeared as cylin
ders or ribbons, composed of alternating 
dark and light disks. The patterns 
formed by these disks made it possible 
not only to distinguish the various chro
mosomes that a species possessed but 
also to recognize parts of the chromo
somes. The linear arrangement of the 
disks suggested, and there now exists 

fairly convincing evidence to show, that 
each disk corresponds to a gene-though 
it would be incorrect to say that a disk 
is a gene. 

Thus the gene was finally given a 
local habitation and a tangible ex
istence-it was no longer some abstract 
unit of heredity; it was a material par
ticle in a chromosome. What is the 
chemical nature of this particle? This 
question has been explored by a number 
of workers using various techniques. 
T. Caspersson of Sweden and Alfred E. 
Mirsky of the Rockefeller Institute for 
Medical Research have been particu
larly successful in applying ultraviolet 
spectroscopy and chemical extraction to 
the problem. The principal constituents 
of chromosomes are now known to be 
complex chemical compounds called 
nucleoproteins. It is probably more than 
a coincidence that the viruses, the small
est and simplest of all living beings, also 
consist of nucleoproteins. Indeed, quite 
aside from the chemical similarity, cer
tain resemblances in the behavior of 
genes and viruses have led Muller to 
refer to viruses as "naked gene ." 

The British geneticist C. D. Darlington 
has recently speculated on the kinship 
between viruses, genes and "plasma-

genes," viruslike particles in the part of 
the cell outside the nucleus which have 
been found in paramecia by Tracy M. 
Sonneborn and his students at Indiana 
University and in Drosophila flies by 
Philippe I'Heritier of France. Darlington 
speculates that there may be other par
ticles intermediate between viruses, 
genes and plasmagenes. He also suggests 
that cancer may be initiated by a muta
tion which transforms a plasmagene into 
a particle of cancer virus with the power 
to change normal body cells into can
cerous cells. The least one can say about 
this suggestion is that it is worth testing. 

IN all probability a gene is a single 
complex molecule-a molecule that 

possesses the ability to reproduce itself. 
Since self-reproduction, in the opinion 
of many biologists, is the basic property 
that distinguishes living from nonliving 
matter, the genes represent life at the 
most fundamental level: they are basic 
units of life. But how do they exercise 
their control; by what power can a gene
molecule in a chromosome of a sex cell 
influence so profoundly the develop
ment of a whole organism consisting of 
billions of cells? 

It is evident that the only way a gene 

57 

© 1950 SCIENTIFIC AMERICAN, INC



DROSOPHILA PSEUDOOBSCURA is one of several species of fruit fly 
that have heen useflll to genetics. This drawing was made hy E. M. \VaJlace. 

can influence development is through 
physiological, and ultimately physico
chemical, processes in the body. A clear 
connection between the genes and some 
of these processes has been established 
by the beautiful experiments carried out 
on the bread mold Neurospora and on 
some other fungi and bacteria by George 
W. Beadle and his school at the Cali
fornia Institute of Technology. By treat
ing this mold with X-rays, ultraviolet 
rays and other agents that changed its 
genes, Beadle produced defective va
rieties of Neurospora that could not 
grow on the medium of nutrients on 
which the organism normally thrived. In 
each case something had to be added to 
the usual nutrients, some specific vitamin 
or other substance, to enable the variant 
mold to grow. The defective organism 
had evidently lost the ability to manu
facture this vitamin for itself. Beadle 
concluded that what was missing in each 
case was a specific enzyme the organism 
needed for normal metabolism; lacking 
this enzyme, the variant mold was un
able to produce the vitamin or other 
nutrient in its own cells. 

How a gene produces an enzyme is 
still a matter of speculation. One school 
of thought suggests th,at genes make en
zymes as by-products during the process 
of self-reproduction; another conjectures 
that enzymes are actuallv genes that 
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have been liberated from the chromo
somes; still another that genes act as 
templates, impressing highly specific 
patterns on other molecules and trans
forming them into enzymes. 

In any case, the immense effectiveness 
of the submicroscopic genes is, in the 
opinion of the eminent physicist Erwin 
Schrodinger, one of the most remarkable 
facts disclosed by science in the current 
century. 

VERY early in the study of genetics 
biologists began to pay particular 

attention to the aberrations now known 
as mutations; this investigation was in
itiated by de Vries at the turn of the 
century and brilliantly developed by 
Morgan and his school from 1910 on. 
A gene, by definition, is a living particle 
that reproduces itself, and nearly always 
it does so exactly. But occasionally, prob
ably under the influence of some out
side agent, it forms an imperfect copy of 
itself. If this altered gene is able to re
produce itself in its new form, the result 
is a mutation, which is evidenced in a 
permanent change in some trait of the 
organism. 

Thus mutation is the antithesis of he
redity. Heredity insures the basic con
tinuity and coherence of the organic 
form; mutation creates a diversity of 
genes, and therebv is ultimately re-

sponsible for the great diversity of living 
beings on the earth. The mutation 
process, in short, supplies the building 
blocks of evolution. With this discovery, 
the biologists of the 20th century started 
to unravel the mechanisms of that evolu
tionary process which Jean Baptiste 
Lamarck, Charles Darwin and their suc
cessors of the 19th century had sug
gested but only dimly understood. 

The spontaneous mutations in nature 
that account for evolution occur relative
ly rarely. In 1927 Muller announced that 
the frequency of mutations could be 
greatly increased by exposing genes to 
X-rays. Since then it has been shown 
that the mutation rate can also be 
speeded up by other kinds of radiations, 
by high temperatures and by certain 
chemicals. But all these "mutagens" are 
nonspecific in their effects; they ac
celerate mutations in general, not ex
clUSively in one particular gene or group 
of genes. Controlled mutation is a prob
lem for the future. 

Genetics is a fundamental or "theo
retical" science; its value is before all 
else philosophical, in the sense that it 
strives to contribute toward man's under
standing of the nature of life and of him
self. Yet genetics will surely play a major 
role in the still infant technology of 
biological engineering. Already it has 
borne a huge harvest of "practical" re
sults through improvements in breeds of 
food plants and animals. The develop
ment of hybrid corr:. in the U. S. has in
creased the average corn yield from 25.9 
bushels per acre in 1932 to 36.5 bushels 
in 1946. In Sweden, with the aid of 
genetics, during the past half-century 
the average yield of winter wheat per 
hectare has been raised by 41 per cent, 
summer wheat 19 per cent, oats 9 per 
cent, barley 29 per cent and rye 19 per 
cent. In the field of medicine, the devel
opment of new strains of the mold Peni
cillium played a major part in making 
possible large-scale production of peni
cillin, and genetics steadily becomes 
more and more important as a tool for 
improvements in the prevention, diag
nosis and treatment of many diseases. 

T HERE remains the ultimate hope 
that genetics will point the way to 

improving the human species. Some of 
the early attempts to apply eugenics 
in the human realm were based more on 
enthusiasm than on understanding. But 
as our understanding of the genetics of 
human populations grows, the possi
bilities for useful application of our 
knowledge doubtless will multiply . 

• 

Theodosius Dobzhansky is one of the 
pl'incipal contributors to the Telationship 
between genetics and the study of evo
lution. Born in Russia, he came to the 
California Institute of Technology in 
1929. Since 1940 he has been profes-. 
sor of ::.oology at Columbia University. i 
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"Summer Cold" Victims ! 
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ALLERGY-.POLLEN-.DUST.FREE-PLAYTEX PILLOWS GIVE COOL. RESTFUL SLEEP ALL NIGHT. ALL YEAR 'ROUNDI 

. 1. Allergies attack children and adults 
alike. PLAYTEX Pillows are different from 
old·fashioned feather pillows and other foam 
pillows! They're amazingly allergy·free, dust· 
free, mildew-proof, make a wonderful differ
ence in your nighttime rest! 

2. Like a "hig her" pillow? Prefer the 
"regular" height? PLAYTEX Super/oam * 
Pillows give you a choice of pillow thick
nesses. Regular Height and Extra-Plump, for 
those who like a "higher" pillow. Each offers 
you nights of sound, relaxing sleep! 

For every occasion .•• 
no gift compares with 

the gift of sleep! 

CHOOSE YOUR FAVORITE PILLOW HEIGHT! 

Regular Height, white, pink, or blue extra
fine Sanforized cotton cover, nylon double
stitched for longer, stronger wear . . $8.95 

Extra-Plump, white, pink, or blue extra·fine 
Sanforized cotton cover, nylon double
stitched for longer, stronger wear . .. $9.95 

Also. luxurious non-slip rayon satin covers, 
concealed zippers, slightly higher. 

3. No other pillow has patented "staggered 
core" construction, cradles your head in the 
most restful position. Millions of micro
scopic air cells actually "breathe" inside 
your PLAYTEX Pillow-give cool, "air-condi
tioned" sleeping comfort! 

Don't take chances when your night's rest 
is at stake! PLAYTEX Super/oam* Pillows 
a r e  t h e  finest quality - n e v e r  sol d  a s  
'"seconds" o r  "irregulars." And the differ
ence between PLAYTEX and "bargains" is 
less than 10¢ a year! 

Beautifully gift-packaged. At department stores, 
furniture stores and sleep shops, everywhere. INTERNATIONAL LATEX CORPORATION Playtex Park "T.M. © 1950 Dover Del. 
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... one of them may 
make your products 
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a Surf'actant 
is a surface active agent 
as made by Genera' Ani'ine & Fi'm Corporation 

Oil and water do mix; solids and liquids 

do mix . ... when they have the help 
of a Surfactant! 

A great many "unmixables" are thus 

readily combined-to form stable and 

uniform fluids, lotions, creams or sprays. 

These new combinations benefit both the 

makers and the users of a wide variety of 

products. The new, or improved, prod

ucts act more quickly-more thoroughly 

-or for a longer period of time. 

Cleansers of all types for home and 

industry; cosmetics; insecticides; inks, 

paints and varnishes; waxes and polishes 

-these are some of the products Sur

factants can improve. 

More than thirty industries-including 

the rubber, petroleum and rayon fields 

- have profitable uses for Surfactauts. 

Antara Surfactants are important in

gredients in some of the most spectac

ular, new products on the market today. 

One of them may make your products 

easier to sell-and possibly less expensive 

to manufacture. 

Extensive research staffs and facilities 

support the development and applica

tion of Antara Surfactants-available to 

work with you in the improvement of an 

existing product or the development of a 

new one. Your inquiry is invited-with

out obligation. It will bring a prompt 

opinion as to whether one of the Antara 

Surfactants may b� adaptable to your 

needs. Kindly address your inquiry to 

Department 49. 

ANTARA® PRODUCTS 
SURFACTANTS • . .  CARBONYL IRON POWDERS 

GENERAL 

ANILINE & FILM CORPORATION 

444 MAD ISO N A V EN U E • NEW YO R K 22, NEW YO R K' 
• 
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BIOCHEMISTRY 
Another young science, viewing living things as dynamic 

processes rather than machines, has notably investigated 

the intricate chemical reactions common to all organisms 

HE HALF-CEN
TURY from 1900 
to 1950 roughly  
spans the writer's 
personal scientific 
experience; he be
gan his university 
study early in 1903 

and now, in 1950, is not far from re
tirement. During this half-century he 
has seen biochemistry come of age as a 
separate branch of biology and medi
cine. Fifty years ago, in any review of 
progress in the major fields of science, 
no one would have been asked to write 
2 separate account of biochemistry. The 
chemistry of life was then but a part of 
the study of physiology; it was taught 
in physiology classes and was called 
physiological chemistry. There was only 
one journal in the world (published in 
Germany) devoted to this special sub
ject. The discoveries in biochemistry 

by Otto Meyerhof 

had been made by physiologists, by 
clinicians and, most of all, by organic 
chemists. 

When the physiological chemists be
gan to develop their study at the turn 
of the century, they started with a sound 
basis of knowledge, built by a few or
ganic chemists, about the chemical com
position of animals and of some of the 
nutrient substances on which they feed. 
Between 1882 and 1908 the penetrat
ing genius and painstaking research of 
Emil Fischer of Germany had cleared up 
the molecular structure of the common 
sugars and carbohydrates; of many 
amino acids and peptides, the building 
stones of proteins; and of the purines 
and pyrimidines, which together with 
sugar and phosphate constitute the 
nucleic acids found in the nuclei of cells. 
Following the lead of organic chemis
try, some physiological chemists have 
been and still are devoting themselves 

to disentangling the exact structure of 
all the important constituents of the 
body and of a variety of stimulating or 
depressing, activating or poisoning sub
stances of plant and animal origin. An 
outstanding example is the work of the 
late Hans Fischer of Germany, who 
cleared up almost completely the chemi
cal structure of the blood and bile pig
ments and of chlorophyll and related 
substances. 

Considering that organic chemish'y, 
founded from scratch around 1830 by 
Justus von Liebig and Friedrich Wohler, 
is only some four generations old, these 
achievements in chemical analYSis are 
stupendous. But in the last few decades 
biochemistry has developed aims and 
ideas which seem to us more important 
than mere continuance in the way of 
these elders and chemical wizards. 
Knowledge of the composition of the 
constituents of the body is not enough; 

THE ENZYME desoxyribonuclease is one of a number 
of enzymes that have been isolated. This enzyme was 

crystallized by M. Kunitz of the Rockefeller Institute for 
Medical Research. Crystals are magnified 250 diameters. 
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we have become much more interested 
in a dynamic view which seeks to ex
plain in chemical terms the functions 
and transformations in the organism. 

THE CLASSICAL org;mic chemists 
liked to compare the living cell to 

an engine: it took in certain fuels, 
burned them and discarded waste prod
ucts. Actually the cell is best compared, 
as Leonardo da Vinci compared it, to a 
burning candle. Da Vinci wrote: "If you 
feed a living body with so much food 
as has been internally consumed dur
ing the day, such an amount of living 
material will be rebuilt, in analogy to a 
burning light of a candle: The light is 
continually rekindled from below with 
the succour of the streaming wax, while 
above, it goes out and dies into black 
smoke." It is the continuous breakdown 
and rebuilding of living material that 
greatly interests biochemists today. 

During the past half-century biochem
istry has developed another fundamental 
change in point of view. The classical 
biology of the 19th century gave its main 
attention to whole organisms, and em
phasized the differences between species 
and groups. Early in this century a 
movement headed by Jacques Loeb of 
the U. S. and Otto Warburg of Ger
many reacted against this specialism. 
They felt strongly that all living beings 
had much in common, and that the 
essential facts of the life process could 
best be studied by investigating the uni
versal structures, functions and sub
stances common to all living creatures. 
As a result of this shift in view, the study 
of mammals as a whole was largely re
placed by intensive investigation of the 

metabolism and physical chemistry of 
homogeneous cells-sea-urchin eggs, 
yeast, bacteria; blood corpuscles, any 
cell that could reveal the physiological 
processes of life at the most fundamental 
and universal level. 

These two new outlooks, then-the 
dynamic view and the universality of 
life processes-have distinguished the 
more progressive elements of our science 
in the last few decades. Obviously it 
would be hopeless to attempt to sum
. marize in one article the prodigious work 
of the half-century in biochemistry. I 
shall merely illustrate the problems and 
some of the important findings with a 
few specific examples taken from certain 
fields of research. 

THE KEY AREA of biochemical re
search is the chemistry of enzymes, 

those vital catalysts on which every 
metabolic process depends. The idea of 
an enzyme or "ferment" originated in 
19th-century studies of the alcoholic 
fermentation of yeast. Louis Pasteur re
garded the whole yeast cell as a "formed 
ferment" which could decompose rela
tively unlimited amounts of sugar into 
carbon dioxide and alcohol: CGH1206-? 
2C2H�OH + 2C02• But in 1897 the Ger
man chemists Eduard and Hans Buch
ner succeeded in completely separating 
the process of alcoholic fermentation 
from the living cell. They surprised the 
contemporary world by the demonstra
tion that vigorous fermentation of sugar 
could go on in the presence of a cell
free juice pressed from yeast. With this 
yeast-juice enzyme system, which the 
Buchners called "zymase," modern en
zyme chemistry starts. Since that time 

the Buchners' zymase has been found 
to consist of 20 or more enzymes which 
work marvelously in step, transforming 
sugar through more than 12 stable inter
mediates to the end products alcohol 
and carbon dioxide. Every single step is 
now chemically cleared up. Nearly all 
the individual enzymes have been iso
lated and many of them have been ob
tained as crystalline protein. 

The intermediates formed during the 
fermentation of sugar to alcohol are 
mostly phosphate compounds. It was the 
English chemist Arthur Harden who dis
covered, around 1905, that sugar phos
phates were formed and that inorganic 
phosphate was necessary for fermenta
tion. He also demonstrated that the 
pressed yeast juice contained a complex 
which was named the "coferment of fer
mentation." This was later recognized to 
be a mixture of three different coenzyme 
systems, each necessary for one or more 
intermediate steps. 

With further research it became ap
parent that the breakdown of sugar in 
the higher animals follows the same path
way as in yeast; indeed, various other 
types of metabolism, especially oxidative 
metabolism, were found to require either 
the same or very similar enzymes and 
coenzyme systems. As biochemists pur
sued their studies of metabolism, they 
found these enzymes and coenzymes of 
fermentation to be important in many 
biological activities of the organism. 

How one discovery led to another may 
be illustrated by some of the findings 
that flowed from the identification of 
the three coenzyme systems mentioned 
above. These three coenzyme systems, 
which are necessary not only for alco-

THE VIRUS of tobacco mosaic disease was isolated by 
W. M. Stanley of the Rockefeller Institute. This electron 

micrograph of some 70,000 diameters was made by 
R. W. G. Wyckoff of the National Institute of Health. 
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IRON PORPHYRIN is the nucleus of hematin, which with a protein forms 
the oxygen-bearing pigment of the blood. At each blank corner in this struc
ture is a carbon atom. The similar skeleton of chlorophyll (right) pos
sesses a fifth ring and contains magnesium (Mg) instead of iron (Fe). 

holic fermentation but also for lactic
acid fermentation, a feature of the 
metabolism of most animal tissues, are: 
1) the adenylic system, also known as 
the phosphorylating coenzyme; 2) cozy
rnase, a pyridine nucleotide; 3) cocar
boxylase. They are needed for three 
stages of fermentation. The adenylic 
system serves as the necessary catalytic 
agent whenever an intermediary takes 
up phosphate or is split off from it-the 
process called phosphorylation. Cozy
mase is the agent for oxidation or reduc
tion of intermediaries; its pyridine ring 
and phosphate group accept two hydro
gen atoms to accomplish this. Cocar
boxy lase is the catalyst responsible for 
splitting off carbon dioxide-one of the 
final steps in the fermentation. 

I T WAS the study of the first of these 
coenzymes-the adenylic system

that brought to our knowledge a certain 
special type of phosphate bond which 
stores much of the chemical energy of 
the living body. This "high-energy" 
phosphate bond liberates about 10 times 
as much energy, when it is split off from 
an organic compound, as the bond of an 
ordinary phosphate ester. Especially 
important as a source of energy is 
adenosine triphosphate (A TP) . The 
Hungarian biochemist A. Szent-Gyorgyi 
showed that the contraction of muscle 
probably is brought about by a direct 
reaction between A TP and the muscle 
proteins actin and myosin. Thus the 
phosphorylating coenzyme plays the key 
part in liberating the energy that enables 
an organism to perform its functions. 

The role of the other two coenzyme 
systems was found to be equally dramat
ic. From studies of them came answers 
to the questions: What are vitamins, and 
what are they for? The existence of 
vitamins had been discovered around 

1906, and they had become recog
nized as essential elements of nutrition, 
the lack of which causes such deficiency 
diseases as rickets, pellagra, beriberi 
and scurvy. Now when the chemical 
formulas of the two coenzyme systems 
were worked out, it developed that 
both contained vitamins as functional 
groups. The special pyridine compound 
in the oxidation-reduction coenzyme, the 
diphospho-pyridine nucleotide, is the 
vitamin nicotinamide, whose absence 
produces pellagra. Similarly cocarboxyl
ase is a diphosphate compound of thia
min or vitamin B1, the lack of which 
produces polyneuritis and beriberi. Fol
lowing up this lead, investigators have 
found that every vitamin, as far as can 
be determined, is part of a coenzyme. 

. Our knowledge about the functions of 
vitamins as parts of coenzymes· is still 
not complete, but their chemical rela
tions are well established. 

Out of the knowledge of the chemical 
structure of specific vitamins has devel
oped, in turn, a subtle chemotherapy. 
We have learned that a slight alteration 

Meyerhof 
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TRANSLATIONS 
* * * * 

Do you need translations in 
your business? Most industries 
and businesses do, due to to
day's closer relationship be
tween the United States and 
Foreign Countries. If you do 
need translations we can help 
you. 

* * 
Translations must be accurate 

and reliable, especially technical 
and legal translations, lest their 
entire value be lost. While our 
work comprises mostly technical 
translations, yet we handle a 
great amount of non-technical, 
legal and other translations. For 
your information we have avail
able over 500 translators cover
ing 300 or more regular and 
dialectical languages. We have 
been translating an average of 
approximately 7,500,000 words 
per year, and number approxi
mately 3000 commercial and in
dustrial accounts. These facts 
should merit your consideration 
of our company should you be 
confronted with translation 
problems. 

* * 
A gold-mine of profitable in-

formation about improved proc
esses and designs is available in 
recent German patents. Under 
existing conditions any German 
patent may be used by an Amer
ican firm for a nominal fee. 

* * 
In addition to the above may 

we mention that we have trans
lated 150 German and Russian 
documents in the field of Petro
leum Chemistry, obtained from 
the United States Department of 
Commerce. IT echnical Oil Mis
sion [T.O.M.] and Office of Tech
nical Services [O.T.S.].) You may 
obtain. more. information. on 
these documents by writing for 
our abstract catalog and in
formation letters. 

* * 
Remember-we are at your serv-
ice and welcome your inquiries. 

CHARLES A. MEYER 
& 

ASSOC., INC. 
T fans/alions T echnica/ Research 

T echnica/ Publicalions 
Upper Nyack.on-the-Hudson 

Nyack, New York 
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COZYMASE is a coenzyme contain
ing the B vitamin nicotinamide (black 
rectangle). As far as is known, all 
the vitamins are part of coenzymes. 

in the configuration of a vitamin will 
produce a substitute substance that com
petes with the vitamin itself. It can 
react with metabolic enzymes in place 
of the true vitamin and thereby block the 
enzymes' activity. If this pseudo-vitamin 
blocks the action of metabolic enzymes 
of disease-producing bacteria without 
affecting the cells of the host, it can 
be a very useful tool for treatment 
of infections. This is the principle of 
the sulfa drugs, which simulate para
aminobenzoic acid, one of the vitamins 
of the B group. 

Enzyme chemistry has many other in
teresting aspects. While there is no space 
here to describe the physical chemish-y 
and the reaction mechanism of enzymes, 
the great progress in the complete puri
fication and crystallization of many en
zyme proteins must be mentioned. For 
decades there was dispute as to whether 
enzymes were proteins at all. When, at 
the end of nine years of work, James B. 
Sumner of Cornell University in 1926 
succeeded in crystallizing the first en
zyme, urease, and proved it to be a pro
tein, the crystallization of many more 
enzyme proteins followed. In 1936 came 
the remarkable discovery by Wendell M. 
Stanley at the Rockefeller Institute for 
Medical Research that plant viruses, 
such as the tobacco mosaic virus and sev
eral tomato viruses, could be crystallized 
in the same way as enzymes. Because a 
virus behaves like a living organism, this 
was one of the most startling biochemical 
discoveries of our time. These viruses 
are high molecular nucleoproteins, ·con
taining materials similar to the genetic 
substances in the nuclei of ordinary cells. 
Indeed, we. must assume that they are 
very like the genes in chemical constitu
tion. (For a discussion of the chemistry 
of genetics, see page 55.) 

From the foregoing we are prepared 
to look at the metabolism of a cell from 
two different angles: we can consider 
either the causal mechanism that makes 
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ATP, or adenosine triphosphate, con
tains three phosphate groups, two of 
which (black rectangle) can be split 
off to release large amounts of ener.gy. 

it go or the materials and intermediate 
steps involved in the process. 

The first point of view demands that 
we unravel the chemical nature of the 
active enzymes. Otto Warburg has made 
great strides in explaining oxidative 
metabolism-the oxidation and reduction 
of body substances. He found that the 
oxygen taken by an animal from the air 
reacts first with an enzyme containing as 
an active group an iron-porphyrin which 
is closely related to hemoglobin, the 
oxygen-carrying blood pigment. But the 
iron in this enzyme behaves differently 
from that in hemoglobin. In hemoglobin 
the iron remains bivalent and the oxygen 
is bound reversibly: the hemoglobin can 
release molecular oxygen as well as take 
it up. In the enzyme an irreversible re
action takes place: when it takes on 
oxygen the bivalent iron is oxidized to 
trivalent iron. This iron is then consecu
tively reduced by three other iron 
porphyrin pigments of the cells-the 
cytochromes A, B and C. The oxidation 
of the combustible material of the cell, 
on the other hand, is actually a dehydro
genation: hydrogen is withdrawn from 
the organic substances by specific en
zymes. Generally the next step after the 
oxidation of the iron of the cytochromes 
is a reaction with a yellow enzyme con
taining as an active group the phosphate 
ester of riboflavin, or vitamin B2, which 
can add hydrogen to nitrogen rings. 

WE CANNOT enter here into a de
tailed description of the other 

aspect of cell metabolism-the materials 
and intermediary steps. But one baffling 
finding should be noted. This is the sur
prising discovery, made with the help of 
tracer isotopes, that �arbon dioxide is not 
only an end product of metabolism in 
animals, as has long been known, but 
actually is used by an animal in some of 
its building-up reactions. When carbon 
dioxide labeled with isotopic carbon is 
injected into an animal as bicarbonate, 
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Edward A. Springer, PRESIDENT 
Wollensak Optical Company 

Announces Purchase of 

Fastax High Speed Camera 

Wollensak Optical Company has purchased outright from 
Western Electric Company the Fastax High Speed Motion 
Picture Camera, together with all rights for exclusive manufacture 
and distribution. By acquiring the Fastax, Wollensak will be 
able to render an immeasurable service to many 
industries and scientific laboratories. 

The Fastax Cameras, part of our new. Industrial and Technical Photographic 
Division, will be headed by John H. Waddell, for twenty-one years a member of 
the Technical Staff of Bell Telephone Laboratories. Under his guidance the Fastax 
was perfected. Mr. Waddell has also been photographic consultant to both the 
Army and Navy, and was a consultant to the Army Air Force on the Bikini 
Experiments. He will personally attend to all inquiries regarding the 
Fastax and to all problems of high speed photography. 
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Type 123 
Organic Combustion Furnace 

Movable sections can b e  u s e  d 
separately. Temperatures are oe
c u r a  t e l y  controlled to 1832° F. 

(1000° (.). 
Write for Bulletin HD-735 

Type 70 
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Tube Furnace 

One of severol sizes of combus
tion tube furnaces available for 

general laboratory use. Temper. 
a t u r e s  to 1 832° F. (1000 ° C.). 
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Type OSI-PT 
Muffle Furnace 
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transformers for accurate temper
at u r e  c o n t r o l. Available in six 
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(149°(.). to 2600°F. (.1427°(.). 
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SULFANILAMIDE (bottom) has a structure analogous to that of the B-vita
min para-aminobenzoic acid (top) . The drug can thus enter into and inhibit 
reactions involving the vitamin. Other drugs similarly imitate vitamins. 

some of the labeled carbon is later found 
incorporated in the glycogen of the liver. 
Most of the individual steps of this re
markable reaction are now known. They 
have given us a great deal of informa
tion on the probable pathway by which 
plants assimilate carbon dioxide in photo
synthesis. We know that plants require 
light to produce hydrogen for reducing 
their carbon compounds, but the forma
tion of these compounds in the first in
stance is probably brought about by a 
reaction identical with the reversible as
similation of carbon dioxide in animals. 

The use of tracer isotopes to study 
metabolic reactions, started as early as 
1936 by the chemist George Hevesy, has 
of course become a great stimulus to 
biochemistry. The most valuable bio
chemical tools are radioactive phos
phorus 32 and the isotopes of carbon, 
especially radioactive carbon 14, with a 
half-life of 5,000 years. These studies 
reveal in a most impressive way the 
speed with which all the constituents of 
the body are "rejuvenated" by decay and 
resynthesis. Studies with isotopes show 
also the specific ways in which complex 
substances are synthesized in the body 
from simpler ones, and what intermedi
aries are formed during the turnover. 
One may say that the use of isotopes has 
added a new dimension to biochemical 
studies: it allows us to see reactions 
which cannot be seen by purely chemical 
means. An example of new information 
of this kind made available by isotopes 
is the rate of exchange of phosphate be
tween inorganic and organic compounds 
in the presence of enzymes. Such re
actions can now be used for the diagnosis 
of malignant tumors in the human body. 

T OOKING ahead to the next half
L century, we must be clear that the 
most important discoveries cannot be 
planned or predicted. They stem from 

genius and creative intuition; techniques 
and skills play no other role than they 
played for Michelangelo in painting the 
Sistine Chapel or for Beethoven in com
posing the Ninth Symphony. The only 
means by which society can assist funda
mental scientific progress is to protect 
and appreciate scientific talent. 

In biochemistry the time is undoubt
edly ripe for illuminating discoveries 
that will give us an understanding of the 
structure of proteins; the new techniques 
of chromatography and the electron mi
croscope should help greatly toward that 
end. By systematic research on the com
petitive inhibition of vitamin analogues 
we should arrive at a universal rational 
chemotherapy for many diseases. The 
mechanism of the transformation of 
chemical energy into work in muscle and 
into electric currents in brain and nerve 
will be cleared up. Research in these 
directions is well under way. 

Biochemistry has an important bear
ing on the progress of medicine. But be
cause of this, it must itself remain a pure 
science, whose initiates are inspired by 
a craving for understanding and by 
nothing else. 

-

Otto Meyerhof, awarded the Nobel prize 
in physiology and medicine for 1922, has 
been one of the most creative investi
gators in the young science of biochem
istnJ. The subfects of his principal 
studies have been the chemistry and 
thermodynamics of muscle, for which he 
received the Nobel prize, the metabo
lism of carbohydrates and enzyme chem
istry. Meyerhof began his career at the 
University of Kiel in Germany, and dt/r
ing the 1920s and 1930s he taught in 
Berlin, Heidelberg and Paris. Since 
1940 he has been Research Professor 
at Biochemistry at the School of M eeli
cine in the University of Pennsylvania. 
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Glass by Corning Serves the World of Science 

Wherever science is at work today, Corning glasses are there as vital and able 
assistants. There are good reasons for this. Over 50,000 glass formulae testify to 
the intensity of Corning's research and provide a huge reservoir of properties that 
meet almost every requirement for glass you conceivably might have. 
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its field of application. Metallized, electrically stable glass solves many difficult 
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How Would You Saddle The Science of Mathematics 
to Make More Things For More People? 

2 x 2 alone will not give you the answer. 2 x 2 
plus Arma could. And simply. This formula 
can herald the coming of automatic factories 
... can assign to machinery the routines of 
unerring decision. 

AT ARMA we've never made 
that Mr. Average Citizen knows 
or cares about. But, at Arma 
we have harnessed the mathe
matical science in precision in
strumentation and control in 
ways that give promise of the 
more abundant life so many 
have fought and died for. 

anything 

at Arma by new electrical methods of sorting 
intelligence and arriving instantly and con
tinuously at the essential mathematical an
swers. Perhaps you've heard of Arma's elec
trical analogue computers and the miracle 
"Brain Block" components which Arma de
veloped to make them possible. 

Defense problems posing 
computations too fast for the 
human brain have been solved 

In these hands arc the "Brain 
Block" components with which you 
might well expect your designers to 
achie,-c new miracles of I)roduction 

Many of these "Brain Blocks" 
have been released for private 
industry. They are cells out of 
which engineers can fashion 
electrical brains. And with 
action-triggering devices, they 
can engage such brains in 
the automatic production and 
quality control of all manner 
of things for John Q. Given 
time and opportunity, they will 

• 

stack the "Brain Blocks" in ways nevcr 
thought about at Arma . . . ways that may 
make production in your industry more auto
matic, less costly, and more depression-proof. 

The "Brain Block" technique of instrumen
tation was created by the people of Arma 
Corporation as part of their basic work for 
the U. S. defense establishments. Now in their 
32ncl year of developing and manufacturing 
such uncommon things as electrical analogue 
computers, complicated gun directors, gyro 
compasses, and complex remote control sys
tems, they are only beginning to tum a part 
of their energies toward instrumentation for 
industry. 

Basic information on Arma· products released from security 1'estrictions is being put before your designers 
through Electronics, Design News, Machine Design, Product Design & Development, and Product Engineering. 
Why not have your designers explore with us the new instrumentation possibilities this may open to your organization. 
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�RMA 
PRODUCTS 
I£LEASED 

fOR 
� PRIVATE 
INDUSTRY 

A R M A c o R PORATI o N 
254 36th STREET, BROOKLYN 32, N. Y. 

SUBSIDIARY OF AMERICAN BOSCH CORPORATION 

ARMA fLECTJ!:ICAL RESOLVERS"" ARM'" SYNCHROS ARMA INDUCTION MOTORS ARMA INDUCTtOH 
GENERATORS AtJAA MECHANICAL..oIFHRENTIALS ARMA ALTERNATING VOLTAGE COMPARATOR 
COMPUTING MECHANISMS ' INDUSTRIAL CONTROLS STA81l1ZATION DEVICES NAVIGATIONAL 

EQUIPMENT lIMITROH AUTOMATIC INSPECTION SY+STEM 

* licensed for use under Armo patents Nos. 2:.465.624 and 2...461.646. license information avoilable. 
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PHYSIOLOGY 
The earlier physiologists were principally concerned 

with the general organization of the body. Today their 

interest has shifted toward its physics and chemistry 

HE AIM of physi
ology is to describe 
the events that take 
place in the body, 
and incidentally to 
help the doctor by 
doing so. But what 

events, and in what terms shall it de
scribe them? About this there has been, 
during the past half-century, a change 
of view. Today it is generally agreed 
that although physiology is concerned 
with living processes, it must in the end 
bring its descriptions within the frame
work of physics and chemistry. 

In the 19th century physiology could 
be less ambitious. There was so much 
to find out about the structure and large
scale activities of the various organs 
without attempting to measure the phys
ical and chemical changes in them, for 
which there were, in any case, few 
methods of exact measurement avail
able. Physiologists were fully occupied 
in analyzing the movements of the stom
ach and gut, the nervous control of the 
blood vessels and the cycle of pressure 
changes in the heart. They could speak 

by E. D. Adrian 

rather vaguely of anabolism, tonic in
fluences, nervous energy. 

That early phase is now over. The 
general organization of the body has 
been cleared of its more obvious prob
lems. Physiologists have borrowed many 
new techniques from the exact sciences, 
and their interest is shifting in the direc
tion of biophysics and biochemistry. 

In the first 10 years of our century the 
whole working plan of the body became 
much clearer. Sir Charles Sherrington, 
studying the spinal reflexes, revealed an 
illuminating picture of the central ner
vous system as the main integrative 
apparatus of the body, responsible for 
all its rapid adjustments to the world 
outside. During the same period other 
investigators, employing new methods 
of investigation, uncovered the nature 
of many of the internal adjustments. 

The chief interest of that time was in 
the physiology of the digestion, circula
tion and respiration. Research on diges
tion had flourished since the 1890s. Ivan 
Pavlov's new surgical methods had per
mitted the alimentary canal to be ex
plored from one end to the other. 

Walter Cannon began to use X-rays to 
reveal the movements of the stomach. 
J. N. Langley had mapped the compli
cated pathways and dish'ibuting stations 
of the sympathetic and parasympathetic 
nerves, and the nervous regulation of the 
viscera was already understood. In 1902 
William Bayliss and Ernest Starling 
made the startling discovery of a new 
kind of regulation-by chemical signals 
instead of nervous ones. They showed 
that the flow of pancreatic juice was 
started by a chemical substance that was 
formed in the gut in the process of diges
tion, was absorbed into the blood and 
was brought to the pancreas by way of 
the circulation. This substance, "secre
tin," was the first of the hormones (and 
is still one of the most dramatic in its 
effects). It was already known that the 
ductless glands were essential to health, 
but the discovery of secretin opened to 
view their importance as the chemical 
integrative system of the body. 

T ANGLEY'S work was to have other 
L consequences: it laid the basis for 
the modern operation in which the sym-
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STRING GALVANOMETER record has been charac· 
teristic of many physiological studies. This record from 

a string galvanometer electrocardiograph plots action 
current through the heart during a single contraction. 
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In these days 
need you 

an 
*FBA-man 

A forty second loyalty report on ferrous 
and non-ferrous metal composition. Produc
tion-minded steel men, foundry men need 
the BA Direct Reader to keep unruly el
ements in line. warn of subversive eoncen� 
trations of impurities. Melt shop, get your 
FBA reporter! Bulletin #34. 

rt3aird �ssociates /11(. 
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JJ Unlv�ulty Road Cambridge 38, Mos. 

CAPILLARY BED has been the site of numerous studies. This photomicro
graph of a rat's mesentery by B. W. Zweifach of Cornell University Medical 

pathetic nerves, one of whose functions 
is to constrict the blood vessels, are cut 
at their origin to improve the blood flow 
through the limbs. But it was to be 20 
years before physiologists could bring 
themselves to believe that the sympa
thetic nerves might sometimes have 
harmful effects (causing too much vaso
constriction), and before surgeons be
came so bold as to sever these nerves as 
a treatment for arteriosclerosis and high 
blood pressure. 

In 1903 came the invention of a new 
instrument that was as potent for re
search on the heart as were the X-rays 
for research on digestion. It was the 
string galvanometer, designed by W. 
Einthoven of Leyden to follow the brief 
electric changes in living tissues. Its 
moving part, a fine thread of silvered 
quartz held in a strong magnetic field, 
was rapid enough to give a faithful rec
ord of the currents generated by the 
beating heart, and sensitive enough to 
record these currents from the surface of 
the body. For the first time the activity 
of all the different chambers of the heart 
could be clearly followed in man, and 
the progress of the wave of excitation 
could be seen. Einthoven's insh'ument 
changed the fashion in heart disease. 
Heart specialists wrote papers on irregu
lar rhythms and damage to the conduct-

ing tissues of the heart, and were less 
concerned with leaking valves and the 
murmurs peculiar to them. For 25 years 
the string galvanometer held the field. It 
was used to record the action potentials 
of muscles and nerves as well as of the 
heart, and it showed the way to all the 
recent work on the electrical activity of 
the nervous system. When electronic 
amplifiers were developed, it became 
unnecessary to use such a sensitive 
recorder as the string galvanometer, at 
least for laboratory work, and the in
strument lost its unique position. It is 
still going strong, however, in clinical 
practice. 

NEW METHODS of gas analysis 
made a corresponding advance in 

the physiology of respiration. At the 
turn of the century the great issue was 
whether breathing was regulated by the 
need to absorb more oxygen or the need 
to expel more carbon dioxide. Then in 
1905 J. S. Haldane and J. C. Priestley 
devised a beautifully simple method of 
obtaining samples of the air in the al
veoli of the human lung. They found 
that the pressure of carbon dioxide re
mained nearly constant in spite of great 
variations in breathing. They were able 
to conclude that the important control
ling factor was the concentration of 
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College shows the venules (left Ctnd right) and arterioles (left center) con
nected by thin capillaries. The round structures in center are fat globules. 

carbon dioxide or carbonic acid in the 
blood. 

Their work started what has become a 
speCial subdivision of physiology. Dis
orders of respiration were ��own to de
pend on disturbances in the acid-base 
equilibrium of the blood. Thus interest 
was focused on the blood's physical 
chemistry. There emerged a host of 
questions as to how carbon dioxide was 
h'ansported and how oxygen combined 
with hemoglobin, the oxygen-carrying 
pigment. Forty years' work by Joseph 
Barcroft, L. J. Henderson, Donald Van 
Slyke, Hans Fischer and August Krogh
to name only the protagonists-has not 
exhausted the interest in this field of 
blood chemistry. It has given us a far 
better understanding of the molecular 
structure of hemoglobin than of any 
other protein. 

Most of the major lines of advance in 
physiology, then, received their great 
push in the first decade of the century. 
In the physiology of the endocrine 
glands the most spectacular leap ahead 
came later: this was tbe discovery in 
1922 by F. C. Banting and C. H. Best of 
the pancreatic hormone insulin, which 
resulted in the immediate saving of 
thousands of lives. The complex func
tions of the pituitary gland took longer 
to unfold; our knowledge of them is still 

incomplete. More recent is the explora
tion of the adrenal cortex, source of 
the cortical hormones, whose story is 
mostly yet to come. 

MEANWHILE still another story has 
developed from the much earlier 

discovery of adrenalin, the secretion of 
the medulla, or interior part, of the same 
adrenal gland. Adrenalin, a fairly 
simple molecule, produces all the effects 
that follow stimulation of tbe sympa
thetic nerves: constriction of blood 
vessels, acceleration of the heart, and so 
on. This posed the question: Is there a 
corresponding glandular secretion that 
acts as agent for the oth�r set of visceral 
nerves, the parasympathetic? No such 
secretion was found. But in 1926 Otto 
Loewi discovered that when the para
sympathetic nerves were stimulated, a 
chemical substance did come out of the 
nerve endings. This substance proved to 
be acetylcholine. Like adrenalin, it af
fects the viscera directly and is in fact 
responsible for the effects produced 
when the nerves are stimulated. And 
adrenalin or something like it comes out 
of the sympathetic nerve endings and is 
responsible for tbeir effects. In fact 
adrenalin and acetylcholine are both 
cbemical or "humoral" transmitters by 
which the nerve fibers influence the mus-

CAMBRIDGE 

~ 
PRECISION INSTRUMENTS 

For Exacting Professions 
and Industries 

In the past half-century. many important de
velopments of science and industry have been 
furthered by use of Cambridge Instruments. 
From its inception, this company has made pre
cision instruments for exacting professions and 
industries_ The Cambridge trade-mark is recog
nized throughout the world as the hallmark of 
fine instruments. A few of the many Cambridge 
Instruments are described below. 

Size: 
8.3 x 6.5 x 3.5 em Weight: 0.17 Kg. 

LI N DERMAN N·RYERSON 

ELECTROMETER 
Is used in coni unction with ionization chambers for the 
determination of radioactive emission. Compact, 
sturdy, high sensitivity, stable zero, and requires no 
leveling. Capacitance is about 3 cm. Bulletin 169 LE. 

Laboratory Model 

pH METERS 

Cambridge pH Meters are AC line operated thus 
eliminating battery nuisance. Accuracy: Research 
Model .02 pH, Laboratory Model .05 pH, Industrial 
Model .10 pH. Bulletin 910 MR. 

ROCKING MICROTOME 

Cuts sections down to 'Is micron for use with the elec
tron microscope. The sections are ribboned, which 
makes it most convenient for studies of sections serial
ly. Bulletin 293. 

CAMBRIDGE MAKES 

Moisture Indicators and Recorders, Aero Mixture In
dicators, pH Recorders, C02 and Multi-Gas Analyzers 
and Recorders, Geophysical Seismographs, Elec
trometers, Voltamographs, Galvanometers, Dissolved 
Oxygen Recorders, Fabric Permeameters, Exhaust Gas 
Testers, Surface Pyrometers, Fluxmeters, Vibrographs, 
Stethographs, Electrocardiographs and instruments 
for measuring radioactive emission. Inquiries invited 
for specia I instruments. 

Write for bulletins describing instruments 
of interest to you. 

CAMBRIDGE 
Pioneer Manufacturers of Precision Instruments 

Cambridge Instrument Co .. Inc:. 
3781 Grand Central Terminal New York 17, N. y. 
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PINEAL ________ �---

PITUITARY ___ -'---

______ THYROID 

THE ENDOCRINE SYSTEM is made up of eight kinds of gland that secrete 
their hormones into the common pool of the blood and lymph. Of particular 
interest in recent years has been the relation between the pituitary and 
the adrenals involving the widely discussed hormones ACTH and cortisone. 
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cles or gland cells to which they are 
distributed. 

Both substances have aroused sharp 
controversy and still do so. If the visceral 
nerves act by chemical transmission, we 
must look for such transmission in other 
parts of the nervous system as well. 
There is strong evidence that acetylcho
line is the transmitter between motor 
nerve and muscle, and some evidence 
for its activity in the central nervous sys
tem. Evidence of chemical transmission 
in the brain and spinal cord would be of 
the highest importance. But direct evi
dence is hard to get, as any chemical 
transmitter that may exist must be de
stroyed almost as soon as it is liberated 
by the nerves. 

It has, however, become far easier in 
recent years to get evidence as to the 
transmission of the signals along the 
nerve fibers. The messages that go into 
the brain from the sense organs and out 
to the muscles are made up of repeated 
impulses, each marked by a brief elec
h'ic effect due to a change of potential 
at the surface of the fiber. These effects 
were too small to come within the range 
of the string galvanometer, but the 
whole position was changed by the ad
vent of the electronic amplifier after the 
First World War. We can now record the 
smallest electric effects and can analyze 
the nervous signaling in detail. 

The analysis has given us valuable 
information about the sense organs, the 
different kinds of nerve fiber and so 
forth, but it has not yet told us much 
about the higher levels of nervous ac
tivity. The central problem still to be 
solved is what happens in the brain 
when something new is learned. Pav
lov's work on conditioned reflexes gave 
us many of the rules governing habit 
formation, but there is still a great gap 
between our knowledge of the observ
able behavior of an intact animal and of 
what is happening in the restricted area 
of its cerebral cortex. U ntiI that gap is 
reduced we can only collect all the in
formation we can about the nervous ap
paratus, knowing that a good deal of it 
may be irrelevant. 

FINALLY there are the problems of 
the conduction of nerve impulses and 

how they bring about muscular contrac
tion. These have engaged physiologists 
for centuries and have come to form a 
recognized subdivision of the science. 
Here we are dealing with the biophysics 
and biochemistry of individual cells, and 
not with the way in which the cells are 
organized in the body. For further un
derstanding of what happens in a con
h'acting muscle fiber we must therefore 
depend on advances in knowledge about 
the physical and chemical state of living 
matter, about protein sh'ucture, about 
enzyme action and about surface chem
istry. We are still very far from a com
plete picture; in fact our picture of mus-
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THIS FREE BOOKLET TELLS 

HOW GENERAL ELECTRIC 

.� 7� ... 
WI'flt 

,G- I G£lUAICIDAL 

TUBIS 

WHAT THEY ARE
WHAT THEY DO 

� 
d r------

" 

1 
* G-E Germicidal Tubes kill 95% or more of the germs 

in the air through which the energy passes. 

* Because germicidal energy may irritate human eyes and 
skin, G-E Germicidal Tubes must be used in properly 
designed and correctly installed fixtures. Usually the 
tubes are placed to disinfect the area above eye level 
of a room. 

* The number of germs in the air is reduced as disinfected 
air from upper areas circulates down to breathing areas. 
Ultraviolet energy cannot prevent respiratory infections 
being spread by close contact. 

* The Council on Physical Medicine and Rehabilitation 
of the American Medical Association has accepted G-E 
Germicidal Tubes for air disinfectiqn in nurseries, 
wards and operating rooms in hospitals. 

GENERALf) ELECTRIC 

HELP MAKE 
BREATHING 

SAFER! 

• Although air sanitation with 

ultraviolet energy is relatively new, 

it is already being used in many 

hospital nurseries, wards and 

surgeries to help prevent the spread 

of respiratory infections. 

Use the coupon below to send for 

your free copy of "Air Sanitation 

with General Electric Germicidal 

Tubes." It will answer your 

questions on how these remarkable 

tubes help make breathing safer! 

GENERAL ELECTRIC COMPANY 

Nela Park, Dept. 166-SA-9 

Cleveland 12, Ohio 

Please send me a free copy of the 

booklet "Air Sanitation with G-E 

Germicidal Tubes." 

Name ______________________ ___ 

Street ______________________ _ 

City _________________ State __ 
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Hydrides are changing 
their meanings 

In organic synthesis, metallurgy, 

ceramics, electronics, dyestuffs - dozens 

of industrial and research applications -

Hydrides are changing ideas about what 

can and what can't be done. 

For example, the files of Metal Hydrides, 

Incorporated bulge with such stories of 

Hydride magic as these: 

"Impossible to reduce carboxylic acids," 

says the chemistry prof. But LAH (Lithium 

Aluminum Hydride) does it! 

"Improbable that a way will be found to 

reduce carbon dioxide at room temperature 

and pressure." LAH does it! 

"Difficult to improve conventional con

densation reactions." But NaH (Sodium 

Hydride) makes possible simplified con

densations and carbethoxylations that 

greatly improve yields. 

As reducing or condensing agents or as 

sources of i)ydrogen - however used 

- Hydrides save time and money. Dis

cover their value to you - write for 

information today. 
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What are Hydrides? 
Metal Hydrides, Inc. supplies three types of 
Hydrides: metallic, 8alt�l:ike and complex. All 
contain incredible volumes of hydroqen in a 
very small space. Titanium Hydride) for instance, 
qives off more'than 1600 'Urnes its volume of 
hyd.rogen oni;heating. Lithium Borohydride 
reacting with water gives-more than 4000 cc of 
hydrogen per qram. Lithium Aluminum Hydride 
and Hydrides of AlUminum, Titanium, Zirconium, 
Tantalu.m� Sodium, Barium and Calcium at's 
available in powder or lumg form. Sodium � 
Borohydride and Lit».ium Borohydride are 
available in powder form. 

MET AL HYDRIDES INC. 
12-24 Congress Street 

BEVERLY, MASS. 

MUSCLE FIBRIL of a dog is magnified 42,000 diameters in electron micro
graph by R. W. G. Wyckoff of the National Institute of Health. Fine structure 
of fibril is made up of filaments running from lower right to upper left. 

cular contraction is like a jigsaw puzzle 
awaiting assembly. A great deal has 
been found out about the heat produc
tion and the chemical changes during 
contraction, but the different parts of 
the puzzle have not yet been fitted 
together. 

In nerve there is less to explain and 
the outlines of the picture are clearer. 
The realization that the nerve impulse 
is an "all-or-nothing" reaction at each 
point in the fiber has focused attention 
on the surface membrane as the trigger 
mechanism. This investigation has been 
greatly assisted by studies of giant nerve 
fibers from invertebrates such as the 
squid. In these large fibers physiologists 
have been able to examine the proper
ties of the membrane in rest and activity, 

Adrian 

and with the help of radioactive tracers 
they have determined how the different 
ions pass in and out through it. 'The 
nerve membrane is alive and seems to 
undergo surprising changes, but these 
are no longer beyond the reach of experi
ment. If they can be understood, we 
shall have mastered one of the most im
portant properties of the living cell: its 
power to react suddenly to changes in 
its surroundings. 

In the future we may expect dramatic 
advances in the field of cell physiology. 
There will remain a great many prob
lems which are neither pure biophysics 
nor pure biochemistry, particularly those 
of the endocrine system and of the brain. 
They will keep some of us occupied for 
many years to come. But physiologists 
have always been eager to borrow all 
they can from the physical sciences in 
the way of new ideas and instruments, 
and at present these seem to lead to the 
study of the cell rather than to that of 
the organism. 

• 

E. D. AdTian, awaTded the Nobel prize 
for physiology and medicine in 1932, 
has been concerned principally with 
the physiology of the brain and the nerv
ous system. He is the author of The 
Mechanism of Nelvous Action and The 
Physical Background of Perception. 
Since 1937 he has been professor of 
physiology at Cambridge UniveTSity. 
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Beckman pioneers another instrumentation advancement. 

NEW SINGLE BEAM SYSTEM IS SIMPLE, ACCURATE, RELIABLE 

The Beckman Single Beam Direct Transmittancy Recorder employs the memory 

standardization principle, using reliable electronic circuits instead of complicated 

mechanical-optical arrangements. It successfully combines the highest accuracy with the 

utmost in reliability and convenience. A standardizing run is made on the empty or 

solvent-filled absorption cell. During this run the signal from the photoreceiver is auto

matically maintained constant, and the resulting slit width vs. wavelength function is 

"memorized" on a wire recorder. The sample is then placed in the same cell, and in

formation played back from the wire recorder automatically controls the wavelength and 

slit drive motors to reproduce precisely the conditions which produced the constant 

100% reference level. Any absorption resulting from the sample is accurately and auto

rnatically recorded directly in transmittancy. On repeat runs, the same reference wire 

is used, eliminating repetition of standardizing measurements. 

Single beam transmittancy recording retains the excellent resolution, low stray 

light, high stability and drift freedom, and the wavelength accuracy of the well-known 

Beckman Spectrophotometers. Other advantages are summarized at the right. 

THREE UNEXCELLED INSTRUMENTS FOR ANY REQUIREMENT 

Beckman Single Beam Direct Transmittancy Recording is available either (1) 

as an accessory unit for direct installation on any Beckman IR-2 Spectrophotometer, or 

(2) with the IR-2 as a complete instrument, or (3) in the new unsurpassed Beckman 

lR-3 Spectrophotometer-the most versatile, most accurate, most complete-and by a1l 

standards, the finest spectrophotometer money can buy.* For 

further information on these instruments write ... 

Beckman Instruments, Inc., South Pasadena 48, California. 

Factory Service Branches: NEW YORK· CHICAGO· LOS ANGELES 

IMPORTANT ADVANTAGES 
of the 

Beckman Transmittancy Recorder 

� GREATER CONVENIENCE: The single-beam 
principle eliminates troublesome, time-wast
ing cell- and beam-matching problems. 

� GREATER VERSATILITY: Greater versatility 
and simplicity and lower costs Ore assured, 
since special cells and aJtochments need not 
be duplicated for use in a reference beam. 

� GREATER ACCURACY: The single-beam 
principle eliminates problems of making a 
beam attenuatar achromatic, linear and free 
of vignetting effects. 

� MINIMUM STRAY LIGHT: Only these single 
beam instruments use a filter-type beam 
chopper, reducing stray light effects to a 
minimum (less thon 20/0 at 15 microns with 
the IR-2). 

� MINIMUM SCANNING TIME: Optimum re
cording efficiency is· achieved because each 
spectral slit width is traversed in a time 
proportional to the response period of the 
recording system. Any other scanning rate 
loses either resolution, time or accuracy. .. 

� MAXIMUM RESOLUTION: Slit width control 
has the advantage that the instrument is 
always working at maximum resolution for 
the chosen amplification and scanning speed. 

� FLEXIBILITY OF CONTROL: Operating 
speed, resolution and chart scales .can be 
easily varied over wide ranges. A single con
trol adjusts scanning time per spectral slit 
width from I second to 128 seconds by fac
tors of 2. The wavelength motor speed is 
electronically controlled with no gear shift-
ing needed to change scanning speed. 

* As in all Beckman in- In addition to recording linearly in wove-
struments, )'Ollr money length, a unique electronic system enables 
buys more value than ......... � recordings to be made linearly in other func
in an)1 similar product. _ tions such as frequency or log wavelength. 
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II ��tA'ER 
, Giant missile 
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born of 
teamwork! 

DEPENDDN 
SOlll ANNIVERSARY YEAR 

Miles above the earth, the slender "Wac Corporal" rocket 
blasts loose from a modified German V-2, and attains a 
speed of 5,000 mph and an altitude of 250 miles-fastest 
and highest flight by any rocket. This most successful 
firing, from White Sands Proving Ground, New Mexico, 
February 25, 1949, gave scientists important information 
on little known phenomena of outer space and other data 
required in missile research. 

The "bumper" rocket used in this spectacular test was 
developed by Army Ordnance working with General 
Electric, California Institute of Technology Ballistics 
Research Laboratories, and Douglas Aircraft Company. 
Structural design of the "bumper" and construction of the 
"Wac"'were among the contributions made by Douglas. 

This is just one of the many missiles projects, so vital 
to America's defense, to which Douglas engineers have been 
devoting their skill and energies since 1941. 
DOUGLAS AIRCRAFT COMPANY, INC., SANTA MONICA, CALIFORNIA 
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PSYCHOLOGY 
Faced with problems of discouraging complexity, its 

workers tried to fractionate them. Now the trend is 

toward placing the problems in their natural context 

HE GOAL of psy
chology is to im
prove our under
standing of expe
rience and behav
ior. To account for 
t h e  i n t e r p l a y  o f  
man's capacities, 

his hopes and fears, his aspirations and 
frustrations, his ceaseless striving, his 
manipulation of symbols, his unconscious 
value-judgments-to explain all these ab
stractions in naturalistic terms is clearly 
a task of unsurpassed complexity. The 
range of phenomena with which a psy
chologist can legitimately deal extends 
all the way from the chemical activities 
involved in the transmission of a nervous 
impulse to the search men make for the 
kingdom of God or the wars they wage 
in defense of ideologies. Psychologists 
today are actually trying to cover this 
whole range of phenomena. 

Perhaps the best way to summarize 
briefly the development of psychology in 
the past half-century is to consider three 
major trends that appear to have taken 
place during that period. First, there has 
been a trend away from an atomistic 
approach toward the integrated study of 
the whole man. Second, there has been 
an increasing tendency to consider man 
and his environment together rather than 
as separate absolutes. Third, psycholo
gists have sought more and more to 
simulate actual life situations in their 
laboratory experiments for the study of 
behavior. 

IN 1900 psychology, the stepchild of 
philosophy and physiology, was only 

about 40 years old. As a late arrival 
among the sciences, it tried to model 
itself on the older disciplines. Much of 
the psychological research around the 
turn of the century appears to have been 
guided by a conscious attempt to apply 
methods that had proved successful in 
the physical sciences. The eagerness of 
psychological investigators to be "scien
tific" led many to follow rather blindly 
the scientific procedures that had gained 
status and acclaim elsewhere. There was 
an intense interest in separating expe
rience and behavior into events that 

by Hadley Cantril 

could be handled experimentally and 
were amenable to quantitative treat
ment. Thus Wilhelm Wundt of Leipzig, 
generally regarded as the founder of 
psychology, was carrying on an attempt 
to analyze experience into various ele
ments, to determine the attributes of 
sensation and to discover laws of psychi
cal relationships among the components 
of experience thus analyzed. The Wundt
ian tradition was transplanted to Ameri
can soil by Edward B. Titchener at Cor
nell University. The methods pioneered 
by these two men had a tremendous im
pact on the development of experimen
tal psychology in the U. S. and Europe, 
and for a long period psychologists de
voted themselves to fractionating expe
rience, taking the pieces apart, examin
ing them and then fitting them together 
again. 

Ultimately this approach led into a 
blind alley, and it is not hard to see now 
why it did: the investigators were taking 
2.part what really belongs together. We 
now know that the elements of experi
ence become meaningless when taken 
out of the total experiential process. 

INK BLOT of the Rorschach Test is 
one of several techniques for the pro
jective testing of human personality. 

Early in the century the Wiirzburg 
school of psychologists in Germany 
showed that the thought process could 
not be accounted for solely in terms of 
bundles of sensations and images; it 
seemed to be directed largely by the set 
or attitude of the individual. Later the 
Gestalt psychologists demonstrated that 
perception-the process involved in our 
awareness of the world in which we live 
-was more than the sum of its parts; that 
it depended upon the total pattern of
relationships with which the organism 
was confronted at any one time. 

Similarly in the study of the learning 
process experimental psychologists start
ed with an atomistic approach but even
tually outgrew it. Hermann Ebbinghaus, 
in his classical studies on memory which 
used nonsense syllables to rule out mean
ings, never got beyond the psychology 
of simple rote learning. The early exper
iments of Edward L. Thorndike and 
John B. Watson on the conditioning of 
white rats, which attempted to account 
for learning in terms of connections, also 
proved to have limited value in explain
ing the kind of learning that occurs in 
everyday life. Gradually larger segments 
of behavior were included in learning 
theory, as investigators saw more and 
more how much was being left out and 
were forced to expand their interpreta
tion of what constituted learning. Today 
the more sophisticated learning theories 
in one way or another face the problems 
of consciousness, of unconscious wishes, 
of cognition and of the particular pur
poses of the organism involved in a par
ticular situation. 

It is Significant that while psycholo
gists have gradually been freeing them
selves from their original ideal of scien
tifically "objective" experiments devoid 
of personal value-judgments, the phys
ical scientists have been giving increas
ing recognition to the role played by 
human understanding and interpretation 
in research. Thus the psychologist, who 
has tried so hard not to let meaning 
or his own interpretation affect his re
sults, is now being pushed by his former 
model, the physical scientist, to tell how 
the design of experiments and the inter
pretation of results in physics itself are 
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affected by the personal outlooks that 
inevitably permeate all research. The 
physicist Percy W. Bridgman, for ex
ample, argues that scientific proof is an 
individual matter, that there is a "private 
component" involved in all creative sci
ence. It is the business of the psycholo
gist to investigate the nature and func
tion of this private component. 

TET US consider now the second trend 
L in psychology-what might be 
called the trend away from dichotomies. 
In every science one of the marks of 
progress has been emancipation from 
absolutes, generally juxtaposed against 
other absolutes as independent con· 
structs existing in their own right. In the 
past few decades psychology also has 
gradually become aware of the extent to 
which its own progress was being ham
strung by clinging to such dichotomies. 
We may mention four illustrations. 

Sub;ective v. obiective. Much of the 
early work in the psychology of percep
tion was based on the explicit assump
tion that "subjective" factors could be 
disregarded and experience measured 
solely in "objective" terms. If we could 
learn enough about the stimulus "out 
there," and about the nature of the 
phYSiological reaction to it in our sense 
organs, we would have an understanding 
of our subjective experiences. Apparent
ly this guide to investigation was 
adopted because it offered the easiest 
way to follow traditional scientific meth
ods: the stimulus "out there" could be 
rigidly controlled and measured and the 
physiological processes themselves were 
amenable in some degree to laboratory 
investigation and control, whereas the 
so-called "subjective" factors, such as 
past experience, purpose or expectan
cies, were not amenable to scientific con
trols except in a very crude way. As a 
result, there was a widespread assump
tion that stimuli somehow existed in their 
own right, and that all we had to do was 
to study the effects of controlled changes 
in the stimulus on experience as re
ported. 

But this naive separation of "subjec
tive" from "objective" was incre.asingly 
seen to be false. The development of 
psychiatry, clinical psychology and social 
psychology showed that "subjective" 
factors, such as fixations, phobias or 
stereotypes, radically affected the mean
ing an individual could give to a stimu
lus. Hence the emphaSiS was reversed: 
it became essential to study the effect of 
"subjective" factors on what was ex-
perienced as "objectively" given. There 
is now a growing recognition that "sub
jective" factor� and the stimuli outside 
the experiencing organism are not in
dependent entities but each depends on 
the other for its very existence. For ex
ample, even the simplest perception, e.g., 
the perception of a sphere, is in a large 
measure our own creation based on 
sets of assumptions which we have built 

up from past experience and which give 
the stimulus a certain meaning. It has 
become clear from recent laboratory 
experiments that we cannot tell where 
a thing is until we make some assump
tions about what the thing is. The two 
perceptions are completely interdepend
ent; neither would exist without the 
other. The total perception of a sphere, 
for example, depends on certain assump
tions we bring to bear on the particular 
stimulus pattern that innervates our 
sense organ, i.e., an assumption that the 
sphere is a ping-pong ball, a billiard ball, 
the moon or the sun. 

Stimulus v. response. Rather early in 
this century John Dewey and James R. 
Angell pOinted out the futility of re
garding a stimulus as something dif
ferent from and independent of a re
sponse. They emphaSized that in order to 
understand behavior, the total activity 

PROBLEM BOX is one of classical 
techniques of measuring animal in
telligence. Animal must learn pat
tern of pressing switches to get food. 

of the organism, including the goal 
toward which that activity is directed, 
must be considered. Their point of view, 
which became known as Americ.an func
tionalism, stood in sharp contrast to the 
structuralism of Wundt and Titchener. 
More and more the realization has grown 
in psychology that both the stimulus 
and response are part of a total ongOing 
activity, and that the activity can be 
understood only by conSidering the pur
poses of the organism, its past experi
ence, temperamental and genetic fac
tors, and the particular meaning the 
situation has for the organism at a par
ticular time and in a particular place. 

Nature v. nurture. The turn of the 
century found a number of psychologists 
discussing the nature of human nature. 
The most important thinking on this sub
ject was taking place in a seminar of 
medical students in Vienna led by Sig
mund Freud. Freud, whose brilliant in
sights had discovered the operation of 
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man's unconscious psychic processes, 
posited certain basic human instincts as 
the dynamic motivations of these proc
esses. In England, and later in America, 
William MacDougall vigorously cham
pioned another theory of instincts. For 
a number of years a battle raged as to 
how much of man's behavior was due to 
his innate nature and how much to the 
environment around him. Eventually 
this debate was made meaningless by 
the accumulating studies of actual hu
man societies. The documented accounts 
of behavior in various cultures by Bronis
law Malinowski and other cultural an
thropologists forced serious questioning 
of any doctrine that assumed that in
stincts determined the specific directions 
of man's behavior. Psychologists were 
compelled to take into account a cultural 
relativity. This concept, together with 
the evidence from biology of the com
plete interdependence of the organism 
and the environment, has brought psy
chologists to a more sophisticated search 
for the interrelations of behavior and en
vironment. Many psychologists today 
are using a "field theory" concept in their 
accounts of learning, purposive behavior, 
group dynamics and so on. But physicists 
are likely to be considerably puzzled by 
the way the concept of "field" is cur
rently employed in psychology. They 
will probably notice that the psycholo
gist has not yet rid himself of the habit 
of considering separate entities reacting 
"in" or "to" a field. Psychology, in other 
words, has .not yet completely emanci
pated itself from an elementarism that 
considers the environment as something 
outside the organism. 

Individual v. social. In the area of 
social and political psychology the cen
tury was ushered in with a controversy 
as to whether man's social behavior and 
political institutions could best be under
stood through a study of the individual 
human being or a study of the institu
tional and ideological structures them
selves. As we look back on the contro
versy now, it seems clear that each side 
was fighting a straw man. The painstak
ing investigations of such men as G. H. 
Mead, C. H. Cooley, Karl Mannheim, 
Jean Pia get and F. C. Bartlett made it 
apparent that it was meaningless on the 
one hand to think of an individual di
vorced from social institutions and group 
loyalties, or, on the other, to try to separate 
these from their concrete components, 
which consisted of the common assump
tions and actions of groups of individuals. 

T HE THIRD trend we have to con
sider is the recent return of many 

psychologists to the laboratory, this time 
to study much more inclusive problems 
than the fragmentary ones that occupied 
psychologists at the beginning of the 
century. The piecemeal approach of 
early experimental psycllology gener
ated a widespread impatience with ex

perimental methods. Experimentation 

T:ese are but a few of the important 
mechanical functions fulfilled by Felt. 
Advance fibre technology and research 
in American Felt Company Laboratories 
has led to many new applications where 
special properties and accurate specifica
tion control were needed. An experienced 
engineering and development staff is 
ready to assist you by furnishing full 
technical data or by selecting or design
ing felt parts for your own special use. 
Write for "The Story of Felt." 

• 

• 

• 

• 

• 

'. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Sealing 

Wicking 

Wiping 

Polishing 

Vibration Isolation 

Filtration 

Sound Absorption 

Thermal Insulation 

Shock Absor�ing 

Cushioning 

Moistening 

Padding 

Packaging 

Surfacing 

Frictional 

• �����N��HE::= --
:As principal supplier to the Government 

since 1876 and particularly to the Weather Bureau since 

its founding in 1891, Bendix-Friez has paralleled the 
growth of the science of meteorology with its develop
ments in meteorological instrumentation. Thanks to its 
unique combination of long experience and up-to-the
minute manufacturing facilities, Bendix-Friez stands alone 
as America's oldest and largest producer of meteoro
logical equipment. Today, Bendix-Friez instruments are 
recognized as standards of accuracy wherever they are 
used. Whatever your needs for weather data and wherever 
you need to collect it, Bendix-Friez makes the proper 
instrument for the purpose. 

� 
Model 185 

Precision Humidity and Temperature 
Indicator 

BENDIX-FRIEZ 

Hygrothermograph, Model 594 

The foremost relative humidity re
corder for laboratory, factory, and 
office use. Scientifically designed 
for accuracy and dependability. 

BENDIX-FRIEZ 
Model 160 

Portable Humidity and 
Tempera'ul·e Recorder 
3" x 5" charts, 10 or 30 
hour records. Modern de
sign ... handy for small 
space and difficult loca
lions . . . built to meet 
unusual conditions. 

WRITE: 

FRIEl INSTRUMENT 
DIVISION of 

Hair-operated and calibrated to profes
sional standards of accuracy by the maker 
of the world's finest weather instruments. 
H a n d s o m e, m o d ern c a s e-4" h i gh, 
51/2" wide, 15/8" deep. 

1422 Taylor Avenue 
Baltimore 4, Maryland 

EJport Sales: Bendix International Division. 72 Fifth Avenue, New York 11, N.Y. 
Watch for 2 new Bendix-Friez humidity control units available soon. 

81 

© 1950 SCIENTIFIC AMERICAN, INC



Here's why those in the know 

Tapered shell design centers to engage contacts 
automatically. 

Socket contacts are full·floating-turn through 
3600. Quick. self'centering -eases inspection. 

Highly legible contact numbers on insert faces. 

Inserts of latesl approved high dielectric materials. 

Your requirements are responsible 
for the 8 to 10 design advantages 
found in each type of Cannon Plug. 
That's why engineers know the spe
cification is right when it calls for 
CANNON. The DP Connector Series 
is just one of many Cannon types 
- world's most complete line. Re
quest bulletins by required type or 
describe connector service you need. 

CANNON 

ELECTRIC 
Since 1915 

, 
lOS ANGELES 31, CALIFORNIA 

REPRESENTATIVES IN PRINCIPAL CITIES 

82 

Coaxial contact. Inspection door. now 
open, snaps closed, giving constant 

impede nee. Twinax contacts available. 

Hand·tinning keeps solder inside cups. 

All contacts. precision·machined from solid 
bar stock. electroplated with silver or gold. 

Insert arrangements are available with 
2 to 45 contacts ranging from 15 amp 

to 200 amp capacity. Continuous shield· 

ing available in Coaxial and Twinax. 

Metal finish on shells for shielding 

and bonding ... tin plating on alumi

num. Other finishes available o n  

special request. 

Type DPD Connectors are permanent 
installations in rack and panel equip

ment ... mate automatically . • .  have 
weight and space-saving advantages 
over other connector types. 

OPTICAL ILLUSION shows effect 
of experience upon sensory percep
tion. Vertical lines which appear to 
slant toward each other are parallel. 

was not leading to an understanding of 
man's anxieties and aspirations, his loyal
ties, his persistence in the face of obsta
cles. Many psy�hologists therefore 
turned to methods other than those of 
the laboratory: case studies, clinical 
diagnosis, attitude and opinion testing, 
the consh'uction of tests to shed light on 
man's capacities and temperament, the 
study of communications, of group sh'uc
ture, of propaganda and so on. From 
these investigations many valuable 
hunches and theories were formulated 
and more adequate problems were 
posed. But as the data obtained from 
investigations of actual life situations ac
cumulated, there developed an urge to 
systematize the data and to verify for
mulations and observations in some 
experimental way. A number of psy
chologists have therefore returned to the 
laboratory with new problems. They are 
h'ying to bring into the laboratory situ
ations comparable to those encountered 
in life, to keep in rather than to rule out 
those aspects of experience and behavior 
that characterize lifelike occurrences. 
New quantitative methods, such as fac
tor analysis and the analysis of co-vari
ance, have been devised to handle these 
more complicated situations. 

Psychology has of course found ap
plications in many fields and on an in
creaSing scale in our half-century. The 
tests of the clinical psychologist have 
been of enormous usefulnesss to the psy
chiatrist; the Rorschach Ink Blot Test 
and the newer Thematic Apperception 
Test developed by H. A. Murray and his 
associates have become standard diag
nostic instruments. Psychology has en-
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Cantril 

tered industry through studies of human 
relations, of efficiency and of machine 
deSign; a special field of market research 
has grown up; surveys of public opinion 
are now standard devices employed by 
governments, industry and labor; insti
tutes for personnel counseling and guid
ance have had a mushroom growth. 
Some indication of the rapid develop
ment and acceptance of psychology can 
be obtained by a comparison of its use 
in World War I and in World War II. 
In the First World War psychology was 
almost entirely concerned with testing 
the intelligence and a few other capaci
ties of military personnel for purposes of 
placement. In World War II, psycholo
gists of one kind or another played a 
role in nearly every military operation 
in most of the belligerent countries: the 
selection and training of personnel for 
specific activities; the solving of prob
lems in communication; the adaptation 
of implements of war to human phYSical 
limitations; clinical and psychiatric 
work; testing of the interests and morale 
of troops; propaganda analysis and psy
chological warfare. 

T HE TRENDS cited in this review, 
and others that could be mentioned, 

seem to indicate that psychology is un
dergoing a revolution. Its culmination is 
likely to be an acceptance of the view 
that any experience or any behavior is 
what Dewey and A. F. Bentley have re
cently called a "transactional" process. 
The psychology of the future will, I be
lieve, become increasingly aware of the 
necessity of investigating all behavior 
and experience as transactional processes 
involving the total organism-environ
ment situation, including within the 
"now" the effects of the past and the 
expectations of the future. 

• 

Hadley Cantril has worked in the fields 
of social psychology, the psychology of 
personality, sensory perception, public 
opinion and mass communication. He 
has served as director of the tensions 
proiect of UNESCO. He is now professor 
of psychology at Princeton University. 
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�THROPOLOGY 
The powerful concept of culture has been extended 
to explain much of human behavior and to eliminate 
some artificial distinctions among groups of men 

HE most significant 
accomplishment of 
anthropology in the 
fir[t half of the 20th 
century has been 
the extension and 
clarification of the 
concept of culture. 

The idea that culture-a society's cus
toms, traditions, tools and ways of think
ing-plays the dominant part in shaping 
the development of human beings, and 
therefore ought to be the central con
cern of anthropology, did not originate 
in our century; its importance had been 
recognized by the great English anthro
pologist Edward B. Tylor in 1871. But 
during the past 50 years the concept has 
been given a wide and consistent appli
cation which has immensely advanced 
the growth of anthropologiC!al science. 

The outstanding consequence of this 
conceptual extension has been the top
pling of the doctrine of' racism-that 
bland assumption of race superiority 
which is so satisfying emotionally to 
most people and so unwarranted. We 
have learned that social achievements 
and superiorities rest overwhelmingly on 
cultural conditioning. Racial heredity 
has not been totally ruled out as a factor 
in social accomplishment, but clearly it 
is a tiny factor in comparison with cul
tural influences. The racist illusion rests 
on a naive failure to distinguish fixed 
biological processes from essentially var
iable cultural processes. Once the nature 
of the cultural process is clearly grasped, 
the racist illusion is bound to melt away 
rapidly. Hitlerism represented its last, 
die-hard, desperate lashing out as an 
organized national creed, just as the Day
ton trial proved to be the final stand of 
anti-biological literalism in theology. 

The comparative study of culture has 
similarly helped to diminish ethnocen
trism-the parochial conviction of the su
periority of one's own culture-from 
which so much intolerance springs. The 
widespread social and emotional drift 
in this more liberal direction has cer
tainly been given intellectual support by 
the anthropological analysis and com
parison of various cultures. Anthropolo-

by A. L. Kroeber 

gists now agree that each culture must 
be examined in terms of its own struc
ture and values, instead of being rated 
by the standards of some other civiliza
tion exalted as absolute-which in prac
tice of course is always our own civiliza
tion. This anthmpological principle 
leads, it is true, to a relativistic or plural
istic philosophy- a  belief in many values 
rather than a single value system. But 
why not, if the facts so demand? The 
domain of life is certainly pluralistic, 
what with a million species on our own 
small planet. I have not heard of biol
ogists bewailing the diversity of species. 
Rather, they try to find some kind of 
order in it. Quite correspondingly, an
thropologists try to treat all cultures, 
including our own civilization, as parts 
of nature -without preferential and par
tisan priorities. This may be distasteful 
to partisans, but it is certainly the only 
way of science. 

THE staunch adherence of modern 
anthropologists to this principle has 

brought about a growing conviction that' 
anthropology holds promises of impor
tance for the world's future. Yet anthro
pology offers no pat answers to our prob
lems: I do not believe it has even one spe
cific categorical remedy to contribute to 
the world-let alone a panacea. Its con
tribution is an attitude of mind. This at
titude holds that cultures-each of which 
contains a value system-need not be 
viewed as rallying points for rival emo
tional loyalties but can be studied as 
natural phenomena by methods of nat
ural science. 

The growing recognition of culture as 
a force has had repercussions in other 
fields of science, especially in personal
ity psychology and psychiatry. Freud 
attempted to annex the whole of culture 
at one blow, contending that it was all 
derived from the Oedipus complex. 
Some later psychoanalytic theorists have 
tried to maintain this claim in a different 
form; they have proposed less simplistic 
mechanisms, such as "basic personality 
structure," as the foundation of culture. 
But as these mechanisms are admittedly 
dependent on the culture, the culture 

cannot really at the same time be derived 
from the personality. On the whole in 
this field of culture-personality relations 
it is culture that has so far proved to be 
the active and molding force, and per
sonality the molded element. 

FIFTY years ago anthropologists still 
were remarkably ready to look for 

simple, fundamental causes of behavior 
and to come up with them-but often 
each man came up with a different pearl 
of speculation. The commonest theory 
then was that primitive culture and high 
civilizations alike emanated spontane
ously from "human nature" or the "unity 
of the human mind." Sir James Frazer 
took that point of view ip The Golden 
Bough. He influenced more of his con
temporaries than any other anthmpolo
gist. By the sheer weight of his com
parative examples he helped to liberate 
their minds from ethnocentrism. But he 
was innocent of what constituted a solu
ble scientific problem; he simply made 
whatever assumptions were necessary. 
By now we have become more humble. 
Human nature certainly exists, but we 
recognize it as a heaving jumble of gene 
effects tremendously elaborated and dis
torted by cultural pressures. And we no 
longer venture to define what human 
nature is, except that we may sometimes 
indicate certain sketchy limits within 
which, common-sense experience tells 
us, this nature generally manifests itself. 

Somewhat later came the pseudo-his
torical explanations. Thus Elliott Smith 
suggested that everything in higher civ
ilization could be traced to an origin in 
ancient Egypt, from where it was spread 
over the world by Phoenician trea'sure 
seekers. No, objected F. Graebner, there 
were six origins: the boomerang culture, 
the totemistic, the matrilineal, and so on; 
spreading from their respective birth
places in various parts of the world, they 
eventually were all mixed together. We 
had only to learn how to unscramble the 
world's cultures to reduce them to the 
six original blocks. 

The answers are more limited and 
hesitant nowadays, since we realize that 
answers are the end product of investi-
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NEGRITOS of Bougainville, photographed by Douglas 
Oliver of Harvard University, compete for prestige by 

BALINESE, studied by Margaret Mead and Gregory 
Bateson, suppress their feelings. At the left a Balinese 

A YMARA of Peru and Bolivia, studied by Harry Tscho. 
pik, adopted elements of Spanish culture 400 years ago 
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giving extravagant feasts. The expense of such feasts de .. 
layed the naming of the boy at right until he was six. 

father plays unemotionally with his son. At the right a 
dancer maintains ritualistic nonchalance before demon. 

but retain many features of their own. At left: a Catho
lic procession. At right: a blood-sacrifice ceremony. 
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gation, not what one starts with and then 
fights for. In the investigations of the 
past half-centmy many things have come 
out in the wash quite unexpectedly. In 
1912 Charles Hose and W. MacDougall 
published a book on the pagan tribes of 
Borneo. They had found that the Borne
ans made blood sacrifices of domesti
cated animals to their gods, consumed 
the victims at worshipping festivals and 
divined the futme by signs in the liver 
and gall of the sacrificed animals. A re
viewer pointed out how much some of 
the Bornean customs smacked, in a prim
itive way, of the social and religious 
practices of the Greeks and Romans. 
Could there be an actual connection? 
Or was it a case of the same old X, 
human nature, spouting forth the same 
old similarity spontaneously-somewhat 
as life used to generate spontaneously in 
the naive days of biology? We know 
now that there was indubitably an his
torical connection between these similar 
customs, with Mesopotamians and Hin
dus and Chinese as connecting links be
tween the Indonesians and the Greeks 
and Romans. Wherever Christianity, 
Islam or Buddhism became established, 
this set of customs was forced out of use 
as pagan; but at the remote edges in the 
interior of Borneo and of the Philippines 
it survived. It never penetrated to Aus
tralia nor to America. These conclusions, 
which would have seemed revolutionary 
50 years ago, were arrived at by induc
tion-a piece of inferred instead of docu
mentary history. But they are supported 
by consistent, unselected bodies of dis
tributional fact, both positive and nega
tive, and by the parallel of dozens of 
other disseminations that are documen
tarily proved-such as, to name just one 
example, the diffusion of the art of 
papermaking from China to Europe. 

E VEN greater has been the increase 
of knowledge due to archaeological 

exploration and discovery. Before the 
20th century archaeology, apart from 
concern with the Stone Age in western 
Europe, dealt largely with early civiliza
tions rather than with prehistoric times. 
In Egypt, in Mesopotamia, in China, in 
the Mexican and Mayan area, archaeolo
gists looked for antiquities that bore in
scriptions and dates and thus supple
mented and extended the written rec
ords that had been transmitted to us in 
documentary history. No profound skill 
was involved in dating the inscription of 
an 18th-dynasty Egyptian king as later 
than that of a fourth-dynasty ruler. But 
to put the antiquities that predate writ
ing into a reliable time sequence, and 
to bridge their gaps by new explorations 
-this was an adventure that called for 
real ingenuity and refinement of tech
niques. It is during the past 40 or 50 
years that the overwhelming bulk of 
knowledge of this sort, for all the world 
except western Europe, has been accu
mulated and interpreted. This new knowl· 
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PLESIANTHROPUS is one of a whole group of man-apes discovered in 
South Africa by Robert Broom and others. This specimen is P. transvaalensis. 

edge includes a huge amount of material 
on the pre-farming stage and Stone Ages 
in Egypt and Mesopotamia, in Turkey, 
Syria, Iran, North Africa, India, China 
and other Far Eastern regions. In the 
Americas the search for remains of cul
tures that predated writing commenced 
around 1920. The archaeologists' sat
isfaction in dealing with things that were 
old began to give way to a new interest 
in how old the remains were-and this 
of course included the question of which 
were the more or the less old. In the 
eastern U. S., in the Southwest, in Cali
fornia, in the Caribbean, dep�ndable se
quences were worked out and filled in. 
For Mexico and the Maya, the chro
nologies suggested by the early investi
gators are being worked out anew on 
a sounder basis. For Peru, collaborating 
investigators determined a succession of 

culture stages extending back about 2,000 
years before the Incas whom Pizarro 
found in control; then in 1946 this span 
was perhaps doubled by discovery of 
remains of a society that was pre-metal
lurgical, pre-ceramic, pre-maize-grow
ing, but already cultivating the soil. 

Most of the known biological history 
of man and his immediate fossil ancestors 
also has been discovered since 1900. 
Four principal findings sum up rilUch of 
this exciting quest. First, we now have 
solid information on Pithecanthropus 
and his close twin Sinanthropus. They 
were low-grade men, but they definitely 
were men, and they lived at least as early 
as the middle of the Pleistocene, the last 
geological period. The second major 
finding is the South African Australopi
thecines, including Plesianthropus and 
Paranthropus, which essentially had the 

CHARENTE MAN is represented by broken brain pan found in France. Its 
age shows that relatively modern men were contemporary with Neandertalers. 
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teeth, jaws, hips and posture of men, 
along with brains the size of gorillas and 
big chimpanzees. We do not yet know 
when they lived. Third, there is the 
famous Neandertal man, the slightly 
brutalized sideline outcome of an experi
ment conducted by nature in what we 
call the course of human evolution - but 
we now recognize that he was neither 
very primitive, very early, nor very 
brutal. Finally, there is fairly strong evi
dence, still strengthening, that true 
human beings-actual members of our 
living species Homo sapiens-were al
ready in existence well back in the Pleis-·· 
tocene, and that long before them their 
ancestors must have been pretty thor
oughly set off from all other forms, liv
ing or extinct. That great mysterious X 
of a generation ago, the famous "Missing 
Link," has become quite outmoded. 
The story leaves him stranded and for
gotten, and its path is all the more in
tricate and dramatic for it. 

THE study of living human races has 
unfortunately been unable to profit 

much from the half-century's greatest bi
ological development: genetics, the quan
titative study of heredity. This is so for 
various reasons: because human chro
mosomes, and probably their genes, are 
numerous, and our heredity is therefore 
complex; because human lives are long 
and generations grow up and pass 
slowly, and because we cannot experi
ment with large-scale controlled breed
ing of men as we can with fruit flies elr 
pollinated plants. The few human traits 
that work out according to calculable 
rules of heredity are either abnormalities 
or relate to laboratory-revealed blood 
factors which are seemingly without in
fluence on man's general functioning or 
capacity. 

At present all except the most obvious 
groupings in race classification still de
pend essentially on subjective judg
ments. For instance, the Hottentots and 
Bushmen, who undoubtedly have some 
relationship with Negroes (frizzy hair, 
wide noses) and possess some distinctive 
features peculiar to themselves (hollow 
backs, fat buttocks, flat ears, wrinkly 
skin), also tend to have an eye-fold like 
that of the Mongolian race. Is the Mon
golian-like eye-fold of the Bushmen due 
to their having at some time in the past 
experienced contact and admixture with 
Mongoloids? Or is it just a specialty they 
happened to develop as an independent 
variation in their isolation? In short, have 
we here a case of inherited contamina
tion or of an inherited mutation? 

The authorities can give only personal 
judgments in situations of this sort. But 
if we can accumulate race data on 
enough blood-type and similar genotypic 
factors-not only the known blood types 
O-A-B-AB, AI-A", Rh and M-N but a lot 
of new factors in addition-it will be pos
sible to determine from the percentages 
of these inheritances whether the Bush-

men ever really experienced a significant 
Mongoloid admixture. If hereditary links 
do not appear in these factors, the eye
fold will be demonstrated to be an inde
pendent 'local development. Similarly, 
enough knowledge of demonstrably gen
otypic factors might reveal whether the 
Bushmen' were a deviant derived from 
the Negro stock or the remnant of an 
old, coordinate, primary race. These 
minute, simple-unit traits of heredity 
are a bit like fingerprints-rather insig
nificant in man from the standpoint of 
the total organism's functioning, but 
sometimes quite telltale as to who con
tacted whom in the past. 

FINALLY there is the important con
tribution that the comparative study 

of languages can make to anthropology. 
Most linguists are also philologists, and 
accept their customarily assigned place 
in the humanities. However, the philolo
gists and the anthropological linguists 
now agree that the structure of every 

Kroeber 

language needs description and under
standing first of all in terms of its own 
phenomena and plan-not by any abso
lute standard. This is of course the an
thropologist's basic principle of relativ
ism all over again, merely accentuated a 
bit more for that part of culture-speech 
-which is the most outrightly symbolic, 
the most nearly autonomous and the 
most rigorously patterned. 

Linguistic anthropologists have dif
fered from other linguists only in the ac
cident that they have dealt mainly with 
wholly unwritten languages that conse
quently had no known history or pre
served ancient forms. Thus linguistic an
thropologists have had to operate com
paratively rather than by directly his
torical methods; they have had to frame 
their alphabets and grammars while 
making their investigations, instead of 
proceeding from given languages. Under 
the leadership of Franz Boas and Ed
ward Sapir, special techniques for this 
were developed. When World War II 
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came and it was important to teach ex
otic foreign languages rapidly, these 
techniques proved their practical value 
as an educational device for attaining 
quick spoken control of Chinese, J apan
ese, Russian, Arabic and other languages 
in which a totally foreign and often 
elaborate script-or a badly formulated 
conventional grammar-makes acquisi
tion by the old book methods usually a 
matter of years. . 

WHAT the past half-century has ac
complished above all for anthro

pology is to transform a loose collocation 
of separate physical, social, cultural and 
linguistic interests, ancient and modern, 
primitive and civilized, into an inte
grated attack on the biological, the so
ciocultural and the linguistic phenomena 
presented by man - an attack held to
gether by a common attitude. This atti
tude is expressed by the principle of the 
relativistic approach. It might equally be 
called the naturalistic approach. It in
sists on treating the customs and his
tories, the ideals and values, the societies 
and languages of man as being phenom
ena of nature to exactly the same degree 
as the biology of men, or for that matter 
of animals and men. 

This may seem a simple and trite pro
gram. Perhaps it is simple conceptually, 
but operationally it has been difficult and 
hard-won. How far are men and their 
activities actually treated as a part of 
nature in most economic and sociological 
study, in most history and philology? 
Hardly at all; in these fields human 
activities are consistently set apart from 
nature, and primary emphasis is given to 
what is within one's own culture, rather 
than to the broad and varying panorama 
of total human behavior through time 
and space. That is why in the organiza
tion of universities and of the great re
search councils of national scope these 
fields of study are assigned to the social 
sciences or to the humanities. Anthro
pology, on the other hand, is represented 
not only in the social sciences and the 
humanities but also in the natural sci
ences. This .is not so much because in 
its so-called "physical" branch anthro
pology includes a concern with human 
biology. Rather it is because in every
thing that anthropology touches-cul
tures, societies and languages as well as 
physiques-it aims to proceed wholly 
with the broad attitudes of natural sci
ence, plus such special methods and 
techniques of its own as may be called 
for in each situation confronted. 

• 

A. L. Kl'Oeber is one of the leading gen
eralizers of modern anthropology. He has 
worked in the fields of ethnology, cul
tural anthropology. and archaeology. 
From 1901 to 1946 he taught at the Uni
versity of California. He is now professor 
emeritus at California and professor of 
anthropology at Columbia University. 
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Rram 0/ Natural Childbirth with 
Rooming-in. By H e r b e r t  T h o m s, 
M.D. 114 pages, $3.00. Present
ing the theory that childbirth is 
a natural, normal function requir
ing the physical and mental prep
aration of the mother, this is a 
scientific report on the details of 
the "Training for Childbirth" pro
gram as practised at the Grac�
New Haven Hospital. 

INTERNAL BALLISTICS OF SOLID. 
FUEL ROCKETS. By R. N. Wimpre". 
208 pages, 152 illustrations, $4.50. 
This book represents the conclu
sions of work done on rockets at 
the California Institute of Tech
nology during the war. It com
piles a wealth of information on 
military rockets using dry-proc
essed double-base propellant and 
other solid propellants as fuel. 

SMALL PLANT MANAGEMENT. Edited 
by Dr. Edward H. Hempel, Chair
man, Sma l l  P l a n t  Committee. 
A.S.M.E. Prepared under the 
auspices of the Management Divi
sion of The American Society of 
Mechanical Engineers. 499 pages, 
illus. (In Press.) An outstanding 
guide to practical "know-how

.
" 

management, based on a systematic 
study of small plant activities in 
different industries. Describes and 
illustrates modern concepts, and 
improved procedures of planning, 
organizing, operating and super
vising, and enables you to develop 
methods that get maximum work 
at minimum cost per unit. 

ULTRASONICS. By Benson Carlin. 
264 pages, 162 illustrations, $5.00. 
Here is the first engineering con
sideration, of the ultrasonic field. 
Electronic considerations and out
lines of circuits are specifically re
viewed, and mechanical and elec
trical design and construction 
techniques are explained. 

JET PROPULSION PROGRESS. By Les· 
lie E. Neville and Nathaniel F. 
Silsbee. 227 pages, 97 illustrations, 
$4.00. Describes the history. de
velopment, operation and perform
ance of the aircraft gas turbine. 
It discus.ses all important designs 
developed in the United States, 
England, and Germany, includ
ing the ME 262, the Gloster 
Meteor, and the Lockheed Shoot
ing Star. 

RADIO ENGINEERING HANDBOOK. 
E d i t o r-in-Chief, Keith H e nney. 
Fourth Edition. 1197 pages, 1038 
illustrations, $10.00. Here for 
designers, engineers, and radio 
technicians, are principles, stand
ards and procedures that mean 
quick answers to routine and spe
cial assignments in communica
tions, broadcasting, air-craft radio, 
television, and related fields. 

For Younger Readers 
AFTER DINNER SCIENCE. By Kenneth 
M. Swezey. 182 pp., over 200 
iIIus. $3.00 

UNDERSTANDING SCIENCE. By Wil
liam H .. Crouse. 182 pp., over 200 
illus. by Jeanne Bendick. $2.75 

At alI bookstores ' McGRAW-HILL BOOK COMPANY' 330 W. 42nd 51., NEW YORK 18 
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These are a few of our recent and outstanding books on science 

and technology. Check the ones you want and send for copies 

on approual, or write for our new, complete technical catalog. 

PllOtographic Optics Allen R. Greenleaf 

Full information on the principles, manufacture, deficien. 
cies and merits, and methods of testiug modern lenses and 
allied equipment. Ready Sept. 1st. 

Laboratory Fractional Distillation 
T. P. Carney 

"A very valuable addition to the library of every scientific 
laboratory." - Joltrnal of the American Pharmaceutical 
Association. $5.75 

Rainfall and Runoff E. E. Foster 

A complete reference on the principles, techniques, and 
data of modern hydrologists. $9.00 

ElelUents of AerodynalUics of 
Supersonic Flows Antonio Ferri 

Recommended by the late Dr. Klemin as "undoubtedly the 
best book in this importaut new field." $10.00 

Powder Metallurgy 
Paltl Schwarzkopf and Associates 

The outstandiug book on the physics and production of 
metal powders, their products and possibilities. $8.00 

Engineering Metals and Their Alloys 
Carl Santllns 

Theory and practical data on metals conveniently grouped 
hy engineering use. $7.50 

Electric Resistance Strain Gauges 
W. B. Dobie & P. C. G. Isaac 

The theory, manufacture, uses and limitations of this im. 
portant new tool. $3.50 

The ElelUents of Genetics 
C. D. Darlington & K. Mather 

A masterful summary of present knowledge in all branches 
of this science - "a hook fit for the delectation of experts" 
writes Th. Dobzhansky in Scientific Monthly. $3.75 

NUlUerical Methods of Analysis in 
Engineering L. E. Grinter alld Others 

Leading investigators discuss developments in the methods 
and uses of successive corrections. $5.80 

Two-DilUensional Fields in 
Electrical Engineering L. V. Bewley 

A' thorough mathematical and physical treatment, showing 
many applications. $5.50 

Important Standard References 
The Physics of High Pressure 

P. W. Bridgman. Second Edition with 1949 Supplement. 
. $5.50. 

Theoretical Hydrodynamics 
L. M. Milne·Thomson. Second Edition. $8.50 

The Crystalline State 
Vol. 1. General Survey. W. L. Bragg. 1949 
cor. 

reprint with 
$6.00 

X.rays. 
$13.00 

Vol. 2. Optical Principles of the Diffraction of 
R. W. James. 

The Chemistry of Organic Compounds 
James B. Conant and A. H. Blatt. Third Edition. $5.25 

Acid -Base Indicators 
I. M. Kolthoff. Trans. from Fourth Germau Edition hy 
C. R. Rosenblum. $8.50 

The Theory of the Photographic Process 
C. E. Kenneth Mees. $13.50 
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Elementary Modern Physics 
Gordon F. ·Hull. Revised Edition of Elementary Survey of 
Modern Physics. $5.25 

An Introduction to Theoretical Physics 
Max Planck. American Edition. 
Vol. 1. General Mechanics. 
Vol. 2. The Mechanics of Deformable Bodies. 
Vol. 3. Theory of Electricity and Magnetism. 
Vol. 4. Theory of Light. 
Vol. 5. Theory of Heat. 

Human Genetics 
Reginald Ruggles Gates. Two volumes. 

The Cell in Development and Heredity 
Edmund B. Wilson. Third Edition. 

$3.00 
$3.00 
$3.00 
$2.75 
$3.25 

Set, $15.00 

$12.00 

Super sensitivity of Denervated Structures 
W. B. Cannon and A. Rosenbllteth. (Latest volume in 
Experimental Biology Series). $5.50 
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by James R. Newman 

F HUITFUL entertainment and agree
able recrea tion" is the sovereign good 
to be derived from a well -chosen 

stock of books-so the 17th-century libra
rian Gabriel Naude advised his patron 
Henri de Mesme in counseling him on 
the establishment of a library. This is a 
measure of selection difficult to improve 
upon, and I have kept it in mind in 
assembling a list of 20 of the leading 
science books of this century accessible 
to the common reader. My standards 
must, however, be more fully explained. 
Anyone rash enough to embark on the 
making of a book list should see to it that 
his escape hatches are well placed and 
in working order. 

The elementary requirements for a 
popularization of science may, though 
important, be disposed of quickly. Clar
ity, honesty, disinterestedness, unpre
tentiousness are of course indispensable. 
The author must tell a story that will 
keep the reader awake. There should be 
drama-it will appear inevitably in de
scribing the struggle for discovery-but 
not at the expense of accuracy, reason
able accuracy within the leeway of un
derstandability and sound instruction. 
The aim of nontechnical books, said 
Eddington, is "to convey exact thought 
in inexact language." This is only partly 
true. Inexact language, while often un
avoidable, creates pitfalls of which the 
writer must warn the reader. It is 
essential that the writer not pretend 
that an exact thought has been con
veyed when it has not been. The well
known English philosopher Susan Stebb
ing made the charge against Eddington 
and Jeans that they repeatedly created 
the illusion of describing a set of cir
cumstances with precision where in fact 
they read into them their emotions, 
philosophical theories and religious 
predilections. 

Technical terms should be held to a 
minimum and where used carefully de
fined; on the other hand the writer ought 
certainly to avoid what Whitehead 
called "misty profundities," however 
easily they may go down. Well
chosen photographs, imaginative and 
skillfully executed diagrams, graphs, 
charts, cartoons are not only invaluable 
aids to instruction but help to offset the 
second-handedness of book learning by 

BOOKS 
The 50 years and the popularization of 
science: a listing of 20 good examples 

giving the eye the opportunity to substi
tute for the hand. Only a small begin
ning has been made in utilizing graphiC 
methods for the popularization of sci
ence. Lancelot Hogben is among those 
who have suggested new ways of using 
pictorial devices for communicating 
ideas; the illustrations in Mathematics 
for the Million, drawn by the English 
artist-journalist James F. Horrabin, are 
unsurpassed in their field. 

Hecently I. Bernard Cohen of Harvard 
called to my attention an interesting 
paper issued last year by UNESCO. It 
is "The Theory and Practice of Popular 
Science," by David S. Evans, a young 
Welsh astronomer now working at the 
Hadcliffe Observatory in South Africa. 
Evans divided popularizers of science 
into three main groups: the "commer
cial," the "axe-grinder" and the "flesh
creeper." His classification invites dis
cussion. 

The quality of a book is of course not 
reduced simply because its author writes 
it to sell; nor is a potboiler less a pot
boiler because it happens to catch the 
vogue. But it is not altogether an acci
dent that the great majority of the lead
ing works of popularization were written 
by scientists with some leisure and se
curity rather than by harassed journalists 
or other professional writers. 

In the case of axe-grinders the real 
question is whose axe is being ground. 
Every informed person objects to the 
"crank-theorists," the mystics and other 
hokum peddlers who turn the prestige of 
science to their special purposes. On the 
olher hand the popularizer who either 
fails to recognize the social importance 
of science or delicately avoids reference 
to it on the ground that it is controver-

sial, also does a disservice to his subject 
and his audience. (Several of the choices 
below, it must be admitted, exhibit this 
defect; I include them with apologies, 
trusting that their merit outweighs the 
defect.) One may lay it down as an 
axiom that intellectual enlightenment in 
science, as in other spheres of thought, 
must be informed by the liberal spirit. 
Culture has no value unless it be for 
action, action directed to social good. 
Whitehead, among others, has reminded 
us that knowledge for its own sake is not 
enough ; the curiosity spurring its acqui
sition is itself impelled by the funda
mental desire to extend man's control 
over nature. The spread of understand
ing not only of the material benefits of 
science but of the connection between 
science on the one hand and social, eco
nomic and political circumstances on the 
other, should be a primary objective of 
nontechnical writing for the general 
reader. The popularizer incapable of 
grasping this fact should turn his talents 
to the writing of chess books. 

Few popularizers are able entirely to 
resist the temptation to be flesh -creep
ers. Nor is the practice necessarily an 
evil-when used in moderation. Its pur
pose admittedly is to make the reader 
goggle by the use of striking analogies, 
prodigious figures and astonishing facts. 
The desired effect may be obtained by 
comparing the vastness of interstellar 
space or the minuteness of the atomic 
world with the dimensions with which 
the reader is familiar, or by references to 
the ominous equation E=mc2, or to the 
inexplicabilities of the social organiza
tion of ants, the concept of entropy, the 
strange habits of the platypus, the prin
ciple of indeterminacy or the homing 
instinct of pigeons. All this may enthrall 
the reader, but sometimes it also con
fuses him. 

Evans suggests that the practice stems 
from a lack of faith in scientific knowl
eJge itself. Writers think it necessary 
to add a touch of the terrifying, the mar
velous or the inscrutable to make the 
fare more palatable. But if in truth the 
instruments and insights of science lay 
open to view a most astonishing uni
verse, why should the popularizer refrain 
from so describing it? Why should he 
not be permitted the right to marvel and 
to share his wonderment? Herodotus was 
a brilliant popularizer of this kind; un
fortunately he was also a brilliant liar. 
Archimedes, in his famous letter to King 
Gelon about big numbers, showed him
self a flesh-creeper in the highest tradi-
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FOR THE ENJOYMENT OF THE AMATEUR IN 
EVERY SCIENTIST 

AND THE SCIENTIST IN EVERY AMATEUR 

Mathematical Snapshots 
By HUGO STEINHAUS 

Professor of the Calcllius of Probability and Mathematical Statistics, 
University and PolytechniclIl11 in WroclalV 

First published abroad in 1939, but out of print for years, 
this revised and enlarged edition of Mathematical Snapshots 
will delight every mathematician- amateur or specialist. An 
intriguingly unique book, it visualizes and explains mathemat
ical problems and tricks, from chess moves to tying knots. 
The problems involve maps, cutting a cake, an insect see�ing 
the shortest course, Mobius bands, soap bubbles, crystals, 
polyhedra and tessellations-and such practical problems as 
an ingenious rule for dividing an estate so that each heir 
receives more than he considers his share. Hundreds of such 
examples testify to the richness of thought and unexpected 
variety of things found in this book of "elementary mathe
matics." 250 Iinecuts, 45 halftones. $4.50 

What is Mathematics? 
By RICHARD COURANT and HERBERT ROBBINS. "A 
comprehensive and stimulating answer-the whole of mathe
matics is here encompassed ... It should be in the hands of 
everyone, professional or otherwise, who is interested in scien
tific thinking."-N. Y Times Book Review. Illustrated. $6.50 

An Introduction to Mathematics 
By ALFRED NORTH WHITEHEAD. One of the few con
temporary works that can be rightly called a classic. "Lucid 
and cogent ... a finely balanced mixture of knowledge and 
urbanity."-N. Y. Times Book Revielv. $2.00 

Introduction to Logic 
and to 'he Methodology of DedlfCli"e Sciences 

By ALFRED TARSKI. An elementary, clear account of the 
concepts of modern mathematical logic for the layman. "A 
work of exceptional merit." 

-Bulletin of the American Mathematical Society. $3.00 

The Mathematics of Great Amateurs 
By JULIAN LOWELL COOLIDGE. Sketches of the mathe
matical contributions of 16 amateurs-from Plato to Bolzano 
-who were principally known for some other activity. "An 
uncommonly interesting work-scholarly, readable, well illus
trated."-Scientific American. $4.50 

Theory of Atomic Nucleus 
and Nuclear Energy-Sources 

By G. GAMOW, George Washington University and C. L. 
CRITCHFIELD, University of Minnesota. This third, revised 
and enlarged edition devotes considerable space to thermonu
clear reactions and their application to cosmological problcms, 
making it the most adequate treatment of this class of prob
lems in existence. 5 halftones, 6 0  drawings. $8.00 

A t all bookstores 

OXFORD UNIVERSITY PRESS 
114 Fifth Avenue· New York 11 

tion; in the same class were Strabo, 
Pliny, Galileo, Laplace, Fontenelle, Hux
ley, Tyndall and, more recently, Wells, 
Fabre, Jeans, Eddington and Russell
to name only a few of an honorable 
company. 

When analogies are invoked they 
should be constructed carefully and used 
sparingly, for they can be tricky and 
misleading. Personal religious interpreta
tions or the reading of God or mind 
into nature are altogether out of place 
in a scientific popularization. Apart from 
the fact that such excursions snarl up the 
story, they take unfair advantage of the 
reader. He has the right to expect that 
a science book will be about science and 
that he will not be victimized by a ser
mon. Moreover there is the danger that 
he will accept as scientific truths opin
ions which are no more scientific and no 
more �'elated to truth than the author's 
opinions about a musical composition, 
a painting or a rare cheese. 

Certainly any literary, didactic or psy
chological artifice that supports the ex
position without unduly compromising 
its accuracy or carrying the odor of con
descension ought to be permissible, so 
long as it is made clear to the reader 
that he is an onlooker who sees only "the 
best of the game," with its complex 
rules, drudgery, fumbles and mistakes 
artfully concealed. The touchstone of an 
effective exposition is whether it enables 
the reader to share in some small meas
ure the incomparable experience of 
tackling hard problems and discovering 
their solution. There are three books 
that come to mind as particularly illu
minating, each from a different stand
point, on the nature of scientific research 
and the conditions of scientific progress. 
They are Michael Faraday's Researches 
in Expel'imental Electdcity, a superb 
working journal which describes how 
a great experimenter went about- his 
business; Herbert Butterfield's The 
Origins of Modem Science, reviewed in 
the July issue of SCIENTIFIC AMERICAN, 
and William Dampier's elegant little 
anthology, Cambl'idge Readings in Sci
ence, a superior achievement in con
densation and selection. 

Some contend that there are subjects 
which cannot be popularized. Evans 
places the theory of relativity and other 
cosmological speculations in this class, 
either because of their complexity "or 
because they have acquired connotations 
in the public mind which will almost 
automatically bring in mystiCism and 
confusion." I am not convinced that any 
subject is too difficult to be made acces
sible to the general reader. Of course, 
a complex scientific idea cannot be ex
plained until it has been mastered suf
ficiently to permit its translation into 
familiar terms. No one has yet succeeded 
in popularizing Einstein's field theory; 
nor for that matter is there a wholly 
satisfactory general account either of 

, relativity or of the much earlier electro-
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You are invited to become a Life of Science Associate 
-and participate in an exciting cultural adventure 

HERE IS YOUR CHANCE TO TAKE PART IN A NEW CULTURAL READING PROJECT 

THAT REVEALS THE DRAMATIC ROLE OF SCIENCE THROUGHOUT HISTORY! 

LIFE OF SCIENCE LI RARY 
TODA Y'S outstanding scientists and educators believe that the history 

of science is the important new key to the understanding of how man 
reached his present status-intellectually, socially, culturally. Obviously 

today's world is completely dominated by science. Hence, thoughtful scientists 
believe that the part science has played in the growth of civilization is as im
portant today as art and reIigjon were in the Renaissance. Heretofore, few 
books were available on historical science, the vital stories behind, great men 
and their discoveries. That is why I have 
launched· the LIFE OF SCIENCE LI· 
BRARY -which will eventually include 
some 100 volumes-to show the intelligent, 
interested reader how this field has in· 
fluenced our thinking, culture, and life. 

Fas(in�'ing reading 

Now you can have books you have always 
wanted but either could not find--or could 
never afford. The books in the LIFE OF 

'SCIENCE LIBRARY are of two kinds: 
personal biographies of the colorful figures 
who have done so much for our progress; 
readable histories of the major fields of 
scientific endeavor. 

A distinguished advisory board 

Some of America's leading scientists and 
educators are advisors of the LIFE OF 
SCIENCE LIBRARY. Men like Harlow 
Shapley, Director of the Harvard College 
Observatory; Lyman Bryson, Counsellor 
on Public Affairs, Columbia Broadcasting 
System; Linus Pauling, Past President of 
the American Chemical Society-all share 
the great experience that can be yours as 
an Associate of the LIFE OF SCIENCE 
LIBRARY. 

Interesting subiecfs for everyone 

Everyone who has discovered the LIFE OF 

SCIENCE LIBRARY-including many
' 
top 

scientists-has found the selections con· 
tinuously exciting and lasting. Specialists 
have broadened their horizons and learned 
more about allied subjects. Teachers and 
students have found them valuable. Above 
all, perhaps, readers have found that these 
books give them a better and broader un· 
derstanding of how today's world depends 
on yesterday's discoveries. 

Become an Associate todoy! 
Your advantages as an Associate of this 
reading group: 
1. Every two months you receive notice of 
the next two books in the series. You may 
substitute others--or take none at all. You 
agree only to take six books within a year 
out of the many either published or forth· 
coming. 
2. These books, which sell at an average 
price of 53.75, are yours for only $2.85 
plus a few cen,ts postage. 
3. I will send you a free copy of Amiflble 
Alltocrat, the magnificent biography of 
Oliver Wendell Holmes (list price $5.00) 
as a token of "welcome." 
4. For each six books that you take, you 
will receive another book free of charge. 
I am confident that among the Life of 
Science Books published and forthcoming 

Begin your Association with these two great books-
Our keynote volume in the 
Li/e 0/ Science Library 

THE LIFE OF SCIENCE: 

ESJays in the History 0/ 
Civilization by Dr. George 
Sartoo, Harvard University. 
(List price, S3.00.) Bril· 

liant essays that bring to 
life scientists, philosophers, 
historians and their roles in 
the dramatic evolution of 
science. "So full of charm, 
accuracy and stimulation as 
to defy concrete, controlled 
criticism."-N. Y. Herald 
Tribune. 

THE ALCHEMISTS: 

FOllnders 0/ Modern Chem· 
istry by F. Sherwood Taylor. 
(List price, $4.00.) The 

whole fascinating story of 
a successful failure. man's 
attempt through 2500 years 
to transmute baser metals 
into gold or silver-a quest 
that led to some of the key 
d i s c o v e r i e s of m o d e r n  
science, 50 ill us. "Readable, 
r e w a r d i n g ,  w e l l-d o c u
mented." - Scientific Mo. 

0, make your se'ection from these fine books, for only $2.85 each: 

SUN, STAND THOU STILL: Tbe Life of Co/Jemi. lucid, careful popularization." - S"lurduy Re. (US the Astronomer by Angus Armitage. "The view 0/ Li/era/ure. List, $4.00. most readable book in the hiscory of astronomy to appear in some years."-Sky a'ld Telescope. III. list, $3. 

FRANCIS BACON: Philosopher 0/ Industrial Science by Benjamin Farrington. "Brilliant. His· 
����e;;.

i,t.�N� �n:Pfi�:I��: LTs�.a$i��o. for modern 

SCIENTISTS AND AMATEURS: A History 0/ the 
Royal Sode/y by Dorothy Stimson. "A gem of 

JAMES WAn and Ibe Hislory of Ste'/ln Power 
by Ivor B. Harc "Hiscory as it should be wri[(en� but seldom is."-Hart/ord COllrmll. Ill. List, $4. 
GOETHE AS A SCIENTIST by Rudolph Magnus. 
"A wonde:ful picture of Goethe's scientific activities."-l!avelock Ellis. III. list, $3.50. 
HARVEY CUSHING: Surgeon Allibor, Arlist by 
Elizabeih H. Thomson. An absorbing biography 
of the pioneer brain surgeon. HI. List, $4. 

you will find at least six books that you 
would regret having missed. To become an 
Associate, fill out the coupon below and 
return it to me. Amiable Alltocral will be 
sent to you immediately, FREE, together 
with your first two selections. 

Henry Schuman, Director 
Life of Science Library 

FREE to new 

Associates of the 

L I  FE 

OF S CI E N CE 

L IBR A RY 

AMI ABLE AUTOCRAT: A Biography 0/ 
Dr. Oliver We .. dell Holmes by Eleanor M. 
Tilton. Medical pioneer. poet, wit. Boston 
Brahmin-here is the enthralling story of a 
colorful figure of science of the 19th century. 
Most people remember Holmes as the "Auto· 
crat of the Breakfast Table," but medical 
history is forever indebted to his studies of 
intermittent fever, anesthesia, childbed 
fever. "No more delightful reading can be 
found"-Dorothy Canfield Fisher 

�----� -----�---
I Henry Schuman, Director 599 

I life of Science library. 

I 20 E. 70th St., N. Y. 21 

I �IFasSCIEN�EmLI�RAnR¢�sIci��d�:st��d L��a� 
I being an Associate entitles me to receive a free 

� 
copy of Ami(lble AII/oCrtl! (list price $5.00) and to receive the Life of Science books at only $2.85 plus postage. instead of list price. 

I You will send me descriptions of two books every two months. I may reject any books or Ii substitute others. I agree to take a total of six 
• �eoc�7�e �itt�� bo�k.r. For each six more I will 
,- Send as my first two selections The Life 0/ I Science and The Alchemists 0 check here. OR. 
• send me the following as my hrst two selections • -and bill me later. 

� 
1. . .. 
2 . .  

I Name 
I Street ......... .................. _ 
! City ........................................ .zone . ............... State ....... . 
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��The best anthology 
of contemporary 
scientific monographs 
available in any 
language. " 

-New York Times 

S�IENtE IN 
PROGRESS 

Edited by 
GEORGE A. BAITS ELL 

A DISTINGUISHED, lively 

series covering the latest discov

eries in science. Invaluable to 

every scientist and layman who 

needs to keep informed. 

THE FIRST BOOK was issued 

in 1939 and included such articles 

as" Atoms, New and Old, E. O. 
Lawrence; The Separation 0/ Iso· 

topes and Their Use in Chemistry 

and Biology, Harold C. Urey; 

and Vitamins and Hormones, 

Karl E. Mason. 

SINCE THEN the series, based 

largely on the National Sigma Xi 

Lectures, has grown to six vol· 

urnes, 'the latest containing arti· 

cles on: From X Rays to Nuclear 

Fission, H. D. Smyth; Virus Re· 

search: Achievement and Prom· 

ise, W. M. Stanley; and Modern 

Soil Science, Charles E. Kellogg. 

ALL VOLUMES are illustrated. 

The first four are $4.00 each, the 

last two, $5.00. We invite you to 

send for a descriptive brochure 

for more information on each 

book in the series. 

magnetic theory of James Clerk Max
well. Yet when I see how successfully 
my oId teacher Edward Kasner of Co
lumbia University, one of the world's 
leading mathematicians, explains the 
concept of infinity and other advanced 
mathematical concepts to children of 
kindergarten age, I dismiss all doubts 
as to limitations of subject matter. 

Difficult subjects can be explained if 
those with the necessary knowledge and 
a gift for popularization, scientists espe
cially, think the job worth doing. We 
live in an age when it becomes increas
ingly obvious that the job needs to be 
done, and that the range of subjects 
must be expanded steadily. I see no 
pressing need for a popular account of 
Lebesgue integration or the ergodic hy
pothesis, on which the public is not well 
informed. On the other hand, concern
ing certain other matters no less difficult 
£0 comprehend, such as mass-energy 
equivalence, neutrons, capture cross-sec
tions and tritium, there seem to be more 
interested and knowledgeable persons 
than Dr. Smyth could have dreamed of 
five years ago or than the Atomic Energy 
Commission apparently dares contem
plate. 

Mysticism and confusion need not 
invariably follow in the train of popular 
cosmology. There is, to be sure, a steady 
hunger for irrationalism. The more af
Hicted and uncertain. the times, the 
greater the appetite, and there is always 
a du Nouy or a Velikovsky to satisfy it. 
But it would be most unfortunate if the 
rational treatment of complex subjects 
were to be frightened off by the best
seller standing of claptrap. 

I recommend the works in the follow
ing list as good books, some of them ex
cellent, but I do not mean to suggest 
that they are the only good books in their 
field. I am painfully aware of many omis
sions and no doubt unaware of others of 
equal importance. I have confined my
self almost exclusively to American and 
English books. My list is pitifully in
adequate as regards the social sciences; 
it is purposely overloaded on the subject 
of scientific method, which is less popu
larly attended to yet more important 
than any of the individual sciences. I 
regret having had to neglect anthro
pology, geology, biochemistry and some 
other major areas in science. 

Ernest Nagel has suggested to me that 
the leading popular-science books might 
appropriately be divided into three 
classes : 1 )  those of intrinsic merit but 
small influence; 2) those of small merit 
but considerable influence; 3) those 
both excellent and influential. The first 
and third categories are here well repre
sented; the second has deliberately been 
omitted. There will be differences of 
view, of course, as to how soundly this 
sound principle has been applied. The 
books in the list are arranged not in any 
ranking but in the alphabetical order of 
the authors' names. From all of them I 
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have derived "fruitful entertainment and 
agreeable recreation." 

jVIATHEMATICAL RECREATIONS AND Es
SAYS, by W. W. Rouse Ball. The Mac
millan Company. First edition 1892; 
eleventh edition, revised by H. S. M. 
Coxeter, 1939. 
A modern classic packed with infor

mation on such matters as games, arith
metical and geometrical recreations, 
chessboard recreatjons, magic squares, 
map coloring, mazes, Kirkman's school
girls' problem, calculating prodigies, 
cryptography and cryptoanalysis. Prop
erly speaking, the work belongs to the 
19th century, but it can be included 
here by grace of Professor Coxeter's able 
revision (though I cannot forgive him 
for omitting the fascinating chapter on 
Strong Figures that appeared in earlier 
editions) . In the same field I recommend 
for its excellent illustrations also Hugo 
Steinhaus' Mathematical Snapshots, soon 
to be reissued by the Oxford University 
Press, and the admirable German study 
by Wilhelm Ahrens, Mathematische Un
terhaltungen und Spiele. Ball's work ex
emplifies Leibnitz' famous comment: 
"Men are never more ingenious than in 
the invention of games; the spirit there 
finds itself wholly at ease." 

MEN OF MATHEMATICS, by Eric T. Bell. 
Simon and Schuster, 1937. 
For all its limitations, which are not 

negligible, this collection of biographies 
of leading mathematicians is of interest 
to anyone who enjoys delving into the 
history and development of the queen of 
the sciences. On the biographical side it 
is only rarely an original study, Bell 
having drawn heavily on the work of 
others; a number of its anecdotes are of 
doubtful authenticity and specialists 
have found not a few errors in details; 
the author's penchant for debunking and 
the form of racy journalism to which he 
is addicted wear a little thin after six- or 
seven-hundred pages. Nonetheless this is 
a highly readable, entertaining book, in
dependent in outlook, and Professor 
Bell's popularization of the various 
phases of mathematics from elementary 
geometry and algebra through Riemann 
surfaces and groups is masterly. Many 
fine portrait plates and diagrams. 

THE MIND OF PRIMITIVE MAN, by Franz 
Boas. The Macmillan Company. First 
edition 1911; latest edition 1938. 
A distinguished pioneering work dem

onstrating the theses, still not widely 
comprehended today, that there is no 
fundamental difference in the way of 
thinking of primitive and civilized man, 
that there is no connection between race 
and personality, that the concept of 
racial type as commonly used is mislead
ing and requires logical and biological 
redefinition, that several races have con
tributed to our civilization, that the rise 
and long dominance of the Old \;Yorld 
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Andrew W. Kramer, 1945, cloth, 41h1/ 
x 81/, 340 pages. Price $2.00. 
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Instruments by James Spencer, 1949, 
cloth, 41h1/ x 81/, 90 pages. Price $ 1.50. 
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press.) 
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, When there are topnotch Science Fiction 
writers like these to choose from 

RAY BRADBURY 
THE MARTIAN CHRONICLES 

"Right at the moment the biggest name 
in science fiction is Ray Bradbury • • .  
THE MARTIAN CHRONICLES is a 
book to delight not only the science fic
tion fan but every general reader who 
can enjoy watching a master of the short 
story use the perspective of the future," 
-ANTHONY BOUCHER, Chi, Sun Times. 

"Certainly the best book of science 
fiction of this or any other recent year." 
--AUGUST DERLETH. $2.50 

NELSON BOND � 
LANCE LOT BIGGS:�t'l--

,
�' , ' 

� ' " SPACEMAN ' ' > . -=-'. , 
The first book all about the tri- ��'� 'l� 
umphant bungler of the space-

; , ' 
ways, the mate of the space 
lugger Sat1lrn. "First find the ,-' 

theory," is Lancelot's mOtto. 
even when theory has catas- � 
trophe right behind it! 

Just published, 52.50 

ISAAC ASIMOV 
PEBBLE IN THE SKY 
"Excellent; one of the few really ma
ture and profeSSional jobs available." 
-1. SPRAGUE DE CAMP $2.50 

ROBT. A. HEINLEIN 
author of DeJJillalio1J, Mooll 

!lALD'O and MAGIC, INC. 
Two complete novelettes - classics 
both. "Straight fantasy ... highly rec
ommended." 
-Astoundillg 5cimce Ficti011 $2.50 

HAL CLEMENT 
NEEDLE A symbiote hunter tracks 
down his prey hidden in one of 2,000,-
000,000 possible human hosts! 52.50 

MAX EHRLICH 
THE BIG EYE How peace came to 
the world-at a frightening price. 52.50 !9 At all booksellers 

or postpaid from 
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were due to chance and not the superi
ority of any one race, that neither cul
tural achievement nor outer appearance 
is a safe basis on which to judge the 
mental aptitude of the different races. 
The book is written with clarity and in 
a quiet tone that intensifies the force and 
significance of its argument. 

Among the popularizations of aI.1thro
pology another book that must be men
tioned is Patterns of CttltttTe, by the late 
Ruth Benedict, one of Boas' noted pupils. 
Her study, dealing with the problem of 
understanding the meaning of a culture 
as a whole, examines three societies, each 
permeated by one dominant idea: the 
Pueblos of New Mexico, the Dobuans of 
the South Pacific and the K wakiutl In
dians of Vancouver Island. A celebrated 
section of Benedict's book describes the 
extent to which K wakiutl culture-with 
its cruelty, self-glorification, fanatical 
sense of property and encouragement to 
asserting one's superiority and humiliat
ing one's enemy by the most conspicuous 
forms of waste and self-destruction-is 
a parody of our own society. Also highly 
recommended in the fields of anthropol
ogy and sociology: William Graham 
Sumner's Folkways; Bronislaw Malinow
ski's The Sexual Life of Savages and 
Argonauts of the Western Pacific, Robert 
S. and Helen M. Lynd's brilliant study 
Middletown, William W. Howells' The 
Heathens, Ralph Linton's The Study of 
Man, Lewis Mumford's Technics and 
Civilization. 

WHAT Is SCIENCE?, by Norman Camp
bell. Methuen and Company Limited, 
London, 1921. 
A concise, lucid exposition by a British 

physicist who was comparatively un
known in the U. S. (he died last year). 
In his chapters on measurement, the use 
of mathematics, the explanation and dis
covery of scientific laws, Campbell gives 
a firsf-rate summary of the rules of 
science and the purpose and meaning of 
scientific method. This is not a book for 
semi-somnolent readers. Campbell's view 
was that "all experience shows that mere 
difficulties of thought are no bar to suc
cess in adult education; the enthusiasm 
of a leader is all that is necessary to sus
tain interest." Campbell was also the 
author of a remarkable original work on 
the foundation of modern physics called 
Physics, the Elements. 

THE WISDOM OF THE BODY, by Walter 
B. Cannon. W. W. Norton and Com
pany, 1932;,revised 1939. 
This work by the eminent Harvard 

scientist is one of the classics of exposi
tion in modern physiology. Its main 
theme is "homeostasis," i.e., the means by 
which that amazingly contradictory com
plex of durability and instability, the 
human body, keeps normal in spite of 
powerful disturbing forces. With great 
clarity Cannon describes how our bodies 
keep a constant supply of water, salt, 
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M o r g e n ste r n's 
Theory of Games 
and Economic Be
havior, it explains 
this theory in non
m a t h e m a t i c a l  

terms and describes its different ap
plications. The first part of the book is 
about poker, the game, for this, ac
cording to the theory, is the key to all 
strategic conflict. The second part 
describes the new game theory and its 
application to business. Part three 
describes the strategies of buyers and 
sellers. The fourth part concerns mili
tary strategy and other more general 
applications, including the probable 
strategy of atomic war. Included is 
a complete bibliography through the 
courtesy of Oskar Morgenstern. 

"Most interesting and instructive . . .  
Excellent. "-LT. GEN. J. E. HULL, 
Director, Weapons System Evaluation 
Group 

"Interesting and unusually well done ... 
Admirable ... Stimulating."-PROFES
SOR ERNEST NAGEL, Columbia Uni
versity 

"An entertaining presentation of some 
very important ideas,"-PROFESSOR 
LOUIS N. RIDENOUR, University of 
Illinois 

"Fascinating . . .  Important ... Mr. Os
born's illustrations are to the point and 
genuinely witty."-PROFESSOR NOR
BERT WEINER, Massachusetts Insti
tute of Technology 

At 0/1 booksfores. $2.50 
W. W. NORTON & CO_ 

101 Fifth Ave .. New York 3, N, Y. 

© 1950 SCIENTIFIC AMERICAN, INC



Announcing the first titles in a new series 
under the general editorship 0/ James Bryant 
Conant, President 0/ Harvard University. 

H a r v a r d  C a s e  
H i s t o r i e s  i n  

E x p e r i m e n t a l  
S c i e n c e  

Consisting primarily of direct quota· 
tions from the fundamental reports and 
writing s  o f  the scientists concerned, 
these detailed descriptions of signifi· 
cant episodes in the growth of experi· 
mental science will fascinate layman 
and scientist alike. 

ROBERT BOYLE
'

S EXPERIMENTS IN 

PNEUMATIC S .  Edited by James Bryant 
Conant. 70 pages. Paper covers . . . . . . . . .  $.90 

THE OVERT H R O W  OF THE PHLOGIS

TON THEORY. Edited by James Bryant 
Conant. 59 pages. Paper covers . . . . . . . . .  $.90 

THE EARLY DEVELOPMENT O F  THE 

C O N CEPTS OF HEAT AND TEM PERA

TURE. Edited by D u ane Roller. 106 
pages. Paper covers. . .  . . . . . . . . . . . .  $1 .25 

THE ATOMIC-MOLEC ULAR THEORY. 

By Leonard K. Nash. August.  Paper 
covers . . . . . . . . . . . . . . . . . . . . . . .  $ 1 .25 
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sations . Yes,  it 's  that easy 1 You learn to 
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sugar and protein, call for more of these 
substances when the supply is depleted, 
maintain a constant temperature, repair 
themselves after illness or injury, make 
antitoxins and generally keep function
ing despite their extreme sensitivity. 
For example : the sensory surface of the 
nose will detect one part of vanillin by 
weight in 10 million parts of air; the eye 
is sensitive to five trillionths of an erg 
of light energy-one 3 ,000th of the 
amount of light required to affect the 
most sensitive photographic plate. 

VVHAT HAPPENED IN HISTORY, by V. 
Gordon Childe. Penguin Books, Inc. , 
1946. 
An original, stimulating and attrac

tively written account of the record of 
mankind from Paleolithic times to the 
decline and fall of the ancient world. In 
this and other writings (e.g., Man Makes 
Himself, The Dawn of European Civili
zation, Prehistoric Communities in the 
British Isles), Childe not only makes 
available to the layman a fascinating sur
vey of prehistory and of man's making 
of himself but affords a brilliant example 
of scientific reasoning and reconstruc
tion in the difficult field of archaeology. 

INTRODUCTION TO LOGIC AND SCIENTIFIC 
METHOD, by Morris R. Cohen and 
Ernest Nagel. Harcourt, Brace and 
Company, 1934. 
"I envy the youth who sit at your feet" 

was the felicitation Justice Oliver Wen
dell Holmes sent to Morris Cohen on 
his 60th birthday. This work by Cohen 
and another distinguished American 
philosopher is a masterly textbook, but 
actually much more than a textbook. 
There are chapters on the scientific 
method, probability, the meaning of 
logic, formal logic, applied logic and re
lated topics. Together they present a 
conspectus of the rules of scientific 
thought comparable in quality and style 
to the notable studies by William Jevons 
and J. M. Keynes (the late Lord Keynes' 
father) in the last century. 

THE HORMONES IN HUMAN REPRODUC
TION, by George W. Corner. Princeton 
University Press, 1943. 
A world-famous embryologist gives a 

lucid account for the general reader of 
hormone function in the processes of sex 
and reproduction. An absorbing descrip
tion of an intricate and most important 
branch of biological imd medical re
search. Fine photographs and diagrams. 
In the related field of bioche,mistry I 
recommend The Stuff We're Made of, by 
W. o. Kermack and P. Eggleton, and 
Ernest Baldwin's Introduction to Com
parative Biochemistry. 

THE NATURE OF THE PHYSICAL WORLD, 
by Arthur S. Eddington. The Macmil
lan Company, 1937. 
At this date little needs to be said 

about this famous book, based on the 

* * *  
Through the Universe Via 

H A R VA R D  B O O K S  

O N  A S T R O N O M Y  
This series o f  8 books, edited by H arlow Shap
ley and Bart ] .  Bok, is based upon original in
vestigation by world known authorities. Written 

in a manner that will  delight and entertain the 
reader as well as impart facts, each volume de
scribes exhaustively the problems o f  a particu
lar field. Abundantly i llustrated throughout, the 
books contain many new and original photo
graphs o f  interest to both professional and ama
teuT astronomers. 

O U R  SUN by Donald Men:;el, the latest o f  the 
series, is  a dramatic and entertaining story of 
the sun and its effects upon the earth and human 
beings. 1 7 8 II Ius . ,  326 Pages-$4 . 5 0  

T E L E S C O P E S  A N D  A C C E S S O R I E S  by 
George D imitroff and lames Baker describes 
man's use o f  procedures and instruments of 
great power i n  analyzing the universe. 1 82 
I IIus. ,  3 0 9  Pages-$ 3 · 0 0  

BETW E E N  T H E  P LAN ETS by Fletcher Watson 
presents an exciting account of  comets, meteors, 
asteroids and meteorites, and their similarities 
and differences in structure, size and motion. 
1 0 6 Illus., 2 2 2  Pages-$ 3 . 0 0  

EARTH, M O O N  A N D  P LAN ETS by Fred 
W hippie describes planets and their atmospheres 
and discusses the possibilities of  life outside the 
earth. 1 40 I l lus . ,  293 Pages-$ 3 . 0 0  

T H E  STORY O F  VA R I A B L E  STARS by Leon 
Campbell and Luigi lacchia presents the technic 
o f  observation and analyzes what we know 
about variable stars. 8 2  II Ius. ,  226 Pages-$ 3 .00 

ATO MS, STARS A N D  N E B U LA E  by Leo Gold
berg and Lawrence A ller discusses single 
double, multiple, dwarf and giant, cool and hot 
2nd pulsating stars and some whose surface 
layers are suddenly wrenched away in cataclys
mic stellar explosions. 1 5 0 IIlus. , 3 2 3  Pages
$ 3 .00 

THE M I LKY WAY by Bart Bok and Priscilla 
Hoil summarizes our knowledge of the M ilky 
Way and its unsolved problems. 1 0 0  II lus . ,  224 
Pages-$3 . 0 0  

GALAX I E S  by Harlow Shapley discusses stars 
star clusters, and those distant external system� 
that resemble our own M ilky Way. 1 2 6 I I lus . ,  
229 Pages-$ 3 . 0 0  
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National Security 
And 

Scientific Progress 

"I n the name of security, the 
United States has restricted the 
interchange of ideas between 
one scientist  and a n o t h e r , "  
wr i t e s  Wa l t e r  G e l l h o r n  i n  
S E C U R I T Y, L O YA L I TY, 
AND SCIENCE. 

"Whatever be the gains from 
suppressing the normal flow of sci
entific data, the costs also must be 
weighed before the validity of the 
policy may be assessed fully," he 
continues . .  "It is arguable that the 
United Stat�s is purchasing securi
ty at the price of progress • . . 
American strength rests upon ad
vance rather than upon nervous 
hoarding of present scientific knowl
edge. If Fuch's treachery leads the 
American public to overlook that 
fact, this country will indeed have 
paid heavily for his faithlessness. 

"The costs of secrecy are high . • •  
We pay for s�crecy by slowing the 
rate of our scientific progress, now 
and in the future. This loss of mo
mentum may conceivably be disas
trous, for even from the strictly 
military point of view 'it is just as 
important for us to have some new 
secrets to keep as it is for us. to hold 
onto the old ones.' '' 

The above problems-and many 
more of equally vital importance to 
America's future-are realistically 
explored in this penetrating analy
sis of national security and its effect 
on scientific progress. $3 .00 

SECURITY 
LOYALTY 

AND SCIENCE 
By WALTER GELLHORN, 

Professor of Law, Columbia University 
CORNELL UNIVERSITY PRESS 

124 Roberts Place, Ithaca, New York 
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author's Gifford Lectures in 1927. ( I  
prefer his earlier Space, Time and Gravi
tation, but that is not a book for the gen
eral reader.) Susan Stebbing, to whom 
I have ah'eady referred, said of Edding
ton and Jeans in her brilliant polemic 
Philosophy and the Physicists: "Both 
these writers approach their task through 
an emotional fog; they present their 
views with an amount of personification 
and metaphor that reduces them to the 
level of revivalist preachers." This book 
of Eddington's nonetheless remains one 
of the notable modern works of scientific 
understanding, offering a superb survey 
of every fundamental concept of physi
cal science. Eddington clearly ranks 
ahead of Jeans, both as an original think
er and as a popularizer. But Jeans also 
has given us, in The Mysterious Uni
verse, The Stars in Theil' Courses, 
Thl'Ough Space and Time, exception
ally lucid accounts of astronomical and 
physical knowledge. Among other out
standing books in the heavily populated 
fields of physics and astronomy are Max 
Born's The Restless Universe, Sir Wil
liam Bragg's Concerning the Nature of 
Things and The Universe of Light, Sir 
C. V. Boys' Soap Bubbles (a delightful 
little work ) , Percy Bridgman's The Logic 
of Modern PhysiCS (difficult but good ) , 
H. Levy's The Universe of Science, 
Frederick Soddy's Matter and Energy, 
Bertrand Russell's The ABC of Atoms 
and The ABC of Relativity and Hans 
Thirring's The Ideas of Einstein's 
Theory. Russell's and Thirring's books 
on relativity are, in my judgment, the 
best of the many that have appeared 
on this subject. Finally, there is Louis 
de Broglie's masterpiece La Ph ysique 
Nouvelle et les Quanta; unfortunately 
it has not been translated. 

A GENERAL INTRODUCTION TO PSYCHO
ANALYSIS, by Sigmund Freud. Liver
ight Publishiing Company, 1935 . 
These renowned lectures delivered by 

Freud at the University of Vienna in 
1915-1917 are confined to three topics: 
psychopathology of everyday life, 
dreams and neuroses. I select them, 
rather than other writings of Freud or 
of those who came after him, for several 
reasons. First, in substance and style 
they are by far the best introduction to 
psychoanalysis, and afford a profound 
insight into the workings of Freud's 
mind. Second, they have had great in
fluence upon laymen as well as profes
sionals (though it must be granted that 
among' laymen Freud, like Marx, is a 
thinker much talked about but rarely 
read). Third, Freud, for all the narrow
ness and dogmatism of his theories, was 
so much the ablest exponent of psycho
analysis that the discipline he founded 
would almost certainly have expired had 
the defense against its detractors, second 
raters though most of them were, de
pended on the writings of the dreary 
pedantic gabblers and voluble medioc-

T h e  S i t u a t i o n  i n  
H i o l o g i c a l  S c i e n c e  

Here at last you can see and evaluate 
for you rself the a ctual scientific papers 
and discussions which started the in
ternational controversy aroun d the 
work oJ  Lysenko. 

This important volume provides 
American readers with the first com· 
plete stenographic report in  English of  
the 1948 session of  the Lenin Academy 
of  Agricultural Sciences at which 
Lysenko pre sented his thesis o n  genet· 
ics.  Its 640 pages contain ad dresses, 
papers and discussion by 50 scientists, 
representing varying points of  view o n  
t h e  inheritance o f  acquired character· 
istics. Divergent views are accompanied 
by experimental evidence, summing u p  
m a n y  years of scientific debate. 

640 pages $5.00 

Two  (� ('  e il t f I il S s i (' S 
b y  I VA N  P. PAl t O l  

CONDITIONED REFLEXES AND PSYCH IATRY 
"A richly rewarding venture char. 

acteristic of  the daring and scientific 
insi ght of  the truly great investiga. 
tor.  . . .  Here we find discussions on 
the physiology o f  the hi gher nerv. 
ous activity, experimental neuroses, 
hum an and animal neuroses, physi. 
ological basis o f  the symp toms of 
h y s t e r i a . " -A m erican Journal of 
Psychiatry. $4.00 
LECTURES ON C ONDITIONED REFLEXES 

"Professor Pavlov's work on COl1� 
ditioned reflexes will endure a s  one 
of the m o st important c o ntributions 
yet made to  modern nervous system 
psychology."-Dr. Dean A. Clark, 
Phipps Psychiatric Clinic, Johns 
Hopkins Hospital. $4.00 

H o w  M a n  lI i s vo v e l' e d  
H i s  Hody  

b y  Suretl. R .  Rietlll/.un 
"Cleverly illustrated . . .  enter

taining history o f  physiology 
written by an authority." Pea· 
botly Journal of Etlucation. Hal" 
vey's investigation of  the circula· 
tion of  the blood, Pavlov's ex· 
periments with co nditioned reo 
flexes, Banting's discovery of  in
sulin-these great events and 
many others are described with a 
wealth of fascinating detail. $2.25 
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rities who with variations claim to be his 
disciples. This is not to deny that psycho
analysis has been considerably enriched 
by the work of a few men in the last 
quarter-century. 

EXPLAINING THE ATOM, by Selig Hecht. 
Viking Press, 1947. 
An enlightened book by the late bio

physicist of Columbia University. Hecht 
was a clear thinker and wrote with pre
cision, wit and sincerity. I suggest as 
close competitors E. N. da C. Andrade's 
The Atom and its Energy and Thirring's 
Die Geschichte deT Atombombe. 

THE PRINCIPLES OF PSYCHOLOGY, by 
William James. Henry Holt and Com
pany, 1890. 
This is one of the great psychology 

textbooks, but it was necessary to make 
a foray into the 19th century to find it. 
I was unable to uncover a modern book 
on psychology of comparable quality, 
i .e . ,  relatively jargon-free, rea.dable, 
stimulating and wholly within the grasp 
of the common reader. The distinction 
and modernity of this work lies in its 
adherence to the viewpoint of natural 
science. James was among the first to 
reject the metaphysical and adopt the 
positivistic approach to mental phe. 
nomena. I suggest also his Varieties of 
ReligiOUS Experience, a wonderful study 
of human behavior, and his Psychology, 
a human, witty, delightful work. 

Karl Menninger's The Hum an Mind, 
a popular study of personality with em
phasis on . psychiatry, is well written, 
temperate and enlightening. Other basic 
books in the field of psychology that can 
be recommended are R. M. Hart's The 
Psychology of insanity and John Dewey's 
How We Think. 

THE NATURE OF MATHEMATICS, by P. 
E. B. Jourdain. Published by T. C. 
and E. C.  Tack, London, 1912, and 
Dodge pubiishing Company. 
"The purpose of this little volume," 

says the author, "is not to give-like a 
textbook-a collection of ' mathematical 
methods and examples, but to do, firstly, 
what textbooks do not do; to show how 
and why these methods grew up." A 
book of 90 pages which cost only six
pence (in a regular binding ) when it 
appeared - eheu fugaces! - this is the 
best primer I have read. Jourdain was a 
talented mathematician and logician, 
with wit, a clear style and a genuine 
feeling for popularization. Other attrac
tive books include Whitehead's I ntTO
duction to Mathematics, E. C. Titch
rnarsh's Mathem atics for the General 
Reader, J. E. Littlewood's A Skeleton 
Key to Algebra; Richard Courant's and 
Herbert Robbins' What Is Mathematics? 
(somewhat advanced but an exceptional 
text ) ; Lancelot Hogben's Mathematics 
for the Million (good, but not as good 
as its reputation ) ;  Edward Kasner's and 
Tames Newman's Mathematics and the 

Secret 
BY MICHAEL AMRINE 
A novel of a physicist who 
worked on the Atomic bomb, 
knowing what he was bui ld
ing,  maturing as h e  worked 
into the rea l i zation that for 
him this was the point of no 
return, that one bomb must 
beget  another,  that the fra
ternity of  scienti sts would be 
spl it  i n t o  nat ional  fragments, 
that l oya l ty must h enceforth 
have a h u ndred facets . 

This  is a very human story 
of a man in a world he u n ·  
wi l l i ng l y  made;  i n  a n  a g e  
when conscience i s  put t o  
p u b l i c  tr i a l .  53 .00 
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suasive book, basing h i s  dis· 
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h u m a n  brawn w i t h  mechani 
cal  power,  so a n  emerging 
revo l u t i o n,  based o n  the new 
science o f  Cybernetics,  w i l l  
s u b s t i t u t e  a u t o m a t i c  c o m 
m u nicat ion a n d  control  for 
m a ny previously human func
t ions .  
This  i s  the ranging book of a 
p h i l osopher of science,  a 
start l i ngly e n l ightening orien
tat ion o f  o u r  thought on com
m u n i cat ion i n  al l  o f  i ts  
usual ly unrecognized forms 
that  so w i d e l y  govern our 
daily l ives.  53 .00 
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Pl ease se'nd me . . . . . . . . . . . . .  cop . .  
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Wiener a t  $3 .00 
Address 

Houghton .Mimin Co . •  2 Park  51 . ,  Boston .  M a ss.  

1 05 

© 1950 SCIENTIFIC AMERICAN, INC



By R. S. Kershner, .  The Johns Hopkins University 
L. R. Wilcox, I llinois Institute of Technology 

T H I S  i nteresti n g  b o o k  i n troduces the 
reader to the methods and ideas that per
vade modern mathematical research. It is 
for the man or woman who does not 
necessarily possess a mathematical back
ground, and who wishes to learn the i nti
mate structure of mathematical theories. 
The axiomatic method is presented · pri
marily by example so the reader 'can gain 
a thorough understanding by contact with 
the subject. Many ideas and propositions 
generally assumed simple and taken for 
granted - those pertai n i n g  to positive 
i n tegers,  extended operations, inductive 
definition - are treated fully and proved 
with completeness. 420 pages, $6.00 

\.ElECTRIJNICS .; 
By Ralph R. Wright, Virginia Polytechnic Institute 

A WORTHY contribution to any up-to 
date scientific library. A clear presentation 
of electron tubes and their application in 
the fields of communication and industry. 
It is a factual introduction to the cardinal 
theories of electronics and how they may 
be applied to control or facilitate industrial 
processes. $5.50 

flHYlICflJEllS WHY 
By Overton Luh�Iate of Union College 

W H ETHER your interest is in photog
raphy, radio, shopwork or music, an under
standing of physics today will help you 
understand your subject better. The vol
ume will increase your intellectual en joy
ment of the natural phenomena around 
you. "This is a unique book . . . Here the 
layman will find scientific explanations of 
the things he sees happening around him 

�::uri::';���';�'i:::::;; 
By Oliver J ustin Lee, Professor Emer itus, 

Northwestern University 

HOW do scientists measure one-trillionth 
of · a n  inch - the inner vastness of an atom 
-the outer vastness of space? A distin
guished astronomer tells you in this book. 
what scientists know about distances, and 
how they know it. "A fine basic history 
of the science of measurement is offered 
the general public in 'M easuring Our 
Universe'." -Philadelphia Daily News. "Pro
fessor Lee breaks the technicalities gently 
to the reader and displays a talent for 
making the dark ways of science plain." 
-Chicago Sunday Tribune. $3 .00 

Order on examination. Money refunded 
if books returned in five days. 
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Imagination (primarily concerned with 
the higher branches); Tobias Dantzig's 
Number, the Language of Science, and 
of course G. H. Hardy's A Mathemati
cian's Apology. 

THE FOUNDA'1;"IONS OF SCIENCE, by Henri 
Poincare. Science Press, 1913. 
A magnificent book by one of the 

giants of mathematical physics. Many 
of the essays are out of the general 
reader's reach, but there are several, 
including the famous chapter called 
"Mathematical Creation," which are 
comparatively nontechnical and of 
rare originality and lucidity. Poincare 
presents absorbing discussions of num
ber, space, mathematical reasoning, prob
ability and the value of science. Also 
highly recommended, though somewhat 
dated, is Karl Pearson's Grammar of 
Science. 

THE SCIENTIFIC OUTLOOK, by Bertrand 
Russell. Allen and Unwin, London, 
1931. 
It is hard to make a choice among 

Russell's popularizations-there are so. 
many good ones. To the one selected 
here and the ABC books, already men
tioned, I would add Mysticism and Logic, 
the Outline of Philosophy and, for more 
intrepid amateurs, Introduction to Mathe
matical Philosophy. The Scientific Out
look, though less well known, is an ex
cellent example of Russell's style and his 
power and fertility as a thinker. It is gay, 
disrespectful and penetrating in its dis
cussions of scientific knowledge, scientific 
technique and the "scientific society." 

You AND HEREDITY, by Amram Schein
feld. Frederick A. Stokes & Co. ,  Inc. , 
1939; Garden City Publishing Com
pany, 1945. 
An unpretentious, straightforward ac

count of the complex subject of genetics 
written by a layman "looking into the 
laboratory." For the nonspecialist it 
seems the most satisfactory treatment 
that has yet appeared. Good plates, dia
grams and tables. The nature-nurture 
problem is presented exceedingly well in 
Heredity, Race and SOCiety, by two lead
ing geneticists, L. C. Dunn and Theo
dosius Dobzhansky, in the valuable 
Penguin series. 

CREATIVE CHEMISTRY, by Edwin E. 
Slosson. The Century Company, 1919. 
A lively, informative work which, 

though far from up to date, is still the 
classic among popular chemistry books. 
Worthy competitors-and more recent
are This Chem ical Age, by William 
Haynes, and The Romance of Chem
istry, by William Foster. Bernard Jaffe's 
Crucibles is a very interesting story of 
the lives of the great chemists. Prelude 
to Chem istry by John Read is an attrac
tive historical survey by a talented writer 
and scientist. He has also written a more 
specialized but readable introduction to 

Illustrations From His Works 
J. B. d e C .  M .  S a u n d e r s  a n d  
Charles D .  O ' Mal ley,  Editors 

"Never before translated from 
the Latin, this volume repre
sents an important event in 
the history of medicine; the 
presentation in an easily avail
able form of a great medical 
classic, together with a fine 
biography of the a uthor ( in  
this  c a s e  o n e  o f  t h e  m o s t  
colorful figures of t h e  entire 
Renaissance period ) .  It is a 
scholarly work and a beautiful 
one, the anatomical drawings 
p r i n t e d  f r o m  plates  made 
d i re c t l y  from t h e  o riginal  
woodcuts of the first Fabrica. 
In its pages, Renaissance med
icine and science come to life 
and h istory takes on for every 
reader the living character 
which scholars have always 
f o u n d  i n  i t. "  -1rank Q. 
Slaughter, :N. Y. Ji",es Book Review 

All of the illustrations from att of Vesalius' works 
9" x 1 2" • 276 p ages . 96 full-page plates . $ 10  
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organic chemistry, A Direct Entry to 
Organic Chemistry, which in 1949 won 
a large Italian prize for the best work 
of popular science in the past five years. 

THE SCIENCE OF LIFE, by H. G. Wells, 
Julian Huxley and G. P. Wells. 
Doubleday and Company, 1934. 
A comprehensive work of 1,500 pages 

dealing with almost every phase of the 
life sciences. Clearly and attractively 
written, profusely illustrated, this is an 
extraordinary panorama of biology, anal
ogous, in the sphere of science, to Wells' 
Outline of History. As a tiny but worthy 
companion to this tome I suggest Erwin 
Schrodinger's intriguing What Is Life? 
There is also the popular What Is Life 
(sic !) by the noted geneticist J. B. S. 
Haldane. Unquestionably the best gen
eral book on evolution, consistently ra
tional in outlook and lucid in style, is 
The Meaning of Evolution, by George 
Gaylord Simpson, based on the Terry 
Lectures delivered by this noted paleon
tologist in 1949. And I cannot leave this 
subject without mentioning the fascinat
ing, encyclopaedic On Growth and 
Form, by the late D'Arcy Wentworth 
Thompson, a lavishly illustrated study 
of the forms of living organisms, their 
development and the remarkable geom
etry and algebraic functions which 
govern their growth. This is a book of 
endless riches by a distinguished scien
tist and classicist. 

SCIENCE AND THE MODERN WORLD, by 
Alfred North Whitehead. The Mac
millan Company, 1925. 
One of the outstanding and most in

fluential works of modern thought. It 
discusses, among other things, mathe
matics as an element in the history of 
thought, the origins of modern science, 
science and philosophy, religion and 
science, the requisites for social progress. 
The key to the book is the sense of the 
overwhelming importance of a guiding 
philosophy. Whitehead's concept of 
philosophy as the most effective of all 
intellectual pursuits is expressed in the 
famous passage : "It builds cathedrals 
before the workmen have moved a stone, 
and it destroys them before the elements 
have worn down their arches. It is the 
architect of the buildings of the spirit, 
and it is also their solvent . . . .  " 

A HISTORY OF SCIENCE, by William Cecil 
Dampier. The Macmillan Company, 
1944. 
The best one-volume general chron

icle of science, notable for its readability, 
clarity and scope. It emphasizes through
out the evolving relations between 
science, philosophy and religion. It 
should be pointed out, however, that the 
book's treatment of the ancient period, 
especially of Babylonian and early Greek 
science, has been criticized by experts 
as inadequate and is undoubtedly in
ferior to its exposition of later periods. 

L ogical Positivism 
explained 

MODERN SCIENCE 
aDd its PHILOSOPHY 

BY PHILIPP FRANK 

The best possible account of the 
general intellectual evolution th at h a s  
taken place d uring t h e  last forty 

years among the scientists most vital
ly concerned with the philosophical 

aspects of science. $4.50 

S O M E  E A R L Y  T O O L S  O F  
A M E R I C A N  S C I E N C E  

B Y  I .  BERNARD C O H E N  

Shows Harvard's lively interest in 
science d uring Colonial and early 
Federal times. 

32 pages of illustrations, $4. 75 

METHODS IN 
CLIMATOLOGY 

Second Edition, Revised and En

larged, Including SOnte Methods 

in General Geophysics 

BY V. CONRAD AND L. W .  POLLAK 

This invaluable work, extensively re

vised, is the only book that shows 
how to start from observation al m a
terials and arrive at a quantitative 
description of a climate. It presents 
fund amentals of mathematical statis

tics used in solving climatological 
problems, discu sses mech anical aids 
to computation in h andling large 
numbers of observations, and treats 
exact methods for discovering hidden 
periodicities and testing the results 
obtained. xxviii + 459 pages, 1 1 5  fig
ures, 101 tables $7.50 

At all bookstores, or 

H A R V A R D  
UNIVERSITY PRESS 
Cambridge 38,  Massachusetts 
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Ink will print anything, 
so my foreman once told me. 

But what better way than 
the printed word to say thanks to 
our many friends? Sincere thanks 
because no one knows better than 
I that our excellent reputation in 
the optical world is in no small 
way due to the wonderful things 
our friends have said about the 
work we do. And their recom
mendations have brought A. D. 
Jones Optical Works more cus
tomers (who in turn have be
come friends) than I would care 
to count. 

Point is this: If you are not 
acquainted with our services and 
products-and if you require 
glass, fused-quartz, natural crys
tal, sapphire, fluorite or sodium 
chloride to optical specifications 
-revert to ink and write. 

A. D. Jones, President 
A. D.Jones Optical Works 
CAMBRIDGE 40, MASS. 

Conducted by Albert G. Ingalls 

T
HERE is a great deal of truth in 
the cliche that the day of significant 
contributions by amateurs in sci

ence has passed, but it is probably less 
true in astronomy than in most other 
sciences. In astronomy, perhaps more 
than in any other field, the dividing line 
between the amateur and the profes
sional is still rather thin and hard to de
fine. Amateurs and professionals hob
nob in the same organizations, work on 
some of the sllme kinds of problems and 
often are equally innocent of remunera
tion for their work, or vice versa. It is 
also a fact that amateurs have made 
many important contributions to astro
nomical knowledge in the past ha1£
century. Nearly everything we know 
about the moon's surface and that of the 
planet Jupiter is due to the work of ama
teur observers; they have also been re
sponsible for the discovery of many 
comets, meteor showers and novae. In 
addition, as regular readers of this de
partment know, amateurs have contri
buted in no small way to telescope op
tics, astronomy's servant. 

The history of amateur astronomy is 
summed up in the history of a few ama
teur societies. One of the earliest was the 
Astronomical Society of France, founded 
in 1887. It set a pattern for such organi
zations by admitting professionals as 
well as amateurs; it now has several 
thousand members. In 1889 a group 
of professionals and amateurs in the 
Pacific Coast States organized the Astro
nomical Society of the Pacific. This 
society became increasingly professional, 
however, and today its 800 members in
clude many specialists, and its journal, 
called The Publications, is largely tech
nical. 

The most active and serious-minded 
of the amateur groups is the British 
Astronomical Association, founded in 
] 890. From the outset it carried on or
ganized, systematic observations. With
in 10 years of its founding it had 1, 169 
members and had already published 32 
"memoirs" on the sun, planets and moon, 
with many detailed drawings of sunspots 
and planetary and lunar features. Today 

THE AMATEUR 
its 1,800 members are divided into more 
than a dozen working sections, each 
specializing in a particular investigation 
such as the sun, the moon, a planet, 
comets, meteors, the aurora and zodiacal 
light, variable stars, photography, in
struments, computations and astronomi
cal history. Although amateurs cannot 
do difficult astrophYSical research, the 
members of the British group have pub
lished a great number of memoirs de
scribing long, patient investigations of 
astronomical subjects within their reach; 
notable among them are minutely de
tailed maps of the moon by the late 
Walter Goodacre and more recently by 
H. P. Wilkins. 

The founding of the British associa
tion was followed in 1903 by the forma
tion of the Royal Astronomical Society of 
Canada, a federation of amateur astron
omers' clubs in 11 Canadian cities. These 
clubs do little organized observing but 
meet to hear lectures by professional 
astronomers or the reading of members' 
papers, and the Society publishes a peri
odical called The Journal and an annual 
Observer's Handbook. There are now 
1,700 members, including 300 in the 
U. S. 

In the U. S. amateur astronomy made 
a slower start. The early files of Popular 
Astronomy, a publication founded in 
1893, show that for many years profes
sional astronomers worked hard but 
without much success to build up a 
body of amateur astronomers in this 
nation. Then in 1911 the American As
sociation of Variable St�r Observers was 
founded to help the professionals keep 
watch on some of the 600 variable stars. 
Since 1911 the diligent members of this 
group have provided astrophysicists 
with more than a million observations of 
variable stars-one of the most solid con
tributions by amateurs to astronomy. 
Recently the Association has sponsored 
organized observation of sunspots and 
a lookout for bright novae. It has also 
done cooperative observing with the 
American Meteor Society, another ama
teur group founded in 1911. 

Since 1925 local groups of amateur 
astronomers have been forming all over 
the country, and after World War II 
Charles A. Federer, Jr., of Harvard Uni
versity, who had long been active in 
popular education in astronomy, organ
ized these groups in a federation called 
the Astronomical League. It now has 56 
member organizations and 3,389 mem
bers. In 1947 another new society, the 
Association of Lunar and Planetary Ob
servers, was formed to make systematic 
observations of the moon and planets; it 
publishes a periodical called The Stroll
ing Astronomer. 

It would be misleading to suggest that 
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ASTRONOMER 
the principal purpose of the amateur
astronomy movement is to contribute 
important new research and discovery 
to the science. Although the amateurs' 
observations have been helpful to the 
professionals, few amateurs are equipped 
to make basic discoveries of new knowl
edge in modern astronomy. The amateur 
in this field, as in any other, finds suf
ficient justification in the pleasure and 
personal enlightenment afforded by the 

All mo.d� mirror.:> 
or lenses 

pursuit of his hobby, whether at the 
eyepiece of a telescope, at the work
bench, in an armchair or in the sociable 
company of colleagues with a kindred 
interest. 

This is particularly true of the many 
thousands of amateur astronomers whose 
chief interest is in making their own 
telescopes, and who for a quarter of a 
century have been the special concern 
of this department of SCIENTIFIC AMERI-

Some mdde 5; mp'e 
mounting� 

Stt:lhlfane pioneer�d 

Somemdde 
sturdy insbumenis 

Some de,,�lope(l 
unconventional 
t�le:;cope.s 

7 x 50 

BINOCULARS 
ifh COATED 

LENSES 
and 

PRISMS 
Precision Optics 

BRA ND NEW 

$46* 
Highest optical performance. Over twice 
the light transmitting power of any 8x40, 
IOx50, 7x35 or 6x30, three times that of 

any 8x30, and eight times that of any 
6xl5 binocular. Fully corrected, needle 
sharp achromatic optics with wide angle 
of .... ie\-i. Lifetime aluminum alloy construc
tion, leather covered. Outperforms binoc
ulars costing over $100. Individual eye 
focusing. These magnificent 7x50 prism 
binoculars are being sold for a limited 
time at a small fraction of the regular 
cost. Each binocular is �arefully checked 
both optically and mechanically by our 
experts and carries our money bade guar
antee in wrITing. Unquestionably the 
greatest binocular value ever offered, 
only $46. 

Deluxe leatherCase and Straps $4.50* 
*20% Fed. Tax • WE PAY POSTAGE 

Dept. 9K, 24 W. 45th St., New York 19, N. Y. 

�1i\iIl1 iii 'I": 

CALCULATIONS 
of all ki nds can be easi Iy 

sol'Jed on the 

BINARY CIRC ULAR 
SLIDE RULE 

This rule will Quickly solve the 
simplest as well as the more 
difficult problems imoh'ing 
cakulations in Arithmetic, 
Algebra and Trigonollletl')'. 
Any number of factors can be 
handled in long and difficult 
ealrulatiom. The C scale of 
the Binar.\' is 25 inches long 

with graduations 25% further apart than those of a 
2Q-inc-h slide rule. The Cl. A. K. & Log scales 
are diridcd as close!)' as a �O-inch slide rule. Log-Log 
l!cale extends from 1.001., to 1,000,000. Gi,es Trig. 
runctlons from 0 to 90 degrees on back. Engine-di
dded scales yellow and black on white coated aluminum. 
Permanently atcurate. Dia. 8%". Price $7.25 in cage. 
with instructions. ApproHd at leading Hni\'. Used by 
many large firms in the U. S. 

MIDGET 

CIRCULAR SLIDE RULE 
Similar to Binary. has C, CI, A, LL and Binary scales. 

C scale is 12" long, Trig, functions on back. Approved 
at schools and leading Unlv. Ideal for Students :llld 
beginners, or for pocket tlse. Half million sold. Price 
$2.50 in case with instructions. 1\I<lde of metal. 

ATlAS SLIDE RULE 
The Atlas Slide Hule will 
fjllickly solVe Iwoblems in 
�ll1ltinlication, Division, 
lind Pl'oportion and give 
result.'; with a nl<lximum 
('1"1'01' of less than 1 in 
36.000. The Atlas ha.<; two 
C scales. One is 2.")" long 
and the second one is 1I 
spiral of :]0 coils. This is 
eQllivnlcnt to a straight 
l'llie 60 ft. long and gives 
answel'S to 5 figures. 

Chem i s t s .  P h y s i c i s t s  
a n d  Engineers have founu 
this rule invaluable for its 
great accuracy. Din. Rl/2". 
Easily portabl!"'. \\'hite 
coated aluminum with 
legible black and yellow 
scales. Price $9.00 in cnse 
with instructions, 

Combination Atlas-Binary Slide Rule 
Has Atlas scales on one side. with 2 indicators, Binary 
;;:cales on reverse side with 2 Indicators. l\:lade of metal. 
pl'rmnnt>ntly accurate. Price $12.00 in case with in
strllctions. 

We have many thousands of unsolicited letters on 
th(>se rules. Descriptive circulal's free. S<ltisfaction 
g"llHl·anteed. 

GILSON SLIDE RULE·CO. 
Box 993 SA. Stuart, Fla. 

Slide Rule Makers since 1915 
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For the first time an instrument capable of 

serious astronomical research is available 

for less than $200.00! The Saturn 3 Inch 

Portable Refractors are precision made by 

the West's largest makers of observatory 

instruments; objective lenses are highest 

grade precision ground, achromatic f:15 

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 fuf.l information 
on the Saturn Refractors. 

� 2528 Grove Street lEr Berkeley, California 

EVERYTHING 
FOR THE AMATEUR 

TELESCOPE 
MAKER 

Prec'sion Workmanship 
Quality Supplies 

Money Back Guarantee 
• 

KITS-Our Specialty 
Complete b" Kit . ... . ... . . . . .. $5.50 up 
Pyrex Kit, b". . .. . ............ $7.50 up 

Other Sizes Proportionately Low 
• 

PYREX MIRRORS 
Made to order. Correctly Figured, Pol
ished, Parabolized and Aluminized. 
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• 

ALUMINIZING 
WE GUARANTE E  

A Superior Reflecting Surface, 
Optically Correct Finish. 
Will not Peel or Blister. 

LOW PRICES 
• 

MIRRORS TESTED FREE 
PRISMS-EYEPIECES 

ACCESSORIES 
FREE CATALOG 

PRECISION 
OPTICAL SUPPLY CO. 

100 fEAST 163rd ST. 
New York 59, N. Y. 

!\ 
Some built 
portable 

e.Id.borate.. tele:;copes 

A few built 
complete 

CAN. Few of the amateur telescope 
makers have yet discovered new worlds 
with them. Probably most have found 
more satisfaction in making telescopes 
than in using them; the first telescope is 
barely started before they are already 
planning the second. By and large the 
telescope maker is not an observer. This 
may be regrettable, but the work of the 
telescope makers has not been without 
profit to astronomy. It has made an ap
preciable indirect contribution to the 
science through its contributions to pre
cision optics. Some of the amateurs have 
gone on to become professionals, and to 

design new types of optical instruments 
for astronomy. 

The history of the amateur telescope
making movement may be of some in
terest to all who are interested in science 
and in broadening the understanding of 
science among laymen by enlisting a 
more widespread amateur participation. 
The fascinating but latent possibilities 
in the art of telescope making were dis
covered quite accidentally by this maga
zine just 25 years ago. Before that time 
the art had never had more than a hand
ful of followers, but as information 
about it was made widely available 
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through the pages of SCIENTIFIC AMERI
CAN and the book Amateur Telescope 

• Making, tens of thousands of persons 
eagerly seized upon it as a most absorb
ing pastime and ultimately developed 
it to a full-fledged nationwide move
ment. 

Had an unknown borrower in the New 
York Public Library one day in 1925 
deposited Volume 29 of Popular Astron
omy on the book-return desk one minute 
earlier or one minute later, this history 
of telescope making might not have been 
written, at least not by this author. As 
it was, the writer, who happened to be 
present at precisely that moment, idly 
picked up the volume before it could 
be returned to the library's stacks and 
came upon an article by Russell W. 
Porter on the'making of reflecting tele
scopes. He recalled that his father, 
Charles W. Ingalls, had once said many 
years before that there were not 10 men 
on earth capable of making telescope 
mirrors and lenses. The writer sat down 
and read the article with fascination. 
He went home determined to attempt 
to make a telescope of his own, and 
therefrom grew an unforeseen sequel 
of events. 

The seed had actually been planted 
many years earlier. Porter himself had 
discovered telescope making in 1911 
through a copy of Popular Astronomy 
sent to him by a friend. The periodical 
had a short note about a telescope made 
by Leo Holcomb of Decatur, Ill. (who 
in turn had been prompted to undertake 
his project by reading an article with 
some scanty instructions for telescope 
making by John Mellish in Popular Me
chanics in 1907). Porter wrote to Hol
comb for further information, and with 
the help of a book on glass working be
gan to make reflecting telescopes. By 
1925 he had made 10 mirrors. The 
writer, after reading Porter's article, 
purchased a mirror blank and com
municated with Porter, then living in 
Springfield, Vt. Porter soon announced 
that he was coming to New York on busi
ness and suggested a meeting. 

At six o'clock one spring evening in 
1925 we sat down to two-inch mutton 
chops in Brown's Chop House on Broad
way. We arose from our chairs only in 
time for Porter to catch a midnight 
sleeper to Vermont-after six solid hours 
of talk about telescopes! Porter became 
so absorbed in the subject that in the 
midst of dinner he stood up in the 
crowded restaurant, thronged with thea
tregoers, and gave me a demonstration 
of mirror grinding with the makeshift 
tools at hand. Using two inverted saucers 
on the dinner table, he demonstrated 
various grinding and polishing strokes, 
ordinary and extraordinary, with a quiet 
running commentary. While the fasci
nated restaurant diners, to ,whom Porter 
was completely oblivious, stopped din
ing to watch, uneasy floor managers hov
ered indecisively over the performance, 

apparently wondering what kind of 
emergency vehicle should be summoned. 

During the evening Porter proposed 
that an attempt be made to spread the 
telescope-making virus through SCIEN
TIFIC AMERICAN. Soon after he returned 
to his Vermont home, he renewed the 
suggestion, writing: "I have held a meet
ing of the telescope makers of Spring
field to set a date for your visit. We 
have, after due consideration of the 
moon's phase, configuration of the plan
ets' horoscopes and astrological incanta
tions, found that the 13th of June seems 
the most auspicious for the night at 
Stellafane on the mountain. A little 
grinding experience before then will give 
you more appreciation of the stuff you 
will hear discussed here." 

A somewhat overdramatized account 
of the events of that June night was pub
lished in the November, 1925, issue of 
SCIENTIFIC AMERICAN. We thought that 
perhaps half a dozen readers might show 
some interest. Actually we had 368 im
mediate requests for instructions in the' 
art of telescope making. Early in 1926 
the magazine began to publish articles 
of instruction by Porter, and eager read
ers all over the country fell to work 
grinding their first telescopes. A series 
of accidental events, which had brought 
together a reliable source of instruction, 
a means for its dissemination and a cata
lytic agent, had revealed an unsuspected 
hunger for creation to which about 
50,000 amateur-made telescopes have 
since been fed without reducing the 
hunger. 

Very soon all amateur telescope mak
ers with known addresses in the North
east States received printed invitations 
to a meeting at Stellafane on July 3, 
1926. A group photograph still in ex
istence reveals that on that date 17 
guests assembled behind Porter's Spring
field telescope in front of Stellafane, 
shown in one of the drawings on page 
109. This was the first of 17 such con
ventions, ·some of which brought as 
many as 400 pilgrims to the crowded 
mountaintop at imminent risk of mutual 
suffocation, for Stellafane is only a little 
wooden house on top of a mountain that 
i� only a hill. Unfortunately the conven
tions eventually outgrew the capacity of 
the Stellafane retreat, nestling in a grove 
of aromatic black spruces, and the ama
teur astronomers now convene in cities 
or on campuses. 

The invitations to the second Stella
fane convention in 1927 read: "No for
mal program but a chance to talk over 
your problems." It had been recognized 
that the amateurs wanted most of all to 
become acquainted, hence no attempt 
was made to weary the visitors by aping 
the formal programs of established so
cieties, and this set the keynote for future 
Stellafane conventions. 

By 1928 the movement was well 
amarch. In that year this department, 
then called "The Back-yard Astrono-

WAR SURPLUS BARGAINS 
YOUR CH ANCE TO SAVE REAL MONEY! 

MAKE A MICROSCOPE 
Get wonderful results. Own an instrument worth many 
times the cost to you. Simply convert a U.S. Govt. Rifle
scope (Govt. cost over $65.00), It's easY! \Ve shOW you 
how. No machining rcquh'ed. Get up to 40 Power. Scope 
we furnish is used but in good condition . . .  sent complete 
with exll'a lcns('s and direction sheet. 
Stock #959-5 ................................................ $7.90 postpaid 
WRENCHES_for above project, to simplify and speed up 
work-Stock #89·5 ... ..................... . ... $1.00 Postpaid 

ASSEMBLE YOUR OWN BINOCULARS 
Save More Than % Regular Cost 

GOV'TS 7 x 50 BINOCULARS 
Complete Optics, complete Metal Parts. New and ready for 
assembly. We supply full instructions. 
METAL PARTS-Set Includes all Metal Parts-completely 
finished for assembly of 7 x 50 Binoculars. No machining 
required. A sturdy Binocular Carrying Case is optional with 
each set of Metal Parts. 
Stock :1;842·5-$39.40 Postpaid, plus $4.80 for Case
Total $44.20. 
OPTICS-Set. includes all Lenses and Prisms you need for 
assembling 7 x 50 Binoculars. These are in excellent con· 
ditton-perfect or near-perfect-and have new Jow reflection 
coating. 
Stock #5102·5-7 x :';0 Optics .........•.......... S25.00 Postpaid 
(These aI'e standard Amel'ican-made 1)8I'ts, not Japanese.) 

NOTICE! ]f you huy both Blnoculal' OptiCS and Binocular 
Metal Parts, add 200/0 Fedel'al Excise 'I':1X to above prices. 

,----SPECIAL! SPECIAL!---, 
RONCHI RU LI NGS 

Black Line Grating 

Plate glass with etched parallel black lines-space between 
each line is same as thickness of the ruled line itself. Made 
by photographic process. Number of lines per inCh range 
from 65 to 133 as shown below, Normally cost $4.00 to 
$5.00 per sq. inch. Used for testing astronomlcal mirrors, 
testing microscope objectives and magnifiers, used in pairs 
t.o see diffraction pattern. 

(Some seconds, with slight scratches) 

Stock Lines Stock Lines 
No. Per In. Price No. Per In. Price 

2122-S 65 $ .75 2133-8 65 $1.50 

1 in. x 1 in. 

I 
2 in. x 2 in. 

2126-S 85 .75 2134-S 85 1.50 
2127·S 110 1.00 2136-S 110 2.00 
2128-S 120 1.00 2137-S 120 2.00 
2129-S 133 1.00 2138-S 133 2.00 All above sent Postpaid. 

SIMPLE LENS KITS!-THE LENS CRAFTERS DE· 
LIGHT! Fun 1'01' adults! I·'un for childl'en! Kits include 
plainly written, iUustruted booklet showing hoW you can 
huild 'lots of optical Hems. Use these lenses in photography 
tor copying, ULTRA CLOsE·UP SHOTS, Microphotography, 
for "Dummy Cmnel·n". J{odachrome Viewer. Detachable 
Heft ex View Findcl' for :15 mm. cameras, Stereoscopic 
Viewer, gl'Olmd gJuss and enlarging (ocusin� aids. And 
for dOl:en� of othel' uses in experimental opilcs, building 
TELESCOPES, low power Microscopes. etc. 

Stock Jt2-S-10 lenses.................. .. .... $1.00 Postpaid 
Stock :tt 5-5-45 lenses.. .. ............. $5.00 Postpaid 
Stock :tt 10-S-80 lenses . ............. ... .......... 510.00 Postpaid 

We have Literally Millions of WAR SURPLUS LENSES 
AND PRISMS' FOR SALE AT BARGAIN PRICES 

Write for Catalog "S"-SENT FREE! 

EDMUND SALVAGE CO. 
B ARRI NGT ON. NEW JERSEY 

WAR SURPLUS BARGAIN 

Plies 
ACHROMATIC TELESCOPE OBJECTIVEs-Perfect 
l\'1agnesium Fluol'ide Coated and cemented Gov't 
Surplus lenses made or finest Crown and Flint OP
tical glass. They are fully corrected and have tre
mendous resolving power and can be readily usc.>d 
with 1J4," F.L. eyepieces. Guaranteed weIl sulted for 
Astronomical Telescopes, Spotting Scopes, etc. 
Original Gov't cost approximately $100.00 each. 

Diameter Focal Length Each 

54m/m (2%") GOOm/m (23%").. .. .... $12.50 
7Gm/m (3") 381m/m (15").. .. .... $21.00 
81m/m (3i'o") G22m/m (24%") ...... $22.50 
83m/m (31<") 87Gm/m (34%") .......... $28.00 
83m/m (31<") 1016m/m (40") ... ....... ..  $30.00 
We can supply ALUMI:-.lUM TUBING for the above 
lenses. 

SYMMETRICAL EYEPIECE LENS SET-These sets 
consist ot two Magnesium-Fluoride coated and ce· 
mellted �\chromats, exact Gov't spacing diagram. 
Gives wide flat field. 

%" KF.L. (20X) Lens Set 12m/m Dta . . . $4.50 
%" E. F. I ... (l3X) Lens Set 18m/m Dia . .... 3.50 

BRAND NEW BINOCULARS!!! 

8 POlVer 25M/M Objective...... . .. $23.30* 
8 POlVer 30MOf Objective ........ .... .. $29.50* 
7 POlVer 50M/�I Objecttve . ............ . $32.00* 
7 Power 50M/1H Coated Objective .. $33.75* 

¢'Plus 200/0 Excise Tax 

Beautiful Imported binoculars, precision mwJe, 
at a low low price within the reach of everv 
man's pocketbook. Complete with carrying case 
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LENS CLEANING TISSU E-Here is a Wonderful � 
Gov't Surplus Buy of Perfect Paper which was 
made to the highest Gov't standards and speci-

�i�aii��h ,,
5�0 

1 ��,���: .. ..... ..... ........... .. ........ $1.00 
RIGHT ANGLE PRISMS. for astronomical tele. 
scopes, etc. 

23m/m Face .... ea. $1.25 38m/m Face .... ea. $2.00 
30m/m Face .... ea. 1.75 Hm/m Face . ... ea. 3.00 

"FREE CATALOGUE" 
Sensational Optical Bargains 

MILLIONS of LENSES 

WE PAY THE POSTAGE 
A • .JAEGERS ozg3N�8�A9�U'I::�·.Y. 
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NEW PREPARATIVE 
ULTRACENTRIFUGE 

� . , 

WORLD·WIDE ACCEPTANCE 

ALPA PRISMA REFLEX 

35 M M. SWISS PRE CISION BUILT 

ground glass focusing PLUS individual rangefinder 

DESIGNED FOR THE SCIENTIST 
Photographic Records From Your Microscope 

One simple adapter ring makes 
your ALPA a precision part of any 
microscope for Photo-Micrography. 

Macro.Photography at any desired 
distance, with the complete chart for 
reproduction ratio, size of subject, 
exposure factor, depth of field, etc. 

A complete range of practical acces
sories and finest lenses makes the 
ALPA PRlsMA-REFLEX and ALPA 
REFLEX the most versatile, com
plete, and easily operated camera 
for scientific photography. 

Tl'rite for free illustrated catllloo!te SS 
PRISM A-REFLEX REFLEX 

$299.70 1/2.8 lens $23�(plus 

387.00 1/1.8 lens 327.00 tax) 

tll:ITZ & LI(3t-1T[JUl!� 
16 WEST 90TH STREET, .N Y. 24, N Y 

1 12 

At 40,000 rpm, 144,000 g with 
160-ml load. 

Angle-type rotors run in 
vacuum chamber. 

Controlled rotor temperatures 
with refrigeration. 

Electric drive- self-balancing. 

Automatic controls govern entire 
fast cycle of operation. 

Armor-steel guard and interlocks 
combine safety with 
dependability. 

Selection of rotors (up to 1100 ml) 
provides flexibility in use. 

For more detailed data, write: 

SPECIALIZED INSTRUMENTS 
CORPORA liON 

615 O'Neill Ave • • Belmont, Calif. 

THIS TRADE MARK appears on precision 
electronic laboratory apparatus in use 

in the leading scientific, educational, in
dustrial and military laboratories all over 
the world. 

Since 1915 General Radio Company has 
pioneered in the design and manufacture 
of instruments for audio- and radio
frequency measurements. The complete 
line of G-R equipment and accessories is 
numbered in the hundreds of models. 

Included are: 
STROBOSCOPES ' VARIACS® 

SOUND-LEVEL METERS 

VIBRATION METERS • IMPEDANCE BRIDGES 

SIGNAL GENERA TORS • OSCILLATORS 

WAVE ANALYZERS · DISTORTION METERS 

IMPEDANCE STANDARDS 

VACUUM-TUBE VOLTMETERS 

FREQUENCY STANDARDS 

BROADCAST MONITORS 

QUALITY PARTS & ACCESSORIES 

If you are interested in the finest of 
precision equipment it will pay you to 
investigate the G-R line of instruments. 

GENERAL RADIO COMPANY 
275 Massachusetts Ave., Cambridge 39, Mass. 
NEW YORK CHICAGO LOS ANGELES 

mer," was started as a regular feature of 
the magazine_ The first, 103-page edi- • 

tion of Amateur Telescope Making had 
vanished and 6,000 copies of a second 
edition of 285 pages were printed. Clubs 
of amateur astronomers were being 
formed in local communities. The skill 
of the amateur telescope makers did not 
yet match their enthusiasm; most of their 
products were too light and shaky, but 
progress was being made. 

When in 1930 the Lowell Observa
tory in Arizona announced the discovery 
of the planet later named Pluto, the press 
stated that its image had been found on 
the plate by Clyde Tombaugh, "who 
once had made a telescope." This hint 
led to the disclosure that Tombaugh had 
started as an amateur. The telescope re
fen-ed to, his third, had been mounted 
by his father on parts adapted from a 
straw spreader, a cream separator and 
an old car. "Its optical performance," 
according to Tombaugh, "was most 
gratifying." Appointed as a professional 
to the staff at the Lowell Observatory 
and assigned to the search for an outer 
planet, Tombaugh examined two mil
lion images with the blink microscope 
and within a year succeeded in finding 
Pluto. Tombaugh is one of several pro
fessional astronomers now at large ob
servatories who graduated from the 
ranks of the amateur telescope makers. 

In the depths of the economic de
preSSion of the 1930s men who were out 
of work turned to telescope making as 
an inexpensive form of fun and as a 
morale-preserver. And in World War II 
the amateur telescope making move
ment made a material, practical contri
bution to our military needs. The war 
found this nation short of roof prisms 
for gun sights-one of the most diffi
cult prisms to manufacture-and even of 
trained personnel who could make them. 
An amateur telescope maker, Fred Fer
son of Biloxi, Miss., who had mastered 
the difficult art, undertook to instruct 
other amateurs. Through this magazine, 
which coordinated the project and dis
tributed his instructions, he taught 100 
advanced amateur telescope makers 
how to make roof prisms. Working in 
spare hours in their home workshops, 
about 15 of these amateurs produced 
more than 30,000 roof prisms. And in 
Texas a graduate of the amateur tele
scope making hobby produced another 
30,000 in his plant. It turned out that 
the amateurs' prisms excelled those of 
professional manufacturers by a wide 
margin in quality of workmanship, no 
doubt because of the amateurs' pride in 
their skills and the fact that large manu
facturers could not arouse equal pride 
of workmanship in their employees. 

Amateur telescope making is now in 
its second generation of followers, It is 
clearly destined to a permanent place as 
a hobby that attracts those who enjoy 
the challenge of its exceptional diffi
culties, 
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A LIBRARY BINDER 
FOR THIS MAGAZINE 

Keep your copies of SCIENTIFIC AMERICAN 
in a handsome and durable library binder 

B ound 111 dark green library fabric and 

stamped 111 gold leaf, it holds 12 issues 

Copies mounted 111 

may be inserted or 

binder open flat and 

removed separately 

To secure complete 1 9 5 0 collection, order 

binder now. *Index published in December 

Address your order, enclosing check or 

money order for $2.50, to: 
Department B 
SCIENTIFIC AMERICAN 
24 West 40th Street 
New York 18, N.Y. 

*Supply 0/ back issues 0/ SCIENTIFIC AMERICA" i; limited. 

To replace missing copies, mail inquiry with your binder 

order. We will send copies, if available, and bill you. 
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During the next 50 years 
let's pioneer together in • • •  

R A D I A T I O N  
Since 1914 ,  the United States Radium 
Corporation has been broadening the fron
tiers of research in radioactivity . . .  devel
oping new radiation materials and applica
tions. Working together, you and we may 
realize exciting new possibilities in uses for 
materials such as these recent U. S.  Radium 
developments : 

New Radiation Sources 
The United States Radium Corporation 
offers a new type of radiation source for 
d e p e n d a b l e ,  a c c u r a t e  r e c a l i b r a t i o n  o f  
Geiger counter, ionization chamber survey 
instruments , and radiation dosage meters. 

This type is available as an approximate 
point source or as a linear source emitting 
( 1 )  alpha, beta, and gamma radiations ; ( 2 )  
beta and gamma radiations ; or (3)  gamma 
radiations only. All sources are produced 
only to special order but can be accurately 
duplicated at any time. In addition, U. S. 
Radium Corporation can supply the con
ventional type of radiation standard, con
s i s t i n g  of h e r m e t i c a l l y - s e a l e d  c a p s u l e s  
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. 

New Standard Light Sources 
Radioactive luminous compounds requiring 
no external source of activation, exhibiting 
virtually negligible change in brightness 
with time, and emitting only easily absorbed 
radiations, have recently been developed by 
U. S .  Radium Corporation. The colors avail
able cover most of the visible spectrum. 

Improved Neutron Sources 
u. S. R a d i u m  C o rp o r a t i o n  can s u p p l y  
radium-beryllium neutron sources in a 
powdered or a compressed mixture, any 
size from a few milligrams for college labor
atory routine experimentation to 1 000 or 
more milligrams for special applications. 

Your inquiries are invited 
The materials described here characterize 
one of the p rincipal 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 act ivit ies  of the U. S. Radium 
C orporat i o n .  I f  y o u ' d  l i ke a copy 
of o u r  most recent issue - and 
f u t u r e  copies  a s  they are i ssued
just  write to Department SA. 

U N I T E D  S T A T E S 
, 

R A D I U M C O R P O R A T I O N  
535 Pearl Street New York 7, N. Y. 
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"Car comfort test"-created by practical imagination at Chrysler Corporation 

They're trying it on for size ! 

No, that model of a Plymouth car body 
isn't going any place. It isn't meant to ! 
It's one of many models we created to 
learn from people themselves how to 
build supreme comfort into the great 
new Plymouth, Dodge, De Soto and 
Chrysler cars. 

Our engineers know that the best 
way to find out which seating arrange· 
ments are most restful and comfort· 
able is to let people try them out 
in advance ! 

So they built full ·size models like 
this of the inside of cars - the engi. 
neers call them "mock-ups." Then 
they installed real automobile seats 
and invited people to try them - all 
kinds and sizes of people - men and 

women, big and small, thin, stout, short
and long-legged. _ 

Their opinion helped us place the 
n e w  chair -height seats  in j ust the 
right positions to let you see through 
windshiel d a n d  windows without 
straining . • •  provide plenty of leg- and 
head-room . . .  build higher, wider 
doors for ease in getting in and out. 

We found ways to make the seats 
themselves more comfortable . . .  ways 
to give you everything that means the 
utmost comfort in an automobile. 

It's another example of the way 
practical, creative imagination im
p r oves every p a r t  o f  every c a r  at 
Chrysler Corporation year after year. 
You'll like all the newest advances in 

the new Plymouth, Dodge, De Soto and 
Chrysler - and dealers will be pleased 
to welcome you and show them to you. 

There's more comfort in· the new Plymouth, Dodge, 
De Soto and Chrysler. You sit in wider, chair-height 
seats, with more leg- and head-room. Windshield 
and windows let you see better - doors are higher 
and wider; it's easier to get i n  and out.  

P iI £ C T l C A L  /::7 V""'�� D E S I G N S  F I N E  CAR S O F  G R EAT VALU E C H RYSL E R  CO RPO RAT I O N  
P LY M O U T H  D O D G E  D E S O T O  C H RY S LE R  

Airlemp Cooling, Heating, Refrigeration Chr,sler Marine & I n d ustrial Engines Dodge J ob- Rated Trucks Oilile Powdered Metal Prod ucts Mopa, Parts & Accessories C,cleweld 
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··1 can remember, ,,-
wrote G. H. Hardy, 
"Bertrand Russell 

telling me of a horrible dream. He was in the top floor of the 
University Library, about A.D. 2100. A library assistant was 
going round the shelves carrying an enormous bucket, taking 
down book after book, glancing at them, restoring them to 
the shelves or dumping them into the bucket. At last he came 
to three large volumes which Russell could recognize as the 
last surviving copy of PRINCIPIA MATHEMATICA. He took down 
one of the volumes, turned over a few pages, seemed puzzled 
for a moment by the curious symbolism, closed the volume, 
balanced it in his hand and hesitated ... " 

No one need doubt today what the librarian's decision would be in the 
year 2100. PRINCIPIA MATHEMATICA is an epoch·making work which started 
a new era in mathematical logic and the foundations of mathematics. 
Since the appearance of the first edition of 1910-1913, interest in mathe· 
matical logic has steadily increased. Controversies have been vigorous and 
exciting and have succeeded in clearing the mathematical air. But through 
it all PIHNCIPIA MATHEMA TJCA has stood out as a landmark in the history of 
human thought. 

The PRINCIPIA is the culmination of the logistic movement in mathe
matics begun by Dedekind, Frege, and Peano, whose earlier work is here 
coordinated and corrected by the more penetrating and more extensive re
searches of A. N. Whitehead and Bertrand RusselL It propounds the thesis 
that mathematics is a branch of logic and that mathematical concepts are 
logical concepts. Bertrand Russell has said in the Introduction to NIathe
matical Philosophy: 

"There is no point at u;hich a sharp line can be drawn with logi.c to 
the left and mathematics to the right. If there are still those u;ho do not 
admi.t the identity of logic and mathematics we may challenge them to 
indicate at what point, in the successive definitions and deductions of 
PRINCIPIA MATHEM.ITJCA they consider that logic ends and mathematics 
begins. It will then be obvious that any answer must be quite arbitrary." 

The object of PRINCIPIA MATHEMATICA is to prove that the concepts 
of pure mathematics can be defined by a small number of fundamental 
logical concepts; that the propositions of pure mathematics are deducible 
from a very small number of fundamental principles; and to explain the 
fundamental concepts accepted in mathematics as indefinable. 

In the Satltrday Review 0/ Literatltre (March 11, 1950) Lewis Halle, 
Jr. wrote; HRead Whitehead's and Russell's PRINCIPIA MATHEMATICA. if 
the subject interests you, even though you understand little of it. You will 
acquire some command of a new language, learn a new vocabulary, and 
understand more as you progress. You need not put the book down because 
at first you fail to make sense of it. If you never fully grasp its meaning 
it may still enable you to read with ease works that, while of an easier 
order, would· give you difficulty otherwise," 

The long expected reprint of this great work is now available. 

PRINCIPIA MATHEMATICA 
A. N. Whitehead and Bertrand Russell 

3 Volumes-$30.00 the set at bookstores 

CAMBRIDGE UNIVERSITY PRESS 
51 Madison Avenue New York 10, N_ Y. 
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;Vore/co . . .  in the vanguard of achievement 
scientific instrumentotion 

The above reproduction 0/ the five 
quartz lines-as routinely made 
011 NORELCO X-ray Diffraction 
Speclrometers-is indicative 0/ 
their exceptional resolution per
formance_ 

r X-RAY 'V iii FFRACTI ON 
NORELCO X-ray Diffraction Apparatus is singularly out
standing in precision determinations not possible with 
other equipment. Irs performance standards are spear
headed by a Diffraction Development Graup at Philips 
Research Laboratories-a pre-eminent development facility_ 

The new NORELCO High-Angle 
Geiger Counter Goniometer is the olt!· 
standing means 0/ rapidly recording 
diffraction patterns and obtaining 
fluorescence analyses. It is a high 
precision instrument for use in 
coniunction with the versatile basic 
diffraction apparatus. 

. 

In 

X-ray Diffraction, a proven and powerful ally of industry, is used in 
principal scientific and industrial laboratories throughout the country. 
In the research laboratory as well as in production control, it is per
forming a duty of first magnitude in classification, identification and 
development of many matetials and products-thus contributing to 
general welfare marked by scientific progress. 

The basic diffraction apparatus may be used for film techniques 
alone, or in conjunction with the High-Angle Goniometet and a 
newly designed Electtonic Circuit Panel-for X-ray Spectrometry. 
Utility is further extended by an exclusive multipl'O-use four-window 
X-ray tube, which allows simultaneous and thus economical utiliza
tion of radiation from four windows-permitting tlse of two goniometers 
in conjunction with came raJ at one time. 

Employing the basic unit as a nucleus, facilities can be expanded 
as required-from film techniques through spectrometric use. 

-E LE CT RO N 
The Electron Microscope is a proven instrument with numerous 
exclusive features, which place it in the distinguished position of 
possessing ttnmatched operating characteristics. Using an inter
mediate lens system, it provides continuously variable magnification 
-1,000 to 60,000x, with resolution ro 30 angstroms. 

Conversion is instantaneous from microscopy to electron diffrac
tion techniques, eliminating need for re-evacuation, change of pole 
shoes, specimen transferal or other inconveniences. Patterns are 
derived from selected specific areas of the field. Accelerating voltage 
is variable from 40 to 100 kilovolts. 

Complete enclosure of the high voltage system renders it free 
from the effects of humidity, dust and altitude. The entire unit is 
stable, free from effecrs of normal vibrarion, and silent in operarion. 
It is arranged with a beam oscillator for rapid determination of exact 
focus, and incorporates a through-focus COntrol. 

Our Application Laborarary is available for demonstrating the 
effectiveness of NORELCO instrumentation to your research 
or industrial problems. Write today for further details. 

1891 PHILIPS 
YEA R S  S I X T Y 

NORTH AMERICAN 

DIAMOND 
OF S CIENTIFIC 

P·HILIPS 

JUBILff 1951 AC HIEVE M E NT 

CO�PANY, INC. 
RESEAIlCH and CONTROL INS TRUMENTS DIVISION * OEPT. IH-9, 750 S. FULTON AVENUE, MT. VERNON, N. Y. 

IN CANADA, Philip, Indu,trie, ltd .• 1203 Phil ip, Squar., Montreal * EXPORT REPRESENTATIVE: Philips Export Corporation, 750 South fulton Avenue, Mt. Vernon, N. Y. 
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INSTRUMENTS ULTRASONIC TOOLS 

"THIS IS 

OUR BUSINESS IS THE FUTURE 

• The new and useful in the fields' of Ultrasonics, 
Piezoelectric Crystals, and Instruments are specialties 
for which we are equipped with comprehensive 
engineering and physical facility. Our research has 
been continuous, fruitful and helpful to many other 
companies besides our own. 

We make finished products valued in industry for 
their precision and modernity ... we make component 
parts for many of the nation's most respected compa
nies and for the Armed Forces. We also do product 
development work. Inquiries should be addressed to 
our Commercial Engineering Department. 

THE B R U 5 H DE VEL 0 P MEN TeO. 
3405 Perkins Avenue · Cleveland 14, Ohio 

� 

SAVE 95%. 
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STORAGE SpACE 
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:; "SCI�NTIFIC AMERICAN and over 370 

� other leading periodicals are now avail
== able on microfilm-cost about equal to 

- library binding. Write for details." 
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-
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UNIVERSITY MICROFILMS 
ANN ARBOR, MICHIGAN 

• 

Hurley. August, 1949. 
THE CRUST OF THE EARTH, by \Valter 

H. Bucher. May, 1950. 

MATHEMATICS 

SRINIVASA RAMANUJAN, by James R. 
Newman. June, 1948. 

MATHEMATICAL CREATIO:\, by Henri 
Poincare. Edited by James R. Newman. 
August, 1948. 

MATHEMATICAL MACHINES, by Harry 
M. Davis. April, 1949. 

THE THEORY OF GAMES, by Oskar 
Morgenstern. May, 1949. 

TOPOLOGY, by Albert W. Tucker and 
Herbert S. Bailey, Jr. January, 1950. 

ON THE GENEHALIZED THEORY OF 
GHAVITATION, by Albert Einstein. April, 
1950. 

GENETICS 

THE GENES OF MEN AND MOLDS, by 
George W. Beadle. September, 1948. 

THE GENETIC BASIS OF EVOLUTION, 
by Theodosius Dobzhansky. January, 
1950. 

BIOCHEMISTRY 

PHOTOSYNTHESIS, by Eugene 1. Rabin
owitch. August, 1948. 

ENZYMES, by John E. Pfeiffer. Decem
ber, 1948. 

TRACERS, by Martin D. Kamen. 
February, 1949. 

MUSCLE RESEARCH, by A. Szent
Gyorgyi. June, 1949. 

PHYSIOLOGY 

THE DYNAMICS OF INHIBITION, by 
Ralph W. Gerard. September, 1948. 

"THE GHEAT RAVELLED KNOT," by 
George W. Gray. October, 1948. 

THE ALARM REACTION, by P. C. Con
stantinides and Niall Carey. March, 
1949. 

PAVLOV, by Jerzy Konorski. Septem
ber, 1949. 

CORTISONE AND ACTH, by George W. 
Gray. March, 1950 . 

PSYCHOLOGY 

A STUDY OF ATTITUDES, by Samuel A. 
Stouffer. May, 1949. 

LEARNING TO THINK, by Harry F. and 
Margaret Kuenne Harlow. August, 1949. 

INFANT VISION, by Arnold Gesell. 
February, 1950. 

EXPERIMENTAL NEUROSES, by Jules 
H. Masserman. March, 1950. 

ANTHROPOLOGY 

ANTIQUITY OF MODERN MAN, by Lor
en C. Eiseley. July, 1948. 

THE PERSONALITY OF PEOPLES, by 
Ralph Linton. August, 1949. 

THE APE-MEN, by Robert Broom. 
November, 1949. 
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THE MIRACLE THAT COULDN'T HAPPEN 
(AND WHY IT DID) 

It is little short of a miracle ... and even we, with all 
our enthusiasm, weren't sure it would happen! 

But it has happened! In just two short years, the Dictaphone 
electronic TIME·MASTER has created a revolution in dictation, 
virtually rendering all other methods obsolete! 

No dictating machine in history has enjoyed such success, 
such universal acceptance as the TIME· MASTER ! 

Yet-without the benefits of science, and the development 
of a completely new, unique recording medium, the first real 
desk·si=e dictating machine would not have been possible! 

In creating the Memobelt, the TIME·MASTER's exclusive 
recording medium, Dictaphone Corporation solved almost 
every major problem of mechanical dictation. 

The Memobelt is the only economical one· time-use medium, 
an extruded, seamless plastic belt so small that 5 at once fit 
into an ordinary envelope. There's no costly, troublesome 
resurfacing operation. The Memobelt is so inexpensive that 
you use it once, then file, mail, or throw it away! 

It is the Memobelt alone which accounts for the TIME-

MASTER's unequalled simplicity of operation, its streamlined 
efficiency, its lightness and complete portability! 

A boon to science and to business! 
Though essentially a business machine, the super-compact 
TIME-MASTER has wide application among the sciences and 
professions. Whenever and wherever records are to be kept, 
it's easier: quicker, and more accurate to just think out loud 
to the TIME.MASTER! Use the TIME·MASTER for: 

DICTATION • NOTES • LABORATORY REPORTS • CASE 

HISTORIES. ACCIDENT REPORTS· PATIENT INTERVIEWS· 

SPEECH STUDY . CONSULTATION REPORTS · OPERATIVE 

fiNDINGS. DARK ROOM REPORTS. RESEARCH fiNDINGS 

• ARTICLES AND LECTURES· CONfERENCES· MANUSCRIPTS· 

WHEREVER ANYTHING SHOULD B E  RECOR DED 

for a free demonstration of the TIME_ 
MASTER with its revolutionary Memobelt 
and a free lO-day trial, call your local 
Dictaphone representative. If it's worth 
saying-say it to the TIME-MASTER! 

Send for your free copy of "Does Your Dictating Date You?" 

---------------------,-------------DICTAPHONE CORP., Dept. SA20 

DICTAPHONE 
GREATEST NAME IN DICTATION 

CORPORATION 

Only Dictaphone Corporation makes Dictaphone® Machines 

I 420 Lexington Ave., N. Y. 17, N. Y. I 
I 
I 
I 
I 
I 
I 

I would like to have a free copy of "Does Your Dictating Date You?" 

Your Name ________________________________________ _ 

Company ________________________________________ ___ 

Street Address ______________________________________ _ 

City & Zone _________________________ .State ______ _ 
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· J.i c1* " 

The IBM Electronic 
Calculating Punch 

An [1l.tM I Service for 

Science and Industry 

Rapid Calculation of Complex Mathematical Problems 

The IBM Technical Computing Bureau uses high 
speed IBM electronic calculating machines to per
form the intricate computations associated with 
engineeririg and research analyses, and complex 
design problems. 

Some of the innumerable problems which can be 
solved are: matrix arithmetic associated with vi
brational studies, stress and strain calculations 
for structural components, fitting curves to ob-

servational data by the method of least squares, 
calculation of special mathematical tables, numer
ical integration of differential equations, harmonic 
analysis, and numerical evaluation of definite 
integrals. 

The IBM Technical Computing Bureau, with its 
especially trained mathematicians, provides a de
pendable, rapid, economical, and .confidential 
service. 

For tnformation, write IBM, Dept. S2, 590 Madison Avenue, New York 22, N. Y. 

INTERNATIONAL BUSINESS MACHINES CORPORATION 
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Hottest flame ever produced by man 
A FLAME with temperature up to 6000° F.-hot enough to 

melt the hardest steel ... that's what happens when acety. 
lene gas teams up with oxygen. 

This acetylene-oxygen pair speeds the cutting and weld· 
ing of metals that go into buildings, bridges and ships. 

But that is only one of the many contributions of the 
remarkably "friendly" acetylene. This gas has a wonderful 
eagerness to combine with other materials ... and such 
unions can create an amazing variety of chemicals and 
other products. 

Here are just a few of th.e many familiar products based 
on acetylene and its derivatives ... cleaning Auid and nail 
polish, oil and heat resistant "rubber" gloves, DDT , plastic 
dishes and acetate fabrics. And if your head is beginning to 

ache now, just reach for an aspirin, which is really acetyl
salicylic acid. 

The people of Union Carbide pioneered in giving the 
world acetylene-its products and the equipment for its most 
efficient use. Today they pioneer in the development and 
production of many other materials ... for the use of science 
and industry. 

F R E E: If you ,,"ould like /.0 know more about many 
of the things you use every day, send for the illustrat.ed 
booklet U Products and Processes." It. tells how science 
and industry lJse vee's Alloys, Chemicals, Carbons, 
Gases, and Plast.ics. IVrite for free booklet D. 

UNION CARBIDE 
AHP CARBOH CORPORATION 

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

---------------- Trade-marked Products of Divisions and Units include ------------___ _ 

PREST-O-LITE Acetylene • SYNTHETIC ORGANIC CHEMICALS • LINDE Oxygen • PYROFAX Gas 

BAKELITE, KRENE, VINYLITE Plastics • NATIONAL Carbons • EVEREADY Flashlights and Batteries • ACHESON Electrodes 

PRESTONE and TREK Anti-Freezes • ELECTROMET Alloys and Metals • HAYNES STELLlTE Alloys 
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YOU CAN BE SURE . .  IF ITS "-lestinghouse 

I 
I 

I I 
'u L Y R A - V I 0 L E yl BY Y HE R 0 0 MF U L 

Best way to get your ultra-violet is out under the sun. 
Next best way we want to tell you about. 
Everybody needs ultra-violet for health. Every

body likes ultra-violet for tan. Most everybody gets 
too little, particularly with winter corning on. 

Now it can be different, because our engineers 

have come up with a "wow" of an answer. 
It's a new kind of sun lamp: Fluorescent. It's 

long; it's tubular; it bathes a wide area with cool, 
low-level but effective ultra-violet. It doesn't cost 
too much to buy and it is very inexpensive to operate 

because it doesn't waste electricity making heat. 
Schoolrooms please note. Also offices, drafting 

rooms, factories, and homes, where, if you wish, 
you can mount this lamp for high-speed tanning. 

That's our commercial, except this: You can buy 
this tube of sunshine right over the counter. Or. 
you may obtain more information from our Lamp 
Division in Bloomfield, New Jersey . 

. . • Also except this: It is one more example of 
the ingenious engineering inherent in our credo • . .  

You Can b e  SURE . . •  If I t's Westinghouse. 

WESTINGHOUSE ELECTRIC CORPORATION PITTSBURGH P A. 
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