
SCIENTIFIC. 

ERIC 

ANIMAL NAVIGATION F/FTr CENTS 

(()eMa 1954 -
© 1954 SCIENTIFIC AMERICAN, INC



Sugar by the ton: 99.99% pure 
There aren't many chemicals-let alone foodstuffs
as chemically pure as sugar prepared from sirups 
treated with Amberlite® ion exchange resins. These 
resins remove ash from cane sirup solutions, cut down 
sugar loss in molasses, yield sugar of the highest quality. 

Other products, too, benefit from proper treatment 
with the Amberlite ion exchangers. Soft curd milk for 
infants may be produced from cow's milk, for example. 
Stabilized cream and condensed milk, readily soluble 
in hot drinks, may be prepared. Crude glycerin can be 
converted to C.P. grade by an ion exhange process. 

The list is long. Gelatin, amino acids, fruit drinks, 
bland sirups from fruit wastes, vitamins, dextrose 
sirups, and others may be purified at low cost by 
means of Amberlite ion exchange. 

Why not write us about your problem . . .  ask us 
about Amberlite ion exchange resins? Take this 
opportunity to find out why, in ion exchange, the 
right way is the Amberlite way. 

Ask for "Amberlite Ion Exchange," 
715 pages of technical iriformation on the 
applications for ion exchange in industry. 

AMBERLITE 
ION EXCHANGE 

ROOM & HAAS COMPANY 
THE RESINOUS PRODUCTS DIVISION, PHILADELPHIA 5, PENNSYLVANIA 
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To power America's first 

anti-submarine carrier air

craft that's equipped for both 

search and attack, the U. S. 

Navy looks to Lycoming for 

air-cooled engines. * 

Stout "hearts" 

for new Navy sub killers 

Patrolling endless seas in search of enemy subs • . •  

blasting them out of action with newest destruction 
devices ... this Grumman S2F·l "hunter·killer" 
depends on the stamina of twin Lycoming.built 
engines to keep it high and dry. 

This is another Lycoming contribution to aviation 
progress. For Lycoming engines also fly military 
missions in aircraft ranging from liaison planes to 
trainers to helicopters. They have distinguished 
themselves in civili?n aviation, too-particularly 
in single. and twin.engine planes. 

Do you need this kind of dependable air·cooled power 
... or any of the diversified services listed above our 
signature? Whatever your problem . . . look to Lycoming! 

*Wright·Cycione engines built by lycoming under license from 
Curtiss-Wright Corporation, Wright Aeronautical Division. 

Send for free booklet! "THE LYCOMING 
STORY" . . •  40 interesting, 
illustrated pages showing many ways 
Lycoming is ready to help you. 
Write fm it on your letterhead. 

Aircraft Engines 
Industrial and Tank Engines 
Engine Overhaul 
Generating Units 

Turbine Engineering and Research 
Engineering Design and Development 
Hardened and Ground Precision Parts 
Gears and Machine Parts 

Complete AS!5emblies 
Heat.Treating and Plating 
Steel Fabrication 
Castings 

lFOR ReSEARCH . FOR PRECISION PRODUCTION Boilers 

LOOK TO Lycoming 
DIVISION OF CflVCO) STRATFORD. CONN. . 

-�-.;:; Manufacturing plants in Stratford, Conn., and Williamsport ,PI. 
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V��® PASSES ANOTHER MILESTONE 

DEATH BY LEAD 

Until recently, there was no satisfactory treatment of either acute or 
chronic lead poisoning in children. Death or gross mental defect was the 

expected outcome. But now, calcium disodium versenate (one of the Versenes) 
is producing some incredibly happy results-often in a matter of days. 

Clinical evidence' indicates that calcium disodium versenate is a safe agent 
for rapidly eliminating large amounts of lead f rom the human body. 

This is why we say it "passes another milestone." 

A SHINING SWORD 

All over the world scientific researchers are beginning to grasp the vast 
significance of chelate chemistry and the Versenes. Versenes are being 

used wherever the control of metallic ions ( trace metals) in solution 
is a problem. Since it is now known that trace metals profoundly affect 

chemical reactions, their exacting control becomes increasingly important 
to the welfare of man. 

APPLICATIONS UNLIMITED 

There are five basic Versenes and eleven additional Versene compounds. 
Together they cover the entire chelation range, but separately each is 

designed to do a special job within specific limits of that range. All are 
exceptionally stable at high temperatures and pH. Each is guaranteed 

to be unduplicated in quality and uniformity of chelating power. 
Only Versenes Incorporated (formerly Bersworth Chemical Company) 

makes Versenes. Outline your problem in c helation, send for samples. 
Ask for Technical Bulletin No.2. Chemical Counsel on request. 

·A.M.A. HAm. Jnl. Diseases of Children," 
Byers & Maloof, Vol. 87 No.5 

rL/)""·Af.,,� q 

V1'�U; 1M4 jJ1ed# � 
VERSENES INCORPORATED 

(FORMERlY 8ERSWORTH CHEMICAL CO.) 
FRAMINGHAM, MASSACHUSETTS 

Copyright 1954, Verse"nes, Incorporated 
See us in Chicago 

at Booth 227 

LETTERS 
Sirs: 

I found "The Origin of Life " by 
George Wald in the August issue very 
enjoyable reading. As I am a geologist, I 
know little of biochemistry, but Mr. 
Wald's arguments seemed very plausible. 

However, Mr. Wald states that "all the 
carbon dioxide passes through the 
proeess of photosynthesis once in 300 
years." He further states that all the 
oxygen and carbon dioxide are products 
of living organisms. 

Any geologist knows this to be an er
roneous statement. Carbon dioxide is 
added to the ai.r from several sources: the 
combustion of fuels, respiration of ani
mals, decay of organic matter, mineral 
springs, volcanoes. While a large amount 
of carbon dioxide is removed by photo
synthesis, some is consumed in the 
weathering of rocks. No precise value 
has been given to either process as yet. 
T. S. Hunt states that in the weathering 
of a layer of orthoclase, 500 meters thick, 
to kaolin enveloping the globe, 21 times 
the present amount of carbon dioxide 
would be consumed. 

DAVID A. HAACK 

Washington University 
St. Louis, Mo. 

Sirs: 
Interested in the origin and develop-

Scientific American. October, 1954; Vol. 191, 
No. 4. Published monthly by Scientific American, 
Inc., 2 West 45th Street, New York 36, N. Y.; 
Gerard Piel, president; Dennis Flanagan, vice 
president; Donald H. Miller, Jr., vice president 
and treasurer. Entered at the New York, N. Y., Post 
OlTice as second·c1ass matter June 28, 1879, under 
act of :March 3, ]879. Additional entry at Green· 
wich, Conn. 

Editorial correspondence should be addressed to 
The Editors, SCIENTJl.'IC A "IERlcAN, 2 West 45th 
Street, New York 36, N. Y. l\Ianuscripts arc sub· 
mitted at the author's risk and will not be returned 
unless accompanied by postage. 

Advertising correspondence should be addressed 
to �Iartin 1\'1. Davidson, Advertising :Manager, 
Scn:NTIFIC A J\I£RICAN, 2 West 45th Street, New 
York 36, N. Y. 

Subscription correspondence should be ad· 
dressed to Circulation .Manager, SCIENTIFIC A MERI
CAN, 2 West 45th Street, New York 36, N. Y. 

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

Subscription rates for U.S.A. and possessions: 1 
year, $5; 2 years, 89; 3 years, 812.50. Canada and 
Latin America: 1 year, 56; 2 years, $]0; 3 years, 
514. All other countries: 1 year, S8; 2 years, $12; 
3 years, $] 6. 
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Beautiful Books ON PAINTING, MUSIC, THEATRE, POETRY, 
ARCHITECTURE, DANCE, SCULPTURE 

at Substantial Savings 
list price $25 

members' price 

$15 

THE SEVEN ARTS BOOK SOCIETY is an 
organization devoted to selecting the 
most beautiful and authoritative books 
in the arts at substantial savings for its 
members. The volumes pictured and 
listed on this page, at the Special Mem

:!":':���:.$:;,�� bership prices, are just a small sampling of the 
$5 many and varied titles made available each year. LIST PRICE 

$20.00 is' p,'ce $12.50 And a member need take only four books - books 
membe';'O','ce 

of his own choice - during the course of a year. 

FREE ... for joining THE VOICES OF. SILENCE: 
Man and his Art. 663 pp. 01 text, 
456 111., 15 in lull color, 8U." x 
7'h". Magnificently printed and 
bound in a format designed by 
Malraux himself, this is one of the 
greatest and most challenging books 
of our century. 

THE NOTEBOOKS OF LEO
NARDO DA VINCI. 1248 pp., 8 
pp. 01 ill., 5'h" x 8lA". Encyclo' 
pectic in scope, these reflections 
reveal the tremendous stature of 

I I $7 50 Leonardo and his significance for 
$:r:�e��' p;ice 

contemporary thought. The defini· 

$5.50 tive edition, 'formerly available in 
two volumes. 

SPACE, TIME AND ARCHI. 
TECTURErThe Growth of a New 
Tradition. 780 pp., more than 450 
ill., 7��" x iO". The classic of 
modern architectural literature-a 
critical and historical study of 
the antecedents of contemporary 
architecture. 

THE ART AND TECHNIQUE 
"ce $J2.50.0F COLOR PHOTOGRAPHY. 

p"ce 225 pp., 195 lull-color plates, 10" x 
12". 17 of the world's greatest 
camera artists, their finest color 
phites and notes on their respec· 
tive techniques. 

MICHELANGELO: Paintings, 
Sculpture, Arcllitecture .  228 pp., 
300 plates, 9" x 12". This Phaidon 
book is the only complete edition 
of Michelangelo's work. 

MUSIC AS AN ART. 344 pp. A 
vivid and lucid contribution to 

list llrice $10 musical '!x:dersta
,
nding for layman 

members' price and mUSlCian alike. 

$6.95 
THE FUTURE OF ARCmTEC. 
TURE. 326 pp., heavily 111., 8'h" 
x 1 O'h". A superb record of Frank 
Lloyd Wright's contributions as 
architect, writer, lecturer and phil. 
osopher. 

POETS OF THE ENGLISH LAN· 
GUAGE. 5 vols., more than 3200 
pp. The whole range of both British 
and American poetry from Middle 
English to modern times. 

members' price 

$6.95 

The Seven Arts 
Book Society 

The two-volume LIFE IN AMERICA by 
Marshall B. Davidson was published in 
association with the. Metropolitan Mu·· 
seum of Art. Winner of the Carey. Thomas 
Award for Creative Publishing, it was 
more than 6 years in writing and produc
tion. Its 250,000 words, its comprehensive 
gallery of 1200 American woodcuts, paint
ings, lithographs, etchings and draWings 
form the greatest word and picture record 
of American life ever published. The set 
sells for $20.00, yet you can receive it 
FREE as a gift for joining The Seven Arts 

membe,,' p,ice Book Society. 
$5 

Your name and address in the coupon below will enroll you as a member .. 

• The Seven Arts Book SOciety Please send me the 2-volume LIFE IN 
. AMERICA (list price $20.00) free. and 
the first selection(s) checked below at 
the Special Membership Prices indio 
cated (plus 24¢ postage and handling). 

215 Fourth Avenue, N. Y. 3; l'l. ·Y. 

Please enroll me as a member. I will 
accept a minimum of 4 books a year, 

• which I may choose from the Society's 
illustrated brochure sent to me each 

• month. I may cancel my membership 
at any time after taking 4 books. 

Name __________ _ 

(Please print) 

Address _________ _ 

City ___________ _ 

• 
ZOlle· ___ -->5tate _____ _ 

SA-l 
• 

List Members' 

o Space, Time and 
Architecture 

Price Price 

o Art and Tech
nique of Color 
Photography 

o Michelangelo 
o The Future of 

Aschitecture 
0' Poets of the 

$12.50 

10.00 
8.50 
7.50 

English Language 12.50 
o Music as an Art 6.50 
o The Voices of 

Silence 25.00 
o Notebooks of 

Leonardo Da Vinci 

$9.50 

6.95 
6.95 
5.50 
8.00 
5.00 

15.00 
5.00 

• THE SEVEN ARTS BOOK SOCIETY 
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SPECTROPHOTOMETER 
for only $240 

with 41 calibrations! 

Save money on faster, more accurate readings ... 
dial sets wavelength instantly, no filters. Save on 
low purchase price ... on long, trouble-free use. 

ACCURATE READINGS IN 

SECONDS • • •  TROUBLE-FREE 

SERVICE FOR YEARS! 

• Dependable accuracy: 

Certified-Precision 
diffraction grating; narroW 

band pass (only 20m,u!l 

• Instant wavelength 

selection, 375m,u-950m,u* 

• Only 3 controls! 

• All-new trouble-free 

electronic design 

• Functional beauty-space

saving, only 14 % II wide' 

WRITE NOW 
for Catalog D-266. Exclusive perform
ance and price advantages will quickly 
make the Speccronic 20 the most 
wanted colorimeter in the field .. Write 
to Bausch & Lomb Optical Co., ;'78134 
St. Paul St., Rochester 2, N. Y. 

4 

N!J�W� : . 

o 
NOW, for the first time, you can get highest 
accuracy readings in fust seconds • . •  anywhere 
in the 375m,u'950m,u range* ... with a low· 
cost colorimeter! CERTIFIED-PRECISION dif· 
fraction grating saves time and bother: no 
need for color filters. A twirl of a knob in
stantly selects desired wavelength. Narrow 
band pass (only 20m,u!) assures high spectral 
purity for dependable analysis. You get 
double use, double value--routine colori
metry plus interpretive specrrophotometry
all at the same low price. Trouble-free serv
ice for years! Revolutionary new electronic 

'design provides stability, resists shock and 
temperature variation. 

*With Infra-Red Accessories (Only $5 More) 

BAUSCH & LOMB 
SINCE"18S3 

V. \, � 

ment of life on this planet, I read eagerly 
the article by George Wald. Apart from 
my generally favorable impression, I 
should like to point out what I consider 
an astonishing weakness in his argument 
for the ineVitability of the spontaneous 
generation of life. 

The theoretical phase of his argument 
concerning the increase of probability 
with the increasing number of trials is 
unsound, especially in view of the un
fortunate illustrations he uses. The toss
ing of a coin is a fallacious analogy . . .  
for there is neither possibility nor im
possibility for an appointed face of the 
coin to appear until there is a trial. And 
to have a trial, one must have a will to
ward the desired end. Every toss of the 
coin presupposes a "tosser" and an at
tempt (with an end in view, of course). 
Without the tosser and his trials, the 
rules of probability will mean nothing. 

J. P. IRWIN 

Philadelphia, Pa. 

Sirs: 
George Wald, in his thought-provok

ing article, claims that life was produced 
by chance organization. 

This argument is not new. I believe 
Sir Arthur Eddington summed up this 
point of view in the following limerick: 

There once was a brainy baboon 
Who ttsed to bTeathe down a bassoon, 
For he said, "It appears 
That in billions of years 
I shall certainly hit on a tune." 

Yet Lecomte du Noiiy in his book Hu
man Destiny reports the painstaking 
calculations made by Professor Charles
Eugene Guye on the mathematical prob
ability of forming a simple protein mole
cule by chance. What conclusion did he 
reach? 

"Indeed if we suppose 500 trillion 
shakings per second, which corresponds 
to the order of magnitude of light fre
quencies, we Bnd that the time needed to 
form, on an average, one such molecule 
in a material volume equal to that of our 
terrestrial globe is about 10243 billion 
years. But we must not forget that life 
appeared about one billion years ago . . .. 
We are faced with an interval which is 
more than 10243 times too short. " 

I will admit that the scientist should 
try to explain events by natural causes, 
without bringing in the intervention of 
God, as long as it is possible and reason
able to do so. But science demands that 
a theory have some solid evidence sup-

.. 
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Why accept frequent furnace repairs and production losses as "routine"? Today, there's one 

Sure way to avoid shutdowns 
WHAT CAUSES MOST REFRACTORY FAILURES? Usually one 
small area is at fault. A spot that had to take more abuse than 
the rest of the furnace ... and couldn't. Couldn't because it was 
made of the same refractories as the rest of the furnace. Couldn't 
because it was not protected by materials specifically designed to 
resist corrosion ... or flame impingement ... or erosion ... or 
extreme heat ... or whatever combined conditions caused the 
localized failure. 

That's where CARBORUNDUM's super refractories fit in. These 
products are "custom designed" to do what's above· and-beyond 
other refractories. They are the "armor plate" agents, designed 
to make emergency furnace breakdowns a rarity. 

THEY ARE ALSO ENTIRELY DIFFERENT. Some of their prop
erties have no inherent connection with ordinary refractories. 
For example, the diamond-like hardness of silicon carbide, which 
gives it superior wear resistance. Or the corrosion resistance of 
electric furnace mullite. Or the chemical stability of aluminum 
oxide. 

They're also very different, one from another. Some conduct 
heat very rapidly. Others insulate. Some are made of bonded 
grain, others of bubbles or hollow spheres bonded together. 
Still others are cast, like metals, into an impervious, ivory-like 
Structure. But all are inherently strong, resistant to extreme heat, 

and highly durable. And each, in its place, can pretty much 
eliminate emergency shutdowns, and extend on-line time. 

WE'D LIKE TO WORK WITH YOU toward this end. Our engi
neers know what materials to apply-and where. For theirs is 
the experience of the world's largest supplier of super refrac
tories. As a starter. send the coupon. 

CARBORUNDUM 
Registered Trademark 

Dept. Y-l04. Refractories Division 

The Carborundum Co., Perth Amboy, N. J. 

o As a starter, send literature only. 

o I'd like first-hand information. Please phone for appointment. 

Name' ______________ Position ________ _ 

Company' _______________________ ___ 

Address; ________________________ _ 
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TA RECORDING UNLIMITED 
-To push aside previous technical limitations today's most far sighted 

engineers and scientists are solving their data problems with 
Ampex Magnetic Tape Recording. 

o to 100,000 cycles/sec. 

hundreds, if desired 

takes any final form needed 

shock, altitude, corrosiveness, etc. 

an inexpensive, reusable medium 

Usually the magnetic tape consumed 
will cost less than film, paper or discs 
to record "equivalent" information - and in addition, 
tape is reusable and requires no special processing. 

AMPEX MAGNETIC TAPE RECORDERS 
Ampex was first to build tape recorders for data and control - has accumulated broadest 
experience in their application-and today builds more types than any other ma�ufacturer. 

Model 303 - Pulse width data, hun· 
dreds of low.frequency channels si· 
multaneously. 

Model 306 - 0 to 5000 cycles, high 
instantaneous accuracy by FM·carrier 
technique. 

Model 307 - 100 to 100,000 cycles, 
direct recording system. 

Model 500 - Most stable tope mo· 
tion ever achieved, 100 to 100,000 
cycles. 

Model 700 - Seismic drum type, 26 
tracks. 

Specialized and combination recorders - Numerous other specialized and combination 
types have been developed by Ampex under government and private contract. This wide 
variety of experience is available to help solve your special instrumentation problems. 

For further details on any model or any aspect of performance, 
write today to Dept. 0-1845. 

BRANCH OFFICES: New York; Chicago; Atlanta; 
Son Francisco; College Park, Maryland 
(Washington D.C. area). 

COR P 0 RA T ION DISTRIBUTORS: Radio Shack, Basion; Bing Crosby 
Enterprises, Los Angeles; Southwestern Engineering & 

934 C HARTE R ST R E ET Equipment, Dallas and Houston; Canadian General 
REDWOOD CITY. CALIF. Electric Company, Canada. 

porting it. Therefore, to hold that life has 
developed spontaneously by chance is 
not a scientific statement; it is a sheer 
act of faith, perhaps based on a prejudice 
against admitting the action of an agent 
outside of the material universe. 

College of St. Thomas 
St. Paul, Minn. 

Sirs: 

R. L. PROBST 

In reply to the questions raised by our 
readers, let me take up first the atmos
pheriC gases. It is true that there is a con
tinuous, slow production of oxygen in 
the upper atmosphere, through the dis
sociation of water vapor under the in
fluence of radiation and electric dis
charges; and a continuous emission of 
carbon dioxide from volcanic sources, the 
rate of which has never been adequately 
estimated. Both gases are also continu
ously bound, oxygen by performing 
oxidations, carbon dioxide by forming 
insoluble sediments. 

All of this, however, scarcely in
fluences two primary considerations. 
First, oxygen seems to have entered the 
earth's atmosphere originally in substan
tial amounts as the product of plant 
photosynthesis. If a geologist's testimony 
is wanted on this point, R. T. Chamber
lin, in discussing the evolution of the 
earth's atmosphere, says, "Goldschmidt, 
along with most geologists, considers the 
photosynthetic action of plants to be the 
chief source of atmospheric oxygen. " 
Second, the cycles of passage of both 
oxygen and carbon dioxide through liv
ing organisms are at present so rapid that 
virtually all of these gases in our a tmos
phere are products of organisms, and 
have passed through organisms again 
and again. Indeed in my article I grossly 
understated the speed of the carbon 
dioxide cycle. According to Eugene 
Rabinowitch, it is estimated that the 
land and aquatic plants together could 
bind all the carbon dioxide of the at-
mosphere in about three years. , 

As for Mr. Irwin's comment, I used 
the term "trial" with no intention to 
imply a trier. By a trial I meant only an 
event to whose outcome one might at
tach a probability. As I said, such trials 
in the present instance may have con
sisted largely of collisions a�ong mole
cules-perhaps also between molecules 
and catalytic surfaces; and the associated 
probabilities should have depended 
upon the species of molecules colliding. 
I see no reason to abandon the considera
tion that with time an outcome, though 
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Jet Starter. • • 

FOUR TIMES THE HORSEPOWER ... LESS THAN TWICE THE WEIGHT! 
At right (above) you see the first air 
turbine starter able to give continuo 
ous starts. This was pioneered by 
AiResearch in 1948. It weighed 17Ibs., 
produced 35 hp. and was used to start 
one of America's first turboprop 
engines: the Allison T·40. 

But even then giant jet engines de· 
signed to produce 10,000 lbs. of thrust 
were on the drafting boards. Starting 

A division of 

... HE 

Designers and manufacturers of aircraft 

requirements were four times that of 
earlier jet engines. Could AiResearch 
create and manufacture such a starter, 
asked the Air Force. 

AiResearch could - and did! 
The answer is the unit at the left 

(above). Weighing only 27.5 Ibs. and 
only slightly larger than the original 
model, it develops 140 hp. It is the 
only 140 hp. starter rugged enough to 

receive unqualified approval under 
Air Force qualification tests: MIL·E· 
5866A and MIL·E·5272! 

Behind AiResearch starters are over 
10,000 hours of operation in the lab· 
oratory and they have already pro· 
duced over 100,000 successful starts 
in the field . .. evidence of the ability 
of AiResearch to deliver unusual 
power in small, light· weight packages. 

Los Angeles 45, California. Phoenix, Arizona 

CORPORA .... ON 

components: REFRIGERATION SYSTEMS • PNEUMATIC VAL.VES AND CONTROLS • TEMPERATURE CONTROLS 

CABIN AIR COMPRESSORS • TURBINE MOTORS • GAS TURBINE ENGINES • CABIN PRESSURE CONTROLS ' HEAT. TRANSFER EQUIPMENT ' ELECTRO·MECHANICAL. EQUIPMENT ' ELECTRONIC COMPUTERS AND CONTROLS 
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The electronic computer gulps 
algebraic equations and releases 

typed solutions at the rate of 10,-

000 per minute. Men with vision 

created this machine that almost 
thinks, men who were dissatisfied 

with old fashioned methods. 

Dissatisfaction-
AMERICA'S GREATES T ASSET 

Comp.u t i n g  m a c h i n e s  h a v e  

created one of the fabulous 

chapters in the history of Amer

ican industry. A few enterpris

ing men in each generation have 

been unwilling to tolerate medi

ocre tools and methods. They 

are the physicists, engineers and 

designers who today are meet

ing the requirements of our 

changing world. At Meletron 

we are testing new materials and 

creating new techniques to meet 

constantly higher standards. 

Dissatisfaction with what has 

been done, plus the determina

tion to improve, is one of Amer

ica's greatest assets. 

This attitude is a 

guiding policy at 

Meletron. 

950 NORTH HIGHLAND AVENUE. LOS ANGHIS 38, C ALIfORNI A 

very improbable initially, becomes vir
tually inevitable. 

This brings us to Profe6sor Probst's 
letter. I have not read du Notiy's book, 
nor any other account of Guye's calcula
tions. I think, however, that I can assure 
Professor Probst that no adequate basis 
exists for such a calculation. We are 
concerned here with the probabilities 
associated with a series of stepwise re
actions and aggregations, none of which 
perhaps exceeds the bounds of what may 
happen in a two-body collision. 

I wonder how one might have assessed 
the probability that a mixture of water 
vapor, methane, hydrogen and ammonia, 
passed for a week over an electric spark, 
could form a variety of amino acids in 
relatively high yield. Yet in 1953 Miller 
showed that this happens, and our entire 
conception of its intrinsic probability is 
revised accordingly. 

If you will permit me a moment of 
nonsense, this is much the way I feel 
about the probability of living organisms. 
If they did not exist, J would regard them 
as impOSSible. Yet here we are; so we 
must be much more probable than ap
pears on the surface. 

I have no strong personal prejudice 
against invoking God's intervention in 
the origin of life, certainly no prejudice 
that keeps me from wondering what 
Professor Probst has in mind. The Jesuit 
priest, John Turberville Needham, a 
great champion of spontaneous genera
tion, believed that God created matter 
initially with the potentiality of spon
taneously generating life. Indeed, as 
pointed out in my article, this belief is 
consonant with the relevant passages in 
the Book of Genesis. If Professor Probst 
is dissatisfied with this view, where does 
he believe that God intervened? Was it 
to create the first protein? Or the first liv
ing cell? Or a man? 

Dr. Garrett Hardin has brought to my 
attention a notable contribution to the 
argument for spontaneous generation 
which I neglected in my article. In an 
essay published in the 1920s J. B. S. 
Haldane wrote: 

"In this present world such (organic) 
substances, if left about, decay-that is 
to say, they are destroyed by microor
ganisms. But before the origin of life 
they must have accumulated till the 
primitive oceans reached the consistency 
of hot dilute soup. Today an organism 
must trust to luck, skill, or strength to 
obtain its food. The first precursors of 
life found food available in considerable 
quantities for existence." 

J. M. WALTHEW co., Boeing Field, Seattle 8, Wash. THOMSON ENGINEERING SERVICE, 554 SO. GEORGE W ALD 
Summit St .. l'ort Worth 4, Texas and 307% Laura St., Wichita, Kansas. ROUSSEAU CONTROLS 

Ltd., 2215 Beaconsfield Ave., Montreal 28, Canada. W. M. HICKS & J. A. KEENETH, 42 Third St., 

Mineola, L. I., New York. JOSEPH C. SORAGHAN & ASSOCIATES, 1612 Eye St., Northwest, Washington \Voods Hole, Mass. 
6, D.C. BARKSDALE VALVES, 5125 Alcoa Ave., Los Angeles 58, Calif. 
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BUTYRATE 
an Eastman plastic 

CORROSION - Tenite Butyrate can't rust or cause staining; shows good resistance 
to a wide range of chemicals. Pipe extruded of Tenite Butyrate is being used success· 
fully in ·contact with s.alt water. crude oil, sour crude oil. natural gas, corrosive earth 
and in many places where electrolytic action on metal pipe could be a problem. Does 
corrosion·resistant Tenite pipe suggest a use to you? 

solves many problems 
Tenite Butyrate is a versatile thermoplastic 
material. It has many desirable properties. It 
finds many diverse applications. 

Here in one plastic you have toughness, 
resilience, impact strength, corrosion resist
ance, dimensional stability, permanent luster, 
low heat conductivity and a pleasant-to· touch 
surface. Unlimited color possibilities exist in 
crystal, transparent, translucent, opaque and 
variegated forms. 

Tenite is easy to handle. It can be injection 

molded at high speeds or continuously ex
truded without solvents. 

Use of Tenite Butyrate often means a better 
product with valuable savings in manufactur
ing time and cost. Shown here are but a few 
of the many ways Tenite may be able to 
help you. 

For more information on this useful plastic, 
its properties and its adaptability to your 
product demands, write for the illustrated 
booklet, "TENITE." 

EASTMAN CHEMICAL PRODUCTS, INC., Kingsport, Tenn., subsidiary of Eastman Kddak Company. 

Information regarding Tenite also can be' obtained from local representatives listed under "Plastics-Tenite" 
in the classified telephone directories of" the following cities: Chicago. Cleveland. Dayton. Detroit, Houston. 
Leominster (Mass.). Los Angeles. New York City. Poriland (Ore.). Rochester (N. Y.). St. Louis. San Francisco. 
Seattle and Toronto-elsewhere throughout the world, from Eastman Kodak Company affiliates and distributors. 

£XCESS WEIGHT - Tenite Butyrate 
is only half as heavy as aluminum. This 
Tenite rake weighs less than a pound. Could 
Tenite help you make some product lighter? 

PLIlNT SIlFETY - Tenite Butyrate in tough. transparent sheets is an excellent glazing 
material for explosion.vent windows. Tenite will not shatter like glass under the force of an 
explosion. but will bow and pull away 1rom the casing to permit quick release of the blast 
pressure. Do you have a use tor a tough, transparent plastic like Tenite? 
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Look what's happening in metals 

THE "A GEL E S S 
THE 117-YEAR-OLD ROOF OF PHILADELPHIA'S 

CHRIST CHURCH IS A LESSON 

IN PERMANENCE AND LOW UPKEEP 

FOR BUILDERS OF TODAY -AND TOMORROW 

In 1837-when Christ Church was renovated-the elders 
voted to install a copper roof. 

And except for a few sheets-recently replaced with Ana
conda Copper where the wooden understructure was repaired 
-this roof is still in service. The elders made a wise invest
ment-for copper's economy can best be measured by genera
tions and centuries. 

In the life of this roof-and almost all roofs-the ever
present enemies are sun, rain, snow, frost, ice, and alternate 
heat and cold. 

Wind stuffs wet fingers in tiny cracks. Frost can crumble 
masonry. Damp nights, salt air, and corrosive atmospheres
impair most metals and materials. But copper lasts-weather
ing to a beautiful blue-green patina, soft as silk in sunlight. 

Anaconda's contribution 

Today, new types of construction create new problems that, 
in turn, make necessary new forms of copper, new copper 
roofing products, and new application methods. 

WEATHER-TIGHT COPPER ROOF on Christ Church in Philadelphia is 
well into its second century of service. Interlocked seams allow for 
movement due to expansion and contraction as temperature changes. 
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ROOF 
To meet these problems, engineers of The American Brass 

Company (an Anaconda subsidiary) have applied the experi
ence of 142 years. They have fabricated copper products of the 
highest quality. They have worked out many special products 
. . .  to keep water from seeping down parapet walls, to roof or 
flash small and medium-size homes and industrial buildings 
economically, to make large roofs almost time-proof with 
copper of appropriate thickness and temper, and to seal out 
moisture, heat, vapor and dampness with thin, paper-backed 
"Electro-Sheet" copper. And, finally, they have carefully 
developed improved designs for the proper installation of all 
types of copper roofing and flashing-designs available to all. 

Do it now . . •  with copper 

Your architect or local sheet metal contractor will be glad to 
tell you more about the practicability of copper for roofing and 
flashing any building where low upkeep and permanence are 
important-church or convention hall, factory or farm, hospi
tal or home, school or store. And Anaconda is ready at all 
times to cooperate in giving you, your architect or contractor 
full technical advice. Write to The American Brass Company, 
Waterbury 20, Connecticut. 

There's plenty of copper for roofing: and no need to accept 
substitutes now or for years to come. Copper and quality are 
synonymous in building. Yet no metal is more economical
really economical in the long run. Ageless copper is the metal 
that talks back to time. .4278 

"MINIATURIZATION," That's the word for making electrical equip
ment smaller, lighter, less bulky-yet with equal or greater per
formance characteristics. Many manufacturers of wire-wound 
equipment such as relays, transformers and electric motors (illus
trated above) are working wonders in space- weight- and cost
saving by using heat-resistant magnet wires such as Anaconda 
Wire & Cable Company's Silicone Bonded Vitrotex.® 

ANACONDA 
PRODUCERS OF: Copper, zinc, lead, silver, gold, platinum, cadmium, vana· 
dium, selenium, uranium oxide, manganese ore, ferromanganese and 
superphosphate. 

MANUFACTURERS OF: E
"
lectrical wires and cables, copper, brass, bronze, and 

other copper alloys in such forms as sheet, plate, tube, pipe, rod, wire, 
forgings, stampings, extrusions, flexible metal hose and tubing. 

BIG CAKE. This copper casting wheel at International Smelting and Refining 
Company-an Anaconda subsidiary at Perth Amboy, N. J.-is the world's 
largest. It casts cakes of copper weighing up to 3000 pounds. These huge 
cakes can be rolled into larger plates and longer unjointed coils. Such coils en
able users to operate machines more economically-with fewer interruptions. 
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from Hydrazine, 
improved soldering fluxes 

12 

A remarkable new series of soldering fluxes has been 
developed by McCord Corporation, that makes possible 
greater economy and efficiency in production of soldered 
components. Based on compounds of hydrazine, these fluxes, 
called CORONIL, are non-corrosive and can be used 
without hazard. They remove oxides and other films from 
most of the commercially used metals such as copper and 
brass-as well as others-to permit more effective work 
and fewer rejects. Currently, these hydrazine-based 
soldering fluxes are being successfully applied in the 
manufacture of automotive radiators and other heat 
exchangers, parts for the electrical and electronic industries, 
carburetor floats, oil strainers, and various other 
products where effective non-corrosive soldering is essential. 

from Hydrazine, 

new fields for 

chemical 
research 

Every day, more and more interesting new applications 
of hydrazine are being developed. In addition to its use in 
fluxes, hydrazine is an important component of plant 
growth regulators, and an effective scavenger of oxygen from 
boiler feed water. As a chemical capable of reacting with 
a wide variety of both inorganic and organic materials, 
hydrazine is the starting point for countless hydronitrogen 
compounds. Perhaps you would like the latest information on 
hydrazine and its derivatives and how they might apply to 
your field of interest ... if so, why not write today? 

� OLIN MATHIESON CHEMICAL 

I _ Baltimore 3, Maryland 

MATHIESON 

CORPORAT ION 

2349 

50 AND 100 
YEARS AGO 

OCTOBER, 1904: "The efforts being 
unremittingly put forth in telegraphy to 
expedite the immense and constantly in
creasing mass of traffic between the great 
central points over fewer wires and with 
the aid of fewer assistants, have achieved 
results worthy of consideration through 
the final perfection of the tuning fork 
system of Prof. Mercadier. At the send
ing station, and by means of a series of 
tuning forks, a variety of perfect musical 
tones are generated. The vibrations cor
responding to these tones are transferreq 
electrically to the conductor; every vi
bration transmits a short electrical im
pulse or current to the conductor. The 
current waves formed by other and dif
ferently tuned forks may pass over the 
same wire at the same time; they work 
their way side by side, and independent
ly of each other. At the receiving station 
each wave current finds its way to its 
correspondingly tuned receiver; leaving 
those not tuned in harmony with it quite 
undisturbed. These receivers are called 
monotelephones. They possess the char
acteristic of giving expression to the al
ternating currents passing through them, 
only insofar as they reproduce the tone 
peculiar to their membrane. According
ly, when several of these differently 
tuned transmitters and receivers are cut 
into a circuit, each telephone will repro
duce essentially only the tones emanat
ing from its correspondingly attuned 
companion at the other end." 

"In order to explain the production of 
helium from radium on strictly chemical 
lines, it has been suggested that radium 
is not a true element, but is in reality 
an unstable compound of helium with 
some known or unknown element, and 
that this compound is steadily breaking 
up with the liberation of helium. It must 
be borne in mind, however, that this 
postulated compound is very unique in 
character, for it is necessary to suppose 
that, unlike any other molecular com
pound, it breaks up with the expulsion 
velocity, and that the energy liberated 
during these changes is about one mil
lion times greater than the energy Iib-
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1 part 

Zone Refining apparatus, showing tube and induction·heating coils. For transistors-tiny electronic 

amplifiers-germanium is made extremely pure. Then special impurities are added in controlled amounts 
for best transistor performance. 

in 10,000,000,000 

To make the most of their revolu

tionary invention, the transistor, Bell 

Laboratories scientists needed ultra

pure germanium. 

The scientists solved their problem 
by devising a radically new refining 

process. The germanium it yields 

may well be the purest commercially 

produced material on earth. 

It has only one part in ten billion 
of impurities harmful to transistor 

performance. That's about the same 

as a pinch of salt in 35 freight cars 

of sugar. 

Yet the new process, Zone Refin

ing, is simple in principle. An ingot 

of germanium is drawn through a 

series of induction-heating coils that 

melt narrow zones of the substance. 

Since impurities are more soluble in 

the liquid than in the solid form of 

a metal, the molten zones collect 

impurities. They are swept along 

by the successive melts to the end of 

the ingot, which is finally cut off. 

Zone Refining is also being applied 

to the ultra-purification of other ma

terials useful to telephony. This 

single achievement of research at 

Bell Telephone Laboratories clears 

the way for many advances in 

America's telephone system. 

BELL TELEPHONE LABORATORIES 

IMPROVING AMERICA'S TELEPHONE SERVICE PROVIDES CAREERS 

FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS 

13 
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We ha\'e been making polarized relays for 3 number of 
years and at the present time find, to our own surprise, that 
we have seven basic types in production, ready for 
production, or in the prototype stage. We have analyzed 
their relative usefulness for our own information. The 
condensed result may be of interest. 

First, as to polarized relays in general, a word or two. All of 
them respond according to polarity of a direct current 
applied to their coils, or "follow" (if they can) an alternating 
current. All of them can be wound with two separate coils, 
responding to the magnitude and polarity of the difference 
between the two (opposed) coil currents. 

POLARIZED 

SENSITIVE 

RELAYS 

Depending on arrangements, some "latchll or "remember", 
occupying either of two switch positions indefinitely until a 
new pulse of opposite polarity is received in the windings 
{our "Form Z,,}. If to this type, spring bias is added so it 
will remain in only one of the two positions unless current 
of proper polarity is applied to oppose the spring, it is called 
"biased polar" (our "Form V"). Finally, if some rather 
involved centering mechanisms are added, it will stay in 
neither position without coil signal but occupies one midway 
between. Of course, a simple stiff spring would do this but 
in an undesirable way. {Treatise available.} The result is a 
"3-position" or "null-seeking" rclay (our IIForm X" ) , 

SWITCH RATING * 

MAX. SWITCH COMB. 

FORMS AVAILABLE 
(SEE TEXT) 

RATED LIFE, NO. OF 
OPERATIONS * 

VIBRATION IMMUNITY 

SWITCH RATING III 

MAX. SWIT.CH POLES 

FORMS AVAILABLE 
(SEE TEXT) 

RATED LIFE, NO. oF' 
OPERATIONS * 

VIBRATION IMMUNITY 
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switching 
011 inputs 

from 8 to 450 
milliwatts. 

Circuit switching 
on inputs of 1 to 15 

miIliwatts. Pulse 
repeating. light 

duty telegraphy. 

2 TO 5 AMP. .06 AMP. (z.o AMP.) 

x, Y, Z X,Y, Z 

100,000 100,000,000 (tOo,OOO) 

\z •• 
milliwatts, Highly 

2 pole, developed pulse 
3· position , repeater for 

plug - in with telegraphy and 
improved ther- data handling 

mal stability. up to 400 bauds/sec. 

2 AMP. .06 AMP. (0.5 AMP.) 

2P2T SPOT 

X (z) z. v 

100,000 500,000,000 (100,000) 

lOG TO 55 CPS I5 G TO 500 CPS 
AT HIGHEST 

SENSITIVITY. 

Small and 
military. 6 to 
90 milliwatts. 

1.5 AMP. 

SPOT 

X,Y,Z 

100.000 

lOG TO 500 CPS 

Horsepower 
switching on 

inputs of 200 to 
450 milliwatts. 

Exceptional latch-
ing contactor. 

20 AMP. 

2PZT 

Z, LATCHING 

100,000 

Cheap, com
mercial and 

rugged. 

I AMP. 

2P2T 

v. z 

100,000 

NOT YET RATED. 

·Slpitcb rtlting tlud lift ratillg art botb cOlIstrvativt and arbitrary, rattd c«rrtnt at tfo1JAC 
(rtsisliot load) can br switcbrd for rattd numbrr of oprrafiolls witbol" failurr, bOlorvu. 

SIGMA 
SIGMA INSTRUMENTS, INC. 

40 PEARL STREET, SO. BRAINTREE, BOSTON 85, MASS. 

era ted in the most violent chemical re
action. In addition, it is necessary to 
suppose that the process by which he
lium is liberated is unaffected by wide 
changes of temperatures-a result never 
before observed in any chemical reac
tion. On the disintegration theory put 
forward last year by Messrs. Rutherford 
and Soddy, the helium and the radio
active products appear as a consequence 
of the disintegration of the radium 
atoms. Taking into account the novel 
character of the changes occurring in 
radium, and the enormous emission of 
energy, it appears more reasonable to 
suppose that these appear as the result 
of changes of quite a new character in 
matter-a breaking up of the chemical 
atom rather than of the chemical mole
cule." 

"Recently, in these columns, we were 
deploring the number of fatalities that 
occur in transportation on our railroads; 
but now it seems that the risk of travel 
on railroads is insignificant compared 
with that to which those who use the 
modern elevator are exposed-at least in 
New York City. For according to a state
ment of Coroner Jackson, no less than 
30 persons have lost their lives in ele
vator accidents in that city since the 
opening of the present year; and, of 
course, a still larger number of people 
have received injuries more or less se
rious." 

OCTOBER, 1854: "Some have sup
posed heat to be a subtle substance per
vading all space, and in the discussions 
of the application of heat to hot air which 
have appeared in some journals, the au
thors have dealt with heat as a grocer 
does with cheese-cut it up into slices. 
The great difference between the two 
is that the grocer's slices were veri
table, tangible realities, while the slices 
of hot air were merely hieroglyphics, as 
substantial food for the mind as air is 
for the body_ By some recent experi
ments of Regnault, in Paris, the old 
hypothesis of heat being a fluid seems to 
be settled in the negative, and the phe
nomenon of heat, like sound, is attrib
uted to a vibratory motion in bodies. 
In a recent lecture, he stated that if hot 
air in a vessel like a glass globe be al
lowed to expand into another empty 
vessel kept in a water bath at the same 
temperature, there would be neither an 
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LOOK TO MALLINCKRODT FOR YOUR CHEMICAL NEEDS IN THE COMPOUNDS OF . • •  

H 

Li C N 

Na Mg Al Si P 
K Ca Cr Mn Fe Co Ni Cu Zn As 

Sr Ag Cd Sn Sb 

Ba W Au Hg Pb Bi 

elementary 
The most elementary 

consideration in any process is 

what you start with. Your best engineered process and your finest 

equipment will not produce satisfactory products unless 

the starting materials - especially chemicals - are exactly right. 

And in the end, using the right chemical often saves money 

even at slightly higher first cost. More than 200 process industries 

have come to depend upon Mallinckrodt for their chemicals 

because they know Mallinckrodt can supply chemical needs 

promptly and in quantity. Mallinckrodt's flexible 

production facilities are geared to the precision manufacture 

of chemicals from a few tons to carload lots. 

SERVING THE PROCESS INDUSTRIES 

M allinckTodt Chemical W oTks 

0 F 

S CI 

Br 

I 

Manulactllre1's 01 cheJ/licals lor indush'ial, medicinal, l)}lOtogmphic and analytical uses 

MALLINCKRODT STREET. ST. LOUIS 7. MO. 72 GOLD STREET. NEW YORK 8, N. Y. 

CHICAGO· CINCINNATI· CLEVELAND · LOS ANGELES· PHILADELPHIA · SAN FRANCISCO · MONTREAL · TORONTO 
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(or how Lectrodryer 

keeps moisture out 

of hygroscopic stuff) 

A candymaker we know conveys sugar by blowing it through 
stainless steel pipes. Previously, when relative humidity went 
above 300/0, the sugar reacted like any other hygroscopic material 
• • • it absorbed moisture enough to stick in increasing quantity to 
the pipes, jamming them. What a mess! 

The problem was solved by installing a Lectrodryer* at the 
conveyer system air compressor. Now all air feeds through the 
Lectrodryer before picking up the sugar. It is dried to a constant 
6 % relative humidity • • •  keeping the sugar dry and flowing, 
regardless of outside weather. 

Anywhere • • •  in storage, processing, conveying, packaging, etc. 
• • •  a Lectrodryer can provide a constant blanket of extreme 
dryness over any type of hygroscopic substance. 

Lectrodryers can dry air or gas in volume to dew points as low 
as minus 1000 F . • •  to relative humidity as low as 5 % . . .  even at 
pressures as high as 6000 psi. They may be automatic, or 
manually operated. 

Inquire if you have a troublesome moisture problem. No doubt 
we have solved many like it already. 

Data available-
W rite for these free booklets: Because Moisture Isn't Pink describes 
industry's use of Lectrodryers. The Moisture In Our Atmosphere 
tells of the nature, behavior and measurement of water vapor. 

PITTSBURGH LECTRODRYER CORPORATION 
336 32nd Street, Pittsburgh 30, Pennsylvania 

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

LECTRODRYERS DRY WITH ACTIVATED ALUMINAS 

elevation nor depression of the tern· 
perature of the air, although it were al
lowed to expand to 10 times 'its former 
bulk. But if that air be allo»,ed to es
cape to do work such as to move a tur
bine, or pump, the cooling increases 
according to the work done. "Conse
quently we find," he says, "that the use
ful work done is more nearly expressed 
by the heat lost in the fall of tempera
ture, in proportion as the machine is 
perfect." 

"Our country, and especially the city 
of New York, is now clothed in mourn
ing, caused by one of the saddest events 
that has transpired for a great number 
of years. The steamship Arctic, one of 
the staunchest of the Collins Line, while 
running at the rate of thirteen knots per 
hour, was struck by the French propeller 
Vesta, during a dense fog, on Septem
ber 27th, at noon, near Cape Race, and 
sank in a few hours afterward, carrying 
down to a watery grave a large majority 
of the passengers, of whom there were 
no less than two hundred and fifty. From 
all the accounts which have been re
ceived respecting the lamentable occur
rence, it appears that both the Arctic 
and the Vesta were running at full speed, 
using neither bell nor whistle; and we 
have been informed that it is the practice 
of steamers and sailing vessels to rush 
on their ocean course during fogs at sea 
without employing any alarm to warn 
other vessels which might be in the same 
track. The reasons given for pursuing 
this nautical policy, are, first, that with 
regard to large steamships like the Arc
tic, it is safest to run at the highest speed, 
even if there should be a collision, as 
their great momentum must be in their 
favor; second, that the ocean highway 
is so broad that the chances of collisions 
are no more than one to a thousand 
against such a possibility. The fate of 
the Arctic shows that the first reason for 
high speed in a fog was a selfish and 
false business maxim; and the second, in 
our opinion, is just as untrustworthy." 

"At the annual meeting of the British 
Association for the Advancement of Sci
ence Prof. Owen, the celebrated natural
ist, delivered a lecture with diagrams, 
on man-like apes, and described a new 
species recently discovered on the west
ern coast of Africa, named the Gorilla 
species, the adults of which attain the 
height of five feet five inches, and are 
three feet broad across the chest. The 
strength of this man-ape is enormous; his 
jaw is said to be as powerful as that of a 

lion, and his canine teeth are equally 
formidable." 
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Now ... the answer to high-resolution recording of test data 

the Extended Range � Recorder 

DESIGNED especially for recording variables 
which change over a wide range, this new Ele c
troniK instrument records on a chart effectively 
55 inches in width. It has five equal measuring 
spans. Whenever the variable being measured 
reaches either the upper or lower limit of one of 
these ranges, the instrument automatically steps 
to the adjoining range and continues recording. 

Two indicating pointers show the range in use 
and the value within the range. Connected to 
each pointer is a pen; one draws a purple record 
showing the range, the other draws a red record 
of the variable itself. To get the complete read
ing, you simply add both pen or pointer indica
tions. 

The complete range is 10. 2 millivolts, in five 

Closeup of indicating scale. Upper pointer shows 

millivolts withinthe span; lower pointer indicates 

millivolts to be added. Total reading: 4.58 mv. 

2-millivolt steps with an extra 0. 2 millivolts on 
the high end of each span to provide an overlap 
that facilitates measurements near the change
over point. Pen speed of 4 Yz seconds full scale 
affords rapid response to quickly changing vari
ables. 

You'll find this new instrument particularly valu
able in strain gage measurements and in dozens 
of other uses where high resolution aids interpre
tation of data. Your nearby Honeywell sales engi
neer will be glad to discuss your specific applica
tion . . .  and he's as near as your phone. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO. , 
Industrial Division, Wayne and Windrim 
A venues, Philadelphia 44, Pa . 

• REFERENCE DATA: Write lor Data Sheet No. 10.0·18, "Extended Range Recorder." 

H 
IION[YWlH 

Honeywell 
B ROWN IN ST R U M E N TS 
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See what �ncfY has built 

for your kids! 

A WONDERFUL NEW MULTI SPEED 

POWER* BRAKE FOR BIKES .... 
(something every Dad should know about 1) 

... TO START ... TO STOP 

The main reason you should know about this new 
Bendix brake for bikes is because it's safer than the 
one your boy or girl has now . . . it will stop them 
quicker with 32% less effort. This gives your 
68-pounder just as much braking power as the 100-
pound lad with an ordinary coaster brake. 

He also pedals easier because it has two gears. 
For starting up or going uphill, he flicks a trigger 
control alongside his handle grip to put him in "low." 
Another flick, when under way, and he's in "high." 

But remember he brakes with his foot! Unlike 
imported hand-control brakes, our internal-expanding 
automotive type brake doesn't try to change his habits 
and confuse him. He still brakes the way he's used to 
braking-only it's a lot safer and easier. 

How to Order It 
Fourteen leading makes of American bicyles are now 

equipped with the new Bendix* MultiSpeed Power 
Brake. Whatever bike you buy, be sure that it is 
equipped with this great new safety feature. 

World's Foremost Producer 01 Brakes 
Bendix and braking are almost synonymous;' we've 
built millions of complete braking systems, brake com
ponents, linings and power brakes for cars, trucks, 
airplanes and bicycles over a 40-year period. 

But it's only one field of Bendix endeavors. 
Bendix Aviation Corporation is primarily a manu

facturing organization, strong on research and engi
neering, which produces about a thousand products 
and basic components for a score or more of industrial 
and nuclear fields, as well as end products for you as 
a consumer ... television, power brakes you can put 
on your present car, new-lined brake shoes, carburetors, 
electric fuel pumps, a fine barometer for your home, 
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car radios, marine ship-to-shore radio, and automatic 
pilots for boats. 

Diverse 
If you get the idea that Bendix policy is planned diversit� , 
you are right. Its chief advantage to you and your bUSI
ness is the many ways Bendix can help 
you lower costs, improve efficiency and 
up production through the use of new 
products or recent research develop
ments. 

You'll find a list of our principal 
divisions and products at the right. 
But for the complete story of Bendix 
write for the new digest, "Bendix and 
Your Business," on your company let
terhead direct to: 

BENDIX AVIATION CORPORATION 
Fisher Building • Detroit 2, Michigan 

PRINCIPAL DIVISIONS AND BASIC PRODUCTS 

ECLIPSE MACHINE, ELMIRA, N. Y. 
bicycle coaster brakes, Stromberg carburetors, 

electric fuel pumps, starter drives. 

SCINTILLA, SIDNEY, N. Y. 
aviation ignition systems; industrial engine 

magnetos; diesel fuel injection; electrical 
connectors; ignition analyzers. 

ZENITH CARBURETOR, DETROIT, MICH. 
'automotive, marine and small engine carburetors. 

BENDIX-SKINNER, DETROIT, MICH. 
micronic filters. 

PACIFIC, NORTH HOLLYWOOD, CALIF. 
telemetering equipment; hydraulic and electric 

actuators; depth recorders; boat steerers. 

BENDIX FRIEZ, TOWSON, MD. 
meteorological instruments, precision instruments 

and recorders. 

BENDIX PRODUCTS, SOUTH BEND, IND. 
automotive brakes, carburetors, power steering; 

aviation brakes, landing gear, fuel metering. 

ECLIPSE-PIONEER, TETERBORO, N. J. 
aviation instruments and components; foundry. 

BENDIX RADIO, TOWSON, MD. 
radar; auto, railroad, mobile 

and aviation radio; television. 

MARSHALL-ECLIPSE, TROY, N. Y. 
brake blocks, brake lining, synthetic resins. 

RED BANK, EATONTOWN, N. J. 
electronic tubes; dynamotors, inverters. 

CINCINNATI, CINCINNATI, OHIO 
automatic viscosity regulators, nuclear products. 

BENDIX COMPUTER, Los ANGELES, CALIF. 
digital computers. 

HAMILTON, HAMILTON, OHIO 
jet engine controls and aircraft pumps. 

LAKESHORE, ST. JOSEPH, MICH. 
power steering and automotive devices. 

UTICA, UTICA, N. Y. 
aviation components. 

MONTROSE, SOUTH MONTROSE, PA. 
aviation components. 

PIONEER-CENTRAL, DAVENPORT, IOWA 
aviation instruments and components. 

YORK, YORK, PA. 
electronic devices; test equipment. 

BENDIX-EcLIPSE OF CANADA, LTD. 
Windsor, Onto 

BENDIX INTERNATIONAL 
New York City 

*REG. U. S. PAT. OFF. 
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AIR INSTRUMENTATION 

BY BENDIX-FRIEZ 

FOR RECORDING TEMPERATURE, HUMIDITY 

HYGRO - THERMOGRAPH The leader in its 
field.Noted for precise accuracy and long
time dependability. Portable, easy to 
operate. Widely used in l aboratories, 
factories and offices. 

PORTABLE TEMPERATURE, HUMIDITY 

RECORDER Rugg e d ,  compact design. 
Ideally suited for use in small space and 
difficult locations. Provides convenient 
3 x 5 charts for 10 or 30 hour records. 

FOR CHECKING BAROMETRIC PRESSURE 

MICROBAROGRAPH A key meteorological 
instrument. Records atmospheric pressure 
to within 0.01 inch mercury. Record chart 
expanded 2� times for greater visibility. 

ANEROID BAROMETER Inexpensive, de
pendable, easy-to-read. Shows pressure and 
barometric tendency. Housed in handsome 
brass case. Favored by professionals and 
amateurs alike. 

FOR MEASURING WIND SPEED, DIRECTION 

SINGLE CHART AEROVANE RECORDER New 
flush mounted recorder for wind speed and 
direction. Each gust or lull, from breeze to 
hurricane, accurately ink plotted and re
corded on a single continuous strip chart. 

AEROVANE Indicates and records wind 
speed and direction. Recognized as "best 
all-purpose wind measuring instrument 
yet devised." Readily installed and easily 
maintained. 

, E,IEZ IN$.T.�UMENT >DIVISION OF I 
;,....,,0;. ,,; 1_4_,2_2_T_G_Y_I_o_, _:A_v"!,e_""!,u_e_. _B_G ... lt ... i _m_o,,,,,_e_4_,_M_d_. ___ " -.{j[ar::llil' .. mI!Jt!. j 

AVIAnON COltl'ORAnON 
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THE AUTHORS 
GEORGE KATONA ("Economic 

Psychology"), professor of economic� 
and psychology at the University of 
Michigan, was born in Budapest and 
educated in Germany, where he ob
tained a Ph.D. in psychology at the Uni
versity of Gottingen in 192 1 and studied 
under Gestalt psychologist Max Wert
heimer. He was for a time associate 
editor of the Deutscher Volkswirt, a 
leading political-economic weekly. In 
the 1930s he came to the U. S. and 
worked as a business economist in Wall 
Street and as a psychologist with Wert
heimer at the New School for Social Re
search. He did experimental studies on 
the psychology of learning and pub
lished them in the book Organizing and 
Memorizing. During World War II he 
turned his attention to the psychology 
of a war economy. For the past eight 
years he has directed the Economic Be
havior Program at the University of 
Michigan. 

RALPH L. MILLER and JAMES R. 
GILL ("Uranium from Coal") are on 
the staff of the U. S. Geological Survey. 
Miller took his Ph.D. in geology at Co
lumbia University in 1937. He joined the 
Geological Survey staff in Utah full time 
in 1942 and is now cliief" of the Survey's 
Fuels Branch. His original �interest. in 
coal goes back to his early years in his 
native Pennsylvania. Gill went into 
geology after several years as an aerial 
photographer in World War II, during 
which he received the Air Medal and 
two Oak Leaf Clusters. 

WOLFGANG PANOFSKY ("The 
Linear Accelerator") is professor of 
physics at Stanford University. He was 
born in Berlin, the son of art historian 
Erwin Panofsky, who later came to the 
Institute for Advanced Study at Prince
ton. After graduating from Princeton 
University in 1938, young Panofsky 
went to the California Institute of Tech
nology, where he took a Ph.D. in physics 
and stayed to direct a project for the 
Office of Scientific Research and De
veloFment. From 1945 to 195 1 he taught 
physics at the University of California, 
and since then he has been at Stanford. 
He is director of Stanford's High-Energy 
Physics Laboratory. 

F. H. C. CRICK ("The Structure of 
the Hereditary Material") is a British 
biologist who was originally trained as a 
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Where two materials are better than one 

Properties of Synthane 
Among the outstanding properties of Synthane ore: 

1. Mechanical strength. Svnthane 
exhibits excellent strength under 
tension, compression, impact, vi· 
brction and mild shock loads. It 
will not delaminate. 

2. Dielectric strength. Syn.hane 
is widely used as an insulating 
m a t e r i a l  in m a n y  d i f fe r e n t  
applications. 

3. Low moisture absorption. Most 
grades of Synthane ore highly 
moisture resistant. Special grades 
are ovailable for applications 
where absorption must be at a 
minimum. 

4. Dimensionally stable. $ynthane 
is a thermosetting plastic with a 
minimum cold now, It holds its 
shape under normal conditions 
and at elevated temperatures. 

S. Availability. In addition to 
more than 33 grades of sheets, 
Synthane is also supplied in many 
grades 01 rods and tubes. Molded· 
laminated and molded-macerated 
ports are also manufactured. A 
complete fabricating service is 
available. 

• This circuit breaker bushing is a 

most unusual application for Synthane 
laminated plastics combined with 

another material. Basically it's a con

d u c t o r  a n d  an i n s u l a t o r-a s o l i d  

copper bar-to which i s  bonded a 

thick insulating shield of Synthane 
laminated plastic. 

There is one little joker in the design: 

each bushing contains a thin copper 

grid, only .003" thick, buried in the 

insulating plastic. It is positioned con

centric to the copper core as the 

Synlhane is being wound before curing. 

After curing, the bushing goes to our 

fabricating department. Here pre

cision machinists turn off the Synthane 

Our 25th Year 
SYNTHANE CORPORATION. OAKS. PA. 

over the grid until the delicate grid is 

fully exposed-yet unharmed. 

Synthane-the material-was chosen 

for this job because of its combination 

of high dielectric strength, tough

ness and machinability. Synthane, the 

company, was selected because of its 

ability to handle a tough job. Our 

fabricating department is especially 

equipped to work with laminated 

plastics. 

Look into the advantages of Synthane 
laminated plastics and Synthane fabri

cating service. Write for a free catalog 

detailing both. Synthane Corporation, 

2 River Road, Oaks, Pennsylvania. 
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FELT 
by FELTERS 

ill do it 
Filters 
Auto parts 
Washers 
Noise dampeners 
Wicks 
Packings 
Liners 
Electrical appliances 
Aircraft parts 
Shock absorbers 
Vibration controls 

• • •  

(Your product goes here) 

Resiliency that permits constant 
spring-back to original shape ... and 

good absorptive characteristics ... are just 
two of the many properties you can get in 

Felt made by Felters. 

If you have a problem that could be solved 
by a soft, porous material, or by a hard, dense 

material- your answer could well be a 
Felt made by Felters. 

The" Felters Design Book" describes several 
usual and unusual uses for Felt. Drop us a 

line and we will send you a copy. 

HEARD ABOUT UNISORB@ - THE MODERN MACHINERY MOUNTING? 

The F E L T E R 5 Company 
250 SOUTH STREET. BOSTON II. MASS. 

physicist. After war years spent design
ing mines for the British Admiralty, hc 
decided to go into molecular biology. He 
obtained a Medical Research Council 
studentship, entered the Strangeways 
Laboratory in Cambridge, worked on 
the viscosity of the cytoplasm of chick 
fibroblasts and "read everything I could 
lay my hands on." He then joined a 
molecular biology unit sponsored by the 
Medical Research Council, where he was 
able to concentrate on molecular struc
ture. During the past year he has worked 
on X-ray diffraction of crystals of the 
protein ribonuclease at the Polytechnic 
Institute of Brooklyn. 

JEROME S. PRENER and DON B. 
SULLENGER ("Phosphors") are phos
phor chemists in the General Electric 
Company Research Laboratory. Prener, 
a graduate of Brooklyn College in 1944, 
worked as a research chemist in the 
atomic energy project from 1944 to 
1946, then as a graduate student at the 
Polytechnic Institute of Brooklyn did re
search on phosphors under contract with 
the Navy. He jOined General Electric in 
1949. Sullenger, who graduated from 
the University of Colorado in 1950, 
tested petroleum and did hospital labo
ratory work for the U. S. Army during 
the Korean War. He is entering the 
Cornell University graduate school to 
work toward a doctorate b chemistry. 

MITCHELL WILSON ("Priestley") 
has worked in nuclear physics and also 
has published three novels. His Ameri
can Science and Invention: A Pictorial 
History will be published by Simon & 
Schuster next month. For the July issue 
of SCIENTIFIC AMERICAN he wrote a 
biographical sketch of Joseph Henry. 

HANS KALMUS ("The Sun Naviga
tion of Animals") is a lecturer at Uni
versity College, London. His most recent 
appearance in these pages ("More on 
the Language of the Bees") was in the 
issue of July, 1953. 

CURT STERN ("The Biology of the 
Negro") is professor of zoology at the 
University of California at Berkeley. 
Born in Hamburg, Germany, he took his 
Ph.D. at the University of Berlin in 
1923, then spent 10 yem:s in research at 
the Kaiser Wilhelm Institute. He came to 
the U. S. in 1933. For 14 years he was a 

member of the Department of Zoology at 
the University of Ro::!hester. He went to 
the University of California in 1947. 
Stern was the author of an article on 
"Man's Genetic Future" in the February, 
1952, issue of this magazine. 
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CORNING GLASS BULLETIN 
FOR PEOPLE WHO MAKE THINGS 

Gamma guardians for protec
tion and perception. Gamma rays 
are one of the dangers you encounter 
in taming atomic energy. Those who 
delve into molecular manifestations 
often face the double problem of how 
to see what they're doing while keep
ing out of reach of lethal radiations. 
Happily, glass can extricate you 
from both horns of this dilemma. 

Our Harrodsburg plant recently 
cast and assembled what're undoubt
edly the heaviest glass windows in 
the world, designed for the protec
tion of employees working on an 
atomic power development program. 
Some of these windows are 5 Y2 x 8 
feet in area and weigh 12 tons. 

Glasses for such windows come in 
three different densities-one has a 
density of 3.3, which has very high 
light transmission and doesn't brown 
when gamma rays hit it; the second 
a density of 6.2-about the densest 
glass ever made; almost as dense as 
steel and six times heavier than 
water. And the third has a density of 
2.7 to match that of concrete. 

By using those remarkable remote
control manipulators you've seen 
pictures of, scientists are able to 
perform their experiments by look
ing through these windows without 
fear of radiation injury. 

� Maybe you're not in the market 
for a 12-ton, gamma-absorbent win
dow, but if you have any kind of 
problem calling for the selective ab
sorption and/or transmission of rays 
-cosmic, atomic, X-, ultraviolet, 
visible, infrared, micro-, radio, what 
have you, we might be able to help 
you find a solution. Leastwise, we'd 
be delighted to hear from you as a 
starter. 

Laboratory � ? 
Some years ago an enterprising de
signer came into possession of a 
simple piece of PYREX brand labora
tory ware-a standard flask. With a 

certain ingenuity and imagination, 
and the aid of some material to wind 
around the neck, he transformed this 
laboratory flask into a beautiful 
(and salable) coffee carafe. 

Since that time, other equally sales
minded designers have designed 
everything from flower vases to 
sugar bowls from laboratory glass
ware. The sales appeal of such items 
is built in with 
clean simple lines, 
heat resistance, 
functional design 
and the glisten
ing attractiveness 
of glass. 

Thus, such as 
humble labora
tory flasks travel 
the oft-unyield
ing distance from 
lab to homeon the 
wings of men's creative imagination. 

The reverse happened to a bowl 
we make for manufacturers of kit chen 
blenders. This time the creative wings 
carried our product from home kitch
en to laboratory. It came about when 
some fellows in a laboratory hit 
upon the idea of adapting these 
kitchen blender bowls to laboratory 
blending purposes. Simple, huh? 

� The starting point for other po
tentially rewarding ventures could 
well lie hidden among the more than 
40,000 standard items on the Cor
ning product shelves. Could be you're 
next in line to put the magic of 
imagination to work projecting one 
of these into a new area of utility. 
The first step on this "maybe road" 
to fame and fortune is simple: Just 
drop us a note requesting same and 
we'll let loose a deluge of data on 
standard items. 

How to engineer a platypus. A 
happy combination of purposeful 
practicality is the furry platypus 
with its webbed feet, beaver's tail, 
and duck's bill. 

A lot of our customers, to their 
continuing delight and profit (we 
hope), have discovered that glass is 
sort of platypus-like in that it, too, 

can be made to combine many useful 
characteristics. 

Take, for example, PYREX brand 
pipe. Here you see a man using a 
piece of it to drive one-inch nails in a 
pine plank. This is essentially an 
extra-curricular activity for glass 
pipe, which is more at home convey
ing metal-eating acids around chem
ical plants, but it's a way of showing 

just how tough 
glass can be when 
it's made that 
way. 

All of which 
may serve to il
lustrate for you 
how we can ar
range the optical, 
chemical, ther
mal, mechanical, 
a n d  e l e c t r i c a l  
properties of glass 

in different combinations to match 
a considerable variety of end-use 
requirements. In fact, we've worked 
up some 50,000 different formulas 
for glass in our years of helping 
customers solve specific design and 
processing problems. 
� If platypus-like glass is a novel 
idea to you, if you've never given 
glass a second thought as a highly 
adaptable design and construction 
material, we suggest your reading a 
pocket-size volume entitled "Glass 
and You." It tells in a few words and 
many pictures how glass contributes 
to profit and pleasure and we'd be 
delighted to send you a copy. Or, if 
you're more concerned with putting 
glass to work for you than in learn
ing what it's doing for others, there's 
a slightly more technical bulletin 
called, "Glass-its increasing im
portance in product design." We'll 
be glad to send you either-or both. 

In all fairness to you-and to glass, 
too, we must admit that this is not 
the whole story. Fact is, experience 
indicates that it's customer ideas 
and problems that really bring out 
the best in glass. So, even if what's 
on your mind seems unrelated to 
any item this page discusses, glass 
may still be its fulfillment. We'd 
like to hear from you. 

����t7k4" 
CORNING GLASS WORKS 30-10 Crystal St., Corning, N.Y. 
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ONLY A CRYSTAL 

Tiny crystal elements, 
typical of crystals supplied 

by Brush to phonograph 
and pickup manufacturers. 
The crystal pickup trans-

lates the grooves on a 

phonograph record into 
electrical voltages. 

can make it crystal-clear 

A crystal pickup is the starting point for 
true reproduction in most phonographs in 
use today. The reasons are simple. 

Fine piezo-electric crystals have high output, 
yet are feather-light, resulting in minimum 
record wear. With crystals, no extraneous 
sounds, such as magnetic hum, are introduced 
into the system. Crystals can be tailored 
to give any desired frequency response, 
for standard or high fidelity systems. 

A tradition of precision manufacturing 
has made Brush the world's leading producer 
of man-made piezo-electric materials 
_ . .  used in phonographs and Sonar systems, 
in instruments and dictating equipment. 

Can the application of piezo-eleCtric 
elements help you develop or improve 
products? Write for a copy of the brochure 
"PIEZOTRONICS" which describes the many 
functions and uses of these unique materials: 
Brush Electronics Company, Dept. B-IO, 
3405 Perkins Avenue, Cleveland 14, Ohio. 

BRUSH ELECTRONICS COMPANY 

24 

INDUSTRIAL A ND RE SEARCH INSTRUMENTS 

PIEZO-E LECTRIC MATERIALS ACOUSTIC DEVICES 

MAGNETIC RECORDING EQUIPMENT 

ULTRASON IC [QU I PM [NT 

formerly 
Tht Brush Dtvtlopmtnt Co. 
Bru$h Electronics Comjlan1 

is an olJtTatinc unit 0/ 
Cltvitt Corporation. 

THE COVER 

The painting on the cover depicts a 
honeybee and a compass on a land
ing platform-b@th symbolic ele
ments to illustrate the discovery of 
the remarkable ability of bees and 
other animals to orient themselves 
by means of a built-in natural com
pass (see page 74). This bee, Apis 
mellitera, was captured by the artist 
at Montauk Point, Long Island. Its 
orange pouches are pollen baskets. 
The compass is from the French city 
of Lyons. It is of the floating-dial 
type-that is, its whole dial is at
tached to a North-seeking magnet. 
Here the pointer, or gnomon, of 
the dial indicates late afternoon. 

THE ILLUSTRATIONS 
Cover painting by Stanley Meltzoff 

Page 
3 1-35 
36 

37-39 
40 
4 1  

42 
43-44 
54-55 
56 
57 

58-60 
62 
63-64 
65 
66 

68 
69 

70 
74-78 
80 
82-84 
87 
96-9!l 

Source 
Bernarda Bryson 
Ralph L. Miller and 

James R. Gill 
Emil Lowenstein 
Bunji Tagawa 
Radiation Laboratory, 

University of California 
(top); Stanford Uni
versity 

Stanford University 
Bunji Tagawa 
Sara Love 
Paul Weller 
H. R. Wilson (lett);.R. 

E. Franklin (right) 
Sara Love 
Bunji Tagawa. 
Paul Weller 
Bunji Tagawa 
General Electric Jtesearch 

Laboratory (top) ; Bunji 
Tagawa (bottom) 

New York Public Library 
Priestley-Forsyth Memori-

al Library 
New York Public Library 
Bunji Tagawa 
Journal ot Heredity 
Sara Love 
Robert Emmett Ginna 
Roger Hayward 
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Some typical parts 
produced from 
HAYNES alloys 

Custom Tailored to cut maintenance costs 
Alloys for Every Wear Condition 
Shaped to Your Specifications 

HAYNES alloys are available in a wide mnge of prop

erties. They can be supplied as castings, forgings, 

stampings, or fabricated parts finished to close toler

ances and with a mirror-like finish where required. 

Some HAYNES alloys are extremely hard-to resist 

severe abrasion. Some are tough and ductile, designed 

for use where mechanical shock or repeated stress cause 

ordinary metal parts to crack and splinter. Some resist 

the corrosive action of acids, alkalies, and molten metals. 

Erosion from steam or liquids, the softening effects of 

high-temperatures, seizing and galling from metal to 

metal contact, are other severe conditions that can be 

effectively controlled through the use of HAYNES alloys. 

Send us a blueprint of one of your wearing parts and 

tell us about the conditions under which the part must 

operate. We are sure we can supply you with a HAYNES 
alloy part "custom tailored" to solve your problem. 

"Haynes" is a registered trade-mark of 
Union Carbide and Carbon Corporation. 

HAYNES S TELLITE COMPANY 
A Division of Union Carbide anci Carbon Corporation 

[!I3:! 
General Offices and Works, Kokomo, Indiana 

Sales Offices 
Chicago. Cleveland· Detroit· Houston· Los Angeles. New York· San Francisco· Tulsa 
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A TECHNICAL REPORT 
from Du Pont 

• Properties and uses of Du Pont 

"Alathon" polyethylene resin 

Design engineers and manufacturers in many 

fields use "Alathon" polyethylene resin. It is easy 

to mold and lightweight (sp. gr. 0.92). Thin sec

tions are flexible yet strong. Thick sections of 

"Alathon" have a considerable degree of rigidity. 

"Alathon" retains its strength and flexibility at 

low temperatures. 

This engineering rna terial has superior electrical 

properties. The low power loss and dielectric 

constant of "Alathon" polyethylene resin are un

changed over a wide range of frequencies and 

temperatures. "Alathon" has remarkable resist

ance to most corrosives. It needs no plasticizer 

... is tasteless, odorless and non-toxic. 

The applications pictured here are typical of 

the many forms in which molded "Alathon" is 

used today. Listed on the opposite page are the 

properties which have made these established 

applications so successful. 

Be sure to evaluate "Alathon" in terms of your 

particular product-design problems. Mail the 

coupon for additional information on the proper

ties, applications and processing of this unique 

engineering material- Du Pont "Alathon." 

ZYTELt 
Nylon Resin 

Tough 

Abrasion-Resistant 

Strong in Thin Sections 

Form Stability 

ALATDON* 
Polyethylene Resin 

Excellent Dielectric Properties 

Tough and Flexible 

Tasteless, Odorless, Non-Toxic 

Excellent Water Resistance 

Wire and cable insulation of 
"Alathan" has low power loss. 
Its dielectric constant (2.3) re

mains uncnonged over a wide 
range of frequencies. 

Squeeze bottles mode of 
Du Pont "Alathon" are 
unbreakable and light in 
weight. They're pleasant 
to hondle, convenient to 
use, odd soles appeal to 
the product. 

Flashlight case of "Alathon" is 
dent·proof, break-proof, corro
sian-resistont. Dielectric strength 
of .. Alothon" means production 
savings because of fewer ports. 

LUCITE* 
Acrylic Resin 

Chemical pipe of HAlothon" is 
easily installed, long-lasting, 
and affords protection against 
freezing. "Alathon" does not 
contaminate fluid stream. 

Ice tray of "Ala tho nil 

stays flexible at tem
peratures well below 
the brittleness points 
of other materials. 
It's comfortable to 

handle and odorless. 

Drum of" Alathon" resists prac
tically all chemicals. It's light
weight yet strong. molded in 
many convenient shapes and 
sizes for easy handling. 

TEFLON * 
Tetrafluoroethylene Resin 

Clear, Transparent 

Outdoor Durability 

Excellent Range of Colors 

Ability to Pipe light 

tWu P 0 N� -i-"ZYTEL" is the new trade·ma rk for Du Pont nylon resin 

\J!! � ______ _ * _Re_gi8 _ter _ed_ tr _ad _e- ' _tta,_ "s_ot_E_.l. _du_p_on_td_eN_ e_"W_w- _S &_.C _O ._!b_'C ._' ________ -J 

Heat-Resistant 

Chemically Inert 

Superior Dielectric Properties 

Non-Sticky Characteristics 

lUG. u. s. ,,,,. 0'': 

BETTER THINGS FOR BETTER LIVING • • •  THROUGH CHEMISTRY 
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TYPICA L PROPERTIES OF DU PONT ��ALATHON" 

MECHANICAL ELECTRICAL 

Tensile strength, -70°F. 4,700 LB./SQ. IN. D638-49T Dielectric strength, short-time 460 V/MIL 0149·44 

73°F. 1,800 LB./SQ. IN. D638·49T step·by-step 420 V/MIL 0149·44 

170°F. 8S0 LB./SQ. IN. D63849T 
Volume resistivity > 10" OHM·CM D25749T 

Dielectric constant, 60 cycles 2.3 D1S047T 
Elongation, -70°F. 6S % D638·49T 

10' cycles 2.3 D1S0·47T 
73°F. > 100 % D638·49T 10' cycles 2.3 D1S047T 

170°F. > 100 % D63849T 10' cycles 2.3 D1S0-47T 

Modulus of elasticity, 77°F. 19,000 LB./SQ. IN. D638·49T Power factor, 60 cycles < O.OOOS D15047T 

Shear strength 2,700 LB./SQ. IN. 0732·46 10' cycles < 0.0005 D15047T 

Impact strength, lzod, -40°F. 0.8 FT. LB./IN. D256·47T 
10' cycles < O.OOOS D1S047T 

10' cycles < 0.0005 D1S0-47T 
Stiffness, 73°F. 27,000 LB./SQ. IN. D747·48T 

Compressive stress at OPTICAL 
1 % deformation 280 LB./SQ. IN. D69S-49T 

Hardness, Rockwell 048 (1) D676·49T 
Index of refraction LSI no DS42-42 

THERMAL MISCELLANEOUS 

Flow temperature 225 
Water absorption 0.014 % DS70·42 

OF. DS69·48 
Flammability 1.1 IN./MIN DS6843 

Coefficient of linear thermal 
Specific gravity 0.92 IN./MIN D792·48T 

expansion per or. 9x10" 0696-44 Mold shrinkage 0.02-0.05 IN./IN. 

Thermal conductivity 2.3 B.T.U./hr. (2) Compression ratio 2.1-3.6 

Spe sq. fUoF./in. Resistance to weathering excellent (3) 

Specific heat 0.S5 Basic color white translucent 

Deformation under load 
Resistant to: alkalies, oxygenated 

122°F., 100 Ib./sq. in. 0.6 
solvents, water, acids 

% D621-48T Not resistant to: 
Heat-distortion temperature, 

66 Ib./sq. in. 122 OF. D648-45T 

(1) Hardness of "Alathon" determined by Shore Durometer. 

(2) Thermal conductivity measured by Cenco!Fitch apparatus. 

(3) The outdoor durability of black-pigmented "Alathon" is excellent. 

Note: This table shows the property data for Du Pont "Alathon" 1 O. 

chlorinated solvents, 

aliphatic and aromatic 

hydrocarbons 

J----�------------------------ -- --- - --- ---------------"---------. 

I E. I. du Pont de Nemours & Co. (Inc.), Polychernicals Department, I 
., Room 3610 Du Pont Building, Wilmington 98, Delaware � 

Please send me more informa

tion on Du Pont "Alathon" poly

ethylene resin: Uses D; Process

ing Techniques D; Properties D. 
I am also interested in receiving 

more information on: "Zytel" ny

lon resin D; "Teflon" tetrafluoro

ethylene resin D; "Lucite" acrylic 

resin D. 

Name ____________________ __ 
Title _____________________ _ 
Firm Name ___________________ _ 
Street Address __________________ __ 
Ciry ______________________ __ 
State _____________________ ___ 
Type of Business ---------------__ __ 
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High-Purity Fused Alumina Grains • • • 

What Can They Do For You? 

FUSED alumina, with its inherent 
properties of hardness, chemical 
stability and high density, is one of 

the most widely used electrochemically 
refined materials. It is produced in many 
forms. One of these, Norton 38 ALUNDUM* 
grain has proved successful for many ap
plications demanding high purity. Elec
trically fused from Bayer-processed alu
mina, this white grain is shown by typical 
chemical analysis to be 99.49% pure 
AI20a. It is insoluble in commOn solvents 
and extremely resistant to reduction. It 
is an amphoteric refractory and has high 
dielectric strength. Other characteristics 
include: 

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

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

Typical uses of 38 ALUNDUM grain are: 
pure oxides and sintered refractories, re
fractory cements, catalyst supports, heat 
exchange pebbles, wear-resistant parts, 
laboratory ware. 

Other types of Norton fused alumina 
with unique combinations of properties 
which make them highly suitable for spe
cial requirements include: 

38500 and 38900 
AWIF ALUNDUM Grains 

In these further refinements of 38 
ALUNDUM grain, the terminal designa
tions 500 and 900 indicate particle sizes. 
In the 38500 grain, average and maxi
mum particle sizes are 19.5 microns and 
50 microns, respectively; in the 38900 
grain average and maximum particle 
sizes are 7.5 microns and 30 microns, re
spectively. Particle sizes are consistently 
very uniform. AWIF signifies "acid
washed and iron-free." 

Although these grains have the same 
physical properties as 38 ALUNDUM grain, 
their special processing to remove ob
jectionable elements results in unusually 
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high purity. A typical chemical analysis 
reveals: 

AhOa - 99.86%. Fe203-.01 to .05% 
Si02-.01 to .05% • Na20-.01 to .08% 

C - <.01% • pH - >4.1 
Very good electrical resistance, high 

heat conductivity and inertness are 
further advantages of 38500 and 38900 
ALUNDUM grains for applications in both 
the electrical and chemical fields. In ad
dition to their use in electronic tubes, as 
illustrated, other possible uses include 
the manufacture of ceramic pieces, par
ticularly electronic components where 
the inherent qualities of this extremely 
pure grain are of great value. 

Other Norton Electrochemically 
Refined Materials 

We made ALUNDUM grains the subject 
of this message. But we could just as well 
have chosen any of the long list of well 
known Norton electric furnace materials 
- CRYSTOLON* silicon carbide, MAGNO
RITE * magnesium oxide, NORBIDE * boron 
carbide, FUSED STABILIZED ZIRC ONIA, and 
many others, including a number still un
dergoing research and development. 

These high-melting materials which 
have varied applications in many fields, 
are also the basic ingredients of the 
famous Norton Refractory Ws - refrac
tories engineered and prescribed for the widest 
range of uses. 

For Your Own Applications 
or Developments 

Norton Company not only supplies 
these materials in their crude form, but 
has extensive facilities for processing and 
fabricating - and is ready to work with 
you in engineering materials to your 
particular requirements. A new booklet 
"Norton Refractory Grain - Electro
chemically Refined" 
contains detailed in
formation on these in
teresting materials. 
NORTON COMPANY, 
549 New Bond Street, 
Worcester 6, Mass. 

IN ELECTRONIC TUBES Norton 38500 
or 38900 ALUNDUM fused alumina grain is 
used to coat heater filament tubes (shown 
enlarged) . The grain is put in suspension 
and the filament is drag coated, spray 
coated or electrically deposited (cata
phoresis) . 

(NORTON) 
REFRACTORIES 

Engineered ... � ... Prescribed 
aJilkinf{ peffer prQtfilcfs • . •  

fq mil ke qf/,er protfilflfs bcfler 
*Trade-Mark$ Reg. U. S. Pat. Off. and Foreign Countries 
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ACRYLONITRILE 
H 

H'c= b -c=N 
H" 

1,2-DlCHLOROETHYlENE 
H H 
I I 

CI-C= C-CI 
FUMARONITRILE 

H-C-C=N 
II 

N" C-C-H 
STYRENE 

H-C=C-H 
I 'H 

o 
VINYL CHLORIDE 

H, .... H 
H .... C=C'CI 

The "Acrylonitrile Road" is perhaps one of the most prom
ising routes for researchers to new copolymer resins, coatings, 
adhesives. 

Acrylonitrile is the most versatile and reactive polymer
former available in commercial quantities. Check these 
characteristics: 

• Acrylonitrile will co-polymerize with most commercial 
vinyl monomers, will join chemically with a great variety of 
natural or synthetic resin formers. 

• Acrylonitrile will add or improve these properties in most 
copolymer systems: higher abrasion resistance, greater sol
vent resistance, more toughness, greater hardness. 

• Acrylonitrile will add resistance to mildew and micro
organism attack when used to produce cyanoethylated cellu
lose products. 

NEW RESINS-literally scores of new compositions 

will develop through research with acrylonitrile. 

To make highly reactive acrylonitrile suitable for 

many uses, Monsanto has perfected a method of 

manufacture that produces uniform, high quality 

monomer-to facilitate the duplication of end 

product resins on a continuing basis. 

NEW MONOMERS-for the resin 

industry are under constant 

development. If you are searching 

for a new resin former, consult 

Monsanto. Laboratory-size sam

ples of the 5 monomers listed will 
be sent on request. 

r------------------------------I 
MONSANTO CHEMICAL COMPANY I' 
Resin & Raw Material Dept., Plastics Division, Springfield, Mass. 1 
Please send me a copy of: I 

"Acrylonitrile in Adhesives" TX-13 0 I 
"Organic Syntheses Based on Acrylonitrile" 0 I 

A sample of Acrylonitrile 0 I A sample of Fumaronitrile 0 I A sample of 1,2-Dichloroethylene 0 I 
I am primarily interested in possible applications in the field of I 

.. ... ............. I 
Name ... ...

.
. ............ ... .... .... ....... ..... ... . Title . ........... . I 

I Company ... ..... ..... .. .... .... .... .... ..... ... .... ...... . . .. .. .... ............ I 
Address.... .. ... ....... .. ........... . ... .................................. I 
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Economic Psychology 
Recpnt investigations of the human element in Economic Man may 

help to explain why the behavior of businessrnen and conSLllners 

departs so often and so radically from the textbook predictions 

I
n 1923, the year of the great infla

tion in Germany, when the price of 
a loaf of bread rose to 214,000 mil

lion marks and one could make a living 
by buying cigarettes in a retail store in 
the morning and selling them in the 
evening, I was a young psychologist en
gaged in experiments on visual percep
tion at a university. Like many of my 
colleagues, I had to leave my work and 
get a job in a bank, where we were paid 
-daily at noon so that we could spend 
the money right away. I also began to 
read economics to try to find out what 
was going on. 

I read that inflation is the result of an 
increase in the money supply-of more 
purchasing power competing for the 
available goods. Observing that hardly 
anybody had ready cash, and finding out 
from statistical tables that the German 
note circulation was exceedingly small 
when expressed in real purchasing 
power, I wondered. Then I discovered 
in the literature a second vicious char
acter, called "velocity of circulation," 
which jOined forces with the major cul
prit, the "quantity of money." But nam
ing the phenomenon did not seem to 
explain it. I pondered whether the ex
planation should not have been looked 
for in the psychological factors that in
duced the German people to get rid of 
their money as fast as they received it, 
rather than in the high rate of turnover 
itself. 

During the mild inflation in the U. S. 
that followed the outbreak of the Ko-

by George Katona 

rean War in 1950, I was again impressed 
by the disagreement between actual 
events and what I had read in economic 
textbooks. Prices rose rapidly before 
there was any appreciable increase in 
Government spending or money supply. 
But when, in the spring of 1951, rearma-

The price 0/ a loa/ 0/ bread 

ment expenditures really got under way, 
prices stopped rising. U. S. families 
ceased their rush buying and began to 
hold on to their money. 

It seemed that here again, as in Ger
many in 1923, the answer must lie in 
psychology; the people's economic be
havior appeared to be governed more 
by their expectation of what was going 
to happen than by the situation of the 
moment. And so in 1950-1951 at the 
Survey Research Center of the Univer
sity of Michigan we undertook to exam
ine the developlnents with a new ap
proach, that of economic psychology. 
There were available then, as there had 
not been in 1923, conceptual tools and 
measuring sticks, such as sample inter
viewing, for investigating changes in 
mass behavior. 

�t us consider first the theoretical 
background of economic psycholo

gy. In traditional economics the term 
"economic behavior" has been used in 
three different ways. In one sense it has 
purported to explain the behavior of 
businessmen and consumers in terms of 
a norm: how rational men should seek a 
maximization of profits or of utility, on 
the assumption that they have full 
knowledge of and control over all means 
of achieving the postulated economic 
end. In a second sense economic be
havior has been used to mean the be
havior of prices, of incomes and of the 
economy of a nation. Economists with 
this outlook have been concerned with 
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The saturation concept yields dire predictions for the futllre 

the relationships that exist between 
changes in supply, prices, incomes, con
sumption, saving and investment. 

These two approaches have been of 
great value. But they disregard the fact 
that it is human beings who supply the 
goods, make prices, strive for incomes, 
spend, save and invest money. They 
leave out of the equation human needs 
and desires, hopes and fears, opinions, 
prejudices and misinformation. 

Traditional economics has, to be sure, 
done some exploration of economic be
havior in the third sense of the term
the behavior of businessmen and con
sumers as people. It has made case stud
ies of business behavior, statistical 
studies of business cycles and theoretical 
studies of mass behavior. But the in
formation obtained was of a general na
ture. It was known, for instance, how 
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national income changed from one year 
to the next, but it was not known how 
many families had an increase and how 
many a decrease in income, what kinds 
of families these were or how they re
acted to their income development. Nor 
were there any data on changes in atti
tudes and expectations, the frequency 
of such changes or their causes and 
effects. 

In recent years the development of 
the sample interview survey has made 
it possible to investigate these matters. 
Economic psychology maintains that 
businessmen and consumers are not 
marionettes pushed around by the law 
of supply and demand; they have some 
discretion and latitude, within limits. 
We shall illustrate both the latitude of 
the actors on the economic scene and 
its limits with reference to consumer 

behavior. We select the consumer be
cause the influence of his psychology 
on employment and business conditions 
has not been generally recognized. 

I n our studies of consumer behavior we 
distinguish five sets of variables. First 

there are the enabling conditions that 
set the limits to the consumer's discre
tion: his income, assets and access to 
credit. Second, his economic behavior 
is influenced by precipitating Ci1'CHnl
stances: an increase or decrease in pur
chasing power, a change in family status, 
the birth of a child, a move to a new 
house or locality, the wearing out or 
breakdown of possessions, and so on. 
Third, there is the important factor of 
habit: the set patterns of behavior that 
operate, for instance, in such matters 
as the purchase of groceries. Fourth, we 
have to take into account contractual 
obligations: for example, rent, repay
ment of debt, life insurance premiums, 
taxes, dues and the like. Previous ac
tions, such as the purchase of an auto
mobile on installments, make both for 
contractual obligations (repayment of 
debt) and for consequent actions (pur
chase of gasoline) . Finally, we must deal 
with the consumer's psychological state. 
Whether a rise in income, a transfer to 
a new locality, the breakdown of an old 
refrigerator or any other event will re
sult in important changes in spending 
depends on the prevailing motives and 
attitude. If the attitude is conducive to 
spending, one kind of decision will be 
made; if it is not, another decision. 

How does all this affect the econon;y 
as a whole? Can the actions of indi
viduals, influenced by th�se variables, 
produce a general economic trend? 
Sometimes it has been assumed that the 
attitudes of different people, their op
timism and pessimism, for instance, 
should cancel out. Our studies, however, 
show that trends do appear. As a result 
of group identification and mass c!om
munication, similar changes in attitudes 
often occur among very many people at 
about the same time. This proposition 
serves as the starting point for quanti
tative studies of the origin of changes 
in attitudes and their influence on eco
nomic fluctuations. 

The power of consumers to influence 
economic fluctuations will not be the 
same in different economies. In a sub
sistence economy, in which the entire 
income of most consumers is devoted to 
the acquisition of minimum necessities, 
the consumer and his attitudes may per
haps be disregarded. But today in the 
U. S. we find substantial discretionary 
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income in the possession of broad groups 
of people, and also widespread owner
ship of liquid assets and easy access to 
credit. Moreover, the things that people 
consider necessities now include nu
merous durable goods (automobiles, 
television sets) the purchase of which 
can be postponed or advanced. There
fore economic psychology is particularly 
important in this country at this time. 

T he sample interview survey offers a 
bridge between individual attitudes 

and aggregate behavior, as measured by 
national statistics on income, spending, 
saving and so on. Individuals are inter
viewed, and for each individual re
spondent who falls in the sample three 
kinds of measures are obtained: ( 1) 
demographic data, such as occupation, 
education, age, marital status and the 
like; (2) economic data, such as income, 
expenditures, assets and debts; (3) psy
chological data, such as motives, expec-

tations and intentions. From represen
tative samples it is possible to deter
mine the frequency of each type of 
measure at successive time points; for 
instance, we may find that one year 25 
per cent and the next year 30 per cent 
of U. S. families had annual incomes 
over $5,000; or that one year 20 per 
cent expected their incomes to go up 
and the next year 30 per cent. We can 
also measure functional relations be
tween different variables. We may find, 
for instance, that of those who say they 
feel better off, 50 per cent buy durable 
goods in a given year, while of those 
who say they feel worse off, only 25 
per cent buy such goods. By repeating 
such measurements under different cir
cumstances the sample interview survey 
may serve to test hypotheses. 

What insights were obtained from 
such surveys in 1950-1951? They 

disclosed dramatic shifts in attitudes 

which were connected with the shifting 
fortunes of the Korean War. When mili
tary reversals came in the summer of 
1950 and again a few months later after 
the intervention of the Chinese Com� 
munists, many people feared that World 
War III was imminent. Fear of war 
evoked not-too-distant memories of 
shortages of goods and of rapid and sub
stantial price increases. The buying 
sprees of consumers in 1950 occurred in 
two waves, coinciding with the two pe
riods of adverse military news. 

Early in 1951 the situation changed 
completely. When the military front in 
Korea was stabilized, the expectation of 
World War III gave way to the notion 
that we were living in a period of cold 
war. Acute fear gave way to uneasy 
anxiety. The expectation of shortages 
disappeared; people learned that the 
U. S. economy could supply both but
ter and guns (for a cold war). By the 
summer of 1951 many experts spoke of a 

A colloquy on Economic Man: left to right, Smith, Malthus, Ricardo, Bentham, Mill, Fourier, Saint.Simon, Comte, Marx, Proudhon 
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buying lull and attributed it to satura
tion due to previous extensive purchases. 
But it appeared to us who studied peo
ple's opinions and feelings that this was 
not an adequate description of the de
velopments. "Lull," says Webster, means 
"temporary cessation," but there was 
nothing temporary in people's attitudes. 
We found that in many cases money was 
not lacking, and on the whole needs and 
desires for new and better things were 
expressed as frequently as before. But 
"this is not a good time to buy" was a 
frequent comment. The business out
look did not appear favorable; people 
complained of high taxes and high 
prices. Many decided to' postpone the 
purchase of automobiles, television sets 
and furniture. The prevailing attitudes 
resulted in a low rate of spending and a 
correspondingly high rate of saving dur
ing 1951 and most of 1952. It is not 
money in the possession of consumers 
that moves goods off the shelves; it is 
people who decide to spend their money. 
In order to predict the trend of con
sumers' spending, it is necessary to ob
tain data both on the resources of con
sumers and on the motives that tend to 

encourage or discourage the spending 
of money. 

What generalizations can we draw 
from the recent research in eco

nomic psychology? 
The economic theory of Lord Keynes, 

which has dominated the thinking of 
economists in recent decades, put great 
stress on the effects of changes in in
come on spending and saving. We have 
found that in a period of good busi
ness, those who suffer declines in income 
reduce their rate of saving so as to main
tain their accustomed standard of living, 
as the Keynes theory predicts, provided 
they expect the decline to be temporary 
and have liquid assets. On the other 
hand, with an increase in income, spend
ing often rises faster than the income if 
the economic trend is upward. That is to 
say, an increase in income often leads 
people to reduce saving, contrary to the 
Keynes theory. If an economist were 
asked which of three groups borrows 
most-people with rising income, stable 
income or declining income-he would 
probably answer: those with declining 
income. Actually in the years 1947-1950 

H oording is not always predictable 
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the answer was: people with rising in
come. People with declining income 
were next and those with stable income 
borrowed least. People's readiness to step 
up their level of living in response to 
their feeling that their situation has im
proved contributes to the dynamic na
ture of American society. Similar investi
gations carried out in Great Britain at 
the same time yielded different results, 
more in accord with traditional assump
tions about saving and spending. 

Another traditional assumption is that 
if people expect prices to go up, and 
have money, they will hasten to buy; if 
they expect prices to go down, they will 
postpone buying. But our surveys 
showed that this is not always true. 
Often the expectation of price increases 
does not stimulate buying. One typical 
attitude was expressed by the wife of a 
mechanic in an interview at a time of 
rising prices. "In a few months," she 
said, "we'll have to pay still more for 
meat and milk; we'll have less to spend 
on other things." Her family had been 
planning to buy a new car, but they post
poned this purchase. Furthermore, the 
rise in prices that has already taken place 
may be resented and evoke buyers' re
sistance. For example, there is this typi
cal comment of a teacher in 1951: "I just 
don't pay these prices, they are too high. 
Prices will go up still more. Nobody will 
be able to buy anything." To be sure, as 
we have seen, expectations of war, short
ages and very large. price increases may 
result in different behaviof. 

The effect of price I'eductions varies. 
If people believe them to be the begin
ning of a downward trend, buying may 
freeze up. If they feel that they are being 
offered a bargain which will last only a 
short time, they hurry to buy. 

The condition most conducive to 
spending appears to be price stability. If 
prices have been stable and people have 
become accustomed to consider them 
"right" and expect them to remain stable, 
they are likely to buy. Thus it appears 
that the common business policy of 
maintaining stable prices with occasional 
sales or discounts is based on a correct 
understanding of consumer psychology. 

Finally, consumers' spending is in
fluenced by the general economic out
look as well as by their personal circum
stances and the immediate price picture. 
Even though a family head does not ex
pect a cut in his own income, if he fears 
a general recession he may say no to the 
family demand that he trade in the old 
television set for a new one with a 21-
inch screen. It appears that many people 
feel vaguely that their own income is an 
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insensitive indicator; that sooner or later 
economic trends prevailing in the coun
try will affect them p�rsonally. Group 
influences, experiences shared with 
neighbors and friends, also shape peo
ple's attitudes. Most U. S. families have 
an abundance of unsatisfied needs. (The 
rich are no exception.) Under what 
conditions are needs most likely to be 
transformed into effective demand? 
When people are confident about the 
future of the economy. They are most 
likely to postpone such satisfactions 
when they feel uneasy about the future 
course of the economy. 

rrhe notion of "saturation" of the 
market is based on old-fashioned 

psychological assumptions which in turn 
rest on the analogy of biological drives: 
for example, if an animal is hungry, it is 
motivated to search for food; after it has 
eaten, the motive disappears or becomes 
weak. The saturation concept has re
sulted in dire predictions about the fu
ture of the U. S. economy. Some people 
point to the large proportion of U. S. 
families that already possesses major 
goods, such as refrigerators (over 80 per 
cent) or automobiles (about 70 per 
cent), and they argue that in the future 
sales will be limited largely to replace
ment needs. 

But social motive!1 are different from 
biological ones. Levels of aspiration-in 
sports, for school grades, for position, for 
income and for goods-most commonly 
rise with achievement. A beginner in 
golf, for instance, may strive hard to 
achieve a score of 100; when he has 
achieved his goal, he invariably raises 
his sights. We give up aspirations when 
we have failed, not when we have suc
ceeded. 

In the economic field, a family that 
has saved enough to buy a home usually 
sets out on a new objective, such as col
lege education for the children; fulfill
ment of one aim leads to striving for 
another. Indeed, in a recent survey it was 
found that this applied to goods already 
owned; families with a refrigerator in 
good operating condition often were 
preparing to buy a larger one, or one 
with shelves on the door and a better 
freezing compartment. 

We translate our needs into demand 
when we are optimistic, confident and 
secure. We are "saturated," on the other 
hand, when we are pessimistic, insecure 
and especially when our past endeavors 
have been unsuccessful. 

America is prosperous. Prosperity 
means that many more people than ever 
before own houses, automobiles, re-

Increase in spending may exceed increase in income 

frigerators, TV sets and the like. Is pros
perity its own gravedigger; must a few 
years of high rates of purchasing in
evitably be followed by saturation and 
slump? The answer is no: it is not auto
matic or inevitable that prosperity be 
followed by depression or that cyclical 
movements occur. This, of course, does 
not mean that we already know how to 
avoid depressions. But an understanding 
of what motivates people, and of how 
motives change, should contribute to 
this goal. 

T he few generalizations derived from 
recent surveys of consumer attitudes 

and expenditures represent a promising 

beginning. As yet we know far too little 
about the origin of mass attitudes, their 
spread among people and the effects of 
different attitudes on action. But what 
we do know is that economic psychology 
may usefully supplement the theoretical 
and statistical approach of traditional 
economics. It contributes to the under
standing and prediction of economic 
fluctuations, and thereby promises to 
provide policy makers with better tools 
which they may use to combat the re
currence of periodic depressions and in
flations. It should also contribute toward 
the attainment of the ultimate goal of the 
behavioral sciences-the development of 
a theorv of social action. 
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URANIUM FROM COAL 

The Bad Lands of the Dakotas have never been good for much 

except as a hideout for outlRWS and ,varring I ndians . N o,v the 

high buttes are found to bear surpnslng amounts of uranium 

N
orth of the Black Hills in the Da

kotas is a desolate region fur
rowed here and there with "bad

lands"-mazes of gullies and small can
yons. Except in particularly wet years 
the countryside is largely barren of vege
tation. Most of the landscape is nearly 
fiat, but its general monotony is broken 
in places by buttes standing 300 to 600 

feet above the plain. Thev range in size 
from small knobs to mesas several miles 
long and a mile wide. The more prom i-

by Ralph L. Miller and James R. Gill 

nent ones bear colorful names such as 
Slim Buttes, Table Mountain, Medicine 
Pole Hills, Cave Hills, Bullion Butte and 
Sentinel Butte. These buttes have re
centlv become invested with a new in
terest, for it has been discovered that 
they bear a great deal of uranium, not 
richly concentrated but in amounts that 
make the area a significant reserve for 
future development. 

The uranium lies in beds of lignite, a 
carbonaceous material sometimes called 

LIGNITE BED which contains uranium ore is the dark stratum in the photograph. Its base 
is in line with the man's arm. "Hot" lignite beds are always just below the butte's cap rock. 
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"brown coal." The curious relationsh.ip 
between uranium and coal has been 
known since 1875, when E. L. Berthoud 
noted that carbonaceous m'aterial had a 
high affinity for uranium. Recent labora
tory experiments have shown that peat, 
lignite and subbituminous coal can ex
tract more than 98 per cent of the urani
um in a liquid solution of uranium sul
fate. Other organic materials such as 
wood and tricalcium phosphate also can 
extract substantial percentages of urani
um from solution. In the field, geologists 
have observed that nearly all the urani
um deposits in the Colorado Plateau, the 
chief source of that vital mineral in the 
U. S., contain a great deal of organic 
material in the form of fossil wood and 
other plant debris. 

\Vhen the intensive reconnaissance for 
uranium began in the U. S. toward 

the end of World War II, it seemed logi
cal to check coal, lignite and other car
bon-rich beds with Geiger counters. In 
1948 D. G. Wyant and E. P. Beroni of 
the U. S. Geological Survey, working on 
behalf of the Atomic Energy Commis
sion, discovered promising levels of 
radioactivity in various beds of lignite in 
northwestern South Dakota, southwest
ern North Dakota and eastern Montana. 
They recommended exploration of this 
material, and analyses of many samples 
showed that the lignite did indeed con
tain uranium. These detailed studies .are 
still in progress and provide the basis for 
this account. The principal contributors 
have been H. L. Bauer, Jr., N. M. Den
son, G. O. Bachman, H. D. Zeller, J. R. 
Gill, G. W. Moore and J. M. Schopf, all 
of the Geological Survey. The investiga
tions are being conduated for the Atomic 
Energy Commission. 

The region in which the uranium
bearing lignites were found has had a 
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lon� and ccmplex geologic history. Upon 
a basement consisting of very old 
igneous and metamorphic rocks inland 
seas and rivers deposited many different 
sedimentary formations during the long 
Paleozoic and Mesozoic eras. About 60 

million years ago, when the continent 
had been uplifted sufficiently to put an 
end to the seas' flooding of large areas in 
the interior, the northern Great Plains 
became a region of vast swamps in which 
plant life flourished, died and accumu
lated to form peat beds. These swamps 
were buried from time to time by sands 
and clays washed in by rivers from the 
Rocky Mountains region. As the peat 
beds were buried deeper and deeper, 
they were slowly transformed into lig
nite, but the transformation in this re
gion did not go far enough to produce 
bituminous or anthracite coal. 

Eventually these strata, which geolo
gists call the Fort Union formation, were 
rather abruptly tilted northward by a 

general uplift and warping of the earth's 
crust. The surface was then beveled 
nearly Rat again by stream erosion. Now 
came a new series of deposits, this time 
consisting of sand with considerable 
amounts of very fine volcanic ash, prob
ably from volcanoes to the west. These 
younger deposits were laid across the 
tilted and eroded edges of the older sedi
ments. Later stream erosion stripped 
away almost all of the sand-ash mantle. 
The only remnants of it now left are the 
buttes, which, with their sheer sides and 
caps of hard rock, stand like the pebble
capped little mounds of earth you see on 
bare ground after a hard rain. 

This, then, is a capsule history of the 
way in which the buttes were 

formed; the history is written in their 
strata, which include beds of liO'nite as 
much as 20 feet thick [see diagram 
below J. Exploring these lignites as po
tential ores of uranium was quite a 
new experience and a new kind of eco
nomic geology, even for experienced 
coal geologists. Uranium-bearing coal 
looks no different from ordinary coal ex
cept in rare instances when associated 
minerals discolor interfaces in the layers. 

ORE·BEARING BUTTES, capped by radioactive volcanic rock, are designated by red on 
this map of the Bad Lands. The line A·A' marks the profile shown in cross section below. 

To find out whether a lignite bed con
tains uranium, and how much, one must 
scan it with a radiation-measuring in
strument, such as the Geiger or the scin
tillation counter, and then analyze any 
radioactive samples by extremely sensi
tive chemical assays. Many radiation 
measurements and chemical analyses for 
uranium have been made of samples 

from Dakota lignites to determine the 
amount of uranium in various beds and 
parts of the same bed. 

How did the uranium get into the 
lignite in the first place? One theory is 
that it was present in solution in the 
water of the original swamps, having 
been carried there by streams from dis
tant areas. If there were significant quan-

NORTH DAKOTA SOUTH DAKOTA 

A BUlliON BUTTE 

,-
I 
I 

HT BUTTE MEDICINE POLE HillS 

CROSS SECTION through the Dakotas shows the relation between 
cap rock and lignite beds. The "hot" beds appear as red lines be· 

NORTH CAVE HillS SLIM BUTTES A' 

neath the cap rock. Black lines mark nonradioactive beds. Fort 
Union formation includes Tongue River and Ludlow members. 
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SLIM BUTTES, South Dakota, is shown by this block diagram. 
The cliff·forming cap rock of the buttes is composed of the volcanic 

sandstones of the Arikaree and White River formations. The older 
coal.bearing Ludlow and Hell Creek formations lie beneath. The 

tities of uranium in the swamp water, it 
is logical to believe that the uranium 
would be abstracted from solution by the 
woody material, just as happens in the 
laboratory when wood is immersed in a 
uranium solution. This theory, however, 
seems to leave several questions unan
swered. Denson, Bachman and Zeller of 
the Geological Survey have suggested 
what seems to be a much more likely 
explanation. They noticed that of the 
different lignite beds in a butte only the 
highest one contained a significant per
centage of uranium [see diagram on 

pages 38-39J, and, furthermore, uranium 
tended to be more abundant at the top 
of the bed than farther down. This in
dicated strongly that the uranium had 
trickled down from above. Tests with 
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counters showed that the volcanic rocks 
overlying the lignite were indeed radio
active. (The sand and volcanic ash 
deposits are called the White River 
and Arikaree formations.) Apparently 
ground water dissolved uranium in these 
beds and washed it down into the high
est lignite bed. Every time rain fell, some 
of it percolated through pores and cracks 
in the uranium-bearing volcanic ash and 
carried uranium down in solution to the 
lignite. Because of the affinity of ura
nium for carbonaceous material, the lig
nite extracted the uranium from the so
lution. One conRrmation of this theory 
is the fact that water in springs around 
the margins of the buttes is radioactive, 
showing clearly that uranium is still 
being dissolved from the volcanic rocks. 

It now becomes apparent why urani
um-bearing lignites have been found 
only near and beneath the buttes of the 
region. In the intervening broad low
lands, erosion has removed all the vol
canic cap rock and also the highest lig
nite beds, which would have captured 
most of the uranium. Only in the vicinity 
of the buttes are these highest lignite 
beds still preserved. 

This hypothesis of the origin of the 
uranium-bearing lignites in the Dakota 
region has prompted geologists of the 
Geological Survey to explore for urani
um-bearing coals and carbonaceous 
shales in other regions where beds of this 
type are known to be in proximity to 
beds containing volcanic ash. A number 
of other deposits have been found in 
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red lines represent lignite beds containing unusual and significant 
amounts of uranium. Black lines designate lignite beds essentially 

barren of uranium. These beds appear as outcroppings about the 
middle and lower slopes. The distance across the base is 26 miles. 

areas where this favorable set of geologic 
conditions exists. The theory gives geolo
gists a guide for exploration which is an 
improvement over mere random sam
pling of carbonaceous deposits. 

The process described is certainly not 
the only mechanism by which uranium 
deposits have been formed, even in 
carbonaceous beds. Each new deposit 
found has to be interpreted in the light 
of the geologic history of the region in 
which it lies, and each one presents its 
own peculiarities and its own problems 
of origin. 

I n comparison with other sources of 
uranium that are being mined or de

veloped today, the Dakota lignites are 
very low-grade. No efficient or inex-

pensive means of extracting the uranium 
from them has yet been found. Never
theless, the tonnages of uranium in the 
lignites are large, and thus form a re
serve of considerable strategic value, 
particularly if the U. S. were to be cut off 
from foreign sources of supply in a time 
of national emergency. For these reasons 
it has seemed important to the Atomic 
Energy Commission and to the Geologi
cal Survey to learn as much as possible 
about the potential of uranium from 
coal. Thousands of outcrops of coal beds 
have been examined by Survey geolo
gists, and many of them have been 
sampled. In addition, diamond-drill 
holes have been put down at strategic 
locations by the Geological Survey and 
the Bureau of Mines to probe the ore 

possibilities in beds below the surface. 
The photograph on page 36 shows a 

"hot" lignite bed in one of the buttes. 
The base of the lignite is in line with 
the man's arm, and the top of the bed is 
about three feet below the edge of the 
meadow. 

Mining of these deposits for uranium 
is not likely in the near future, in view of 
their low grade. It seems, however, that 
increasing demands for uranium, 
coupled with development of new inex
pensive metallurgical techniques for re
covering the uranium, will eventually re
sult in their exploitation. That day may 
be accelerated if industries decide to 
utilize the lignites in large quantities for 
fuel and recover the uranium from the 
otherwise worthless ash as a by-product. 
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The Linear Accelerator 
The earZr idea of accelerating particles In straight lines instead 

of circlf!s has made a strong comeback. Linear Inachines generate 
electron or proton bealns of respectable ()eloci�r and :;harp fOCLl:; 

A
quarter of a century ago physicists 
started a "race" toward more and 
more energetic machines for the 

acceleration of atomic particles. The 
evolution of particle accelerators has 
now reached a stage where specializa
tion of the machines for the specific pur
poses for which they are to be used has 
become as important as brute energy. 
The linear accelerator, which is the sub
ject of this article, falls in the category 
of a speCialized tool. 

The idea of linear acceleration actual
ly is older than the cyclotron or the 
present more potent successors of the 
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cyclotron. Indeed, the linear accelerator 
was once believed to be the most prom
ising candidate to win the energy race 
[see "The Bevatron," by Lloyd Smith; 
SCIENTIFIC AMERICAN, February, 1951]. 
It is still the "favorite" to attain the 
highest energy in the acceleration of 
electrons, but at the present time it is 
not a leading contender for the maxi
mum acceleration of protons; in that 
field circular machines have taken the 
lead as a result of improvements in their 
design and certain practical difficulties 
of the linear accelerator. The main at
tractions of the linear machine now, 
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ENERGIES attainable from the linear electron accelerator operating at 3,000 megacycles 
are plotted in billions of electron volts. Length can be traded for power on equal terms. 
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however, are not its peak energy pos
sibilities but other qualities which we 
shall examine. 

The linear accelerator, ;\s its name im
plies, accelerates particles in a straight 
line; this distinguishes it from all other 
present accelerators, which drive the 
particles around a circular track. Like 
the other machines, the linear one speeds 
up the particles by means of a series of 
boosting kicks, or, in another version, by 
means of a continuously accelerating 
electrical wave. 

The first of these two forms is known 
as the "drift-tube" accelerator. The 
particles travel through a long series of 
pipes, and at each gap between one pipe 
and the next they are given a boost by a 
voltage applied in the right direction at 
precisely the right time. The energy and 
timing of the alternating voltage are 
provided by radio waves from powerful 
transmitters. 

The second form of the linear machine 
is called a "traveling-wave" accelerator. 
Here the long pipe is continuous. An 
electric field generates an electromag
netic wave in it, and the wave, controlled 
in speed to stay with the particle, carries 
it along to steadily higher velocities. The 
effect is analogous to a water wave car
rying a surfboard rider. 

l' he idea of a linear accelerator was 
suggested as early as 1924 by 

Custaf Ising in Sweden. Ernest O. 
Lawrence and David H. Sloan at the 
University of California were the first to 
build one. They used radio-frequency 
power. Because of the limitations of 
radio generators of that time they could 
not accelerate particles to very high 
velocities. 

The late W. W. Hansen of Stanford 
University became interested in such a 

machine and realized that success would 
depend on obtaining large amounts of 
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BERKELEY ACCELERATOR of the internal drift·tube type is 
shown with the resonator cavity open. Supports locate the drift 

STANFORD ACCELERATOR of the traveling·wave type attains 
energies of 600 Mev. Each feed point every 10 feet delivers 20 mil· 

tubes precisely in the proton path. Protons spend one whole cycle 
traveling through each tube. They de.yelop energy up to 32 Mev. 

lion watts of power from a klystron generator. The present total 
length is 220 feet. The usual shielding is absent in this picture. 
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SOURCE of electrons for the Stanford 600·Mev linear accelerator 
is a hot filament housed at the beginning of the traveling.wave 

TARGET installation at Stanford has the beam enter a scattering 
chamber (bottom) where it is scattered at various angles. Electrons 
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tube (right). As the electrons are evaporated off the filament, they 
are given an initial velocity of 80 kilovolts by a pulser {left}. 

are drawn by the semicircular magnet to a shielded counter 
(above). The latter can be turned on its rotating gun mount. 
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radio-frequency power and on generat
ing high voltages at the minimum ex
pense of power. The latter is necessary 
because a linear accelerator must apply 
power at many different gaps instead of 
at only one, as in the cyclotron. Hansen 
therefore looked for a more efficient 
means of generating high radio-fre
quency voltages, and he hit upon the 
cavitv resonator, which was translated 
into 

'
the klystron tube [see "The Kly

stron," by Edward L. Ginzton; SCIE1\'
TIFIC AMERICAN, March]. 

Hansen had set out to find the means 
of realizing a practical linear machine for 
accelerating electrons; his work actual
ly led to the development of powerful 
radio-fre(luency generators and to micro
wave radar and radio. After the war 
these developments in turn led, by feed
back, to the realization of linear accelera
tors not only for electrons but also for 
protons and heavier particles. Luis "V. 
Alvarez of the University of California 
and others reopened the possibilities of 
this type of machine. 

Some experiments in physical research 
are done best by a circular accelerator, 
others by a linear machine. In gauging 
the suitability of a machine for a given 
task, the nuclear physicist must consider 
a number of factors: the kind of particle 
to be accelerated, the maximum velocity 
to which the machine can accelerate 
them, how large a current ( i .e ., the num
ber of accelerated particles per second) 
it can deliver, how well it can focus the 
beam on the target, how sharp an energy 
spectrum it can provide, and so on. And 
of course there is the factor of cost, not 
only the initial cost of building the ma
chine but also the costs of operating and 
maintaining it. 

Let us see how the linear accelerator 
compares with the circular types in these 
respects. If electrons are the particles to 
be accelerated, the linear accelerator can 
reach higher energies and deliver larger 
currents than any other machine. It can 
also train a beam on the target more 
easily. On the debit side of the ledger 
are the facts that its energy spectrum is 
generally less sharp and that its power 
requirements restrict its operating time 
to shorter pulses and create engineering 
problems which have not yet been solved 
as satisfactorily as those of the circular 
m<1chines. As a consequence a linear 
accelerator at present is less reliable and 
costs more to maintain. When it comes 
to <1ccelerating protons, the linear ac
cc�e-ator in principle can reach any de
sired level ci energy; however, the once
held idea th<1t linear machines in the 
high-energy nmge would be less costly 
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nating voltage along cavity. Timing is such that particles meet accelerating field in each gap. 

to build has proved wrong, partly be
cause innovations such as the strong
focusing principle have reduced the cost 
of the circular types [see "A IOO-Billion 
Volt Accelerator," by Ernest D. Courant; 
SCIENTIFIC AMERICAN, May, 1953]. 

Nonetheless for certain uses the linear 
accelerator offers such marked advan
tages-particularly the ease with which 
it delivers a well-collimated beam of ac
curately regulated energy on the target 
-that it is sometimes the best choice. 
For example, the British Atomic Energy 
Research Establishment, after consider
ing whether to build a three-billion-elec
tron-volt circular accelerator or a 600-
million-electron-volt linear accelerator 
for protons, recently decided in favor of 
the linear machine. 

The illustrations accompanying this 
article show some of the principles 

and components of thc various types of 
linear accelerators. In the first machine, 

as suggested by Ising and worked out by 
Sloan and Lawrence, an electric genera
tor discharged positively charged par
ticles into a series of drift tubes [see sec
ond dmtving above]. As a positively 
charged particle leaves the source, tube 
1 is negative, tube 2 is positive, tube 3 
is negative, and so forth. By the time the 
particle reaches the end of tube 1, the 
voltage has reversed, so that tube I is 
positive and tube 2 negative. Thus the 
particle continues to be accelerated. This 
process continues through the length of 
the machine. The lengths of the tubes 
have to be tailored so that the particle 
spends exactly one half cycle in each 
drift-tube space. This essentially is the 
machine which, before the war, accele
rated mercury ions to two million elec
tron volts (2 Mev). 

The limiting factor on a structure of 
this kind is the power source. Particles of 
interest to nuclear physicists travel with 
a large fraction of the speed of light; 
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UNIFORM WAVE GUIDE is diagrammed showing the generated electromagnetic field 
with components parallel to the tube axis. In this tube the field travels faster than light. 

LOADED WAVE GUIDE, of corrugated type, works by placing load on the wave. This slows 
the wave to the speed of the particles, which, for electrons, approaches the speed of light. 

hence the voltage on the electrodes has 
to be alternated very rapidly. This re
quires a large current flow through the 
wires, which in turn results in large 
power losses. And the high-frequency 
power is expensive to generate. 

Hansen's cavity resonator reduced the 
power losses by distributing the currents 
over the large conducting surfaces of the 
cavity instead of concentrating them in 
wires where much of the energy was lost 
as heat. The lower drawing on the pre
ceding page, illustrating the operation 
of the proton linear accelerator at Berke
ley, shows how a cavity-controlled sys
tem works. Power is fed to the cavity 
from banks of high-powered radio trans
mitters. The cavity transforms this radio 
energy into an alternating electric field 
which makes currents rush back and 
forth across the gaps between the ends 
of the drift tubes in the series. At any 
instant the direction of the accelerating 
force is the same in all the gaps. If the 
structure is designed so that a group of 
particles takes the time of one full cycle 
of the alternating voltage to travel 
through each drift tube, then the parti
cles will always find themselves in an 
accelerating field when they cross a gap. 

Although a structure of this design is 
much more efficient than the first one, it 
still requires very high power. In order 
to hold down the average power con
sumption to a reasonable level, the 
power must be applied in very short 
pulses. The 32-Mev proton linear ac
celerator at Berkeley requires 2.2 mil
lion watts of radio-frequency powe.r 
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(near the ultrahigh-frequency television 
band). It is powered by eight individual 
transmitters. This machine has been in 
continuous operation for several years 
and has been a very valuable tool in 
physics. A 70-Mev machine of similar 
design is nearly completed at the Uni
verSity of Minnesota, and similar prin
Ciples will be used in the 600-Mev ma
chine at Harwell, England. 

The traveling-wave type of linear ac-
celerator is particularly applicable to 

electrons. The wave travels in a cylin
drical pipe with conducting walls, 
known as a waveguide. Of the various 
kinds of traveling waves used, a particu
larly interesting type is the so-called TM 
wave, in which the electric field always 
has a component parallel to the axis of 
the cylinder [see ttppel' drawing above]. 
Imagine now that this whole field struc
ture travels along the axis. If any par
ticles happened to be moving with the 
same speed, they would be accelerated. 
For theoretical reasons which we need 
not go into here, electromagnetic waves 
cannot be slowed down to the maximum 
speed at which particles can travel in a 
simple, uniform pipe. To slow them 
down we must use some sort of interrup
tion; the most populm: method is to intro
duce disks of conducting material at 
regular intervals along the pipe, forming 
what is known as a "corrugated" wave
guide [lower drawing above]. The disk 
spacing, disk thickness, disk aperture 
and pipe radius all have to be chosen to 
give minimum power loss at the needed 

wave velocity. The structure has to be 
fabricated with high precision (some
times within a tolerance of .0002 of an 
inch), for the wave speed is very sensi
tive to small variations in the dimen
sions. The general dimensions of the tube 
also depend on the kind of particles to 
be accelerated; a proton machine must 
be much larger than one for electrons. 

The corrugated-guide linear accelera
tor has been advanced furthest at Stan
ford University. Two machines are 
operating: one, 10 feet in length, attains 
38 Mev; the other has reached 600 Mev 
and is expected to go higher. In the 
latter machine the accelerating tube it
self is dwarfed by its auxiliary equip
ment, its shielding and the facilities for 
performing experiments on target mate
rial [see lower photograph on page 41]. 
This emphasizes the point that the eco
nomics of high-energy machine physics 
often depends only in small part on the 
design of the accelerating device. 

The 600-Mev machine pictured is de
signed for a total power input of 400 
million watts (roughly 20 million watts 
for each 10-foot section). Such power, at 
a frequency of 3,000 megacycles, is not 
available from commercial sources at 
this time. It is generated at Stanford by 
a set of klystron amplifiers driven from 
a common high-frequency source. 

The British have been notably suc
cessful in commercial development of 
this type of accelerator for uses that do 
not require such high power. They have 
built research machines yielding four 
Mev and 15 Mev, and several firms are 
producing machil;es of four Mev energy 
tor cancer therapy and radiography. 

Essentially there are two ways to go to 
high energy in a linear accelerator: 

build a bigger machine or put in more 
power. The choice between these is fun
damentally an economic question: 
whether the extra construction or the 
extra power will be more costly. It ap
pears in retrospect that the Stanford 
machine might have been slightly more 
economical if we had made the tube 
longer and needed less power. The de
signer of a linear accelerator has to esti
mate how much a megawatt of power is 
going to cost him and what the cost per 
foot of machine would be; an optimum 
for a given output energy can then be 
calculated. 

This article has given only a general 
outline of technical features of linear 
accelerators and has not attempted to 
discuss their applications in detail. It is 
clear, however, that these machines 
should be valuab:e tools in the struggle 
to understand high-energy phenomena. 
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_____ Kodak reports to laboratories·on: 
spectrophotometric solvents for the infrared ... the photomechanical armamentarium 
... two silver salts in the infrared 

- Windows and compatibility 
We announce three additions to the 
list of liquids specially selected for 
transparency in certain spectral 
"windows" in which they are useful 
as spectrophotometric solvents . 
Methylcyclohexane (Eastman S946) 
is principally of interest for the 
ultraviolet. Nitromethane (Eastman 
S 189) and Brom% rm (Eastman S45, 
and we stabilize it with Diphenyl
amine) both have too high a cut-off 
for ultraviolet spectrophotometry, 
but we think that for infrared work 
it's useful to have them available for 
some happy combination of "win
dow" location, compatibility, and 
solubility which they may offer a few 
lucky spectrophotometrists . This is 
how they stack up for transparency: 

These three are part of the line of 15 
Spectro Solvents, which are part of the 
line of some 3500 Eastman Orgallic 
Chemicals, which are part of the service 
that makes laboratory time today more 
productive. For a chart of the other 
Spectro Solvents and for the solvents 
themselves, write Distillation Products 
industries, Rochester 3, N. Y. (Division 
of Eastman Kodak Company). 

Empirical miracles 
A fair share of the bread and jam 
for our children and of the gasoline 
for our stockholders' outboards 
comes from the graphic arts indus
try . That covers photoengraving, 
photolithography, photogravure, 
screen process, and even a piece of 
straight commercial photography . 
The crafts are well established, com
mitted to the principle of learning 
by doing . They do not fall all over 
themselves begging for advice from 
young scientists learned in quantum 
dynamics, yet somehow their prod
uct continually reaches new pinna
cles of visual splendor . 

We provide these practitioners 
with a complete line of sensitized 
materials, chemicals, lenses, filters, 
and auxiliary equipment, with which 

they proceed to work their empiri
cal miracles . Unintentionally buried 
for years from the eyes of all but 
the photomechanical trade, there 
may be some item capable of work
ing a particular empirical miracle 
that you have wanted to perpetrate . 
Ever hear of Kodalitll Transparent 

Stripping Film?* Ever hear of Kodak 

Magenta Contact Screens? * * Of 
Kodak Autopositive Plates?*** 

If you are working in a field in 
which it might be handy to know of 
such things, it's about time we of
fered you a free copy of the catalog 
that describes them . A new edition 
is just out . 

Write Eastman Kodak Company, 
Graphic Arts Sales Division, Rochester 
4, N. Y., and ask for "Kodak Materials 
for the Graphic Arts." if you find any
thing in it that evokes a glimmer of 
promise, write again for a free transla
tion into non-photomechanical language 
and the name of the lIearest dealer I/(/n
dling the pi·oduct. 

Far infrared filters 
The rock on which our house is 
founded is of gloriously photo
sensitive silver bromide . We now 
uncover to public gaze a small out
cropping of two other silver salts 
of quite different function-silver 
chloride and silver sulfide . 

Silver chloride in monocrystalline 
sheet is about as pliable as a fresh 
stick of chewing gum just out of the 
wrapper . When optically polished, 
AgCl becomes one of the most 
transparent of solids all the way 
out to 17M in the infrared. We know 

*Finished picture can be split off from the, 
film base. 

**High-precision two-dimensional dot array. 

***Gives a high-contrast positive direct from an
other positive. or a negative from a negative. 

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

and services with which the Eastman Kodak Company and 

its divisions are • • •  serving laboratories everywhere 

a way to film over such a polished 
silver chloride plate with a smoke 
of silver sulfide . The result is a 
Kodak Far In/rared Filter. 

Spectral transmittance depends 
on how the Ag,S is applied. It's an 
empirical matter, involving a com
bination of spectrally selective scat
ter and absorbance, but we have 
nice control over it. We can deliver 
a filter with any specified specular 
transmittance, as delineated by this 
family of curves: 

� 8 
� 7*-�+r�����-+4-��4-� i+<><>Hf-f-+-tH-ft--tfH-++-H-r\\fl-+-1H 

1 2 3 A 5 6 7 B 9 10 11 12 13 1,4 15 16 

Wavelerlgth in Microns 

You designate any of nine equally 
spaced short-wavelength cut-offs 
from I iJ. to 5M, and we undertake to 
give it to you within a tolerance of 
± .2M. 

We can supply these filters 111 
sizes from 112" minimum to 5" 
maximum dimension, circular or 
rectangular (maximum length-to
width ratio is 5:1). Up to 2112" the 
thickness is .040"; for 2112" to 5" 
it is .080". We shall be happy to 
consider coating silver chloride 
plates submitted to us, but the dif
ference between the coating charge 
and the cost of a filter is hardly 
worth the bother for sizes less than 
three inches . 

For a full price schedule on Kodak 
Far Infrared Filters, write Eastman 
Kodak Company, industrial Photo
graphic Division, Rochester 4, N. Y. 
The lowest price per filter is $28.50 in 
lots of 5 for the I" size with a cut-off 
between 1 [J. and 3[J.. The highest stand
ard price is $131 for a 5" filter with a 
cut-off between 3.5[J. and 5[J.. We quote 
three months' delivery but don't usually 
take that long. Keep watching for fiu'
ther developments of our excursion into 
that end of the rainbow where Sir 
William Herschel had the wit to stick 

his thermometer in 1800. 

Prices quoted are subject to 
change without nOlice. 
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What they're doing with 
F·lih'" resins ... 

"MADE" 
WOOD 

outdoes Nature's best 
One of the outstanding achievements of wood 
chemistry has produced "made" wood of con
sistent color and finishing qualities, free from 
grain-raising, and 30% harder than rock maple. 
Uniform wood particles are bonded with spe
cial Durez phenolic resins to form hardboard 
used in kitcben cabinets, exterior .and interior 
doors, and shop table tops, to name some 
common services. 

i·lih'" 
In Durez resins, bonding properties are joined 
with other characteristics that are known to 
upgrade wood, rubber and other materials 
whicb they bond. Some of these properties 
- tbe more generally valuable ones are listed 
below - may well have a profitable applica
tion in your business. 

i·lih'!' 
Whenever you say the word we' II sit down to 
your problem in tbe spirit of cooperation tbat 
many industries have found highly productive. 
Feel free to call on our 33 years of specialized 
experience with tbe phenol-formaldehyde plas
tics and resins. 
Write Durez Plastics & Chemicals, Inc., 810 
Walck Road, North Tonawanda, N. Y. 

Properties it pays to investigate 
HEAT RESISTANCE CHEMICAL RESISTANCE 

ELECTRICAL RESISTANCE WATER RESISTANCE 

MECHANICAL STRENGTH 

CONSULT SPECIALISTS FOR 
RESINS WITH SPECIAL PROPERTIES 

Phenolic resins that fit the ;ob 
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Atomic Energy Act of 1954 

A
ew regime in atomic energy began 
last month when Congress passed 
and President Eisenhower signed 

a general revision of the Atomic Energy 
Act which ended the Government's strict 
monopoly of the field. Adopted by a 59 
to 17 vote in the Senate and by voice 
vote in the House, the Act embodies 
many compromises and controversial 
sections which most Congressmen had 
not had time to study and which some 
predicted would be reopened at the 
next session. 

Among the main new provisions of the 
Act are the following: 

The Federal government will con
tinue to own all energy-yielding nuclear 
materials (redefined to include fusion 
elements as well as fission abIes ) ,  but the 
Atomic Energy Commission is now di
rected to license private individuals and 
groups to own and operate reactors or 
other atomic facilities for uses other than 
military. The Government will buy all 
nuclear material produced as a by
product at standard, "fair" prices. 

Inventors of new processes or devices 
in atomic energy may obtain private pat
ents upon them, except when the inven
tion is developed under an AEC con
tract. Within the next five years the 
Commission may require the patentee of 
any invention of "primary importance" 
to license it to others, provided that the 
licensee's activities will be of primary 
importance in effecting the purposes of 
the Act. 

The AEC is. prohibited from selling 
electric power except as a by-product of 
its research, development or weapon
production activities. Any power it sells 

SCIENCE AND 
must be offered first to public bodies and 
cooperatives or to private utilities serv
ing high-cost-power areas. Private appli
cants for power-reactor licenses will be 
given preference if they are to serve 
high-cost areas. 

The Act states that each member of 
the AEC has "equal responsibility and 
authority in all decisions and actions of 

the Commission," but the chairman is its 
"official spokesman" and responsible for 
executing its decisions. 

A special division of the AEC is to be 
charged with the "development and ap
plication of civilian uses of atomic 
energy." 

The Commission is prohibited from 
making cost-plus contracts or from 
agreeing to pay directly the Federal in
come taxes of any contractor. 

In the area of cooperation with for
eign nations, the AEC may make agree
ments with individual countries, regional 
defense organizations or groups of na
tions to pool information on the tactical 
use of atomic weapons and work in the 
nonmilitarv development of atomic 
energy. Such agreements must be ap
proved by the President and the Joint 
Congressional Committee. They must 
include guarantees that the cooperating 
parties will maintain specified security 
standards, will not use any special mate
rial received to make weapons and will 
not transmit material or restricted data 
to third parties. 

Shortly after signing the new Act 
President Eisenhower announced an in
formal agreement with Great Britain, 
France, Canada, Australia and South 
Africa to pool fissionable material and 
technical information in a program to 
"foster the growth and spread of the 
new atomic technology for peaceful 
use." He said that discussions would 
soon begin with Belgium for construc
tion of a power reactor in that country. 
"Negotations with other friendly nations 
will swiftly follow," said the President, 
adding his hope that "no nation will 
long stand aloof from the work of this 
agency." 

The atomic power agency is to be in
dependent of the United Nations, at 
least at the beginning. If and when the 
U. S. S.R. joins the pool, it may be placed 

under the UN. 
As part of its contribution to the co

operative enterprise, the U.S. will open 
a school of reactor technology for the 
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rHE CITIZEN 
training of engineers from participating 
countries. 

Radiation Effects 

That nuclear radiations have important 
effects on structural materials has 

been emphasized in several reports by 
the Atomic Energy Commission. A de
classified account of some of these effects 
was published last month in Materials 
and Methods by D. O. Leeser of the Re
actor Engineering Division at the Ar
gonne National Laboratory. 

Neutrons, Leeser explains, are the 
chief culprits; they cause changes in 
properties by knocking crystal-lattice 
atoms out of place. The degree of change 
depends on the speed of the neutrons and 
on the temperature. Most materials have 
a saturation point of radiation damage, 
beyond which additional radiation has 
little effect. 

The chief result of irradiating metals 
such as steels, nickel alloys and certain 
others is to make them more brittle. 
Their tensile strength increases while 
their resistance to impact decreases. 
There is little change in phYSical dimen
sions, denSity or fatigue strength. Elec
trical resistance increases slightly. 

Radiation shrinks rubber and de
creases the electrical resistance of insula
tors. Intense irradiation destroys plastics; 
some swell, some shrink, some crumble. 
It damages lubricating oils, changing 
their viscosity and eventually breaking 
them down into gases and liquids or gels. 

Augean Stable, Atomic Style 

In 1952 an accident caused overheating 
and a partial breakdown of the Chalk 

River nuclear reactor in Canada. The re
sult was a 12-months repair job which 
made the labors of Hercules look like 
child's play. The story of the big decon
tamination project was recently told in 
Chemical Engineering PTOgress by F. W. 
Gilbert, a Chalk River engineer. 

The precipitating circumstance was 
an uncontrolled "power surge." (One 
story goes that someone pulled out the 
control rods when he should have 
pushed them in.) It attacked the protec
tive aluminum sheathing around some of 
the uranium fuel rods and melted the 
uranium. Before the reactor was brought 
under control, the surge had damaged 
the reactor vessel beyond repair, con-

Please send me 

o Tall Tales and Fabulous Facts, a pleasant introduction to Silicones. 

D 32·poge booklet on Dow Corning 200 Fluid. 

Name __________________________________ __ 

Title __________________________________ _ 

Company _______________________________ _ 

Address _______________________________ _ 

City ___________________ Zone __ State. __ _ 

ATLANTA • CHICAGO • CLEVELAND • DALLAS • DETROIT • NEW YORK • LOS ANGELES • WASHINGTON. D. C. 
ISllver Spring. Md I 

In Canada' DOW CORNING SILICONES LTD .• TORONTO. In England MIDLAND SILICONES LTD. LONDON. In france CIE ST GOBAIN. PARIS 
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You may well be one of a select group of men intently interested 
in developing tomorrow's jet fighters • . .  special reconnaisance 
aircraft ... jet bombers and transports. The Aircraft Division of 
Fairchild offers a genuine creative opportunity to such men. 

New concepts of flight for the jet era . • .  as well as engineering 
advances on the world·renowned C·1l9 Flying Boxcar and soon·to. 
be·produced C·123 Assault Transport are coming from Fairchild. 
Diversified, stimulating assignments like these increase the inven. 
tive challenge to Fairchild's team of qualified aerodynamicists. 

Gracious country living only minutes away from urban Balti. 
more or Washington . • .  paid pension plan • • •  an excellent salary 
with paid vacations . • .  ideal working conditions • • •  generous 
health, hospitalization and life insurance • • •  and the many other 
benefits of a progressive company add to the pleasure of working 
with Fairchild. 

Y ou'n be investing wisely in a secure future if you take time 
today to write to Walter Tydon, Chief Engineer, outlining your 
qualifications. Your correspondence will be kept in strict con· 

fidence, of course. 

HAGERSTOWN, MARYLAND 

taminated all auxiliary equipment and 
the building itself with radioactivity and 
flooded the basement with "hot" water 
of 10,000 curies-equal to the radio
activity of 10,000 grams of radium. 

The engineers set out to clean up the 
mess, because to build a completely new 
reactor would have cost several times as 
much in time and monev. First they 
drained the radioactive water by build· 
ing a special pipeline to distant ground 
where it was allowed to seep into the 
earth. Then they built a ventilating sys
tem to pump out the contaminated air 
around the reactor vessel. Wearing pro
tective clothing and masks, they next 
disassembled the reactor vessel for re
building. Finally thev set to work to de
contaminate the whole plant and its 
equipment; this thev did by scrubbing, 
rinsing, sand· blasting or covering the 
radioactive surfaces. To detect any hot 
spots thev may have missed, they ex
posed photographic film in a pinhole 
camera in darkness; radiation from the 
spots showed up on the film. 

The accident taught some valuable 
lessons about how to build a reactor, says 
Gilbert. For instance, a drainage system 
for removing radioactive water quickly 
in an emergency can avert much of the 
contamination. The replaced reactor has 
been deSigned for easier cleaning in the 
future. All surfaces likely to be can· 
taminated, even stainless steel, are 
painted or otherwise sealed. Rubber tile 
covers the concrete floor. 

Gilbert suggests that all parts of a 
reactor be made removable for replace
ment or cleaning. 

Artificial Rice 

One of the most effective steps toward 
solving the world's food problem 

would be to find a cheaper and more nu· 
tritious replacement for rice. A synthetic 
rice which may meet these require
ments has now been developed in India. 

Describing the product in NatttTe, the 
Indian researchers point out that more 
than half the world's population live 
chiefly on rice. Having grown used to the 
neutrally flavored, easily cooked and di
gested grain, rice eaters will not readily 
switch to other cereals. Attempts to en· 
courage wheat and corn consumption in 
India have failed. 

The basic recipe for the synthetic rice 
is a mixture of flours made from tapioca 
root arid peanuts. These are kneaded 
into a dough, extruded into long strings, 
then cut into rice·sized bits. A good deal 
of additional treatment is necessary to 
make this stuff really resemble rice. This 
includes boiling in water and adding 
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small amounts of karaya gum, alkali
digested corncob, stearic acid and alkali 
bisulfite to the dough. Finally, the cut 
up "grains" are sprayed with a casein 
solution to make them water-resistant 
enough to wash. 

The product, say the scientists, looks 

MAP ACCU RACY like slightly under-milled rice and tastes 
much like certain brands of rice sold in 
India. Animal experiments show that it is 
about twice as nutritious as natural rice. 
A given parcel of land will yield three to 
four times as much tapioca and peanuts 
as rice, and with less attention. The cost 
of the product is estimated at about $100 
per ton, making it "distinctly cheaper" 
than rice. The synthetic food was de
veloped at the Central Food Technologi
cal Research Institute in Mysore. V. Su
brahmanyan, D. S. Bhatia, M. Swamina
than and G. S. Bains reported the work. 

Protein Factory 

A new experimental technique for 
studying how cells manufacture 

proteins has been announced in Nature 
by Br�tish investigators. E. F. Gale and 
Joan P. Folkes of the Medical Research 
Council Unit at the University of Cam
bridge have discovered that broken cells 
of the bacterium Staphylococcus aureus 
can synthesize protein from amino acids. 

Gale and Folkes break up the bacterial 
cells with ultrasonic vibrations and then 
feed selected amino acids to the debris. 
Although the ruptured cells cannot 
breathe or reproduce, they do form pro
tein from the assortment·of amino acids. 
They fail, however, if their nucleic acids 
are dissolved away (see F. H. C. Crick's 
article on page 54). 

Thus far the British investigators have 
studied the synthesis of three specific 
protein enzymes. They begin with a 
preparation from which nucleic acids 
have been removed, then observe the ef
fects of introducing measured quantities 
of the acids or their constituent purines 
and pyrimidines. Apparently the broken 
cells can make their own nucleic acid 
from the constituents and then use this 
acid to manufacture protein. 

Gale and Folkes suggest that the nu
cleic acid DNA or a combination of DNA 
and certain proteins acts as an organizing 
structure or template which first forms 
the nucleic acid RNA. This acid in turn, 
either alone or in collaboration with 
DNA, organizes the synthesis of protein. 

Protective Chemical 

The human organism has sever�l w�ll
known specific defenses agamst 1l1-

fection, notably the white blood cells 

begins with the Bausch & Lomb 
METROGON 
Aerial Camera 
Lens 

Your assurance of sharp, accurately detailed pictures- the kind 
you need for precision mapping-is the Bausch & Lomb Metrogon 
Lens on your camera. Full wide angle coverage, with radial and 
tangential distortion held within stringent military specifications 
(MIL·L· 7367) . Trouble·free performance and dependable, 
consistent picture quality have made Metrogon photogrammetry's 
standard for the past 15 years. As the first step toward highest accuracy 
in your final maps, specify a Bausch & Lomb lens for your camera. 

WRITE for complete information 
on the world's finest photogram. 
metric equipment, including Metro· 
gon, Planigon, Multiplex, Auto·fo· 
cus Rectifier, and Twinplex. Bausch 
& Lomb Optical Co., 69834 St. Paul 
St., Rochester 2, N. Y. 
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Ray McBrian. D&RGW engineer 
is seen focusing Electron Micro
scope. at left. 

"FLOWERS." RCA Electron Mi· 
croscope reveals that fuel contains 
flower-like impurities (shown 
magnified, below. many times) 
which gum up engines. Other 
kinds of spots mean black smoke 
-sign of wasted fuel. Dirt par
ticles appear as jagged black 
chunks. Unstable oil shows chain 
and reticule pa.uerns. 

RCA Electron Microscope Helps 

Railroad Improve Performance 
Research engineers at the Denver & Rio Grande Western Railroad have 

learned to spot engine trouble before it happens. By examining their diesel 

fuels and lubricants with an RCA Table Model Electron Microscope, they 

can detect patterns that cause problems, and can then correct the condition. 

Three RCA Electron Microscopes are now available: The EMT-3 Table 

Model, pictured above, offers magnification to 40,OOOX photographically. 

The EMU-3A and EML-IA provide magnification higher than ever before 

possible, large 5" x 5" direct.view, high-brightness screen, push. button 

controls, and many other advanced engineering features. 

Why be satisfied with outmoded laboratory equipment when these revo· 

lutionary RCA instruments can accomplish so much more? As an initial 

training aid, fundamentals of Electron Microscopy, including operation 

and application of the RCA Electron Microscope, will be fully demon

strated to your personnel by RCA technicians. For complete information 

mail coupon below. 
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Radio Corporation of America, Engineering Products Division 

Dept. J-178, Building 15-1, Camden, N. J. 

Please send Brochure on Electron Microscope 

o Type EMT-3 (Table Model) o EMU-3A (Mosler Modell 

o EMl-1A (Special Model) o Have representative call 

NAME __________________ TITlt.. E _________ _ 

COMPANY ___________________________ __ 

ADDRESS� ___________________________ __ 

CITY _______________ ZONL--STATE"-_______ __ 

and antibodies against specific germs. 
But it also has a general kind of im
munity which has long mystified bac
teriologists. Now a group of biochemists 
working under Louis Pillemer at West
ern Reserve University report in Science 
that they have identified a protein which 
seems to have the general ability to fight 
various infections. They have named the 
substance "properdin," after the Latin 
perdere-to destroy. 

The protein is a globulin with a molec
ular weight some eight times that of 
gamma globulin. Blood serum from 
which properdin has been removed (by 
treatment with a yeast preparation called 
zymosan) shows no ability to kill bac
teria or inactivate viruses, as normal 
serum can. When properdin is restored, 
the serum recovers this ability. 

Properdin acts in conjunction with 
certain other blood constituents, known 
as "complement," and with magnesium 
ions. Both of these factors must be 
present to make properdin effective. 
Complement is known to be necessary 
for antibodies to work. 

Pillemer and his colleagues have as
sayed the blood of various mammals for 
properdin. Rats are richest in the sub
stance; guinea pigs are poorest; human 
beings fall in the middle of the range. 
Pillemer recalls that rats are known for 
their high resistance to infection and 
guinea pigs for their extreme susceptibil
ity to it. 

The ·Western Reserve group has 
shown that irradiation destroys proper
din in rats, which may account for the 
vulnerability to infection that has gen
erally been found to follow exposure to 
radiation. They were able to give irra
diated rats partial protection against in
fection by injecting properdin from cow 
serum. 

Roy C. Biv 

people who remember their high-
school physics will recognize this odd 

name as the mnemonic device for listing 
the "spectral colors"-red, orange, yel
low, green, blue, indigo and violet. (To
day indigo is out of style, so Mr. Biv be
comes the less euphonious Mr. Bv.) 
Verne F. Ray, an anthropologist at the 
University of Washington who has been 
looking into the matter of color percep
tion, now reports that this division of the 
color spectrum is quite arbitrary and has 
little relation to the color shadings that 
people actually see. 

Ray has studied color perception 
among a hundred Indian tribes. No two 
of these, he reports in the Tmnsactions 
of the New York Academy of Sciences, 
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Tight reIns In the stratosphere 
FOR YEARS the performance of bombers 
and fighter planes at high altitudes has 
been seriously handicapped by "mushy" 
controls due to slackness in the cables. 

That's because, when flying in the 
earth's upper atmosphere where it's 
sometimes as cold as minus 70°F., the 
aluminum airframe contracts much 
more than the carbon steel control 
cables. To take up the slack, all sorts 
of compensating devices were utilized. 
They were expensive. Were costly to 
maintain. They added cumbersome 
weight. Created potential lags in con
trol response. 

Now this problem has been solved. 
By the logical ste9 of basically improv
ing the c:mtrol cable itself ... by de
veloping a steel cable that would con
tract and expand at practically the 

same rate as the plane's aluminum 
frame. It took fifteen years to do it but 
it was worth the time and cost. We 
called this improved cable, HYCO
SPAN'. 

HYCO-SPAN Aircraft Cable, with a 
coefficient of expansion 50% higher 
than high carbon steel, and 33% higher 
than stainless steel, comes closest of any 
steel cable to matching the expansion 
and contraction of 24 ST aluminum 
alloy air frames. 

Even without temperature compen
sating devices, HYCO-SPAN provides 
positive, responsive control that won't 
loosen or tighten up, that will remain 
free of lag and mushiness, and that 
prevents the development of plane flut
ter-no matter what the altitude, no 
matter how big the plane or at what 

speed the plane is flying. 
In addition, HYCO-SPAN Cable, be

ing non-magnetic, has no effect on sen
sitive airborne electronic equipment. 
Ha ving the corrosion resistance of stain
less steel, HYCO-SPAN stands up well 
in service in any climate. Its low coeffi
cient of friction permits lower tension 
loads and improves stability. 

HYCO-SPAN Cable, developed by the 
engineers of American Steel and Wire Divi
sion, is a typical product of the research 
work that goes on constantly at United 
States Steel. A technical bulletin outlining 
the properties and characteristics of this 
control cable is available. Write United 
States Steel Corporation, Room 4502, 
525 William Penn Place, 
Pittsburgh 30, Pa. 

*Short for "high coefficient 
of expansion." 
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Geiger Counter 

pH Meter 

Colorimeter 

Autoclave 

Fungus cultures 

Fadeometer 

Research Microscopes 

Air Permeameter 

Galvanometer 

Durometers 

Vibration Meters 

and others. 

the 

SYSTEMS 

ENGINEER 

at RCA 

rican makes science 
serve its customers 
It may surprise you to learn that American Felt Com
pany keeps a Geiger Counter open in its Engineering 
and Research Laboratory. It is used to make sure no 
radioactive atomic particles from the atmosphere get 
into wool or other fibres used in making felts for indus
trial filtration, as in film, chemical or drug manufacture. 
All the other devices listed here have special applica
tions, and are employed by chemists, engineers and 
technicians ·in our Laboratory to check every phase of 
our operations accurately. We are proud of our scien
tific approach to technical problems and invite your 
inquiries. 

American felt 

�, 
58 GLENVILLE ROAD, GLENVILLE, CONN. 

Systems engineers conduct 

studies to determine 

operational requirements . . •  

create and synthesize military 

equipment concepts ... guide 

development of new integral 

elements ... conduct 

evaluation programs to 

determine operational 

effectiveness. 

You may qualify! Professional ability to create and analyze 
--

over-all complexsystemsand experience in electronic 

or electro-mechanical systems engineering required. 

There are several opportunities � in: 

AVIATION ELECTRONICS 

INFOIIMATION HANDLING 
COMPUTEIIS • IIADAII 

COMMUNICATIONS 

MISSILE GUIDANCE 

Send a cOlltTJZele re�U1ne of your education and experience to,' 

Mr. John R. Weld. Employment Manager 

Dept. B·466J. Radio Corporation of Americ:a 

Camden 2, New Jersey 

RADIO CORPORATION OF AMERICA 
Tmks. ® 

divide the spectrum in the same way. 
Some distinguish only three colors in 
their language; others, as many as eight. 
The Santiam Indians recognize two dif
ferent colors in the band conventionallv 
called yellow. A wavelength which i;l 
one svstem lies on the dividing line be
tween two colors mav fall in the middle 
of a band in another svstem. 

The differences in dividing the scale 
reBect no psychological or physiological 
variations among peoples, so far as Ray 
can tell. He concludes that there is no 
"natural" division of the spectrum. Hu
man beings can differentiate a great 
many more color shadings than the text
books list. 

Tunable Tubes 

1,wo new kinds of microwave vacuum 
tubes, which can be tuned electrical

ly over thousands of megacycles, have 
recently been announced. Until now, 
except over nalTOW ranges of frequency, 
microwave oscillators have had to be 
tuned mechanically by varying the size 
of a resonant' cavity. Electrical tuning is 
much faster, can be remotely controlled 
and will add substantially to the versatil
ity of miorowave circuits. 

One of.the tubes is called the "stropho
tron," from a Greek word meaning "turn 
to and fro. " The electron beam follows 
a zigzag course between two negatively 
oharged reBector electrodes as it moves 
from the cathode to a collector plate. 
The frequency of the zigzagging is the 
frequency of the energy given out, and it 
can be controlled by adjusting the volt
age on the electrodes. The strophotron 
was invented by Hannes Alfven and Dag 
Romell, of the Royal Institute of Tech
nology in Stockholm. 

The second device is known as the 
"backward wave oscillator." It is an out
growth of the traveling-wave tube de
scribed by J. R. Pierce in his article on 
"Microwaves" in SCIEJ\'TlFIC AMElUCAJ\' 
of August, 1952. As a wave travels down' 
this type of tube, it sends certain com
ponents back in the direction from which 
it came. R. Kompfner and N. T. Williams 
of the Bell Telephone Laboratories have 
found that the backward component can 
be made to set the tube into oscillation. 
The frequency of the oscillation depends 
on the speed of the electron beam that 
carries the wave, and this in turn de
pends on the voltage applied to ac
celerate the electrons. Thus by varying 
the voltage the tube can be tuned to dif
ferent frequenCies. Kompfner and Wil
liams have swept an experimental modcl 
continuously from 6 to 7.5 millimeters
a frequency range of 10,000 megacycles. 
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What General Electric people are doing • • II 

BRAINY PUNCH PRESS 
The increasing need for electronic 
equipment of all kinds in today's 
economic system has made it neces
sary to focus more and more atten-' 
tion on the problem of finding manu
facturing equipment and techniques 
for making such electronic equip
ment autOmatically. But, while 
much effort has been applied to the 
autOmatic production of such equip
ment in quantities in the hundreds or 
thousands, very little has been done 
to increase the productivity of the 
job shops which turn out such equip
ment in small quantities-lots of 
from 10 to 50. Any improvements in 
this field would make their greatest 
contribution in improved autOma
tion of the small-quantity production 
typical of many military products 
and specialized commercial lines, 
such as radio and television trans
mitters and studio equipment, and 
Illlcrowave communication equip
ment. 

Engineers in our Electronics Lab
oratOry at Syracuse have been work
ing on this problem for the Signal 
Corps, which wants to develop a 
system of automatic machinery to 
assemble and test electronic circuit 
sub-assemblies for various types of 
military electronic equipment. One 
of the results of this work is an autO
matic punchpress with an electronic 
"brain," which may well be another 
step tOward the autOmatic factOry of 
the future. 

Directions are fed to the new 
punchpress by an electronic digital 
computer. The computer "reads" a 
perforated card for information on 
size, number, and location of holes 
to be punched. The press automatic
ally positions the material to be per
forated and performs its punching 
operations within an accuracy of a 
few thousandths of an inch. The 
techniques involved could well be 
applied to other industrial opera
tions such as drilling, riveting, stap
ling, electrical testing, etc. The sub
assembly being produced can be 
changed simply by punching new 
directions on a new program card, 
with no time lost for retooling or 
traIning operatOrs. 

X-RAY MICROSCOPE 
For many years laboratories both in 
this country and abroad have tried to 
develop an X-ray microscope that 
could be produced in quantity. Our 
General Engineering LaboratOry at 
Schenectady has now succeeded in 
developing such a device, capable of 
wide use in medical science, biology, 
and industry. 

The new instrument, magnifying 
up to 1500 diameters, is expected to 
aid in the development of new alloys 
and in studies of such things as cor
rosion and welding of metals; to help 
researchers learn more about tooth 
decay, diseases of the bones, and 
other such human ailments as min
eral deficiencies and hardening of the 
arteries; to assist in the study of such 
things as the covering or bonding 
quality of paints, adhesives and 
finishes; and in some cases to provide 
a speedy substitute for chemical 
analysis. 

In the new microscope the X-ray 
source is only one 100,000th of an 
inch. This tiny size is achieved by 
focusing the electrons through two 
electrostatic lenses, which are essen
tially doughnut-shaped metal rings 
to which volta�e is applied. The 
magnified X-ray Image thus obtained 
can be seen by the eye or photO
graphed for permanent record. While 
the idea of the electrostatic lenses 
was not new, our laboratory's con
tribution lay in finding a practical 
way to use them. The instrument 
provides great stability for the 
longer exposures needed for high
quality pictures, and it is the first to 
use a built-in camera that provides 
developed photographs immediately 
after a subject is exposed. It is not 
affected by magnetic materials and 
therefore can be used in the study of 
steel and alloys. 

Our X-ray Department in Mil
waukee will take over production of 
the device, after further refinements 
in design at Schenectady. 

CLEANER ALLOYS 
One of the important facets of the 
modern industrial picture is the 
significant part which is played by 
metallic alloys. And the prospects 
for the future indicate that this part 
can become even more significant 
as better alloys are developed. 

A stumbling block in the path of 
this progress has been mechanical 
impurities which find their way into 
the alloys during the melting proc
ess. The major source of such im
purities is the atmosphere, which 
forms oxides and nitrides with the 
various alloying elements. The result 
is a distinct weakening of mechanical 
properties in fabricated products, 
and this weakening is accentuated 
in the case of high-temperature 
alloys, in which the materials pro
duced are subjected to extremes of 
stress and temperature. 

Our Research Laboratory has been 
studying these effects and their 
causes for several years. It found that 
cleaner alloys could be produced in 
large-size induction furnaces at high 
vacuum. As a result, American engi
neers can now expect to have some 
of the "impossible" alloys and other 
metallurgical materials they need to 
accomplish dream-world feats. 

Such vacuum-melted, high-tem
perature alloys are now being pro
duced by our Carboloy Department 
in Detroit, for use in turbine-wheel 
buckets of jet engines and other 
applications. Heading the list is a 
new alloy capable of withstanding 
higher temperatures than any 
wrought alloy now .in production. 
This new alloy has stress-rupture 
properties superior to those ex
hibited by conventional wrought 
turbine bucket alloys such as M-2S2 
and S-S16. 

Progress Is Ovr Mosf Imporlqnf 'Prot/vd 

GENERAL e ELECTRIC 
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The Structure 
of the Hereditary Material 

An account of the in(Jestigations which hcwe led to the formulation 

of an understandable structure for DNA. The chelnical reactions of 

this material within the nucleus gO(Jern the process of reproduction 

V iewed under a microscope, the 
process of mitosis, by which one 
cell divides and becomes two, is 

one of the most fascinating spectacles in 
the whole of biology. No one who 
watches the event unfold in speeded-up 
motion pictures can fail to be excited 
and awed. As a demonstration of the 
powers of dynamic organization pos
sessed by living matter, the act of divi
sion is impressive enough, but even 
more stirring is the appearance of two 
identical sets of chromosomes where only 
one existed before. Here lies biology's 
greatest challenge: How are these fun
damental bodies duplicated? Unhappily 
the copying process is beyond the resolv
ing power of microscopes, but much is 
being learned about it in other ways. 

One approach is the study of the na
ture and behavior of whole living cells; 
another is the investigation of substances 
extracted from them. This article will 
discuss only the second approach, but 
both are indispensable if we are ever to 
solve the problem; indeed some of the 
most exciting results are being obtained 
by what might loosely be described as 
a combination of the two methods. 

Chromosomes consist mainly of three 
kinds of chemical: protein, desoxyribo
nucleic acid (DNA) and ribonucleic 
acid (RNA). (Since RNA is only a 
minor component, we shall not consider 
it in detail here.) The nucleic acids and 
the proteins have several features in 
common. They are all giant molecules, 
and each type has the general structur«'f · 
of a main backbone with side groups at
tached. The proteins have about 20 dif-

54 

by F. H. C. Crick 

ferent kinds of side groups; the nucleic 
acids usually only four (and of a dif
ferent type). The smallness of these 
numbers itself is striking, for there is no 
obvious chemical reason why many more 
types of side groups should not occur. 
Another interesting feature is that no 
protein or nucleic acid occurs in more 
than one optical form; there is never an 
optical isomer, or mirror-image mole
cule. This shows that the shape of the 
molecules must be important. 

These generalizations (with minor 

exceptions) hold over the entire range 
of living organisms, from viruses and 
bacteria to plants and animals. The im
pression is inescapable that we are deal
ing with a very basic aspect of living 
matter, and one having far more sim
plicity than we would have dared to 
hope. It encourages us to look for sim
ple explanations for the formation of 
these giant molecules. 

The most important role of proteins is 
that of the enzymes-the machine tools 
of the living cell. An enzyme is specific, 
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often highly specific, for the reaction 
which it catalyzes. Moreover, chemical 
and X-ray studies suggest that the struc
ture of each enzyme is itself rigidly de
termined. The side groups of a given 
enzyme are probably arranged in a fixed 
order along the polypeptide backbone. 
If we could discover how a cell produces 
the appropriate enzymes, in particular 
how it assembles the side groups of each 
enzyme in the correct order, we should 
have gone a long way toward explaining 
the simpler forms of life in terms of 
physics and chemistry. 

We believe that this order is con
trolled by the chromosomes. In recent 
years suspicion has been growing that 
the key to the specificity of the chromo
somes lies not in their protein but in their 
DNA. DNA is found in all chromosomes 
-and only in the chromosomes (with 
minor exceptions). The amo\1nt of DNA 
per chromosome set is in many cases a 
fixed quantity for a given species. The 
sperm, having half the chromosomes of 
the normal cell, has about half the 
amount of DNA, and tetraploid cells in 
the liver, having twice the normal chro
mosome complement, seem to have 
twice the amount of DNA. This con
stancy of the amount of DNA is what 
one might expect if it is truly the mate
rial that determines the hereditary pat
tern. 

Then there is suggestive evidence in 
two cases that DNA alone, free of pro
tein, may be able to carry genetic in
formation. The first of these is the dis-

covery that the "transforming principles" 
of bacteria, which can produce an in
herited change when added to the cell, 
appear to consist only of DNA. The 
second is the fact that during the infec
tion of a bacterium by a bacteriophage 
the DNA of the phage penetrates into 
the bacterial cell while most of the pro· 
tein, perhaps all of it, is left outside. 

The Chemical Formula 

DNA can be extracted from cells by 
mild chemical methods, and much exper
imental work has been carried out to 
discover its chemical nature. This work 
has been conspicuously successful. It is 
now known that DNA consists of a very 
long chain made up of alternate sugar 
and phosphate groups [see diagram 
below J. The sugar is always the same 
sugar, known as desoxyribose. And it is 
always joined onto the phosphate in the 
same way, so that the long chain is per
fectly regular, repeating the same phos
phate-sugar sequence over and over 
again. 

But while the phosphate-sugar chain 
is perfectly regular, the molecule as a 
whole is not, because each sugar has a 
"base" attached to it and the base is not 
always the same. Four different types of 
base are commonly found: two of them 
are purines, called adenine and guanine, 
and two are pyrimidines, known as 
thymine and cytosine. So far as is known 
the order in which they follow one an
other along the chain is irregular, and 

probably varies from one piece of DNA 
to another. In fact, we suspect that the 
order of the bases is what confers spec
ificity on a given DNA. Because the 
sequence of the bases is not known, one 
can only say that the general formula 
for DNA is established. Nevertheless this 
formula should be reckoned one of the 
major achievements of biochemistry, and 
it is the foundation for all the ideas de
scribed in the rest of this article. 

At one time it was thought that the 
four bases occurred in equal amounts, 
but in recent years this idea has been 
shown to be incorrect. E. Chargaff and 
his colleagues at Columbia University, 
A. E. Mirsky and his group at the Rocke
feller Institute for Medical Research and 
c. R. Wyatt of Canada have accurately 
measured the amounts of the bases in 
many instances and have shown that the 
relative amounts appear to be fixed for 
any given species, irrespective of the 
individual or the organ from which the 
DNA was taken. The proportions usu
ally differ for DNA from different spe
cies, but species related to one another 
may not differ very much. 

Although we know from the chemical 
formula of DNA that it is a chain, this 
does not in itself tell us the shape of the 
molecule, for the chain, having many 
single bonds around which it may ro
tate, might coil up in all sorts of shapes. 
However, we know from physical
chemical measurements and electron
microscope pictures that the molecule 
usually is long, thin and fairly straight, 

as it is thick. The backbone is made up of pentose sugar molecules 
(marked by the middle colored square), linked by phosphate 

groups (bottom square). The bases (top square), adenine, cytosine, 
guanine and thYlnine protrude off each sugar in irregular order. 
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STRUCTURAL MODEL shows a pair of DNA chains wound as a helix about the fiber axis. 
The pentose sugars can be plainly seen. From every one on each chain protrudes a base, 
linked to an opposing one at the same level by a hydrogen bond. These base-to-base links 
act as horizontal supports, holding the chains together. Upper photograph is a top view. 
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rather like a stiff bit of cord. It is only 
about 20 Angstroms thick (one Ang
strom = one lOO-millionth of a centi
meter) . This is very small indeed, in fact 
not much more than a dozen atoms thick. 
The length of the DNA seems to depend 
somewhat on the method of preparation. 
A good sample may reach a length of 
30,000 Angstroms, so that the structure 
is more than 1,000 times as long as it is 
thick. The length inside the cell may be 
much greater than this, because there 
is always the chance that the extraction 
process may break it up somewhat. 

Pictures of the Molecule 

None of these methods tells us any
thing about the detailed arrangement in 
space of the atoms inside the molecule. 
For this it is necessary to use X-ray dif
fraction. The average distance between 
bonded atoms in an organic molecule is 
about IJ; Angstroms; between unbonded 
atoms, three to four Angstroms. X-rays 
have a small enough wavelength (1); 
Angstroms) to resolve the atoms, but 
unfortunately an X-ray diffraction pho
tograph is not a picture in the ordinary 
sense of the word. We cannot focus X
rays as we can ordinary light; hence a 
picture can be obtained only by round
about methods. Moreover, it can show 
clearly only the periodic, or regularly 
repeated, parts of the structure. 

With patience and skill several Eng
lish workers have obtained good dif
fraction pictures of DNA extracted from 
cells and drawn into long fibers. The 
first studies, even before details emerged, 
produced two surprises. First, they re
vealed that the DNA structure could 
take two forms. In relatively low hu
midity, when the water content of the 
fibers was about 40 per cent, the DNA 
molecules gave a crystalline pattern, 
showing that they were aligned regular
ly in all three dimensions. When -the 
humidity was raised and the fibers took 
up more water, they increased in length 
by about 30 per cent and the pattern 
tended to become "para crystalline," 
which means that the molecules were 
packed side by side in a less regular 
manner, as if the long molecules could 
slide over one another somewhat. The 
second surprising result was that DNA 
from different species appeared to give 
identical X-ray patterns, despite the fact 
that the amounts of the four bases pres
ent varied. This was particularly odd 
because of the existence of the crystal
line form just mentioned. How could 
the structure appear so regular when 
the bases varied? It seemed that the 
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STRUCTURE A is the crystalline form of DNA found at rela
tively low humidity. This X.ray photograph is by H. R. Wilson. 

STRUCTURE B is the parncrystalline form of DNA. The mole· 
cules are less regularly arranged. Picture is by R. E. Franklin. 

broad arrangement of the molecule must 
be independent of the exact sequence of 
the bases, and it was therefore thought 
that the bases play no part in holding 
the structure together. As we shall see, 
this turned out to be wrong. 

The early X-ray pictures showed a 
third intriguing fact: namely, that the 
repeats in the crystallographic pattern 
came at much longer intervals than the 
chemical repeat units in the molecule. 
The distance from one phosphate to the 
next cannot be more than about seven 
Angstroms, yet the crystallographic re
peat came at intervals of 28 Angstroms 
;n the crystalline form and 34 Angstroms 
in �he paracrystalline form; that is, the 
chemical unit repeated several times be
fore the structure repeated crystal
lographically. 

J. D. Watson and J, working in the 
Medical Research Council Unit in the 
Cavendish Laboratory at Cambridge, 
were convinced that we could get some
where near the DNA structure by build
ing scale models based on the X-ray 
patterns obtained by M. H. F. Wilkins, 
Rosalind Franklin and their co-workers 
at Kings' College, London. A great deal 
is known about the exact distances be
tween bonded atoms in molecules, about 
the angles between the bonds and about 
the size of atoms-the so-called van der 
Waals' distance between adjacent non
bonded atoms. This information is easy 

to embody in scale models-:- The prob
lem is rather like a three-dimensional 
jig saw puzzle with curious pieces joined 
together by rotatable joints (single 
bonds between atoms). 

The Helix 

To get anywhere at all we had to 
make some assumptions. The most im
portant one had to do with the fact that 
the crystallographic repeat did not coin
cide with the repetition of chemical 
units in the chain but came at much 
longer intervals. A possible explanation 
was that all the links in the chain were 
the same but the X-rays were seeing 
every tenth link, say, from the same 
angle and the others from different 
angles. What sort of chain might pro
duce this pattern? The answer was easy: 
the chain might be coiled in a helix. (A 
helix is often loosely called a spiral; the 
distinction is that a helix winds not 
around a cone but around a cylinder, as 
a winding staircase usually does.) The 
distance between crystallographic re
peats would then correspond to the dis
tance in the chain between one turn of 
the helix and the next. 

We had some difficulty at first be
cause we ignored the bases and tried to 
work only with the phosphate-sugar 
backbone. Eventually we realized that 
we had to take the bases into account, 

and this led us quickly to a structure 
which we now believe to be correct in 
its broad outlines. 

This particular model contains a pair 
of DNA chains wound around a com
mon axis. The two chains are linked to
gether by their bases. A base on one 
chain is joined by very weak bonds to 
a base at the same level on the other 
chain, and all the bases are paired off 
in this way right along the structure. 
In the diagram opposite, the two rib
bons represent the phosphate-sugar 
chains, and the pairs of bases holding 
them together are symbolized as hori
zontal rods. Paradoxically, in order to 
make the structure as symmetrical as 
possible we had to have the two chains 
run in opposite directions; that is, the 
sequence of the atoms goes one way in 
one chain and the opposite way in the 
other. Thus the figure looks exactly the 
same whichever end is turned up. 

Now we found that we could not ar
range the bases any way we pleased; 
the four bases would fit into the struc
ture only in certain pairs. In any pair 
there must always be one big one (pu
rine) and one little one (pyrimidine). 
A pair of pyrimidines is too short to 
bridge the gap between the two chains, 
and a pair of purines is too big to fit 
into the space. 

At this point we made an additional 
assumption. The bases can theoretically 
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exist in a number of forms depending 
upon where the hydrogen atoms are at
tached. We assumed that for each base 
one form was much more probable than 
all the others. The hydrogen atoms can 
be thought of as little knobs attached to 
the bases, and the way the bases fit to
gether depends crucially upon where 
these knobs are. With this assumption 
the only possible pairs that will fit in 
are: adenine with thymine and guanine 
with cytosine. 

The way these pairs are formed is 
shown in the diagrams on page 60. The 
dotted lines show the hydrogen bonds, 
which hold the two bases of a pair to
gether. They are very weak bonds; their 
energy is not many times greater than 
the energy of thermal vibration at room 
temperature. (Hydrogen bonds are the 
main forces holding different water 
molecules together, and it is because of 
them that water is a liquid at room tem
peratures and not a gas.) 

Adenine must always be paired with 
thymine, and guanine with cytosine; it 
is impossible to fit the bases together in 
any other combination in our model. 
(This pairing is likely to be so funda
mental for biology that I cannot help 
wondering whether some day an enthu
siastic scientist will christen his new
born twins Adenine and Thymine!) The 
model places no restriction, however, on 
the sequence of pairs along the struc
ture. Any specified pair can follow any 
other. This is because a pair of bases is 
flat, and since in this model they are 
stacked roughly like a pile of coins, it 
does not matter which pair goes above 
which. 

It is important to realize that the 
specific pairing of the bases is the direct 
result of the assumption that both phos
phate-sugar chains are helical. This 
regularity implies that the distance from 
a sugar group on one chain to that on 
the other at the S'ame level is always the 
same, no matter where one is along the 
chain. It foll.o�is that the bases linked 

to the sugars always have tile same 
amount of space in which to fit. It is 
the regularity of the phosphate-sugar 
chains, therefore, that is at the root of 
the specific pairing. 

The Picture Clears 

At the moment of writing, detailed 
interpretation of the X-ray photographs 
by Wilkins' group at Kings' College has 
not been completed, and until this has 
been done no structure can be consid
ered proved. Nevertheless there are cer
tain features of the model which are so 
strongly supported by the experimental 
evidence that it is very likely they will 
be embodied in the final correct struc
ture. For instance, measurements of the 
density and water content of the DNA 
fibers, taken with evidence showing that 
the fibers can be extended in length, 
strongly suggest that there are two 
chains in the structural unit of DNA. 
Again, recent

' 
X-ray pictures have shown 

clearly a most striking general pattern 
which we can now recognize as the 
characteristic signature of a helical 
structure. In particular there are a large 
number of places where the diffracted 
intensity is zero or very small, and these 
occur exactly where one expects from a 
helix of this sort. Another feature one 
would expect is that the X-ray intensities 
should approach cylindrical symmetry, 
and it is now known that they do this. 
Recently Wilkins and his co-workers 
have given a brilliant analysis of the 
details of the X-ray pattern of the crys
talline form, and have shown that they 
are consistent with a structure of this 
type, though in the crystalline form the 
bases are tilted away from the fiber axis 
instead of perpendicular, as in our 
model. Our construction was based on 
the paracrystalline form. 

Many of the physical and chemical 
properties of DNA can now be under
stood in terms of this model. For exam
ple, the comparative stiffness of the 

structure explains rather naturally why 
DNA keeps a long, fiber-like shape in so
lution. The hydrogen bonds of the bases 
account for the behavior of DNA in re
sponse to changes in pH. Most striking 
of all is the fact that in every kind of 
DNA so far examined-and over 40 have 
been analyzed-the amount of adenine 
is about equal to the amount of thymine 
and the guanine equal to the cytosine, 
while the cross-ratios (between, say, 
adenine and guanine) can vary consid
erably from species to species. This re
markable fact, first pointed out by Char
gaff, is exactly what one would expect 
according to our model, which requires 
that every adenine be paired with a 
thymine and every guanine with a cyto
sine. 

It may legitimately be asked whether 
the artifiCially prepared fibers of ex
tracted DNA, on which our model is 
based, are really representative of intact 
DNA in the cell. There is every indica
tion that they are. It is difficult to see 
how the very characteristic features of 
the model could be produced as artefacts 
by the extraction process. Moreover, 
Wilkins has shown that intact biological 
material, such as sperm heads and bac
teriophage, gives X-ray patterns very 
similar to those of the extracted fibers. 

The present position, therefore, is that 
in all likelihood this statement about 
DNA can safely be made: its structure 
consists of two helical chains wound 
around a common axis and held together 
by hydrogen bonds between specific 
pairs of bases. 

The Mold 

Now the exciting thing about a model 
of this type is that it immediately sug
gests how the DNA might prodlI8e an 
exact copy of itself. The model consists 
of two parts, each of which is the com
plement of the other. Thus either chain 
may act as a sort of mold on which a 
complementary chain can be synthe-

ONE LINKAGE of base to base across the pair of DNA chains is 
between adenine and thymine. For the structure proposed, the link 
of a large base with a small one is required to fit chains together. 

ANOTHER LINKAGE is comprised of guanine with cytosine. 
Assuming the existence of hydrogen bonds between the bases, these 
two pairings, and only these, will explain .the actual configuration. 
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sized. The two chains of a DNA, let us 
say, unwind and separate. Each begins 
to build a new complement onto itself. 
When the process is completed, there 
are two pairs of chains where we had 
only one. Moreover, because of the spe
cific pairing of the bases the sequence 
of the pairs of bases will have been du
plicated exactly; in other words, the 
mold has not only assembled the build
ing blocks but has put them together in 
just the right order. 

Let 'us imagine that we have a single 
helical chain of DNA, and that Roating 
around it inside the cell is a supply of 
precursors of the four sorts of building 
blocks needed to make a new chain. 
Unfortunately we do not know the 
makeup of these precursor units; they 
may be, but probably are not, nucleo
tides, consisting of one phosphate, one 
sugar and one base. In any case, from 
time to time a loose unit will attach it
self by its base to one of the bases of 
the single DNA chain. Another loose 
unit may attach itself to an adjoiniug 
base on the chain. Now if one or both 
of the two newly attached units is not 
the correct mate for the one it has joined 
on the chain, the two newcomers will 
be unable to link together, because they 
are not the right distance apart. One or 
both will soon drift away, to be replaced 
by other units. When, however, two ad
jacent newcomers are the correct part
ners for their opposite numbers on the 
chain, they will be in just the right posi
tion to be linked together and begin to 
form a new chain. Thus only the unit 
with the proper base will gain a perma
nent hold at any given position, and 
eventually the right partners will fill in 
the vacancies all along the forming 
chain. While this is going on, the other 
single chain of the original pair also will 
be forming a new chain complementary 
to itself. 

At the moment this idea must be re
garded simply as a working hypothesis. 
Not only is there little direct evidence 
for it, but there are a number of ob
vious difficulties. For example, certain 
organisms contain small amounts of a 
fifth base, 5-methyl cytosine. So far as 
the model is concerned, 5-methyl cyto
sine fits just as well as cytosine and it 
may turn out that it does not matter to 
the organism which is used, but this has 
yet to be shown. 

A more fundamental difficulty is to 
explain how the two chains of DNA are 
unwound in the first place. There would 
have to be a lot of untwisting, for the 
total length of all the DNA in a single 
chromosome is something like four centi
meters (400 million Angstroms). This 
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REPLICATION mechanism by which DNA might duplicate itself is shown in diagram. A 
helix of two DNA chains unwinds and separates 0). Two complementary chains of DNA 
(2) within the cell begin to attach DNA precursor units floating loosely (3). When the 

proper bases are joined, two new helixes will build up (4). Letters represent the bases. 
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means that there must be more than 10 
million turns in all, though the DNA 
may not be all in one piece. 

The duplicating process can be made 
to appear more plausible by assuming 
that the synthesis of the two new chains 
begins as soon as the two original chains 
start to unwind, so that only a short 
stretch of the chain is ever really single. 
In fact, we may postulate that it is the 
growth of the two new chains that un· 
winds the original pair. This is likely in 
terms of energy because, for every hy
drogen bond that has to be broken, two 
new ones will be forming. Moreover, 
plausibility is added to the idea by the 
fact that the paired chain forms a rather 
stiff structure, so that the growing chain 
would tend to unwind the old pair. 

The difficulty of untwisting the two 
chains is a topological one, and is due 
to the fact that they are intertwined. 
There would be no difficulty in "unwind
ing" a single helical chain, because there 
are so many single bonds in the chain 
about which rotation is possible. If in 
the twin structure one chain should 
break, the other one could easily spin 
around. This might relieve accumulated 
strain, and then the two ends of the 
broken chain, still being in close prox
imity, might be joined together again. 
There is even some evidence suggesting 
that in the process of extraction the 
chains of DNA may be broken in quite 
a number of places and that the struc
ture nevertheless holds together by 
means of the hydrogen bonding, be
cause there is never a break in both 
chains at the same level. Nevertheless, 
in spite of these tentative suggestions, 
the difficulty of untwisting remains a 
formidable one. 

A Code for Heredity? 

There remains the fundamental puz
zle as to how DNA exerts its hereditary 
influence. A genetic material must carry 
out two jobs: duplicate itself and control 
the development of the rest of the cell 
in a specific way. We have seen how it 
might do the first of these, but the struc
ture gives no obvious clue concerning 
how it may carry out the second. We 
suspect that the sequence of the bases 
acts as a kind of genetic code. Such an 
arrangement can carry an enormous 
amount of information. If we imagine 
that the pairs of bases correspond to the 
dots and dashes of the Morse code, there 
is enough DNA in a single cell of the 
human body to encode about 1,000 
large textbooks. What we want to know, 
however, is just how this is done in terms 
of atoms and molecules. In particular, 

© 1954 SCIENTIFIC AMERICAN, INC



what precisely is it a code for? As we 
have seen, the three key components of 
living matter-protein, RNA and DNA
are probably all based on the same gen
eral plan. Their backbones are regular, 
and the variety comes from the se
quence of the side groups. It is there
fore very natural to suggest that the 
sequence of the bases of the DNA is in 
some way a code for the sequence of the 
amino acids in the polypeptide chains 
of the proteins which the cell must pro
duce. The physicist George Gamow has 
recently suggested in a rather abstract 
way how this information might be 
transmitted, but there are some difficul
ties with the actual scheme he has pro
posed, and so far he has not shown how 
the idea can be translated into precise 
molecular configurations. 

What then, one may reasonably ask, 
are the virtues of the proposed model, 
if any? The prime virtue is that the con
figuration suggested is not vague but 
can be described in terms acceptable to 
a chemist. The pairing of the bases can 
be described rather exactly. The precise 
positions of the atoms of the backbone 
is less certain, but they can be fixed 
within limits, and detailed studies of 
the X-ray data, now in progress at Kings' 
College, may narrow these limits con
siderably. Then the structure brings to
gether two striking pieces of evidence 
which at first sight seem to be unre
lated-the analytical data, showing the 
one-to-one ratios for adenine-thymine 
and guanine-cytosine, and the helical 
nature of the X-ray pattern. These can 
now be seen to be two facets of the 
same thing. Finally, is it not perhaps a 
remarkable coincidence, to say the least, 
to find in this key material a structure 
of exactly the type one would need to 
carry out a specific replication process; 
namely; one showing both variety and 
complementarity? 

The model is also attractive in its 
simplicity. While it is obvious that whole 
chromosomes have a fairly complicated 
structure, it is not unreasonable to hope 
that the molecular basis underlying 
them may be rather simple. If this is so, 
it may not prove too difficult to devise 
experiments to unravel it. It would, of 
course, help enormously if biochemists 
could discover the immediate precursors 
of DNA. If we knew the monomers from 
which nature makes DNA, RNA and 
protein, we might be able to carry out 
very spectacular experiments in the test 
tube. Be that as it may, we now have 
for the first time a well-defined model 
for DNA and for a possible replication 
process, and this in itself should make it 
easier to devise crucial experiments. 

Carl Vrooman, icing tunnel group 
head, studies hot-air cyclic de-icing 
test on wing section of C-130 
transport. The tunnel has a 
temperature range of _400 F. to 
+ 1500 F. and maximum air speed 
of more than 270 mph. 

New icing tunnel 
speeds thermodynamics 
research at Lockheed 
Designed to meet a constantly increasing vol

ume of thermodynamics work, Lockheed's new 

icing research tunnel now provides year 'round 

testing in meteorological environments nor

mally found only in flight. It is the first icing 

research tunnel in private industry. 

Lockheed thermodynamics scientists are now 

able to study in greater detail problems such 

as: thermal anti-icing; cyclic de-icing; various 

methods of ice removal; distribution of ice; 

rate of temperature changes in aircraft com

ponents; thermodynamic correlation between 

laboratory and flight testing; and development 

and calibration of special instrumentation. 

C. H. Fish, design engineer assigned to 
the tunnel, measures impingement limits of ice 

on C-130 wing section. The tunnel has 
refrigeration capacity of 100 tons, provides 

icing conditions of 0 to 4 grams per cubic 
meter, droplet sizes from 5 to 1000 microns. 

Thermodynamics Career Opportunities 
Increasing development work on nuclear energy, turbo-prop and jet transl?orts, radar 
search planes and supersonic aircraft has created a number of positions for Thermo
dynamics Engineers and Thermodynamicists. 

Lockheed offers you increased salary rates now in effect; generous travel and moving 
allowances; an opportunity to enjoy Southern California life; and an extremely wide 
range of employee benefits which add approximately 14% to each engineer's salary in 
the form of insurance, retirement pension, sick leave with pay, etc. 

You are invited to write E. W. Des Lauriers for a brochure describing life and work 
at Lockheed and an application blank. 

B. L. Messinger, department head, analyzes test results with 
Thermodynamics Engineer E. F. Versaw (right) and Thermodynamicist 
Tom Sedgwick (left). 

LOCKHEED 
AIRCRAFT CORPORATION 

BURBANK 

CALIFORNIA 
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PHOSPHORS 

Most absorb 

visible light. 

energy at invisible wavelengths and emit it as 

Recent \vork on the physics of luminescence is 

making possible the design of phosphors for specific purposes 

These blazes . . . giving mote light 
than heat .. 

Hamlet, Act I, Scene 3 

X
though Polonius in this remark to his 

daughter Ophelia had another 
subject in mind, he might have 

been speaking of luminescence, for lumi
nescence is certainly an emission more of 
light than of heat. This production of 
"cold light" has long been a source of 
amazement. In early times men regarded 
luminescent an:mals and minerals as 
possessing magical qualities. In 1603 a 
Bologna shoemaker, who apparently 
practiced alchemy on the side, heated to
gether a mixture of charcoal and barites 
and aCcidentally produced the first 
recorded synthetic phosphor. Instead of 
the philosophers' stone, he obtained a 

material which glowed in the dark after 
exposure to sunlight. 

We employ today a multitude of or
ganic and inorganic phosphors-in 
fluorescent lighting, in television, in ra
dar, in paints and inks, in instruments 
for detecting various radiations. The 

LATTICE of PGt�ss:m!l (+) and chloride 
\-) ions SUlTOi1.H"ls th'lE:n,:: iOd \shaded). 

by J. S. Prener and D. B. Sullenger 

fluorescent lamp, first exhibited to the 
U. S. public at the 1939 New York 
World's Fair, now challenges the in
candescent lamp in popularity. The ex
ploitation of the properties of phosphors 
has removed them from the realm of the 
laboratory curiosity. Some phosphors are 
now being produced in tonnage quanti
ties, though most of their uses require 
only gram amounts in each device. The 
total annual world production of phos
phors is estimated to be more than one 
million pounds. 

T 
he word "phosphor" comes from a 

Greek word meaning light-carrier. 
From the same word we get the name of 
the element phosphorus, which, upon 
exposure to natural weathering, emits 
light. This has been shown to be due to 
the chemical release of energy by oxida
tion of the element. Photoluminescent 
phosphors are substances which absorb 
electromagnetic energy, usually ultra
violet light, and then re-emit this energy 
in the form of visible light. The absorp
tion of energy by the phosphor is called 
"excitation" of the phosphor, and the re
lease of the energy is called fluorescence. 
The difference in the wavelength of the 
absorbed and emitted light is an im
portant property of phosphors, because 
the material as a consequence does not 
reabsorb much of the light it emits. 

The photoluminescent phosphors are 
not easy to prepare, for their composition 
must be rigidly controlled. Because of 
this, and because of the deSirability of 
having exact knowledge as to their 
physico-chemical properties, much re
search has centered upon them in the 
past two decades. 

In the fluorescent lamp the phosphor 
is coated on the inside of the gwss tube, 
and the exciting ultraviolet light comes 
from a mercury glow discharge. There 

are many natural phosphors; typical 
ones are the minerals willemite (zinc 
orthosilicate), wurtzite (zinc sulfide) 
and fluorite (calcium fluoride). The 
phosphor chemist has been able to syn
thesize, under carefully controlled con
ditions, much more efficient phosphors 
than those found in nature. The property 
of fluorescence is known to be due to the 
presence of small amounts of impurities, 
called activators, in the compound. The 
specific properties of a phosphor (e.g., 
the color of the light it emits, the wave
length of light it must absorb to be ex
cited to fluorescence, the brightness of 
the emitted light, the duration of 
phosphorescence, or afterglow) depend 
primarily on the chemical nature of the 
material and the activator it contains. In 
the zinc orthosilicate phosphor (green 
fluorescence) the activator is manga
nese; in zinc sulfide (blue fluorescence) 
it is silver; in calcium fluochlorophos
phate (white fluorescence) it is anti
mony and manganese. The needed im
purities amount to less than 1 per cent. 

Let us see how a chemist prepares a 

typical phosphor: manganese-activated 
zinc orthosilicate. He takes very pure 
zinc oxide and silicon dioxide, adds .1 

per cent manganese in the form of a salt 
such as manganese sulfate, mixes these 
ingredients together and heats them to 
1,100 degrees centigrade. At this tem
perature the zinc oxide and silicon 
dioxide react to form zinc orthosilicate 
(Zn2SiO.1) and the manganese atoms 
diffuse into the crystals. Many other 
phosphors are made as poly crystalline 
powders by similar solid-state diffusion 
methods. Some phosphors can also be 
prepared as single crystals and as trans
parent thin films about one micron thick. 

A great deal of research and develop
ment has gone into the improvement of 
old phosphors, synthesis of new ones 

I 
.i 
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PREPARATION of experimental zinc sulfide phosphor in the 
General Electric Research Lahoratory is accomplished by mixing 

SINGLE CRYSTALS are shown photographed by an external light. 
At left is a spiral form of zinc sulfide; center is cadmium sulfide; 

powdered ingredients in a qnartz boat and firing them in an elec
tric furnace at 1,000 degrees in atmosphere of hydrogen sulfide. 

at right, potassium chlorid'; activated with manganese_ They are 
not in scale; the first two are five millimeters wide; the third, 20. 
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PHOSPHORESCENCE of six pure crystals of zinc sulfide is evident in this photograph 
taken by light emitted from them during excitation from an ultraviolet light source. 

and attempts to understand the physics 
of fluorescence. Most of the development 
of new phosphors and the improvement 
of old ones has proceeded along purely 
empirical lines. Recently, however, de
tailed studies of the physics of lumi
nescence have enabled us to understand 
the phenomenon well enough to begin 
designing phosphors for specific applica
tions from theoretical considerations. 
For instance, on the basis of studies of 
one simple phosphor (thallium-acti
vated potassium chloride) it was pre
dicted that use of mercury as the im
purity in a material such as the mineral 
harmotome, a silicate of aluminum, 
barium and potassium, would yield a 
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phosphor capable of absorbing light at 
2,537 Angstroms and emitting blue light. 
Such a phosphor has already been pre
pared. As more complicated phosphors 
are treated theoretically, no doubt more 
such analogous cases will arise. 

I n predicting the luminescent proper-
ties of a phosphor, the theory of lumi

nescence starts with the properties of the 
ions that make up the material and the 
known forces of interaction between 
them. The only phosphors studied theo
retically so far have been those that are 
the simplest to treat mathematically. The 
first was the one mentioned above
thallium-activated potassium chloride. 

This phosphor consists of potassium 
chloride with monovalent thallium ions 
randomly distributed in the crystal, re
placing about .1 per cent of the potas
sium ions. Let us look at one little region 
of the crystal in the vicinity of a typical 
thallium ion [see diagram on page 62]. 
The thallium ion is closely surrounded by 
six chloride ions, and farther away are 
other chloride and potassium ions. The 
whole crystal can, of course, be built up 
by a repetition of this fundamental build
ing block in three dimensions, except 
that a potassium ion usually sits where 
the thallium ion is in this diagram. 

What holds the crystal together? We 
first recognize that potassium chloride, 
being an ionic solid, is built up of posi
tively charged potassium ions and nega
tively charged chloride ions, which are 
attracted to one another by virtue of the 
electrostatic forces between charged par
ticles. When two ions get too close to
gether, however, the overlap of the elec
tron clouds surrounding their nuclei re
sults in repulsion. This force is not due 
entirely to the electrostatic repulsion be
tween the negatively charged electrons; 
it can be understood in detail only on the 
basis of quantum mechanics. At all 
events, the equilibrium distance be
tween ions in a crystal is regulated by a 
balance of the attractive and repulsive 
forces. It takes energy to pull the six 
chloride ions farther than this distance 
from the thallium ion or to push them 
closer to it. Of course the ions in the lat
tice are not stationary; they vibrate 
around their equilibrium position. 

The thallium ion and its six surround
ing chloride ions are called the activator 
system. When the six chlorides are at 
any given distance from the thallium, we 
have what is called a "configuration" of 
the system; the lowest-energy configura
tion is the one at the equilibrium dis
tance, and those corresponding to higher 
energies are said to have positive con
figuration coordinates. The configuration 
coordinate is the distance between the 
thallium ion and the surrounding 
chloride ions. We can show the energy 
of the activator system graphically ·as 
a function of the configuration coordi
nate if we can calculate in detail what 
energy is required to move the six 
chloride ions from their equilibrium posi
tion to some new pOSition. This energy 
can be calculated by the methods of 
quantum mechanics. It depends on the 
specific distribution of the electrons 
around the thallium ion and around the 
chloride ions, for the repulsive forces are 
particularly sensitive to these distribu
tions. We would like to re-emphasize 
that the activator system takes up these 
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various configurations because of the 
thermal vibrations of the chloride ions 
around their equilibrium positions. 

Now let us see what happens when we 
shine ultraviolet light on this thallium
activated phosphor. It can absorb only a 
certain range of wavelengths. Each thal
lium ion will absorb a photon of this ul
traviolet radiation. This absorption will 
increase the energy of the system by a 
certain amount depending upon the 
wavelength of the radiation. In the 
higher energy state the electrons are re
arranged in a different way around the 
nucleus of the thallium ion. This dis
tribution can again be calculated by the 
methods of quantum mechanics. Be
cause of the new distribution, the re
pulsive forces between the thallium ion 
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and the six surrounding chloride ions are 
less than they were in the unexcited thal
lium ion. Hence the equilibrium position 
of the chloride ions is different: they are 
closer to the thallium ion than in the 
ground state. The difference in the 
shapes of the electron distributions in 
the unexcited and excited states of the 
thallium ion is shown schematically in 
the model on the next page. 

From curves representing the energy 
configurations in the two states we can 
derive theoretically the absorption and 
emission spectra of the phosphor [see 
cha l't on next pa ge J. The peak of the ab
sorption spectrum will correspond to the 
enel:gy difference shown by the arrow at 
the right on the chart, and the peak of 
the emission spectrum to the arrow on 

, 

EMISSION 

"'tli [ I 
I 
I 
I 
I 
I 
I I I I I I 
I i I I 
I I 
I I 
I I 
I I 

I I 
I I 
I I 
I I 
I I 

: I 
I I 
I • 
I I 
I I 
I I 
I I 
I I 
r I 

I 
i 
I 
I 
I 
I 
I , , , I I I 

' .. I , \, 
3000 3400 3800 4200 

WAVELENGTH (ANGSTROM UNITS) 

ABSORPTION AND EMISSION curve theoretically calculated (solid line) for thallium 
activated potassium chloride agrees well with the experimental one (broken line). 
The peak of absorption of light comes at shorter wavelength than peak of emission. 

TITANIUM 

CARBIDE 
Structure • • • • . . . . . . .  cubic 
Mp . . . . • • • . . . . .  5680oP. 
Hardness . • . . . . .  9 Moh scale 
Mesh Size . . 95% to 98%- 325 

An extremely hard substance with good oxi
dation resistance at high temperature, Titanium 
Carbide offers definite advantages when used 
as a component in sintered steel cutting tools. 
Its properties are of current interest in turbine 
and jet engine parts research ... and the com
pound is being tested as a high temperature 
refractory material in reducing atmospheres. 
Also promising are applications in abrasives, 
nozzles and orifices. 

Production of high purity Titanium Carbide 
in commercial quantities is a recent develop
ment at TAM. * The average analysis of current 
production lots is charted: 

Total Carbon . . .  19.17% to 19.46% 
Free Carbon . . . 0.25%ro 0.29% 
Combined Carbon 18.90%ro 19.17% 
Ti. . 78.20%ro79.10% 
Fe. . O.22%ro 0.33% 
**H2 0.014%roO.030% 
**02 0.630%roO.852% 
**N2 0.88%roO.I71% 

(In quantity production-an average of 19% 
combined Carbon and a maximum of 0.3% 
free Carbon is maintained. -'Vacuum fusion 
analysis without prior deabsorption. Experi
ence shows about 50% of these gases may be 
des orbed readily.) 

WANT TO KNOW MORE? For de
tailed facts on Titanium Carbide as well 
as information on products of Zirconium 
and Titanium, call in our Field Engineers. 
Write our New York City office. 

*TAM is a registered trademark 

NATIONAL LEAD COM�ANY 
EXfCllfil't alld Sales Offices : 

111 Broadway, New York City 
f GeJier�1 OjJirtJ, W6rks PJld Reseal'c/; Laboratories: 

, Niagara Palls, New York 
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ELECTRON CLOUD of a thallium ion differs in the unexcited state (left) from that in 
excited state (right). The model shows difference in electron distributions around nucleus. 
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EXCITED STATE 

GROUND STATE 

CONFIGURATION COORDINATE > 

ACTI" ATOR SYSTEM of tbe thallium ion is shown by the graph. As it absorbs one photon 
of ultraviolet light, its energy is raised by the amount of the photon's 5.48 electron volts 
from the ground slate (lower curve) to the excited state (higher curve). The system 
comes to equilibrium. Then ion emits one photon of light, returning to the ground state. 
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the left. The difference in length of the 
two arrows indicates that the peaks in 
the absorption spectrum and in the 
emission spectrum come at different 
wavelengths. It is this property that 
makes the phosphor transparent to its 
own emission, as we have mentioned. 
The exact shape of the absorption and 
emission spectra can be calculated from 
a knowledge of the relative probability 
of various configurations. The curves of 
these theoretical spectra come very close 
to those based on actual observat,ion 
[ chart on page 65]. 

W
e can sum up the absorption and 
emission processes in a phosphor 

briefly as follows: The most probable 
configuration of the activator system is 
the one of lowest energy. When we shine 
ultraviolet light on the phosphor, the 
thallium ion absorbs a photon of ultra
violet light and is excited to a higher 
energy state. The energy rise is repre
sented by the length of the arrow at the 
right in the chart. The activator system 
adjusts itself to a new equilibrium posi
tion, corresponding to the upper end of 
the arrow at the left in the chart. The 
difference in energy between this level 
and that of the tip of the arrow at the 
right appears as heat, which is diSSipated 
in the crystal. The excited thallium ion 
now emits a photon of visible light which 
appears as luminescence, and the energy 
of this photon is equal to the length of 
the arrow at the left. The activator sys
tem now readjusts itself to its eCluilibri
urn configuration in the unexcited state, 
and again the difference in energy ap
pears as heat. Now the thallium ion is 
ready to absorb another photon of ultra
violet light and begin a new cycle. It 
takes about a millionth of a second to 
complete one cycle. 

,Although this theory is only in its in-
fancy, it has been applied quite suc

cessfully to a simple phosphor, predict
ing most of the important luminescent 
properties. The configuration coordinate 
model recently has been sustained in
dependently by studies of the effects of 
pressure on the emission and absorption 
spectra. Furthermoi'e, as we have noted, 
the theory has already yielded one new 
synthetic phosphor, and more compli
cated ones are under investigation. 

The approach offers considerable 
hope of creating phosphors which will 
greatly improve the performance of de
vices utilizing luminescence and open 
up many new, large-scale applications. 
Fully as important as the applications is 
our increased understanding of the na
ture and properties of the solid state. 
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Emblem ... of Engineering Opportunity ... 

and Professional Progress 
DEVELOPMENT. DESIGN . SYSTEMS ENGINEERING 

Consicler RCA's engineering opportunities listecl below! 

For professional association in the fielcl of your choice, write: 

John R. Weld, Employment Manager 

Dept. 301J, Radio Corporation of America 

30 Rockefeller Plaza, New York 20, N. Y. 

Air Conditioners. Altimeters. Ampule Inspection· Analog Computers· Antenaplex • Antenna Systems· Aviation Radio. Beverage 

Inspection ' Broadcast (AM and FM) • Calibration Equipment . Camera Tubes ' Cathode Ray Tubes ' Color and Monochrome TV 

Cameras, Receivers, Studio Equipment, Transmitters . Communications Equipment · Counter Measures . Custom Recordings . 

Digital Computers. Direction Finders· Early Warning. Electron Microscopes· Electronic Components· Engineering Services. Facsimile 

Apparatus· Field Services' Gas Tubes' High Fidelity • Industrial Products. Information Displays. Inter-Comm Equipment· Kinescope 

Tubes . Loran . Microphones . Microwave. Microwave Tubes . Missile Guidance . Mobile Communications · Oscillograph Tubes 

• Phonograph Records' Photo Tubes. Power Tubes' Public Address Systems. Radar. Radio Receivers . Receiving Tubes' Rectifler 

Tubes· Semi .. Conductors • Servo·Mechanisms • Shoran • Sonar· Sound Film Proiectors • Sound Powered Phones. Special Apparatus 

• Storage Tubes ' Tape Recorders . Teletypewriter . Test Equipment • Theater Equipment. Theater Television . Transistors ' Tube 

Parts· "Victrola" Phonographs Tmks® 
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Priestley 
experiTnenter) he isolated o.T'ygen and other gases. 

was one of the first scientists of his da'y) he (Ivas 

ClergJ/<man and 

Although he 
forced to choose exile Ul Am,erica because of his political Vle(;VS 

O
n Monday morning, June g, 1794, 

the Philadelphia newspaper the 
AmeTican Daily Advertiser 

greeted the arrival of a refugee from 
England: 

"It must afford the most sincere grati
fication to every well-wisher to the rights 
of man, that the United States of Amer
ica, the land of freedom and independ
ence, has become the asylum of the 
greatest characters of the present age, 
who have been persecuted in Europe, 

!J\" Slitrl!rU\X"ilson 

merely because they have defended the 
rights of the enslaved nations. 

"The name of Joseph Priestley will be 
long remembered among all enlightened 
people; and there is no doubt that Eng
land will one day regret her ungrateful 
treatment of this venerable and illustri
ous man .. ," 

The illustrious chemist's Right across 
the Atlantic to the New World came at 
the end of a career of embroilment not 
only in science but also in the social 

turmoil of his uneasy 
time. Thirtv years ear
lier Priestley, as a 
young clergyman, had 
come to a London teem
ing with fops, highway
men, industrious ap
prentices and geniuses. 
He was then 30 years 
old, slender, with deli·· 
cate, almost feminine 
features. For an or
dainoo minister he 
dressed wi th somewhat 
worldly elegance. He 
had gaiety, a quiet wit, 
and enjoyed his grow
ing reputation as a writ
er on religious matters. 
He had a genteel pov
erty that he took for 
granted; he also had an 
incorruptible moral 
courage. 

PORTRAIT of Priestley was engraved at the height of his 
eminence. He fancied rather elegant attire for a minister. 

He had come to' Lon
don to meet the famous 
philosopher from the 
A m  e !'ic.a n Colonies, 
Benjamin Franklin, who 
was at the height of his 
fame as a scientist. 
Franklin's experiments 
with lightning had made 
him an almost Mephis-
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tophelean figure to his European can
temporaries. People believed that he was 
capable of producing a thunderbolt at 
will, and the very benignity of his bear
ing made him the more terrible. Al
though he had been sent to London to 
plead the cause of the colonies, Franklin 
found it diplomatic to live the life of 
a visiting scientist rather than that of 
a political emissary. 

Priestley was a theological polemicist 
on behalf of what was then considered 
radical doctrine: Unitarianism. The son 
of a weaver in the small town of Leeds, 
he had been orphaned and had been 
adopted by an aunt, a strong-minded 
woman of independent temper. She had 
raised him in an atmosphere of free re
ligious discussion. Because his health 
was fragile, he had had little formal 
schooling but had taught himself French, 
Latin, algebra and geometry. His aunt's 
inRuence had turned him to the min
istry; he taught at an academy, married 
a sympathetic, intelligent woman when 
he was 28 and became a popular writer 
on theological subjects. No one was less 
suited to the name of traitor and anti
Christ that was to be fastened on him. 

p riestley's visits to Franklin's salon in 
- London, which odcurred shortly after 
his marriage, resulted in a new turn of 
his career. Up to that time he had taken 
only an educator's interest in science. 
Casually he suggested to Franklin that 
someone ought to write a popular book 
on electricity; Franklin urged him to do 
sa. From this came Priestley's brilliant 
work The History and Present State of 
Electricity, which he finished within a 
year. In writing it he was led to investi
gate for himself certain disputed pOints 
of electrical theory. As it happened, he 
had a natural Rair for research and made 
some original discoveries, one of which 
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SACKING of Priestley's home in Birmingham in 1791 is recorded 
in a contemporary print. The citizens were incensed by Priestley's 

attending a dinner celebrating Bastille Day. This was taken as proof 
of his radical ,·iews. He ,md his family narrowly escaped hanging. 

was the fact that carbon is an excellent 
conductor of electricity. 

The book was so successful that a year 
after its appearance Priestley was elected 
to the Royal Society. 

This taste of science was all that was 
needed to start him on a new life, but it 
was an accident that led him to chem
istry. In Leeds he lived next to the public 
brewhouse of Jakes and Nell. The odor
iferous product of fermentation per
meated his house and became the object 
of his first researches. 

Chemistry was still dominated by the 
ideas of alchemy. Matter was supposed 
to be made up of a prima mateTia modi
fied by four elements-earth, fire, air and 
water. By Priestley's day these original 
Aristotelian elements had been elabo
l·ated into various kinds and orders. 
Earth was differentiated into three varie
ties-mercurial, vitreous and combusti
ble. There were, in addition to the 
elements, four spirits-sulfur, mercury, 
arsenic and sal ammoniac. There were 
also six bodies-gold, silver, copper, lead, 
tin and iron. And the "soul" of all matter 
was phlogiston; by virtue of it, com
bustible bodies burned. 

Priestley set out to make one of the 
varieties into which air had been divided 
-"fixed air" (actually carbonic acid). 
It was commonly thought that sea scurvy 
was due to an insufficient supply of 
"fixed air" in the human system. Priestley 
worked out a method of producing this 
gas from chalk and sulfuric acid, and he 
charged water with it by leading the gas 
through a flexible tube containing traps 
for impurities. Thus he invented soda 
water. Priestley explained his method to 
Lord Sandwich, the First Lord of the 
Admiralty, and after an investigating 
commission had given its approval, two 
shops were set up with his apparatus to 
supply the Navy. The Royal Society was 
so impressed with Priestley's achieve
ment that it awarded him the Copley 
medal, its highest honor in chemistry. 
The product also won commercial rec
ognition. A Mr. Bewley bottled and sold 
the preparation under the following 
formula: 

"To prepare Mr. Bewley's julep dis
solve three drachms of fossil alkali in 
each quart of water, and throw in 
stream� of fixed air till the alkaline taste 
be destroyed. This julep should not be 

prepared in too large quantities, and 
should be kept in bottles very closely 
corked and sealed. Four ounces of it 
may be taken at a time, drinking a 
draught of lemonade or water acidulated 
with vinegar or weak spirit of vitriol, 
by which means the fixed air will be 
extricated in the stomach." 

priestley's next scientific project was 
less happy. The Royal Navy had 

yielded to the plea of astronomers to 
send a vessel to observe a lunar eclipsc 
in the South Pacific; the Navy had been 
looking for an excuse to dispatch an in
nocent-looking expedition to these 
waters, and so it outfitted a collier under 
the command of Captain James Cook, 
allowed the peri wigged scientists to go 
aboard, and sent it off with sealed orders 
to Cook to afford the astronomers ever v 
opportunity to make observations and 
then proceed on his true mission: to 
chart and claim the land mass in the 
South Pacific known as Terra Incognita 
Australis. Priestley, eager to go along, 
was commissioned chaplain to the crew. 
But at the last moment he was barred 
from the voyage because his radical 
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Kennometol* Bolls 
resist higher pressures 
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theological writings had earned him 
enemies who charged that he would 
subvert the men on the expedition. 

Priestley resumed his experiments in 
gas chemistry ("pneumatic chemistry"), 
which he was to report eventually in his 
classic Experiments and Observations on 
Different Kinds of Air. His apparatus 
had the elegance of true simplicity. His 
method was to place the reaction mate
rial in a glass flask partly filled with mer
cury. He would invert the flask in a 
trough filled with mercury so that each 
vessel became a sort of Torricellian ba
rometer. If the chemical reaction gen
erated gas, the additional pressure would 
push down the mercury level within the 
flask. On the other hand, if the reaction 
absorbed one of the gases in the enclosed 
atmosphere, the mercury level would 
rise. Thus the change in gas volume was 
easy to measure. To heat substances in 
the flask Priestley used the rays of the 
sun focused by a lens. 

Priestley's first discovery was his 
greatest: the production and isolation 
of oxygen. He heated what was then 
called mercurious calcinatus (mercuric 
oxide) and found that the salt gave off 
four to five times its own volume of gas. 
When he fed a sample of this gas into an 
enclosed flask in which a candle was 
burning, the candle "burned in this air 
with a remarkably vigorous flame .... I 
had got nothing like this remarkable ap
pearance from any [other] kind of air. 
... the candle burned with splendor ... 
and a piece of red-hot wood sparkled in 
it ... and consumed very fast ... " 

Later Priestley learned that mice lived 
much longer in his new gas than in an 
equal volume of ordinary air. In a closed 
container a burning candle or a live ani
mal somehow "injured" the air so that 
the flame or the animal soon expired. 
Priestley realized that he had discovered 
a way to "restore" the vital element lost 
from the air. He next found out how 
nature maintained this element in air. 
He wrote: 

"I have been so happy as by accident 
to have hit upon a method of restoring 
air which has been injured by the burn
ing of candles, and to have discovered at 
least one of the restoratives which Na
ture employs for this purpose. It is vege

tation. 
"On the 17th of August, 1771, I put a 

sprig of mint into a quantity of air in 
which a wax candle had burned out, and 
found that on the 27th of the same 
month, another candle burned perfectly 
well in it. This experiment I repeated 
without the least variation in the event, 
not less than eight or 10 times in the re
mainder of the summer ... " 

Priestley elaborated the experiment to 
remove as many extraneous details as 
possible in order to arrive at the simplest 
general statement. He demonstrated that 
the remarkable ability to restore air was 
not peculiar to mint, for spinach, "sprigs 
of balm" and the weed called groundsel 
had the same effect. He concluded: 
"Plants, instead of affecting the air in the 
same manner with animal respiration, 
reverse the effects of breathing and tend 
to keep the atmosphere sweet and 
wholesome when it is become noxious in 
consequence of animals either living and 
breathing, or dying and putrefying in it." 

p riestley, who was so radical in his 
theological and political beliefs, was 

extremely conservative as a scientific 
theorist. He unquestionably accepted 
and clung to the theory of phlogiston, 
one of the last remnants of alchemy, and 
his prestige kept it alive far longer than 
it deserved. Hardly understanding what 
he was doing, Priestley isolated for the 
first time not only oxygen and carbon 
dioxide but also ammonia ("alkaline 
air"), nitrogen, nitric oxide, carbon 
monoxide, sulfur dioxide ("vitriolic acid 
air") and other substances. 

Now recognized as a man of genius in 
science, Priestley was invited to join the 
famous Lunar Society in Birmingham, 
whose members and guests included 
some leading scientists of the day-the 
astronomer Sir William Herschel, the 

/)OCTOR .l7/£OI//.f7-0. , • 
. �,. l"lUr;.l'l·I.Kr /(;,h«;" l i", I'I/' Ikt-

/.'/.l/lli'l/I ' .';.' 

CARTOON of the times lampooned "Doc
tor Phlogiston," calling him a politician. 
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To the Readers of SCIENTIFIC AMERICAN: 

TIle Editors of this magazine take pride 
in announcing the publication, by Simon 
and Schuster, of ART IN SCIENCE, a 
portfolio of paintings, drawings and photo
graphs first published in these pages during 
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magazine's use of the graphic arts in the 
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engineer John Smeaton, the botanist 
Erasmus Darwin, the inventor James 
Watt. The dozen or so members met at 
one another's homes each month on the 
Monday nearest to the full moon. Meet
ings began with dinner about two o'clock 
in the afternoon and went on until eight 
in the evening, when the brilliant moon 
gave light by which to walk home. Soon 
after Priestley joined, a member wrote 
to a friend: 

"We have long talked of phlogiston 
without knowing what we talked about: 
but now that Dr. Priestley hath brought 
the matter to light we can pour that ele
ment out of one vessel into another; can 
tell how much of it by accurate measure
ment is necessary to reduce a calx into 
contact with any visible thing. In short, 
this goddess of levity can be measured 
and weighed like other matter. For the 
rest, I refer you to the doctor himself." 

priestley spent the next 10 years or so 
in Birmingham, happily busy not 

only in chemistry but also writing on 
education and ethics. Though an unde
viating monarchist, he publicly ex
pressed sympathy with the objectives of 
the American colonists during the Revo
lutionary War. Priestley might have es
caped punishment for this, as many 
Englishmen did, had he not also come 
out boldly for the separation of Church 
and State in England and supported the 
cause of the French Revolution. 

His biographer T. E. Thorpe has re
marked that, "great as Priestley's merit 
is as an experimentarian philosopher, his 
greater claim on our regard and esteem 
rests upon his struggles and his sufferings 
in the cause of civil, political and re
ligious liberty." 

On Bastille Day in 1791 Priestley 
joined a small group of his friends in a 

quiet celebration of the event in Bir
mingham. For five days before the cele
bration a group of hotheads and bigots 
had distributed pamphlets and broad
sides accusing those who planned to at
tend the dinner of treason, and threaten
ing Priestley and his family with hang
ing. Ignoring the threats, Priestley and 
his friends had their dinner at noon in: a 
private dining room without interfer
ence, but in the evening trouble began. 
A hysterical mob put the two dissident 
churches in Birmingham to the torch and 
set out to burn down Priestley's house 
and lynch him and his family. A female 
neighbor of Priestley gave this descrip
tion of what happened when news of the 
mob's approach arrived and her father 
went out to try to halt it: 

"Arriving at Dr. Priestley's gate before 
the mob, he stationed himself withinside 
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until the mob came up, and then :-td
dressed them, endeavoring to induce 
them, by fair words and money, to desist 
and return home. They seemed inclined 
to listen, till one more loud than the rest, 
:-tnd who had the appearance of a ring
leader cried out, 'Don't take a sixpence 
of his money: in the riots of '80 in Lon
don a man was hanged for only taking 
sixpence!' and began to fling stones. �/Iy 
father, then finding it rashness to brave 
two or three thousand men, turned his 
horse and rode ... off." 

While Priestley and his family took 
refuge with friends, the howling crowd 
looted his house, scattered his papers, 
battered down the walls and made a 

bonfire of the debris. Several hours later 
the mob went in pursuit of Priestley. He 
:-tnd his family escaped in a coach with 
only a few' minutes to spare. They 
reached London after a week of round
about traveling. 

In London manv people were shocked 
at thc news, but many more felt that 

where there was smoke there must be 
fire: the Priestleys must be disloyal. A 
servant of a family living on the same 
street asked for her release because she 
dreaded being so near the infamous Dr. 
Priestley. �1embers of the Royal Society 
began to cut Priestley dead. His sons 
could not be placed anywhere, and the 
voung men sailed to America. Engl:-tnd 
was entering that 30-year period of re
pression which was to send shiploads of 
political nonconformists to Botany Bay 
ur to the gallows. 

I\fter two vears in London Priestley, 
�� realizing that he would never be 
able to live and work in peace in Eng
land, decided to follow his sons to Penn
svlvania. In the new nation he became ; welcome visitor of George Washington 
in retirement. He preached to a congre
gation that included President John 
Adams, and became a close friend of 
Thomas Jefferson. However, he refused 
a professorship and later the presidency 
of the University of Pennsylvania, pre
ferring to live quietly. His favorite son 
died, and shortly afterward his wife, 
who had never recovered from the shock 
of the Birmingham riots. 

But Priestley's American exile was not 
entirely passive. He demonstrated and 
explained his marvelous experimental 
techniques to James 'Woodhouse, John 
�1aclean and Robert O'Hare, the pioneer 
U, S, chemists who began the process of 
forging that science which, more than 
any other, was to lead the way in explor
ing and exploiting the wealth of the 
American frontier. 
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THE SUN NAVIGATION 

OF ANIMALS 

Observation of such diverse creatures as bees, birds and a 

tiny crustacean indicates that they possess a common faculty 
to use the sun as a compass and a clock to guide their travels. 

H
omo sapiens has two general 

methods of navigation: he can 
guide himself by landmarks or 

steer a course in a specified direction 
(using a magnetic compass, the stars or 
some other indicator). Curiously, man 
has always been considerably mystified 
as to how the lower animals navigate. 
Presumably they too, or at least some of 
them, use the same two methods, but 
this is not easy to prove. That many 
animals can recognize landmarks has 
been definitely established. But as to 
whether animals possess a sense of di
rection, and just how it may operate, 
there has been much dispute. Attempt
ing to account for the accurate naviga-

hy Hans Kalmus 

tion of birds, experimenters have tested 
various wild hypotheses-such as that 
birds have a magnetic sense or can per
ceive the Corio lis force due to the rota
tion of the earth-invariably with dev
astating consequences for the hypo
thesis. If animals have a built-in "com
pass," it is extremely subtle. 

This article wiII describe certain re
markable experiments of the past two 
years which show that such diverse 
creatures as birds, bees, ants and crusta
ceans do possess a direction-finding 
mechanism. They can navigate by the 
sun and, in some cases, even by the 
moon! 

Let us take first the bees, whose navi-

E 

gational powers are best known, thanks 
to the remarkably ingenious Austrian 
investigator Karl von Frisch. Bees re
member the direction of a food site from 
the hive and can communicate this di
rection to their fellow bees by a dance 
on the comb in the hive ["The Language 
of the Bees," by August Krogh; SCI
ENTIFIC AMERICAN, August, 1948J. 
They locate the direction by its angle 
with respect to the position of the sun. 
Now von Frisch has demonstrated that 
in doing so the bees "take the hour of 
the day into account." In one experi
ment he placed a syrup dish about 200 
yards west of a beehive. After the bees 
had fed at it for several sunny days in 

• 
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WORKER'S DANCE on face of hive shifts in direction by angle of 
33 degrees as sun moves almost the same number of degrees across 

the sky. Deviation of dance from sun's azimuth, which tells 
direction of food source to other bees in hive, is thus held constant. 
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succession, he abruptly moved the hive 
one night to a new neighborhood, and 
this time he placed four identical syrup 
dishes at the same distance in four dif
ferent directions-north, east, south and 
west. The next morning 20 out of 29 
foragers from the hive visited the dish 
to the west; only seven were found at 
the other three dishes. The remarkable 
feature was that the bees still went to 
the dish in the West although the sun 
was in a different position; when they 
had last fed, the preceding afternoon, 
the sun stood in the West, and now it 
was in the East. 

That the bees were.taking the move
ment of the sun into account was fur
ther demonstrated by their dances. The 
angle the bees took in their dance on the 
vertical comb in each case precisely 
showed the angle of deviation of the 
food site from the azimuth of the sun. 
On one occasion a pupil of von Frisch, 
watching a bee during an unusually long 
dance of 84 minutes, observed that the 
main axis of the dance gradually shifted 
counterclockwise; at the end of the 84 
minutes, during which the sun's azimuth 
had swung around 34 degrees, the dance 
axis had shifted almost exactly the same 
amount-33 degrees. 

By other experiments von Frisch ex
cluded the possibility that the bees were 
guided by nonsolar clues, such as the 
direction in which the hive entrance 
faced. Finally, if any further proof were 
needed it was furnished by the fact 
that on two heavily clouded days, when 
the bees could see neither the sun nor 
the polarization of the light in the sky, 
they lost their sense of direction and vis
ited dishes at all points of the compass 
indiscriminately. 

To investigate the navigation of birds, 
Gustav Kramer of Germany did ex

periments similar to those of von Frisch 
on bees. Working with starlings, he set 
up in their cage a ring of 12 feeding 
stations spaced at equal 30-degree inter
vals around the circle. Then he trained 
the starlings to look for their food in a 
station in a particular direction. The 
surroundings were screened from the 
birds so that they could see only the 
sky overhead. The birds soon learned to 
search for the food in the right direction 
at any time of day. They succeeded only 
on sunny days, however; when the sky 
was overcast they hunted at random. 

Even more interesting were experi
ments in which captive starlings demon
strated their homing sense of direction. 
In an outdoor aviary near Wilhelms
haven, Kramer had a group of young 
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CONTROL EXPERIMENT confirmed role of sun in bees' navigation. At top, bees are 
trained to go to feeding station toward northwest. Below, with hive moved to distant site 
and with direction of hive entrance changed, bees still make for feeding dish to northwest. 

starlings which were thought to have 
come from the East Baltic area. When 
the migrating season began in the fall, 
he observed that they showed a dis
tinct tendency to fly eastward in the 
aviary, as if they wished to head for 
home and knew the direction. The birds 
faced east even when they were put in 
a small round cage only two feet in diam
eter. Just to make sure that the star
lings had no magnetic sense, he placed 
around the cage a great mass of iron 
which completely altered the direction 
of a compass needle; it affected the birds' 
flight not at all. 

In the most remarkable experiment of 
all, Kramer used a covered hexagonal 
pavilion with a window in each of the 
six sides. When he attached a large mir
ror to each window so that the sunlight 
entering the cage was deflected by 90 
degrees, the birds' predominant direc
tion of flight also shifted by 90 degrees, 
and in the same direction. When the 
skies were overcast, the starlings lost 

their sense of direction entirely. This 
phenomenon has occasionally been ob
served during birds' free migrations. 

Kramer was even able to train star
lings to use a bright lamp, which they 
apparently accepted as a substitute for 
the sun, to guide their sense of direction. 
He also undertook to test an observation 
of the English investigator G. V. T. 
Matthews, who has claimed that birds 
are able to guide themselves by the sun's 
height in the sky at any season, in spite 
of the seasonal variations. Kramer was 
not able to confirm this. 

We shall pass over the ants simply 
with mention of the fact that there is 
a species of Australian termite (Hami
termes meTidionalis) which is called 
the compass termite, because it builds 
its boardlike mounds to face precisely 
North and South. Presumably tempera
ture considerations are responsible for 
this practice, but no one knows how the 
insects orient the structures so exactly. 

The most intriguing exhibit in the 
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NAVIGATION OF BIRDS was shown by this experiment to be dependent on sun. Mirrors in 
windows of building were used to deflect sunlight (colored arrows). Direction of starlings' 
flight was deflected as light was deflected. Numbers indicate frequency of flight in each direc· 
tion indicated by a black arrow; a broken arrow indicates the mean direction in each case. 
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whole gallery of navigating animals is 
Talitrus saltator, a little shrimplike crus· 
tacean which lives in the millions along 
the sandy shores of Europe. A person 
strolling along the shore can see them 
scurry toward the water when his ap
proach disturbs them. The creatures 
dwell in the intertidal zone along the 
sea, moving toward less moist ground 
when it becomes too wet, and toward 
the water when the terrain is too dry. 

Recently two Italian scientists, L. 
Pardi and F. Papi, have investigated 
the sense of direction of these animals. 
When Talitrus were taken away from 
the shore and released inland, they 
headed straight for the coast from which 
they had come. Pardi and Papi placed 
a number of the animals inside a circle 
rimmed with sticky material; most of 
them were later found trapped on the 
side of the circle toward the sea. Within 
a glass dome, similarly, most of the 
Talitrus clustered on the side toward the 
water from which they had been taken. 
The investigators noticed that they 
tended to move toward the sun before 
they headed in the sea direction. 

By systematic experiments Pardi and 
Papi excluded the possibility that the 
sight of the sea or the sight of shore ob
jects or the slope of the terrain was the 
clue that guided Talitrus. Indeed, even 
when they took the animals to the coast 
on the opposite side of the Italian penin
sula, the crustaceans still moved toward 
the coast from which they had come, 
away from the nearby water. Their in
stinct said that their home lay to the 
east or the west, as the case might be, 
and they migrated inexorably in that 
direction. This was true whether Tali
trus were taken from the Adriatic Coast, 
the Tyrrhenian Coast or an island in the 
North Sea. In some manner a "compass" 
within them was set in a certain direc
tion, and they almost invariably followed 
it. The experimenters have not yet been 
able to determine whether this setting 
is inherited or acquired early in life; 
there may be a clue-in the fact that after 
two days in captivity the animals begin 
to lose their sureness of direction. 

It was not difficult to prove that the 
animals were guided by the sun and that 
the "compass" compensated for the 
movement of the sun across the sky as 
the day went on. A mirror experiment 
which changed the direction of the sun, 
as in the case of Kramer's starlings, also 
diverted Talitrus from the true line to 
the shore. The crustaceans responded to 
the polarized pattern of the sun's light 
in the sky as well as to direct sunlight: 
when a polarizing screen was placed 
over them, the direction of their move· 

" 
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New high-speed twin jet plane designed for round-the-clock 

photo-reconnaissance 

�---�,���-------.) 

Now in production for the U. S. Air 
Force, the Douglas RB-66 will be one 
of the most versatile photo-reconnais
sance planes ever designed. 

Complete performance data is still 
restricted, but this much can now be 
told. Powered by twin jets, slung in 

Enlist to fly in the U. S. Air Force 

-the Douglas RB-66 

pods from its sharply swept wings, 
RB-66 will fly in the 600- to 700-miIe
per-hour class. Range will permit deep 
penetration for all-weather, around
the-clock photo-reconnaissance or 
mapping. Photographic equipment 
will be of the most modern to collect 

Depend on DOUGLAS 

detailed information by day or night. 
Development of RB-66 is another 

example of Douglas leadership in avi
ation. Planes that can be produced 
in volume to fly faster and farther with 
a bigger payload are a basic rule of 
Douglas design. 

First in Aviation 
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NAVIGATION OF CRUSTACEAN. TalitTlls saltator, shows dependence upon sunlight. 
These tiny shrimplike creatures swarm on beaches and are commonly observed to hop 
toward the water. When moved from east coast to west coast of Italy, however, they persist 
in hopping in accustomed easterly direction, even though this takes them away from water. 

ment could be altered by rotating the 
screen. When the sky was heavily over
cast, the animals were disoriented. 
Pardi and Papi found that some daily 
and seasonal factors slightly modified 
Talitrus' orientation; they hope that 
these clues may lead to enlightenment 
on the mechanism by which animals use 
the sun for navigation. 

The experiments sa far reported may 
seem incredible enough, but Pardi and 
Papi went on to discover an even more 
astounding surprise. They decided to 
investigate the orientation of the crusta
ceans at night. In a dark room or on a 
moonless night in the open, Talitrus 
generally had no particular sense of di
rection, though occasionally they did 
seem to find guidance in the direction of 
the coastal winds. But when the moon 
shone, the animals showed a marked re
covery of their orientation. They re
sponded to mirror deBections of the 
moon's direction just as to deBections of 
the sun. What was more, they appar
ently took into account the movement 
of the moon, although the moon's travels 
across our sky are far more complicated 
than those of the sun! If Pardi's and 
Papi's experiments and interpretations 
are confirmed, here is the first convincing 
demonstration of the use· of the moon 

for navigation by an animal other than 
man. 

,All these findings compel us to con-
clude that the sense of geographical 

direction, guided primarily by the sun, 
is more fundamental and "primitive" 
than man has supposed. It is well known, 
as a matter of fact, that very primitive 
peoples have an uncannily accurate di
rectional sense. Probably in their case, 
and certainly in the cases of the animals 
discussed in this article, navigation by 
the sun, with compensation for its daily 
movements, is not a conscious or ab
stract mental operation. It must depend 
basically on the combination of two 
faculties: namely, the perception and 
accurate memory of angles and a refer- . 
ence system which shifts with the daily 
movements of the sun-a "time sense." 
In anthropomorphic language, a" com
pass and a clock are needed for sun 
navigation. Both are controlled by the 
sun itself. Both faculties are also of wide 
occurrence in the animal kingdom and, 
indeed, among plants. 

Whether these faculties are hereditary 
or acquired, and how many animals pos
sess them, is as yet anybody's guess. The 
whole subject remains a fascinating in
vitation to further research. 
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World's largest high-alloy weld is 67 square inches . .• 

IT'S BEING DONE AT CLEVELAND PNEUMATIC 

In a blinding shower of sparks two solid steel 
railroad car axles can be welded into one 
length in only 108 seconds ... or . . •  

Two heavy-wall alloy steel tubes 20" in 
diameter, 1" wall, can be joined with a weld 
that is actually as strong as the tube walls. 

In the Cleveland Pneumatic plant, the world's 
largest and most powerful general-purpose 
flash-butt electric-resistance welding machine 
is now at work joining aircraft components. 
This machine can butt weld high-alloy steel 
pieces having a total cross-sectional area of 
as much as 67 square inches. With low-carbon 

material, this area can be as large as 100 
square inches. 

A limited amount of our custom welding 
equipment is available now on a contract 
basis. It can be useful to manufacturers who 
have the problem of getting highest-quality 
welds of all areas on high-alloy steels. 

Write for Booklet D-I04, 
which describes this ma

'chine and its capacities, and 
a l s o  tells you h o w  o ur 
Contract Welding Depart
ment can w o r k  for  you. 

Cleveland PneuIllatlc 
700t �� CLEVELAND 5, OHIO I 

Deportment D-I04 

BALL-SCREW MECHANISMS . AIR-OIL IMPACT ABSORBERS . World's Larg ... ' Manufac'urer of Aircraft Landing Gears 
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ADAM AND EVE in the Garden of Eden were painted by an un· 
known artist about 1710 on a door panel of an apothecary in Calw, 
Germany. Contemplating the races, this pious artist or his patron 

80 

deduced that the original parents of mankind must have been of 
different hues. Thus he placed in Paradise two progenitors of 
the most colorful dissimilarity to explain the persisting diversity. 
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The Biology of the Negro 
In America the continuing amalgamation of Africans, Caucasians 

and Indians lS forming a people of mixed genetic character. 

hence students may ask, "What became of the Negro?" Centuries 

T
he history of many species of life 
on this earth is a long story of 
diverging from a common descent 

into separate lines, then remixing, new 
separations, remixing again and so on. 
Such is the evolutionary history of those 
divisions of mankind vaguely called 
races, tribes or ethnic groups. The races 
of man have been subject to the oppos
ing processes of separation and amal
gamation. We are witnessing in North 
America in this millennium one of the 
instances of the intermingling of two 
human groups. Within the same country 
live white and Negro races which, 
though segregated in certain ways and 
in certain places, have a great deal in 
common. The Negro in America is no 
foreigner, either geographically or cul
turally. How far is the amalgamation of 
these groups likely to go? What is the 
probable genetic future of the whole 
population of the U. S.? 

The drama of racial relations in our 
nation stems largely from the conspicu
ous differentness of the Negro from his 
neighbors in the color of his skin. We 
must consider how deep-seated, or su
perficial, the biological differences be
tween these groups may be. 

The American Negro is a new group 
of mankind which came into existence 
only 300 years ago. He is the product of 
the mingling of three main races-Afri
can, Caucasian and American Indian. 
None of these races, of course, was ever 
"pure." The Indians were a population 
of diverse tribes, and the Caucasians 
came from different breeds in northern, 
central, southern and western Europe. 
It appears that the Africans themselves 
were the most diverse group of all. Im
ported from almost every part of Africa 
and from way stations such as the West 
Indies, the Negro slaves brought to 
America were of many types, some of 
them hybridized with Caucasians. 

by Curt Stern 

Since the Negro's arrival in North 
America there has been a great deal of 
miscegenation-just how much was long 
a matter of conjecture. Some 25 years 
ago the anthropologist Melville J. Her
skovits, of Northwestern University, 
made the first reasonably large-scale sur
vey, interviewing a sample of more than 
1,500 U. S. Negroes. Of these, 78 per 
cent claimed some Caucasian or Indian 
ancestry; only 22 per cent considered 
their background exclusively African. To 
be sure, these figures are not to be taken 
too literally. For one thing, the respon
dents may have exaggerated the amount 
of Indian parentage; it was surprising to 
learn that 27 per cent of them claimed 
forebears among the small Indian popu
lation. For another, the figures give a 
misleading impression of the extent of 
the contribution of Caucasian genes to 
the Negro population. Assume that four 
Negro children share the same grand
parents and that three of these were 
Africans and one a Caucasian. Then all 
four grandchildren rightly claim some 
white ancestry, although the actual Cau
casian contribution would be only one 
quarter. 

Today, a generation after Herskovits' 
study, it is likely that more than 78 per 
cent of U. S. Negroes would testify that 
they had mixed ancestry; indeed, a small 
recent sampling confirmed this expecta
tion. Probably by 1980 there will hardly 
be a single Negro in the U. S. who can 
claim a purely African descent. 

Can we measure the contributions of 
the various ancestries to the present 

Negro stock by genetic yardsticks? One 
might suppose that from comparative 
studies of skin color, nose width, hair 
form and other measurable traits a hu
man geneticist could deduce that x per 
cent of the American Negro'S makeup 
came from his African ancestry, y per 

cent from Caucasian forebears and z per 
cent from Indians. Unfortunately the 
workings of heredity are not as simple as 
this. Often a hybrid exhibits a trait like 
that of one parent instead of somewhere 
between both, so that the mixing is hid
den; for example, the hair of the first 
generation offspring of a union between 
a Negro and an Indian is straight like 
that of the latter, and the hair of a 
Negro-white hybrid often is nearly as 
woolly as that of the African. Then too, 
in later generations the interplay of the 
different genes in development obscures 
any quantitative relation among the 
original contributions. 

One excellent, simple guide to racial 
heredity is offered, however, by the 
blood groups [see "Rh and the Races of 
Man," by William C. Boyd; SCIENTIFIC 
AMERICAN, November, 1951]. Knowl
edge of the blood-group makeup of a 
population furnishes knowledge of its 
corresponding genic makeup. Usually 
the differences are only differences in 
relative frequencies; for instance, Afri
cans have more blood of the 0 type than 
Caucasians, while there are more per
sons with blood of the A, B and AB types 
among the latter. The blood makeup of 
the American Negroes is intermediate 
between the African and Caucasian, and 
from the observed frequencies it is a 
matter of simple arithmetic to calculate 
that about two thirds of the genetic 
building material of the U. S. Negro 
comes from Africa and about one third 
from Europe. 

. 

An important question remains. Are 
the genes evenly mixed in this fashion 
through the whole Negro population, or 
are there large numbers of people with 
nearly 100 per cent African genes and 
other large numbers whose Caucasian 
fraction is higher than one third? A 
casual observer might be inclined to 
answer without hesitation that the latter 

8) 
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Newly-Developed 

Optic:al 

Radioac:tivity 

Detec:tor 
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PROFESSIONAL MODEL 

GEIGERSCOPE 
Here is the remarkable, new advanced 
Geigel'SCOlle for prospectors, engineers. re
searchers. Provides more power, more sensi
U\'ity in checking mineral specimens for 
uranium; extreme sensitivity for labora
tory use on alpha-emitting isotopes. Indi
cates radioactive content with sparkles of 
light; usable in daylight or lighted room. 
No background count from potassium 
feldspar or cosmic rays. More sensitive than 
a Geiger counter for hand specimens. Has 
eye-positioning rubber shield. Sturdy, dura
ble, portable, needs no power source. $5 
Radioact

,
ive standard supplied for ex-

act readmgs. EAC H 
MASTER MODEL-

equipped with rubber 
highly efficient. 

e,.eshield, $3 
EACH 

STANDARD MODEL-
Most inexpensive radiation 
tector on the market. 

de· $1 
EACH 

Uranium ore sample, carrying pouch, instructions 
slillpIied with all models. FULL GUAUANTEE, 

We pay postage. 

ATOMIC PROSPECTOR'S HANDBOOK 
Valuable data on radioactive ores, field, lab 
& mill methods, maps, in 54 information
packed pages. Complete summary of e,ery 
aspect of this vital new field! $1. 

Handbook or Geigerscope can be obtained 
separately-better yet. send for both today! 
'Vrite to: 

KEN RESEARCH. INC, 
831 Fifth Avenue River Edge 21. N. J. 

Do you know these 

FACTS 
about hlll-colo,

photog,-allhic p,-blts? 

• 

• 

• 

• 

• 

Color photographic 1)rillts can be made 
from any sttbject-drawlngs, render
ings. graphs. color transparencies. even 
objects themseh'es. 

Large-size color prints as big as news
Ilaper pages (16'" x 20"') can be made 
inexpensh"ely from any type of subject, 
These prints are called COLORSTATS 
and are Ilroduced with medium fldeUty. 

Startlingly bright. high fldelity color 
prints can be made by the DYE 
TRAI\"SFER process in sizes up to 20'" 
x 24"', 

'.rHREE DIMENSIONAL color prints 
with remarkable depth illusion can now 
be made in large sizes. 

Black &- White photogral)hs can be made 
into full-color prints by the FLEXI
CHUQME process. 

As specialists and producers of color 
p h o t o g r a p h i c  p r i n t s  b y  all t h e s e  
processes, w e  a r e  in a position to advise 
you on the best process to meet your 
needs, And, we can show you how plant 
architects, researchers. industrial man
agement. etc, have put large full-color 
prints to unusual and dramatic use. 
Write today, for complete information 
and prices. 

rYlaIfIA uttaltk �okt �_ 
344 East 49 Street. New York 17. N. Y. 

Eldorado 5-6740 

CAUCASIAN people sampled in the U. S. 
possess more type A blood than do Ne· 
groes. Twenty.five per cent have this type. 

is the case; he would classify the dark, 
thick-lipped Negroes as unmixed de
scendants of Africans and the light, thin
lipped ones as hybrid, But such reason
ing neglects the simple fact, discovered 
by Gregor Mendel, that the second-gen
eration offspring of a cross between 
white and colored peas have either 
white or colored flowers, giving no in
dication of their mixed ancestry. Similar
ly the appearance of a human being may 
be deceptive. The shufHing of the cards 
-as the recombination of genes in the 
course of rep ·Qduction has been called
sometimes produces hybrid traits and at 
other times pure traits in different off
spring of the same hybrid parents, 

There are, however, ways to approach 
this problem. One can measure the 

degree of association of different racial 
traits, The traits are more or less inde
pendent of one another; for example, 
there are many Negroes with dark skin 
and thin lips, and many others with light 
skin and thick lips, If a large proportion 
of the Negro population has no Cau
casian ancestry, then we should expect 
that a correspondingly large proportion 
should have both dark skin and thick 
lips. The matter has been investigated, 
and it has been found that the combina
tion of dark skin and thick lips is indeed 
more frequent than would be expected 
according to chance-but it is not much 
more frequent. This indicates that the 
mixture of genes has percolated fairly 
generally through the Negro population, 

Another approach is geographical: Do 
groups of Negroes in different parts of 
the country differ in genetic makeup? 
The answer again is no: the average pig
mentation of Negroes in various sections 
-Mississippi, West Virginia, Kentucky, 
New York-is about the same, and so is 
the range of variability in these sections, 

AFRICAN people sampled show 15 per cent 
have type A blood. (The black circles indio 
cate per cenL) Genes determine blood type. 

This test also, therefore, seems to indi
cate that the Negro population is fairly 
homogeneous, 

Trying a third approach, Herskovits 
obtained somewhat different results, He 
questioned students of Howard Univer
Sity regarding their ancestry, and di
vided them into four classes: (1) strictly 
African, (2) more African than Cau
casian, (3) more Caucasian than Afri
can, and (4) about half African and half 
Caucasian, Now no such division would 
have been possible if all or most Ameri
can Negroes were alike in their degree of 
white admixture. Perhaps the extent of 
this differentiation may be questioned on 
the ground that the individuals may not 
really have known their background 
but inferred it from their appearance, 
In any case, the study was made about 
a generation ago, and the present gen
eration of Negroes undoubtedly has 
reached a greater degree of homogeneity. 

A fourth approach to the question as 
to the homogeneity of the Negro popu
lation lies in a study of its mating prac
tices; i,e., with respect to skin color does 
like marry like, or unlike, or without 
discrimination? Here the evidence is 
conflicting. Some observations indicate 
that Negro men tend to marry women 
lighter than themselves, (The studies 
are silent on the marriage prospects of 
dar\< women!) Other studies seem to 
show a tendency for Negroes to choose 
mates of about their own hue, Not only 
is this evidence inconclusive but we must 
take into account that legal marriages 
are not the only means of disseminating 
genes, The extent of illegitimacy is con
siderable and is presumably very much 
less assortative than official unions. 
On the whole it seems reasonable 
to assume that the degree of marriage 
of like by like is quite insufficient to 
slow down appreciably the approach to 

© 1954 SCIENTIFIC AMERICAN, INC



AMERICAN NEGROES sampled proved 
to have 19 pel' cent type A genes, indicating 
Y.l Caucasian and % African ancestry. 

genetic homogeneity of the U. S. Negro. 
Homogeneity of course is not the 

same as uniformity. Homogeneity means 
that any sample of the Negro population 
will resemble closely in its total genic 
content, one might say in its corporate 
holdings, any other sample: two thirds 
of the genes for all traits come from 
African sources and one third from Cau
casians. This setup results in anything 
but uniformity. It produces the whole 
range of skin color from white to deep 
black, the whole range of lip dimensions 
from thin to thick, the whole range of all 
other traits in which the component 
races differed. Any combination of the 
different traits may be expected. 

H as thi� new group, the American 
Negro, synthesized any peculiar 

features of its own? There used to be a 
belief that the mulatto was sterile, or at 
least of low fertility, by analogy with the 

2 

3 

mule, a hybrid of the horse and donkey. 
How times have changed! There is no 
longer doubt about the basic fertility of 
the Negro-white hybrid. It is true that 
the growth of the Negro population in 
the U. S. (from about 750,000 in 1790 
to about 15 million in 1951) has been 
less rapid than that of whites; they have 
fallen from over 19 per cent to less than 
11 per cent of the total population. But a 
good part of the relative increase of the 
whites was due to large-scale immigra
tion and to the high fertility of the im
migrants. The birth rates among Negroes 
probably have been higher than among 
whites during most of the history of the 
U. S., but that edge has been more than 
counteracted by the Negroes' very high 
mortality rates, especially among infants. 
In recent decades their balance of births 
and deaths has approached that of the 
rest of the population, and the Negro 
increase has kept in remarkable step 
with that of the whites. At present it is 
safe to say that the Negro will not die 
out, as predicted with assurance as re
cently as the 1920s, or soon replace the 
whites, as announced just as boldly some 
time earlier. The ratio of the two groups 
probably will not change much in the 
coming decades. Beyond that immediate 
future, however, prediction becomes 
very difficult. 

For the long run, there seem to be no 
inherent biological weaknesses in the 
Negro which place him at a disadvan
tage. Socio-economic factors are largely 
responsible for his higher infant mortal
ity, venereal disease rate and alcoholic 
psychoses. It is quite possible that the 
Negro has a hereditary predisposition to 
tuberculosis, but on the other hand he 
seems to enjoy more immunity than 

PEDIGREE of generations descended from seven "unmixed" African ancestors (dark 
forms) and one "unmixed" Caucasian (white form) shows the percentage of descendants 
with mixed ancestry '(light gray forms). Fifty pel' cent of the third generation are mixed. 

The Analog Computer 
on your Dashboard 

• Many people ask "What's the dif
ference between an analog computer and 
a digital computer?" 

• A digital computer operates on num
bers. It manipulates these numbers to per
form intricate computations. An office 
adding machine is a simple digital computer. 

• An analog computer is a continu
ously calculating machine whose answers 
can be continuously changing and quantities 
are represented without explicit use of nu
merical symbols. It op,erates on the similarity 
of various quantities. For example, to meas
ure the level of gasoline in an automobile 
tank, we normally use a float which rises and 
falls with the surface of the liquid. By meas
uring the height of the float we learn the 
quantity of the gasoline in the tank. It would 
be clumsy to transmit this indication to the 
front seat with levers and pulleys. But if we 
let the float position regulate a flow of elec
tricity, then the electrical analog of the 
float's position can be read on a voltmeter 
in the dashboard. Thus your fuel gage is 
a simple analog computer. 

• The analog computer has, since 
1915, been an important basis of Ford In
strument Company's work in designing in
struments which continuously calculate the 
aiming of a weapon or the position of an 
aircraft or the correction of a missile's 
flight path. Such computers and controls 
have also been built for controlling com
plicated machine tools and solving other 
problems of industry. The company wel
comes the opportunity of discussing prob
lems of automation and controls which you 
may have. 

� Each year Ford Instrument Com

pany is adding to its staff of several 

hundred engineers. If you are an en

gineer and can qualify, there may be 

a position for you. 

18 

J: FORD INSTRUMENT 
lJ' COMPANY 

DIVISION Of THE SPERRY CORPORATION 

31·10 Thomson Ave., Long Island Cily I, N. Y. 
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CHMDTIe® 
COMPLETE LINE 

A-C " POWER-JYPE 

TAP 

,SWITCHES, 
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5 SIZES-l0 TO 100 AMP A.C. 

If you need dependable, selective 
switching for high amperage ap· 
plications, specify Ohmite Tap 
Switches. They have all· ceramic 
construction with a positive "slow· 
break" mechanism, specially de· 
signed for A·C use. Ohmite Tap 
Switches are extremely compact, 
yet have as many as twelve per· 
fectly insulated, non.shorting taps. 
Tandem assembled switches are 
also available. Special designs can 
be worked out to meet your indio 
vidual requirements. 

OHMITE MFG. CO. 
3609 Howard 5 •• 

Skokie, III. 
(Suburb of Chicago) 

Write on Company letterhead 
for Catalog No. 40. 
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LIGHT 
SKIN COLOR 

DARK 

SKIN COLOR distributions in the U. S. are plotted as curves. The dashed curve shows dis· 
tribution of color shadings among whites. The solid curve shows the color among Negroes. 
Complete amalgamation would produce a shift toward the dark as shown by dotted curve. 

whites to some types of cancer, particu
larly cancer of the skin. 

Last but not least we must consider 
intelligence. A generation ago most 
students of race were inclined to credit 
the Caucasian with a higher intellectual 
endowment than the Negro. Opinion has 
changed greatly. While there remains a 
group of believers in the mental in
feriority of the Negro, the majority today 
holds this proposition to be unproved. 
All tests of intelligence involve so much 
culturally loaded material that they lose 
most of their meaning in comparisons of 
different groups' native endowment. The 
one truly significant fact that has 
emerged from these tests is the showing 

that the range of measured "intelligence" 
is as wide among Negroes as among 
whites. Many Negro children score 140 
or higher in the Stanford· Binet tests; one 
Negro girl scored 200! That Negroes as

' 

a group have had a lower mean score 
than whites in several samplings is un
doubtedly due largely to socio-economic 
and cultural disadvantages. 

Those who point to the lack of many 
high accomplishments by the Negroes of 
Africa might ponder Lord Raglan's re
cent words: 

"It has been said against the African 
Negroes that they never produced a 
scientist; but what kind of a scientist 
would he be who had no weights and 
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measures, no clock or calendar, and no 
means of recording his observations and 
experiments? And if it be asked why the 
Negroes did not invent these things, the 
answer is that neither did any European 
people, and for the same reason-name
ly, that the rare and perhaps unique 
conditions which made their invention 
possible were absent." 

Let me add one more point to the dis
cussion of the mental attributes of U. S. 
Negroes. Whenever outstanding minds 
among them have risen to high recogni
tion, people have tended to attribute 
their achievements to the white part of 
their genetic makeup, as judged by 
lightness of skin or some other such ex
ternal sign. The fact is that external fea
tures are poor indicators of the total 
genic content. An intellectually out
standing very light Negro may or may 
not have obtained many of the genes in
fluencing intellectual responses from his 
African ancestors; conversely, the very 
dark little girl who scored an I.Q. of 200 
may or may not have contained many 
Caucasian genes. 

T he biological future of the U. S. 
Negro of course will depend primari

ly on sociological developments. Large
scale fusion of the Negro and white 
populations will probably not occur for 
a long time, and complete separation is 
impossible even at present. This impossi
bility has two different aspects. On the 
one hand miscegenation continues, both 
legitimately and illegitimately. On the 
other "hand, many of the Caucasian-ap
pearing hybrids "pass" into the white 
group; in time this will drain the U. S. 
Negro population of some of its Cau
casian-derived genes and may leave it 
on the whole a bit more African-appear
ing than before. Whether this will be 
balanced or more than balanced by the 
continued influx of Caucasian genes is a 
difficult question. 

Looking into the centuries ahead, it 
seems likely that the flow of African 
genes into the numerically dominant 
white population will increase. These 
African genes will become so dispersed 
in the dominant group that only slight 
changes in its appearance will be ap
parent. The average of skin color will 
shift slightly toward a light brunette. 
When complete fusion has occurred, 
there will probably be no more than a 
few thousand black people in each gen
eration in the entire country, and these 
are likely to have straight hair, narrow 
noses and thin lips. I suppose that if 
some person now living could return at 
that distant time, he would ask in won
der: "What became of the Negro?" 

NEVER 
BEFORE 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

Never before has there been an opportunity like this 

A top team of scientists, physicists and engineers is 

being assembled at Martin to carry on a planned, 

long"range program of development in the tremen

dous new science of nuclear power. 

Never before has there been such an opportunity 

for a small number of qualified creative engineers. 

Write to J. M. Hollyday, Box SolO, The Glenn L. 

Martin Company. 

• 
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by James R. Newman 

SCIENCE AND CIVILISATION IN CHINA, 
by Joseph Needham. Cambridge Uni
versity Press ($10.00). 

What exactly were the Chinese 
contributions, ancient and 
modern, to science and tech

nology? How is it that the Chinese, 
though singularly weak in theory and 
systematization, nevertheless made dis
coveries and inventions often far in ad
vance of Europe? What features of Chi
nese civilization were responsible for the 
fact that Chinese "backwardness in 
scientific theory coexisted with the 
growth of an organic philosophy of 
nature . . .  closely resembling that which 
modern science has been forced to adopt 
after three centuries of mechanical mate
rialism?" 

These are among the questions Joseph 
Needham discusses in the book before 
me, the first of seven projected volumes, 
all of which are already completed in 
manuscript. Needham characterizes his 
seven volumes as no more than a "re
connaissance." His bibliography shows 
that there is a vast "ocean" of literature 
on Asiatic science. But the material has 
never before been digested into the com
pass of a single work; a work, moreover, 
addressed not to Sinologists but to "all 
educated people" interested in scientific 
thought and technology. Needham's 
survey therefore promises to be a land
mark of intellectual history. 

"It is well to observe the force and 
consequences of discoveries," wrote 
Francis Bacon. "These are to be seen 
nowhere more conspicuously than in 
those three which were unknown to the 
ancients, and of which the origin, though 
recent, is obscure; namely printing, gun
powder and the magnet." In Bacon's 
time little reliable knowledge about 
China was available in Europe. That 
these discoveries, which "changed the 
whole face and state of things through
out the world," were of Chinese origin 
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BOOKS 
A sweeping history of China's SClence and its 

intellectual relations with the Western World 

was scarcely appreciated, nor did Euro
peans recognize how many other tech
niques which they considered the 
product of their own civilization had 
been adopted from China. The learned 
were dimly aware of that vast and 
ancient society, "at least as intricate and 
rich as their own," and even the vulgar 
had long been nourished on marvelous 
tales of Cathay. But dependable facts 
about the country and its people were 
hard to come by. 

In the 17th century a stream of in
formation about China began to flow 
into the West. Much of it came from the 
Jesuits, whose missionaries, led by the 
remarkable and brilliant Italian, Matteo 
Ricci, had established themselves in 
Peking. Ricci, named Li Ma-Tou by the 
Chinese, was an extraordinary linguist 
as well as a gifted scientist and mathe
matician. Together with some learned 
converts he translated Western st:ientific 
books-among them, Euclid, Ptolemy, 
Clavius-into Chinese and aroused wide 
interest at the Imperial Court in all 
aspects of science and technology. The 
Jesuits taught Chinese scholars about 
the ways and thought of the West and 
in turn learned about Chinese history 
and culture. The liaison was admirable, 
but unfortunately the Jesuits often 
accepted legend for fact and relayed 
much misinformation to Europe, some 
of which still lives on. 

In the 18th century a romanticized 
picture of Chinese civilization was fre
quently held up as a model for Europe. 
To this day a tendency "tQ ascribe too 
much to East Asian origins" persists 
among some persons, while at the same 
time there is a countercurrent of "re
luctance to allow that any discovery or 
invention of importance could have 
taken place outside of Europe." Need
ham gives illustrations of these extremes: 
the producer of a documentary film who 
consulted Needham thought that the 
Chinese had invented the potter's wheel 
(it was known in Sumeria 1,500 years 
earlier); on the other hand, the author 
of a recent book on the history of tech
nology gives the Chinese no credit for 

such achievements as the first knowledgc 
of magnetic polarity, the discovery of 
gunpowder and the earliest manufacture 
of cast iron. 

Admittedly the task of writing a his
tory of Chinese science is formidable. 
The language is a dragon that swallows 
Westerners without a trace. The history 
of China is inordinately complex, even 
for veteran Sinologists. Few of the Chi
nese source materials have been trans
lated into European languages. English 
histories of China are to be judged, one 
gathers, only on the pejorative scale: 
some are worse than others. The best 
history of China in any Western lan
guage is said to be a German work, O. 
Franke's The History of the Chinese 
Empires, but it is in five volumes and 
difficult to read. 

It is clear, then, that a scholar who 
undertakes a comprehensive survey of 
Chinese science must possess extraordi
nary equipment. Needham is such a one. 
He is a biochemist distinguished for his 
original researches and writings; he has 
an excellent grasp of the history of 
scienoe and its connection with social 
history; he has traveled extensively in 
China and has a good working knowl
edge of the language; he is a bear for 
work and a veteran in handling masses 
of detail without losing perspective or a 
sense of humor. Further, Needham loves 
the Chinese people, and his feeling-not 
sentimental but based on understanding 
and respect-pervades his book. The 
work has been pursued, he tells us, as a 
contribution to international understand
ing, in the spirit of the great 17th-cen
tury English scholar Lancelot Andrewes, 
of whom a biographer said that "many 
conceive that he might well have been 
. .. Interpreter-General [of] the Con
fusion of Tongues." 

Needham furnishes the reader with a 
14-page "Note on the Chinese Lan
guage" which is a model of lUCidity. It 
explains the fundamentals of the sym
bolic characters, the development of 
script, the various methods devised to 
systematize a language immensely rich 
in characters yet remarkably poor in 
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sounds. This poverty of sounds has had 
some bearing, Needham believes, on the 
difficulties of the Chinese in forming a 
terminology for science. And in invent
ing new characters for scientific terms 
they were at a great disadvantage in not 
having old roots to draw upon, as the 
West Europeans had 'in Greek, Latin 
and Arabic. 

Needham gives a brief history of 
China, with emphasis on events, move
ments and periods of special significance 
in the history of science. It is surprising 
to learn that history in China cannot be 
pushed back beyond 1500 B.C. The 
earliest records of ancient China are the 
now famous "dragon bones" found by 
farmers tilling their fields near Anyang 
in the latter part of the 19th century. 
The bones were sold to drug stores to be 
used as medicine, but by 1900 Chinese 
scholars realized that these fragments of 
the shoulder blades of mammals or the 
carapaces of turtles, which had been 
used for a method of divination known 
as scapulimancy, were inscribed with 
ancient writing. 

Once the Chinese civilization got 
under way, it rapidly surpassed all other 
parts of the world in many important 
branches of technology, including the 
manufacture and working of iron, ce
ramics and textile techniques. Geogra
phy, mineralogy and botany flourished in 
China even in the most distracted times. 
Entomological control of plant pests is 
described in a second-century book on 
plants and trees; the wheelbarrow Was a 
Chinese invention, as were the cross
bow, the iron-chain suspension bridge, 
the kite, canal-lock gates, piston bellows, 
the stern-post rudder, metallurgical 
blowing engines, efficient harnesses for 
draught animals. Incredible armies of 
labor were drafted to build reservoirs 
and canals. In the construction of a 
grand canal section between the Yangtze 
and the Hangchow in about the sixth 
century, some five million workers toiled 
under a guard of 50,000 police. "Every 
fifth family was required to contribute 
one person to participate in the supply 
and preparation of food. Those who 
could not or would not fulfill the de
mands made on them were 'punished by 
flogging and neck weights'; some had to 
sell their children. Over two million men 
were said to have been 'lost'." The Chi
nese word leaves it uncertain how many 
of those "lost" ran away and how many 
died. "This was the way things went 
throughout Chinese history," Needham 
remarks. Possessing no machinery, the 
Chinese could only build on the prin
ciple of "a million men with teaspoons." 

The canal so dearly bought made a 
splendid spectacle-40 paces wide, roads 
along both banks planted with elms and 
willows, "imperial resting pavilions" at 
frequent intervals. 

The invention of printing may be 
dated about the sixth century. A small 
printed notice, "Beware of the dog," sur
vives from 594; the earliest block print
ing known is that of a Buddhist charm 
of 770 A.D. What printing meant in the 
development of Chinese culture, on the 
humanistic as well as the scientific side, 
is easily imagined. The Confucian clas
sics, cut on wood blocks and printed in a 
set of 180 volumes, were widely dis
tributed throughout the country. There 
were printed books of poetry, on al
chemy, on law and mathematics, on 
botany, pharmacy, chemistry, cartogra
phy, military science, political theory 
and agriculture. The "Dream Pool Es
says" of Shen Kua, published in 1086, 
was a great miscellany containing scien
tific observations in many fields; it was 
one of the first books to describe the 
magnetic compass. The book appeared 

during the Sung dynasty (950-1250), 
which Needham characterizes as the 
major focal point of Chinese scientific 
and technological history. It was .l 
period that produced notable practical 
inventions, writings in every known 
branch of science and scholarship, and 
huge chronological and geographical en
cyclopedias. 

A most interesting feature of Chinese 
intellectual history is the gargantuan 
scale of some of the scholarly works. It 
is as if an enormous country had to have 
enormous books-they dwarf even the 
incontinent monuments of German re
search. The most spectacular example is 
the 15th-century Yung-Lo Ta Tien, an 
encyclopedia which attained 11,095 
volumes. More than 2,000 scholars were 
employed in writing it. They shortened 
the labor by incorporating whole books 
already published, so that the ency
clopedia took only four years to com
plete. Understandably reluctant to un
dertake the printing of so immense a 
work, the Emperor ordered only three 
copies to be made, with melancholy 
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PHILOSOPHICAL 
LIBRARY BOOKS 

o ASPECTS OF DEEP SEA BIOLOGY by N. B. 
Marshall. After tracing the growth of deep sea 
biology, one of Mr. Marshall's aims has been to build 
up, chapter by chapter, an integrated account of 
oceanic life. This life is seen to be disposed in pat
terns-pattenlS related to the physical structure of 
the ocean and to the interplay of living activities. 
IIl1fstrated. $10.00 
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was born of New England parents in the Argentine. 
$3.50 

o THOREAU by William Condry. The author has 
contributed a lively and accurate picture of the sage 
of Walden, assisted by material from the Thoreau 
Society of America. $3.50 

n THE SCOURGE OF THE SWASTIKA by Lord 
Russell. THE BOOl( THEY TRIED TO BAN. A 
Short History of Nazi War Crimes. 28 hitherto 
unpublished documentary photographs. $4.50 

o THE ORIGIN OF RUSSIA by Hellryk Paszkiewie=. 
Professor Paszkiewicz sheds new light on the past of 
the Eastern Slavs and the Finns on the Volga by link
ing it with the history of the Norsemen, of Great 
Moravia, Poland, Lithuania, Byzantium, and the 
Tartar Golden Horde. The author is intimately con
versant with the abundant literature of the period 
and refers to sources hitherto disregarded. $10.00 

n A TREASURY OF PHILOSOPHY Edited by Dago. 
bert D. R1wes. Here is one of the most comprehensive 
collections of philosophical writings ever to be gath
ered between the two covers of one book. In a text 
of over 1200 pages, under more than 375 separate 
entries, are to be found, not only the great philoso
phers of the West, but the important, and less 
familiar, thinkers of the Orient. The selections cover 
the whole span of recorded philosophy-from the 
Sixth Century B. C. to the present day. $15.00 

o THE CONCISE USAGE AND ABUSAGE. A Short 
"Guide to Good English by E1·ic Parfn"dge. 

$3.50 

n THE PAINTED MEN by T. C. Lethbridge. This is 
tEe story of a "people" who had been in the British 
Islands some 1500 years before \Villiam the Con
queror arrived, and whose history goes back beyond 
the Siege of Troy and the building of the Tower of 
Babel. Illllstrated. $6.00 

o ANCIENT EDUCATION by William Smith. The 
author has endeavored to trace the cultural and 
educational development of seven early peoples
the Mesopotamians, the Egyptians, the Indians, the 
Chinese, the Greeks, the Romans, and the Hebrews. 

$3.75 

o INSANITY, ART, AND CULTURE by Frallcis Reit· 
mall. How far are cultural differences expressed in 
mental illness? Are the paintings of the insane de
pendent on a particular cultural background? \Vhat 
are the standards of judging abnormality in a giv
en culture? The author examines all these problems 
on the evidence of the artistic products of the men
talIy ill. I11l1strated. $3.75 

o THE MICROPHYSICAL WORLD by William Wit· 
S01l. The greater part of the book is de\-oted to 
present day knowledge about atoms and molecules, 
their structure and behavior and about still smaller 
things such as protons, neutrons, electrons, posi
trons, etc. $3.75 

o AETHER AND ELECTRICITY [YOLS. 1 & 21 
by Sir Irdtmmd Whittake-J'. The first volume describes 
the classical theories current before 1900, The sec· 
ond volume describes the l\10dern Theories from 
1900 to 1926. Set of two volumes. $17.50 

o ESSAYS IN SCIItNCE by Albert Einst"'''. The 
world of science as the distinguished physicist sees 
it. Abridged. $2.75 

n NUCLEAR PHYSICS by Werner Heisenberg. 
TIeals. among other things, with Bohr's theory, the 
periodic system and the extra-nuclear structure of 
atoms. The main subject of the book includes radio
activity, the binding energy of nuclei, nuclear struc
ture, artificially induced nuclear transmutations and 
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consequences: the main collection per
ished in the destruction of the Yuan 
Ming Yuan palace during the Boxer Re
bellion of 1901. 

The noted modern scholar Hu Shih 
has drawn a striking contrast between 
Europe and China in the period of the 
rise of Western science: "Four years be
fore Ku Yen·Wu [the philologist] was 
born, Galileo had invented his telescope 
and was using it to revolutionize the 
science of astronomy, and Kepler was 
publishing his studies of Mars and his 
new laws of the movements of the 
planets. When Ku Yen-Wu worked on 
his philological material and recon
structed his archaic pronunciations, Har
vey had published his great work on the 
circulation of the blood, and Galileo his 
two great works on astronomy and the 
new science. Eleven years before Yen 
Jo-Chhu began his critical study of the 
Book of History, Torricelli had com· 
pleted his great experiment on the pres
sure of air. Shortly after, Boyle an
nounced the results of his experiments 
in chemistry, and formulated the law 
that bears his name. The year before Ku 
Yen-Wu completed his epoch-making 
Five Books on philological studies, New
ton had worked out his calculus and his 
analysis of white light. In 1680 Ku wrote 
his preface to the final texts of his 
philological works; in 1687, Newton 
published his PTincipia." 

Thus while the Chinese were examin
ing themselves, probing minutely into 
the roots of their culture, writing books 
about their predecessors' books, the 
West worked with "stars, balls, levers, 
inclined planes and chemical sub
stances" creating, instead of "more book
learning, a new world." But this does not 
mean, says Needham, that the Chinese 
were incapable of practicing logical sys
tematization or other scientific processes; 
their scholarship entailed systematic use 
of the inductive me-t:hod. It was merely 
that the subjects which drew their 
energy and to which they applied the 
rigorous canons of analysis were of a 
different kind. Why the Chinese came to 
prefer poetry to algebra, or the study of 
words, plants, maps and chronicles to 
the study of planetary motions, ballistics, 
combustion and igneous rocks, is to be 
the subject of one of the later volumes of 
Needham's work. 

The last, and in many respects the 
most interesting, section of his first vol
ume deals with the travel of ideas and 
techniques between China and Europe. 
Needham briefly examines parallelisms 
of scientific ideas and the possible mu
tual influences. 

In metaphysics, philosophy and re-

ligion the parallelisms are obvious and 
not particularly surprising. On the other 
hand, it is astonishing to learn that Zeno, 
the Greek spinner of paradoxes, had a 
Chinese contemporary, Hu Shih, who 
posed apparently similar paradoxes; or 
that reports like Aristotle's on the 
growth and contraction of sea urchins 
with the waxing and waning of the 
moon also appear in an ancient Taoist 
book, the Kuan Tzu, said to have been 
composed soon after Aristotle's time. 
One can safely rule out the possibility 
that Zeno's ingenious fables were carried 
from West to East by gossips; as for the 
references to the sea urchin, it is far more 
likely that they rested on independent 
observations by Greek and Chinese fish
ermen than that the "rapid transfer of 
the idea took place over thousands of 
miles among peoples who had never 
even seen the sea." Exchanges certainly 
took place, but the foregoing are not of 
this class. 

The earliest knowledge the peoples of 
the Mediterranean basin had of China 
concerned silk, the silk trade and the 
routes of this traffic, One of the most 
ancient trade routes was the Old Silk 
Road, which linked China and Central 
Asia "by means of a series of oases 
formed by the melting snows of the Nan 
Shan or Chhilien mountains as the 
waters ran down to lose themselves in 
the Sands of the Gobi." The opening of 
this road dates around the first century. 
The travelers along this and later high
ways included Roman·Syrian merchants, 
Nestorian missionaries, Parthian foot 
soldiers, Mongolian cavalry, Arab adven
turers and a curious motley of wander
ing jugglers, acrobats, conjurers, leeches, 
mechanicians and star clerks. Besides 
silk the main commodities transported 
were iron, skins, wool and linen textiles, 
cinnamon bark, rhubarb and glass-the 
last·named being one of the few Medi
terranean exports for which there was a 
market throughout Asia. The commodi
ties were relatively few (and the balance 
of trade seriously adverse to the West) 
but the ideas that seeped through were 
much more numerous and of vastly 
greater importance. One of the most in- . 
teresting examples of cultural diffusion 
is the ancient representation of the "fly
ing gallop" of the horse: all four legs ex
tended and all off the ground. Except 
when a horse is jumping, this position 
does not occur in nature, yet it was wide
ly pictured so in both Chinese and Medi
terranean art. It occurs first about 1000 
B,C. in Greece and Phoenicia; it then 
travels east and is found in Sassanid, 
Persia, Bach·ia and China in the second 
century; in the 18th century it tlu·ns up 
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��when you have to kill a man 

it costs nothitt5 to be polite" 
IT was the evening of December 7, 1941, in London. 

Churchill was relaxing at a table with his American 
friends, Ambassador Winant and A vereH Harriman. 
When he turned on his wireless set for a regular news 
broadcast he heard something said about Japan attack
ing American territory. He at once put in a call to the 
White House. 

"In two or three minutes Mr. Roosevelt came 
through. 'Mr. President, what's this about Japan?' 
'It's quite true,' the President replied. 'They have 
attacked us at Pearl Harbor. We are all in the same 
boat now.' '' 

The very next day Churchill wrote the Japanese 
Ambassador to inform him that their countries were 
at war. He recalls that some people criticized him for 
the "ceremonial" style he used in his letter. "But after 
all," comments Churchill, "when you have to kill a 
man it costs nothing to be polite." 

This is one of the thousands of interesting side
lights and anecdotes of the war which the famous 
Prime Minister reveals in his six-volume masterpiece, 
The Second World War. Some are tragic, some dra
matic-ali of them reveal the human and intimate side 
of the war leaders in their conduct of affairs. 

Stalin Thought It a Joke 
Among the fascinating revelations in The Second 

World War is the by-play between Churchill, Stalin 
and President Roosevelt, as they sat around the con
ference or dining table, planning, arguing, toasting, 
joking. 

Was Stalin really pulling Churchill's leg when he 
proposed that after the war 50,000 of Germany's mili
tary leaders and technicians be executed? Churchill 
tells how he objected to the idea, saying1 "I would 
rather be taken out into the garden here and be shot 
myself than sully my own country's honor by such 
infamy." 

President Roosevelt tried to make a joke of it by 
offering the compromise plan that only 49,000 be shot. 
When Elliott Roosevelt made a speech on the subject 
agreeing with Stalin, Churchill left the table in a huff. 
He was at once followed by Stalin and Molotov, grin
ning and eagerly declaring they were only playing, that 
nothing of a serious character had entered Stalin's head. 

Mr. Churchill was awarded the Nobel Prize for 
Literature, principally for The Second World War, and 
there can be little doubt that it will come to be 
regarded as one of the great landmarks of world 
literature. 
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in European art as an import from 
China; it later adorns every English rac
ing print and imposes its authority as a 
faithful representation of a horse's gallop 
until modern slow-motion cinematogra
phy demonstrates its inaccuracy. 

I can offer only a few more glimpses 
of the wealth of engrossing detail in 
Needham's account. The orange, the 
peach and the pear came from China 
and its borderlands. From China, too, 
came new tools and foods, helicopter 
tops, the sailing carriage, porcelain, the 
rose, the peony, the azalea, the camellia 
and of course the chrysanthemum. The 
Chinese ambassadors who introduced 
these treasures to the West did not go 
back empty-handed. They took back the 
chive, the COriander, the cucumber, the 
fig, the pomegranate, the walnut, the 
"blood-sweating horses of Ferghana," 
astronomical and mathematical knowl
edge, the art of trepanning, chaulmoogra 
oil for leprosy, marvelous clockworks, 
tools, new fabrics and asbestos. The 
Mongols, surprisingly, accelerated this 
traffic. By uniting under one political 
authority the lands from Shanhaikuan to 
Budapest and from Canton to Baghdad, 
Genghis Khan's nomadic horsemen 
made travel easier. The road from Tana 
(at the mouth of the Don) to Cathay "is 
perfectly safe whether by day or by 
night," says a merchant handbook of the 
14th century. When Marco Polo re
turned from the East bringing his ser
vant, Peter the Tartar, Italian ladies 
began to clamor for Mongol and Chinese 
slaves. Between 1366 and 1397, for in
stance, 259 Tartars, mostly young wom
en, were sold in the slave markets of 
Florence. It is most probable, Needham 
remarks, that the oriental girls "con
tributed some useful genes to the Euro
pean population." On the other hand, 
Western technicians were much sought 
by the Mongol Khans. One who went to 
China in the 13th century was a Pa
risian goldsmith, William Bouther; his 
work may account for the fleur-de-lys 
motifs on the robes of Buddhist statues. 

In his introductory volume Needham's 
discussion of China's independent inno
vations and of its cross-fertilization with 
Europe is necessarily brief, but he will 
return to these matters in more detail 
later. This book lays the foundations of 
a magnificent survey-a triumph of 
thought and of research. It is a book 
which, in Robert Hooke's words, will 
"lay open to us an Empire of Learning, 
hitherto only fabulously described," and 
"admit us to converse with the best and 
greatest of that Empire, that either are, 
or ever have been." Needham has an 
admirable style, and the publishers have 
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given his book a handsome dress-fine 
maps and plates, a stunning frontispiece 
and a beautiful decorative cover por
traying the Taoist genii, of whom Kou 
Hsuan Shu ai, assistant Secretary of State 
in the Ministry of Thunder, is the most 
impressive bureaucrat I have ever seen. 

Short Reviews 

CHINA IN THE SIXTEENTH CENTURY: 

THE JOURNALS OF MATTHEW RICCI, 

1583-1610, translated by Louis J. Gal
lagher. Random House ($7.50), Mat
thew Ricci, alluded to in the review of 
Needham's book above, was an excep
tionally gifted Jesuit missionary who al
most Singlehanded built a bridge be
tween Europe and China. Born in Italy 
in 1552, Ricci studied law, philosophy, 
theology and mathematics and in 1583 
established a mission in China. He de
voted himself to spreading knowledge of 
European culture-especially science
among educated Chinese and to bring
ing to Europeans information about the 
history and culture of China. Ricci was a 
brilliant linguist and had a sympathetic 
understanding of China and her people. 
When in 1601 he was able to proceed to 
Peking, he "assimilated himself and his 
Jesuit colleagues to the manners and 
customs of Confucian scholarly society" 
and succeeded in gaining the hospitality 
of the Imperial Court. With the help of 
Chinese collaborators he translated 
numerous important Western scientific 
books, and by his world map, calendar 
reforms and other scholarly labors made 
major contributions to the development 
of Chinese thought. Ricci's journals, now 
presented in English for the first time, 
describe the extent of the Chinese em
pire, its agricultural products and me
chanical arts, Chinese science, human
istic pursuits and .educational practices, 
the administration of the Common
wealth, the customs, dress, rites, super
stitions and "peculiarities" of the people. 
His book makes engrossing reading of 
the widest possible interest. 

SCIENCE AND THE COMMON UNDER-

STANDING, by J. Robert Oppen
heimer. Simon and Schuster ($2.75). 
This volume consists of the 1953 Reith 
Lectures delivered by Oppenheimer 
over the BBC from London. Their main 
thesis is that the ideas of modern science, 
in particular atomic physics, "provide us 
with valid and relevant and greatly 
needed analogies to human problems ly
ing outside the present domain of science 
or its present borderlands." An example 
of such an analogy is the principle of 
complementarity. In atomic physics the 

prin.ciple epitomizes the fact that there 
are two ways of describing a system, two 
sets of defining concepts which cannot 
be applied at once, and which might in
deed be regarded as antithetical. Yet it 
turns out that both sets of concepts are 
valuable; when properly used in concert 
they deepen rather than obfuscate our 
understanding. The same principle, says 
Oppenheimer, is valid in many other de
partments of life: "We can neither think, 
nor in any true sense live, without refer
ence to these antinomic modes." Such 
an approach, in Oppenheimer's view, 
will help in meeting the tormenting 
problems and paradoxes of freedom and 
restraint, means and ends, transience 
and permanence, community and indi
vidual. When these lectures were given 
in Britain, critics felt they did not fulfill 
the purposes of the Reith program, 
namely, to put leaders of thought in com
munication with a wide audience. None
theless his book reflects the sensitivity 
and restlessness of an admirably un
complacent spirit, and even the hard 
passages are illuminated by poetic in
sight into the nature of science and its 
relation to common understanding. 

HENRI POINCARE, by Tobias Dantzig. 
Charles Scribner's Sons ($3.00). 

Henri Poincare (not to be confused with 
his lesser cousin, the politician Ray
mond) was a small, frail, stoop
shouldered, near-sighted, absent-mbGed 
Frenchman with an execrable hand
writing and the keenest mind in Europe. 
He was witty, an iconoclast and wrote 
like a dream; his views of space and time 
anticipated Einstein's Special Theory of 
Relativity; his essay "On Mathematical 
Creation" is a classic of psychology; his 
essays on the philosophy of science, in 
addition to their dazzling clarity, have 
the drama and timing of great literature. 
Poincare was born in 1854 and died in 
1912 after a "successful" operation on 
the prostate. Into his not-very-long-life 
span he crammed an astonishingly 
varied program of research. The one
time premier of France Paul Painleve, 
himself a mathematician, eulogized him 
in these terms: "Poincare was indeed the 
living brain of rational science. Mathe
matics, astronomy, physics, cosmogony, 
geodesy-he encompassed, he pene
trated, he fathomed them. Incomparable 
inventor, he was not content with fol
lowing his own aspirations by opening 
unexpected avenues and discovering un
known lands in the abstract world of 
mathematics. Wireless telegraphy, ra
diological phenomena, the birth of the 
earth-whatever field man's reason had 
managed to invade, alld however s.ubtle, 

.. 
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A Sensible Plan for Busy Men and Women 
who (can't find time to read books)) 

TRY IT ONE MONTH 

THE CURRENT VOLUME 

FREE 
TO DEMONSTRATE ... how much 
good reading you can enjoy in a 
single month, and how thorough 
and satisfying these shortened 

verswns are. 

IMPORTANT- Send request immediately if you want 
this particular volume as a demonstration . . .  if 
the edition is exhausted before your request is 
received, the succeeding volume will be sent. 

BOOKS ABRIDGED 
Four-books-in-one-volume ... shortened, 

never rewritten, exactly like the full-length 

book� offered for years in magazines . . . each 

one readable at a sitting . • •  published in a fine 

hard-bound library edition at a very 

low price ... and handed to you by the 

postman, so that you never overlook getting them 

D
R. GEORGE 

GALLUP re
cently revealed 
in his polls that 
an astonishingly 
high percentage 

of the nation's university graduates 
no longer reads books. The reason is 
obvious: just because of their edu
cational advantages, they usually 
occupy positions where they are 
busy, busy, busy always! As a re
sult, many of them feel they are 
stagnating intellectually by missing 
the stimulation and broadening of 
interest one can get only from 
books. BOOKS ABRIDGED is a sen
sible service directed straight at the 
cause of the problem: lack of time. 
The books are always in the authors' 
own words; and they are shortened, 
never rewritten, by a staff of editors 
who have had more than fifteen 
years' experience in this field, and 
who have never failed to satisfy the 
authors themselves. 

A GREAT SAVING ALSO-The inci
dental money-saving is far from un
important to many persons. The 
p r i c e  of each i s sue of B O O K S  
ABRIDGED-a single fine hard-

bound library volume-is only 
$1.95 each month, plus a small 
charge for postage and handling. 
The combined price of the original 
publishers' editions will run from 
$14 to $16. 
YOU SUBSCRIBE-BUT MAY CANCEL 
WHEN YOU PLEASE-Obviously. for 
this service to be successful, con
tinued satisfaction is indispensable. 
Consequently, you are allowed to 
end the subscription after one 
month, three months-any time. 
Actually, you subscribe only so 
long as you feel that the service is 
satisfactorily performing its func
tion-of keeping you from missing 
the new books you want to read. 

ON E-M ONTH TRIA L S U B S C RIP
TION W ITH NO OBL IGATION-May 
we send you the current volume-at 
no expense to you-so that you may 
demonstrate to yourself how much 
good reading, no matter how busy 
you are, you can absorb in this way 
in just one month-and also how 
completely satisfying these short
ened versions can be. If they do not 
prove to be so, simply let us know, 
and we shall immediately cancel 
this provisional subscription. 

BOOKS ABRIDGED. INC., J 10 Killg Street, New York 14, N. Y. 14·10 

Please send me at once the current volume of BOOKS ABRIDGED, without charge, 
and enter a trial subscription in my name. If I do not cancel this subscription 
within one month after receiving the free volume, you may send me a new volume 
of BOOKS ABRlDGED every month and bill me $1.95 each (plus a small charge 
for postage and handling). 1 may cancel this subscription any time 1 please. but 
the introductory volume is fre� in any case. 

Name �;:; � .
.

. . . . . . . . . . . . . .
. i;���s� j,�;N�i ................ 

, . . . . . . . . . . .  
. 

Address . . . . • • . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • • . • • . . . .  , . • . . • . • • . .  

City . . • • • . . . . . . • . . • • . . . . • . . . . . . . . . . . . . . . . . . .  Zone ........ State • . • . . .  'sA', 
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Engineers and Physicists 

Your MOlle 
The men we seek are experts in their specialized fields .. 

capable of filling responsible engineering positions 

with Mel PAR, a leader in research and development. 

Perhaps one of these men may be you. We invite you 

to learn about our long-range military and industrial 

programs. 

If you ore experienced in one or more of the fields 

listed below, write us about yourself and let us tell 

you during a personal interview about our past ree· 

ord of success and how you can successfully f it into 

our future plans. 

• Netrvork Theory 
• MicrOlvave Techniques 
• UHF, VHF or SHF Receivers 
• Digital Computers 
• Magnetic Tape Handling Equipment 

• Radar and Countermeasures 
• M icrorvave Filters 
• Flight Simulators 
• Subminiaturization Techniques 

• Electro-Mechanical Design 
• Small Mechanisms Design 

Technical Personnel Representative 

mel par , inc. A Subsidiary of the Westinghouse Air Brake Co. 
452 Swann Ave., Dept. SA·lO, Alexandria, Virginia 

or 11 Galen St., Watertown, Mass. 

AUTHORITATIVE GUIDE 
TO PROSPECTING FOR 
ATOMIC MINERALS 

� send for the 
� most widely used 

Electronic Supply Guide 

.., 

MINERALS FOR 
ATOMIC ENERGY 

by Robert D. Nininger 

Dept. Asst. Direc:tor of Exploration 

U. S. Atomic: Energy Commission 

T ells what to look for, where to look, 
how to look for uranium, thorium, beryl. 
lium. Includes extensive appendices on 
mineral identification, testing, analysis, 
counters, laws, prices, markets, foreign 
information. 448 pages, illlls. in color & 
black and u:hite, $7.50. 

250 
4th Ave. 
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VAN NOSTRAND New Yorl< 
3, N. Y. 

;AOG8E 1955 
CATALOG 

largest stocks of Electronic 
Supplies forlndustryand Research 
Simplify and speed your purchas· 
ing of electronic supplie s and 
equipment. Get fa s t  shipment 
from the world's largest stocks of 
electron tubes (all types), test in
strument s, Hi·Fi audio equip
ment, electronic parts ( trans
formers, capacitors, controls, etc.) . 
Our expert Lab and Industrial 
supply service saves you time, 
effort and money. Send today for 
your FREE 1955 ALLIED Catalog, 
the complete, up-to-date Elec
tronic Supply Buying Guide. 

ALLIED RADIO 
100 N. Western Ave. 

Dept. 40·K·4 
Chicago 80, Illinois 

-----'� 

or however rough was the road, Poin
care, too, would invade it to help the 
searcher in his pursuit of the precious 
vein." In this new biography Dantzig ex
plains that he has attempted not a sys
tematic exposition of Poincare's scientific 
philosophy but rather variations on 
themes of Poincare, interpreting con
temporary issues of science "in the light 
of the teachings of the great thinker." 
The result is not happy. Dantzig covers 
Poincare's life only with a perfunctory 
sketch and his philosophy with single
paragraph quotations used as chapter
head texts for somewhat misty and over
blown essays. 

FOUR THOUSAKD YEARS UNDER THE 

SEA, by Philippe Diole. Julian Mess
ner, Inc. ($4.50). This is a book about 
marine archaeology, the first of its kind, 
according to the publisher. Diole is 
known for his interesting earlier book, 
The Undersea Adventure, in which he 
described his submarin� promenades in 
search of zoological knowledge. Here his 
"skin-diving" has a different purpose: 
the exploration of the ocean floor to find 
sunken remains of Roman galleys and 
Greek sailing vessels and their cargoes. 
Diole is an appealing writer and his ex
periences should make an exciting story. 
But the diving episodes are hemmed in 
by long-winded archaeological and his
torical asides. A photograph of the au
thor wearing a sweater as outer garment 
under water and another of a Madame 
Monsenergue exammmg "enigmatic 
relics" on the sea bottom with a sketch
ing pad tied to the waist of her very 
French bathing suit have an appealing 
ie ne sais quai but do not quite suffice to 
carry the story. 

S IR CHRISTOPHER WREN, by John Sum-
merson. The Macmillan Company 

($1.75). The celebrated inscription over 
the north door in St. Paul's Si manu
mentum requiris, circumspice ("If you 
would see his monument, look around") , 
does not do Wren full justice. Wren was 
not only the greatest English classical 
architect but also made his mark as a . 
geometer, astronomer and physiologist. 
As an undergraduate at Oxford he 
helped reform the calendar, invented a 
pen for writing documents in duplicate, 
designed a box beehive and made 
anatomical models. After becoming a 
fellow of All Souls he worked in mathe"
matics and on astronomical problems 
connected with the planet ·Saturn; he 
tested Cartesian principles of physics; he 
joined with Robert Boyle in important 
experiments on the circulation of the 
blood and on the functions of the spleen; 
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ROCKETS, MISS I LES 

AND SPACE TRAVEL 
by WILLY LEY 

Soar through the ages into 
the future ! Not fiction, 
but thrilling facts . . .  in
c l u d i n g  p r e v i e w  o f  a l 
ready planned flights to 
the moon and planets, 
permanent space stations, 
fantastic weapons, and 
much more. Illustra.ted. 
Retail price $5.95.  

TH E WORLD OF 

N AT U R A L  H I STO RY 
by JOHN RICHARD 

SAUNDERS 

Reading this book is like 
being taken on a person
a l l y  c o n d u c t e d  t o u r  of 
t h a t  f a b u l o u s  t r e a s u r e  
house, t h e  American Mu
seum of Natural History, 
in New York City. Along 
w i t h  lucid descriptions 
and many illustrations of 
the famous exhibits and 
Hayden Planetarium, the 
author gives you the his
tory of man's discovery of 
the natural sciences and 
the growth of the Museum 
o v e r  the y e a r s .  R e t a i l  
p r i c e ,  $ 5 . 0 0  

GREAT ADVENTURES 

IN MEDICIN E  
Edited by 

SAMUEL RAPPORT 
and HELEN WRIGHT 

Containing more than 70 
carefully chosen selections, 
this large book covers the 
most interesting, exciting 
and important develop
ments in the field of med
icine from the crude but 
often courageous research 
of early times to the mi
raculous achievements of 
this era. It is virtually a 
history of the progress of 
medical s cience. Retail 
price, $5.00. 

MAI N  CURRENTS OF 

SC I ENTI F I C  THOUGHT 
by STEPHEN S. MASON, 

Accurately tracing the 
course of scientific think
ing, experiment and re
search down through the 
ages, Dr. Mason gives us 
a fascinating and lively 
narrative of the struggles, 
perseverance and triumphs 
from the earliest theories 
and speculations of 
nicus to the latest 
ments in nuclear 
Retail price, $6.00. 

A s  a member you 
w i l l  be entit led to 
receive books l i k e  
t h e s e  at  savings 
o f  as much as 

40% r::��;r retail prices ! 

A TREASURY 

OF SCIENCE 

THE CHALLENGE 

OF MAN'S FUTURE 

ANTO I N E  LAVO I S I E R  
b y  DOUGLAS McKEE 

Edited by 

HARLOW SHAPLEY 

A massive anthology of 
man's entire universe of 
knowledge. Includes writ
ings of Galileo, Franklin, 
Pasteur, Curie, Einstein, 
Darwin, Beebe, Ditmars 
and m a n y  others. This 
newly revised and enlarged 
3rd edition brings you 
much new m a terial on 
atomic research, medicine, 
etc. Retail price, $5.95. 

by HARRISON BROWN 

One of America's foremost 
g e o - c h e m i s ts p r o d u c e d  
this sobering analysis o f  
t h e  hazards that face man
kind in the years ahead. 
Neither an alarmist nor 
a buoyant optimist, Brown 
examines the trends and 
facts from a scientist's un
biased viewpoint. "This 
objective work has high 
value," wrote Albert Ein
stein. Retail price $3 . 75 . 

A scholarly yet highly 
readable account of the 
l i fe a n d  w o r k  of " t h e  
father of modern chemis
try" - the 1 8 th century 
genius who first broke 
down air and water into 
their basic components 
and c o m p i l e d  the f i r s t  
t a b l e  o f  c h e m i c a l  ele
ments. McKee's book is 
·a perceptive recreation of 
the great scientist's life, 
written with compassion 
and understanding. Retail 
price, $6.00. 

BENEFITS YOU E NJOY AS A MEMBER 
THIS NEW KIND OF BOOK CLUB is for people interested in Science . • •  

who want to keep abreast of scientific discoveries, inventions and developments 
of all kinds the world over. 

Each month the Club's editors .select an outstanding book. This and other 
significant works in the same field are described in The Science Report which 
you receive free. 

By j oining NOW, you receive ANY TWO of the books shown here as a GIFT 
and will be billed for the third at the special introductory rate of only $3.95 
plus a nominal charge for packing and postage. For every four additional selec
tions you take after joining, you receive a valuable Bonus Book FREE. 

You do not have to accept every selection - as few as four a year fulfills your 
sole membership obligation. You accept only the books you want, and pay only 
the member's special reduced price, plus a small fixed mailing charge, after you 
have received them. 

I t  costs nothing to join and you may cancel your membership at any time 
after accepting four selections. Send no money. Just mail coupon now to : Science 
Book Club, Dept. 2093, 11 East 36th Street, New York 16, N. Y. 

r - - - This fREE Gilt Coupon Makes you a Member - - - -.  
• SCIENCE BOOK CLUB, Inc., Dept. 2093 

1 1  East 36th Street, New York 1 6, N. Y. 
Please enroll me as a member and send me the THREE books checked 
below. Two of these are to be FREE, as my membership gift, and I will 
be billed only $ 3 . 9 5 ,  plus a nominal charge for postage and packing for 
the third which is to be my first selection. For each four additional selec
tions I accept, I am to receive a valuable Bonus Book FREE. I am also 
to receive the Club's Science Report FREE each month. My only obliga
tion is to accept as few as four selections the first year I am a member, 
paying only the special member's reduced price plus 2 5 ¢  for postage after 
receiving them. Check THREE: 
o TREASURY OF S C I E N C E  0 TH E CHALLENGE OF MAN'S FUTURE o ROCK ETS, MISSI LES A N D  0 MAIN CURRENTS O F  

S P A C E  TRAV E L  SCI ENTIF I C THOUGHT o GREAT ADVENTURES I N  0 THE WORLD O F  NATURAL H I STORY 
M E D I C I N E  0 ANTO I N E  LAVO I S I E R  

Name. 
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An important 
new publication in 

The Twentieth Centul)' Library 
Tobias Dantzig's 

HENRI 
� 

POINCARE 
A noted contemporary mathe
m a t i c i a n  a n d  fascinating 
wl-iter presents the mind and 
work of one of the leading fig
ures of modern science. 
Poincare - mathematician, 
physicist, astronomer, and 
philosopher 'of science-was a 
t r a i l b l a z e r  w h o s e  w o r k  i n  
physics helped pave the way 
for radical theoretical inno
vations of this century, in
c l u d i n g  E i ns t e i n ' s  S p ecial  
Theory of Relativity. Poin
care's studies in the relation
ship between mathematical 
systems and scientific laws in
troduced ideas which are at 
the heart of many contempo
rary scientific issues. 
Taking s e l e c t e d  p a s s ages 
from Poincare's published 
writings as "texts," Professor 
Dantzig (a former student of 
Poincare ) shows how these il
luminate whole areas of scien
tific thought. 
Previous books by Professor 
Dantzig include Number, The 
Language of Science, Form, 
a n d  A sp e c t s  of Science .  A 
TWENTIETH CENTURY LIBRARY 
VOLUME $3.00 
Other titles in THE TWENTIETH 
CENTURY LIBRARY include : 

Leopold Infeld's 
ALB E RT EI NSTEI N  $2.50 

Melville J. Herskovits' 
FRANZ BOAS $2.50 

The Science of Man in the Making 

Paul B. Sears' 
CHAR LES DARWI N $2.50 

At all bookstores, or 

CHARLES SCRI B N E R'S SONS 
5 9 7  Fifth Ave . ,  N.  Y .  1 7 ,  N .  Y. 

he executed beautiful anatomical draw
ings, studied meteorology and physio
logical optics, and tinkered with clocks, 
globes, orreries and "many other arti
ficial, mathematical and magical curi
osities." In 1657, when only 25, he was 
appointed professor of astronomy at 
Gresham College, London; in 1660, 
with a dozen others, he organized a 
"Colledge for the promotion of Physico
Mathematicall Experimental Learning," 
which before the year was out became 
the Royal Society. Wren left Gresham 
in 1661 to take the Savilian chair of 
astronomy at Oxford. Though he re
mained a professor for many years, he 
was drawn more and more into the 
King's service, becoming his surveyor 
and principal adviser in the construction 
of new works. The Great Fire of London 
afforded him the opportunity to lay out 
a splendid new city plan; this was not 
accepted, but he rebuilt some 50 
churches which gave the city a charac
ter not even the Nazis were able to 
erase. He lived into his 91st year and 
then died "very peacefully." This short, 
readable biography is by a lucid writer 
and a most knowledgeable critic of 
architecture. 

CONVERSATION WITH THE EARTH, by 
Hans Cloos. Alfred A. Knopf 

($5.75). This is the travel diary of a 
leading German geologist who died in 
1951. It weaves together his experi
ences, his ethical beliefs and his phi
losophy of life into a series of'remarkable 
accounts of great mountain ranges, vol
canoes, rock formations, rivers, craters, 
waterfalls and other striking features of 
the landscape in many parts of the world. 
Cloos was an unusually penetrating and 
sensitive observer with amazing descrip
tive powers. His sympathy for stone was 
like other men's for birds or flowers. 
Again and again in his travels the idea 
came to him that "geology is the music 
of the earth." The earth's crust was more 
than a record of the past; it was time 
and prophecy and change. "Look," he 
wrote, "the same thing happens to the 
earth that happens to the hands of a 
clock, however small, when it is magni
fied to an adequate degree: each and 
every part is seen to move. No matter 
where we look through our magical tele
scope, everything is crawling or flowing. 
Grains in the rocks begin to wander like 
sand in the river; crystals grow, crystals 
dissolve; fissures open and close like lips 
that speak; mountains slide across plains 
like sleds over snow; lands sink and sea 
bottoms lift up out of the flood." Cloos's 
extraordinary book is in general densely 
written and is hard to take in long 

E n gi n e e rs 

& 
Physi cists 

Inquiries are 
invited regarding 
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a n  u rg e n t  m i l i t a ry project.  

THE PHYSICAL SOCIETY 
MEMBERSHIP of the Society is 
open to all who are interested in 
Physics. 

Fellows pay an Entrance Fee of £1 Is. 
and an Annual Subscription of £2 2s. 
Students. Candidates for Studentship 
must be between the ages of 18 and 26, 
and pay an Annual Subscription of only 
7s. -6d. 

Fellows and Students may attend all 
MEETINGS of the Society, including 
the Annual Physical Society Exhibition 
of Scientific Instruments and Appara
tus, and may purchase many of the 
Publications at reduced rates. 

PUBLICATIONS include the Pro
ceedings of the Physical Society, 
published monthly in two Sections, and 
Reports on Progress in Physics, 
published annually. 

REPRINT SERVICE. Subscribers to 
the Proceedings may now obtain re
prints of papers published. A Bulletin 
of abstracts is  circulated each month_ 
and payment is by means of vouchers; 
books of which, giving 5 reprints for 
lOs., may be purchased from the Of
fices of  the Society. 

For further information apply to : 

THE PHYSI CAL SOCI ETY 

1 Lowther Gardens 

Prince Consort Road 

London S.W. 7 
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sU'etches, but parts of it are poetic and 
moving. 

SPIRIT AND NATURE-PAPERS FROM 

THE ERANOS YEARBOOKS, edited by 
Joseph Campbell. Pantheon Books, Inc. 
($5.00). In late August of each year 
since 1933 a group of scholars has been 
invited to participate in a symposium
the Greek word eranos means a meal to 
which each contributes his share-held 
at Ascona, Switzerland, in the home of 
Frau Olga Froebe-Kapteyn. The circum
stances of the conference are undeniably 
auspicious, including luxurious accom
modations, meals served on a terrace 
overlooking Lake Maggiore, and a 
leisurely two weeks' program of lectures 
and discussions. The topics chosen for 
discussion are less auspicious, and in 
past years have included such themes 
as "Redemption," "The Symbolism of 
Rebirth," "The Mysteries," "Man and 
Ritual," "The Great Mother." Neverthe
less, some good talk has been preserved 
in this book. Among the lectures are 
C. G. Jung's "The Phenomenology of 
the Spirit in Fairy Tales," Paul Masson
Oursel's "The Indian Conception of 
Psychology," Werner Kaegi's "The 
Transformation of the Spirit in the 
Renaissance," Erwin Schrodinger's "The 
Spirit of Science," Friedrich Dessauer's 
"Galileo and Newton: The Turning 
Point in Western Thought." 

ECONOMIC ACTIVITY ANALYSIS, edited 
by Oskar Morgenstern. John Wiley 

Sons, Inc. ($6.75). A collection of stu
dies on the mathematical structure of 
economics. The topics discussed include 
models of general economic equilibrium, 
the input-output system, mathematical 
concepts for linear economic models, the 
laws of return. Morgenstern's review 
article gives an interesting account of 
the new period of economic analysis 
ushered in by the theory of games, linear 
programming, Monte Carlo techniques 
and high-speed computers. In Morgen
stern's opinion these methods will revo
lutionize the social sciences. 

SOME MAIN PROBLEMS OF PHILOSOPHY, 

by George Edward Moore. The 
Macmillan Company ($4.50). A collec
tion of lectures on various difficult prob
lems of philosophy-the nature of the 
external world; the ways of knowing; 
the meaning of qualities, of beliefs and 
propositions, of existence, of the term 
"real," of the notion of infinity-deliv
ered 40 years ago by the famous British 
philosopher. The problems are still alive 
and Moore's discussion is still worth 
reading if you don't mind hard work. 

.4eadeM ad 
S�t4 Ue  " ENG INEERING" 

offered splendid opportunities in Boston Engineering Laboratory ! 
Men qual ified to handle h igh level assign ments in electronics are offered a c h a l lenging 
opportun ity in Boston, under idea l working conditions divorced from production. The 
la boratory provides stimu lating projects, an atmosphere of scientific progress and 
provides assistance towa rds your persona l  advancement or profession a l  recognition. 
You wi l l  work with a top level techn ica l staff possessing the finest facil ities. Admin
istrative positions are open to men qua lified to guide the efforts of others. 

MICROWAVE ENGINEERS 
Senior engineers to handle design and 
development projects and provide tech
nical direction of other top-level engineers 
working on microwave circuits and micro
wave plumbing in the development of 

mi litary airborne e lec-

e x p e r i e n c e  In s u c h  
work a n d  a t  least a 
8S degree. 

RADAR SYSTEMS AND 
CIRCUIT ENGINEER 

To assume respon sibi l ity for  electronic 
circuit design for major elements of com
plex airborne electronic equipment. Should 
have a 8S degree and about 5 years' 
experience. 

Sylvania provides flnancial support for 
advanced education as well as a liberal 
insurance, pension and medical program. 
Investigate a career with Sylvania.  

�t r o n i C  e q u i p m e n t . 

• 
ShOUld

. 
have � years' 

I N T E R V I E W S  B Y  A P P O I N T M E N T  
Don Brad ley, Personnel  Ma nager, Boston Engineering Lab.  

S Y L V A N I A  E L E C T R I C  P R O D U C T S  I N C .  
70 FORSYTH STREET BOSTO N ,  MASSACHUS ETTS KEnmore 6-8900 

C A L C U L A T I O N S  
of all kinds can be easily solved on the 

B INARY C I RCU LAR S L I D E  RULE 
'l'hls rule will Quickly solve the simp lest a s  well as the 
more difficult problems involving calculations i n  Arith
metic. Algebra and Trigonometry. Any number of fac
tors can be handled i n  long and difficult calculations. 
'l'he C scale of the Binary is  25 inches long with gradu 
ations 2 5 %  turther apart than those of a 2 0 - 10ch slide 
rule. The CI.  A .  K. & Log scales are divided a s  closely 
as a 2 0 - inch slide rule. Log-Log scale extends from 
1 . 0 0 1 5  to 1 . 000,000.  Gives Trig. functions from 0 to 90 
degrees o n  back. Engine- divided scales yellow and black 
on white COated aluminum. Permanently accurate. Dia.  
8%11'. Price $ 8 . 5 0  i n  case, with instructions. Approved 
a t  leading Unlv. Used by many large nrms i n  the U. S .  
Midget s i z e  411' dia.  w i t h  case $3. 

NEWLY IMPROVED 
A T L A S  S L I D E  R U L E  

'I'he Atlas Slide Rule will Quickly solve problems In 
�IuJtip1ication, Division.  and Proportion and give re
sults with a maximum error of less than 1 In 3 6 . 0 0 0 .  
'I'he A t l a s  has t w o  C scales. One i s  25" l o n g  and the 
second one i s  a spiral of 25 coils. This is  equivalent to 
a straight rule 6 0  (t. long and gives answers to 5 
li gures. 

Chemists. Physicists and Engineers have round this 
rule invaluable for its great accuracy. Dia.  8 % ". EasJly 
portable. White coated aluminum with legible black and 
yellow scales. Price $ 1 1 . 0 0  i n  case with instructions. 

. 
Combination Atlas.Binary Slide Rule 

H a s  Atlas front scales o n  o n e  s i d e  with 2 indicators, 
llinary front scales on reverse side with 2 Indicators. 
No Trig. scal e s .  Made of meta l ,  permanently accurate. 
Price $ 1 5 .00 in case with instructions. 

Descriptive circulars free. Satisfaction guaranteed. 

GILSON SL IDE  R U LE CO. 
Box 993  SA. -Stuart, F la. 

S l i de Rule Makers s i nce 1 9 1 5  

P U B LICATIO N S  O N  
COMPUTERS & ROBOTS 
P 2 :  C O M P U T E R S  A N D  A U T O M AT I O N .  Monthly. Articles 
on computing machinery, automatic control, cybernt'Ucs, 
robots, etc. Refert'nce information: roster of organizations. 
list of automatic computers, etc. Annual subscription $4.50 
p 6 :  C O N S T R U CT I N G  E L E CT R I C  B R A I N S .  Reprint o f  
thirteen published articles.  Explains simply h o w  an auto
matic computer is constructed; how to make i t  add, sub
tract, multiply. diVide, and solve problems automatically. 
using relays or electronic tubes or other devices. Contains 
many examples of circuits . . . .  . .  . .  $2.20 
P 10 :  T H E  C O N ST R U CT I O N  O F  L I V I N G  R O B OTS. Heport. 
Discusses the properties of robOts and of living beings, 
and outl ines how to construct robots made out of hard
war'e which will have the essential properties of Jiving 
beings. Gives cirCUit diagrams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 .00 
P 1: C O N S T R U CT I O N  PLANS F O R  S I MO N ,  the Small Me

chanical Brain. Compl(!te plans, circuits, essential wiring 
diagrams, parts list, etc . ,  enabling Simon to handle num
bers up to 2 5 5 ,  and to perform nine mathematical and 
logical operations . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . .  $5 .50 
�e� : 8o°:�!t�ugG��� ����� ,
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and then goes hunting for more nuts . . . . . . . . . " . . . . . . . . . . . . .  54.00 

SY M BOLIC LO G IC 
P 1 6 :  SYM B O L I C  LOG I C-TW E N TY P R O B L E M S  A N D  SO
L U T I O N S .  Heport. Contains some problems by Lewilil Cm'
roll and John Venn (out of print) , and many other new 
problems. Guide to using symbolic logic i n  actual sium-
tlons. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1 .80 
P 5 :  B O O L E A N  A LG E B RA (TH E T EC H N I Q U E  F O R  M A 
N I P U L AT I N G  ' A N D ' ,  ' O R ' ,  ' N OT ' ,  A N D  CO N D I T I O N S )  A N D  
A P P L I CAT I O N S  TO I N S U R A N C E ;  a l s o  D I S C U SS I O N .  Re
print. Explains in simple language: what Boolean algebra 
is; how to recognize the relations of Boolean algC'bra 
when expressed In ordinary word s ;  and how to calculate 
with it. Contains problems, solutions, comments. dis-
cussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1 . 5 0  
P 4:  A S U M M A R Y  O F  S Y M B O L I C  LOG I C  A N D  I T S  P R AC
T I C A L  A P P L I C A T I O N S .  Heport. Rules for calculating 
with Boolean algebra. Other parts o f  symbolic logic. Ap-
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cot�lP��p�;b�yel�a<;�li(re�: 
Lutions . . . . . .  . .  . . . . . . . .  $2.00 
P 1 4 :  C I RC U I T  A LG E B R A- I N T R O D U CT I O N .  Report. Ex
plains simply a new algebra (Boolean algebra. modified to 
include time) that applies to on-off Circuits, using relays, 
electronic tubes, rectifiers, gates, flip-flops, delay lines, 
etc. Covers both static and sequential circuits. Appli ca-
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We also offer 12 m ore pub l i cat ions, and 26 courses by ma i l .  
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THE AMATEUR SCIENTIST 

Conducted hy Albert G. Ingalls 

A
the age of 73, Colonel Otto H. 
Schroeter of Quaker Hill, Conn., 
is still chasing butterflies. Except 

for time out while he studied engineering 
as a young man in his native Germany, 
he has been at it more than six decades, 
including the years when he was em
ployed as construction superintendent in 
the Panama Canal Zone by the Isthmian 
Canal Commission. 

What fascination keeps a busy con
struction engineer at the hobby of but
terfly-collecting for a lifetime? One ex
planation is a service that Colonel 
Schroeter was able to perform several 
years ago for Carroll M. Williams, the 
eminent Harvard University zoologist 
who uses insects to study basic life 
processes. Williams needed a large insect 
for investigation of metamorphosis and 
was stymied for lack of supply until he 
heard about Schroeter and his collection 
of giant silkworms. 

"Our relationship with Colonel Schroe
ter," writes Williams, "is certainly an ex
cellent illustration of how the amateur 
can make a distinct contribution to 
science and share the satisfactions of 
scientific investigation. The amateur oc
cupies a very special place in entomolo-

(lbdomen 

On the collecting of moths and butterflies 
and some ingenious and attractive sundials 

gy because a high proportion of the so
called 'professionals' begin as amateurs. 
(Later on, incidentally, the complexities 
of work in a laboratory and an institution 
may cause them to wish they had re
mained amateurs!) 

"As far as I can judge, Colonel Schroe
ter was the first to introduce to this 
country for scientific study and experi
mentation a wonderful array of 'wild 
silkworms.' These creatures live in dis
tant parts of the world such as India, 
Malaya and the slopes of the Himalayas. 
Colonel Schroeter developed contacts in 
all these places and has made available 
to a number of universities and govern
mental laboratories, including our own, 
a rich variety of material. 

"Certain species of the silkworms have 
proved strategic for particular types of 
scientific studies. For example, we have 
repeatedly called on Colonel Schroeter 
for specimens of Antheraea mylitta, the 
so-called giant tussah silkworm of India. 
This exotic creature is one of the world's 
largest insects, the full-grown caterpillar 
weighing about 45 grams. It is easy to 
see how scientists can use beasts of these 
proportions to answer chemical and 
physiological questions which would be 
quite inaccessible in ordinary insects. 

"The Colonel has also made available 
to us considerable information, derived 
from his own breeding experiments, con
cerning the care and feeding of these 
strange species." 

About a year ago many newspapers 
carried a picture of Schroeter with an 

ma'e 

ll-inch moth which he had reared from 
an egg the size of a matchhead. This de
partment sought out the Colonel at his 
home, and it turned out to be a fascinat
ing visit. Colonel Schroeter explained: 
"The big fellow is an Attacus edwardsi. 
As you can see, its wings are various 
shades of brown and yellow and contain 
transparent windows. Specimens caught 
in the Philippine Islands have a wing 
span of 14 inches! Larvae of the Atlas 
species of this moth feed on ailanthus 
leaves-you know, the tree that grows in 
Brooklyn. My scientist friends have not 
shown much interest in the Atlas cater
pillar even though he is far from being a 
pigmy. He is green, finger-sized and has 
blue horns on his head. His body looks as 
if he's frosted with a sugar coating, and 
natives say that he is delicious. 

"I wish you had made your visit a 
little later in the year. Then I could have 
shown you a really big moth, Thysonia 
aprippina. It is a native of Brazil. Those 
I have bred have much larger wing 
spans than the Attacus atlas, which is 
usually listed as the largest moth in the 
world. Here is the cocoon of a Thysonia 
-you can see it is the size of a small 
sweet potato. You can imagine the pro
portions of the moth that comes out of it. 

"Newspaper reporters make so much 
fuss over the big fellows that they over
look the really interesting specimens. 
Take the hybrid luna, for example. 
Seven years ago an amateur friend of 
mine in India airmailed to me a dozen 
cocoons of the Indian moon moth. When 
the adults emerged some months later, it 
was evident that they were closely re
lated to the American luna. The two 
species have about the same shape and 
size and their wings bear a similar gen� 
eral coloration-a light bluish-green. The 
wings of the Indian species are dis
tinguished by two patches of red. I de
cided to try crossing them and finally 
succeeded last year." 

Antennae readil,' (listinguish moths from butterflies 

Colonel Schroeter began by acclima
tizing the foreign species, which meant 
breeding several generations of the for
eigners here, letting them adapt to local 
forms of their favorite food plants and to 
the new environment generally. Then he 
selected a likely female of the foreign 
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species and mated her with a local male. 
He has invented a simple gadget to 

help assure a successful mating. Most 
amateurs tack a female to a tree by one 
of her wings and wait for her to attract 
a mate. "The chief drawback of this 
technique," says Schroeter, "is that the 
female's attraction is not limited to 
mates of her species. When you pin your 
specimen to a tree you invite predators
other insects, birds and tree toads-to a 
free dinner. Too often when you come 
back you find nothing but a pair of 
wings. Moreover, when you immobilize 
a single wing the female is apt to thrash 
around and injure herself. To overcome 
this difficulty I made what I call a 'mat
ing panel' -a rectangle of Celotex 18 
inches long and a foot wide. A screw eye 
in the center holds a leash of thread, the 
other end of which is fastened around 
the female's thorax. With freedom to 
crawl around on the surface of the panel, 
she usually quiets down after a few 
seconds of fluttering. The panel is then 
suspended by picture wire from the tip 
of a branch where it is out of the reach of 
tree toads and free to swing in the 
breeze. The movement frightens most 
birds away. 

"Moon moths mate at sundown. The 
next morning the female is transferred 
to a large paper bag in which she de-

. posits her eggs in two parallel rows. 
After the eggs have been laid, the bag is 
cut into little squares, each holding eggs. 
These are fastened with bits of Scotch 
tape to the leaves of food plants and 
surrounded with a bag to prevent the 
larvae from escaping when the eggs 
hatch. If you are lucky, the larvae thrive 
and metamorphosis gets under way. 
Sometimes the experiment works, but 
more often it fails. The eggs may be 
sterile, disease may strike, the food may 
not be correct. Murphy's law makes no 
exception of entomology. If anything 
can go wrong, it will. The failures, how
ever, can be as interesting as the suc
cesses, because they pose problems of 
finding out what went wrong, where and 
when. In the case of the moon-luna ex
p�riment, nature threw the book at me. 
But in the end I was rewarded with a 
beautiful hybrid which bore the charac
teristics of both parents. Its wing mark
ings fade from bright green into 
greenish-blue and trail through orange 
to pink at the wing tips. It is probably 
the only offspring of this combination in 
the world." 

Colonel Schroeter says most lepidop
tera mate readily in captivity. Last sea
son he bred more than 5,000 individuals. 
Eggs come to him from all parts of the 
world-sometimes in goose quills and 
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Steps in the mounting of specimens for display 

other strange containers. Cocoons arrive 
in balsa boxes from South America and 
in bamboo cylinders from the Orient. 
While there is a law against indiscrimi
nate importation of insects into the U. S., 
the Government has issued to Schroeter 
a special importing license, subject to 
strict controls. 

"Don't let the import restriction on 
foreign material keep you out of amateur 
entomology," he urges. "You can collect 
domestic species to your heart's content 
without fear of ever exhausting our 
known varieties. Reference texts and 
catalogues list them by the thousands, 
and scores of new descriptions are added 
each year. 

"You will find caterpillars wherever 
plants grow. The next time you go for a 
walk, whether in the park, a meadow or 
merely in your back yard, take along a 
paper bag, a piece of string, some note 
paper and a pencil. When you find a 
caterpillar, jot down a short description 
of it-the color, size, markings and such 
other information as you think will help 
you recognize the creature when you 
meet another like it. Make a similar 
record of the plant on which it was feed
ing. If you already know the name and 
nature of the plant, so much the better. 
Be sure to include the date, approximate 
time of day and notes on the weather. 
Then put the bag over the twig or weed 

on which your specimen is feeding and 
tie the end closed so it cannot escape. 
Check up on it a day or so later. You will 
likely discover that the leaves have been 
eaten. If so, shift everything to a fresh 
batch of leaves. You may have to repeat 
this several times. 

"Eventually you will find that your 
specimen has vanished and a cocoon has 
taken its place. With luck you may catch 
the caterpillar in the act of spinning its 
cocoon. Make full notes of its methods 
and how long a time it spends in the 
process. When the cocoon is complete, 
break off the twig to which it is attached 
and transfer operations to a small cage, 
which you can make of window screen
ing. Place the cage outdoors.in a loca
tion matching as closely as possible that 
where you found the insect. Some 
species prefer sunny locations; others do 
best in shade. After days or weeks-de
pending upon the species and the season 
of the year-the adult will emerge, and 
you will have the thrill of discovering the 
exotic creature your caterpilla,r was 
destined to become." 

By starting with the caterpillar in
stead of with the butterfly, Colonel 
Schroeter explains, you learn to recog
nize at first hand three of the four stages 
in the life cycle of your insect-larva, 
pupa and adult. Your notes now give 
purpose to your future field trips. You 
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DO YOU KNOW 
How to Choose a Telescope? 

There is more to a telescope than the diameter of the 
lens and morc to a mounting than the tripod legs. The 
ultimate value of a telescope lies in its optical I}crform· 
anee and ease of operation. An instrument which gives 
a poor image. which does not provide slow motion con
trols for following the celestial object. or which lacks 
accessories for comfortable observing, is discouraging to 
use and soon proves to be a complete waste of money. 

Telescope design. equatorial and altazimuth mount
ings. objective lenses, resolving power, eyepieces and 
accessories are but a few of the important Questions dis
cussed in the UNITRON Telescope Catalog. This educa
tional literature is "required reading" for telescope 
buyers and is :\,ours for the asking. All 9 UNITRON 
models arc illustrated and fully described. Read actual 
observation reports from UNITRON owners. Learn .why 
U:KITRON Refractors are the choice of the U. S. and 
Canadian Governments, Han'ard, Columbia, Univ. of 
California, Stanford. and other leading unil'ersities 
throughout the country. Write for your free COpy of the 
UNI'fnON catalog today. 

4" EQUATORIAL REFRACTOR 
Ideal for amateur astronomical research. 

Objective: Coated 105mm (4.1") diam., 1530mm (60.2") 
focal length, f/15. RP. 1.2 sec. 
Eyepieces: 255X. 219X, 170X, 122X, 84X, 61X sup
plied. Higher and lower powers available at extra cost. 
Viewfinder: 42mm 0.6") diam. 10 power. 
COMPLETE with equatorial mounting and slow motion 
controls, setting circles and "erniers, tripod with eye
piece shelf and batters-operated illuminator, sun pro
jecting screen, sunglass. iitar diagonal, erecting prism 
system, eyepieces. Ilocket eYepiece case. wooden cabi
nets. Only $785 

OTHER EQUATORIAL MODELS 
(Prices include Eyepieces and Accessories) 

2.4" Equatorial .......................................... $225 
3" Equatorial .......... .. ................. $435 
3" Photo-Equatorial .. $550 
4" Photo-Equatorial... ..$890 

AL TAZIMUTH REFRACTORS 
COMPLETE with mounting and slow motion controls, 
tripod. view finder. erccting Ilrism system (2.4". 3", 4" 
models), star diagonal, sunglass, wooden cabinets, etc. 
I.��� � �.�.�.� .. �\.·.l.��� .. ����.�����.� .. ��� .. �.�.�: . . ��J�: $75 
2

·��X � �5�E .� .. : .... ��.��.I� .. .. �.�'.�.�.���.�.� . . .. ��� .... �.���y $125 
3" O��,

D �7\, \\J�� e�.·���.e.��� .. ��.� .. �.:.�.�.: .. �.��Jy $265 
Additional eYCllieces availahle for all models. 

4" 1�0�\:� ��dX:i��X:'�iX��� for 255� : .. �.�;'�y $465 
TIME PAYMENT PLAN AVAILABLE 

All instruments fully guaranteed. Send check or m.o. 
or 25% deposit with balance C.O.D . Shipment express 
collect. Free catalogs available on telescopes, acces· 
sories. and microscopes-write to D ept. TC·IO, 

Uuted s�� eO, 
204·206 MILK STREET, BOSTON 9, MASS. 
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hunt for another caterpillar and cocoon 
of the same species. With luck you may 
even come across an adult female in the 
act of laying her eggs. When they have 
been mounted and labeled, you have the 
complete life cycle of the insect and the 
beginning of a collection of scientific 
value. Although thousands of adult 
moths and butterBies have been cata
logued, the life cycle of a majority of 
those in nature still awaits description
an ideal project for the amateur who 
enjoys original work. 

"One attractive feature of amateur 
entomology," says Schroeter, "is the fact 
that you never run out of interesting 
projects for your spare hours. Collecting 
and breeding are merely two facets of 
the hobby's many sides. For convenience 
in study, collections must be mounted 
and labeled. This can be an absorbing 
pastime the year around. Only the most 
perfect specimens are selected for 
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mounting. They are killed and stored 
against the day when bad weather forces 
you to remain indoors. 

"You first stun the insect by pinching 
the lower side of the thorax lightly be
tween your thumb and index fingers. The 
thorax is the part of the body, directly 
back of the head, to which the wings are 
attached. Stunning is necessary to pre
vent the insect from Buttering and 
damaging itself when you drop it into 
the killing jar. The jar can be any wide
mouthed container with a tight-fitting 
cover. A layer of absorbent material, 
such as plaster of Paris, is placed in the 
bottom and saturated with a tablespoon 
of Carbona. Some amateurs prefer 
poisons such as potassium cyanide, but 
they are dangerous and unnecessary. 
The dead specimen is stored in a tri
angular envelope. The envelopes are 
numbered to correspond with the en
tries in your notebook." 

Ingenious sundials from Scotland and France 
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In about a week the dead insects be
come hard and brittle. They must be 
"relaxed" or softened before mounting. 
You put the dried insects into a jar con
taining a rubber sponge or other ab
sorbent moistened with water to which 
a few drops of carbolic acid have been 
added. The acid prevents the formation 
of mold or other microorganisms. A 
couple of blotters placed between the 
insects and the sponge will prevent them 
from getting too wet. After two or three 
days they are ready for mounting. 

The sketch on page 97 illustrates 
the details of the procedure. A conven
ient outfit for mounting consists of a 
spreading board, two slender strips of 
glass, tweezers, scissors, pins and a sup
ply of thin cardboard. A spreading board 
is easily made from balsa or Celotex, 
with a groove in the center for the body 
of the insect. The slight upward slant of 
the board on each side of the groove 
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makes allowance for the tendency of the 
wings to droop as they age. Mounting 
outfits can be bought from a supply 
house; the Butterfly Art Jewelry, Inc., 
of 289 East 98th St., Brooklyn, N.Y., for 
example, lists a kit including spreading 
board, forceps, pins, a display case and 
other essentials plus 10 tropical butter
flies for practice mounting. Similar mate
rials are available from the Standard 
Scientific Supply Corp., 36 West 4th 
Street, New York, N. Y. 

To mount the specimen you grasp it 
by the lower side of the thorax, part the 
wings by blowing lightly, and thrust a 
pin through the thorax from the top. The 
pin should be inserted into the insect 
just far enough to bring the point of wing 
attachment level with the surface of the 
spreading board when the pin has been 
forced into the bottom of the groove. 
Then blow the wings apart again and 
place the specimen on the board, 
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weighting down the wings with strips of 
glass. Each glass is lifted in turn just 
enough to permit pulling the forewings 
forward by means of a pin inserted be
hind one of the heavy veins. When the 
trailing edge of the forewing makes a 
right angle with the axis of the body, it 
is pinned down with strips of cardboard 
as shown. Wider strips of cardboard are 
then pinned in place of the glass weights. 
The specimens will be dry enough in 
about a week for transfer to the display 
case. 

Eggs and pupae are mounted without 
speCial preparation. Cement the eggs to 
paper strips of contrasting color. Pin the 
pupa as though it were a dried adult. 
A larva must be degutted and inflated 
before mounting. After killing, place the 
larva on a square of blotting paper and, 
with a fine scalpel, enlarge the anal 
orifice slightly. Then, beginning at the 
head, squeeze the viscera out by rolling 
a pencil down the body. The carcass is 
restored to normal shape by inflating it 
with a syringe, which you can make 
yourself. Heat a section of quarter-inch 
glass tubing to a dull red and quickly 
draw one end into a fine nozzle, some
what thinner than the small end of a 
medicine dropper. Fit the large end with 
a rubber bulb. You then inflate the larva 
by inserting the nozzle into its anal open
ing and squeezing the bulb sharply. The 
anal opening is closed with a bit of 
Scotch tape until the tissues harden. 

For convenience in subsequent study, 
specimens are generally pinned to the 
bottom of a glass-topped display tray. 
Many arrange the eggs, larva, pupa and 
adult of each species as a group. Among 
the catalogues compiled to aid the be
ginner in identifying his specimens are 
The Butterfly Book and The Moth Book, 
by W. J. Holland . 

Colonel Schroeter recently gave his 
entire collection of thousands of speci
mens to the University of Connecticut. 
J. A. Manter, the University's zoologist, 
writes: "The Schroeter collection is the 
most colorful that I have ever seen. 
Every division of world macrolepidop. 
tera is represented by rare specimens, 
and it is especially remarkable because 
of their excellent condition. Such a col
lection is often spoken of as an 'Oh, my!' 
one-the reaction it evokes from visitors 
as the trays are successively pulled into 
view. Colonel Schroeter's devotion to 
ama.teur entomology has resulted in a 
lasting contribution to science from 
which future generations of students will 
derive both knowledge and enjoyment." 

The late William Morton Wheeler, 
the great Harvard entomologist, once 
summed up the joys of the amateur in 
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these words: "We should realize, like 
the amateur, that the organic world is 
also an inexhaustible source of spiritual 
and esthetic delight. Especially in col
lege we are unfaithful to our trust if we 
allow biology to become a colorless, 
aridly scientific discipline devoid of liv
ing contact with the humanities. We 
should all be happier if we were less 
completely obsessed by problems and 
somewhat more accessible to the esthetic 
and emotional appeal of our materials. 
It is doubtful whether, in the end, the 
growth of biological science would be 
appreciably retarded. It quite saddens 
me to think that when I cross the Styx, I 
may find myself among so many profes
sional biologists, condemned to keep on 
trying to solve problems, and that Pluto, 
or whoever is in charge down there now, 
may condemn me to sit forever trying to 
identify specimens from my own diag
noses while amateur entomologists, who 
have not been damned professors, are 
permitted to roam at will among the 
fragrant Elysian meadows netting gor
geous, ghostly butterflies until the end 
of time." 

A 
sundial, if it is to be accurate, must 
be designed uniquely for its latitude 

and longitude. Ready-made sundials are 
merely attractive bird perches, useless 
for precise time-telling, because the 
manufacturers can design only for an 
average location. Hence anyone who 
wants a scientific dial must build his 
own. Sundialing is fascinating fun, and 
it takes only an hour or two to bone up 
on the irregularities in the earth's motion 
-the "equation of time"-that affect a 
dial. You can get the necessary informa
tion from a textbook on elementary 
astronomy or from Sundials-How to 
Know, Use and Make Them, by R. New
ton Mayall and Margaret L. Mayall. 

In the September, 1953, issue we pub
lished descriptions of several scientific 
sundials built by readers. Here are some 
others received since then. 

The first [upper drawing on page 
98] was made by H. M. McNair of 
Scotland. He says: "My dial has a cir
cular scale with five-minute divisions 
inked on the upper side of a disk of glass 
within a ring of polished metal. When 
the ring is adjusted so that the glass is 
parallel to the equatorial plane, the sun's 
reflection from the inside of the ring 
forms a cusp of light which is visible on 
the glass because the glass is finely 
ground on its lower side. This cusp, 
which indicates the time, travels around 
the circular scale at a uniform rate for 
any one day. (The dial will also show 
the moon's angle.) The equation of time 
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career 

opportunities 

in 

PROPULSION 

Here's a genuine opportunity if you are 
an engineer or scientist who wants to 
build a sound, well-rewarded career in 
private industry_ 

Our development program on a 
reactor-powered aircraft engine is now 
expanding_ Because of this, we have an 
immediate need for engineers and 
scientists with training or experience in 
nuclear engineering or related fields -
Thermodynamics, Heat Transfer, Con
trols, Reactor Physics, Theore tical 
Physics, Physical Chemistry, Stress and 
Vibration, High-temperature Metallurgy. 

If you can qualify, we can offer you 
an opportunity to work on one of 
today's most challenging assignments -
a chance to be in on the initial stages 
of a great and revolutionary develop
ment in aircraft propulsion. 

At Pratt & Whitney Aircraft, you'll 
work with a leader whose engines power 
75% of the planes operated by the 
commercial airlines of the world. You'll 
have the stability of a corporation 
whose 1953 sales exceeded 5800,000.000. 

Please send us immediately a complete 
resume covering your training and ex
perience. Write Mr. Paul Smith, Em
ployment O/fice. 

PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

East Hartford 8, Connecticut 
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is taken care of by a scale of minutes by 
which the glass may be slightly rotated 
and set to a datum mark. The dial has to 
be adjusted every few days. I adjust the 
ring parallel to the equatorial plane -by 
supporting it at a notch diametrically 
opposite the datum mark, on a knife
edge adjustable for height. The height 
of the knife-edge above the baseboard 
should equal the cosine of the latitude 
times the outside diameter of the ring. 
The lower rim rests on the surface of the 
baseboard and, after swinging a little, 
settles to its required position. 

"The dial is easily moved and set up. 
Its one drawback is that for about two 
days at the equinoxes, when sunlight 
comes in parallel to the ring, there is no 
cusp and the timepiece fails." 

Jean Haegel, of Paris, has built an 
equatorial dial [lower drawing on page 
98] which automatically corrects the ir
regularities of the earth's motion. On 
many sundials the irregularities are 
represented by a curve in the shape of 
the figure 8, called an analemma. On 
Haegel's dial the -gnomon, the part that 
indicates the time by casting a shadow, 
is a spindle in the analemma shape. 
Haegel writes: "This still makes one ap
proximation necessary: the equation of 
time has to be made symmetrical with 
respect to the solstices. But I hasten to 
say that the small error thus accepted i3 
just about covered by the one weakness 
of this design: the reading is taken on 
the edge of the shadow and this edge is 
not too well defined. One must also re
member on which side of the shadow to 
read the time; a good watch helps!" 

Sundialing is so ancient a craft that 
rarely is a really new principle dis
covered. Mayall and Mayall, the authors 
of the sundial book, comment that a dial 
like Haegel's was made in Europe about 
1850 and patented in the U. S. about 
1900. Nevertheless the Haegel idea will 
be new to most amateurs. Haegel him
self remarks: "The news that my dial is 
at least a century old makes me feel bet
ter. I felt rather queer before." 

In 1925 F. Hope-Jones of England 
published in the British periodical Engi
neering a description of a mechanical 
"sun clock" invented by W. E. Cooke of 
the Sydney Observatory in Australia. 
The hands of a conventional clock were 
geared to a large ring with a small hole 
on its sunward side. An analemma was 
placed below. To read the time by the 
hands of the clock you turned the ring 
until the sunbeam through the hole bi
sected the curve ot the analemma. Rus
sell W. Porter made one of these sun 
clocks and introduced them to sundial
ists in this country through SCIENTIFIC 

AMElUCAN (August, 1928, and August, 
1935) . Porter built 19 sundials and sun 
clocks; his dooryard was full of them. 

As a variation on the original theme 
Porter mounted one sun clock in a mov
able, spherical Pyrex flask, omitting the 
clock hands. Without knowing about the 
source of this variation, Neal M. Kohler 
and fellow employees of the Titan Metal 
Manufacturing Company in Bellefonte, 
Pa., recently redesigned the flask theme 
and came out with the sundial illustrated 
by the upper drawing on page 99. The 
Titan Company makes brass and bronze 
products, and its employees know how 
to make these metals really sing_ This is 
proved by photographs and by the de
tailed blueprints which are not shown 
here. 

In 1952 Thomas C. Rathbone, a 
Brooklyn engineer, again without know
ing of Porter's series of clocks but work
ing directly from descriptions of Cooke's 
original sun clock in Australia, designed 
the rugged and attractive instrument il
lustrated in the lower drawing on page 
99_ This one has an hour circle eight 
inches in diameter. Rathbone has made 
another which uses three large wagon 
tires and is capable of telling time within 
15 seconds if the graduations for a low 
sun are adjusted for refraction. 

The fact that all these sun clocks have 
a family resemblance does not prove 
either telepathy or burglary; it simply 
suggests that all sundials have ultimately 
the same designers-the sun and the 
earth. Form follows function. 

For three decades six inches has been 
the standard size of the amateur tele

scope maker's first try at building a re
flector. Now there is a trend toward be
ginning at four and a quarter inches, the 
next smaller size in Pyrex disks. Theo
retically a 4)�-inch telescope is only two 
fifths as big as a six-inch, while its power 
is two thirds as great. A growing num
ber of advanced amateurs who have 
built larger instruments are adding a 4)�
inch to their menagerie because the 
smaller size is more manageable and 
portable. 

A 16-inch telescope is 22 times as
heavy, bulky and costly as a six-inch. 
This may explain why so little came of 
the hundreds of 16-inch war-surplus 
Pyrex disks that eager amateurs bought 
six years ago when a die manufacturer 
offered them for only $12.50 each (the 
Corning price for that size is $107.50). 
Purchased in haste because of the bar
gain, mo�t of these were repented at 
leisure when the sobering realities of 
geometry were thought out. The owners 
still hold them in hope. 
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G I LSON S L I D E  R U LE C O  . . . . . . . . . . . . . . . . . . . . . ... ... . . . . . . .  95 
G LYCERI NE P R O D U CERS' ASSOC I A T I O N  1 04 

Agency : C. M. Basford Company 

HAYDON M A N U FACT U R I N G  C O M PANY, 
I NC.  59 

Agenc y : H u gh H .  Graham & Associates,  Inc.  
HAYNES STE L L I TE C O M PANY, A D I V I 

S I O N  O F  U N I O N  CARB I DE A N D  CAR-
BON C O R P O R AT I O N . 25 

Agency : J. 1\'1. Mathes, Incorporated 
HEWLETT- PAC KARD C O M PANY 

I N S I D E  BACK COVER 
Agency : L.  C. Cole Company 

H O LT,  HENRY, & C O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 00 
Agency : S t .  Georges & Keyes, I n c .  

H U G H ES RESEA RCH AND DEVELO P M ENT 
L A B O RATO R I ES . . . .. . .. . . . ... . . .. . . . .. . . . . . . . . . . . . . . . . . . . . .  94 

Agency : Foote, Cone & Belding 

JAEGERS, A. 1 00 
Agency : Carol Advertising Agency 

KEN RESEARC H ,  I N C . . .. 82 
Agency : Town A dvertising Associates 

KEN NAM ETA L ,  I NCORPORATED . 70 
Agency : Ketchum, IVIacLeod & Grove, I n c .  

K O L L M ORGEN O PT I CA L  CORPORAT I ON 7 8  
Agency : Sanger· F u n n e l l ,  Incorporated 

LEITZ,  E . ,  I N C . ... ........ . . 1 0 1  
Agency : L .  W .  Frohlicll & C o .  

L O C K H EED A I RCRAFT CORPO RAT I ON. .  6 1  
Agency : Hal Stebbins, Inc.  

LYCO M I N G  D I V I S I O N  O F  AVCO M A N U 
FACT U R I N G  CORP. 

Agency : Benton & Bowles, Inc.  

M A L L I NC KRODT CHEM I C A L  WO R KS.. .  1 5  
Agency : Smith a n d  Williams Ad vertising, I n c .  

M A R KS, RA LPH , C O L O R  LA 8S... . 82 
Agen c y : Howard A. Harkavy 

M A RT I N ,  G LENN L., C O M PANY, T H E. . 85 
Agency : VanSant, Dugdale & Company, I n c .  

M E LETRON C ORPORAT I O N . 
Agency : Welsh, Hollander & Coleman 

M EL PAR, I N C . ,  A SU BSI D I ARY O F  THE 
WEST I NG H O USE AIR B R A KE C O M -
PANY . 9 2  

Agency : E q u i t y  Advertising Agency 

M I NNEA P O L I S- H ONEYWELL REG U LATOR 
C O . ,  I N D UST R I A L  D I V I S I O N  1 7  

Agency : The Aitkin·Kynett C o .  

M O NSANTO C H E M I CA L  C O M PANY, 
PLAST I CS D I V I S I O N . 30 

Agenc y : Gardner Advertising Company 

N ORTON C O M PANY, REFRACTOR I ES 
D I V I S I ON . .. . . . . .... 2B 

Agency : James Thomas Chirurg Company 

O H M I TE M A N U FACT U R I N G  CO.. .  . 84 
Agency : The Fensholt Advertising Agency, Inc.  

O L I N  M ATH I ESON C H EM I C A L  CORPO-
RAT I O N 1 2  

Agency : Doyle,  Kitchen & M c C ormick, I n c .  

PH I LOSOPH I C A L  L I BRARY, P U 8 L 1SHERS . . . 88 
Agency : L e s t e r  Loeb Advertising 

P I TTSB U R G H  LECTRO DRYER CORPORA-
T I O N  1 6  

Agenc y : Fuller & Smith & Ross, I n c .  

PRATT & WH I TNEY A I RCRA FT , D I V IS I O N  
O F  U N I TED A I RCRAFT C O R PORAT I O N  1 02 

Agency : C. F. Sweet & C o . ,  I n c .  

RA D I O  CORPORAT I ON OF A M ER I C A .  
EM PLOYMENT D I V I S I O N  .. . . . . . . . . . . . . . . .... . . . .  52 . 67 

Agency : Al  Paul Lefton Company, I n c .  

RA D I O  C O R P O RAT I ON O F  A M E R I CA .  
EN G I NEER I N G  PRO D U CTS DEPART-
M ENT . 50 

Agenc y : A l  Paul Lefton Company, I n c .  

RO H M  & H AAS C O M -
P A N Y  . . . . . . . . . . . . . . . ... . ..... I NSI DE FRONT C OVER 

Agency : Arn d t - Preston - Chapin-Lamb & Keen, I n c .  

SC I ENCE B O O K  C L U B ,  I N C .  9 3  
Agency : Waterston & F r i e d ,  I n c .  

SCRI BNER'S, C H A RLES, S O N S  . . . . . . ... . .. . . . . .. . .... 94 
Agency :  Franklin Spier, I n c .  

SEVEN ARTS B O O K  SOC I ETY, T H E  . . . . . .... .. 
Agenc y : Roeding & Arnold ,  Incorporated 

S I G M A  I NSTRU M ENTS, I N C .  1 4 
Agenc y : Meissner & C ulver, I n c .  

SYLVA N I A  ELECT R I C  PRO D U CTS I N C .. .  95 
Agency : M e l v i n  F.  H a l l  Advertising A g e n c y  I n c .  

SYNTHANE C O R PORAT I ON . 2 1  
Agency : Arndt- Presto n - Chapin-Lamb & Keen, I n c _  

T I TAN I U M  ALLOY M FG .  D I V I S I O N  
NAT I O N A L  LEA D C O M PANY... 6 5  

Agency : Comstock & Company 

U N ITED SC I ENT I F I C  C O  . ... 98 
Agency : Lloyd Advertising, I n c _  

U N I TED STATES RAD I U M  C O R PORAT I ON 1 03 
Agenc y :  Lethen Advertising 

U N I TED STATES STEEL C O R PORAT I O N . .  5 1  
Agency : Batten, Barton, Durstinc & Osborn, I n c .  

VAN N OSTRA N D ,  D. ,  C O M PANY, I NC. . . .. 92 
Agency : Albert Frank-Guenther L a w ,  Incorporated 

VERSENES, I N C ORPORATED 2 
Agency : Meissner & Culver, I n c _  

RAD IATION SOURCES 

� 

10 
Beta Gauge . . . .  _ . . . . . .  _ . . . .  _.Ra, RaD, Sr", Tl"lO 
Liquid Level Gauge ... __ . __ Csl31, RulO", Co� 
Standards _ _ _  ._ . . . .  ___ . ____ . _ _  Alpha, Beta, G'amma 

NEUTRON SOU RCES 

� 

Min_ Emission 
Ra . . . . . . . . . . 1 .3 x 10' n/mc/sec 
RaD . . . . . . . . .  26 x 10' n/mc/sec 
Po . . . . . . . . . . . 26 x 10' n/mc/sec 

LIGHT SOU RCES 

{ 

Emission-Blue, Green, Yellow, Orange. 

Exciting Isotope - Sr"', Tl''', PrH', ca. 
Max. Brightness - Depends upon color 
and exciting isotope, Essentially radia
tion free, Brightness change comparable 
to  decay rate of isotope. 

• 
INQUIRIES INVITED-our vast experi. 
ence and knowledge at your service-

United States Radium Corporation 
535 Pearl Street. New York 7 , N, Y. 
attention Dept . SA-lO 

1 03 
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plas/-ti - ciz- er 

That which i s  added t o  a 
substance to impart softness, 

flexibility and resiliency. 

Example: GLYCERINE! 
Did you know Glycerine keeps ad
hesives flexible, makes the liners 
of bottle caps resilient, and pre
vents cellophane from becoming 
brittle? Glycerine also keeps 
beauty creams, ointments, and 
other cosmetic preparations from 
drying out or peeling off. Your 
toothpaste and shaving cream 
squeeze smoothly because they 
contain Glycerine. Glycerine is 
nontoxic, nonvolatile, and ex
tremely versatile. 

If you're looking for plasticity 
in a product, check Glycerine's 
possibilities. 

New Sausage Casing 
For example, a midwestern pack
aging company is using Glycerine 
to plasticize a new type of sausage 
casing. It is the first coated cellu
lose casing for liver sausage that 
controls moisture vapor transmis
sion during processing and stor
age. The material is opaque and 
permits sharp, multi-color print
ing. Consumers will benefit be
c.ause it provides retention of orig
inal flavor and reduces surface 
crusting, discoloration, and loss of 
weight through shrinkage. 

Balance of Properties 
But Glycerine's ability to act as a 

plasticizer is only part of the story. 
You can count on versatile Glyc
erine to serve as -

humectant 
solvent 
vehicle 
sweetener 

lubricant 
demulcent 
suspending agent 
chemical intermediate 

Booklets on the application of Glyc
erine in the drug and cosmetic, food, 
protective coatings, and textile fields 
are available. For your copy, write to 
Dept. S, Glycerine Producers' Asso· 
ciation, 295 Madison Avenue, New 
York 17, N. Y. 
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Your business!! in the Age of Electronics 

Modern measuring. Twin Disc engineers connect a Hewlett-Packard electronic counter to 
magnetic pickups_ Pickups are actuated by gear teeth on torque converter shafts_ Counter' 
shows speed ratio instantly, accurately, in direct-reading digital form_ In many counter 
applications, non-technical personnel make precision measurements without special training. 

Twin Disc ... another leader uses electronics 
for better engineering and manufacturing 

Once the best way to determine torque 
converter efficiency included a "cut and 
try" method of speed ratio measurement. 
This involved constant adjustment, many 
tachometer readings and much arithmetic. 

Today, engineers at Twin Disc Clutch 
Company read speed ratio directly, instan
taneously and accurately with Hewlett
Packard electronic counters, oscillators and 
voltmeters_ These and other electronic test 
instruments-in simple, portable setups
save Twin Disc hours of time in engineer
ing as well as on the production line and 
in quality control. 

Hewlett-Packard designs and manufac
tures the world's most complete line of 
electronic test instruments-over 250 dif
ferent types of measuring equipment used 
by manufacturers and processors, in scien
tific research, in radio, TV and communica
tions, and by the armed forces_ 

Correct application of such equipment is 

of prime importance_ -hp- field engineers 
can tell quickly whether -hp- equipment 
can help answer your manufacturing or re
search measurement problems_ A letter 
outlining your measuring requirements will 
bring a prompt reply. 

Fielcl engineers serving all principal cities 

Radar, sonar and other electronic military 
achievements were made possible by accu
rate, dependable electronic test instruments. 
Now, advanced models of these same instru
ments are invaluable in rocketry, nuclear 
physics and research into interstellar phe-

urements faster, more accurately; increase 
knowledge by opening the door to measure
ments once not possible. Electronic test in
struments work by measuring or comparing 
electrical impulses from natural or man
made sources. 

Your TV picture is clear and steady, and 
color TV is now at hand, thanks to electronic 
fest instruments. TV set makers use instru� 
men.s to design better circuits, speed manu
facturing and improve testing_ Broadcasters 
use them to monitor equipment performance 
and maintain transmitters and microwave 
networks in perfect operating condition. 

WORLD LEADER IN 
ELECTRONIC MEASURING 

INSTRUMENTS 

HEWLETT-PACKARD COMPANY 
275 PAGE MILL ROAD . PALO ALTO, CALIFORNIA, U. S. A. Cable ftHEWPACK" 

3153· 
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Chemistry lends a hand 
A moment ago he was an almost invisible speck in the vast ocean; now help 
has arrived in answer to his billowing smoke signal. 

American Cyanamid Company was called upon to lend a hand in the 
development of these colored smoke signals because of its extensive experience 
in adapting colors to almost every conceivable purpose. 

Cyanamid research and development activities are also giving valuable 
aid in many other ways to scores of industries. For example, such remarkable 
chemicals as melamine and acrylonitrile, developed by Cyanamid, are 
improving many familiar products while helping to create entirely new 
products in the fields of plastics, synthetic fibers and rubber. Other products 
of Cyanamid's laboratories are serving to enlarge our country's sources 
of supply for minerals and petroleum, increasing the crop yields of our farms, 
giving our doctors new weapons against disease! 

Research is, in fact, a creative, working force at Cyanamid. Of the 
Company's 20,000 employees more than 1800 are engaged directly in research 
and development work that contribute constantly to industrial progress 
and human welfare. 

• 
AMERICAN � COMPANY 

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