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Booster shots for bumper crops 

All living things need help to grow, the fruits 
of the earth no less than the children of mim. In 
the West, crop yields are kept high with nitrogen
rich ammonia fertilizer by Shell Chemical. 

Nitrojection Service® is the Shell-developed 
method of injecting ammonia gas directly into 
the soil with modified cultivator shanks. Nitro
gen-�ital to plant growth-is placed at root 

depth ... with startling results. Fertilizer in
vestment is usually repaid fourfold by increased 
crop yield. 

Pioneering with nitrogen fertilizers and better 
ways to use them is an 
important Shell Chemical 
contribution to the nation's 
agricultural productivity. 

Shell Chemical Corporation 
Chemical Partner of Industry and Agriculture 

SAN FRANCISCO 

Anhydrous Ammonia • Ammonium Sulphate • Urea · Ammonium Phosphate SUlphate • Di·Ammonium Phosphate · Triple Superphosphate 
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A view of the heart of a full-scale model of the great Shipping
port nuclear power reactor at Pittsburgh. The Westinghouse 
Electric Corp. designed and developed its nuclear portion. 

Bendix built the control rod drive mechanisms which are 
located inside the tubes shown above. Reactor control rods 
are used to control the atom splitting, heat producing process. 

BENDIX REPORTS ON SOME OF ITS ATOMIC PROJECTS 
Some of Bendix' contributions to com
mercial and military nuclear projects are 
listed here to give you an idea of our 
growing activity in the "atom business": 

We supplied control rod drive mechan
isms for the great Shippingport reactor, 
the first full-scale atom power plant in the 
U. S. designed for civilian needs. These 
mechanisms enable precise control for the 

/i marines. These develop-�//. ments are directed by the 
, #' / '  Naval Reactors Branch of 

r the AEC. In addition we are 
developing the control rod mechanisms 
for an AEC nuclear-powered rocket 
project. 

We are also supplying the new nuclear
powered U. S. Navy destroyer with tran
sistorized nuclear instrumentation. position of the hafnium 

control rods which regulate 
the amount of power pro
duced. We are also associ-

� We are building a nuclear research 
reactor, somewhat similar to the model 
pictured on the right, for the Atomic 
Energy Commission for use � ated in the development of the reactor 

being built to supply power to the 
Detroit Edison system. 

We are manufacturing control rod 

� drive mechanisms 
� ',4;0 for the prototype of 

>?rl_ e , the nuclear pro-
pulsion plant for 

the Navy's nuclear-powered surface ship 
being built at the U. S. Atomic Energy 
Commission's naval reactor facility in 
Idaho; also for the Navy's first nuclear

Cutaway of Bendix research reactor. 

i n  c o n  n e c t i o n  w i t h  t h e  ) nautics and Space Agency. Transistorized 
nuc.lear aircraft propulsion )a... � � for reliability, it will warn of any 
proJect. We are also perform- .... �""!-... -... - abnormal condition and automatically 
ing radiation damage tests -= shut down the reactor, if safety requires it. 
for the Air Force. For more than nine years we have held 

We are supplying transistorized nuclear a prime contract to operate the Kansas 
instrumentation to the Army Package City Division, a very large AEC facility, 
Power Reactor at Fort Belvoir. This devoted to the atomic weapons program. 
project deals with reactors to supply all We make many specialized nuclear 
power requirements in remote locations instruments and have delivered thousands 
such as the Arctic where fuel is lacking. of pocket size radiation detectors. 

powered guided-missile
firing cruiser USS Long 
Beach and for several 

We have developed a new type "cut
-==�:ntil��=", =��- off switch" for the large 

... 1 nt'n;;iL" research reactor .being built 

We invite you to write if you have 
problems involving nuclear controls, 
instrumentation, fuel elements, research 
reactors, or other nuclear problems. nuclear-powered sub-

__ :0-- _..... 
for the new NatIOnal Aero-

A thousand products "'ncfY a million ideas 
AVIATION CORPORATION 
Fisher Bldg., DetrOit 2, Mich. 

© 1958 SCIENTIFIC AMERICAN, INC



2 

S-CIGD STROMBERG-CARLSON �§} �.!J 

A DIVISION O F GE NERAL DYN A MIC S C ORPO RA TI O N  

1470 NORTH GOODMA N ST REET ' RO CHESTER 3. N. Y. 

ELECTRONICS AND COMMUNICATION fOR HOME. INDUSTRY AND DEFENSE 

Firm central control ... 

over interlocking functions of 
Engineering and Finance ... 

under a member of 
top management whose 
authority is undiluted-

this, the Stromberg-Carlson 
concept of Systems Management, 
is a definite departure from 
conventional methods. 

It's working extremely well. 

Unified direction of all our own 
divisions, leading consultants 
and qualified subcontractors 
assures a tight control of costs 
and more efficient utilization 
of facilities. 

Currently, this concept is 
helping develop an electronic 
countermeasures system vital to 
the defense of the free world. 

Our talent is equally 
applicable to 
Communication, 
Navigation, Test 
Equipment and 
other complex 
electronic systems. 
Our brochure 709 
would be of interest. 
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Alone, out in space, the vast, lonely void can produce 
abnormal sensations in man. He may experience 
hallucinations, become strangely exhilarated - or suffer 
depression deep enough to paralyze the will. 

It is the impact of this alien environment on the mind, 
and on the body, which must be studied before the world 
can safely follow into space. 

Sensing, recording, transmitting such vital psychological 
and physiological data from space to earth is a 
function of Gulton Medical Electronics. 

Employing transducer type sensing devices and related 
electronic equipment developed by Gulton scientists and 
engineers, various parameters such as heart rate, 
breathing rate, blood pressure, etc., can be measured and 
data immediately telemetered back to earth. 

A pilot's psychological state, too, may be determined 
through measurement. Electrodes taped to insteps measure 
galvanic skin resistance which reacts to slightest change in 
nervous structure. Consequent wave form is relayed to earth, 
helps indicate reaction of passenger to his environment. 

Gulton has pioneered in the field of Medical Electronics ... 
is prepared now to offer or develop entire instrumentation 
systems for sensing, converting, transmitting and recording 
most physiological parameters capable of electrical 
measurement ... on earth as well as in space. 

Write us for informative Medical Electronics Booklet. 

VIBRO-CERAMICS DIVISION 

Gulton Industries, Inc. 
Metuchen, New Jersey 

THE COVER 

The painting on the cover is a sym
bol of the three-level solid-state I 
maser, a new device for the amplifi
cation of microwaves (see page 42) . 
In the middle of the metal plate is a 
resonant cavity, and within the cav
ity is a synthetic ruby. The electrons 
in the ruby occupy three energy lev
els; when microwaves of the appro
priate frequency are piped to the 
crystal in an actual maser, electrons 
in the lowest energy level are 
"pumped" into the higher level. Elec
trons in the higher level can then fall 
back into the middle level, emitting 
microwaves of a lower frequency. 
Thus when microwaves of the latter 
frequency are piped into the cavity, 
they are amplified. The advantage 
of the device is that it operates with
out "noise"; it can amplify a very 
weak signal without distortion. For 
this reason the maser is particularly 
promising for the amplification of 
the faint signals which come to 
radio telescopes from outer space. 

THE ILLUSTRATIONS 

Cover painting 
by Stanley Meltzoff 
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Udimet 
a vacuum induction melted alloy 

NOW AVAilABlE 
IN SHEET. .. 

Udimet 500, a superior alloy proven by extensive high 

temperature applications, is now available in sheet in 

production quantities for early delivery. It is produced 

in widths to 48" by 144" in length and in thickness down 

to .010". The alloy combines very high stress rupture 

life with excellent ductility and fatigue resistance in 

the 1200°F to 1800°F ranges. 

Many other vacuum induction melted alloys are also 

now marketed in sheet form by the Utica Metals Division. 

New alloys are being developed at Utica for critical 

sheet application. We are interested in discussing uses 

for our sheet material where high tensile strength, cor

rosion resistance, high stress rupture life and electrical or 

magnetic properties are critical requirements. 

The technical strength and experience of our organi

zation, together with highly precise melting and inspec

tion practices, enable us to guarantee absolutely consistent 

quality from heat to heat. Utica Metals Division, Kelsey

Hayes Co., Utica 4, N. Y. 

UTICA METALS DIVISION OF KELSEY-HAYES 
KELSEY·HAYES co � 

A L L  0 V S 
UTICA 4, NEW YORK 

SOME ALLOYS COVERED 8Y U.S PA.TENT #UGtIIO -T .M. REGISTERED 
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ANNOUNCING TWO 

SPACE TECHNOLOGY LABORATORIES, INC. 

Space Technology Laboratories, Inc., previously a division of The Ramo

Wooldridge Corporation, became a separate company on October 31, 1958. 

Space Technology Laboratories will be directed by Lieut. Gen. James H. Doolittle, 

Chairman of the Board (after January 1, 1959); Dr. Louis G. Dunn, President; 

and Dr. Ruben F. Mettler, Executive Vice President. The other members of 

the Board of Directors are Robert F. Bacher, Head of the Division of Physics, 

Mathematics and Astronomy at the California Institute of Technology; James 

T. Brown, Vice President of the Mellon National Bank, Pittsburgh, Pennsylvania; 

and Samuel E. Gates, Attorney with the New York firm of Debevoise, Plimpton 

and McLean. 

Space Technology Laboratories has the largest professional scientific and 

engineering staff in the nation devoted exclusively to Ballistic Missile and Space 

programs. STL is responsible for the systems engineering and technical direction 

of the Air Force THOR, ATLAS, TITAN, and MINUTEMAN ballistic missile programs. 

While it does not engage in production, STL performs experimental and analytical 

research projects in advanced space technology, including the fabrication and 

assembly of special equipment and the conduct of test programs. A recent 

example is the lunar probe project assigned to STL by the Air Force and the 

National Aeronautics and Space Administration. 

Space Technology Laboratories, Inc., plans to maintain a combination of 

technical competence and organizational strength appropriate to its special and 

continuing role in the important national program of space weapons development. 

SPACE TECHNOLOGY LABORATORIES, INc. 
5730 Arbor Vitae Street 

Los Angeles 45, California 
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NEW CORPORATIONS 

Thompson Ramo Wooldridge Inc. 

On October 31, 1958, Thompson Ramo Wooldridge Inc. was formed by 

the merger of Thompson Products, Inc., and The Ramo-Wooldridge 
Corporation. 

Thompson Ramo Wooldridge will be directed by J. D. Wright, Chair

man of the Board; Dean E. Wooldridge, President; Simon Ramo, Exec

utive Vice President; and F. C. Crawford, Chairman of the Executive 

Committee. The other members of the Board of Directors are B. W. 

Chidlaw, A. T. Colwell, J.- H. Coolidge, H. L. George, R. P. Johnson, 

and H. A. Shepard. Each is a Vice President of the merged company. 

Thompson Products, Inc., has been for many years a large manu

facturer of components and accessories for the automotive and aircraft 

industries. In recent years, it has also been active in the fields of Missiles, 

Electronics, and Nuclear Energy. Thompson has concentrated on prod

ucts which require a high level of competence in engineering and pre

cision manufacturing. 

The Ramo-Wooldridge Corporation was organized five years ago to con

duct research, development, and manufacturing operations in the field 

of electronic and missile systems having a high content of scientific 

and engineering newness. In addition to the work performed by Space 

Technology Laboratories, Inc., Ramo-Wooldridge has been engaged in 

major systems work in such areas as digital computers and control 

systems, communications and navigation systems, infrared systems, and 

electronic countermeasures. 

The merger of the two companies into Thompson Ramo Wooldridge 

Inc. is intended to provide an integrated team having strong capabilities 

for scientific research, engineering development, and precision manu

facturing. 

Thompson Ramo Wooldridge Inc. 
Main Offices. Cleveland 17, Ohio 

Los Angeles 45, California 
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Bring Your Optical Problems 

To Optical Specialists ... 

Do you have an optical instrumen

tation problem not covered in text

books? Bring it to Optical Specialists! 
The Special Products Department 

of the American Optical Company is 

eminently qualified to help you find 

a fast, practical answer to your prob

lems_ Teams of optical specialists are 

trained and eager to tackle the new, 

the difficult, the unusual. It's their 

business to chart new directions in 

the field of optics and optical instru

mentation. Their wide experience 

includes design, development, test

ing and production_ 

Let AO investigate your problem! 

Detailed findings will be presented 

for your consideration. Then you 

may decide how much service you 

require ... consultation, design study, 

fully engineered models or produc· 

tion quantities. 

Read this new color brochure! It 
describes how AO facilities and 
personnel have solved problems 
for America's leading industries. 
Write Dept. L178 for FREE copy. 

� 
American Optical Company 

INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 

LETTERS 

Sirs: 
May I suggest that also the humble 

coincidences of "The Creative Process " 
about which J. Bronowski writes in your 
September issue be duly recognized? 
vVhen Gilbert Murray in his famous ad
dress "Religio Grammatici" (1918) set 
out to distinguish between creation and 
invention he used these examples: 

"The invention of the ... telephone 
is a fine achievement of man .... If we 
take on the other hand the ... creation of 
Romeo and Juliet. . . .  " 

Dr. Bronowski, setting out to make 
the same distinction, wrote: 

"I have used ... invention and crea
tion .... Alexander Graham Bell invent
ed the telephone .... By contrast we feel 
that Othello is genuinely a creation." 

HANS ZEISEL 

Professor of Law and Sociology 
The Law School 
University of Chicago 
Chicago, Ill. 

Sirs: 
I enjoyed your September issue very 

much and found the articles, particularly 
those by J. C. Eccles, Frank Barron and 
J. Bronowski very stimulating. 

However, I would like to take excep-

Scientific American, December, 1958; Vol. 199, 
No. 6. Published monthly by Scientific American, 
Inc., 415 Madison Avenue, New York 17, N. Y.; 
Gerard Piel, president; Dennis Flanagan, vice 
president; Donald H. Miller, Jr., vice president 
and treasurer. 

Editorial correspondence should be addressed to 
The Editors, SOENTIFIC AMERICAN, 415 Madison 
Avenue, New York 17, N. Y. l\'ianuscripts are 
submitted at the author's risk and will not be 
returned unless accompanied by postage. 

Advertising correspondence should be addressed 
to Martin M. Davidson, Ad,'ertising Manager, 
SCIENTIJ.'IC AMERICAN, 415 Madison Avenue. New 
York ]7, N. Y. 

Subscription correspondence should be ad· 
dressed 10 Jcrome L. Feldman, Circulation Man
ager, SCIENTH'IC AMERICAN, 415 Madison Avcnue, 
New York 17, N. Y. 

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

Subscription rates for U.S.A. and possessions: 1 
year, $5; 2 years, $9; 3 years, 812.50. Canada and 
Latin America: 1 year, $6; 2 years, 811; 3 years, 
SIS. All other countries: 1 year, $8; 2 years, 814; 
:I years, S18. 
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GRAPHITAR OIL SEALS PLAY 

IMPORTANT PART IN DEPENDABLE PERFORMANCE OF 

NEW POWERFUL CURTISS-WRIGHT TURBO 

COMPOUND ENGINES 

Increased demand for faster non-stop service has placed 

great demands on the engines that power modern airliners_ 

Helping to meet this need is the powerful EA Series 

Turbo Compound engines built by the Wright 

Aeronautical Division of the Curtiss-Wright Corporation, 

Wood-Ridge, New Jersey_ In each of these IS-cylinder 

giant engines, 3 GRAPHITAR oil seals play an important 

part in maintaining the dependability, efficiency and power_ 

Three power-recovery units are employed on the Turbo 

Compound to utilize normally wasted exhaust gases and 

provide still additional thrust. The GRAPHITAR 

seals are used on the turbine shaft in each of these units 

and must withstand continuous high speeds and high 

temperatures. These seals prevent hot gases from reaching 

the shaft bearings and carbonizing the lubricant. Low 

coefficient of friction, and the excellent wear and sealing 

properties of GRAPHITAR make it ideally suited for 

this demanding installation. 

Compacted under extreme pressure, and fused at heats to 

4500' F., GRAPHITAR can be formed into relatively 

complex shapes, ground to tolerances as close as .0005". 
Since it is entirely self-lubricating, GRAPHIT AR can be 

used where only steam or water are present. 

GRAPHIT AR is lightweight, durable, chemically 

inert and virtually unaffected by extremes of vibration, 

pressure, or temperature. 

Get the fact-filled GRAPHIT AR 

engineering Bulletin No. 20. 
Write today for your copy. If 

you have design questions on 

problems, our engineering 

staff will be happy to assist 

you in any way possible. 

R·248-1 

THE UNITED STATES GRAPHITE COMPANY 
DIVISION Of THE WICKES CORPOR ATION, SAGINAW 6, MICHIGAN 

G RAP HIT A R ® CAR BON· G RAP H I TE • G RAM I X ® POWD ER ED METAL PA R T S • M E X I CAN ® G RAP H ITE PRO 0 U C T S • U S G ® B R U SHE S 
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An,erican Potash & Chemical Corporation 
� 3000 WEST SIXTH STREET. LOS ANGELES 54. CALIFORNIA 

OFFICES: LOS ANGELES' NEW YORK ' CHICAGO' SAN FRANCISCO' PORTLAND ( ORL ) ' ATLANTA ' COLUMBUS (D.)' SHREVEPORT 
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tion to a portion of the Bronowski article. 
On page 62 he refers to "the principle of 
choice ... Occam's Razor: we choose, 
among the theories which fit the facts 
we know now, that one which is sim
plest." 

This is not an accurate statement of 
Occam's (or Ockham's, if you prefer) 
rule. The chosen theory is not the sim
plest but the one which makes the few
est assumptions. ("Entia non sunt multi
plicanda praeter necessitatem.") 

The fewer assumptions made, the less 
testing has to be applied to the theory 
before it may be tentatively accepted as 
the proper description of the universe
subject to future amendment, or re
jected. 

Bronowski then uses the Copernican 
theory as an example of a non-simple 
theory (to others) which appealed to 
Copernicus because of its "esthetic sense 
of unity." This may have been its appeal 
to Copernicus (I find no information on 
this point to confirm or deny Bronowski's 
statement) but the appeal to others who 
came to accept it appears to have been 
somewhat different. 

By postulating a non-geocentric sys
tem and a rotating earth, Copernicus 
eliminated the tremendously compli
cated system of epicycles which had 
been introduced to make the Ptolemaic 
theory function. 

And I submit, if any theory had es
thetic appeal to the human mind, it was 
the comforting one which placed the 
earth at the center of creation. 

ARTHUR W. SEAR, JR. 

Arcadia, Calif. 

Sirs: 
Martin Kamen's clear "A Universal 

Molecule of Living Matter" in Scientific 
American for August might have added 
a neat fillip by reference to the com
mercially important and very closely re
lated blue and green phthalocyanine 
synthetic organic pigments, discovered 
and developed by R. P. Linstead and his 
co-workers in 1932. The essential differ
ences are that in the natural porphyrins, 
the pyrrole units do not carry benzene 
nuclei and are connected to one another 
by methine groups rather than nitrogen 
atoms. 

GEOHGE W. INGLE 

Research Department 
Plastics Division 
Monsanto Chemical Company 
Springfield, Mass. 

© 1958 SCIENTIFIC AMERICAN, INC



• 

The 
Perfect 

Solution: 
(it really sparkles) 

Some bulk products of this Division are: 

• 

""'I'" I ry this simple eye test Bradshaw," requested Smathers, the stately 
soft drink scion. "It'll prove to you that our bottles aren't as clean as 
theirs." 

"Now let's see," replied Bradshaw, the blue-blooded bottling baron, 

"I hold their bottle up to my right eye and our bottle to my left and 
... you're right Smathers I can see through theirs much better." 

"Sure, our research department tells us it's the Pfizer GLUCONATE� 
in their washing solution that makes the difference-eliminates haze 
and rust spots. It also helps reduce maintenance costs by preventing 
rust and scale on washer equipment." 

"You know, Smathers, Pfizer GLUCONATES sure can clean up the 
bottle-washing picture." 

* * * * * * * * * * * * 

For really sparkling bottles combined with highly efficient washing 
operations you should be sure you have Pfizer GLUCONATES in your 
washing solution. If you are confronted with a bottle washing 
problem or any other problem which might be solved by a high
quality organic chemical, think of Pfizer first. Chas. Pfizer & Co., Inc., 
Chemical Sales Division, 630 Flushing Avenue, Brooklyn 6, N� Y_ 

CHEMICAL SALES DIVISION 

• . .  sells more than 100 organic chemicals for 

food, medicinal and industrial uses. 

CITRIC, TARTARIC, OXALIC ACIDS AND SALTS • ASCORBIC ACID AND OTHER VITAMINS • CAFFEINE • ANTIBIOTICS • PLASTICIZERS 

II 
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r------------------------------------------------------I 
I I 
I I 
I I 

: CREATING A NEW WORLD WITH ELECTRONICS • • .  NO. 9 :! _______________ _ 

I I 
I I L ______________________________________________________ � 

The electron and 
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the raindrop J 

How many electrons would you guess 
there are in a raindrop? 

There are more electrons in a single raindrop than 

there are raindrops in all the rain that falls on the 

United States in an entire year. * 

These incredibly small electrically-charged par

ticles exist in everything -in the air you breathe, the 

water you drink, the grou�d you walk on ... in you. 

Radio, television, all of today's electronic miracles 

are based on the simple fact that the behavior of 

electrons can be controlled. 

Electronics-the science of controlling electrons 

-is our business at HUGHES. Over 5,500 HUGHES 
scientists and engineers develop and manufacture 

better devices utilizing the behavior of electrons. 

We make semiconductor devices, which are used 

in miniaturized electronic circuits because of their 

tiny size and unlimited life. We make specialized 

electron tubes which display and store information 

in the form of letters, pictures or graphs. We make 

control systems which automate industrial machines 

and processes. In addition, we make specialized re

lays and switches, crystal filters, and oscilloscopes. 

If you manufacture or use electronic equipment, 

chances are that you are using Hughes systems or 

components. These highly reliable products are 

backed by a huge force of engineering brain power 

which is available to you. 

This Hughes engineer, shown growing a silicon ingot, is parI of 
Ihe team of engineers and scientists who are continually probing 
the frontiers of advanced electronics. 

*There are about 1.4 sextillion (1,400,000,000,-

000,000,000,000). If you're interested in the 

computation of this statistic, just write: HUGHES 
PRODUCTS, International Airport Station, Advertis

ing Dept., Los Angeles 45, California. 

�-----------------------------------------� I 
Creating a new world with ELECTRONICS : 1 HUGHES PRODUCTS I I I I I I I L _________________________________________ � 

© 19�8. HUGHES AIRCRAfPT COMPANY 
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A SKILLED HAND IN CHEMISTRY . . .  AT WORK FOR YOU 

Nopcofoam 
HELPS SWEEP 

THE SEA 
Nopcofoam, already at work with the submarine fleet, is out to sea again
this time in mine sweeping activities. This versatile "pour-in-place" urethane 
foam plastic-pioneered by Nopco chemists-is being made into floats for 
the stout, long cables trailing the detonating devices that blow up enemy 
acoustical mines. Previous to this, Nopcofoam was utilized to fill and 
strengthen nonfunctioning voids in the atomic submarines Skipjack, Triton 
and Skate. 

Nopcofoam was a logical choice for its new assignment. It is light in weight 
and extremely buoyant yet has the density to give the required strength. It is 
hard-wearing and impervious to salt water. It also lends itself to time-saving 
production processes. From Jersey City Foam Products Company, where 
450,000 of the newly designed floats are being made, come reports of sub
stantial savings in time and money over previous methods and materials. 
And from Okonite Company, where the floats are assembled on the cable, 
come reports of superior performance in every test. 

It is the same versatility of Nopcofoam that appeals to designers in other 
industries-the reason it is finding its way into all kinds of products-from 
building panels to atomic submarines. 

. 

PLASTICS DIVISION 
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SHEETS 

NOPCO CHEMICAL COMPANY 
North Arlington, NJ.· Los Angeles, Calif. 

50 AND 100 

YEARS AGO 

DECEMBER, 1908: "The latest 
awards made by Nobel's representatives 
seem to be fair. Metchnikoff and Ehrlich 
receive conjointly the prize for valuable 
contributions to medicine. Of the two, 
the former is better known. A disciple 
of Pasteur, he has devoted much time 
to bacteriological research. His studies 
of the possibility of postponing old age 
have recently attracted attention to his 
work. Rutherford, who won the chem
istry prize, is well known to our readers 
as an ardent and painstaking student of 
the phenomena presented by radium." 

"Mme. Curie, who with her husband, 
the late Prof. Curie, discovered radium, 
has been appointed Chief Professor of 
Physics in the Faculty of Sciences, Uni
versity of Paris. Mme. Curie succeeds 
her husband in the professorship held 
by him at the time of his death." 

"The War Department has considered 
the advisability of immunizing soldiers 
against typhoid fever by vaccination. It 
has decided that inoculation as a pre
ventive against typhoid has been so 
thoroughly demonstrated in foreign 
countries and its efficacy so well estab
lished that the vaccination method is to 
be adopted in the United States Army." 

"Dr. Alexander Graham Bell's Aerial 
Experiment Association is busily en
gaged conducting a test of Dr. Bell's 
tetrahedral-c.ell aeroplane, which he has 
constructed at his summer home near 
Baddeck, on Cape Breton Island, Nova 
Scotia. A year ago the late Lieut. Sel
fridge made a successful ascent in the 
former aeroplane of this type, which had 
3,392 tetrahedral cells. The present aero
plane has 5,000 cells and a spread of 
42.65 feet. The machine will be tested 
by towing as a kite above Bras d'Or Lake 
by means of two powerful racing motor
boats." 

"The plans of the Pennsylvania Rail
road Company for establishing a large 
terminal station for their system in the 
center of Manhattan Island and connect-
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I 
MECHANIZED ORACLE EXPLORES 

BELL SYSTEM COMMUNICATIONS 

At monitoring console, designer H. D. Irvin watches performance of "Sibyl" during test of user·reaction to experi· 
mental telephones. A computer.like machine, Sibyl simulates the functions of future communications devices 
and records interplay between phones and users. Sibyl is named after the women oracles of ancient Greece. 

A mechanized "oracle" is helping Bell Telephone Lab· 
oratories predict the future in communications devices and 
systems. 

The oracle is "Sibyl," a computer-like machine de
veloped by Bell Laboratories engineers and psychologists. 
It can simulate the action of many kinds of communications 
devices. Through Sibyl, new kinds of telephone service can 
be evaluated without the considerable expense of building 
actual equipment. Observing and recording users' reac
tions to the simulated equipment, Sibyl provides indica
tions of how users would react to proposed new systems 
features and equipment. 

Sibyl, for example, is used to test the reaction of Bell 
Laboratories people to experimental push-button tele· 
phones. Each test subject has a push-button telephone in 
his office and he uses it in the ordinary course of his busi-

ness. But the sct is not connected directly to the local PBX: 
it is connected through Sibyl, which performs the special 
signaling functions required by such a push-button tele
phone. In this way, push-button telephone service is given 
to a group of people without modifying the PBX, or pro
viding completely instrumented· push·button telephones. 

At the same time, Sibyl gathers information on how 
the call was placed-date, time, originator, speed of opera
tion, errors, whether the line was busy or the call com
pleted. Sibyl does all this without violating the privacy of 
telephone conversations. 

Bell engineers expect that Sibyl will provide a better 
understanding of the relationship between telephone equip
ment and the people who use it. Sibyl's rapid and eco
nomical technique for evaluating new types of telephone 
sets is an important contribution to the art of telephony. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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for the engineer 

who has everything 

With the same Philanthropic Genius responsible for such world-renowned 
items as Finder-Fixing Kits, micromccarthys, automation relays and 

other assorted contributions to the scientific community, Sigma now 
proudly offers a new GIFTRELA Y just in time for Christmas. 

Model 1932 WPA G.R.'s are designed to please engineers, 
inventors, executives, small boys, mothers, brothers and distant cousins. 

Coil power, shock mountings and circuit connections can be forgotten; 
1932's are above all that. Their usefulness is their ability to provide basic 

pleasures, free of psychological complications or additional investment. 
For example, you can easily carry a 1932 around in your pocket, ready 

for instant use in any conversation ... or just to remind yourself that 
you are part of today's World of Electronics. Or a certain Technical 

Atmosphere can be created by casually placing a 1932 on your desk, living 
room mantelpiece or bar counter-wherever you happen to be. (This 

quality will undoubtedly have immediate appeal to executives of advertising 
agencies with technical accounts.) And for plain utility, a 1932 WPA G.R. 

with its removable base is handy for carrying pills, parking meter 
money, rare emeralds, BB gun pellets, secret messages printed on bible paper, 

truth serum and other small items of everyday usefulness. (It is not 
recommended that alcohol be placed in a 1932; it could eat the genuine 

finish; besides, it only holds 0.379 oz.) 

If you hurry, you can get a Sigma GIFTRELA Y for 
tbat person; if you don't hurry, you'll still probably 

be able to get one but we'll be disappointed. Send 
25 cents in hard cash or mint stamps (no rare coins 

tbis time, please) , to L. B. Quinlan, Adv. Mgr. 
Offer closes sometime and all decisions ' 

of the shipping room are final. 

MODel 1932 GIFTRElAY. 

Clctuol size; outwardly 

similorto Sigma Series 32; 

inside, there ain't nuthin'. 

Ie 
SIGMA INSTRUMENTS, INC. 

40 Pearl St., So. Braintree 85, Mass. 
AN AFFILIATE OF THE FISHER-PIERCE CO. (.'l\u1.3.) 
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ing it with their trunk line to the West 
and with the extensive system of roads 
of the Long Island Railroad to the East, 
has involved the construction of 16Jf 
miles of tunnels. The terminal area itself 
comprises 28 acres. The railroad was 
willing to forego the opportunity to erect 
a huge office building above the station 
site, and preferred to memorialize its en
trance into New York City by the erec
tion of a magnificent and purely classic 
structure, commensurate with the dig
nity of the great city in which it has 
at length found a fitting terminal. The 
architects of the building, McKim, 
Mead and White, took the baths of 
Caracalla in Rome as the inspiration of 
their plan." 

"The recent trial of the British battle
ship Invincible, in which she attained, 
under reduced power, a speed of 25 
knots, was followed by a full power trial 
in November, when she steamed at the 
unprecedented speed of 28 knots on a 
continuous run of eight hours' duration. 
This is certainly wonderful going for a 
ship protected with seven inches of ar
mor and carrying a battery of eight 12-
inch guns." 

"In the Morris K. Jesup North Atlan
tic expedition it was found that in pre
historic times there was a distinct rela
tion between the North American In
dians and the tribes of Siberia. Dr. 
Waldemar Jochelson recently started 
from New York to supplement the in
formation obtained at that time. There 
are at present only about 2,000 Aleuts in 
the Aleutian Islands, which belong to 
the United States, and in Komandorski, 
which is Russian territory. The race is 
rapidly dying out, and for that reason 
the investigations about to be made are 
considered of exceptional value." 

"Prof. Otto Lehmann has discovered 
that many substances, on cooling after 
fusion, do not pass directly from the or
dinary liquid to the crystalline solid con
dition but go through an intermediate 
stage in which they retain the external 
characters of liquids, which are revealed 
in the power to form drops and to as
sume the form of the containing vessel, 
and at the same time exhibit the internal 
optical characters of crystals. Lehmann 
has given the name of liquid crystals to 
these crystalline drops, and has collected 
a vast mass of experimental results in his 
study of this remarkable phenomenon." 

"There has recently been brought to 
this country an optical mirror for the Mt. 
Wilson Observatory, said to be the larg-
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. When to use magnetic tape in automatic control 
Iron dust and a magnifying glass provide a revealing visual comparison 

You are seeing iron dust clinging to signals recorded on Criterion 2: HIGH TRANSFER RATE 
magnetic tape. There can be 3200 extremely reliable binary _ The Ampex FR-300 digital tape handler can spew out 
bits on one square inch-or analog control information simi- alpha-numeric characters at rates as high as 30,000 to 90,-
larly compact. In the compacting of automatic control data, 000 per second. A short burst of digital information equiva-
magnetic tape is supreme -second only to nature's remark- lent to a standard punched card can be extracted from mag-
able chromosome. Nature makes people, dogs, cats and netic tape under 4 milliseconds-including start and stop. 
monkeys. Magnetic tape recorders make, for example, ma- On analog position-control data, magnetic tape can pro-
chined parts-their shapes the most complex and precise vide many hundreds of complete commands per second-
that have ever been produced in quantity. It is done by nu- 200 per second in one example and up to eight times this 
merical control. The principles involved are very widely many if needed. 
applicable to all kinds of control applications. Three main On control-system monitoring, a recording of as much as 
criteria determine where magnetic tape is your best choice. two hours duration can be played back in one minute for 

Criterion 1: QUANTITY OF CONT ROL DATA review by high-speed computers. Ampex tape recorders with 

Any automatic control operation that can benefit from 
very large numbers of time-synchronized commands is a 
natural candidate for magnetic tape. For example, contin
uous-path control of a milling cutter may require X, Y and 
Z coordinates at several hundred points per inch of tool 
movement. The more pOints, the greater the accuracy. A reel 
of magnetic tape can define millions of points at extremely 
low unit cost. 

Continuous real-time control of variables is applicable to 
process programming, simulation devices, automatic inspec
tion and electronic-system checkout-provided there is need 
for great accuracy in a complex situation. The program tapes 
may incorporate the work of giant computers and intricate 
interpolating devices. A great advantage of magnetic tape is 
that the computer and interpolator are used only during tape 
preparation, hence may be shared with many other needs. 

.overall speed ratios as high as 120-to-l are available. 

Criterion 3: ERASURE AND RE-RECORDING 
Magnetic tape can be erased to accept new data an end

less number of times. Hence tape-loop recorders can operate 
on a repetitive cycle of recording, reproduction, erasure and 
re-recording to serve as time-delay devices or endless moni
tors. Such a loop can be the analog equivalent of a produc
tion line, conveyor belt or process flow. The loop keeps in 
step, accepts sensing information at one place and then trig
gers commands at some fixed time downstream. Or as a 
calamity monitoring device, the tape loop stores information 
briefly and erases it to make way for new data if nothing 
has occurred. 

Can we advise you on a specific application of magnetic
tape control or send further literature on magnetic-tape re
corder principles and applications? Write Dept. S-19. 

AMPEX . INSTRUMENTATION DIVISION • SSO CHARTER STREET . REDWOOD CITY. CALIFORNIA 
Phone your Ampex data specialist for personal attention to your recording needs. Offices serve U. S. A. and Canada. Engineering. representatives cover the free wor1d. 

© 1958 SCIENTIFIC AMERICAN, INC



18 

"We learned to use the 

computer in just 

four hours:' 

Anyone who can learn to operate a desk calculator 
can now use an electronic computer. New techniques 
developed for the Bendix C-15 Digital Computer 
make it so easy to use that the fundamentals can be 
mastered in thirty minutes ... a �orking knowledge of 
programming in four hours or less. The C-15 can 
be used by the men who know their own problems 
best, right in their offices and laboratories, and often 
at l/lOth the cost of "computing center" installations. 

G-15 ADVANTAGES Memory and speed of computers 

costing four times as much • Paper tape output and 

250 char/sec paper tape input at no added cost · 1,200,000 

words of magnetic tape memory available • Punched 

card input-output available • Extensive library of programs 

furnished • Strong users' sharing organization • Proven 

reliability· Nationwide sales and service · Lease or purchase. 

Built and backed by Bendix, the G-15 is serving scores 

of progressive businesses, large and small, throughout 

the world_ For the details, write to Bendix Computer, 

Department C-2a, los Angeles 45, California_ 

est and most expensive ever cast. It is 
valued at $60,000 and weighs 6,600 kilo
grammes, or about six and a half tons. It 
is 100 inches in diameter." 

DECEMBER, 1858: "By the last for
eign mail we learn that the Atlantic 
Cable Company had refused to allow 
Professor Whitehouse to carry on any 
more experiments, and had dismissed the 
electric staff connected with the cable 
at Valentia, Ireland, and closed the 
premises. It would thus seem that the 
cable was pretty much 'played out' in 
the opinion of its directors." 

"Mr. Fox Talbot, the inventor of the 
well known 'paper process' of photogra
phy, and who, with a liberality seldom 
found, relinquished his patent (being a 
wealthy man), and threw his improve
ments open to the world, has just been 
inventing a new process of engraving 
by light on plates of copper, steel or 
zinc." 

"The venerable Alexander von Hum
boldt is suffering from an attack of in
fluenza, rather a dangerous complaint 
for a person of his age, ninety." 

"Considerable sensation was produced 
among iron manufacturers in 1856 by an 
invention called the 'Bessemer process,' 
which consisted in blowing air through 
the molten pig iron as it was run from 
the cupola furnace, by which action, it 
was stated, a portion of the carbon in the 
iron united with the oxygen of the air 
and was thus disengaged in the form of 
carbonic acid, whereby the metal was 
purified at one continuous operation and 
converted into good malleable iron and 
steel. Since that period reports have pre
vailed that the merits of the invention 
had been grossly exaggerated, in short, 
that it was a failure. Such reports seem 
to have recently met with a confutation 
from C. F. Coransson, a large manufac
turer at Edsken, in Sweden. He uses a 
converting vessel situated near the tap
hole of the blast furnace, and into this 
he runs the fluid pig iron-one ton at a 
time-then lets in the blast to it for about 
seven minutes, by which action the iron 
is converted into steel. The whole time 
occupied, from the moment the fluid pig 
iron leaves the furnace until it is cast into 
the mold, does not exceed twelve min
utes." 
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99.999% pure in crystals available for immediate 
delivery in commercial quantities 

TELLURIU 
99.99% pure in crystals-99.5% minimum in powder, 
sticks, slabs and tablets 

Telluriun1 is a silvery white, lustrous 
elen1ent with lnetal characteristics. Most 
of current use of telluriun1 is in alloying 
witl1 or il10culation of other metals. 

PHYSICAL CONSTANTS 
Atomic number .................................... 52 

Atomic weight ................................. 12 7.61 

Boiling point . . . • . . . . . . . . . . . . . . . . . . . . . . . .  994" C ::t: 30 

Crystal structure . . • . . . . . . . . . . . . . . . . . . . . . . . .  Hexagonal 

Density at 30"C (68" F) 

g/cc., . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.24 

lbs/cu. in . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.2 25 

Electrical resistivity (microhm·em) 
19.6"C (6 7.3"F) ............................. 200,000 

Electrochemical equivalent 

Te++++++ (mg/coulomb) ................ 0.22040 

Index of refraction 

(vapor) 5893 Angstroms .................... 1.002495 

(solid) 3500 to 4000 Angstroms 
Parallel to plane of incidence . • . . . . . . . . . . . . .  1.9 to 2.4 

Perpend. to plane of incidence • • . . . . . . . . . . . .  1.7 to 2.7 

Latent heat of fusion (cal/g at m.p.) . • . . . . . . . . . • . . •  7.3 

Latent heat of vaporization (cal/g at b.p.) . . . . . . . . • .  159 

Linear coefficient of thermal expansion/"C .... 16.8 x 10.6 

Magnetic susceptibility 

cgs at 18"C (64"F) ................. Minus 0.31 x 10.6 

Mechanical properties 

Hardness (Mohs) . . ... . . . . . . . . . . .. . . . . . . . . . . . . . .  2.3 
Modulus of elasticity, psi . . . • . . . . • . . . . • • . .  , . 6,000,000 

Melting point ......................... 4 49.5"C ± 0 .3 " 

Molecular weight, 2100"C (3812"F) ................ 160 

1880"C (341 6"F) ................ 2 65 

Nuclear Data 

Stable Isotopes (120, 12 2, 123, 1 24, 1 25 
12 6, 128, 130 ) .. . . . . . . . . . . . . . . . . . .  8 

Thermal neutron cross section (2 200 m/s) 
Absorption (barns) ...................... 4.5 ::t: 0.2 

Scattering (barns) ......................... 5 ::t: I 

Specific heat (cal/g/"C) (solid) . , . . . . . • . . . . . . . . .  0.047 

Specific volume (cc/g) 20"C (68"F) ............. 0.1 603 

Thermal conductivity (cal/sq. cm/cm/"C/sec) 

20"C ......................................... 0.014 

Valence . . . • . . . . • . . • . . . . . . . . . . . . . • . . . . . . . .  -2, 2,4 or 6 

Vapor press. (mm Hg) 

51 6"C (9 61"F) .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
63 4"C (U73"F) ................................. 10 

792"C (1458"F) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 

WRITE: AMERICAN SMELTING AND REFINING COMPANY, 120 BROADWAY, NEW YORK 5, NEW YORK 
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THERE 

IS 

NO 

BETTER 

WAY 

.THAN 

-WITH 

LIQUID 
OXYGEN 
Liquid oxygen is the safest, most efficient 
oxidizer commercially available for mis
�ile and rocket propulsion systems. It is 
stable, non-toxic, non-corrosive, and easy 
to disp'ose of when necessary. That's why 
it is us?.d in IRBM and ICBM motors. 

Larg� volumes of liquid oxygen can be 
stored indefinitely in LINDE designed and 
bUIlt s-to:l:kge. units - right where it is 
needed. Vaporization losses are minor
can be held to less than 5 per cent per year. 

Using LINDE's methods, liquid oxygen 
can be transferred safely from storage
without pumps -ten times faster than 
previously. 

LINDE can supply large quantities of 
liquid oxygen almost anywhet'e in the na
tion-quickly, and at a cost of only pen
nies per pound. 

If you are concerned with the nation's 
vital missile and rocket development pro
gram, take advantage of LINDE's more 
than 50 years of experience in producing, 
!t'ansporting, and storing liquid oxygen. 
Call the LINDE office nearest you, or write: 
LINDE COMPANY, Division of Union Car
bide Corporation, Dept. R-12, 30 East 
42nd Street, New York 17, N. Y .  

"Linde" and "Union Carbide" are 
registered trade-marks of Union Carbide Corporation. 
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SENIOR SCIENTISTS AND ENGINEERS 

AVCO-PIONEER IN RE- E MTRY-IS EXPLORING 

NEW APPROACHES TO SPACE AND MISSILE TECHNOLOGY 

The Avco Research and Advanced Development Division is 
conducting an extensive program of basic and applied research 

in the physics, chemistry and engineering associated with space 

and missile technology. Supervisory and staff positions are avail
able for creative senior physicists and engineers-both theo
retical and experimental-and for electrical engineers with a 
strong physics background. 

Unusual and (hallenging openings exist in the following fields: 
High-intensity arcs, gaseous discharge phenomena, properties of 

gases at high temperatures, radiation measurements 

High-temperature reflectivity and emissivity measurements 

High-temperature properties of materials 

Infrared 

Terminal ballistics of high-velocity particles 

Chemical physics, spectroscopy, surface physics, hydrodynamics, fluid 
dynamics, free molecule flo.,w studies, upper atmosphere phenomena 

Missile detection and discrimination, advanced missile warfare 

concepts 

Ultra-high-speed electronic and optical instrumentation 

Microwaves, telemetry systems, radar, propagation through ionized 

plasmas, space communication studies 

The division's new snburban location provides an unusually 

attractive working environment outside of metropolitan Boston. 
The large, fully equipped, modern laboratory is in pleasant 
surroundings, yet close to Boston educational institutions and 

cultural events. Publications and professional development are 
encouraged, and the division offers a liberal educational assistance 

program for advanced study. 

Avc:o 
Address all inquirie, 10: 
Dr. R. W. John,ton, 

Scientific and Technical Relation" 

bco Re,eorch and Advanced Development Div., 

201 Lowell Street, Wilmington, Mossochu,e", 

IIesearcn antlltlvancetll/eve/Ol!.ment 
division 
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LEAKS 
can be 

• 

serIOUS 
VEECO Leak Detectors find the leaks 

you can't see ... the tiniest leaks that 

can destroy reliable performance 

in hermetically sealed components

from the smallest relay to the 

largest liquid oxygen tank. 

VEECO Leak Detectors utilize the Helium 

Mass Spectrometer principle 

... the quickest, safest, most sensitive 

way to pinpoint trouble spots. 

From design to operation, VEECO spells 

quality. It is this quality that 

more and more manufacturers and 

laboratories are relying on ... quality 

that can serve your needs, too. 

For more information about how VEECO 
can help improve the reliability of 

your product, write to Dept. S·1068. 

/1L� VEECO 
� VACUUM 

CORP. 

New Hyde Park, Long Island, New York 

HIGH VACUUM & LEAK DETECTION EQUIPMENT 
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THE AUTHORS 
GERALD W. JOHNSON and HAR

OLD BROWN ("Non-Military Uses of 
Nuclear Explosives") are physicists at 
the University of California's Radiation 
Laboratory in Livermore, Calif. Johnson 
comes from Spangle, Wash., and studied 
physics at Washington State College. 
During World War II he worked for the 
U. S. Navy on armor and armor-piercing 
projectiles. After receiving a Ph.D. from 
the University of California, he taught 
for two years at Washington State, then 
joined the staff of the Brookhaven Na
tional Laboratory to work on neutron 
physics. Since 1951 Johnson has been 
studying the effects. of nuclear explo
sions, first for the Department of De
fense in Washington, D.C., and more 
recently at Livermore, where he is Test 
Division Leader. Brown, who was an ad
viser at the Geneva discussions on nu
clear-test detection this year, is associate 
director of the Livermore laboratory. A 
graduate of New York's Bronx High 
School of Science and a Columbia Uni
versity Ph.D., he joined the laboratory 
at its founding in 1952. 

S. MERYL ROSE ("Feedback in the 
Differentiation of Cells") says "I became 
an experimental biologist because I hap
pened along at Amherst College when 
three very able biologists-Otto C. 
Glaser, Harold H. Plough and Oscar E. 
Schotte-were making the practice of 
their science seem to several young men 
more desirable than any other way of 
life." Now a professor of zoology at the 
University of Illinois, Rose has taught at 
Amherst, Columbia University (where 
he received his Ph.D. in 1939) and 
Smith College. He is a trustee of the 
Marine Biological Laboratory in Woods 
Hole, Mass., and has spent some 16 
summers there. 

JAMES P. GORDON ("The Maser") 
was associated with C. H. Townes in 
the making of the first maser [see "Atom
ic Clocks," by Harold Lyons; SCIENTIFIC 
AMERICAN, February, 1957]. Gordon, 
then a graduate student under Townes 
at Columbia University, was especially 
concerned with investigating the proper
ties of the ammonia molecule, which was 
the basic amplifying element of the early 
masers. Gordon comes from Scarsdale, 
N.Y., and is a graduate of the Massa
chusetts Institute of Technology. Upon 
receiving his Ph.D. from Columbia in 

1955, he joined the staff of the Bell Tele
phone Laboratories, where he has 
worked on ammonia masers and on ques
tions of physics underlying the operation 
of solid-state masers. 

KONRAD Z. LORENZ ("The Evolu
tion of Behavior") is perhaps best known 
in the U. S. as the author of two enter
taining works on animal psychology: 
King Solomon's Ring and Man Meets 
Dog. Born in Vienna, he is a son of Adolf 
Lorenz, a well-known orthopedic sur
geon. Lorenz followed in his father's 
footsteps by acquiring an M.D. degree 
from the University of Vienna. In 1928 
he became an assistant in the Univer
sity's anatomical institute and four years 
later acquired a second doctorate, this 
time in zoology. After several years as 
lecturer in comparative anatomy and 
animal behavior, Lorenz left Vienna in 
1950 to head the department of psychol
ogy at the University of Konigsberg. He 
now serves on the scientific council of 
the Max Planck Society for the Advance
ment of Science and is vice-director of 
the Max Planck Institute of Comparative 
Ethology. 

RICHARD D. KEYNES ("The Nerve 
Impulse and the Squid") is a physiolo
gist at the University of Cambridge, 
where his undergraduate career was in
terrupted by five years of wartime radar 
research for the British Admiralty. Re
turning to Cambridge to take his A.B. 
and Ph.D. degrees, he became a fellow 
of Trinity College and entered on a long 
collaboration with his fellow physiologist 
(and radar expert) A. L. Hodgkin. 

Keynes is now a university lecturer and 
fellow of Peterhouse College. He is mar
ried to a daughter of Lord Adrian, the 
noted Cambridge physiologist. Keynes 
himself comes from one of England's 
most distinguished scientific families. 
His father is Sir Geoffrey Keynes, sur
geon and bibliographer of John Donne, 
Jane Austen and William Harvey. The 
economist John Maynard Keynes was his 
uncle, and (on his mother's side) he is a 
great-grandson of Charles Darwin. 

BRIAN HOCKING ("Insect Flight") 
is professor of entomology at the Univer
sity of Alberta. Born in England, he was 
trained at Christ's Hospital (the "Blue 
Coat School") and the University of 
London, where he studied natural sci
ences-especially entomology-and won 
the Murchison Medal for geology. Up
on graduating in 1937, he married, took 
a two-week training course at the British 
Cast Iron Research Association and be-

© 1958 SCIENTIFIC AMERICAN, INC



You May Profit 
From This Book 

if you are concerned with 

processing that involves tem-

peratures ranging upwards 

to 4000°. 

� '
f 

. 
, your progress In 

processing depends upon 

materials of high purity. 

� jf jt would help you to 

obtain a modern material 

with unusual electrical 

characteristics. 

Here is a valuable reference book that tells you all about the 
chemical and physical characteristics of such materials as 
CRYSTOLON* Silicon Carbide, ALUNDUM* Aluminum Oxide, 
MAGNORITE* Magnesium Oxide, Fused Zirconia and Boron 
Carbide. 

Describing how these electrochemically refined materials 
react under varying conditions, this book gives you plenty of 
facts on materials that are helping to solve processing 
problems. 

Get this useful helt) towards solving )'OU1' own processing prob
lems. 'Vrite today for your free copy of "Norton Refractory 
Grain." NORTON COMPANY, Refractories Division, 552 New 
Bond Street, Worcester 6, Mass. 

*Trade�Marks Reg. U. S. Pot. Off. and Foreign Countries 

Refractory 
Grain 

(NORTON' 
REFRACTORI ES 

Engineered . . . 1{. . . . Prescribed 

alakinf{ 6effer pror/ucf5 ••• 

to make your proriucf5 6e/fer 

NORTON PRODUCTS, Abrasives • Grinding 
Wheels • Grinding Machines • Refractories 

BEHR·MANNING PRODUCTS, Coaled Abrasives 
Shorpening Slones • Behr·cal Tapes 
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'You :find a -vv-hole -vv-orld 

-vv-i th -vv-ide ne-vv- dir.nensions . 

AS AN R.CA TUBE ENGINEER. 

Compact UHF beam power tubes to Super-Power types with 
unprecedented output levels ... RCA engineers look ahead and 
work ahead from these electron tubes of today to the vastly 
more demanding specifications of tomorrow's equipment. Your 
part in RCA design, development and application engineering 
promises highest interest, satisfaction, rewards! 

Electrical Engineers-For Design, Development, and Applica
tion of electron tubes. Special emphasis on circuitry, tube 
fabrication processes and equipment development. B.S., M.S. 
or Ph.D. degree. 

Physicists-Specialists in fields of solid-state (high-temperature 
phenomena, photosensitive materials, glass technology) , instru
mental analysis, radioactive tracing techniques and electron 
optics. B.S., M.S. or Ph.D. degree. 

Good to Live, Good to Work in Lancaster-Two hours from 
Philadelphia, active and growing Lancaster has all cultural 
advantages of a college town. Many factors contribute to the 
professional atmosphere of RCA's modem plant ... where you 
also enjoy planned advancement, liberal benefits, tuition refunds 
for advanced study. RCA pays interview and relocation expenses. 

To arrange confidential interview, contact: Mr. E. F. Stevens, 
Manager, Employment, Radio Corporation of America, 
New Holland Pike, Lancaster, Penna., Attention Dept. G13M. 
Or phone: EXpress 3-3661. 

_.-----------------------------------------------------------.... 
Tomorrow is here today 

at RCA G. "AD'O .0""0"ArlOII 0' AM.,,'.A 

� &:  ELECTRON TUBE DIVISION PLANT 

� GIl LANCASTER, PA. 

came a ferrous metallurgist in India. 
Hocking spent some of the war years 
there as a science teacher. Later, as a 
major in the Indian Army, he tried to 
organize systematic insect control to 
protect Allied stores throughout the 
Southeast Asia Command. At the end of 
the war he fixed upon western Canada 
as the best possible place to bring up his 
three children. He jOined the entomology 
department at Alberta and, excepting 
time out for a University of London 
Ph.D., he has been there ever since. 

DAVID HAWKINS ("Mathematical 
Sieves") says that the "unifying thread, 
if there is one," of his diversified career 
is "an interest in applied mathematics 
and scientific methodology." Hawkins 
graduated fron� Stanford University and 
received his Ph.D. from the University 
of California in 1940. "In college I was 
a chemist who drifted through mathe
matics to philosophy," he says. "My real 
concern with mathematics started when 
I was a graduate student in philosophy 
and was working on the theory of prob
ability and its foundations. After get
ting my degree I taught briefly at Stan
ford and Berkeley and then in 1943 went 
to Los Alamos. There I was a minor ad
ministrative figure until early 1945 when 
I was given the job of project historian." 

SANFORD ROSENTHAL ("Wound 
Shock") has for 30 years headed the 
laboratory of pharmacology in the Na
tional Institute of Arthritis and Meta
bolic Diseases. A native of Georgia, he 
acquired an M.D. in 1920 from Vander
bilt University, then interned at Boston 
City Hospital and was a National Re
search Fellow at Johns Hopkins Uni
versity. Rosenthal taught at McGill Uni
versity from 1924 to 1928. 

ROBERT R. WILSON, who reviews 
Robert Jungk's Brighter than a Thou
sand SUI1S in this issue, is currently work
ing for the General Atomic Corporation 
in San Diego, Calif., on leave of absence 
from Cornell University, where he is 
professor of physics and director of the 
Laboratory for Nuclear Studies. In re
viewing Jungk's book on the history of 
the atomic scientists, Wilson-like 
Aeneas-speaks of "deeds mine eyes have 
beheld, and whereof I was no small 
part": he headed the Experimental Nu
clear Physics Division at Los Alamos 
and was chief administrator of the war
time community. A fuller account of his 
career may be found in the March issue 
of SCIENTIFIC AMERICAN, in connection 
with his article "Particle Accelerators." 
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Symbolized here is the uncontrolled (rnulti·point and premature) surface ignition on hot engine deposits 
that results in abnormal pressure rise and engine noise in some high-compression automobile engines. Driving 
conditions breed a problem too. Start-and-stop driving that builds excessive deposits is prime offender. 

ATTACK ON A NEW KI N D OF ENGINE KNOCK ... 
Celanese compounds modify engine deposits, improve combustion, reduce noise 

Two great industries face a real problem in uncontrolled combus. 
tion-which results in a rumbling vibration in the higher compres· 
sion engines of some of to day's automobiles. This new kind of engine 

knock not only disturbs car owners - it puts limits on compression 
ratios, gasoline composition, and potential engine efficiency. 

Among fuel additives researched to combat abnormal combustion, 
only the organo·phosphorus compounds have been able to help; they 
modify the composition of hot engine deposits, thus control surface 

ignition, and reduce excessive pressure and engine "screaming." 

Basic reasons . . . . . . . . . . . •  

AcidS Functional Fluids Polyols 

Alcohols Gasoline Additives Plasticizers 

Aldehydes Glycols Salts 

Anhydrides Ketones Solvents 

Esters Oxides Vinyl Monomers 

Export Sales: Amcel Co., Inc., and Pan Amcel Co. Inc., 180 Madison Avenue, New York 16, N. Y. 

Since the first phosphorus additives were introduced into motor 
fuels a few years ago, Celanese has been a leading supplier to a 

growing number of gasoline refiners. And indeed, phosphates
which we have been producing for 35 years-are only one member of 
a huge family of Celanese chemicals basic not only to the automotive 
and petroleum industries but to scores of others as welL 

Whatever you produce, whatever your problem, perhaps there is 
some way in which we can serve you, too. Celanese Corporation of 
America, Chemical Division, Dept. 582·L, 180 Madison Ave., N.Y.16. 

• 

Celanese@ 

• . • • . • . .  for improved products 
Agricultural 

Automotive 

Aviation 

Building 

Electrical 

Paper 

Pharmaceutical 

Plastics 

Surface coating 

Textiles 

Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, VancouvE'r 
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HOW TO REDUCE ELECTRICAL CONDUCTIVITV 

WITH ELECTRONIANGANESE® 

Adding pure electrolytic manganese to aluminum, 

copper, nickel, and their alloys is one of the most 

effective methods of lowering their electrical con

ductivity. Aluminum alloys, for example, containing 

as little as 7% manganese have been used in appli

cations (such as induction motor rotors) where 

comparatively high resistivity is desired. 

Certain copper-manganese-nickel alloys have the 

lowest electrical conductivity of any commercial 

resistance alloys. Their electrical resistivity, which 

is largely a function of the manganese content, 

approaches 200 microhm-centimeters ... the lowest 

conductivity ever recorded for a ductile material! 

Electromanganese is well established as the stand

ard base material for these and other precision 

FOOTE 

resistance alloys. Its purity- 9 9.9+%-permits 

greater control over the manufacturing processes 

... enables manufacturers to duplicate critical re

sistance standards. 

In many applications throughout industry, Elec

tromanganese-Foote's electrolytic manganese

has asserted itself as a metal to reckon with. Its 

versatility and vast potential have captured the 

imagination of all who come to know its many and 

unique properties. For a complete introduction to 

the industrial applications of Electromanganese, 

write for Bulletin 201. Address letterhead request 

to Technical Literature Department, Foote Mineral 

Company, 454 Eighteen W. Chelten Building, 

Philadelphia 44, Pennsylvania. 

MIN E RAL COMPAN Y 

Electrolytic Manganese Metal • Nitrelmang • Hydrogen·Removed Electromanganese • Rimel Manganese Sulphide • Welding Grade 

Ferro Alloys • Commercial Minerals and Ores • Lithium Metal, Chemicals, Minerals • Zirconium, Titanium. Hafnium (Iodide Process) 
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Focalized Facilities 
FOR MAJOR WEAPONS SYSTEMS 

• RESEARCH • DEVELOPMENT • MANAGEMENT 

Providing a new systems approach that follows through 
from initial plan to final production, the Bendix Sys
tems Division serves as the focal point for the twenty
five strategically located divisions that constitute the 
Bendix Aviation Corporation. The new building, de
signed for engineering and managing of major weapons 
systems, is adjacent to the Graduate Engineering 
School of the University of Michigan in Ann Arbor. 

This structure and its additions will accommodate a 
staff of 1,000 including engineers and scientists who 

will explore new concepts in communications, guidance 
and control, infrared, data processing, aerodynamics 
and propulsion, radar, acoustics, and countermeasures. 

Weapons systems now being developed by this 
Bendix division include air defense network improve
ments, global weather reconnaissance, special radar 
applications for detecting ballistic missiles and low
flying aircraft, underwater surveillance, mission and 
traffic control, and a supersonic aerial target system for 
testing operational capabilities of the latest weapons. 

Bendix Systems Division �nc(Y-
ANN ARBOR, MICHIGAN AVIATION CORPORATION 
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Karl Pearson ... on D1ystery versus ignorance 

"Does science leave no mystery? On the contrary. 

it proclaims mystery where others profess knowl

edge. There is mystery enough in the universe 

of sensation and in its capacity for containing 

those little corners of consciousness which project 

their own products. of order and law and reason, 

into an unknown and unknowable world. There 

is mystery enough here. only let us clearlydistin

guish it from ignorance within the field of possible 

knowledge. The one is impenetrable. the other 

we are daily subduing." 

_Grammar of Science, 1892 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
A nonprofit organization engaged in research on problems related to national security and the public interest 
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Non - Military Uses 
of Nuclear Explosives 

Research under the Plowshare program, seeks constructive use for 

nuclear detonations. Underground explosions may be used for power 

production and mining; surface explosions may excavate harbors 

by Gerald W. Johnson and Harold Brown 

The nuclear reactor has become a 
symbol of the constructive uses of 
atomic energy; the nuclear bomb, 

a symbol of destruction. What peaceful 
end could ever be served by a nuclear 
explosion? In answering this question; 
let us reflect a moment on the precedent 
of an earlier expansion in the violence 
of explosives available to man's use. The 
fixation of atmospheric nitrogen, at the 
turn of the century, made possible the 
unlimited manufacture of chemical ex
plosives for two world wars. But the fix
ation of nitrogen also relieved mankind 
of the prospect of nitrogen starvation. 
Synthetic fertilizers were regarded as 
the "good" side of this advance in sci
ence and technology; explosives, as the 
"bad." Yet it is not hard to think of peace
ful and constructive uses for chemical 
explosives. In fact, the tonnage of these 
explosives consumed in mining and 
heavy construction now aggregates more 
than has ever been used for military 
purposes. Is it really impossible to con
ceive of such constructive uses for nu
clear explosives? 

Engineers have been setting ever larg
er charges of dynamite in recent years to 
accomplish more daring objectives more 
quickly and cheaply. The biggest so far 
on record is the 1,300-ton charge det
onated last year in the Ripple Rock 
explosion, which removed a large, dan
gerous rock from an inland waterway 
near Vancouver, B.C. It is reported that 

the Chinese have used up to 10,000 tons 
in a single explosion for mining purposes. 
The biggest chemical explosions begin 
to approach the minimal nuclear explo
sion. With thermonuclear explosives we 
can think of undertaking projects 100 to 
1,000 times larger than engineers have 
contemplated in the past. Indeed, the 
Soviet press has reported that nuclear 
explosions have been employed to "move 
mountains" in that country; no technical 
accounts, however, have been published 
to substantiate these claims. 

In the U. S. the constructive uses of 
nuclear explosions are being actively 
explored, under the Plowshare program 
of the Atomic Energy Commission, by 
our group at the Livermore branch of 
the University of California Radiation 
Laboratory. In September, 1957, the 
detonation of a nuclear charge equiva
lent to 1,700 tons of TNT under a mesa 
in Nevada (Operation Rainier) demon
strated that a nuclear explosion could be 
successfully contained underground. 
Since then drilling and tunneling of the 
site has given us solid evidence to sup
port our expectations of the constructive 
possibilities of such an explosion. The 
most recent series of nuclear weapons 
tests in Nevada, ending on the eve of the 
Geneva negotiations that look to the 
cessation of tests, included five under
ground shots in the energy-release range 
from 100 to 20,000 tons. The evaluation 
of these explosions promises to broaden 

the foundation for proceeding next to 
underground nuclear explosions de
signed for specific engineering purposes. 
In addition, the Plowshare program has 
been exploring the feasibility of large
scale excavation by surface and shallow
ly buried explosions. On the remote 
northwest coast of Alaska, if all goes 
well, nuclear explosives will excavate a 
new harbor by way of demonstration and 
experiment sometime in 1960. It is not 
too much to say that we are on the verge 
of a new period of "geographical engi
neering." 

In defining the U. S. position on the 
discussion at Geneva, President Eisen
hower proposed that the Plowshare ex
periments be exempted from any agree
ment to suspend the testing of nuclear 
weapons. These experiments, it has been 
announced, will be open to observation 
by invited representatives of other na
tions and their results will be fully dis
closed through the scientific press. 

T 
he reconstructed history of the Rai-
nier explosion provides a vivid pic

ture of what happens when the enormous 
energy of a nuclear explosive is con
tained within the earth. The charge was 
placed in a small chamber at the end of 
a 1,600-foot tunnel which spiraled in on 
its objective in a manner such that the 
upheaval of the explosion would seal it 
off. In its first instants the explosion 
melted and vaporized some 700 tons of 
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rock. The small chamber inflated to a 
hollow cavity llO feet in diameter en
closed in a four-inch-thick shell of lique
fied rock, which dripped from the ceiling 
in stalactites and condensed in glassy 
"raindrops" as it fell. The peak pressure 
of six million atmospheres developed in 
the cavity is indicated by the compres
sion of this shell; samples of the fused 
rock expanded many times in volume 
when heated in the laboratory. As an 
assurance of the safety of future under
ground explosions, it was found that al
most all of the radioactivity was concen
hoated in this hard, insoluble material. 
About one minute after the explosion 
the ceiling of the cavity collapsed under 
the burden of the tons of crushed and 
broken rock above it; successive caving 
produced a "chimney" which ran up
ward several hundred feet through the 
rock toward the top of the mesa. The 
shock of the detonation and the collapse 
of the shell together produced a large 
permeable region comprising at least 
200,000 tons of material. Calculations 
based upon cores and tunnels drilled in
to the site show that about 50 per cent 
of the total energy of the explosion was 
transferred in heat to the surroundings. 
The large volume of water, trapped in 
the porous volcanic rock, quickly redis
tributed the heat to the masses of cold 
rubble surrounding the cavity, and the 
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UNDERGROUND NUCLEAR EXPLOSION under a Nevada mesa (Operation Rainier) 

is shown in three stages. In its first instants (left) the explosion melted some 700 tons of 

tremendous initial temperatures were 
reduced to the boiling point of water. 

T he first industrial possibility suggest
ed by this experiment is that of elec

trical power production. On preliminary 
calculation, the economics of this route 

to nuclear power is so attractive that a 
number of large power companies are 
conducting studies along with our own. 
For maximum yield, the energy of the 
explosion must be trapped at the highest 
possible temperature. In the Rainier ex
plosion at least half of the energy was 

POSSIBLE INDUSTRIAL APPLICATIONS of nuclear explosions 

are illustrated. The heat of the explosion, trapped underground, 

may be converted to electricity by percolating a heat·transfer agent 

through the shattered rock (left). To extract minerals a leaching 
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roek and compressed it in a four·ineh shell enclosing a cavity II 0 
feet in diameter. After one minute (center), the roof of the cavity 

caved in under the burden of frarlllred roele The cave·in then 

continued (right), running a '·chitl1llcy·' upward in the formation. 

released as heat at an initially high tem
perature, but the energy was quickly dis
sipated to the rubble of the collapsing 
cavity by the large quantity of water in 
in the rock. ';Yorkers in the field have 
proposed numerous ways to avoid this 
rapid heat dissipation. One calls for the 

construction of a cavern (or the location 
of a suitable natural cavern) that would 
survive the explosion. The cavern would 
have to be large enough to permit at
tenuation of the shock wave of the ex
plosion before it strikes the walls. High
pressure steam or other gas, contained in 

the cavern, would be heated directly by 
passage of the shock. The shock wave of 
a 100-kiloton explosion in a chamber 
with a radius of 1,000 feet would exert 
an initial pressure of 600 pounds per 
square inch at the wall; this would be 
multiplied at least twice upon reflection 

agent may be percolated through a shattered ore bed (second from 

left). An explosion in an oil·shale bed may shatter the shale for 

retorting (third from left). An explosion nearer the surface 

(jollrth) mny Cl'ente a huge undergroundwater·storage reservoir. 
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NUCLEAR EXPLOSION ON DRY LAND produced a crater of this 

proportion. The one-kiloton bomb was buried at a depth of about 

50 feet. It blasted a crater some 300 feet in diameter and some 

90 feet deep. The crater was partly filled in with its own debris. 

to something more than 1,200 pounds 
per square inch. To contain this pressure 
an above-ground chamber would have to 
be built with walls of high-strength steel, 
12 inches or more thick, and would 
weigh several million tons. Whether such 
a container could be built to withstand a 
multitude of explosions in series is dubi
ous. For economic reasons alone it would 
be better to attempt its construction deep 
underground. 

A simpler alternative is to return to 
the Rainier model and try to trap the 
heat in a natural formation underground. 
What is needed is an essentially water
less formation, such as a salt dome. In 
fact, it is now planned to set off the first 
Plowshare explosion in a thick salt-bed 
near Carlsbad, N.M. Each kiloton of en
ergy released will raise 3,000 tons of 
salt to a temperature of 1,500 degrees 
Fahrenheit, thus melting it. A megaton 
device will therefore yield three million 
tons of melted salt, a mass of material 
600 feet in diameter. The heat from such 
a thermal reservoir can be recovered by 
pumping a heat-transfer fluid, such as 
water or carbon dioxide gas, through the 
salt and thence to a turbine or other ener
gy converter [see illustration on page 
30]. In a limestone or dolomite forma
tion, a nuclear explosion would evolve 
huge quantities of carbon dioxide gas 
from the rock itself. This gas can serve 
directly as a heat-transfer agent, and ad
ditional energy can be recovered from 
the calcium oxide residue of the rock by 
treating it with water. 

Existing power plants which exploit 
natural underground heat provide am
ple precedent for this approach to elec-
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trical power production. The world's 
largest natural steam-power plant at 
Larderello, Italy, has been generating 
electricity from a volcanic heat-source 
since 1904; it produces 5 per cent of 
the country's power, and its 150,000-
kilowatt capacity is now being doubled. 
In New Zealand a natural heat source 
is being opened up in the volcanic 
Wairakei region to produce power and 
direct boiler heat for pulp and paper pro
duction. The operating and engineering 
experience at these sites will contribute 
heavily to the technology of power gen
eration by nuclear explosions. For one 
thing, they establish the impressive cost 
figurl( of .47 cent per kilowatt hour. This 
compares to .88 for gas or coal plants 
and .27 for hydroelectric stations in New 
Zealand. Since geothermal costs are all 
for plant and operations and include no 
fuel charges, it is clear that in calculating 
the economics of power from a thermo
nuclear explosion an extra figure must be 
added for the cost of explosives. If such 
explosions can be produced at a depth of 
3,000 feet, which would probably be 
sufficient for containment, at a cost of $1 
million, then the thermonuclear fuel cost 
would be .1 cent per kilowatt hour, re
sulting in a total cost of .57 cent per 
kilowatt hour. 

Thermonuclear explosions might also 
be used to release geothermal energy and 
thereby achieve even more favorable re
sults. From Larderello and Wairakei we 
know that steam plants can be operated 
efficiently at 400 degrees F. Based upon 
the Rainier explosion, a one-megaton 
detonation set off in a formation at this 
temperature and at a depth of 3,000 feet 

to ensure containment would produce 
about 12 million tons of broken rock. By 
percolating a heat-transfer fluid thropgh 
this now-permeable mass of rock and 
converting the extracted heat at the effi
ciency standard of Larderello, a total of 
8,000 million kilowatt hours of electrical 
energy could be derived from one explo
sion. Since the explosion itself contrib
utes a little more than 1,000 million kilo
watt hours to this total, the extraction of 
natural geothermal heat multiplies the 
explosion yield by a factor of eight. At 
the normal geothermal gradient of 100 
degrees F. per mile it would require a 
hole 10 miles deep, about four times the 
feasible drilling depth, to reach 1,000 
degrees. At many sites, however, 1,000 
degrees can be reached at three miles. 
This is fully deep enough to contain a 
30-megaton explosion. The heat reser
voir created by a single such explosion 
would yield 2,400 million million kilo
watt hours of energy, enough to operate 
a 500,000-kilowatt generating station for 
15 years. 

T 
he Rainier experience can be applied 
even more directly to the technology 

of mining, which calls for a completely 
contained underground explosion and 
does not involve the special requirements 
of power production. Nuclear explosion 
provides a new way to extract the wealth 
of ore beds too deep or too poor for 
conventional mining. In a bed of low
grade copper the 200,000 tons of broken 
rock produced by a one-kiloton blast can 
be multiplied 10 times by preliminary 
tunneling to direct the energy of the ex
plosion. The percolation of acidified wa-
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NUCLEAR EXPLOSION IN SHALLOW WATER would probably 

dig a wider and shallower crater. Among other things, the action 

of the water would later cause material around the crater to slump 

into it. Such a crater may be dug to make a harbor in Alaska in 1960. 

ter through the ore bed would then bring 
the copper to the surface in solution. 

Nuclear explosions may be similarly 
employed to get at the huge reserves of 
petroleum in the Canadian tar sands and 
Colorado shales which presently lie be
yond the reach of economical extraction. 
At only 15 per cent recovery, each 100-
foot depth of the tar sands along the 
Athabaska River would yield 100 million 
barrels of oil per square mile. The oil is 
released when the tar sand is heated to 
only 200 degrees F. By firing directly in 
the sand or beneath it a fluid oil-field 
might be produced. We understand that 
the Canadian Government is planning to 
investigate this possibility. The oil shales 
present a more difficult problem, because 
the release of the oil requires a tempera
ture of 750 degrees. The oil might be 
brought to the surface by controlled 
burning of the shale in the region shat
tered by the explosion. A megaton ex
plosion at a depth of 3,000 feet could be 
expected to release directly about a mil
lion barrels of petroleum products and to 
produce, in addition, some 50 million 
tons of broken shale. Retorting of this 
mass of broken shale in place might re
lease an additional 25 million barrels of 
petroleum products. It may also be that 
the yield of gas and petroleum from cer
tain formations can be improved by 
judicious use of nuclear explosives. 

An entirely new possibility is the crea
tion of underground reservoirs and aqui
fers for storage of water, for flood con
trol and for recharging water-bearing 
strata. The explosion would be set off in 
a natural drainage-basin at such a depth 
that the progressive cave-in of the initial 

cavity would proceed completely to the 
surface. In a dry river bed in a desert 
area such a storage chamber would be 
filled during spring or storm runoff. With 
the water stored underground, evapora
tion losses would be reduced essentially 
to zero. Calculation shows that a 100-
kiloton explosion would yield a storage 
capacity of 12,000 million gallons. An
other use for nuclear explOSions might be 
the conversion of fresh water from sea 
water in the heat reservoir of a deep 
underground explosion. 

A ll these ideas, of course, depend upon 
.t\. the reduction of residual radioactiv
ity to a.cceptable levels. In silicate rocks, 
as at the Rainier site, the radioactivity is 
almost entirely trapped in the rock melt
ed in the first phase of the explosion. This 
material is highly refractory and insolu
ble and so should keep the residual ac
tivity from contaminating water, oil or 
leaching agents. At the same time the 
glassy radioactive rock may itself prove 
to be a valuable by-product. Enormous 
numbers of neutrons are produced in a 
thermonuclear explosion; by capturing 
these neutrons in suitable materials, 
buried with the explosive, specific iso
topes could be produced in large quan
tities. The Rainier explosion is also 
pertinent here. Six months after the deto
nation a tunnel was driven to the edge of 
the radioactive sphere, and the radio
active glass was mined by hand. With 
rather primitive methods of shielding, 
using the tunnel material itself, all of 
the 700 tons of material might be mined. 

Perhaps the most obvious construc
tive application of thermonuclear explo-

sions is in earth-moving, that is, the pro
duction of craters to be used as harbors, 
canals or reservoirs. Surface explosions 
for these desirable ends, however, would 
have as undesirable side effects all the 
d�structive consequences that make nu
clear bombs such formidable weapons. 
As everyone knows by now, these com
prise the incendiary effects of the fire
ball; the so-called "prompt" radiation at 
the instant of explosion, composed pri
marily of neutrons and gamma rays; the 
residual radiation due to fallout of fis
sion products and radioactive isotopes 
produced by neutron capture in the sur
rounding soil, and the air-blast and 
ground-shock effects. None of these ef
fects, of course, is essential to the ob
jective of producing a crater. We are 
confident, however, that approprhite 
precautions in a given project can reduce 
each of them to acceptable levels. Sur
face and shallowly buried detonations in 
the kiloton range have been observed in 
lightly cemented, dry sand and gravel at 
the Nevada weapons-testing site. Several 
megaton shots have been fired on the 
surface of coral atolls at Eniwetok. These 
observations, extended by our much 
longer experience with chemical explo
sives, should help to minimize the unde
sirable effect of surface explosions. 

To gauge the excavating power of nu
clear explosives we have the data on a 
one-kiloton shot fired at a depth of ap
proximately 50 feet in Nevada. This ex
plosion removed 100,000 cubic yards of 
material, leaving a crater about 300 feet 
in diameter and 90 feet in depth. In 
general, the dimensions of the crater in
crease as the cube root of the power of 
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the explosive. An explosion in a dry for
mation will produce a crater with a pro
file as shown in the illustration on page 
32; in a wet formation the crater will 
have a shallower profile as shown in the 
illustration on page 33. At a burial depth 
of only 15 feet a one-kiloton explosive 
produced no incendiary effects beyond 
the rim of the crater. Significantly it left 
a crater with a diameter only 20 per cent 
less than that attained with a 50-foot 
burial depth. This result is helpful to the 
economics of nuclear excavation. Since 
the cost of burial is a large fraction of 

total cost, it is well that the effect of the 
fireball is suppressed by shallow burial. 

I 
et us now apply these data to the con-
--' struction of, say, a harbor for ocean

going vessels. Calculation shows that 
four 100-kiloton detonations fired at a 
depth of 50 feet would produce a chan
nell,200 feet wide and 5,000 feet long. 
A one-megaton shot fired at a depth of 
150 feet at the inland end of the chain 
would evacuate a turning basin 3,000 
feet in diameter. Granting that costs of 
construction are difficult to estimate, this 

calculation provides an instructive com
parison of nuclear and conventional 
earth-mOVing. Our harbor requires the 
excavation of 28 million cubic yards. At 
a low estimate of $2 per cubic yard, this 
gives a conventional earth-moving cost 
of $56 million. With thermonuclear ex
plosives the cost might be as little as 
$5 million. 

The burial depths that produce effi
cient cratering and minimize incendiary 
side-effects also remove "prompt" radia
tion hazards. These are reduced to ac
ceptable levels by only a few feet of soil 

""1<'------------260 fEET------------->-3>I1 

SITE OF RAINIER EXPLOSION was prepared by way of a tunnel 

designed to collapse during the explosion along the shaded stretch 
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shown in this diagram. An exploratory tunnel driven below it has 

reached the zone of radioactive fused rock (black semicircle). 
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or water and bv the fact that the blast 
and fall-out effects require observers to 
stand back at a distance at which the 
atmosphere fully attenuates the neutron 
and gamma-ray output. The radius at 
which air blast and ground shock will 
cause damage and public annoyance can 
be estimated in advance. Beyond 30 
miles the earth-shaking effects of a meg
aton explosion would be of interest only 
to seismologists with their sensitive in
struments. Air-blast effects are more dif
ficult to predict; the shock waves may 
be focused in the atmosphere by wind 

FEET 

and temperature gradients. The princi
pal long-range nuisance of air blast is the 
breakage of windows. For a megaton ex
plosion, the radius of window breaking 
is not much less than 30 miles even un
der the best meteorological conditions. 
Prohibitively large depths of burial 
would be required to produce a signifi
cant reduction of this nuisance. 

Radioactive fall-out and the secondary 
radioactivity induced in the surrounding 
terrain by neutron radiation present the 
major safety problems. These hazards 
can be reduced by the use of thermonu-
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clear explosives. Because thev depend on 
fusion rather than fission, they produce 
less faJl-out in ratio to yield. Their 
heavy neutron output can be reduced by 
surrounding the explosive with a neu
tron-absorbing blanket. Even with these 
measures there will be some local radio
activity. In each situation a careful study 
must be made of the effects on agricul
ture, fish and game, and on water sup
plies, to be sure that no continuing haz
ard is created. Based on experience to 
date, it seems clear that these effects can 
be restricted to acceptable magnitudes. 
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DISTRIBUTION OF TEMPERATURE at the site of the Rainier 

explosion after four months is shown in cross section. The tempera· 
ture rose above the 17 degrees C. ambient temperature about 160 
Ieet from ground zero and reached 80 degrees in explosion site. 
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Feedback 
in the Differentiation of Cells 

What 7nakes the unspecialized cells of an e7nbryo differentiate to 

specialized cells? One view is that the products of the chemical 

activity of the organism are fed back to control its develop7nent 

W
hen the egg cell of an animal 
is fertilized, it divides into two 
cells, which in turn cleave into 

four cells, then eight cells, and so on. 
At this pre-embryonic stage the multi
plying cells appear to be identical, but 
in the embryo they begin clearly to dif
ferentiate. In the fullness of the develop
mental process they multiply into the 
cells of the heart, the brain, the eye, the 
skin-into all the exquisitely specialized 
tissues and structures of the adult or
ganism. 

What makes the cells differentiate? 

This fundamental question is beginning 
to yield to the efforts of modern biolo
gists. We are now fairly sure that all the 
information needed to make an organ
ism is contained in the nucleic acids of 
the fertilized egg-cell. It would appear 
that the giant nucleic acid molecules are 
blueprints for the manufacture of pro
tein m�lecules, which include the en
zymes that catalyze the multifarious 
chemical reactions of living matter. 
When the fertilized egg-cell divides, it 
distributes a complete file of blueprints 
to each of its daughter cells, which in 
turn bequeath an identical file to each of 
their descendants. In the process of dif
ferentiation, however, cells in different 
parts of the pre-embryo begin to act on 
different blueprints. 

The problem of differentiation can 
thus be stated: What makes cells in dif
ferent parts of a developing organism 
use different blueprints? One can think 
of at least two answers. The first, which 
many biologists have favored, is that cer
tain cells distribute various blueprints to 
other cells. The second is that the cells 
receive a different kind of information 
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which causes them to use blueprints of 
their own. As the reader will presently 
learn, we are inclined toward the second 
possibility. 

Even before the egg cell has been fer
tilized, there are subtle differences 
among its parts. The "north pole" of the 
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egg, for example, may contain more of 
a given enzyme than the "south pole." 
In that case the south pole will contain 
more of another substance. The same 
substances are found throughout the 
egg, but their proportions vary. 

The same is true of the dividing cells 

DOUBLE HYDRA formed when tissue from the head of one hydra (top left) was trans

planted to the trunk of another hydra (bottom left) by Ethel Browne Harvey. Graft tissue 

induced trunk cells to change into head tissue and finally give rise to a whole new hydra. 
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of the pre-embryo, as we have learned 
from the microsurgical experiments of 
the Swedish embryologist Sven Hbrsta
dius. He was able to dissect the tiny pre
embryo of the sea urchin into three 
groups of cells: a north polar group, a 
south polar group and an equatorial 
group. Of the three groups only one
the equatorial group-subsequently ma
tured into a complete sea urchin; the 
north and south polar groups lived for a 
few days but never really developed. 
One might easily jump to the conclusion 
that the equatorial group of cells con
tains all the substances needed to make 
a sea urchin, and that the polar groups 
do not. This would be wrong. If the dis
sected polar groups are placed in con
tact, they too give rise to a normal sea 
urchin. The experiment tells us that for 
a complete sea urchin to develop there 
must be a balance of the differences be
tween the two poles of its pre-embryo. 
The equatorial cells alone, or the north 
and south polar cells together, are bal
anced; the north or south polar cells 
alone are not. 

The importance of polar balance in 
animals more complex than the sea 
urchin has recently been demonstrated 
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by Mabel Paterson, formerly of the Uni
versity of Illinois and now at Vassar 
College. By dissecting the pre-embryo of 
the frog she showed that here too the 
equatorial cells can give rise to a com
plete animal. It has not been possible to 
combine the two polar groups so that 
they stay together, but the necessity of 
polar balance has been demonstrated in 
another way. When the equatorial group 
of cells is combined with the north polar 
group, development stops: the added 
polar cells have upset the balance. 

The experiments of Hbrstadius and 
Paterson substantiate the idea that each 
cell of the pre-embryo has been dealt a 
complete file of blueprints. Any part of 
the pre-embryo is expendable; whatever 
remains has all the blueprints and will 
use the appropriate ones if the polar bal
ance has not been upset too much. This 
still does not tell us, however, how the 
differentiating cells know what blue
prints to follow. 

I ronically this problem was long ob-
. scured by two great biological experi

ments. The first was done by Ethel 
Browne Harvey, now at Princeton Uni
versity but then of Bryn Mawr College. 

She worked with Hydra, the small fresh
water animal which consists of a worm
like trunk and a tentacled head. When 
she transplanted a bit of Hydra head to 
the trunk of another Hydra, the head 
tissue induced the trunk to grow an extra 
head and trunk [see illustration on oppo
site page J. The second experiment was 
performed by Hans Spemann of Ger
many with the pre-embryo of the sala
mander. When he transplanted a partic
ular bit of one pre-embryo to another, the 
second pre-embryo grew into two em
bryos, one of which developed around 
the graft. The bit of tissue which induced 
the surrounding cells to form a second 
embryo was named the "organizer." 

Out of these experiments came a hy
pothesis which was to dominate embry
ological research for three decades. It 
was assumed that the organizer released 
chemical substances which were called 
inductors. It was further assumed that 
the inductors were incorporated into 
cells around the organizer, and that they 
directed the cells to form a particular 
tissue or structure. This was an

' 
appeal

ing concept, but it no longer fits the ex
perimental facts. 

The first really incompatible fact was 

DOUBLE SALAMANDER EMBRYO was produced by Hans 

Spemann of Germany, who transplanted tissue from the pore of a 

salamander pre-embryo (top left) to another part of a second pre-

embryo (bottom left). The graft tissue formed part of the extra 

skeleton, and induced cells from the host to make up the rest of the 

embryo. Spemann concluded pore tissue acts as an "organizer." 
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adduced by Oscar Schotte, now at Am
herst College but then working in Spe
mann's laboratory. From the pre-embryo 
of the frog Schotte took a bit of tissue 
which was destined to become belly 

A skin. This he transplanted to the mouth 
region of a salamander embryo. The 
transplanted tissue became mouth tis
sue, but not salamander-mouth tissue. It 
was frog-mouth tissue! Now if the sala
mander organizer had distributed sala
mander-mouth blueprints to the frog 

B 

cells, the frog cells would have become 
salamander-mouth tissue. The fact that 
the frog cells became frog-mouth tissue 
strongly suggests that they were acting 
on blueprints of their own, and not on 
blueprints from the organizer of the 
salamander. 

The organizer-inductor hypothesis has 
another weakness. Many plants and ani
mals are able to regenerate a substantial 
part of themselves which has been lost. 
When part of such an organism is ampu
tated, a bud of undifferentiated cells 
forms at the surface of the wound. If in
ductors were involved in regeneration, 
one would expect that they would first 
reach the undifferentiated cells nearest 
the wound surface, and that the ampu
tated part would be reconstructed from 
the wound outward. This, however, is 
surely not the rule. As the bud grows, 
new tissues differentiate first in the re-
gion farthest removed from the site of 
the wound. 

A case in point is the regeneration of 
the marine worm Sabella, studied by 
N. J. Berrill of McGill University. Sabel
la consists of a head, a thorax and an 
abdomen [see illustration on page 40]. 
If the head, the thorax and the front 
part of the abdomen are removed, will 
the remaining piece of abdomen first're
generate the rest of the abdomen, then 
the thorax and finally the head? No. First 
a bud of tissue forms at the front end of 
the incomplete abdomen. The bud de
velops into a new head. Then the old 
abdominal tissue behind the head is 
transformed into thorax, and behind the 
thorax new abdominal tissue develops. 

COMPLETE TADPOLES develop from the whole frog pre·embryo (A) 01' from the equa· 

torial third of the pre-embryo (8). But a pre·embryo cut as at C produces only a structure· 

less mass because the proportion of substances, present in complementary amounts at the 

poles, is unbalanced. This experiment was performed by Mabel Paterson of Vassar College. 

Let us now return to one of the orig
inal experiments which suggested the 
organizer-inductor hypothesis. The or
ganizer itself-the bit of pre-embryonic 
tissue which apparently induces the 
other cells of the pre-embryo to differen
tiate-later develops into notochord: the 
backbone of the embryo. When Spe
mann and his collaborator Hilde Man
gold transplanted this pre-notochord tis
sue into a pre-embryonic region which 
was destined to become belly tissue, the 
transplant continued its development 
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TRANSPLANTATION of tissue from frog pre-embryo (lIpper 
left) to mouth area of a young salamander embryo (lower left) pro-

duced an embryo with a horny frog's mouth (center) unlike nOI"
mal soft mouth (lIpper right). Oscar E_ Schotte did this experiment. 

and became notochord. In addition-and 
this is the important observation-the 
cells around the transplant were trans
formed into the back tissues which nor
mally flank the notochord. The host cells 
had already begun to use belly blue
prints, but when a bit of developing back 
was put in their midst, they began to use 
precisely those blueprints needed for the 
completion of back. 

] t is at this pOint that we can ask the 
(1 uestion: Did the host tissues get 

their new blueprints from the trans
planted piece of back, or did they get 
another kind of information from the 
transplant which made them use new 
blueprints of their own? We favor the 
latter explanation because of the Schotte 
experiment. From it we learned that frog 
cells contain various blueprints, and that 
even when these cells are transplanted to 
a salamander they can use blueprints 
appropriate to their location in the em
bryo. It would strain the imagination to 
suppose that the salamander possesses 
frog blueprints which it can distribute to 

the transplanted cells. Indeed, we may 
wonder whether cells ever influence one 
another by transmitting blueprints. 

A few years ago an alternative hy
pothesis was suggested. First we assume 
that each cell in a developing embryo or 
regenerating bud has a complete Rle of 
blueprints. Then we suppose that a given 
cell begins to use a given set of blue
prints-let us stretch our analogy and say 
that the cell follows the blueprints filed 
under A. To put it another way, the blue
prints filed under A direct the cell to 
perform certain chemical reactions. Now 
let us suppose that the products of these 
chemical reactions enter adjacent cells 
and prevent them from using their blue
prints filed under A. The cells have no 
choice but to follow another set of blue
prints, let us say the blueprints filed un
der B. Thus they have differentiated 
from the cell using the blueprints filed 
under A. What is more, the cells using 
the blueprints Rled under B will influ
ence still other cells, causing them to dif
ferentiate by acting on the blueprints 
filed under C. So it would go until all the 

different parts of an organism werc 
brought into being. 

This might be called the feedback 
theory of differentiation. As most readers 
of Scientific American are aware, the 
term feedback was coined by electrical 
engineers to describe a system in which 
part of the output of the system is fed 
back into the system to control it. On the 
feedback theory of differentiation some 
of the products of the chemical activity 
of the organism are fed back to control 
its development. 

The idea is not new; in fact, it is more 
than 50 years old. It is only recently, 
however, that biochemists have demon
strated the chemical mechanism of this 
feedback control. We now know that a 
variety of chemical reactions occurring 
in the living cell are inhibited by minute 
(luantities of their products. 

The feedback theory is illuminated by 
the experiments of the Swiss zoologist 
Martin Liischer on termites [see "The 
Termite and the Cell," by Martin Li.i
scher; SCIENTIFIC AMERICAN, May, 
1953]. Li.ischer points out that the un-
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MARINE WORM SABELLA, studied by N. J. Berrill, was found 

10 regenerate first the missing structures farthest "front." An 
isolated section from the rear part of the abdomen (A) first reo 

generates a new head (B); then abdomen hehind the head trans· 

forms to thorax (segments with longer hairs) and new abdomell 

tissue forms at the rear end of the regenerating fragment (C). 

specialized "nymphs" of the termite 
colony can deveklp into members of any 
of the colony's more specialized castes; 
reproductives ("king" and "queen"), 
"soldiers" and so on. When the special
ized castes are filled, however, the de
velopment of the nymphs is inhibited. 
On the other hand, when one of the 
specialized castes is not filled, nymphs 
can develop into members of it. If, for 
example, the king and queen of a termite 
colony are removed, nymphs develop 
into "supplementary reproductives" and 
replace them. We visualize somewhat 
the same process in the developing em
bryo. In the beginning a termite or a cell 
has many pathways of differentiation 
open to it, but as others achieve caste 
status the open pathways become fewer 
and fewer. 

An experiment rather like removing 
the king and queen from a termite col
ony can be performed with the pre-em
bryo. Some 20 years ago in Germany 
Gian Tondury and Johannes Holtfreter 
showed that, when the developing noto
chord-the organizer region-is removed 
from the pre-embryo of a salamander, a 
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notochord will still form. The cells adja
cent to the removed tissue, which or
dinarily become the cells of back muscle, 
flow into the gap and become notochord. 
This suggests that, under normal condi
tions, the more rapidly developing cells 
of the back become notochord, and at 
the same time bar their less rapidly de
veloping neighbors from such develop
ment. According to this view a cell adja
cent to developing notochord becomes a 
muscle cell not because its notochord 
neighbors say, "Form muscle," but be
cause they say, "Don't form notochord." 
With their primary differentiation reac
tion blocked, the cells adjacent to the 
developing notochord are automatically 
switched to the next most efficient reac
tion. If the developing notochord is re
moved, however, they can follow the 
primary reaction and form notochord. 

we first tested the feedback theory in 
our laboratory at the University of 

Illinois by seeking specific organ inhibi
tors. We cultivated frog eggs with pieces 
of adult frog brain, or heart, or blood. 
The treatment was drastic, and many of 

the embryos failed to develop to the 
stage of organ formation. Of those which 
did develop, a few showed single de
fects. Some developed to the stage in 
which brain is expected, but no brain 
formed. In others the brain developed 
late or abnormally. These were the .em
bryos which had been cultured with 
brain. In other embryos a heart failed to 
develop; these had been cultured with 
heart. A third group failed to produce 
blood on time; they had been grown for 
a day or two in diluted blood. 

Since this demonstration of specific 
organ inhibition in the frog was made, 
workers in our laboratory and elsewhere 
have been learning that the phenomenon 
is a general one. It has been demon
strated in various worms, in the toad and 
in the chick. In addition it has long been 
known that in many plants the growing 
tip of the plant inhibits like develop
ment in branches down the stem. When 
the growing tip is removed, it is re
placed by a growing tip on one or more 
branches. Almost as well known is the 
fact that, when the roots of a plant are 
removed, some of the differentiated cells 
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TUBULARIA has a f1ower·like head, or hydranth. In this experi. 

ment (a variation on those described in the text) a piece of regen· 

erating stalk from the front of a red Tubularia is grafted to a larger 

piece from the front of a yellow Tubularia. When the pieces com· 

plete their regeneration, the red piece forms the tip of the hydranth 

and the yellow piece makes only those parts behind the tip. 

of the stem will be transformed into the 
cells of root. Here. too like normally in
hibits potential like. 

But to know that the products of like 
can suppress like is not enough. We still 
want to know why particular organs de
velop in particular places. One of the 
best organisms in which to study this 
(luestion is Tubularia, a Bower-like mao 
rine animal related to Hydra [see il
lustration above J. Embryologists have 
worked with Tubularia for more than 
half a century because it is relatively 
simple and regenerates rapidly. From an 
isolated piece of stalk the Hower·like 
"front" part (called the hydra nth ) can 
regenerate in one or two days. Any iso· 
lated part of the stalk can give rise to a 
hydranth, provided the part is not too 
small; in that case it makes only the 
front of the hydranth. 

If even tiny bits of stalk can form part 
of a hydranth, why do they not do so in 
the intact organism? Why is Tubularia 
not covered with hydranths? The an
swer has been given by experiments with 
combinations of regenerating parts. 

Take two small pieces of regenerating 

stalk. Each is on its way to making the 
front part of a new hydranth. Graft the 
pieces together so that the rear end of 
one is joined to the front end of the 
other. What happens? The front piece 
continues to develop into a hydranth, 
and the rear piece reverts to stalk. The 
rule is that any section of stalk will make 
that part of the organism which is far· 
thest front, except when the part has 
already been made. Then the section 
forms only the part behind the part in 
front of it. 

The system is highly polarized. Any 
region of it receives information from 
only one direction; the region is affected 
by what is in front of it, but is unaware 
of what lies behind. If the front end of 
one piece of Tubularia stalk is jOined to 
the front end of another, two hydranths 
form "face to face." Since the inhibitory 
information moves only from front to 
rear, neither of the two pieces is aware 
of the other. Their tissues are firmly 
joined, but each piece develops inde
pendently. 

It is possible, however, to reverse the 
polarity of a part of Tubularia. Take a 

piece of stem which has visibly begun to 
make a whole hydranth. Graft to the 
rear of this piece a much smaller piece 
from the front part of another stem. Thus 
at the time of grafting there are two 
fronts and between them one rear. The 
polarity of part of the original single 
rear now changes. Some of its structures 
continue to face the original front, but 
a second set of rear structures forms 
facing the grafted front. Apparently 
organizational information is proceeding 
from both fronts. Each part forms those 
structures not already developing in 
front of it. The result is two hydranths 
back to back. 

This phenomenon may explain how, 
when developing notochord or organizer 
tissue is transplanted into a pre-em
bryonic belly.region, the belly cells be
come back cells. Perhaps the transplant 
has reversed the polarity of the belly 
region. Since back is no longer above 
belly, belly may be free to become back. 
In any case it is more than likely that 
polarized systems of inhibition operate 
to localize the structures in the embryos 
of organisms higher than Tubularia. 
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THE MASER 

It is a quantum-Inechanical device \vhich amplifies very short radio 

,vaves with extraordinary fidehty. The basic element of the early 

masers \vas gaseous ammonia; the latest models make use of crystals 

T
he 50-foot radio telescope at the 
Naval Research Laboratory in 
Washington, D.C., recently ac

(luired a strange accessory. Mounted just 
behind the antenna, at the center of the 
telescope's parabolic reflector, is an ob
long box containing a synthetic ruby 
and some standard microwave equip
ment. A bath of liquid helium chills the 
ruby to the temperatures of the cold 
reaches of space which the telescope 
surveys. With the help of this refriger
ated gem astronomers hope to extend 
their range of observation far beyond its 
present limits, perhaps far enough to 
clear up once and for all the mysteries 
of the size and geometry of the universe. 

The ruby is part of a new microwave 
device called the "maser." The letters 
of this odd word stand for Microwave 
Amplification by Stimulated Emission of 
Radiation. The maser represents the ulti
mate in high-fidelity amplifiers. The best 
previous amplifiers, using vacuum tubes, 
put out a mixed signal which combined 
an amplified version of the input with a 
wide assortment of oscillations originat
ing in the tubes themselves. If the input 
signal becomes weaker, the percentage 
of noise in the output increases, and the 
resemblance between input and output 
diminishes. Eventually a point is reached 
where the input, though still amplified, 
can no longer be recognized in the out
put. The great virtue of the maser is that 
it generates practically no noise. It can 
detect much weaker signals than other 
amplifiers can, and hence pick up radio 
waves from far more distant points in 
space. As we shall see, it is also finding 
a number of other important applications 
in science and technology. 

What makes the maser so quiet? It is 
perhaps helpful to ask first: What makes 
vacuum tubes so noisy? Vacuum tubes 
utilize a stream of agitated electrons 
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which are boiled out of a cathode and 
sent crashing into a collecting plate by 
an outside voltage. The signal to be am
plified imposes its variations on the elec
tron stream. But the particles have their 
own random variations, which are in
evitably part of the output of the tube. 
It is a tribute to the ingenuity of electri
cal engineers that, in improvements such 
as the traveling-wave tube, they have 
been able to go so far toward muffling 
the effects of unruly electrons. The least 
noisy of these tubes, however, leaves a 
lot to be desired. 

The maser dispenses with streams of 
electrons altogether. Instead it makes 
use of certain intrinsic oscillations in 
many types of material particles. These 
oscillations are basic phenomena of 
nature. The idea of harnessing them for 
useful work occurred independently a 
few years ago to several workers in the 
field of microwaves, including C. H. 
Townes of Columbia University, N. C. 
Basov and A. M. Prokhorov in the 
U. S. S.R. and J. Weber of the University 
of Maryland. 

To appreciate what led to this notion 
we should briefly consider the inter

action between high-frequency radiation 
and matter. Every student of elementary 
physics has witnessed the experiment in 
which light from a sodium lamp is shined 
into a container of cool sodium vapor 
and is completely absorbed. At the same 
time light of a different frequency-that 
is, color-from some other source passes 
through the container undimmed. The 
classical explanation is that every atom 
and molecule has certain natural vibra
tions which occur at sharply defined fre
quencies. When the oscillations of light 
or of other electromagnetic waves co
incide with one of these frequencies, the 
radiation gives up energy to the atom or 

molecule, causing it to vibrate like a pen
dulum which has been set swinging by 
a series of properly timed pushes. Con
versely, if atoms or molecules can be 
made to vibrate by some other means, 
say by thermal agitation, they will emit 
electromagnetic waves of the same char
acteristic frequency. In the experiment 
just mentioned, waves from hot, vibrat
ing sodium molecules are absorbed by 
the cold molecules. Waves whose fre
quency does not correspond to the fre
quency of the sodium vibrations pass 
through unaffected. 

If the reader is wondering how such 
a mechanism can be made to amplify the 
energy in a wave, he may as well stop. If 
the "classical"-that is, pre-quantum me
chanical-explanation were completely 
correct, there would be no maser. (As a 
matter of fact, there would be no atoms. 
On the classical theory electrons revolv
ing around atomic nuclei would continu
ously radiate away their energy and spi
ral into the nucleus. All of ordinary mat
ter would thus collapse.) 

To discover the secret of the maser we 
must turn to the quantum picture of 
matter and radiation. In this view atoms 
and molecules exist most of the time in 
one of a number of stable, nonradiating 
states. Each state corresponds to a fixed 
quantity of energy. Radiation, on the 
other hand, consists of the particles 
called photons, carried by a sort of guid
ing wave. The frequency of the wave is 
a measure of the energy of the photons, 
according to Max Planck's famous equa
tion E = ht. A particle of radiation is pro
duced when an atom falls from a higher 
to a lower energy state, and the energy of 
the photon is exactly equal to the differ
ence in energy between the states. When 
an atom jumps the other way, from a 
lower to a higher energy state, it absorbs 
a photon of the same frequency. Thus 
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SOLID-STATE MASER is mounted at the focus of the 50-foot radio 

telescope of the Naval Research Laboratory in Washington, D_C. 

By largely eliminating the "noise" inherent in conventional ampli

fiers, the maser enables the telescope to detect very faint signals_ 
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when radiation passes through an assem
bly of atoms, one of three things can 
happen. If the energy of the photons 
does not equal the difference between a 
pair of energy levels in the atoms, there 
is no interaction. If the energies match, 
and a photon collides with an atom in 
the lower of the two states, the radiation 
will be absorbed and the atom will be 

u 

b 

----.--7 

CLASSICAL VIEW of the interaction 

or electromagnetic radiation and mat· 

tel' is depicted. At top an electromag· 

netic wave (wavy line) of the appropri

ate frequency sets a two-atom molecule 

(balls) to vibrating. The process ab

sorbs energy from the wave. At bottom 

a molecule spontaneously emits energy 

(wavy line) of characteristic frequency. 
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"excited" to the h;gher s,ate. If the pho
ton collides with an atom in the higher 
state, it will cause the opposite jump, 
down to the lower state, and a new 
photon will be emitted. Thus there will 
now be two photons where before the 
collision there was only one. 

In any assemblage of atoms there is 
always some traffic between low- and 

a 

high-energy states. The atoms keep hop
ping up and down in their energy states, 
boosted by energy received in chance 
collisions and falling because of their 
natural tendency to seek the lowest 
energy level. Under ordinary conditions 
the lower states are always more densely 
populated than the higher ones. Thus 
when radiation of the appropriate fre-

c 

d 

QUANTUM.MECHANICAL VIEW of the interaction is similarly depicted. Here the 

electromagnetic radiation is regarded not as a wave but as a photon (white dot) guided 

by a wave. The frequency of the guiding wave is related to the energy of the photon. The 

molecule does not vibrate; the broken circles merely indicate that the atoms are regarded 

as simultaneously occupying a number of positions. At top left the molecule is at a lower 

energy level. At bottom left the molecule has been "excited" by a photon of the appro· 

priate energy, and raised to a higher energy level. At top right the molecule is at the higher 

energy level. At bottom right it has fallen to the lower energy level and emitted a photon 

of characteristic energy. Scale at right of these four illustrations suggests energy levels. 
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quency passes through the assemblage 
of atoms, more photons will be absorbed 
than new ones created, and the outgoing 
beam will be weaker than the incoming 
beam. 

But suppose it were somehow possible 
to change the distribution of energy 
levels so that there were more atoms in 
the higher of two states than in the low
er. Then a beam of photons of the appro
priate frequency would produce morc 
downward jumps than upward ones; the 
net effect would be that more photons 
would come out than went in. In other 
words, the output wave would have 
more energy than the input wave. This 
is the secret of how the maser amplifies. 

The first of the masers to be developed 
is based on the molecule of ammonia. 

For reasons we shall mention in a mo
ment, the ammonia maser is more useful 
as an oscillator and a timekeeper than 
as an amplifier. It is in any case a remark
able device: a simple metal chamber, 
into which only a little ammonia gas is 
admitted, which yields a weak micro
wave signal of almost unbelievable 
purity. Its output wave falls short of a 
mathematically perfect sine curve by less 
than one part in 100 billion! 

The molecule which produces this 
perfect monotone has the shape of a 

pyramid. At the apex of the pyramid is 
a nitrogen atom; at the base, three 
hydrogen atoms [see illustmtions at 
right]. The nitrogen atom is able to move 
through the plane of the hydrogen 
atoms. thus turning the pyramid inside 
out. On the classical theory we picture 
the nitrogen atom flipping back and 
forth at a characteristic frequency of 
about 24,000 million vibrations per sec
ond, or 24,000 megacycles per second. 
At any given instant the nitrogen atom 
is on one side of the hydrogens or on 
the other. From the quantum point of 
view the nitrogen has at a given time a 

certain probability of being on either 
side-in a sense it is partly on both sides. 
Moreover, the molecule as a whole has 
t\Vo distinct energy states. The differ
ence in energy between the states equals 
the energy of a photon with a frequency 
of 24,000 megacycles per second. 

Now it happens that ammonia mole
cules in the higher state are repelled by 
strong electrostatic fields, whereas those 
in the lower state are attracted. Thus we 
have a method for segregating the high
energy molecules and getting maser ac
tion. The separator is a cylinder of 
charged rods [see illustmtion at top of 
page 48]. In the vicinity of the rods the 
field is strong; along the axis of the cylin
der the fieJd is weak. When a beam of 
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CLASSICAL VIEW OF THE AMMONIA MOLECULE is that its single nitrogen atom (large 

ball) vibrates back and forth across the plane of its three hydrogen atoms (small balls). 

QUANTUM·MECHANICAL VIEW OF THE MOLECULE is that, in a sense, the nitrogen 

atom is simultaneously on both sides of the plane of the hydrogen atoms. The molecule may 

occupy either a higher energy level (top illustration) or a lower energy level (botrom). 
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ammonia molecules is sent through the 
separator, those in the upper state are 
attracted to the axis, while those in the 
lower state are pulled toward the elec
trodes and dispersed. Out of the far end 
comes a stream of molecules, virtually 
all of which are in the upper energy
state. If these molecules are irradiated 
with 24,000-megacycle microwaves, only 
downward transitions will be induced. 
Energy will be given up by the mole
cules to the microwave field, and the in
coming wave will be amplified. 

In the actual instrument ammonia gas 
at low pressure escapes from a nozzle 
into an evacuated chamber containing 
the separator and a resonant cavity. 
After passing through the separator, 
molecules in the upper state enter the 
cavity, into which the microwave signal 
is fed through a waveguide. 

The resonant cavity is simply a metal 
box with highly reflecting walls. Each 
incoming photon can bounce back and 
forth across the chamber thousands of 
times before it escapes again, greatly in
creasing its chance of interacting with a 
molecule in the beam. 

Whenever there is a collision, a new 
photon is born. It too is trapped in the 
chamber for a time and may collide with 
another molecule, producing a second 
new photon, and so on. If there are 
enough molecules in the cavity, this 
chain reaction becomes self-sustaining; 
the amplifier turns into an oscillator, 
generating its own - wave without any 
input signal. 

The ammonia maser is an extraordi
narily stable oscillator. Its virtually un
varying sine waves can be used as a 
"pendulum" to regulate an almost per
fect clock [see "Atomic Clocks," by Har
old Lyons; SCIENTIFIC AMERICAN, Feb
ruary, 1957]. Although such timepieces 
have not yet been fully tested, it has 
been demonstrated that two ammonia 
masers will maintain their frequencies 
with respect to each other for at least a 
year with an accuracy of one part in 10 
billion. A maser-regulated clock should 
gain or lose no more than one second in 
a few hundred years. 

As an amplifier the ammonia maser 
has a remarkably narrow band-width: it 
will not amplify waves which depart 
from its central freqnency by more than 
3,000 to 5,000 cycles. The ammonia 
maser is not readily tunable; the central 
frequency cannot easily be changed. 
This means that it is not really a practical 
amplifier. If it were used in a communi
cations channel, it could transmit only 
one voice at a time; it could not come 
close to receiving a television station. 
The ammonia maser was, however, the 
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instrument which first demonstrated 
the great potentialities of maser ampli
fiers. Moreover, studies of its resonance 
curve have contributed important infor
mation about the magnetic fields within 
the ammonia molecule. 

I t was not until the invention of masers 
that utilize solids rather than gases 

.that practical low-noise microwave am
plifiers became a reality. Solid-state 
masers have a noise level even lower 
than that of the ammonia maser. Fur
thermore they are tunable, they have 
much broader band-widths and they put 
out much more power. The fact that their 
frequencies can be varied makes them 
unsuitable as standards of frequency or 
of time, but it adds considerably to their 
general usefulness as amplifiers. 

The action of the solid-state maser 
also depends on quantum jumps, but 
they are jumps of electrons within in
dividual atoms rather than energy transi
tions of whole molecules. It is by now a 
familiar fact that every electron is in ef
fect a small spinning magnet. In most 
atoms, which are nonmagnetic, the elec
trons are paired off with their poles op
posed to each other so that their mag
netism is canceled out. There are a few 
substances, however, in whose atoms the 
cancellation is incomplete; some elec
trons are unpaired and the material as a 
whole is magnetic, or, in technical terms, 
paramagnetic. 

It is the behavior of unpaired electrons 
placed in an external magnetic field that 
makes the solid-state maser possible. As 
usual, there are two ways to describe this 
beha:vior: the classical way, which has 
the advantage of being easy to visualize 
but the drawback of being incomplete; 
and the quantum way, which is im
plausible but correct. Classically we im
agine that the spin axis of the electron 
wobbles, or precesses like a top around 
the direction of the field [see diagram at 
left in illustration at top of opposite 
page]. In quantum terms we say that the 
spinning electron can have just two posi
tions: one in which its axis points in the 
same direction as that of the field; the 
other in which it points in the opposite 
direction. The two positions constitute 
different quantum states, the higher of 
which is represented by the electron 
whose axis points in the direction of the 
field. As in the case of molecules, the dif
ference between the levels corresponds 
to the energy of a photon whose fre
quency equals that of the classical vibra
tion. Also as in the case of molecules, 
there are normally more electrons at 
lower levels than at higher. 

To make a maser we simply need to 

find a way of reversing the normal dis
tribution and putting the majority of 
electrons in the upper state. Then if they 
are irradiated with photons of the cor
rect frequency, they will jump down, 
amplifying the incoming beam. 

The first type of solid-state maser that 
was developed is known as the two-level 
paramagnetic maser. In some versions 
the paramagnetic material is a silicon 
crystal containing some impurity atoms, 
such as those of phosphorus, which have 
one more electron than they need to 
satisfy their role in the crystal lattice. In 
other versions it is a quartz crystal which 
has been subjected to neutron bombard
ment to release unpaired electrons. The 
crystal is placed between the poles of a 
strong magnet and cooled to a tempera
ture a few degrees above absolute zero 
in a bath of liquid helium, so that most 
of its unpaired electrons fall into the 
lower of their two possible energy states. 
Then it is subjected to a fairly high-pow
ered microwave pulse, which briefly 
raises the majority of the electrons to the 
higher state. While this "inverted popu
lation" of electrons lasts, it can act as 
an amplifier for a weak microwave sig
nal. In silicon the amplifying period 
lasts about a minute after each "pump
ing" pulse; in quartz, only a few thou
sandths of a second. 

The difference between the energy of 
the upper and lower levels depends upon 
the strength of the magnetic field. 
Hence by adjusting the strength of the 
magnet, the maser can be tuned over a 
wide range of frequencies. With very 
strong fields it may be possible to reach 
the never-never land of waves a fraction 
of a millimeter long. 

In a solid crystal the outside field is 
not the only one to act on unpaired elec
trons. The electrons are also influenced 
by the magnetism of neighboring atoms. 
The internal magnetic effect varies from 
point to point in the crystal, so that not 
all the electrons are subjected to exactly 
the same field. Thus they respond to 
slightly different frequencies, and this 
is the reason for the wider band-width of 
the solid-state devices. 

The chief disadvantage of the two-
level maser is that it can be operated 

only in bursts; its amplifying action 
stops each time its electrons drop clown 
again to the lower level. This problem 
has been overcome with the develop
ment of the newest member of the maser 
family: the three-level paramagnetic 
maser. 

Conceived by Nicolaas B10embergen 
of Harvard University, the three-level 
paramagnetic maser has a basic element 
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ELECTRON IN A MAGNETIC FIELD (colored arrows) is de· 

picted from the dassical standpoint (left) and from the quantum· 

mechanical ( right) . In the classical view the axis of the electron's 

spin precesses, or wobbles, around the direction of the magnetic 

field at a frequency related to the strength of the field. In the 

THREE.LEVEL SOLID·STATE MASER is considered. At left 

are electrons in three energy states; the largest number of elec· 

trons is in the lowest state, the smallest number is in the highest 

state. In the middle electrons are "pumped" from the lowest state 

quantum.mechanical view the electron has a higher energy stale 

(top right) in which its "south" magnetic pole is pointed in the 

direction of the field, and a lower energy state (bottom right) in 

which the pole is pointed in the opposite direction. The differ· 

ence in the energy levels is related to the strength of the field. 

to the highest by microwave energy of the appropriate fre(IUency. 

At right electrons drop from the highest state to the middle state, 

emlttmg microwave energy of a lower fre(1 uency. Thus energy 

put into the maser at the latter fre(Juency can be amplified. 
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AMMONIA MASER sends ammonia molecules in two energy states 

throngh a cylinder of electrically charged rods. The molecules in 

the lower state (black dots) are pulled toward the rods; the mole· 

cules in the higher state (colored) are attracted to the axis of the cyl. 

inder. The molecules in the higher state then enter a resonant cavity 

(right), where they may be used to amplify a microwave signal. 

consisting of atoms with more than one 
unpaired electron apiece. Atoms of this 
kind are found in the naturally para
magnetic elements such as iron and chro
mium, in which one of the interior shells 
of electrons is not filled. Quantum me
chanics tells us that in many such atoms 
there is one more energy level than the 
number of unpaired electrons. For ex-

ample, chromium atoms, which make up 
part of the ruby crystal, possess three 
unpaired electrons and thus have four 
energy levels. 

Any three of the available levels can 
be used. When the crystal is cooled to 
very low temperatures, the atoms dis
tribute themselves among the energy 
states in the usual way, each higher 

level containing fewer atoms than the 
one below it [see illustration at bottom 
of preceding pagel. Now we irradiate 
the solid with microwaves of the proper 
frequency, causing a jump from the low
est of our three levels to the highest. By 
this pumping action the top level is kept 
fuller than the middle one. Therefore 
a weak signal whose frequency corre-

COMPONENTS OF A THREE·LEVEL MASER appear in the 

photographs on these two pages. The object at top in the photo· 

graph at left is essentially a waveguide through which microwaves 

are conducted to the maser cell. The object at bottom in the same 
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SOLID-STATE MASER consists essentially of a crystal (center) 

between the poles of a magnet (top and bottom). Microwave energy 

of an appropriate frequency (black curve at left) pumps electrons 

in the crystal to a higher state. An input signal (colored curve at 

left) of lower frequency is amplified (colored curve at right) 

at the expense of the pumping energy (black curve at right). 

sponds to the energy gap between the 
top and middle levels will cause more 
downward than upward transitions, and 
the signal will be amplified. Pumping 
and amplification can go on at the same 
time, and so the maser operates con
tinuously. 

The first three-level maser was built 
at Bell Telephone Laboratories. Since 

then numerous masers of this kind, in
corporating a variety of different crys
tals, have gone into operation at many 
other laboratories. One of them, as we 
have indicated, is already attached to a 
radio telescope. Soon they will be ap
pearing in other applications. 

There are jobs to be done by all the 
members of the maser family. In addi-

tion to simply telling time, ammonia and 
other gas-maser clocks will help explore 
some of the basic questions of physics. 
One plan is to recheck the celebrated 
Michelson-Morley experiment, which 
demonstrated that the speed of light is 
constant. Turning the maser's beam of 
molecules in two directions-along the 
path of the earth's travel and against it-

photograph is the maser ceil, which is mounted at the right end of 

the waveguide. In the photograph at right the maser cell is dis· 

sected. One section of the large synthetic ruby of the maser stands 

against the row of pins in the middle; another one is to the left_ 
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should result in no change of the output 
frequency, if light travels at a constant 
rate regardless of the motion of the ob
server. If there is a difference, it is too 
small to show up on Michelson's light 
interferometer. But the maser may be 
able to detect it. [As this issue of SCIEN
TIFIC AMERICAN went to press, it was 
announced that the experiment had been 
performed by Townes, working with 
J. P. Cedarholm, C. F. Bland and B. L. 
Havens of the International Business Ma
chines Watson Laboratory at Columbia 
University. No difference was detected.] 

Another project is a check on the 
general theory of relativity, which pre
dicts that clocks are slowed up by gravi-

tational fields. ArtifiCIal satellites will 
soon be circling the earth at distances 
where its gravity is noticeably weaker 
than at the surface. An atomic clock 
mounted in one of these vehicles could 
demonstrate the effect, if it exists. 

Maser amplifiers may greatly simplify 
long-distance radio and television com
munication. As an example of what may 
be in the cards, suppose a ring of balloon 
satellites were made to circle endlessly 
around the earth. They would be per
manent reflectors, from which signals 
could be bounced from any point on the 
earth's surface to any other. The re

ceived signals would be very weak. But 
the cold and lonely satellites would not 

contaminate them with much noise. 
Thus the sensitive, almost noiseless 
maser amplifiers could pick them up and 
boost them to useful levels without de
grading them beyond recognition. 

French workers have applied the 
maser principle to build a super-sensi
tive magnetometer for measuring the 
earth's field. In other laboratories peo
ple are thinking of using masers to pro
duce beams of infrared radiation with 
an extremely narrow band of frequen
cies. The list is not exhaustive, and 
there are probably important applica
tions that no one has thought of as yet. 
Quantum mechanics is adding a new 
dimension to "classical" electronics. 

COMPLETE THREE·LEVEL MASER is photographed at Bell 

Telephone Laboratories. In center, between the poles of a large 

electromagnet, is a silvered flask which is filled with liquid helium. 

The maser cell is inside the flask between the two magnet poles. 
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____ Kodak reports on: 
a large optical device ... how sometimes they don't listen the first time . .  0 

beating our heads against the spectrophotometers 

For blades (also vanes and buckets) 

This is a blade from a jet engine. 
Many mathematical minds, mighty 
mathematical machines, and much 
aerodynamical experimentation 
have created its shape. Violation of 
the plan to the extent of a few 
thousandths of an inch in a single 
cross-section of a single blade sucks 
at efficiency like a little leech. And 
there are so many blades in a single 
compressor or turbine that the total 
number of them made in the brief 
span of air-breathing non-recipro
cating history must compare with 
all the wooden spokes in all the 
wagon wheels of all the supply 
trains in all armies since Alexander 
the Great. Tolerances on wooden 
spokes have always been broad. 

Therefore we have been busy 
lately building this large optical 
device. It works as follows: 

Not long before this periodical 
reached its subscribers, the two 
mercury lamps were turned on and 
the first cross-section of the first 
blade was seen in magnification 
against its tolerance envelope scribed 
on the screen. Inspection from now 
on should go well. 

The device has been named Kodak 
Section-Profile Projector. /t is enough 
to restore faith in the future of geometri
cal optics. Inquiries go to Eastman 
Kodak Company, Military and Special 
Products Sales, Rochester 4, N. Y. 

Freezing here 
In manufacturing Kodak Frozen 
Section Stripping Film we are at
tempting to perform a public serv
ice for and through pathologists. 

They are paying scant attention. 
Unless an upturn sets in soon, we 
shall give up. 

This product is the ultimate in 
slow films, being endowed with no 
light sensitivity whatsoever. Its 
sole known function is to support 
a CO2-frozen tissue section being 

microtomed. A description of the 
technique, stated to be quick and 
easy, may be found in American 
Journal of Pathology, 28, 863-873 
(I 952). This paper depicts a 10,u 
section of adenocarcinoma of the 
rectum showing invasion of the 
wall, bronchogenic squamous cell 
carcinoma cut at 5,u, lung tissue cut 
at 5,u showing edema secondary to 
cardiac failure, and other examples 
of tissues said to be otherwise dif
ficult to handle. 

The product consists of a /01'- gelatine 
layer atop a 301'- cellulose ester layer 
atop a heavier carrier base from which 
it is separated before use. 1f the gelatine 
layer is pre-stained, the stain transfers 
in seconds to the specimen. The film is 
supplied in unperforated 35mm rolls 25 
feet long for $i5 (list) by arrangement 
through Eastman Kodak Company, 
Special Sensitized Products Division, 
Rochester 4, N. Y. This is not the lVay 
great industrial empires are built. 

Self criticism 
We try our best, and over the years 
the level of quality rises. 

At a certain point in a column 
where we distill a lot of mesityl ox
ide for intramural reasons, a pe
culiar substance was found to ac
cumulate. Infrared spectroscopy 
showed it to be 4-methyl-4-penten-
2-one, an unconjugated isomer of 
properly conjugated mesityl oxide. 
A busybody among us who is quick 
on the draw with his gas chroma

tography outfit then opened a bot
tle of our Eastman Grade Mesityi 
Oxide, numbered Eastman 582. 
Sure enough, a separable fraction 
was present, and sure enough, it 
was this very same isomer. Should 
we take the position that it is the 
nature of mesityl oxide to isomerize 
spontaneously? We decided we 
should not. Up went the "P" to 

This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 

make it Eastman P582, and down 
came the price to $2.30 a kilo. Even 
as a Practical Grade solvent, we 
plan to keep its isomer content be
low 0.5 % when packed. 

We are co-operating in a splendid 
project to measure and catalog the 
infrared absorption spectrum of 
every organic compound that can 
be rounded up. One observation 
from this experience has impressed 
itself: how often the infrared spec
trum shows a carbonyl linkage in 
compounds that are not supposed 
to have any. "You are seeing car
bonyls in your sleep," the boss chid 
our normally genial chief control 
chemist when he came in all worried 
and upset about finding a carbonyl 
dip in the spectrum of bis-(3-chloro
n-propyl) ether. But gas chromatog
raphy went on to demonstrate two 
fractions present to the extent of 
2 % and 4 % respectively, and these 
were found by I-R to be carbonyl 
compounds. That is why we have 
shorn this ether of its capitals, 
italics, and Eastman number. 

Our ultraviolet spectrophotome
ters are another thorn in our side. 
U-V is very good at showing iso
quinoline bands, and it showed 
them in 1,2,3,4- Tetrahydroisoquino
line (Eastman 7065), where there 
shouldn't be any. We have rehydro
genated our complete stock thereof, 
redistilled it, and resolved not to let 
it happen again. At least it was our 
spectrophotometer that discovered 
the impurity, not somebody else's. 

Recently a man wanted to buy 
one of our chemicals in mass
spectrographically-pure grade. We 
told him he couldn't afford the 
price and turned him down flat. 
Nor do we know how much money 
he has. 

All this is for the benefit of Eastman 
Organic Chemicals. Our current List 
No. 4i catalogs some 3700 of them-a 
large number of battlegrounds for the 
war against impurity. Chemists who 
have the List find it a handy way to 
make sure they don't waste time making 
something they can buy. For a copy, 
write Distillation Products industries, 
Eastman Organic Chemicals Depart
ment, Rochester 3, N. Y. (Division of 
Eastman Kodak Company). 

Prices stated are subject to 
change without notice. 
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STRAITS 
TIN 

REPORT 

New developments in 
the production, mar
keting and uses of tin 

Tin becomes gold . . . when alloyed 

with copper to produce a 24-kt. gold 

brilliance for attractive decorative fin

ishes. The ratio of tin to copper is J 2 % 
to 88 %. When the tin content is in

creased to 20% , the alloy takes on a 

pale yellow hue. Tin-bronze is reported 

to eliminate the usual alloy plating diffi- . 

culties. It is as easy to control as single 

metal deposition. 

* 

Superior to nickel plate in hardness and 

abrasion resistance-that is how the 

product of a new, highly decorative
' 

electroplating process is described. The 

new plating, successfully used for sev

eral metals, is a 50-50 tin-copper alloy. 

It maintains its original color up to 

its own melting point. 

* 

Exceptional resistance to salt spray dic

tated approval by the U.S. Navy's Bu

reau of Aeronautics of an electro

deposited cadmium-tin alloy . . .  75% 
cadmium, 25% tin. This rugged alloy 

protects Navy hydroplane engines from 

the corrosive action of salt water. 

* 

Tin is tough. That is why a plating of 

tin is commonly applied to automotive 

pistons. It prevents damaging scuffing 

during engine break-in. The plating 

serves as a protective lubricant. 

Ask us to send you TIN 

NEWS, a monthly letter. 

It will keep you posted on 

tin supply, prices, new 

uses and applications. 

The Malayan Tin Bureau 
Dept. 15M, 1028 Connecticut Ave., Washington 6, D.C. 
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The Nobel Prizes 

S
even men-three from the U. S., 

three from the U.S.S.R. and one 
from Great Britain-share the 

three Nobel science prizes for 1958. 
The physics prize was awarded to the 

Soviet physicists Igor Y. Tamm, Pavel A. 
Cerenkov and Ilya M. Frank for their 
work on Cerenkov radiation: the strange 
glow emitted when subatomic particles 
move through a transparent substance 
faster than the speed of light in that sub
stance. Cerenkov discovered the radia
tion in 1934; Tamm and Frank later 
worked out the theoretical explanation 
of it. Because the angle at which Ceren
kov radiation is emitted by a particle is 
related to the speed of the particle, the 
radiation has been widely used in ex
periments where it is necessary to detect 
particles of a given speed. 

The chemistry prize was won by 
Frederick Sanger of the University of 
Cambridge. In 1944 Sanger had set out 
to determine the arrangement of the ami
no acid units in the molecule of the 
protein insulin. By 1954 he had discov
ered that the molecule consists of two 
cross-linked chains of amino acid units, 
one chain made up of 21 units and the 
other of 30 units. He had also deter
mined the sequence of the specific units 
in the chains. 

Half of the prize for physiology and 
medicine went to Joshua Lederberg of 
the University of Wisconsin. By his dis
covery of sex in bacteria Lederberg had 
opened up a flourishing field of investi
gation in which bacteria are used to 
study the fundamental mechanism of 
heredity. The other half of the prize was 

SCIENCE AND 
awarded to George W. Beadle of the 
California Institute of Technology and 
Edward L. Tatum of the Rockefeller 
Institute, Working with the red bread 
mold Neurospora crassa, Beadle and 
Tatum had demonstrated that single 
chemical reactions in the living cell are 
related to single genes. 

Pugwash III at Kitzbi.ihel 

E
ighty scientists, including 20 from 

the U. S. and 10 from the U.S. S.R., 
met in Austria from September 14 to 21 
in the third of the informal conferences 
which began last year at Pugwash, Nova 
Scotia. Pugwash III, held at Kitzbiihel 
and Vienna, had more than three times 
as many participants as Pugwash I or II. 
The conferees were guests of the Presi
dent of Austria, who recently urged 
scientists throughout the world to get to
gether to avert the menace of nuclear 
warfare. Despite its size and semi-official 
sponsorship, the meeting went almost 
unreported in the U. S. press, though 
both Soviet and Western European news
papers gave it considerable coverage. 

Like its predecessors, the conference 
had as its main purpose the informal 
exchange of views between scientists of 
East and West. As one U. S. participant 
put it: "It helped us to understand the 
attitude of the Soviet scientists. " Despite 
the fears of some participants that the 
meeting might become a forum f(lr na
tionalistic views, the conference confined 
itself to technical discussions on nuclear 
war and disarmament, plans for inter
national cooperation, and the drafting of 
a concluding statement on some of the 
problems discussed. 

Previous Pugwash meetings had laid 
great stress on the dangers of nuclear 
testing, The Kitzbiihel conference found 
strong confirmation for these misgivings 
in the recent report of the United Na
tions Scientific Committee on the Effects 
of Atomic Radiation. But they noted 
that biological damage from a war would 
be incomparably larger than from tests, 
especially since military considerations 
would make likely the use of "dirty " 
bombs now stockpiled by major states. 
"Mankind, " the scientists declared, 
"must . . .  set itself the task of eliminat
ing all wars, including local wars . . . . 
Any step that mitigates the arms race 
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THE CITIZEN 
and leads to even small reductions in 
armaments and armed forces ... is there
fore desirable." The conferees agreed 
that disarmament "requires measures of 
control to protect every party from pos
sible evasion." 

Observing that "the increasing mate
rial support which science now enjoys 
in many countries is due mainly to its 
importance . . .  to the military strength 
of the nation and to its success in the 
arms race," they called on scientists to 
promote public understanding of the 
dangers and potentialities of science. 
" Studies and programs for the effective 
industrialization of [underdeveloped] 
countries," thev declared, "would not 
only improve the level of living of the 
majority of the population of the world 
but would also help reduce the sources 
of conflict between highly industrialized 
powers. " 

Among the participants were Brock 
Chisholm and Sir Robert Watson-Watt 
(Canada) ; Lord Boyd-Orr and Bertrand 
Russell (Great Britain) ; Max Born 
(Germany) ; H. J. Bhabha (India) ; 
Hideki Yukawa (Japan) ; David Cavers, 
H. J. Muller, Linus Pauling, Alvin Wein
berg, Victor 'vVeisskopf and Eugene 
Wigner (U. S. ); N. N. Bogolubov and 
A. V. Topchiev (U. S.S.R. ) .  

The Pollution of Space 

A 
plea for immediate worldwide action 
to prevent the biological contami

nation of the moon and nearby planets 
by rockets has been issued by the Inter
national Council of Scientific Unions. 
The eighth general assembly of I.C. S.U. 
met in Washington in October and made 
public the recommendations of CETEX 
(Committee on Contamination by Ex
traterrestrial Exploration) , a group 
established by I.C. S.U. early this year. 
CETEX urges investigators to prepare 
papers on the problem of lunar and 
planetary contamination so that an ad
visory committee can draw up a detailed 
program of precautions before the end 
of 1958. 

The I.C. S.U. also released a summary 
of the first CETEX meeting, held at The 
Hague in May. At that time the pm'tici
pants stressed the danger of depositing 
any sort of organic matter on the moon. 
The basic question concerning the origin 

PHYSICISTS 

ENGINEERS 

MATHEMATICIANS 

are invited to join the Lincoln Laboratory 
scientists and engineers whose ideas have 
contributed t(') new concepts in the field of 
electronic air defense. 

A b r o chur e  d e s c r i b i ng t h e  f o l lowing 
Laboratory programs will be forwarded 
upon request. 

HEAVY RADARS 

MEMORY DEVICES 

TRANSISTORIZED DIGITAL COMPUTERS 

SCATTER COMMUNICATIONS 

SOLID STATE 

AEW (air-borne early warning) 
SAGE (semi-automatic ground environ ment) 

SYSTEMS ANALYSIS 

In certain of these programs, positions of signifi
cant professional scope and responsibility are open 
to men and women with superior qualifications. 

Research and Development 

MIT 
LINCOLN LABORATORY 
BOX 18 
LEXINGTON 73, MASSACHUSETTS 
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IT 
ALL 
ADDS 
UP! 
A modern laboratory 
doing vital work in the 

field of nuclear energy. 

A location in the spec

tacular setting of northern 

New Mexico's green pine

covered mountains. 

A bright, clean commu

nity of 13,000 people, 

with up-to-date shops, 

uncrowded schools, cool 

summers and brilliantly 

sunny winters. 

Whether you use an ori

ental abacus or the latest 

electronic computer, Los 

Alamos offers a remark

able total of attractive 

features. The Laboratory 

has a limited number of 

openings for highly qual

i f i e d  p e o p l e  i n  t h e  

physical sciences and 

engineering. 

! \ 

Write Personnel Director, 
Division 58-30 

LOS ALAMOS. NEW MEXICO 

of life, they pointed out, is: How did 
complex molecules come to be made and 
duplicated? While they dismissed the 
possibility of finding any form of living 
matter on the moon, they said it is con
ceivable that pristine "moon dust" might 
provide clues to the beginnings of life. 
Some "pre-life" chemical processes 
may be occurring on the moon even 
now. If so, contamination by biologi
cal molecules from the earth might 
disturb the lunar processes. Under 
lunar conditions these molecules might 
act as templates and start a new kind 
of growth. 

"Pioneer," the rocket which U. S. 
rocketeers hoped would circumnavigate 
the moon, was sterilized with a potent 
germicide. But as the CETEX summary 
explains, "a dead bacterium from an 
aseptic rocket would be as harmful as a 
live one." And possibly the germicide 
itself would act as a template for the 
formation of organic matter on the moon. 

Gold from Uranium 

W
hat could turn out to be the richest 
patent in history is nearing settle

ment. In 1940 four investigators filed a 
patent claim on the separation of urani
um 235 from uranium 238 by the process 
of gaseous diffusion. This process today 
makes possible the production of the 
most economical reactor fuel, uranium 
enriched with its unstable 235 isotope. 
The scientists had done their develop
ment work independent of the U. S. 
Government support then just beginning 
to trickle into the research enterprise 
that became the Manhattan Project. 
Their patent application remains clas
sified but its claims have since been 
allowed by the U. S. Patent Office. 
Now the Atomic Energy Commission, 
under the terms of the Atomic Energy 
Act, is considering the investigators' 
claims for royalties. The decision will 
come "in a matter of a few months," 
states A.E.C. Commissioner Willard F. 
Libby. 

Most of the money would go to the 
Basic Science Foundation, which has 
been set up by the four scientists: John 
R. Dunning and Eugene T. Booth, Jr., of 
Columbia University, Aristid V. Grosse 
of the Research Institute of Temple Uni
versity and Alfred O. C. Nier of the 
University of Minnesota. The Founda
tion will support basic research at 20 to 
30 universities, the major grant going to 
Columbia, where the four workers made 
their discovery. 

The royalties might amount to 3 or 
4 per cent of the development cost of 
the atomic bomb, suggests Robert L. 
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MEN AND IDEAS IN MOTION: AERONUTRONIC 

This is Aeronutronic - men, ideas, and the tools 

for research Aeronu tronic - a dynamic new name 

in science - created by the Ford Motor Company 

to meet the demanding technological needs of a 

nation on the move. 

Aeronutronic is moving into the future and mov

ing fast. Space sciences, missile technology and 

space vehicles • . . computers, electronics ... tacti

cal weapon systems ... these are major research, 

development and manufacturing activities con

ducted at ASl's modern 200-acre Research Center 

under construction at Newport Beach, California. 

Exceptional engineers and scientists are needed 

now. If you are forward-looking and want to be an 

important part of a forward-moving organization, 

you'll find a new challenge and rewarding future 

at Aeronutronic - where men set ideas in motion. 

For information regarding positions. interests. 
facilities or products. write to Mr. K. A. Dunn. 
Aeronutronic Systems. Inc., Bldg. 45.1234 Air Way. 
Glendale, California, <>r call CHapman 5-6651 

AERONUTRONIC 
a subsidiary of FORD MOTOR COMPANY 

NEWPORT BEACH, GLENDALE, SANTA ANA AND MAYWOOD. CALIFORNIA 

OFFICE OF ADVANCED RESEARCH · SPACE TECHNOLOGY DIVISION . COMPUTER DIVISION . TACTICAL WEAPON SYSTEMS DIVISION 
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This is one of a series of professionally informative messages on 

RCA Moorestown and the Ballistic Missile Early Warning System. 

BME"'\VS AND THE 

PROJECT ENGINEER 

Time, money and the achievement of performance 
specifications are the three dimensions in the world 
of the Project Engineer. Scheduling, cost control 

and technical accountability . . •  these are grave 

responsibilities on any engineering program involv
ing the national security. On BMEWS, with its 
objective of early warning against enemy missile 

attack, they comprise the most sensitive of engi
neering assignments, anywhere. 

The Project Engineer assigned to BMEWS is a 

business·scientist who has a proven record of 
accomplishment in the creative engineering of 

electronic systems and who has the interest and 
acumen to view this work with a management 
posture. He is also a scientist with the significant 

trust of defining the interfaces of delicate personal 

and group relationships. This talent must be espe
cially refined in the BMEWS Project Engineer, for 
BMEWS employs the multiform facilities and per
sonnel of not only RCA Moorestown, the weapon 
system manager, but also of several other major 
corporations whose BMEWS effort is coordinated 

by RCA. 

RCA Moorestown invites Project Engineers to in
vestigate the professional opportunities afforded by 

this and other vital national defense 
programs curreJl tly in progress. Please 

direct inquiries to Mr. W. 1. Henry, 

Box V-11M. 

RADIO CORPORATION 01 AM •• ICA 
MISSILE AND SURFACE RADAR DEPARTMENT 

MOORESTOWN, N. J. 

Johnson, president of Temple University 
and head of the Foundation. If so, the 
award would amount from $60 million 
to $80 million, and would dwarf all pre
vious royalty payments made by the 
A.E.C. In 1953 a group of work
ers, among them Enrico Fermi, got 
$300,000 for the method of making 
radioactive isotopes by bombard
ment with slow neutrons. Two years 
later another group including Gle�n T. 
Sea borg received $400,000 for pio
neer work on the artificial element 
plutonium. 

Mohole 

T
he drilling of a hole four miles into 
the ocean floor is being studied by a 

special committee of the National Acad
emy of Sciences. The hole would be as 
deep as any oil well ever sunk on dry 
land and more than 10 times the depth 
of today's offshore oil wells. Near the 
bottom it might penetrate the Mohoro
vicic discontinuity at the boundary be
tween the earth's crust and its underlying 
mantle. 

Up to now all information about the 
"Moho" has been deduced from the be
havior of earthquake waves, which bend 
sharply as they cross the boundary. The 
deep hole may enable earth scientists to 
make a direct study of the boundary 
region and the mantle below. 

The drilling is to be done at sea be
cause the basaltic foundation of the 
earth's crust is thinnest under the oceans 
-only three to four miles thick in some 
places. Under the land there is an addi
tional top layer of granitic rocks several 
miles thick. Before they can reach the 
basaltic layer, the drillers must pene
trate 3,000 or 4,000 feet of oceanic 
sediment. Cores taken from this sedi
ment, the committee members hope, will 
reveal in cross section the history of the 
earth in the time since the oceans were 
formed. 

The National Science Foundation has 
granted $30,000 for the study phase of 
the project to the committee, which is 
headed by Gordon Lill, chief of the 
Geophysics Branch of the Office of 
Naval Research. 

Protein Synthesis outside the Cell 

B
iochemists have accomplished an un-

usually clear-cut synthesis of amino 
acids into complete protein molecules 
outside the living cell. This significant 
feat is described in Proceedings of the 
National Academy of Sciences by Rich
ard Schweet and Esther Allen of the 
City of Hope Medical Center in Duarte, 
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Center flange guides rollers to peak performance. Land-riding bronze cages are fully machined. 

Roller diameters are matched electronically within .0001" 
i 

EVERY DETAIL MAKES A DIFFERENCE ... IN SUPERIOR PERFORMANCE 

There's no effective substitute for any design feature of Torrington Spherical Roller 
Bearings. Consider the stabilizing effect of the integral center guide flange. Torring
ton's asymmetrical roller seeks this flange under load. Skewing and stress concen
trations are eliminated. Every roller carries its share of the load because roller 
diameters are matched electronically within .000 I" for even load distribution. 

Rollers are precisely spaced by fully machined land-riding bronze cages that 
withstand even the high stresses of eccentric service. Two independent cages, one 
for each row, prevent roller drag and side stresses under thrust loads. Size-stabilized 
races prevent "growth" in service. 

Torrington research has also adapted these bearings to unusual operating condi
tions. Races and" rollers have been produced in stainless, monel, stellite, titanium 
carbide and other special steels-and cages in aluminum, ductile iron and plastic. 

Work in new materials and the uncompromising engineering of the Spherical 
Roller Bearing are typical of Torrington's consistent effort to improve bearings in 
design, material and performance. 

of Torrington 
Spherical Roller Bearings 

• Integral guide flange for roller stability 

• Asymmetrical rollers se.ek flange for 
positive guidance 

Electronically matched rollers 

• Size-stabilized races 

Fully machined land-riding bronze cages 

• Controlled internal clearances 

• Even load distribution 

• Inherent self-alignment 

• Long service life 

THE TORRINGTON COMPANY 
Torrington, Conn . •  South Bend 21, Ind. 

RESEARCH FOR PROGRESS IN BEARING DESIGN AND PERFORMANCE 
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Guaranteed 
long-term 
accuracy .}% 
Closer to a laboratory standard 
than to a conventional test meter! 
Where accuracy and dependability 
are required, use the AvoMeter 8. 
Accuracy Guaranteed. 
1 % DC current, 2 % DC voltage, 
2±%AC current and voltage. 

Sensitivity: 20kn/v DC, tkn/v AC. 

Hand Calibrated • Mirrored Scale 

Automatic Overload Protection 

AC Current Ranges' Reversing Switch 

3 Zeroing Controls 

Accessories Extend Ranges 

Moderate Price: $89.01 

Fo r co m plete 
literature and 
ordering informa
t io n, c all or 
write Dept. ZX428 

BRITISH 
INDUSTRIES 

CORPORATION 

(Inquiries other than U.S.A.) AVO 

Now available in standard tube, 
crucible and combustion boat shapes 

For temperatures to 4600oF. (253S0C). 
Possesses one of the highest melting pOints 
o! all commercial refractories. 

Great chemical inertness. Won't erode 
when melting steel or high temperature al
loys . . •  or react when firing titanates or 
sintering metals • • •  or embrittle platinum. 

Leco zirconia ware ... crucibles for 
melting special alloys, tubes for high
temperature combustion or gas syn the
sis, heat treating and sinteringfumaces, 
and kiln furniture. We will be happy 
to quote on custom ware. 

Leco also specializes in Zircon (ZrSiO.) Ware 

Write Today for TECHNICAL DATA CATALOG 

LABORATORY EQUIPMENT CORP. 
4412 Hilltop Road. St. Joseph, Michigan 
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PRODUCTS�ERVICES 
Reticles • Precise Photography • Precision 

Patterns on Glass and Metal • Photoelectric 

Readout Devices. Optical Coincidence Read· 

ing Systems. Precision Circular, Cylindrical 

and linear Dividing • Electroforming of Pre· 

cise Patterns. Precision Grids. Engineering 

and Surveying Instruments. Hydrological 

and Meteorological Instruments. Paper 

Testing Instruments. Optical Instruments 

Standard Weights and Measures 

W. & L. E. GURLEY, 562 FULTON STREET, 
TROY, N. Y. 

Calif., and by Hildegarde Lamfrom 
of the California Institute of Tech
nology. 

For some years it has been known 
that a major role in protein synthesis is 
played by small particles in the cell 
called microsomes [see "The Micro
some," by Paul C. Zamecnik; SCIENTIFIC 
AMERICAN, March J. Indeed, microsomes 
isolated from cells and mixed with en
zymes have been observed to incorporate 
amino acids into various proteins. Until 
the California group had done its work, 
however, microsomes had not so clearly 
been caught in the act of making a spe
cific protein. 

The protein is hemoglobin. The Cali
fornia workers obtained their micro somes 
from the red blood cells of the rabbit. 
Then they mixed with the microsomes 
(1) two enzymes from rabbit red cells, 
(2) energy-yielding phosphate com
pounds and (3) a complete assortment 
of amino acids. Three of the amino acids 
had been labeled with radioactive car
bon atoms. 

After the mixture had been incubated, 
the workers examined the protein in it. 
They found that the hemoglobin con
tained the labeled amino acids in the 
same ratio in which they occur in natu
ral rabbit hemoglobin. This strongly sug
gested that the hemoglobin molecules 
had not merely incorporated the amino 
acids, but that the molecules had been 
built from the ground up. 

The microsomes are essential to the 
experiment. When they were omitted, 
inactivated by boiling or replaced with 
other cell fragments, no labeled amino 
acids were taken up. The evidence of 
the California workers supports the idea 
that the microsome is a sort of jig or 
template for the manufacture of protein 
molecules. Rabbit red-cell microsomes 
themselves contain two of the amino 
acids which were labeled, but in a 

ratio unlike that of the acids in rab
bit hemoglobin. The fact that the 
labeled acids were taken up in the 
latter ratio indicates that the micro
somes were primarily making hemo
globin, not microsome. 

Teaching by ftfachine 

Can teaching be mechanized? B. F. 
Skinner, Edgar Pierce Professor of 

Psychology at Harvard University, be
lieves that it must be if the rising world
wide demand for education is to be 
met. He has deSigned and built a 
number of "teaching machines" which 
not only present material to the stu
dent (as do conventional audio-visual 
teaching aids) but continually test the 
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SEE 

Prints of "PORTRAIT IN PLASTICS" available on loan. 

•• = IIlOd$m IaboriItotIu wfIent the &at
man theme of ..... c1I is: wried fOrward 

••• : � color matc1Ilitg at Ttnite 
Color �, Where over 39,000 color 
$8IIIpIes aave been developed and Ire used 
to check JQIIf onterJ 

lnformation on "PORTRAIT IN PLASTICS" and bookings of this movie also may be obtained from local representatives listed 

under "Plastics-Tenite" in the classified telephone directories of the following cities: Atlanta, Chicago, Cleveland, Dayton, 

Detroit, Houston, Kansas City, Leominster (Mass.). Los Angeles, New York City, Portland (Ore.). Rochester (N. Y .), SI. Louis, 
San Francisco, Seattle and Toronto. Elsewhere throughout the world, from Eastman Kodak Company affiliates and distributors. 
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Projects meeting the ever increasing needs of Advanced Power Systems for Air and Space operations 
are currently under way at Marquardt. Here, in an environment that stimulates creative hypotheses, 
Marquardt engineers and scientists are engaged in the following diversified areas: 

ADVANCED PROPULSION CYCLES 

• Ramjets for cruise propulsion for hyper
velocity missiles and piloted aircraft and as 
accelerating devices for Space Vehicles 

• Electri�al Propulsion-Plasma Jets, Ion Propulsion 
and Magnetohydrodynamics 

• Nuclear Ramjet 

EXOTIC FUELS 

• Evaluation-Energy, 
Compatibility and Logistics 

CONTROLS & ACCESSORIES 

• Hot Gas Servo Systems 
• Accessory power for Space application 
• Variable geometry Inlet Controls 

In addition, current application projects include supersonic ramjet power for Bomarc, Super Bomarc, 
X-7 (test vehicle), Q-5, and Kingfisher. 
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TO ENGINEERS AND SCIENTISTS: 

Engineers capable of contributing to advances in 
the state-of-the-art and scientists who desire to do 
proof-of-the-principle research in the fields of 
propulsion systems, automatic controls, advanced test 
facilities and high temperature materials may find, 
here at Marquardt, the climate best suited 
to your interests and talents. 
May I suggest that you contact me? 

Roy E. Marquardt 
President 

VAN NUYS AND POMONA, CALIFORNIA · OGDEN, UTAH 
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TAKES BIG ONES. This is the world's largest vacuum 
heat-treating furnace. Built by Lindberg Engineer
ing Company, it degasses and anneals full-sized 

titanium alloy sheets in the flat, is also used for 
large forgings and extrusions. Work chamber of 
Inconel alloy is 14 feet long, 6 feet in diameter. 

Getting space-bound metals ready to go 

Metals like titanium and zirconium 
used in guided missiles are tricky to 
heat treat. 

It's not so hard to imagine what 
usually happens as temperatures 
soar in the heat-treating furnace ... 
these metals tend to "pick up" hy

drogen, oxygen and nitrogen. 
They become brittle. They crack 

under stress. 

To put a damper on that, a degassing 

furnace like the one shown here is 
used. It runs so hot - at so high a 
vacuum - there's practically no gas 
left to worry about! 

Under those conditions, you might 
wonder if its users wouldn't be 

INCO 

worrying about how the furnace it
self would react. No problem on that 
score, either. The huge retort - big 
enough to take full-size sheets in the 
fiat - is made entirely of InconeP 
nickel - chromium alloy. Half-inch 
plate. 

With this protection, metals can be 
heated as high as 2100° F. in a 
vacuum of 0.3 microns without dan
ger of collapsing the retort. Inconel 
alloy has all the strength, all the re
sistance to oxidation, that's required 
for such gruelling service. 

Then, too, Inconel alloy gives 
long-term insurance against damage 
by thermal shock. And another big 

consideration: it is easy to fabricate 
in the large and heavy sections' that 
are needed. 

Do you have a metal problem in 
which high (or low ) temperatures 
play a leading role? Or corrosion? 
Stress? Fatigue? Some other trou
blemaker? There is a good chance 
Inconel alloy will provide the com
bination of properties you need. To 
find out more about this versatile 
alloy, write for Technical Bulletin 
T -7, "Engineering Properties of 
Inconel." *Registered trademark 

The Internatianal Nickel Company, Inc. 
67 Wall Street A.. New York 5, N. Y. 

--------(����>----------

NICKEL ALLOYS 
NICKEL ALLOYS PERFORM BETTER LONGER 
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student on the information he is ac
quiring. 

Skinner, one of the most influential 
investigators of learning processes, is 
well known for his extensive studies of 
learning in animals [see "How to Teach 
Animals," by B. F. Skinner; SCIENTIFIC 
AMEHICAN, December, 1951]. His ma
chines, which he describes in Science as 
the mechanical equivalent of a private 
tutor, utilize material which has been 
broken down into many small and care
fully arranged steps. The machine pre
sents only one "frame" of material at a 
time. In one type of apparatus the stu
dent writes his response to each frame 
on a paper strip in the machine. He 
then uncovers the correct answer by 
moving a lever. If the two responses cor
respond, he alters the machine so that 
the correctly answered frame does not 
reappear when he goes over the material 
again. Skinner believes that the machine, 
immediately reinforcing correct answers, 
teaches more effectively than exami
nation papers which are corrected and 
returned several days later. Moreover, 
each student can progress at his own 
pace. 

Skinner and his associates have used 
machines of this type in teaching part of 
a course in human behavior to nearly 
200 Harvard and Radcliffe College un
dergraduates. The students covered ma
terial corresponding to about 200 text
book pages in an average "machine time" 
of 14)� hours. They reported that they 
learned much more in less time with less 
effort than they did by conventional 
methods. 

The Negative Gene 

N
egative electric charges along the 

giant molecule of deoxyribonucleic 
acid (DNA) appear to be a significant 
feature of its function in the nucleus of 
the living cell. The experiments which 
suggest this conclusion are described in 
Proceedings of the National Academy of 
Sciences by V. C. Allfrey and A. E. Mir
sky of the Rockefeller Institute. 

Allfrey and Mirsky worked with nuclei 
which had been isolated from cells in 
the thymus gland of the calf. First they 
incubated the nuclei with an enzyme 
which removes up to 75 per cent of their 
DNA. Thus treated, the nuclei lost their 
capacity to synthesize the energy-yield
ing substance adenosine triphosphate 
(ATP) , to incorporate amino acids into 
protein, and to incorporate adenosine in
to ribonucleic acid (RNA) . 

To the inactive nuclei Allfrey and 
Mirsky now added various large mole
cules bearing negative charges. Some of 

for 
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Today artificial satellites orbit in space. Missiles can span conti· 
nents. Conservative scientists calmly talk of landing on the moon. 

Just as they have contributed to other aeronautical sciences, the 
various divisions of United Aircraft Corporation have made signifi. 
cant contributions to these new fields of missiles and space 
technology. 

Recently the outstanding scientists and engineers who had 
specialized in missiles, missile guidance and space penetration 
problems in each division were brought together to focus their com· 
bined skills on advanced concepts and systems. A new Division was 
created ... the Missiles & Space Systems Division. 

This division is only weeks old. It is in an explosive growth 
period. Yet it has a built-in stability factor ... the advantages of 
the brainpower, the "know-how", the financial resources and the 
unique facilities of a billion-dollar corporation that is already pre. 
eminent in aeronautics. 

This combination of newness and stability should be significant 
to every alert engineer or scientist. It should suggest a unique op
portunity to demonstrate ability and win the advancement and 
other rewards that ability deserves. 

If you are looking for opportunity, we suggest that you contact 
us immediately. 

Positrons are available at all levels in • • •  

ELECTRONICS: Guidance. Radar, Countermeasures, Computers, Telemeby • 

SYSTEMS ANALYSIS • SYSTEMS INTEGRATION • MILITARY REQUIREMENTS· 
RELIABILITY • GROUND SUPPORT • SPACE TECHNOLOGY: Astrophysics, Astro
nautics • AERONAUTICS: Preliminary Design, Performance, Aerodynamics, 
Structures, Propulsion. 

Please send your complete resume. including salary 
requirements. to Mr. John A. North. 

MISSILES & SPACE SYSTEMS DIVISION 
UNITED AIRCRAFT CORPORATION· EAST HARTFORD 8, CONNECTICUT 

I 
the molecules were chemically unrelated 
to DNA; indeed, one of them was a 
synthetic molecule: polyethylene sulfo
nate. But when the molecules were 
taken up, the nuclei resumed their 
activity! When large molecules bearing 
positive charges were added, chemical 
activity stopped; in fact, when posi
tively charged molecules were added 
to intact nuclei, the incorporation of 
amino acids into protein was greatly 
inhibited. 

The End of the Rune Stone? 

T
he Kensington Stone, one of the most 
celebrated historic relics in the U. S., 

has been Rrmly labeled a fraud. The 
stone, a large slab inscribed with rows 
of peculiar symbols, was found in 1898 
by a Swedish immigrant, Olof Ohman, 
on his farm near Kensington, Minn. 
Language experts found the inscription 
to be Scandinavian runic writing and 
translated it: "Eight Swedes and 22 
Norwegians on an exploration journey 
from Vinland westward. We had our 
camp by two rocky inlets one day's 
journey north of this stone. \;I,1e were out 
Rshing one day. When we came home, 
we found 10 men fed with blood and 
dead. AVM save us from evil. We have 
10 men by the sea to look after our ships, 
14 days' journey from this island. Year 
1362." 

An authority on Scandinavian lan-
guages, Erik Wahlgren of the University 
of California at Los Angeles, now ex
plains why the inscription on the 
stone cannot be authentic. In his new 
book The KenSington Stone, a Mystery 
Solved he sets forth many compelling 
reasons. 

It is difficult to believe that Vikings 
could have left their ships only 14 days' 
journey from Minnesota. They could not 
have sailed their ships. past Niagara 
Falls, and the next nearest shore is on 
Hudson Bay, 2,200 miles distant. 

The inscription is unreasonably long. 
Most genuine rune stones are cryptic; 
stone carving is hard, slow work. Would 
Norse explorers beset by Indians have 
been long-winded? 

The runic writing is not true to form. 
The date 1362, for example, is written 
in the runes for "one," "three," "six" and 
"two." On rune stones found in Europe 
the year numbers are written out in full 
or in Roman numerals. 

Who perpetrated the hoax? Here 
Wahlgren does not come to a Rrm con
clusion. He points out, however, that 
Ohman owned a Swedish encyclopedia 
which was well thumbed at a section on 
the history of the Swedish language. 
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STEPS IN THE RACE TO OUTER SPACE 

This nuclear-fueled reconnaissance craft 

is preparing to land on Mars' outermost 

satellite, Deimos -12,500 miles away 

from the "red planet" (center) and 35 

million miles away from the Earth_ Dei

mos' gravitational pull is so slight that a 

featherlight landing could be made, and 

a take-off could be accomplished with 

little more than a shove of the pilot's 

foot! (At Deimos' orbital speed, such a 

push would start the ship back to Earth 

at 3000 miles per hOUL) 

Mars Snooper 
and tail-first as a ramjet airplane_ Pro

pulsion for both is provided by a single 

atomic heat source, reacting with hydro

gen for rocket thrust, and with atmos

phere to power the ramjets_ 

Travel to Mars, braking for landing. 

take-off and re-entry are accomplished 

by rocket-thrust. As the ship approaches 

the Earth's atmosphere, it assumes a tail

first attitude_ The "petal doors" enclose 

the rocket nozzle, and the ship is trans

formed into a high speed, ramjet air-

plane with M-shaped wings_ Control fins 

are located in the nose of the craft, near 

the crew's quarters_ 
• • * 

Engineers-Scientists: If you desire 

a career in space projects, write to Pro

fessional Placement, AIlII#A Division, 

designers and developers of inertial 

guidance systems for Air Force TITAN 

and ATLAS ICBM's_ AIlII#A ___ Garden 

City, New York_ A Division of American 

Bosch Arma Corporation_ 

Our spaceship is designed to fly in two 

directions-nose first as a space rocket AIIITERICAN BOSCH ARIIITA CORPORATION 
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THE EVOLUTION OF BEHAVIOR 

Beneath the varying behavior which animals learn lie unvarying 

motor patterns which they inherit. These behavior traits are as 

much a characteristic of a species as bodily structure and form 

A 
whale's flipper, a bat's wing and a 
man's arm are as different from 
one another in outward appear

ance as they are in the functions they 
serve. But the bones of these structures 
reveal an essential similarity of design. 
The zoologist concludes that whale, bat 
and man evolved from a common ances
tor. Even if there were no other evi
dence, the comparison of the skeletons 
of these creatures would suffice to estab
lish that conclusion. The similarity of 
skeletons shows that a basic structure 
may persist over geologic periods in spite 
of a wide divergence of function. 

by Konrad Z. Lorenz 

Following the example of zoologists, 
who have long exploited the comparative 
method, students of animal behavior 
have now begun to ask a penetrating 
question. We all know how greatly the 
behavior of animals can vary, especially 
under the influence of the learning proc
ess. Psychologists have mostly observed 
and experimented with the behavior of 
individual animals; few have considered 
the behavior of species. But is it not pos
sible that beneath all the variations of 
individual behavior there lies an inner 
structure of inherited behavior which 
characterizes all the members of a given 

species, genus or larger taxonomic group 
-just as the skeleton of a primordial an
cestor characterizes the form and struc
ture of all mammals today? 

Yes, it is possible! Let me give an 
example which, while seemingly trivial, 
has a bearing on this question. Anyone 
who has watched a dog scratch its jaw 
or a bird preen its head feathers can 
attest to the fact that they do so in the 
same way. The dog props itself on the 
tripod formed by its haunches and two 
forelegs and reaches a hindleg forward 
in front of its shoulder. Now the odd 
fact is that most birds (as well as virtu-

SCRATCHING BEHAVIOR of a dog and a European bullfinch is 

part of their genetic heritage and is not changed by training. The 
widespread habit of scratching with a hindlimb crossed over a fore

limb is common to most Amniota (birds, reptiles and mammals). 
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DISPLAY BEHAVIOR of seagulls shows how behavior traits inherent in all gulls have 

adapted to the needs of an aberrant species. At top is a typical gull, the herring gull, whicb 

breeds on the shore. It is showu in the "cboking" posture which advertises its nest site. In 

middle the herring gull is shown in the "oblique" and "long call" postures, used to defend 

its territory. At bottom is the aberrant kittiwake, which unlike other gulls breeds on narrow 

ledges and has no territory other than its nest site. The kittiwake does not use the "oblique" 

or "long call" postures, but employs the "choking" stance for both advertisement and defense. 
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ally all mammals and reptiles) scratch 
with precisely the same motion! A bird 
also scratches with a hindlimb (that is, 
its claw), and in doing so it lowers its 
wing and reaches its claw forward in 
front of its shoulder. One might think 
that it wOllld be simpler for the bird to 
move its claw directly to its head with
out moving its wing, which lies folded 
out of the way on its back. I do not see 
how to explain this clumsy action unless 
we admit that it is inborn. Before the 
bird can scratch, it must reconstruct the 
old spatial relationship of the limbs of 
the four-legged common ancestor which 
it shares with mammals. 

In retrospect it seems peculiar that 
psychologists have been so slow to pur
sue such clues to hereditary behavior. It 
is nearly 100 years since T. H. Huxley, 
upon making his first acquaintance with 
Charles Darwin's concept of natural 
selection, exclaimed: "How stupid of me, 
not to have thought of that!" Darwinian 
evolution quickly fired the imagination 
of biologists. Indeed, it swept through 
the scientific world with the speed char
acteristic of all long-overdue ideas. But 
somehow the new approach stopped 
short at the borders of psychology. The 
psychologists did not draw on Darwin's 
comparative method, or on his sense of 
the species as the protagonist of the 
evolutionary process. 

Perhaps, with their heritage from 
philosophy, they were too engrossed in 
purely doctrinal dissension. For exactly 
opposite reasons the "behaviorists" and 
the "purposivists" were convinced that 
behavior was much too variable to per
mit its reduction to a set of traits charac
teristic of a species. The purposivist 
school of psychology argued for the ex
istence of instincts; the behaviorists 
argued against them. The purposivists 
believed that instincts set the goals of 
animal behavior, but left to the individu
al animal a boundless variety of means to 
reach these goals. The behaviorists held 
that the capacity to learn endowed the 
individual with unlimited plasticity of 
behavior. The debate over instinct ver
sus learning kept both schools from per
ceiving consistent, inherited patterns in 
behavior, and led each to preoccupation 
with external influences on behavior. 

If any psychologist stood apart from 
the sterile contention of the two schools, 
it was Jakob von Uexkiill. He sought tire
lessly for the causes of animal behavior, 
and was not blind to structure. But he 
too was caught in a philosophical trap. 
Uexkiill was a vitalist, and he denounced 
Darwinism as gross materialism. He be
lieved that the regularities he observed 
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in the behavior of species were manifes
tations of nature's unchanging and un
changeable "ground plan," a notion akin 
to the mystical "idea" of Plato, 

The Phylogeny of Behavior 

But even as the psychologists debated, 
evolutionary thought was entering the 
realm of behavior studies by two back 
doors. At Woods Hole, Mass., Charles 
Otis Whitman, a founder of the Marine 
Biological Laboratory, was working out 
the family tree of pigeons, which he had 
bred as a hobby since early childhood. 
Simultaneously, but unknown to Whit
man, Oskar Heinroth of the Berlin 
Aquarium was studying the phylogeny 
of waterfowl. Heinroth, too, was an 
amateur aviculturist who had spent a 
lifetime observing his own pet ducks. 
What a queer misnomer is the word 
"amateur"! How unjust that a term 
which means the "lover" of a subject 
should come to connote a superficial 
dabbler! As a result of their "dabbling," 
Whitman and Heinroth acquired an in
comparably detailed knowledge of pi
geon and duck behavior. 

As phylogenists, Whitman and Hein
roth both sought to develop in detail 
the relationship between families and 
species of birds. To define a given group 
they had to find its "homologous" traits: 
the resemblances between species which 
bespeak a common origin. The success 
or failure of their detective work hinged 
on the number of homologous traits they 
could find. As practical bird-fanciers, 
Whitman and Heinroth came to know 
bird behavior as well as bird morpholo
gy, and each independently reached an 
important discovery: Behavior, as well 
as body form and structure, displays 
homologous traits. As Whitman phrased 
it just 60 years ago: "Instincts and or
gans are to be studied from the common 
viewpoint of phyletic descent." 

Sometimes these traits of behavior are 
common to groups larger than ducks or 
pigeons. The scratching habit, which I 
have already mentioned, is an example 
of a behavior pattern that is shared by 
a very large taxonomic group, in this 
case the Amniota: the reptiles, birds and 
mammals (all of whose embryos grow 
within the thin membrane of the am
niotic sac). This widespread motor pat
tern was discovered by Heinroth, who 
described it in a brief essay in 1930. It is 
noteworthy that Heinroth observed the 
extreme resistance of such inborn habits 
to changes wrought by learning. He no
ticed that while most bird species main
tain their incongruous over-the-shoulder 

"HEAD·FLAGGING" is another form of display iu which the kittiwake has adapted its be

havioral birthright to meet unusual needs. Most gulls-like this pair of black-faced gulls

use this stance in courtship (by averting its menacing facial and bill coloration, the bird 

"appeases" the aggressive instinct of its mate) . Kittiwakes alone evince this posture not 

only in mating adults but in ledge-bound nestlings, which use it to "appease" invaders. 

scratching technique, some have lost 
this behavior trait. Among these are the 
larger parrots, which feed with their 
claws and use the same motion-under 
the wing-for scratching. Parakeets, 
however, scratch in the unreconstructed 
style, reaching around the lowered wing, 
and do not pick up food in their claws. 
There are a few exceptions to this rule. 
The Australian broad tailed parakeet has 
learned to eat with its claw. When eat
ing, it raises its claw directly to its bill. 
But when scratching, it still reaches its 
claw around its lowered wing! This oddi
ty is evidence in itself of the obstinacy of 
the old scratching habit. So far no one 
has been able to teach a parakeet to 
scratch without lowering its wing or to 
train a parrot to scratch around a low
ered wing. 

Today a growing school of investiga
tors is working in the field opened up by 
Whitman and Heinroth. They have set 
themselves the task of discovering in
herited patterns of behavior and tracing 
them from species to species. Many of 
these patterns have proved to be reliable 
clues to the origin and relationship of 
large groups of animals. There is no 
longer any doubt that animals in general 
do inherit certain deep-seated behavioral 
traits. In the higher animals such traits 
tend to be masked by learned behavior, 
but in such creatures as fishes and birds 
they reveal themselves with great clari
ty. These patterns of behavior must 
somehow be rooted in the common phys-

iological inheritance of the species that 
display them. Whatever their physiolog
ical cause, they undoubtedly form a 
natural unit of heredity. The majority of 
them change but slowly with evolution 
in the species and stubbornly resist 
learning in the individual; they have a 
peculiar spontaneity and a considerable 
independence of immediate sensory 
stimuli. Because of their stability, they 
rank with the more slowly evolving skel
etal structure of animals as ideal subjects 
for the comparative studies which aim to 
unravel the history of species. 

I am quite aware that biologists today 
( especially young ones) tend to think of 
the comparative method as stuffy and 
old-fashioned-at best a branch of re
search that has already yielded its treas
ures, and like a spent gold mine no long
er pays the working. I believe that this 
is untrue, and so I shall pause to say a 
few words in behalf of comparative mor
phology as such. Every time a biologist 
seeks to know why an organism looks 
and acts as it does, he must resort to the 
comparative method. Why does the ear 
have' its peculiar conformation? Why is 
it mounted behind the jaw? To know the 
answer the investigator must compare 
the mammalian frame with that of other 
vertebrates. Then he will discover that 
the ear was once a gill slit. When the 
first air-breathing, four-legged velte
brates came out of the sea, they lost all 
but one pair of gill slits, each of which 
happened to lie conveniently near the 
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"INCITING" is a threatening movement used by the female duck 

to signal her mate to attack invaders of their territory. At left a 

female of the European sheldrake (with head lowered) incites her 

mate against an enemy that she sees directly before her. The female 

at right (with head turned) has seen an enemy to one side. Each 

female watches her enemy regardless of her own body orientation. 

labyrinth of the inner ear. The water 
canal which opened into it became filled 
with air and adapted itself to conducting 
sound waves. Thus was born the ear. 

This kind of thinking is 100 years old 
in zoology, but in the study of behavior 
it is only now coming into its own. The 
first studies leading to a true morphology 
of behavior have concentrated largely on 
those innate motor patterns that have 
the function of expression or communi
cation within a species. It is easy to see 
why this should be so. Whether the mode 
of communication is aural, as in the case 
of bird songs, or visual, as in the "dis-

a 

play" movements of courtship, many of 
these motor patterns have evolved under 
the pressure of natural selection to serve 
as sharply defined stimuli influencing the 
social behavior of fellow-members of a 
species. The patterns are usually striking 
and unambiguous. These qualities, so es
sential to the natural function of the be
havior patterns, also catch the eye of the 
human observer. 

Gulls, Terns and Kittiwakes 

For some years N. Tinbergen of the 
University of Oxford has intensively 

b 

studied the innate behavior of gulls and 
terns: the genus Laridae. He has organ· 
ized an international group of his stu
dents and co-workers to conduct a world
wide study of the behavior traits of gulls 
and terns. They are careful to observe 
the beha viol' of their subjects in the larg
er context of their. diverse life histories 
and in relationship to their different en
vironments. It is gratifying that this am
bitious project has begun to meet with 
the success which the enthusiasm of its 
participants so richly deserves. 

Esther Cullen, one of Tinbergen's stu
dents, has been studying an eccentric 

"RITUALIZED" INCITING is exhibited by mallards. In this 

species turning the head-as a female sheldrake does when incit· 

ing against an enemy to one side-has become an innate motor pat· 

tern. In situation a the female mallard turns her head toward the 

enemy. In b, with the enemy in front of her, she still turns her head 

even though this results in her turning it away from the enemy. 

70 

© 1958 SCIENTIFIC AMERICAN, INC



among the seagulls-the kittiwake. Most 
gulls are beachcombers and nest on the 
ground, and it is safe to assume that this 
was the original mode of life of the gull 
family. The kittiwake, however, is dif
ferent. Except when it is breeding, it 
lives over the open sea. Its breeding 
ground is not a flat shore but the steepest 
of cliffs, where it nests on tiny ledges. 

Mrs. Cullen has listed 33 points, both 
behavioral and anatomical, in which the 
kittiwake has come to differ from its sis
ter species as a result of its atypical style 
of life. Just as the whale's flipper is a 
recognizable mammalian forelimb, so 
many of the kittiwake's habits are recog
nizably gull-like. But the kittiwake, like 
the whale, is a specialist; it has given its 
own twist to many of the behavior pat
terns that are the heritage of the LaTidae. 

For example, the male of most gull 
species stakes its claim to nesting terri
tory by uttering the "long call" and 
striking the "oblique posture," its tail 
up and head down. To advertise its actu
al nesting site, it performs the "choking" 
movement. In the kittiwake the inherited 
patterns of behavior have been modified 
in accord with the habitat. On the kitti
wake's tiny ledge, territory and nest sites 
are identical. So the kittiwake has lost 
the oblique posture and long call, and 
uses choking alone for display purposes. 

Another example is the kittiwake ges
ture which Tinbergen calls "head-Hag
ging." In other gull species a young gull 
which is not fully able to fly will run for 
cover when it is frightened by an adult 
bird. But its cliffside perch provides no 
cover for the young kittiwake. When it is 
frightened, the little kittiwake averts its 
head as a sign of appeasement. Such 
head-flagging does not occur in the 
young of other gulls, although it appears 
in the behavior of many adult gulls as 
the appeasement posture in a fight and 
in the rite of courtship. The kittiwake 
species has thus met an environmental 
demand by accelerating, in its young, 
the development of a standard motor 
habit of adult gulls. 

Recently Wolfgang Wickler, one of 
my associates at the Max Planck Insti
tute for Comparative Ethology, has 
found a similar case of adaptation by 
acceleration among the river-dwelling 
cichlid fishes. Most cichlids dig into the 
river bottom only at spawning time, 
when they excavate their nest pits. But 
there is an eccentric species (Steato
crantls), a resident of the rapids of the 
Congo River, which lives from infancy 
in river-bottom burrows. In this cichlid 
the maturation of the digging urge of the 
mating fish is accelerated, appearing in 
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TEN COURTSHIP POSES which belong to the common genetic heritage of surface·feeding 
ducks are here shown as exemplified in the mallard: (1) initial bill· shake, (2) head·flick, 

(3) tail·shake, (4) grunt·whistle, (5) head,up-tail.up, (6) turn toward the female, (7) nod· 
swimming, (8) turning the back of the head, (9) bridling, (10) down·up. How the mallard 

and two other species form sequences of these poses is illustrated on pages 72 through 76. 
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the infant of the species. It is not hard 
to conceive how selection pressure could 
have led to this result. 

The work of the Tinbergen school has 
had the important result of placing in
nate motor habits in their proper setting. 
He and his co-workers have shown that 
these traits are highly resistant to evolu
tionary change, and that they often re
tain their original form even when their 
function has diverged considerably. 
These findings amply justify the meta
phor that describes innate patterns as the 
skeleton of behavior. More work of the 
Tinbergen kind is badly needed. There 

is great value in his synthetic approach, 
uniting the study of the physical nature 
and environment of animals with study 
of their behavior. Any such project is of 
course a tall order. It requires concerted 
field work by investigators at widely 
separated points on the globe. 

Behavior in the Laboratory 

Fortunately it is quite feasible to ap
proach the innate motor patterns as an 
isolated topic for examination in the lab
oratory. Thanks to their stability they 
are not masked in the behavior of the 

captive animal. If only we do not forget 
the existence of the many other physio
logical mechanisms that affect behavior, 
including that of learning, it is legitimate 
for us to begin with these innate be
havior traits. The least variable part of 
a system is always the best one to ex
amine first; in the complex interaction 
of all parts, it must appear most fre
quently as a cause and least frequently 
as an effect. 

Comparative study of innate motor 
patterns represents an important part of 
the research program at the Max Planck 
Institute for Comparative Ethology. Our 

I I I 
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COURTSHIP SEQUENCES OF MALLARD are shown in this 
series of drawings, based on motion pictures made by the author at 
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his laboratory in Seewiesen, Germany. Each sequence combines in 

fixed order several of the 10 innate courtship poses illustrated on 
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subjects are the various species of dab
bling, or surface-feeding, ducks. By ob
serving minute variations of behavior 
traits between species on the one hand 
and their hybrids on the other we hope 
to arrive at a phylogenetics of behavior. 

Our comparative studies have devel
oped sufficient information about the 
behavior traits of existing species to per
mit us to observe the transmission, sup
pression and combination of these traits 
in hybrid offspring. Ordinarily it is diffi
cult to find species which differ markedly 
with respect to a particular characteristic 
and which yet will produce fertile hy-

brids. This is true especially with respect 
to behavioral traits, because these tend 
to be highly conservative. Species which 
differ sufficiently in behavior seldom pro
duce offspring of unlimited fertility. 
However, closely related species which 
differ markedly in their patterns of sex
ual display are often capable of produc
ing fertile hybrids. These motor patterns 
serve not only to bring about mating 
within a species but to prevent mating 
between closely allied species. Selection 
pressure sets in to make these patterns 
as different as possible as quickly as pos
sible. As a result species will diverge 

markedly in sexual display behavior and 
yet retain the capacity to interbreed. 
This has turned out to be the case with 
dabbling ducks. 

The first thing we wanted to know was 
how the courtship patterns of ducks be
come fixed. Credit is due to Sir Julian 
Huxley, who as long ago as 1914 had 
observed this process, which he called 
"ritualization." We see it clearly in the 
so-called "inciting" movement of female 
dabbling ducks, diving ducks, perching 
ducks and sheldrakes. 

To see "inciting" in its original un
ritualized form, let us watch the female 

page 71. The numbers under the ducks refer to these poses. Shown 
here are the following obligatory sequences: tail·shake, head flick, 

tail·shake; bill·shake, grunt·whistle, tail·shake; head·up tail·up, 

turn toward female, nod'swimming, turning back of the head. 
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COURTSHIP OF EUROPEAN TEAL-another species of surface

feeding duck-includes tail-shake, head-flick, tail-shake (as in the 

mallard) ; down-up; grunt-whistle, tail-shake, head-flick, head-up

tail-up, turned toward the female, turning back of the head. 

of the common sheldrake as she and her 
mate encounter another pair of shel
drakes at close quarters. Being far more 
excitable than her placid companion, the 
female attacks the "enemy" couple, that 
is, she adopts a threatening attitude and 
runs toward them at full tilt. It happens, 
however, that her escape reaction is 
quite as strong as her aggressive one. She 
has only to come within a certain dis
tance of the enemy for the escape stim
ulus to overpower her, whereupon she 
turns tail and Bees to the protection of 
her mate. When she has run a safe dis
tance, she experiences a renewal of the 
aggressive impulse_ Perhaps by this time 
she has retreated behind her mate. In 
that case she struts up beside him, and, 
as they both face the enemy, she makes 
threatening gestures toward them. But 
more likely she has not yet reached her 
mate when the aggressive impulse re-
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turns. In that case she may stop in her 
tracks. With her body still oriented to
ward her mate, she will turn her head 
and threaten the enemy over her shoul
der. In this stance she is said to "incite" 
an aggressive attitude in her partner. 

Now the incitement posture of the 
female sheldrake does not constitute an 
innate behavior trait. It is the entirely 
plastic resultant of the pressure of two 
independent variables: her impulse to 
attack and her impulse to Bee. The ori
entation of her head and body reBects 
the geometry of her position with respect 
to her mate and the enemy. 

The same incitement posture in mal
lards, on the other hand, is distinctly 
ritualized. In striking her pose the fe
male mallard is governed by an inherited 
motor pattern. She cannot help thrusting 
her head backward over her shoulder. 
She does this even if it means she must 

point her bill away from the enemy! In 
the sheldrake this posture is the result
ant of the creature's display of two con
Bicting impulses. In the mallard it has 
become a fixed motor pattern. 

No doubt this motor pattern evolved 
fairly recently. It is interesting to note 
that while the female mallard is impelled 
to look over her shoulder when inciting, 
the older urge to look at the enemy is still 
there. Her head travels much farther 
backward when the enemy is behind her. 
If you observe closely, it is plain that 
her eyes are fixed on the enemy, no mat
ter which way her head is turned. 

Occasionally a female, impelled by 
the awkwardness of watching the enemy 
from the ritualized posture, will swing 
about and face them directly. In that 
case one may say that her old and new 
motor patterns are simultaneously active. 
Like the sheldrake, the mallard must 
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once have faced the enemy during in
citement. Overlying this instinct is a new 
one-to move her head backward over 
her shoulder regardless of the location of 
the enemy. The old orienting response 
survives in part. It usually displays itself 
at low levels of excitement. Especially at 
the beginning of a response, the female 

I 

mallard may stretch her neck straight 
forward. As her excitement mounts, how
ever, the new motor pattern irresistibly 
draws her head around. This is one of 
many instances in which the mounting 
intensity of a stimulus increases the fixity 
of the motor coordination. 

What has happened is that two inde-

pendent movements have been welded 
together to form a new and fixed motor 
pattern. It is possible that all new pat
terns are formed by such a welding 
process. Sometimes two patterns remain 
rigidly welded. Sometimes they weld 
only under great excitement. 

Recently we have been studying be-

�! ··-------------------------------------------------- 4---------------------------------------------------

GADWALL COURTSHIP includes the grunt.whistle, always fol· 

lowed by the tail·shake, head.flick, tail·shake sequence also found in 

the other species illustrated. The head·up-tail.up (5) and the down· 

76 

up (0) are always followed by a turn toward the female (6). Dur· 

ing the most intense excitement of the courtship display, these pairs 
themselves become welded into the invariable sequence 5·6·10·6. 

© 1958 SCIENTIFIC AMERICAN, INC



Velvet-smooth control . . .  at your linger tips 
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havior complexes in which more than 
two patterns are welded. In their court
ship behavior our surface-feeding ducks 
display some 20 elementary innate motor 
patterns. We have made a special study 
of three species which have 10 motor 
patterns in common but display them 
welded into different combinations. As 
shown in the illustration on page 71, 
these patterns are (1) initial bill-shake, 
(2) head-flick, (3) tail-shake, (4) 

grunt-whistle, (5) head-up-tail-up, (6) 
turn toward the female, (7) nod-swim
ming, (8) turning the back of the head, 
(9) bridling, (0) down-up movement. 
Some of the combinations in which these 
motor patterns are displayed are shown 
on pages 72 through 76. In some species 
certain of the patterns occur independ
ently (e.g., 1 and 10 in the mallard). 
Some simple combinations have wide 
distribution in other species as well (e.g., 
4, 3 and 5, 6 in all the species). Many 
combinations are more complicated, as 
the illustrations show. 

What happens when these ducks are 
crossbred? By deliberate breeding we 
have produced new combinations of 
motor patterns, often combining traits of 
both parents, sometimes suppressing the 
traits of one or the other parent and 
sometimes exhibiting traits not apparent 
in either. We have even reproduced 
some of the behavior-pattern combina
tions which occur in natural species other 
than the parents of the hybrid. Study of 
our first-generation hybrids indicates 
that many differences in courtship pat
terns among our duck species may also 
be due to secondary loss, that is, to sup
pression of an inherited trait. Crosses 
between the Chiloe teal and the Bahama 
pintail regularly perform the head-up
tail-up, although neither parent is ca
pable of this. The only possible conclu
sion is that one parent species is latently 
in possession of this behavioral trait, and 
that its expression in a given species is 
prevented by some inhibiting factor. So 
far our only second-generation hybrids 
are crosses between the Chiloe pintail 
and the Bahama pintail. The results look 
promising. The drakes of this generation 
differ greatly from each other and dis
play hitherto unheard-of combinations of 
courtship patterns. One has even fused 
the down-up movement with the grunt
whistle! 

Thus we have shown that the differ
ences in innate motor patterns which 
distinguish species from one another can 
be duplicated by hybridization. This 
suggests that motor patterns are de
pendent on comparatively simple con
stellations of genetic factors. 
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Business and Defense 
Both Reap Benefits 

DETROIT, MICH.-The Burroughs 
far· ranging programs in pure and 
applied research steadfastly and pro· 
ductively explore such challenging 
fields as electronics, optics, magnetics 
and others. 

Typical headlined results that have 
already come from such inspired 
exploration: the Burroughs F4200 
electronic bookkeeping machine. The 
Burroughs 220 giant capacity elec· 
tronic computer. The Atlas ICBM's 
solid-state guidance computer. SAGE 
defense system's air  a l e r t .  A n d  
through miniaturization,  g i a n t 
capacity airborne computers about 

the size of a bread box. All these
and more, much more-in addition to 
creating Burroughs broad advanced 
data processing equipment line. 

One particular field of concentra
tion: the critical areas of higher speed, 
lower cost input , output and storage 
of data. Among the many advances: 
Electrostatic equipment that records 
30,000 characters a second. Plus a new 
computer memory called "thin film," 
which cuts data access time to 15 
billionths of a second, many times 
faster �han standard magnetic core 
memones. 

At work almost everywhere in busi
ness, science and defense, Burroughs 
equipment ranges from the sophisti
cated giant, medium and small elec
tronic computers and peripheral 
equipment to a group of more than 
100 advanced accounting machines 

Burroughs Corporation 
"NEW DIMENSIONS / in electronics and data processing systems" 

• 

• 
• 

Illustrated from left to right: 

Direct accounting machines. Electro-mechan
ical, $600-$8,500; electronic, $10,000-$15,000. 

Electronic computation systems-$35.000 to 
$1,000,000. 

Electronic systems for continental defense and 
missile guidance. 

Electrostatic ultra high speed recording under 
development for the U. S. Army Signal Corps. 
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The Nerve Impulse and the Squid 
The giant nerve fibers of this common invertebrate are as much 

as a millimeter in diameter. Their large size has made possible 

important investigations into the physiology of nerve impulses 

�1 invention of nature, once we have 
learned to appreciate it, may fa
cilitate the progress of knowl

edge more significantly than a new 
instrument devised by human ingenuity. 
Such is the case with the giant axon of 
the squid. In the living animal the use
fulness of this large-sized nerve cable 
is demonstrated when the creature sud
denly changes course and darts away by 
jet propulsion. An array of giant axons 
activate the muscles that furnish this 
auxiliary mode of locomotion. In the 
laboratory the investigator can easily 
dissect a convenient length of axon from 
the tissues of a squid. The transparent 
tubelike axon, up to a millimeter in 
diameter, gives him a nerve fiber that he 

by Richard D. Keynes 

can handle and study with far greater 
ease than the tenuous fibers, 50 to 1,000 
times thinner, available from most ani
mals. In particular the large diameter 
of the giant axon makes the events that 
go on at the inner surface of its enclosing 
membrane accessible to investigation. 
During the past 20 years work with giant 
axons has opened the way to the princi
pal advances in our understanding of 
the generation and propagation of the 
nerve impulse. 

By the beginning of this century, 
physiologists had shown that the nerve 
impulse is a transient wave of electrical 
excitation that travels from point to 
point down the length of a nerve fiber. 
They had also established that the fiber 

may be likened in structure to a cable 
with a low-resistance core of cytoplasm 
surrounded by a high-resistance insu
lating membrane. Outside the mem
brane the salt-containing tissue fluids 
provide a low-resistance medium which 
itself plays an important role in the 
propagation of the nerve impulse. With 
the comparatively insensitive instru
ments of the day, workers had found 
that there was a steady difference in 
electrical potential across the membrane 
when the fiber was in the resting state, 
the inside of the membrane being 
charged negative with respect to the out
side. They had detected the nerve im
pulse as a brief wave of external nega
tivity that traveled along the outer sur-

SQUID (Loligo) is found in great numbers on both s ides of the 

North Atlantic. It normally swims by moving its fins but can also 
dart backward or forward by ex pell ing a jet of water. The "jet pro· 

pulsion" mechanism is controlled hy two sets of g iant nerve fibers. 
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face of the membrane with constant am
plitude and velocity. 

In 1902 Julius Bernstein of the Uni
versity of Halle in Germany put forward 
what proved to be for many years the 
most satisfactory explanation of this 
phenomenon. As was by then well 
known, the cells of all the excitable 
tissues of the body, muscle as well as 
nerve, contain an appreciably higher 
concentration of potassium ions than the 
body fluid, while the body fluid con
tains a relatively higher concentration of 
the ions of sodium. Bernstein suggested 
that the membrane's selective permea
bility to potassium might account for the 
resting potential. In the dynamic equi
librium of electrochemical forces, the 
negative charge on the inside of the 
membrane opposes the tendency of the 
positively charged potassium ions to 
escape. Bernstein further proposed that 
during the passage of a nerve impulse 
the membrane momentarily lost its selec
tive resistance to the electrochemical 
pressure of the ions in the external fluid. 
With the rush of these ions into the in
terior of the fiber, the potential across 
the membrane would collapse to zero. 
Electric currents, generated by the move
ment of the ions would then spread the 
loss of selectivity to the next section of 
the membrane. Thus the impulse was 

made to travel by self-regeneration down 
the length of the fiber. 

N europhysiologists long accepted 
Bernstein's "membrane" hypothesis 

as the best guess that could be made at 
the truth. But they could develop little 
direct evidence to support it. The high 
speed of the reaction, the minute quan
tities of material involved and the tiny 
dimensions of most nerve fibers defied 
the experimental ingenuity of investiga
tors for the next three decades. 

The way around the impasse was dis
covered in 1933, when J. Z. Young, now 
at University College London, under
took an investigation of the nervous sys
tem in squids and other cephalopods. 
Young immediately pointed out that the 
big nerve fibers of these animals would 
provide exceptionally favorable ma
terial for research into the propagation 
of the nerve impulse. The soundness 
of this observation is reflected in the 
degree to which the marine biological 
laboratories at Plymouth, England, and 
Woods Hole, Mass., have since figured 
in the literature of the nerve impulse. 

It is difficult to transport living squid 
any distance from the coastal waters in 
which they are taken by trapping or 
trawling; the creatures are most nu
merous in late summer and early au-

tumn. As a result nerve physiologists are 
to be found spending their vacations 
busily dissecting squid by the seaside. 

The process of freeing the giant axon 
from the mantle of the squid and then 
cleaning away the small nerve fibers 
that run with it requires an hour or two 
of exacting work with fine forceps and 
scissors and a binocular dissecting mi
croscope. The axon is then mounted in 
a bath of sea water which substitutes for 
the body fluids that bathe it in the living 
animal. In this state the axon will con
tinue to conduct impulses in an essen
tially normal fashion for 12 hours or 
more. The cuttlefish Sepia officina lis has 
the merit of surviving better in captivity, 
and we have managed to keep ourselves 
supplied with Sepia at the University of 
Cambridge through several winters. The 
cuttlefish axon, with a diameter of .2 
millimeter, is appreciably smaller than 
that of the squid, but nevertheless has 
proved highly satisfactory for our work 
with radioactive tracers. 

The first six years of investigation of 
the giant axons established firmly the 
various vital facts about their physical 
and chemical structure. At Woods Hole 
in 1936 K. S. Cole and H. J. Curtis 
mounted single axons as one arm in a 
Wheatstone bridge, a standard device 
for determining the electrical properties 

GI ANT AXONS of the squid (in color) are shown from above in 

the u p per drawing and in sim plified cross section below. Dissected 

from the animal and mounted in a bath of sea water, the fi bers 

will continue to conduct nerve im pulses for 12 hout's or longer. 
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of conductors. They were thus able to 
measure the resistance across the mem
brane and to determine its capacitance 
(its capacity to hold an electrostatic 
charge) as one microfarad per square 
centimeter of surface. Later, having per
fected the technique, they provided a 
classical demonstration that the drop in 
resistance across the membrane, implied 
by Bernstein's postulated loss of selec
tivity, does indeed occur. In this con
nection they found that the inherent 
capacitance of the membrane does not 
change, thus confirming the indications 
that the drop in resistance is associated 
with increased permeability to the flow 
of ions. Cole and A. L. Hodgkin of the 
University of Cambridge investigated 
the details of the process by which a 
change in the potential across the mem
brane spreads passively down the axon, 
by virtue of its cable-like structure. In 
another series of experiments Hodgkin 
demonstrated that the velocity of propa
gation varies with the resistance of the 
external medium, the impulse traveling 
only half as fast in moist air as it does in 
the more natural environment of sea wa
ter, where resistance is low. All this work 
fitted nicely into the concepts embodied 
in Bernstein's hypothesis, but it did not 
yet provide a basis for much extension 
of the theory. 

Work on the chemical composition 
"nd activity of the axon made parallel 
progress when investigators learned to 
extrude the cytoplasm from squid ax
ons, much as one extrudes toothpaste 
from a tube. With several milligrams of 
the material thus isolated from con
tamination with the external medium, 
the intracellular concentrations of salts 
and other materials could be determined 
without ambiguity. 

T he first really critical test of the Bern-
stein hypothesis and the first im

portant advance beyond it came in 1939, 
when workers took advantage of the 
relatively large diameter of squid axons 
and slipped micropipettes inside them 
down their length from the cut end. Up 
to this time all measurements of nerve 
potential had been made from the out
side. Short -circuiting by the external 
fluid and the uncertainty of potentials 
measured at liquid junctions had made it 
impossible to get a reliable test of Bern
stein's key hypothesis: that the potential 
across the membrane falls to zero at the 
peak of the "spike," as the recorded 
nerve impulse is often called. In the sum
mer of 1939, simultaneously and inde
pendently, Cole and Curtis at Woods 
Hole and Hodgkin and A. F. Huxley at 

Plymouth devised closely similar tech
niques to measure the membrane poten
tial of the squid axon from the inside. 
They pushed a micropipette, .1 milli
meter in outside diameter, two or three 
centimeters down the inside of the axon, 
carefully steering the tip to avoid scrap
ing the membrane at any point. They 
could then measure the potential differ
ence between the solution inside the 
pipette and the sea water outside the 
axon, this being in effect the potential 
across the nerve membrane at the tip 
of the pipette. 

Their measurements yielded a sur
prising result. At the peak of the spike 
the membrane potential did not merely 
drop to zero, but was reversed. The 
charge on the inside of the membrane 
became momentarily positive by 40 
millivolts or more. This interior reversal 
of charge corresponded with the exterior 
wave of negativity that had been ob
served so many years before. But it did 
not tally with Bernstein's ideas. It was 
some years, however, before further in
vestigation resolved this discrepancy of 
observation with theory, since the talents 
of many biologists as well as phYSicists 
were temporarily diverted into other 
channels in the autumn of 1939. 

The relevance of the giant-axon work 
to excitable tissues in general was estab
lished soon after the war when Ralph W. 
Gerard and Gilbert Ling, then at the 
University of Chicago, devised another 
form of micropipette with a tip tapering 
to a point no more than .0005 millimeter 
across. This tool can be thrust through 
the membrane to reach the interior of 
the thin fibers that are found more com
monly in nature than the giant axons. The 
membrane seals off fairly well around 
the tip of the pipette, making it possible 
to measure the potential difference be
tween the interior of the fiber and the 
outside of the membrane. It was not long 
before these micro electrodes were being 
used to penetrate every kind of excitable 
cell, from the nerve cells in the spinal 
cord of the cat to the specially modified 
muscle cells which generate the elec
tricity of the electric eel, and they have 
now become a standard tool in every 
physiological laboratory. Many, but not 
all, these cells produce a spike with the 
same reversal of membrane potential as 
that first seen in squid axons. The poten
tial change occurs at different rates in 
different tissues; the spike lasts under 
one millisecond in the nerve of a mam
mal and more than half a second in the 
muscle fibers of a frog's heart. But the 
potentials have roughly the same magni
tude from species to species. In most 
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TWO METHODS of measuring the internal 

potential of a nerve fiber are shown here. 

In A a tube .1 mm. in diameter, filled with 

potassium chloride, is inserted do wn the 

length of a giant axon, the only nerve fiber 

large enough to accommodate it. In B a micro· 

pipette only .0005 mm. across at the tip is 

thrust through the cell membrane. This fine· 

drawn tool can be used on the far thinner 

nerve fibers more often found in animals. 
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NERVE I MPULSE travels along a nerve fiber as a self·propagating 

wave of electrical activity. The potential across the outer membrane 

of the fiber reverses and then returns to normal again ( A) .  These 

changes are caused by rises in ionic permeability (C), which per· 

mit rapid movement of sodium ions into the fiber, followed hy an 
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egress of potassium ions ( B) .  The altered potential across the dis· 

turbed part of the membrane causes electrical currents to flo w in 

the external medium and within the fiber (D) . These depolarize the 

membrane ahead of the advancing impulse, triggering permeability 

changes and thus producing a wave of increased conductance (E). 
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cells the resting potential lies between 
50 and 100 millivolts, while at the peak 
of the spike the potential is reversed by 
20 to 50 millivolts. 

T he most satisfactory present explana
tion for the reversal of the membrane 

potential was proposed by Hodgkin and 
Bernhard Katz after they had spent the 
summer of 1947 working on squid axons 
at Plymouth. Their "sodium hypothesis" 
holds that the nerve membrane does not 
merely lose its selectivity during the ris
ing phase of the spike, as Bernstein sup
posed, but that it becomes highly and 
specifically permeable to sodium ions. 
Since the sodium concentration outside 
the membrane is about 10 times greater 
than that inside, this could account, in 
an idealized case, for a reversal of po
tential of nearly 60 millivolts. It is fur
ther proposed that the original internal 
negativity of the resting nerve is restored 
by the subsequent exit of potassium ions 
from the intracellular fluid. 

The sodium hypothesis suggested a 
whole series of fruitful experiments. An 
obvious first test of the idea was to find 
out whether a nerve impulse could be 
propagated when there was no sodium 
in the external medium. As a matter of 
fact, E. Overton of the University of 
'''Iiirzburg had shown in 1902 that frog 
muscle loses its excitability when im
mersed in a sodium-free solution; most 
people, however, had long since forgot
ten about his work. Hodgkin and Katz, 
working with squid axons, showed that 
both the size and rate of rise of the spike 
vary with change of sodium concentra
tion in the external fluid in a way that fits 
well with theoretical prediction. 

The next step was to determine 
whether the postulated inward transfer 
of sodium and outward transfer of po
tassium actually occur across the mem
brane of the nerve fiber. Here again 
giant axons proved invaluable. S. L. 
Cowan of University College London 
had shown in 1934 that some potassium 
leaked from a whole crab nerve during 
activitv, but experiments with whole 
nerve trunks could not yield sufficiently 
accurate results to permit a critical com
parison between the chemical and elec
trical information. Working with single 
giant axons, investigators found that the 
exchange of sodium and potassium ions 
is large enough to be detected after rea
sonably short periods of stimulation. 
'-loreover, it is easy to count the exact 
number of impulses conducted and to 
measure the membrane area involved. 
Using radioactive isotopes of sodium and 
potassium, Harry Grundfest and David 
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"VOLTAGE CLAMP" TECHNIQUE measures electrical changes across an isolated part of 

the membrane. A micropipette bearing two separate electrodes (insulated except wbere 

drawn heavily) is thrust into the fiber. A rapid change in the fiber's internal potential, pro

duced by the square wave generator, is measured by the internal voltage electrode (in color) 
and fed back to the feedback amplifier which "clamps" the potential at the given level. The 

electrical current which flows across the membrane at this potential, measured by the two 

small electrodes at right, reflects changes in the flow of ions across the membrane. 
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Nachmansohn made measurements at 
Woods Hole on the inflow of sodium and 
outflow of potassium in squid axons, 
while I have used these isotopes in simi
lar experiments on cuttlefish axons. P. R. 
Lewis and I have also employed a spe
cial microanalytical method to deter
mine the initial concentration of the ele
ments in the resting fiber; this involves 
irradiating samples with neutrons in an 
atomic pile and then measuring the 
amounts of different radioactive isotopes 
formed in them. By this means we have 
succeeded in determining the net gain of 
sodium and the net loss of potassium in 
the stimulated fiber. The upshot of all 
this work is that the measured move
ments of sodium and potassium are large 
enough to alter the potential across the 
nerve membrane to the extent observed. 
The close fit of the electrical and chemi
cal observations lends strong support to 
the sodium hypothesis. 

�though tracer experiments yield ad-
. mirably unambiguous results, they 

represent the cumulative effect of a few 
thousand impulses. They do not, in con
sequence, reveal the sequence and the 
timing of the changes in the permeability 
of the membrane that take place in the 
course of a single impulse. The next step 
in the investigation called for a means of 
observing the flow of current across a 
measured area of nerve membrane and 
for deducing how much the fluxes of so
dium and potassium each contributed to 
this current. The need was met by the 
so-called "voltage-clamp" technique, 
first developed by Cole and George Mar
mont at Woods Hole, and later used ex
tensively by Hodgkin, Huxley and Katz 
at Plymouth. This experiment involves 
the insertion of two internal electrodes 
into the nerve [see illustration on preced
ing page J. One electrode records the in
ternal potential, while the other receives 
just sufficient current from the output of 
a feed-back amplifier to "clamp" the po
tential at the desired level. Two other 
electrodes in the sea water outside meas
ure the current that flows during the in
stant after the potential is established. A 
typical record from one of these experi
ments shows that, as a result of the re
duction of internal potential, there is a 
brief phase of inward current, followed 
by a prolonged flow of current in the op
posite direction, outward from the fiber 
[see illustration at left J. 

The disappearance of the inward cur
rent when the experiment was repeated 
in sodium-free solutions demonstrated 
that this current is carried by sodium 
ions. Experiments which simultaneously 
measured the membrane current and the 
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outward passage of potassium tracer
ions proved that almost all the outward 
current is carried by potassium ions. The 
sodium-ion current builds up quickly 
after the potential change, but switches 
off after approximately one millisecond; 
the potassium-ion current then rises and 
stays high so long as the potential is 
maintained. After recording the current 
and ion flow associated with many differ
ent sequences of potential change, 
Hodgkin and Huxley were able to work 
out the precise curves linking the 
changes in the permeability of the mem
brane to the changes in its potential over 
the duration of a spike [see illustration 
on page 86]. 

At present we have almost no idea 
what kind of molecular mechanism un
derlies the all-important changes in the 
permeability of the membrane. It is clear 
that a very small change in potential 
brings a relatively huge change in per
meability; the permeability to sodium 
increases more than eight times in re
sponse to a potential shift of only 10 
millivolts. This suggests some rearrange
ment of charged groups in the structure 
of the membrane. Nothing is known, 
however, about the chemical nature of 
these groups. No chemical compound 
yet described can discriminate between 
sodium and potassium so effectively as a 
nerve membrane. It may be that the 
membrane mechanism exploits some 
physico-chemical difference between the 
two ions, the subtlety of which at present 
eludes us. 

we come now to an interesting new 
question which is raised by what 

we have learned about the propagation 
of the nerve impulse. We have sought 
for the source of electrical energy that 
moves the impulse along the fiber. And 
we have found that source in the electro
chemical pressure exerted by the con
centration of sodium on one side of the 
membrane and potassium on the other. 
This energy is released and electric cur
rents flow across the membrane when 
the changing permeability of the mem
brane permits the ions to penetrate it. 
We are now, therefore, prompted to ask 
how these concentration gradients are 
built up in the first place. We must ask 
also how they are maintained, despite 
the gain of sodium and loss of potassium 
that occur every time an impulse travels 
along the nerve. The question has gen
eral importance, for the same concen
tration gradients of low internal sodium 
and high internal potassium exist in 
many other kinds of cells. 

The cells must build up these concen
trations by forcing the sodium and potas-

sium ions to move uphill against their 
respective gradients, as contrasted with 
the downhill transfer that occurs during 
the spike. Some still-unidentified source 
of energy in the metabolism of the cell 
must pump the sodium out of the fiber 
into the surrounding fluid in which 10 
times as much sodium is present, and 
must take potassium up into the intra
cellular medium in which potassium pre
dominates. So far we have learned very 
little about this process of "active trans
port," but we owe much of what we have 
learned to work with giant axons. 

U sing radioactive isotopes, Hodgkin 
and I have obtained evidence that the 
outward passage of sodium is normally 
(but not, it seems, invariably) linked to 
the uptake of an equivalent quantity of 
potassium. The working of this coupled 
"sodium pump" could be interrupted, we 
found, by treating a squid axon with 
dinitrophenol, a metabolic poison. The 
presence of this poison brought the out
ward passage of labeled sodium to a 
standstill. It did not, however, reduce 
appreciably the downhill inflow of so
dium during stimulation of the axon. 
When we washed the inhibitor away, the 
sodium pump started up again [see illus
tration on next page]. Parallel experi
ments which measured the movement of 
labeled potassium proved that metabolic 
inhibitors cut down the uptake of potas
sium and the extrusion of sodium to 
roughly the same extent. 

It would be very interesting to know 
how the energy, which must be derived 
ultimately from the oxidation of food
stuff, is supplied to the sodium pump. 
Most biochemists would suspect that the 
fuel is the energy-rich substance adeno
sine triphosphate (ATP), produced by 
the oxidative metabolism of the cell. 
P. C. Caldwell, working at Plymouth, 
accordingly set out to analyze the 
amount of ATP and related phosphates 
in cytoplasm extruded from squid axons. 
He found that the rate at which ATP 
disappeared during treatment with met
abolic inhibitors fitted fairly well with 
the rate at which the sodium pump 
slowed down and switched off. More
over, ATP reappeared in the cytoplasm 
of the axon when the inhibitors were 
washed away. Recently I have jOined 
forces with him to examine the role of 
A TP more directly. By means of a micro
injection technique made possible by the 
large diameter of the squid axon, we in
troduced measured amounts of ATP into 
cells whose own ATP-synthesizing ma
chinery had been poisoned. We found 
that injected ATP can indeed restore the 
rate of sodium extrusion, but only tem
porarily and never to the level observed 
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THREE SUCCESSIVE STIMULATIONS increased the concentration of radioactive sodium 

in a giant axon. The "sodium pump" then caused the concentration to fall slowly. (The 

sodium measurements are indicated by dots.) Between A and B the pump was blocked by a 
metabolic poison; axon could take up sodium upon stimulation, but could not eliminate it. 

in an unpoisoned axon. However, it 
would be premature to conclude that the 
sodium pump is driven by ATP alone. 

The active-transport system is even 
more exact than the spike mechanism 

in distinguishing between sodium and 
potassium. It moves sodium outward 
from the intracellular medium, which is 
rich in potassium, and draws potassium 
inward from an environment containing 
50 times as much sodium. Lithium can 
be substituted for sodium in the external 
medium without causing any perceptible 
change in the spike. On the other -hand, 
lithium that has entered the cell is ex
truded very slowly; the sodium pump, 
unlike the spike mechanism, does dis
criminate between sodium and lithium. 

Several theoretical schemes have been 
proposed for the sodium pump. Mostly 
they postulate carrier molecules which 
move the sodium from inside to outside, 
there releasing the sodium, and then 
change their affinity to move back to the 
inner surface of the membrane carrying 
potassium. But so far not even a plausi
ble guess has been made at the identity 
of these carriers. We should no! be sur
prised if it turns out eventually that the 

sodium pump works on some other prin
ciple entirely. 

The reader may reasonably ask how 
much of the work on giant axons is rele
vant to the properties of other types of 
nerve fibers. It is always dangerous to 
extrapolate too slavishly from one spe
cies to another. Size is not the only im
pOl·tant difference between squid axons 
and vertebrate nerves. Many of the latter 
are sheathed in myelin, a fatty material 
which insulates the membrane except at 
interruptions (called the nodes of Ran
vier) which occur at intervals of about a 
millimeter. Study of frog nerves, how
ever, indicates that the membrane at the 
nodes undergoes permeability changes 
basically similar to those which occur 
over the whole surface of a squid axon. 
It is now agreed that the function of the 
myelin sheath is to force the impulse to 
skip from node to node in a "saltatory" 
manner. This confers an important ad
vantage on vertebrates; it provides them 
at strategic points with nerves able to 
conduct impulses much faster than non
myelinated fibers of equal bulk. The 
conduction mechanisms in vertebrate 
and invertebrate nerves thus seem to be 
fundamentally the same. 
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news of advanced systems and 
instruments from Perkin - Elmer 

NEW FAMILY OF AUTO·THEODOLITES "SQUARE·UP" 

MISSILE GYRO CONTROLS BEFORE LAUNCHING 

A new family of theodolites, sensitive to a fraction of a 
second of arc, or approximately the angle subtended by 

a dime a mile away, is helping to obtain the high order 
of accuracy demanded in long range missiles. 

These precise electronic-optical systems, developed 
by Perkin-Elmer, monitor the inertial guidance systems 

of missiles up to the moment of launch by continuous 

observation of the azimuth angle formed by the missile 

gyro platform, the theodolite and a known reference 
mark. Automatic correction signals, as required, are 

transmitted to the missile's gyro platform via a closed 
loop system between the theodolite and the missile. The 

theodolites provide working distances ranging from 0 to 

1500 feet. 

These systems are currently being employed in sev
eral missile programs, including the Air Force Thor. 

They are also being investigated for other applications 

where extremely accurate angular data are needed. 

These include: monitoring and compensating for radar 

antenna sway, establishing critical alignment in aircraft 

construction and machine tools, and monitoring bridge 
sway. 

� AUTOMATIC INTEGRATOR MEASURES CHART PEAKS, PRINTS RESULTS 

Another advance in instrumentation from Perkin-Elmer 

is a new integrator which automatically prints-out chart 

peak area measurements on tape with unprecedented 
accuracy. It replaces previous instruments which merely 

marked quantitative measurements with pips that had 

to be totaled laboriously. 

In gas chromatography measurement, for which it was 
initially developed, the printing integrator furnishes an 

analyst with quantitative data on each component in his 

sample as soon as the components are eluted. 

Essentially, the integrator plots shaft rotation against 

time, suggesting its wide application in other fields 

where chart-area measurements are significant. These 

include: integration of stress-strain curves for deter
mination of cyclic and rupture energies; continuous 

process weighing, in which the integrator totalizes the 

amount of material supplied to a conveyor belt; integra

tion of rocket thrust in conjunction with transducers to 

obtain propulsion efficiency; and obtaining daily totals 

of process plant flow. 

For information on Perkin-Elmer and the products it 

makes for a wide range of growing industrial, scientific 

and defense markets, write Perkin-Elmer Corporation, 

915c Main Ave., Norwalk, Connecticut. 

ANALYTIC AL INSTRUMENTS MILITARY SYSTEMS 

FINE OPTICS PRECISION ELECTRONIC COMPONENTS 
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INSECT FLIGHT 

Although its speed has sonletLnl�R h��n exaggerated, it IS still 

an ImpressIve biological performance. It appears, for example, 

that the monarch butterfly can fly nonstop across the Atlantic 

I t is obvious that insects fly by flap
ping their wings. But exactly how 
the flapping of wings enables an 

insect to fly is not so obvious. The ques
tion first attracted serious attention less 
than 100 years ago, in connection with 
man's own efforts to fly. The small size, 
delicate structure and rapid movements 
of insects posed serious difficulties for 
the early investigators, and their publi-

1.2 

by Brian IIocking 

cations were filled with acrimonious de
bate. One careful student, the French 
zoologist Antoine Magnan, found it im
possible to explain the flight of the 
bumblebee by any known principle; he 
is the authority so often quoted to the 
effect that the bumblebee should not be 
able to fly at all. 

Though much of the mystery of 
flight has been dispelled by man's re-
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LINEAR DIMENSIONS 

POWER required to keep an animal in the air (short dashes) increases with its length (solid 

straight line) and weight (gray line). Above a certain point (1 on the vertical and horizontal 

scales, both of which are arbitrary), muscle power (long dashes) is insufficient for the job. 
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cent mastery of the art, insect flight con
tinues to present intriguing problems. 
Insects began to fly some 300 million 
years ago. Vertebrates did not follow 
them into the air until 100 million years 
later; then they went aloft largely in 
pursuit of insects. The virtuosity and 
efficiency of insect flight, attained by 
the evolutionary experience of the nu
merous insect species, still hold chal
lenge and surprise for the investigator. 

The flapping of an insect's wings is 
no mere up-and-down motion. It is a 
complex movement designed to supply 
the lifting force that carries the insect 
upward and the thrusting force that 
carries it forward. For most biological 
flying machines the first of these two 
forces requires much the greater ex
penditure of energy. In other words, 
flying organisms must work harder to 
overcome the force of gravity than to 
make their way through thin air. But 
of course the air does offer resistance to 
the movement of objects through it. Air 
has viscosity, and this sets a limit on 
the velOcity with which objects can fall 
in it. According to Stokes's law, the lim
iting velocity of fall is proportional to 
the difference between the density of the 
object and that of the air, and also to 
the square of the radius of the object. 
Thus a mammal 10 inches long will at
tain a limiting velocity of fall 100 times 
greater than that of an insect one inch 
long. This comparison is especially sig
nificant because the work an animal 
must do to remain airborne is equivalent 
to the energy developed by its weight 
at the limiting velocity of fall. And 
the weight of a lO-inch mammal is far 
greater than that of a one-inch insect; if 
the linear dimension increases by a fac
tor of 10, the weight (given the same 
density) increases by a factor of 1,000. 
As a result the power needed to keep 
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TWO PAIRS OF MUSCLES (color) supply the power for the flight 

of an insect. In the drawing at the top of this page the muscles are 

shown in a transverse section of a housefly; the longitudinal section 
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at bottom depicts the muscles which operate the wing on the far 

side of the fly. The vertical muscle in the longitudinal section con· 

tracts to pull the wing up; the horizontal muscle, to pull it down. 

93 

© 1958 SCIENTIFIC AMERICAN, INC



FLYING CICADA was photographed with high.speed flash by Har· 

old E. Edgerton of the Massachusetts Institute of Technology. In the 

94 

photograph at the top the wings of the cicada are on the upstroke; 

in the photograph at the bottom the wings are on the downstroke. 
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the lO-inch mammal from falling will 
be at least 100,000 times greater than 
that required by an inch-long insect. 

As this analysis plainly suggests, fly
ing is not at all the same task for an 
insect that it is for a bird, a bat or an 
airplane. The latter must expend most 
of their energy pushing downward on 
the air just to stay aloft. The effort need
ed to push ahead through the air re
mains comparatively small, except for 
airplanes traveling at a speed which ex
ceeds their maximum velocity of fall. 
Insects, on the other hand, need to spend 
relatively little energy to get into the air. 
The very viscosity of the air helps keep 
them aloft. 

In recent years we have come to real
ize that the air supports a considerable 
and complex population of plant and 
animal forms, many of which-gossamer 
spiders, mites, springtails, spores and 
pollen grains-have no wings at all. The 
smallest insects, about the size of the 
largest protozoa, are not the smallest 
airborne creatures, but they are prob
ably the smallest which have control of 
their progress through the air. They 
have such a low velocity of fall that they 
can remain aloft by gliding, and need 
flap their wings only to propel them
selves forward. 

The wings of insects, unlike those of 
other flying animals, arise not from 
limbs but from the body wall; the in
sects acquired wings and yet kept their 
legs-all six of them. This development 
was possible only for animals with an 
exoskeleton, which combines skin with 
skeleton in the body covering. Such a 
construction scheme economizes on 
weight and imposes limitations on 
growth; this, as we have already seen, 
confers important aerodynamic ad
vantages. Most of the more specialized 
insects (flies, mosquitoes, beetles) have 
only one pair of wings. Where there are 
two pairs, they are usually synchronized 
to function as one, with the rear pair 
often hooked onto the hind margin of 
the front pair. In this discussion our 
model will be the fly, whose hindwings 
have been modified into stabilizers called 
halteres. 

Insect wings are stiffer at the front 
edge, where the veins are concentrated 
and power is applied, and more flexible 
at the trailing edge. They are driven by 
muscles that occupy most of the thoracic 
box. One set of muscles runs from the 
back of the thorax around to the front; 
these contract to bring the wings up
ward and backward. Another set runs 
longitudinally and upward to the back 
of the thorax; these move the wing for-

ward and downward. The alternate con
tractions of the two sets of muscles dis
tort the back of the thorax. A series of 
plates and pivots translates this distor
tion into the motion of the wings. 

The tracing-out of the true motion 
of insect wings inspired some keen in
genuity among 19th-century investiga
tors. We owe the stroboscope to Joseph 
Plateau, the blind Belgian physicist who 
invented this device in the 1860s in his 
effort to visualize insect wing motion. 
His son Felix made interesting detenni
nations of the lifting power of flying in
sects by attaching small weights to them. 

The essential scheme of insect wing 
motion was at last resolved in 1868 

by Etienne Jules Marey of France. He at
tached a bit of gold leaf to the wingtip 
of a fly which he had fixed to a stationary 
mounting. Observing the gleaming path
way traced by the wingtip as the fly 
buzzed under a bright light, he saw 
for the first time that the wing moves 
through a figure eight. He determined 
the direction in which the wing moves 
around the figure eight by poking thin, 
soot-blackened glass R1aments into the 
trajectory and observing from which 
side the wing brushed the soot. The 
results of these two experiments were 
elegantly confirmed by a third. Marey 
mounted a fly on a pivoted arm which 
permitted it to fly in a circle. Its outer 
wingtip, brushing against the smoke
blackened inner surface of a cylinder 
of paper, made a complete record of its 
motion in flight. Spread out in such a 
record, the figure eight becomes a some
what asymmetrical wave. 

The figure eight actually traced in 
flight is elongated, somewhat bent and 
inclined forward at the bottom I see il
lustration on next page J. As the pattern 
suggests, the work of lifting and pro
pelling is done on the downward and 
forward stroke, while the upward and 
backward stroke effects the recovery of 
the wing for the next cycle. As the wing 
moves, it twists about its long axis as 
the result partly of its own variable flex
ibility from leading edge to trailing edge, 
and partly of the articulation of the 
levers and muscles that move it. Thus 
the wing is made to push against the air 
during the working portion of its travel 
and to minimize resistance during re
covery, as in the feathering of an oar. 

With this compound motion the wing 
draws air from above and ahead and 
pushes it below and behind. In doing 
so it imparts an equal and opposite-up
ward and forward-push to the insect. 

In normal flight the long axis of the 

figure eight is inclined at an angle of 
about 45 degrees. This suggests that the 
power needed to lift the insect just about 
equals the power applied to move it for
ward. This surmise is supported by the 
observation that the two sets of muscles 
which move the wing are of comparable 
size. And it has been confirmed by di
rect measurement of the two components 
of force developed by the wings. 

The figure eight can be seen plainly 
with the unaided eye when the common 
black-and-yellow-banded hover fly is 
observed against the light. With the in
sect hovering and no forward thrust ap
plied, the long axis of the figure eight 
appears roughly horizontal. If we could 
observe the insect during a burst of 
speed, with maximum forward thrust ap
plied, the axis would presumably rotate 
toward the vertical. The wings of a 
healthy insect move with large ampli
tude when it is in full and vigorous flight. 
If we could see the cross section of wing 
motion from in front or behind, we 
would doubtless find that each wing 
moves through more than a half circle. 
The alarming note that enters the peace
ful hum of a bumblebee when it comes 
in on an attack apparently arises from 
the beating of the wingtips as they meet 
at the top of their swing. 

Insects generally fly rather close to 
the ground. The insect population thus 
thins out rapidly with height. Smaller 
insects may, however, be carried by 
winds to altitudes as high as 5,000 or 
6,000 feet and for very great distances. 
An insect, like an airplane, usually takes 
off into the wind, so that its air speed 
is made to exceed its ground speed. 
Many insects, especially the larger 
species, must warm up before they can 
take off. Some hawk moths and other 
species flutter their wings for a few min
utes, thereby raising the temperature of 
the thorax and speeding up the genera
tion of the muscular power required for 
flight. Other insects, especially some 
butterflies, warm up merely by Sitting in 
the sun. 

Curiously, an insect usually continues 
flying straight into the wind unless an 
outside stimulus makes it turn. If the 
wind speed increases above its air speed, 
the insect will usually be stimulated by 
its backward motion with respect to the 
ground to turn and fly downwind. 
Around large bodies of water this idio
syncrasy can lead insects into trouble. 
During the hours after sunrise the land 
warms up faster than the water, and the 
warm air, rising above the land, draws 
cooler air from over the water in the 
familiar morning onshore breeze. At the 
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FIGURE·EIGHT PATTERN is traced by each wingtip as an insect 

flies. These drawings illustrate several positions of the wing on the 

downstroke (top row) and on the upstroke (bottom row). The 

line across the middle of the wing (solid color) is horizontal 

on the downstroke, but on the upstroke the line is vertical. 

Here the wing is "feathered" to decrease its air resistance. 

same time insects on the shore are ab
sorbing heat from the sun before they 
take to the wing. As the breeze begins 
to blow, they take off into it and soon 
find themselves over water. With no 
ground pattern to orient them, they are 
likely to continne to By into the wind. 
They will do so even if the wind freshens 
and exceeds their air speed, for the only 

regularly visible pattern, that of clouds 
and waves, moves with the wind. The 
appearance of an island or a ship, ap· 
parently moving at a rate different from 
that of the wind-cloud-wave system, m�y 
provide a visual cue that will evoke a 
"homing" response. This may help to 
explain the peculiar make-up of the in
sect population of some islands. If an 

insect exhausts its energy reserves be
fore a haven appears, it must come down 
in the water. Few insects are equipped 
to survive in water for long, and most 
are eaten by fish. It would seem that this 
sort of thing happens frequently and on 
a large scale, for windrows of insects are 
often observed on lake or ocean shores. 

Some insects are capable of extraor-
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AMPLITUDE OF WING MOVEMENT is more than a half circle. 

The colol'ed lines show the extent of the wing movement upward 
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(left) and downward (right). Note the pattern of veins of the fly's 

wings; the veins are more concentrated toward the leading edge. 
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one million pounds 

of vacuum induction 

melted alloys per 

month 

That's the pouring capacity of 

our New Hartford plant! Expanded 

new facilities, together with precision 

melting and inspection practices, 

enable us to guarantee absolutely 

consistent quality from heat to 

heat. For information on ingot, 

billet, bar, sheet, strip and 

wire now available in 

commercial quantity, 

write 

Metals Division, 

Kelsey·Hayes Co., 

New Hartford, N. Y. 

METALS DIVISION 

KELSEY-HAYES 

A L L  0 Y S 

SOME AllOYS COVERED BY u. s. PATENT #2809110 

® 
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MASTERMIND 
THE COMPUTER 
MARKET 
WITH 
BURROUGHS! 

The most stimulating marketing 
challenge of tomorrow ... with 
outstanding financial rewards and 
personal satisfactions today! This is 
the fascinating field of electronic data 
processing systems, where dynamic 
advances are being made by the 
ElectroData Division of Burroughs 
Corporation. Here in a Southern 
California setting, as well as in other 
areas of the country, our creative 
staff deals with the marketing 
challenge of today's EDP systems and 
gives direction to the electronic 
equipment of the future. Sense the 
challenge? It can be yours. We have 
openings of major responsibility 
for people who have grown with the 
data processing field -who thoroughly 
understand computers and their 
application to scientific and 
business problems: 

Mathematicians, Applied Scientists, 
Product Planning and Applications 
Analysts, Applied Programmers, 
and others who are specialists in this 
growing field. For complete details, 
contact your local ElectroData district 
or regional office-or write to 
Professional Personnel Director in 
Pasadena, address below. 

Burroughs Corporation 
ELECTRO DATA DIVISIO N 
PA S A DE N A. C AL I F O R N I A 
"NEW DIMENSIONS/in electronics and data proceuing systems" 

dinary long flights. The most famous 
long-range flier is the handsome mon
arch butterfly. Enormous numbers of 
these insects migrate from the region 
around the Gulf of Mexico to eastern 
Canada during the summer and back to 
the Gulf states in the fall. Individual 
monarch butterflies have appeared from 
time to time in England and are believed 
to have crossed the Atlantic with no as
sistance other than a tail wind. Calcula
tions based on the monarch butterfly's 
supply of energy and rate of energy con
sumption indicate that it is capable of 
traveling about 650 miles in still air at 
a speed of about six miles per hour. With 
a modest following wind it should cer
tainly be able to cross the Atlantic. 

Locusts, in swarms weighing thou-
sands of tons, can fly up to 300 miles 
without stopping. Even smaller insects 
travel surprising distances. Aphids reg
ularly cross the North Sea between Eng
land and the Continent, a distance of 
several hundred miles; in Africa black 
flies may ignite an epidemic of cattle dis
ease 200 miles from their nearest breed
ing site, having traveled 100 million 
times their body length without being 
able to stop for food. 

In recent years the rapid and con
venient transportation provided for in
sects as well as for man by modern air
craft has overshadowed the importance 
of the insects' own power of flight. In 
the past, however, the spread of insect 
species has been accomplished largely 
through their own capacity. The white 
cabbage butterfly crossed North Ameri
ca in 28 years; it took modern human 
settlers much longer. Man has a practi
cal stake in the mobility which flight 
gives to the insect, for it determines the 
spread of insect pests and insect-borne 
diseases of plants and animals. 

Speed is an aspect of insect flight that 
has excited many wild guesses and 

tall stories. At least one distinguished 
U. S. naturalist, whose knowledge and 
good sense should have availed him bet
ter, went on record with an estimate that 
the deer By is capable of a speed of 820 
miles per hour. Irving Langmuir took the 
trouble to show the impossibility of this 
estimate on purely physical grounds. 
This led me to consider the limitations 
of insect capacity from a physiological 
point of view. 

We encounter at once a strange para
dox. In general, the larger the insect, the 
faster it should be able to fly. For vari
ous reasons a very big insect must fly \ fast to stay aloft. Yet there is a size limit 
above which an insect would be unable 
to fly at all. It is all too easy to over-

estimate the speed of insect flight. One 
may see various insects, notably horse
flies, holding their own with a car mov
ing at 50 miles per hour. But the insect 
may actually be aided by a 20-m.p.h. 
tail wind, by gravity on a downhill run, 
by air currents carried along with the 
car, or by periodic rests on the car-or 
one may really be seeing not one insect 
but relays of insects. Flight speed must 
be measured under more controlled con
ditions. 

On the basis of the specific power of 
insect muscle, the weight of the flight 
muscles, the efficiency with which they 
operate and the drag of air, I have cal
culated that the fastest insects are prob
ably the large dragonflies and hawk 
moths. They should be able to cruise at 
speeds up to 24 m.p.h., and to attain 36 
m.p.h. in a short burst. No direct meas
urements in the scientific literature con
flict with these figures, and my own ob
servations tend to confirm them. Such 
speeds are impressive with respect to the 
insects' small size. Traveling at a com
parable multiple of his body length, a 
man would jog along at 800 m.p.h. and 
sprint 1,200 m.p.h. The speed of insect 
flight bespeaks a type of muscular ac
tivity not encountered elsewhere in the 
animal world. 

The power required for insect flight, 
as for airplane flight, increases steeply 
with speed. Speeds higher than my esti
mates would require power outputs 
which insect muscles could not possibly 
maintain for more than a few seconds. 
There are fossil records of a dragonfly 
with a 29-inch wing span; this huge in
sect might conceivably have attained 
43 m.p.h. In full flight it must have pre
sented quite a spectacle, though of 
course no man was around to see it. I am 
assuming that the giant dragonfly was 
built on the same lines as present-day 
species. If it were not, it could not have 
flown at all. 

Insects seem to have good control over 
their flight, and we have a long way to 
go to understand how they manage some 
of their aerobatic feats. A hover fly, for 
instance, can remain completely station
ary in Hight, even in a breeze; it can fly 
Sideways and backwards and spin on its 
tail or on either wingtip. Some insects, 
it seems, can even fly upside down, but 
again we know not how. Fairy flies, 
which feed on aquatic insects, emulate 
the penguin and "fly" under water to at
tack their prey. Unlike the penguin they 
can also fly through the air. 

All in all, insect flight is a complex and 
controlled action which has served in
sects well, as is testified by their survival 
in this man-infested world. 
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Optics Mfg. offers lifetime guarantee for 
projector case made of MARLEX* 

"We picked MARLEX for our new slide projector case 
and height adjustment knob because it is the least ex
pensive type of plastic material that has the required 
rigidity, resistance to heat and impact, colorability and 
gloss," says Herbert R. Leopold, Vice President of 
Optics Manufacturing Corp., Philadelphia, Pa. 

"Our new Opta-Vue is the first projector on the 
market with a thermoplastic housing. Since this was a 
design innovation, we had to be sure to select a suitable 
resin, so we tested them all. One "high-impact" plastic 
lasted just 4 hours in our heat test before it melted! 
Another "heat-resistant" plastic cracked in several 

places in our drop test. MARLEX was the only material 
tested that matched all our specifications and passed 
all our tests. In fact, we advertise a lifetime guarantee 
for all MARLEX projector components!" 

Whether your major interest is injection moldings, 
vacuum moldings, extrusions, filaments, sheet or trans
parent film, you will find that MARLEX is the best 
thermoplastic resin for the job. In fact, no other ma
terial serves so well, and so economically in so many 
different applications. 

How can MARLEX serve you? 

• MARLEX is a trademark for Phillips family of olefin polymers. 

PHILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma 
A subsidiary of Phillips Petroleum Company 

MARLEX® 
NEW ENGLAND 

322 Walerman Avenue 
Ea.1 Providence 14, R.I. 
GEneva 4·1600 

NEW YORK 

80 Broadway, Suile 4300 
New York 5, N. Y. 
Digby 4·34BO 

PLASTICS SALES OFFICES 
AKRON 

318 Waler Sireel 
Akron 8, Ohio 
FRanklin 6·4126 

CHICAGO 

111 S. York Sireel 
Elmhursl, III. 
TErra,e 4-6600 

EXPORT: 80 Broadway, Suile 4300, New York S, N. Y. 

WESTERN 

311 N. take Ave. 
Pa.adena, Calif. 
RVan 1-6991 

SOUTHERN 

6010 Sherry tone 
Oana., Texas 
EMerson 8-1358 o 
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A DOOR IS OPENED ... 

Our headline doesn't mean that we are 

going to tell you about a revolutionary 

new kind of plastic material. Instead, 

what follows is more in the nature of a 

letter from some old friends-namely, 

Alkyd, Urea and Nylon. It tells you 

what these characters are up to these 

days and may contain a hint or two 

about why it may pay you to keep in 

touch with them. 

ALKYDS. Developed some years ago, 

alkyd molding compounds began their 

career in a specialized field- electrical 

and electronic insulating components. 

They did a fine job, too-and why not? 

They have the best electrical proper

ties of any plastic molding compound 

we know. Their arc and heat resistance 

are excellent, and they are extraordi

narily strong and dimensionally stable. 

More recently, however, Plaskon Al

kyds have broadened their careers to 

find many uses in fields other than the 

electrical. Customers from all kinds of 

businesses are coming to us with a host 

of different applications in mind. (The 

illustration above shows some of these 

and you can see they are as diverse as 

fishing reel parts and textile bobbins.) 

It's not hard to account for the present 

popularity of alkyds. Besides excellent 

electrical properties, these compounds 

offer a combination of strength, dimen

sional stability and rapid cure that can 

"open a door" to many profitable new 

applications for those who make or use 

plastic parts. 

WOOD-FILLED UREA. When is a 25-
year-old plastic "new"? Look at it this 

way: woodflour-filled urea has been a 

popular molding compound in England 

for a quarter of a century. American 

TO NEW DEVELOPMENTS IN PLASTICS 

NEW USES FOR PLASKON ALKYD MOLDING COMPOUNDS: 1. Motor guard; 2. Cable 
bracket; 3. Fishing reel part; 4. Support bracket; 5. Azimuth ring; 6. Textile bobbin; 

7. Fire sprinkler head. 

producers have never pushed it-as we 

think it deserves to be pushed. Now

through our new facilities-Allied is 

making a major effort to bring this low

cost, general-purpose compound into 

wide use in this country. Plaskon Wood

filled Urea is excellent for high-speed 

automatic operations. It offers color

fastness, superior electrical properties 

and resistance to solvents. Parts molded 

from it have hard, scratch-resisting, 

nonelectrostatic surfaces. Uses? Clo

sures and wiring devices chiefly-and at 

present; but innumerable applications 

may be expected as American industry 

becomes increasingly aware of this eco

nomical plastic "workhorse." 

EXTRUDED NYLON. Those familiar 

with the advantages of tough, thermo

plastic nylon for molded parts will im

mediately appreciate the possibilities in 

BASIC TO AMER ICA'S PROGRESS 

extrudable nylon. Plaskon Nylon for ex

trusion is a special form of polycapro

lactam ("Nylon 6"). It can be extruded 

as tubing, tape or film. As instrumenta

tion tubing, for example, it may replace 

copper in many applications, costing 

less both from a raw material and an. 

installation point of view. As tape, cov

ered with leather or otherwise rein-· 

forced, it promises a new high in thin,. 

strong tapes. (Power transmission belt-· 

ing is now under development.) As film 

-transparent, strong and resistant 'to' 

high heat-it becomes a kind of "Tif

fany" plastic. Example: as a wrapping 

for frozen food which is to be cooked 

right in the pack. 

IF YOU WOULD LIKE INFORMATION 
or literature on any of these plastics de

velopments from our PLASTICS AND' 
COAL CHEMICALS DIVISION, just write 

us on your company letterhead. In ad

dition to Plaskon alkyd, urea, nylon and 

melamine molding compounds, we 

make polyester, industrial and coating 

resins. Perhaps information on one or 

more may "open a door" to profits or 

progress in your business. Address: 

Allied Chemical, Dept. 128-5. 61 Broad

way, New York 6, N.Y. 

Plaskon Is an Allied Chemical trademark. 
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Easy-to-use, low cost, precision 

-hp- 5008 Electronic Frequency Meter 

Model SOOB is a rugged, precision instrument widely used 

for di rect-reading laboratory or production line measure

ments of ac frequency from 3 cps to 100 KC. With -hp
S08A-D Tachometer Generators or -hp- S06A Optical 

Tachometer Pickup, the SOOB also provides direct tachom

etry readings. 

Typical applications include rf signal beat frequency com

parisons, crystal frequency deviations, audio frequency and 

FM measurements, oscillator stability, machinery rotational 

speed, average frequency of random events, checking vibra

tion or torsion in gear trains, etc. 

Model SOOB has an expanded scale feature permitting 

any 10% or 30% of selected range to be viewed full scale. 

It also offers a pulse output synchronous with an input pulse 

for measuring FM components of input signals or syncing 

a stroboscope or oscilloscope. Readings are independent of 

line voltage, input signal or vacuum tub e variations. 

$28S.00. 

-hp- 500C Electronic Tachometer Indicator 
Model SOOC is identical to SOOB except for meter calibra

tion which is in rpm for greater convenience in tachometry 

measurements. With appropriate -hp- transducers (S06A or 

S08A-D series), -hp- SOOC will measure rpm from IS to 

6,000,000 rpm in 9 ranges. $28S.00. 

-hp- Rotational Speed Transducers 

NO MECHANICAL CONNECTION 

-hp- S06A Optical Tachometer Pickup meas
ures speeds 300 to 300,000 rpm of moving parts 
which have small energy or can not be con
nected mechanically to measuring devices. Em
ploying a phototuhe and operated by reAected
light interruptions from light and dark areas 
on a shaft, -hp· 506A may be used with -hp-
500R Electronic Frequency Meter, ·hp- 500C 
Electronic Tachometer Indicator, -hp- 521A 
or 52le Electronic Counters, and similar in
struments. Output voltage is I volt rms mini
mum into I megohm; light source is a 21 can
dlepower, 6 volt automotive bulb; phototube 
is Type I P41 . $125.00. 

HEWLETT-PACKARD COMPANY 
4870A PAGE Mill ROAD . PALO ALTO, CALIFORNIA, U.S.A. 

CABLE "HEWPACK" • DAVENPORT 5·4451 
FIELD REPRESENTATIVES IN All PRINCIPAL AREAS 

MECHANICAL CONNECTION 

-hp- S08A/B/C/D Tachometer Cerrer
atOT] are for use with electronic count
ers or frequency meters in rpm meas
urements from 15 to 40,000 rpm where 
direct mechanical connection can be 
made to the rotating part under meas
urement. -hp· 508A produces 60 output 
pulses per shaft revolution. When con
nected to an indicating instrument cali
brated in rps, it permits direct readings 
in rpm. Relationship between output 

voltage and shaft speed is virtually linear to 5,000 pps, simplify
ing oscilloscope presentation of shaft speed as a function of time 
for analyzing clutches, brakes and acceleration rates. 
-hp- S08B, C and D are identical to -hp- 508A except output is 100, 
120 and 360 pulses per revolution respectively, and output voltage 
peaks at successively slower shaft speeds. -hp- 508A, B, C or D. 
$100.00. 

Data subject to change 'Without notice. Prices f.o.b. factory 

� Ask about new - hp - 200 KC oscilloscope-$43S·· 
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Correct Lubrication in Action ... 

How Mobil saved 

Mobil Complete Engineering Program 

...... _� Proved Petroleum Products Mobil 
SOCONY MOBIL OIL CO., INC., and Affiliaces: MAGNOLIA PETROLEUM co., GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL CO .• INC. 
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Curtiss-Wright $8,589 
Every time Curtiss-Wright's Metal Processing 

Division receives a lubricant shipment a big savings 

is made. Why? Because a Mobil man suggested a 

new purchasing pattern which brought substantial 

discounts. Another recommendation saved $1,152 
in the company's forging shop. 

Here are but two instances of Mobil's imagina

tive engineering service-an important part of 

Correct Lubrication. Alert, qualified engineers in 

this plant-but not on the payroll-have helped save 

Bearings on drop hammers in Curtiss-Wright's 
forging shop failed after ten months. Mobil recom
mended a grease that extended bearing life five 
years ... saved $1,152 every ten months. 

Bull gears on giant presses required application of 
grease every week. Mobil recommended improved 
product that extended application period to month
ly intervals ... cut grease consumption 76% . .. cut 
application cost $665 per year. 

over $8,589.78 in the last year alone. They have 

worked closely with Curtiss-Wright engineers, set

ting up maintenance systems, recommending prod

ucts and methods that have cut downtime ... 

improved production in numerous ways. 

If you purchase lubricants ... if you're inter

ested in improving company profits ... it will pay 

you to investigate Mobil Correct Lubrication. 
This comprehensive lubrication program often 

more than pays for itself-in profits! 

Curtiss-Wright saves by re-using hydraulic oil as 
coolant for polishing machine. This saving is part 
of oil reclamation program organized by Mobil and 
plant lubrication supervisor. Altogether savings 
total $5,392 annually. 

Cooling and lubricating emulsion on cut-off saw 
broke down into curdly mass. Mobil laboratory 
analysis pinpointed contamination source. Add
ing an inexpensive chemical eliminated shutdown 
and cleaning operation. 

Correct Lubrication 
Another reason You�e Miles Ahead with Mobil! 
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HYPERSONIC X-15, powered by a ntighty rocket engine, will follow bullet-like 
trajectory during flight, similar to path of ballistic ntissile. 

WEARING SPECIALLY-DESIGNED SPACE SUIT, X-15 
pilot is protected against environmental extremes as he 
maneuvers the rocket to the edge of space. 

X·15 WILL THRUST 100 MILES INTO SPACE 

UNDER CONTROL OF NEW INERTIAL SYSTEM 

Strapped firmly into his cockpit, an Air 
Force pilot soon will ride the North 
American X-IS rocket research ship 100 
miles and more into the sky at speeds 
above 3600 mph-over a mile a second. 

A highly advanced Sperry inertial sys
tem, developed in conjunction with the 
Flight Control Laboratory of Wright Air 
Development Center, will supply control 
data for this historic venture. When the 
pilot and his revolutionary craft drop 
from a B-S2 jet bomber, the inertial sys
tem will give him data for maneuvering 
and navigating the X-IS with extreme 
accuracy. As the stainless steel research 

plane flashes outward through the thin
ning atmosphere, the Sperry system will 
"show" the pilot how to correct for even 
the smallest deviation from flight path. 
It will display flight information on 
specially developed instruments; at the 
same time feeding the data to ground 
and airborne recorders for a permanent 
record of the flight. 

An important additional contribution 
of the Sperry system will be to guide the 
pilot in bringing the X-IS safely back 
into the earth's atmosphere. During this 
critical phase of the flight, attitude of the 
X-IS on re-entry must be precisely con-

trolled to avoid exceeding its structural 
limitations. 

On this daring journey into space, the 
super-sensitive Sperry system will have 
to function perfectly under conditions 
ranging from extreme acceleration to 
complete weightlessness, through tem
perature swings that may heat the X-IS's 
exterior to 1,000 degrees in a few seconds. 

DIVISION OF SPERRY RAND CORPORA T/ON 
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Mathematical Sieves 

They sift out prilne nUlnbers and similar senes of integers. 

Recent research into their properties suggests that a kind 

of uncertain�y principle l1�ay exist even in pure mathematics 

I
t is no accident that the theories of 

probability and statistics are among 
the most rapidly growing branches 

of modern mathematics. Science de
mands them. Faced with problems too 
complex, or too little understood, to 
solve exactly, it falls back on laws or 
facts that are true only probably, or on 
the average. And from physics, consid
ered the most exact of sciences, we learn 
that at bottom nature is inescapably 
uncertain and chancy. 

But if we must settle for a gambler's 
view of the real world, can we not con
sole ourselves with the thought that in 
the abstract realm of mathematics cer
tainty is always possible? As this article 
will indicate, the answer is by no means 

2 

3 

5 

7 

by David Hawkins 

clear. Some provinces of mathematics 
are so difficult that, for the present at 
least, they must make do with rules 
which are only probably true. Even in 
mathematics there may be an uncer
tainty principle not utterly unlike the 
uncertainty principle of physics. 

The text of this sermon derives not 
from some new and exotic kind of 
mathematics but from arithmetic. We 
shall discuss the classical problem of 
prime numbers. These are the positive 
integers-2, 3, 5, 7, 11 and so on-which 
cannot be represented by multiplying 
two smaller numbers. (Numbers which 
can be represented by such multiplica
tion-4, 6, 8, 9, 10, 12 and so on-are 
called composite numbers.) Prime num-

bers have fascinated mathematicians for 
centuries. It was Euclid who proved 
there is an infinite number of them. 
Since then many brilliant minds have 
turned to primes and have discovered 
a number of remarkable theorems con
cerning them. Even more remarkable is 
what has not been discovered. For ex
ample, what is the 34th prime number? 
What is the billionth? The nth? To this 
day there is no general formula to an
swer these questions. The only way to 
find the billionth prime would be to 
write down all of the first billion and 
take the last. As another example, con
sider the famous twin-prime problem. 
Pairs of primes such as 11 and 13 or 29 
and 31, which are separated by only 

SIEVE OF ERATOSTHENES, a small part of which is shown here, 

was devised more than 2,000 years ago to separate prime and com

posite numbers. The first "layer" of the sieve screens out multi. 

pIes of 2 from the series of integers at the top. Since 3 passes 

through this layer, it screens out its own multiples in the next 

layer. Numbers at the bottom are primes which have passed through 

all previous layers; they will become screening numbers in their 

turn. No simpler method of deriving primes has yet been devised. 
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2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

2 (2x2) (2x3) (2x4) (2x5) (2x6) (2x7) (2x8) 

3 (3x3) (3x5) 

5 

2 3 5 7 11 13 

PRIME·NUMBER SIEVE shown here is a larger portion of the 

sieve on the preceding page. Primes appear on the bottom line. 
Each prime in turn becomes a sieving number which eliminates 

its own multiples, beginning with its square (lower multiples have 

one other number, are known as twins. 
They keep turning up in the longest 
series of primes that have yet been 
listed. Will they continue to recur in
definitely? Is their number infinite? It 
seems probable, but no one has been 
able to prove it. 

The study of prime numbers has been 
quite literally as much an experimental 
as a theoretical investigation. Most of 

2 3 4 5 

the facts that have been proved began 
as conjectures, based on the inspection 
of an actual series of primes. Many con
jectures remain, seeming more or less 
probably true. Thus an indispensable 
tool of the number theorist is a long list 
of primes. 

One of the best known, now found in 
every well-equipped mathematics li
brary, was compiled by D. N. Lehmer 

6 7 8 9 10 11 

of the University of California in 1914. 
The volume contains a table of the 
664,580 prime numbers smaller than 
10,000,000, plus a few more to fill the 
last column, ending with the prime 
10,006,721. Lehmer's work was com
pleted before the age of automatic 
computation; today there are even longer 
lists, the longest being "published" only 
on magnetic tape. 

12 13 14 15 16 17 

17 

17 

18 

2 () � �C)" � {) ����()� cJ � {) 
4 5 7 10 11 12 13 14 17 

4 €J � � �€J�� � 
5 7 10 11 12 14 17 

5 ® � E3 � � ® 
7 10 11 14 17 

7 �� � @ 
11 14 17 

1 1 � � 
14 17 

14 � 
17 

17 

2 4 5 7 11 14 17 

RANDOM·NUMBER SIEVE is statistically similar to the prime viously eliminated become sieving numbers; these screen out a 

sieve but differs from it in detail. In both cases numbers not pre· proportion of the remaining numbers equal to their reciprocals. 
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1 8  

(2x9) 

1 9  20 2 1  22 23 24 25 26 27 28 29 30 3 1  32 33 34 

(2xlO) (2xll) (2x12) (2x13) (2x14) (2xlS) (2x16) (2x17) 

(3x7) (3x9) (3xll) 

(SxS) 

19 23 29 3 1  

already been removed by lower primes). Thus each prime elimi· 

nates a proportion of the remaining numbers equal to its reciprocal 

(e.g., 3 removes 1/3, 5 removes 1/5). The steps shown here in part 

yield all primes up to 49, the square of the next sieving number. 

Modern tables of primes are prepared 
by a method, essentially unaltered for 
2,000 years, which is called the sieve 
of Eratosthenes. Its inventor was one of 
those great figures of the Hellenistic 
Age who seem today, across the inter
vening centuries, so clairvoyant of the 
spirit of modern science. Eratosthenes 
of Alexandria is best known for his feat 
of measuring the size of the earth. But 

he was a man of universal learning who 
wrote also on geometry, the measure
ment of time, and the drama. In his own 
day he was nicknamed "Beta" because, 
it was said, he stood at least second in 
every field. Modern electronic com
puters can make far longer lists of primes 
than Eratosthenes could have, but his 
principle of computation has not been 
much improved. 

The method is almost obvious [see 
illustration on page 105J. Simply write 
down a series of positive integers and 
proceed systematically to eliminate all 
the composite numbers. The numbers 
that remain-that fall through the "sieve" 
-are primes. We begin by knocking out 
the even numbers, which are multiples 
of the first prime number: 2. (One is not 
usually called a prime.) When we have 
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In the random sieve, however, the specific numbers to be elimi· 
nated are chosen by a random process symbolized by the colored 
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wheels. Thus the random sieve produces a different set of numbers 

each time it is used, while the set of prime numbers is invariant. 
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done this, the smallest of the remaining 
numbers is the second prime: 3. Now 
we eliminate the multiples of 3 from 
the numbers which survived the first 
sieving operation. Five is the next num
ber remaining, so its multiples drop out 
next; then the multiples of 7, and so on. 

The reader may wish to try a some
what longer version of the sieve than 
the one shown in the illustration, where 
7 is the largest sieving number. In num
ber theory the distance from the obvious 
to the profound is sometimes very short, 
and any amateur willing to play the 
game is on the verge of some first-class 
mysteries. At any rate, a little manipula
tion of the sieve will make clear some 
of its properties. Every sieving number 
is a prime. The first number sieved out 
by each one is its own square: the first 
number eliminated by 2 is 4; by 3, 9; 
by 5, 25 and so on. In addition, the frac
tion of the remaining integers eliminated 
by each sieving number is its own re
ciprocal: 2 sieves out half of the remain
ing numbers, 3 sieves out a third, 5 
sieves out a fifth. 

By carrying out the sieving operation 
through the prime number 31, we can 
obtain all the primes in the first 1,368 
integers. (The first number sieved out 
by 37, the next prime, is 372, or 1,369.) 
For purposes of illustration we have ar
ranged the first 1,024 of the integers 
in a 32 X 32 array, with the prime num
bers shown in color [upper illustmtion 
at right]. The list is short, but it does 
demonstrate that the frequency of primes 
slowly decreases in a rather irregular 
way. From considerably longer tables 
Adrien Marie Legendre, and later Karl 
Friedrich Gauss, were able to guess 
one of the most important facts about 
primes-the celebrated Prime Number 
Theorem. This tells how many primes 
we may expect to find by carrying the 
list out to any given number. It states 
that if the number is n, then there are 
about n divided by the logarithm of n 
(n/log n) primes before it. As n grows 
larger, the error in the formula becomes 
a smaller and smaller proportion of the 
exact number of primes. Gauss, whose 
skill in computing belied the myth that 
mathematicians cannot add and sub
tract, arrived at the theorem by a com
bination of arithmetical insight and 
purely empirical study. It was not proved 
for almost another century. In the 1890s 
the Belgian mathematician Charles de 
la Vallee Poussin and the French mathe
matician Jacques Hadamard independ
ently found a proof, but it made use of 
concepts outside simple whole numbers. 
It was not until 1950 that the Norwegian 
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mathematician Atle Selberg discovered 
a purely arithmetical proof. In the 
quaint vocabulary of number theory his 
proof is called elementary, but it is not 
easy. 

The difficulties of the Prime Num
ber Theorem are connected with 

the puzzlingly irregular way in which 
the primes are distributed. Indeed, the 
theorem itself does no more than state 
a statistical average. Outrageous as it 
may seem, the sequence of primes is just 
as "random" as many of the natural 
phenomena on which we make bets. 
Sometimes we think that if we knew 
enough about the individual events of 
which such phenomena are composed, 
we could predict their outcome with cer
tainty. This is surely true of the primes. 
The sieve will eventually tell us about 
the primality of any given number. But 
it cannot tell us about all numbers, be
cause the sequence is itself an infinite, 
unending process. 

From the time of Gauss mathema
ticians have talked, perhaps rather 
shamefacedly, about the "probable" be
havior of primes, and this kind of rea
soning has been very helpful. No mathe
matician, however, seems to have gone 
the whole way and made a purely sta
tistical model of the prime-number dis
tribution. Recently I was led to try it, 
and I found that the model helps clarify 
the Prime Number Theorem. Further
more, it places the whole subject in a 
new perspective. In particular, the 
theorem no longer appears as a special 
fact about the sequence of numbers 
which cannot be produced by multiply
ing two smaller numbers, but rather as 
a common feature of all sequences of 
numbers generated by sieves of a cer
tain type. 

The model is called the random sieve, 
and it works like this [see illustration at 
bottom of preceding two pages J. Start 
with 2 as the first sieving number, 
just as in the method of Eratosthenes. 
Now make a kind of roulette wheel that 
is divided into two equal parts, black 
and white. Go down the list of integers 

DISTRIBUTION of random "primes" be· 

tween 1 and 1,024 (lower table) resembles 

that of true primes in the same number 
sequence (upper table). Both sets of num· 
bel'S (in color) thin out irregularly as the 

sequence progresses (see totals at right). 
Another "run" of the random sieve might 
yield an even more similar distribution. The 

resemblance of the two series tends to 

intensify as they are increased in length. 

PRIME SERIES 

33 

65 

97 

129 

161 

193 

225 

257 

289 

321 

353 

385 

417 

449 

481 

513 

545 

577 

609 

641 

673 

705 

737 

769 

801 

833 

865 

897 

929 

961 

993 

2 3 4 5 

34 35 

66 67 

98 99 

130 131 

162 163 

194 195 

226 227 

258 259 

290 291 

322 323 

354 355 

386 387 

418 419 

450 451 

482 483 

514 515 

546 547 

578 579 

610 611 

642 643 

674 675 

706 707 

738 739 

770 771 

802 803 

834 835 

866 867 

898 899 

930 931 

962 963 

994 995 

36 37 

68 69 

100 101 

132 133 

164 165 

196 197 

228 229 

260 261 

292 293 

324 325 

356 357 

388 389 

420 421 

452 453 

484 485 

516 517 

548 549 

580 581 

612 613 

644 645 

676 677 

708 709 

740 741 

772 773 

804 805 

836 837 

868 869 

900 901 

932 933 

964 965 

996 997 

RANDOM SERIES 

1 2 4 5 

33 34 35 36 37 

65 66 67 68 69 

97 98 99 100 101 

129 130 131 132 133 

161 162 163 164 165 

193 194 195 196 197 

225 226 227 228 229 

257 258 259 260 261 

289 290 291 292 293 

321 322 323 324 325 

353 354 355 356 357 

385 386 387 388 389 

417 418 419 420 421 

449 450 451 452 453 

481 482 483 484 485 

513 514 515 516 517 

545 546 547 548 549 

577 578 579 580 581 

609 610 611 612 613 

641 642 643 644 645 

673 674 675 676 677 

705 706 707 708 709 

737 738 739 740 741 

769 770 771 772 773 

801 802 803 804 805 

833 834 835 836 837 

865 866 867 868 869 

897 898 899 900 901 

929 930 931 932 933 

961 962 963 964 965 

993 994 995 996 997 

6 7 

38 39 

70 71 

102 103 

134 135 

166 167 

198 199 

230 231 

262 263 

294 295 

326 327 

358 359 

390 391 

422 423 

454 455 

486 487 

518 519 

550 551 

582 583 

614 615 

646 647 

678 679 

710 711 

742 743 

774 775 

806 807 

838 839 

870 871 

902 903 

934 935 

966 967 

40 41 

72 73 

104 105 

136 137 

168 169 

200 201 

232 233 

264 265 

296 297 

328 329 

360 361 

392 393 

424 425 

456 457 

488 489 

520 521 

552 553 

584 585 

616 617 

648 649 

680 681 

712 713 

744 745 

776 777 

808 809 

840 841 

872 873 

904 905 

936 937 

968 969 

998 999 1.000 1,001 

6 7 

38 39 40 41 

70 71 72 73 

102 103 

134 135 

166 167 

198 199 

230 231 

104 105 

136 137 

168 169 

200 201 

232 233 

262 263 264 265 

294 295 296 297 

326 327 328 329 

358 359 360 361 

390 391 392 393 

422 423 424 425 

454 455 456 457 

486 487 488 489 

518 519 520 521 

550 551 552 553 

582 583 584 585 

614 615 616 617 

646 647 648 649 

678 679 680 681 

710 711 712 713 

742 743 744 745 

774 775 776 777 

806 807 808 809 

838 839 840 841 

870 871 872 873 

902 903 904 905 

934 935 936 937 

966 967 968 969 

998 999 1,000 1,001 
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ROW CUMULATIVE 
____ �--�--�--�--�--�--------�------------------------�------------------------�--------------- TOTAL TOTAL 

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 11 11 

42 43 44 45 46 47 48 49 SO 51 52 53 54 55 56 57 58 59 60 61 62 63 64 7 18 

74 75 76 77 78 79' 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 6 24 

106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 

138 139 140 141 142 143 144 145 146 147 148 149 ISO 151 152 153 154 155 156 157 158 159 160 

170 171 172 173 174 175 176 "177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 

202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 

234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 2SO 251 252 253 254 255 256 

266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 

298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 

330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 3SO 351 352 

362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 

394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 

426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 

458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 

490 491 492 493 494 495 496 497 498 499 500 SOl S02 S03 S04 S05 S06 S07 S08 S09 510 511 512 

522 523 524 525 526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 544 

586 587 588 589 590 591 592 593 594 595 596 597 598 599 600 601 602 603 604 605 606 607 608 

618 619 620 621 622 623 624 625 626 627 628 629 630 631 632 633 634 635 636 637 638 639 640 

6SO 651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668 669 670 671 672 

682 683 684 685 686 687 688 689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704 

714 715 716 717 718 719 720 721 722 723 724 725 726 727 728 729 730 731 732 733 734 735 736 

746 747 748 749 7SO 751 752 753 754 755 756 757 758 759 760 761 762 763 764 765 766 767 768 

778 779 780 781 782 783 784 785 786 787 788 789 790 791 792 793 794 795 796 797 798 799 800 

810 811 812 813 814 815 816 817 818 819 820 821 822 821 824 825 826 827 828 829 830 831 832 

842 843 844 845 846 847 848 849 8SO 851 852 853 854 855 856 857 858 859 860 861 862 863 864 

874 875 876 877 878 879 880 881 882 883 884 885 886 887 888 889 890 891 892 893 894 895 896 

906 907 908 909 910 911 912 913 914 915 916 917 918 919 920 921 922 923 924 925 926 927 928 

970 971 972 973 974 975 976 977 978 979 980 981 982 983 984 985 986 987 988 989 990 991 992 

1,002 1,003 1,004 1,005 1,006 1,007 1,008 1,009 1,010 1,011 1,012 1,013 1,014 1,015 1,016 1,017 1,018 1,019 1,020 1,021 1,022 1,023 1,024 
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4 
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5 

5 

5 

31 

37 

43 

48 

54 

61 

66 

70 

76 

80 

86 

92 

97 

100 

105 

III 

115 

121 

126 

130 

135 

139 

145 

150 

154 

157 

162 

167 

172 

ROW CUMULATIVE 
____________ �--��------------------------------------------------------------------�--����--� TOTAL TOTAL 

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 8 8 

42 43 44 45 46 47 48 49 SO 51 52 53 54 55 56 57 58 59 60 61 62 63 64 

74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 

106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 

138 139 140 141 142 143 144 145 146 147 148 149 ISO 151 152 153 154 155 156 157 158 159 160 

170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 

202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 

266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 

298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 

330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 

362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 

394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 

426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 

458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 

490 491 492 493 494 495 496 497 498 499 SOO SOl 502 503 S04 S05 506 507 508 509 510 511 512 

522 523 524 525 526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 544 

554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 569 570 571 572 573 574 575 576 

586 587 588 589 590 591 592 593 594 595 596 597 598 599 600 601 602 603 604 605 606 607 608 

618 619 620 621 622 623 624 625 626 627 628 629 630 631 632 633 634 635 636 637 638 639 640 

650 651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668 669 670 671 672 

682 683 684 
"
685 686 687 688 689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704 

714 715 716 717 718 719 720 721 722 723 724 725 726 727 728 729 730 731 732 733 734 735 736 

746 747 748 749 750 751 752 753 754 755 756 757 758 759 760 761 762 763 764 765 766 767 768 

778 779 780 781 782 783 784 785 786 787 788 789 790 791 792 793 794 795 796 797 798 799 800 

810 811 812 813 814 815 816 817 818 819 820 821 822 823 824 825 826 827 828 829 830 831 832 

842 843 844 845 846 847 848 849 850 851 852 853 854 855 856 857 858 859 860 861 862 863 864 

874 875 876 877 878 879 880 881 882 883 884 885 886 887 888 889 890 891 892 893 894 895 896 

906 907 908 909 910 911 912 913 914 915 916 917 918 919 920 921 922 923 924 925 926 927 928 

938 939 940 941 942 943 944 945 946 947 948 949 950 951 952 953 954 955 956 957 958 959 960 

970 971 972 973 974 975 976 977 978 979 980 981 982 983 984 985 986 987 988 989 990 991 992 

1,002 1,003 1,004 1,005 1,006 1,007 1,008 1,009 1,010 1,011 1,012 1,013 1,014 1,015 1,016 1,017 1,018 1,019 1,020 1,021 1,022 1,023 1,024 
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1 

5 

4 

14 

21 

29 

36 

42 

46 

50 

57 

63 

66 

70 

73 

78 

82 

85 

88 

92 

95 

103 

106 

110 

115 

120 

124 

127 

132 

135 

135 

136 

141 

145 

109 
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DERIV A nON OF THE PRIME NUMBER THEOREM 

FOR THE RANDOM SIEVE 

Let us consider the fate of any two consecutive numbers, say 127 and 
128, on a run through the random-sieving operation. We shall compare 
their probabilities of getting through the sieve; i.e., of becoming sieving 
numbers or "random primes" themselves. 

Call these probabilities P127 and P128. Now it is obvious that 128 runs 
the same risk of being eliminated by previous sieving numbers as does 
127, except for one possibility. If 127 becomes a sieving number, it can 
eliminate 128, but not vice versa. The probability that 127 is a sieving num
ber is P 127' If it is a sieving number, the probability that it will eliminate 128 
(or any other following number) is 1/127. The chance that the two events 
will occur and that 127 will eliminate 128 is the product of their proba
bilities: PJ27 X 1/127. The probability that this will not happen is 
1 - P127/127. Except for this factor the chance of survival for 128 is the 
same as that for 127. Its net probability is therefore the product of the two: 
P128 = P127 (l - P12(/127) . 

At this pOint it will be more convenient to shift from the probabilities to 
their reciprocals. The reciprocal of a probability has itself a clear statistical 
meaning: it gives the average interval, or range, between two events. (In
stead of saying that the probability of double six in dice is 1/36, we can 
as well say that the average interval between throws of double six is 36.) 
Denote the reciprocal of P127 by X127, and of P'28 by X128. X127 measures 
the average interval between sieving numbers in the neighborhood of 127 
and XJ28 measures the same interval in the slightly shifted neighborhood 
of 128. 

By a little algebra we can show that if P12S = P127 (1 - PJ2d127) , then 
X12� = XJ27 + 1/127 + r, where r is a negligibly small remainder. For 
practical purposes we can say that XJ28 = X127 + 1/127. Now a similar 
argument would show that X127 = X126 + 1/126, and so on. Eventually we 
arrive at the result that X128 = 1 + 1/2 + 1/3 + 1/4 ... + 1/127, or, in 
general, X" = 1 + 1/2 + 1/3 + 1/4 ... + l/n, with a remainder that is still 
negligibly small. In calculus books we discover that the series 1 + 1/2 + 1/3 
+ 1/4 ... + l/n is nearly equal to log n for fairly long series. The differ
ence can be made as small as we like by making n large enough. Therefore 
we can say that, in the long run, XIl = log n, or P" = l/log n. 

The graph on the opposite page shows the values of l/log n (and, for 
comparison, the reciprocal of the actual values of the series 1 + 1/2 + 
1/3 + 1/4 . . .  + lin) . Thus the curve is also a graph of P", Suppose we 
now want to know how many random primes, on the average, there should 
be before any number n. We simply add the probabilities that each smaller 
number becomes a sieving number. Graphically this is the same as taking 
the area under the curve. But if n is very large, then the difference between 
the area under the curve and the area of the shaded rectangle, which is 
n X P", is negligible. Hence we can say that the average number of random 
primes out to n is n X P". But P n = 1/10g n, so the number becomes n/log 
n. And this is the Prime Number Theorem! 

Having completed the proof, we may reexamine our reasoning to see why 

the result is plausible. The essential step was to find that XIl + 1 = X" + 

l/n. This equation says that on the average, over many repetitions of the 

sieve, any number n removes enough of the numbers following to lengthen 

the interval between them by l/n. Take a specific example. Suppose that 

P'27 is 1/5 and X127 is 5. Then 127 will be a sieving number 1/5 of the 

time. When it is, it will eliminate about 1/127 of the remaining numbers, 

lengthening the average interval between them from 5 to 5 + 5/127. Since 

it only does this about one time out of every five trials of the sieve, its 

average effect will be to lengthen the interval from 5 to 5 + 1/127. 
The same chain of reasoning is plausible for the prime-number sieve. 

following 2, and for each one spin 
the wheel. If the black part of the 
wheel stops at the pointer, strike the 
integer out; if white stops at the point
er, leave the integer in. Note what you 
have accomplished. In the long run 
you will have sieved out half of the 
integers, just as the first step in the 
prime-number sieve does. But just which 
ones go out is a matter of chance, and 
the list will be different each time you 
hy it. 

Next take the first number that was 
not removed. Suppose it was 4. Make 
a new wheel of which a fourth is black 
and three fourths is white. Spin the 
wheel for each succeeding number left 
after the first sieving. When black comes 
up, strike the number out; when white 
comes up, leave the number in. This 
time you have removed a fourth of the 
remaining numbers. Proceed again to 
the first number not removed-say 5. 
Repeat the procedure using a sieving 
probability of 115, and so on. After any 
number of steps you will be left with a 
series of integers which might be called 
"random primes." 

If you want to try the sieve yourself, 
you need not actually make roulette 
wheels. A table of random numbers or, 
failing that, a telephone book will do. 
Express each sieving probability as a 
four-digit decimal (e.g., 114 = .2500) . 
For each "spin of the wheel" read suc
cessive telephone numbers. If your prob
ability is 114, then any number whose 
last four digits are 2499 or less tells you 
to eliminate the integer in question; 
2500 or more means to leave it in. 

One run of the random sieve for the 
first 1,024 integers is summarized in the 
table on the preceding two pages. Com
paring the distribution of these random 
primes with the actual ones, we can see 
that our sieve acts something like the 
sieve of Eratosthenes. This is partly in 
spite of the random element, but partly 
because of it. For a much longer series 
the general statistical similarity would 
be even closer. 

I t may seem paradoxical that we can 
take a statistical model, involving an 

infinity of random chOices, as ersatz for 
the straightforward and perfectly de
fined sieve of Eratosthenes. The paradox 
is the same as the one which underlies 
statistical mechanics: the average be
havior of an assembly of molecules is 
easier to describe than the actual be
havior of any one of them. Of course the 
random sieve preserves only the general 
features of the prime-number sieve. The 
eccentricities of the latter are averaged 
out by randomizing them. In either case 
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any number not sieved out becomes in 
turn a sieving number. It starts a process 
by which a proportion of later numbers 
is removed, equal to the reciprocal of 
that sieving number. Every wave of 
sieving in the prime-number sieve, ex
cept the first, is determined strictly by 
the result of previous waves. At every 
corresponding point the random sieve 
makes probability choices, partly de
termined by its own earlier statistical 
behavior. 

How closely the random sieve actually 
approximates the sieve of Eratosthenes 
is demonstrated by the fact that the 
Prime Number Theorem holds for ran
dom primes. This can be proved by some 
elementary mathematics, which in this 
case is also fairly easy [see box on oppo
site page]. 

Perhaps the parallel between the two 
sieves is not so surprising. We might say, 
indeed, that the prime-number sieve 
would have to be remarkably abnormal 
in its detailed behavior not to lead to 
the same general result as the random 
sieve. This statement implies that the 
random sieve can be taken as a criterion 
of normality. 

If so, there must be other sieves-in 
fact, an infinite number of other sieves
that have the same general characteris
tics as those of the sieve of Eratosthenes, 
but which differ somewhat in the details 
of their definition. They will not yield 
the prime numbers in general, but num
bers having some other special property. 
In 1956, as it happens, Stanislas M. 
Ulam and his associates at the Los Ala
mos Scientific Laboratory published 
some results of a new type of sieve 
which yields what they called "lucky" 
numbers. Their sieve begins by remov
ing the multiples of 2, leaving 3 as the 
first number not sieved out. Instead of 
removing next the multiples of 3, the 
Ulam sieve removes every third remain
ing number. Since 5 is the third number 

in the list of remaining numbers, it drops 
out, but 7 remains. Hence in the next 
wave every seventh number of those still 
remaining is eliminated, and so on [see 
illustration at top of next page]. The num
bers that escape are "lucky." It has been 
proved that the analogue of the Prime 
Number Theorem holds for lucky num
bers. Thus the random sieve is a model 
for the lucky numbers as well as for the 
primes. 

So far the random sieve has only du
plicated results that can be obtained in
dependently and rigorously for the sieves 
of Eratosthenes and of Ulam. The mathe
matics of it, however, is mostly easier. 
Therefore many additional theorems can 
be obtained from the random sieve and 
conjectured to be true of the other two. 
Such conjectures are not proofs, but we 
can say that unless the prime number 
and lucky sieves are vastly abnormal, the 
results must hold for them. 

Let us look at a couple of examples. 
As we go to larger and larger numbers 
in the table of integers, the spacing be
tween successive primes (or luckies or 
random primes) grows greater in an ir
regular way. In the neighborhood of any 
number, n, the average interval is about 
the logarithm of n. What is the greatest 
interval? We do not know the answer 
for primes or luckies. But for the random 
sieve we can prove that, with only a £i
nite number of exceptions, the interval 
is never greater than the square of the 
logarithm of n, that is, (log nF. The 
chance that there will be any further 
exceptions can be made as small as we 
please by taking a sufficiently large n. 
No upper boundary to the interval be
tween successive primes or successive 
luckies has been found which is any
where nearly as small, although from 
the existing tables it looks as though the 
formula should hold for them too. 

Another example is the twin-prime 
problem mentioned earlier. In the ran-
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AVERAGE NUMBER OF RANDOM "PRIMES" in the first n integers is shown by the 

area under the solid curve, roughly approximated by the hatched rectangle (drawn here 

for n = 130) . The area under the broken curve gives the approximate number of true primes. 

Since the two curves approach each other as n increases, the two sets of primes are very like. 

THE LEGENDARY FIREDIRD, the Phoenix, rose young 

and strong again and again from flames ... This is 

the Norton Firebird - symbol for the exciting new 

Cused materials made in Norton's electric furnaces. 

electrochemic<:,ls 

. its of the fireb1rd 
.91 

New booklet on 

SILICON 
Compounds 

and other 

electrochemicals 
Born in flames, like the legendary 

Phoenix, Norton electrochemicals gain 
new power to perform new wonders. In 
N orton electric furnaces they are trans
formed into new high-purity compounds 
of tremendous importance. 

For example, Norton CRYSTOLON* sili
con carbide is one of industry's most im
portant electrochemical developments. 
Produced in resistance-type electric fur
naces, in a variety of forms, it meets nu
merous needs of industry: source material 
for chemical processing; metallurgical ad
ditive; semi-conductors for electrical and 
electronic equipment; and components 
for high temperature refractories. 

Norton electrochemical developments 
may add quality and profit to your own 
production. This new booklet brings you 
valuable data. Write for it to NORTON 
CO�IPANY, Electro-Chemical Division, 
553 New Bond St., Worcester 6, Mass . 

"Trode·Mork Reg. U. S. Pot. Off. and Foreign Countries 

GIFTS OF THE FlREBIRD: compounds of silicon 

zirconium • boron • aluminum · magnesium 

titanium. chromium ... including many borides 

carbides · nitrides · oxides. 

MAKING BETTER PRODUCTS 

... TO MAKE 

YOUR PRODUCTS BETTER 
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"LUCKY" NUMBER SIEVE resembles the prime and random 
sieves already described. Here, also, numbers which are not elimi· 

nated become sieving numbers and remove a proportion of the 

remammg numbers equal to their reciprocals. Elimination is by 

counting: thus 3 removes every third remaining number, 7 every 

seventh. Like primes, the "lucky" numbers form an invariant series. 

9 13 15 21 25 31 * 33 37 43 49 51 63 * 67 69 73 75 79 87 93 * 99 

105 III 115 127 * 129 133 135 141 151 159 * 163 169 171 189 * 193 195 201 205 211 219 223 * 231 235 

237 241 * 259 261 267 273 283 285 * 289 297 303 307 319 * 321 327 331 339 349 * 357 361 367 * 385 391 

393 399 �C9 415 * 421 427 429 433 * 451 463 475 477 * 483 487 489 495 511 * 517 519 529 535 537 541 * 

553 559 * 577 579 583 591 601 * 613 615 619 621 631 639 * 643 645 651 655 * 673 679 685 693 699 * 717 

723 727 729 735 * 739 741 745 * 769 777 781 787 * 801 805 819 823 831 * 841 855 * 867 873 883 885 895 * 

897 ?03 925 927 * 931 933 937 957 * 961 975 979 981 991 * 993 997 10G9 1011 1021 1023 * 

DISTRIBUTION OF "LUCKY" numbers between 1 and 1,024 reo 
sembles that of primes and random primes, thinning ont gradually 

but irregularly as the list Increases. This table shows only the 

"luckies"; the intervening numbers are omitted. Slars set off 
luckies within successive series of 32 integers; each of these groups 

corresponds to a single line of the tables on pages 108 and 109. 

dom sieve there is almost certainly an 
infinite number of twins. Indeed the 
average interval between twins ought to 
be about (log n ) 2, and the maximum in
terval between them, with only a finite 
number of exceptions, ought to be (log 
n ) 3. Again the tables suggest that these 
results are also true for primes and 
luckies, but no one has any idea how to 
prove such results. 

�though the random sieve does not 
solve any classical problems con

cerning primes, it does enable us to re
formulate such problems. We may ask: 
"Are the prime numbers normal in such 
and such a respect?" The random sieve, 
or certain modifications of it, defines 
what we mean by normality. If the prop
erties we are talking about depend on 
the exact fine structure of the sequence 
of primes, the answer will obviously be 
no. Thus all primes except the number 
2 are odd, while this is infinitely im
probable in the sequences of random 
primes. But average properties such as 
those we have discussed do not seem to 
depend on the fine structure, and those 
may be presumed to be normal for 
primes or luckies. Can anyone find a 

112 

major abnormal property, in this sense, 
of the sequence of primes? Or the 
sequence of luckies? 

In the opinion of the author the con
cept of normality raises some very deep 
questions about numbers and the theory 
of numbers. Sieves as a class are a type 
of feedback mechanism: the output of 
one stage of the process determines the 
input of the next stage. Now in any such 
mechanism the nature of the coupling 
between output and input is crucial; the 
result may be stable and predictable for 
one type of coupling and unstable for 
another. So far as the outcome of the 
random sieve is concerned, it is in one 
respect extremely stable. If by chance 
there are relatively few sieving numbers 
in the early stages, they will remove 
relatively few later on, and so there will 
be an increase in the later stages to com
pensate for the initial deficit. The sieves 
of primes and luckies share this charac
teristic. But this is a statistical stability. 

When we look at other aspects of the 
prime or the lucky sieve, however, we 
find elements of instability. The detailed 
ordering of primes or luckies depends 
upon the individual sieving numbers that 
precede them, and this involves a growth 

of complexity without apparent limit. 
Some easily defined properties of nor
mal sequences, for example the two de
scribed, may depend strongly enough on 
this complexity to make it impossible, 
in a finite number of steps, to prove that 
they hold. Here is the analogy, if it be 
one, with the uncertainty principle of 
physics: An infinite complexity requires 
infinite time to resolve it. If our sug
gestions have substance, we will have 
examples of mathematical statements 
which are almost certain, but which can
not, in prinCiple, be proved. Examples 
of undecidable propositions are known 
in modern arithmetic [see "Coders 
Proof," by Ernest Nagel and James R. 
Newman; SCIENTIFIC AMEHlCAN, June, 
1956], but so far none of the unproved 
conjectures about prime numbers has 
been shown to be undecidable. Per
haps none of them is. If any are, how
ever, the random sieve will be a model 
for the primes in a deeper sense than any 
we have exploited in this article. We can
not distinguish an infinitely complex 
order from a random one, and so we 
might be forced to admit that there is a 
certain background of noise even among 
the eternal verities. 
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Filters for extreme conditions 

HIGH HEAT plus CORROSION 
Processing Uranium Hexafluoride 

by gaseous diffusion. 
Operating at a temperature so high (over 1200°F) that 
the filter and its housing are red hot, this specially designed 
and constructed Purolator frameless metal edge filter 
reclaims fines from the highly corrosive gas. 

The extreme heat and the corrosive gas are necessary 
for the process ... Purolator's problem was to come up 
with the filter which could do the job required under these 
conditions. The filter, constructed of monel, combines a 

porous metal facing on a frameless metal edge element. 
It has been in constant operation since its installation. 

Difficult jobs like this are made to order for Purolator. 
Designing and producing filtration equipment to meet 
exacting demands requires the combination of engineering 
skill and manufacturing know-how only Purolator offers. 

Two brochures outline what 
Purolator can do for you on your 
toughest filtration requirements_ 
They're both yours for the asking. 
Write to Jules Kovacs, Vice Presi
dent in charge of Technical Sales. 
If you have an urgent filtration 
problem now, send Mr. Kovacs the 
details of it. 

Filtration For Every Known Fluid PU Fa. 0 LATO Fa. 
PRODUCTS. INC. 

RAHWAY, NEW .JERSEY AND TORONTO, ONTARIO, CANADA 
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AUTOMATIC ASSEMBLY OF TRANSISTOR ACHIEVED AT WESTERN ELECTRIC 

Some impressive obstacles have long 
blocked efforts to mechanize assem
bly of transistors. Among them: the 
tiny, closely spaced parts involved, 
the extreme material purity required 
and, especially, the constant changes 
in transistor design. 

Yet the advantages of mechanized 
assembly are enticing - large vol
ume production of a quality product 
at lower cost. 

Recently an automatic assembly 
machine, at Western Electric's Allen
town (Pa.) Works, began produc
ing high quality grown junction type 
transistors. The only machine of its 
kind, it is doing what was considered 
- not so very long ago - practically 
impossible. 

The grown junction transistor was 
chosen for automatic assembly be
cause it promised to be fairly stable 
in design, making development of an 
assembly machine worthwhile. 

~ 
Our engineers began 

' �O / by collaborating with 
t h e  B e l l  T e l e p h o n e  

o Laboratories (our Bell 
Grown junction System teammate and 
type transistor inventor of the transis

tor) in modifying the design of this 
transistor, to make it more suitable 
for automatic assembly. 

The-many assembly operations 
could be naturally divided into two 
phases: processing of headers; fabri
cation of the bar-ribbon assembly 
composed of an NPN germanium 
bar, supported between two .005-
inch thick Kovar ribbons. So a two
part machine was devised by a team 
of Western Electric engineers. (See 
schematic. ) 

Problems of Mechanization 

Each of the individual mechanized 
operations making up the overall 
unit had to be separately designed 
and synchronized with the rest. 
Many problems came up in design
ing these stations. 

For example, how to save expen
sive headers from being welded to 
bar-ribbon assemblies which may not 
meet strict Western Electric quality 
standards. To solve this, our engi
neers added a station to test each 
bar-ribbon assembly prior to welding 
it to a header. The test compares the 

photoelectric properties of the sub
assembly to those of a standard qual
ity transistor. 

When the bar-ribbon assembly 
passes this test, an electrical signal 
a c t u a t e s  a r e l a y  on t h e  h e a d e r  
machine, allowing a header t o  be 
moved to the welding position com
mon to the two tables (station 1 5 ) .  
If a s u b s t a n d a r d  b a r - r i b bon i s  
detected at the test station, the weld
ing operation does not occur and the 
assembly, without header, is moved 
to a subsequent station (number 1 6 )  
where it is ejected. 

Though it is entirely possible that 
the grown junction type transistor -
and, in part, this machine-will soon 
be obsolete, much has been gained. 
The feasibility of automatic transistor 
assembly has been proved, represent
ing a long step forward in transistor 
manufacture and a substantial con-

Schematic of unit shown above 

tribution to the field of automation. 
This is one more example of the 
inventive engineering that is con
stantly brought to bear on Western 
Electric's job as manufacturing and 
supply unit of the Bell System. 

If you desire additional information 

on the automatic transistor assembly 

machine, a reprint of a semi-technical 

article may be obtained by writing to 

Western Electric Co., Room 1 630, 1 95 
Broadway, New York 7, N. Y. 

Western ElectriC 

MANUfACTUOINO AND SU,PlY f!' UNIT Of THE IELL SYSTEM 
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WOUND SHOCK 
This state of collapse brought on by severe injuries can cause 
death in a few hours. Extensive research has begun to clarify 
its physiology and has developed a simple emergency treatment 

Every first-aid manual teaches us 
to beware the ashen pallor, the 
clammy skin and the enfeebled 

pulse that are the signs of shock in the 
severely injured. If shock is not prompt
ly treated the victim may die in a few 
hours, even though the injury that 
brought on the condition might not in
volve a vital organ. As the symptoms dra-

by Sanford Rosenthal 

matically proclaim, shock is attended by 
a lowering of the volume of blood in cir
culation in the body. The treatment, once 
a physician arrives, is the restoration 
of the blood volume by the infusion of 
whole blood, blood plasma, a synthetic 
plasma substitute, or just plain saline 
solution. But no therapy for shock is cer
tain. Efforts to develop surer measures 

of control have been hampered by our 
even less certain understanding of the 
physiological mechanism that induces it. 

Our group at the National Institutes 
of Health has been engaged in an ex
tensive laboratory and clinical investiga
tion of this difficult problem since 1942. 
At that time the project was motivated 
by the emergency need to do something 

SHOCKED MOUSE at left is larger than an unshocked animal he· volume of saline solution with which it has been treated. Salt 

cause of the swelling around its legs due to injury and to the large water in quantity seems as effective as any other known therapy. 
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SHOCK EXPERIMENT involved cutting off circulation in the legs of 

mice with rubber bands, as at left. Two hours after the bands were 

removed, the legs showed the large swellings which are charac· 

teristic of shock·producing injuries (center). Saline solution 

about the high incidence of shock among 
battlefield casualties. Our work con
tinues, with most of the troublesome 
questions still unanswered. But our in
vestigation has succeeded at least to the 
extent of gaining a better understanding 
of some of the underlying mechanisms of 
shock. And we have develop2d an emer
gency treatment which can be adminis-

tered by laymen, and which may greatly 
improve on the effectiveness of the first
aid measures it has been possible to 
recommend hitherto. 

There is no doubt that the loss of 
fluid from the circulatory system plays a 
central role in wound shock. (The shock 
produced by electricity, brain injury or 
bacterial toxins is another story; it does 

not involve this large loss of fluid.) In 
cases of severe hemorrhage the loss is 
plainly accounted for. Animal experi
ments indicate that a loss of half of the 
blood-5 per cent of the body weight
will result in fatal shock. For a long time, 
however, it was difficult to explain the 
fall of blood volume in severe burns and 
in other injuries not attended by hem-
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TIME AFTER INJURY IDAYSI 
DIFFERENT TREATMENTS for shock are compared in these 

graphs; solid black lines represent untreated animals. In tourni· 

quet shock (left) saline solution equal to 10 per cent of the animal's 

weight (solid color) reduced mortality more than an equal amount 

116 

2 

80 -----
-_ .... -

;:::: Z 
w U 
"" 
w "- 60 
>-� 
� 
<{ f-"" 
0 
.2 
w 40 2: 
f-
:5 
:J 
.2 
:J U 

20 

------- ... -----

TIME AFTER INJURY IDAYSI 
of plasma (gray) did; 15 per cent body weight of saline solution 

(broken color) prevented almost all deaths. In burn shock (center) 

15 per cent of saline was again the most effective therapy; 5 per 

cent of saline (solid color) or plasma (gray) was less effective. 
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proved an effective treatment, even when given by mouth, as at right. Similar experiments 

were carried out on mice shocked by burns and suffering from extensive hemorrhage. 

orrhage. Then, in 1931, animal experi
ments showed that the fluid which 
accumulated in the swelling (edema) at 
the site of a fatal injury amounted in 
volume to the same 5 per cent of body 
weight lost in fatal hemorrhage. 

Since the composition of the edema 
fluids closely resembles that of blood 
plasma, investigators and physicians be-

60 

40 �----

3.5 4 

gan to attribute the profound systemic 
disturbance of shock to the loss of 
plasma from the bloodstream. This de
duction was supported by the finding 
that plasma could serve in the treatment 
of shock (where no severe hemorrhage 
occurred) just about as effectively as 
whole blood. During World War II the 
freeze-drying of plasma made it possi-

4.5 5 
BLOOD LOSS IPER CENT OF BODY WEIGHTI 

Salt:free plasma (broken gray) was of little value. In hemorrhage (right), where loss 

of red blood cells is a serious problem, 3 per cent body weight of whole blood (broken 

black) was most effective, with 10 per cent of saline (broken color) a close second. Three 

per cent of saline (solid color) or plasma (gray) were both moderately effective. 

Rewarding 
Openings 

in the field of 

ADVANCED DESIGN 
The Advanced Design Department of 
Bell Aircraft's Space Flight and 
Missiles Division is offering challeng. 
ing, long range opportunities for 
qualified engineers in the develop· 
ment of advanced missile programs. 

Current requirements call for group 
leaders and senior technical special· 
ists in varied fields. Assignments will 
include responsibility for complete 
analyses, test programs, proposals, 
analyses methods and design duties 
together with initiating, performing 
and directing work on the highly ad· 
vanced and difficult problems en
countered. 

GROUP LEADER - FLIGHT CON
TROL SYSTEMS-to direct the activi
ties of group responsible for prediction 
and design of flight control systems. 
as with MS desired with 7-12 years ap
plied experience. 

SENIOR TECHNICAL SPECIALlST
STABILITY AND CONTROL-for ana
lytical and design assignments in the 
field of aerodynamic stability and con
trol with possible responsibility for com
plete projects. as with MS desired with 
5-10 years progressive and applied ex
perience and at least 3 years in major 
field of specialization. 

SENIOR TECHNICAL SPECIALlST
PERFORMANCE-for analytical and 
design assignments in the field of aero
dynamic performance with possible re
sponsibility for complete projects. as 
with MS desired with 5-10 years progreso 
sive and applied experience and at least 
3 years in major field of specialization. 

Salaries are conultellsurate with 
your background. Good living and 
working cOll(liliolls prevail with 
liberal benefits. Write: 

Supervisor, Engineering Employment, Dept. P-65 
BELL AIRCRAFT CORPORATION 

BUFFALO 5. NEW YORK 
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ble for medical corpsmen to administer 
this therapy at battalion-aid stations and 
on the battlefield itself in circumstances 
where it was impossible to deliver whole 
blood. Thanks to the control of shock by 
plasma (and the control of infection bv 
drugs) 96.7 per cent of the U. S. cas
ualties who reached battalion-aid sta
tions survived their wounds. 

'p lasma consists chiefly of water, pro
. teins and sodium chloride. The 
search for plasma substitutes led investi
gators to inquire what role the loss of 
each of these constituents might play in 
shock. The eminent British physiologist 
E. H. Starling had shown long ago that 
the large protein molecules in plasma 
play an important part in establishing 
the blood's osmotic pressure, and thus 
in balancing the distribution of fluid be
tween the bloodstream and the tissues. 
Following this lead, investigators found 
that solutions containing other large 
molecules, such as gelatin and even the 
synthetic substance PVP (polyvinyl
pvrrolidone) , could substitute success-

fullv for plasma. It seemed apparent that 
shock must be induced principally by 
the loss of the plasma proteins. 

Subsequent work has cast doubt on 
this conclusion, though the observations 
which led to the conclusion have been 
confirmed. The history of science offers 
many instances of honest error in inter
pretation; it is much harder to disprove 
an interpretation than to show that an 
observation is wrong. That is why for 
so many centuries the earth was thought 
to be flat. 

When we began our work, however, 
we were struck by the numerous con
flicts of observation in previous animal 
experiments on shock. Investigators had 
found it difficult to standardize experi
mental injury, and since no treatment for 
shock is infallible-even for injuries of 
the same degree-they often could not 
duplicate one another's results. At the 
outset, therefore, we sought ways to in
duce objectively comparable injuries in 
large numbers of small animals, princi
pally mice. To produce burn shock we 
immersed mice (shaved and anesthe-
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tized) to a measured depth in water at 
158 degrees Fahrenheit for an exact 
number of seconds. \Ve simulated the 
muscle trauma of crushing injuries by 
cutting off with rubber bands the circu
lation in the limbs of anesthetized ani
mals. To produce measured degrees of 
hemorrhage we snipped the ends of their 
tails and immersed them in warm anti
coagulant solution, where the amount of 
bleeding was measured. We then estab
lished the extent of injury by each tech
nique which would kill 90 to 100 per 
cent of the mice within 48 hours. To 
minimize random variations we experi
mented only on large groups of mice of 
the same sex and of uniform heredity 
and size, fed them the same diet, an�1 
held the laboratory temperature con
stant. As a consequence of these precau
tions, we began to get reprodUCible re
sults in the testing of various therapies 
for shock. 

Our attention was soon attracted by 
the results we obtained with saline soIL;
tion, that is, .85 per cent sodium chloride 
in distilled water. PhysiCians had been 

CHANGES IN BODY FLUIDS, shown in these highly schematic 

drawings, are important factors in shock. The fluids consist chiefly 

of water (black circles), potassium ions (black dots) , sodium ions 

(colored dots) and plasma proteins (colored circles). Normally 

(left) potassium is mostly inside the cells, sodium outside; plasma 

proteins tend to remain in the bloodstream. In shock (center) in

jury to part of the body (shaded) produces swelling which absorbs 

fluid from the blood and uninjured tissues. Cells in the injured 

118 

© 1958 SCIENTIFIC AMERICAN, INC



using saline solution to treat shock for 
nearly half a century, but its value was 
much in dispute. Some proponents of the 
role of plasma proteins in shock consid
ered it useless, since it leaves the blood
stream rapidly; some held it to be 
actually harmful, on the theory that it 
"washes out" the proteins. 

Under our standard conditions, how
ever, we found that saline solution was 
almost as effective as equal quantities of 
plasma and whole blood in the therapy 
of shock from burns and trauma. Then, 
to our surprise, we discovered that when 
we administered saline solution in larger 
quantities it resulted in the survival of 
nearly all the animals. Plasma or whole 
blood could not be administered in these 

large doses. In hemorrhage, where the 
loss of red blood cells is an important 
additional factor, whole blood of course 
proved superiOr. Yet even in hemorrhage 
sufficient quantities of saline solution 
produced highly favorable results when 
administered during the hemorrhage. 

.N the first unexpected result of our 
investigation we thus found that 

quantity is decisive in the effectiveness 
of saline solution. In burn and tourniquet 
experiments, saline solution equivalent 
to 5 per cent of the body weight-ap
proximately equal to the fluid lost
saved less than half the animals. Twice 
as much saline brought about two thirds 
of them through, and three times as 

area release potassium and take up sodium in exchange; plasma proteins escape from the 

blood. Treatment (right) by plasma injections (syringe) or saline solution (beaker) reo 

stores the blood volume and co .... ects dehyd .. ation and sodium loss in the tissues. Since most 

of the therapeutic effect is lost in additional swelling, large quantities must be administe .. ed. 

You're invitecl to 
join eighty 
clistinguishecl 
UNITERM 
CHARTER 
SUBSCRIBERS 
and save a 
thousand. dollars! 

Now in preparation are UNITERM 

Indexes for U. S. chemical patents issued 

during 1950-54, inclusive-being prepared 

at the request of leaders in the chemical, 

pharmaceutical, processing and manu

facturing industries. Since 1955, eighty 

distinguished organizations have come to 

rely upon UNITERM Indexes for fast, 

accurate chemical patent information. 

R egular UNITERM service c6sts 

$1,000.00 a year. However, CHARTER 

SUBSCRIBERS will receive these five 

"back package" Indexes for the price of 

four under the prepayment plan: $500.00 

on initial order, $1,000.00 each for the 

1954, 1953, 1952 Indexes as delivered, 

$500.00 for the fourth year's . .. and the 

1950 Index at no cost. It is estimated 

that this unprecedented project will 

require a trained staff of chemists and 

biochemists two-and-one-half years to 

complete-making eleven years coverage 

of chemical patents available under the 

UNITERM System. 

CHEMICAL PATENT DATA 
• • •  RIGHT AT 
YOUR FINGERTIPS! 

When the "back package" is completed, 

the 1950-54 UNITERM Indexes, along 

with 1955 and later Indexes published 

by IFI, will constitute the largest volume 

of current scientific and technical infor

mation available in one system-100,000 

chemical patents with more than two

and-one-half million references. 

More and more companies recognize 

that patent control represents increased 

efficiency, protection and profits. 

FOR A BOOKLET OESCRIBING' 
THIS T1ME�. MONEY-, AND 

SPACE-SAVING RESEARCH 

TOOL.. AND THE SPECIAL CHAR· 

TER SUBSCRIPTION OFFER ON 
"THE BACK PACKAGE". WRITE 

US TODAY. 

:lNFORMAT:lON .FOR 
:INDUSTRY, :INC. 

Oepa rtment SA 

1000 Connecticut Ave . •  Washington 6, D. C. 

Telephone: Sterling 3·4938 

CHEMISTRY. ATOMIC ENERGY. ELECTRONICS 
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Electromet . . .  Making metals do more all the time! 

New metals open a new field in chemistry! 
Titanium ... vanadium ... chromium ... manganese ... molybdenum ... 

these are some of the metals that have made headlines in the age of atomic 

energy and space exploration. Now, through research at ELECTROMET, 
metal chemicals are spurring development of new products for home 

and industry. 

Highly reactive intermediates, catalysts, and organic-soluble compounds 

are now available from ELECTROMET for study. 

This is another field in which ELECTROMET research is working to 

make metals more useful to everyone. For more information, write 

ELECTRO METALLURGICAL COMPANY, Division of Union Carbide 

Corporation, 30 East 42nd Street, New York 17, N. Y. 

Eleclromef 
fERRO.ALLOYS AND METALS 

"Electromet" and "Union Carbide" are registered trade-marks of Union Carbide Corporation. 
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TIME AFTER INJURY !DAYS I 
3 

PROPER ENVIRONMENTAL temperature radically improved survival among shocked 

mice treated with saline solution. At 77 degrees F. (solid black curve) nearly 90 per cent 

survived; at 88 degrees (solid gray), less than 60 per cent. At 98.6 (broken gray) all died rap

idly. At 65 degrees (broken black) most animals survived the first few hours but died later. 

much produced survival rates of 80 to 
97 per cent [see illustrations on pages 
116 and 117]. This heroic dose, equal to 
three times the volume of plasma in the 
body, would in a human adult amount 
to eight to 10 quarts of liquid! 

From the clinical standpoint our next 
surprise may pl"Ove to be even more sig
nificant. We found that the administra
tion of saline solution by mouth is just as 
effective as direct infusion into the 
bloodstream. Here, it seemed, we had 
come upon an excellent emergency treat
ment for shock. A solution of table salt 
and water can be mixed and adminis
tered by any layman so long as the 
patient can swallow. 

Preliminary clinical trials with human 
shock patients gave promising results. 
With the plasma protein theory of 
shock prevailing, however, most physi
cians continued to look askance at our 
experiments, saying in effect: "Mice are 
not men." We concluded that we should 
seek a better understanding of our re
sults before pressing for a full-scale 
clinical trial. 

We set out first to compare the action 
of saline solution and plasma through
out the course of therapy in mice. It 
turned out that saline solution had little 

immediate effect upon the volume of 
circulating blood. The concentration of 
red cells, raised by the loss of plasma, 
remained high; the concentration of pro
teins dropped, suggesting that the saline 
solution had indeed washed some pro
teins out of the blood. By standard 
clinical criteria the treatment was worth
less. But most of the animals survived! 
Twenty-four hours later their blood vol
ume had returned to normal. Plasma and 
other colloid solutions secured an im
mediate increase in blood volume. This 
improvement did not, however, ensure 
the survival of the animals. In fact, when 
we tried "salt-free" solutions of plasma 
protein all the animals died, though the 
blood volume increased at the outset. 

Further experiment showed that the 
sodium ion is the active ingredient. Oth
er salts of sodium gave results compara
ble to sodium chloride; solutions of 
glucose or of various proteins without 
salt had no more effect than water alone. 
These experiments cast serious doubt on 
the plasma protein theory. They also 
indicated that wound shock is something 
more than a circulatory disturbance. 

To get a clearer picture of the non
circulatory factors, we set out to trace 
what happens to fluids, sodium and pro-

from ELECTROMET 

A new source of 
Metal Chemicals 

Transition metal chemicals 
with striking properties are 
available from ELECTROMET 
for study. Metal Acetylaceto
nates are soluble compounds 
useful as catalysts, stabilizers, 

corrosion inhibitors, and in

secticides. Metal Chlorides are 

relatively inexpensive, highly 

reactive intermediates_ They 
improve many coatings, sol

vents, fluxes, dispersants, and 

sealants, and are good cata
lysts. Metal Carbonyls may 

open up a whole new technol
ogy. Present uses include the 

plating of metals by thermal 

decomposition. ELECTRO MET'S 
technical staff can help you 

make use of these metal chemi
cals _ .. use the coupon below! 

Eletlromel 
fERRO-AllOYS AND METALS 

UNION 
CARBIDE 

f'Electromet" and "Union Carbide" are registered 
trade�marks of Union Carbide Corporation. 

----------------- . 
Electro Metallurgical Company 

Division of Union Carbide Corporation 

Box 330, Niagara Falls, N. Y. 
Please send information on: 

o Metal Carbonyls 0 Metal Chlorides 

o Metal Acetylacetonates 

NAME ______________________ __ 

COMPANY __________________ ___ 

POSITION __________________ ___ 

ADDRESS ________________ __ 

CITY I 
ZONE STATE__ I 

L ________________ � 
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At the cross-l°oads of oppurtunity for men with 
vision in Electronic Engineering. 

GOODYEAR 
AIRCRAFT 

CORPORATION 
ELECTRONIC LABORATORY 

WE HAVE OPENINGS IN OUR 
MODERN LABORATORIES FOR 
ADVANCED ENGINEERS AND 
SCIENTISTS IN ELECTRONIC 

RESEARCH AND DEVELOPMENT 
also 

electronic handbook 
writers 

Long range research and 
development projects. 

Graduate studies available under company 
financed evening courses. 

LEISURE LIVING AT ITS BEST 
"IN THE VALLEY OF THE SUN" 

Send resume to: A. E. Manning 
Engineering and Scientific Personnel 

GOODjYEAR AIRf:RAFT 
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LITCHFIELD PARK 
PHOENIX, ARIZONA 

Similar opportunities available in our Akron. Ohio. Laboratory 

teins in shock. Herbert Tabor and R. C. 
Millican assayed the injured and unin
jured tissues of mice that had succumbed 
to shock without treatment. Their meas
urements confirmed the older observa
tions that the fluid lost to the edema 
amounted to 4 or 5 per cent of body 
weight. Only half of this fluid, however, 
came from the blood; the remainder was 
drawn from the uninjured tissues and 
thus produced a general tissue dehydra
tion along with the lowering of blood 
volume. Analysis showed further that 
the injured tissues had accumulated 30 
per cent more sodium than the size of 
the swelling would indicate. 

\'Ve then found that an equivalent 
amount of potassium had escaped from 
the injured area into other parts of the 
body. Normally almost all the body's 
potassium is found inside the cells, while 
sodium remains outside [see "The Nerve 
Impulse and the Squid," by Richard D. 
Keynes; page 83]. In the injured tissues 
the physiological barrier which main
tains these concentrations had evident
ly broken down. The damaged cells had 
absorbed sodium ions and given up 
potassium ions in osmotic exchange. This 
"wandering" potassium helped to ex
plain an earlier finding which had 
puzzled us: the extraordinary sensitivity 
of mice in shock to potassium. Potassium 
injections are normally toxic, but shocked 
mice succumb to doses which normal 
mice would easily survive. These results 
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suggest that potassium poisoning may 
play a part in death from shock. 

For a time we were puzzled by a dis
crepancy between these assays of salt 
and fluid distribution in untreated ani
mals, and our experience with the saline
solution treatment. If the edema took up 
5 per cent of the bod v weight in fluid, 
what became of all the saline solution
three times as much bv volume-which 
was needed for maxim�m effectiveness? 
Moreover, when we analyzed the urine 
of mice under treatment we found that 
they retained three times more sodium 
than we calculated they had lost in the 
edema fluid. Where had all this sodium 
gone? Potassium exchange accounted for 
some of the missing sodium, but not all. 
It then occurred to us that the 5 per cent 
figure came from analysis of the edema 
in untreated animals. We promptly dis
covered that the edema in treated mice 
increased beyon d 5 per cen t in direct 
proportion to the amount of fluid we 
administered to the animal. In fact, a full 
70 to 80 per cent of the first saline in
fusion showed up in the edema, thus ex
plaining our earlier finding that saline 
solution does not secure an immediate 
increase in the volume of circulating 
fluid. With the radioactive isotope 
sodium 22 as a tracer we confirmed that 
the sodium as well as the water was 
"lost" in this manner. 

Clearly the inordinate capacity of in
jured tissues to swell and absorb fluids at 

10 15 20 

TIME AFTER INJURY !DAYS) 

CLINICAL TRIAL in three Lima, Peru, hospitals showed that hurn·shocked adults treated 

with saline solution (black curve) or plasma (gray curve) have similar recovery rates. Only 

deaths during the first few days are due to shock; causes of later deaths are under study. 
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Concerning 
Radiation 
Theories 
In Interplanetary 
Space 

Aptly called Pioneer, the terminal stage of 

Able·One's s'pace probe reached into the fringes 

of the universe to telemeter data that will help 

solve the problems of interplanetary travel. 

Pioneer successfully carried 39,6 pounds of 

Space Technology Laboratories' developed 

instrumentation for the gathering and 

transmission of data. 

The ion chamber and associated equipment 

provided information concerning the radiation 

intensity in space. This experiment was carried 

on in connection with the Department of Physics, 

State University of Iowa. 

In conjunction with the U. S. Air Force Ballistic 

Missile Division, and under the sponsorship of the 

National Aeronautics and Space Administration, 

STL's expiorations and developments in seeking 

energy spectra of the radiation belt are continuing 

at an accelerated pace. I ncreased knowledge 

'in the fields of interplanetary magnetism and the 

distribution of interplanetary matter are being 

sought. Related fields of astrophysics 

provide additional areas in which advanced 

experimentation may be expected to add 

substantially to man's knowledge 

of the universe. 

These programs at STL open a whole new vista in 

analytical and experimental areas for the 

advanced technical person whose interests 

and experience qualify him for work in the 

following fields: electrodynamics, nuclear 

physics, communication theory, and the design 

and execution of physical experiments in 

interplanetary space. Inquiries are invited. 

Space 
Technology 
Laboratories, Inc, 
P. O. Box 95001, Los Angeles 45, California 

Telephone: OSborne 5·4677 
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How To Get Things Done 
Better And Faster 

BOARD MASTER VISUAL CONTROL 
* Gives Graphic Picture-Saves Time, Saves 

Money, Prevents Errors 
* Simple to operate-Type or Write on Cards, 

Snap in Grooves 
i:.r Ideal for Production, Traffic, Inventory, 

Scheduling, Sales, Etc. 
* Made of Metal. Compact and Attrtl:!ive. 

Over 300,000 in Use 

Full price $4950 with cards 

I F R EEl 24-PAGE BOOKLET NO. C-300 
Without Obligation 

Write for Your Copy Today 

GRAPHIC SYSTEMS 
55 West 42nd Street _ New York 36, N. Y. 

900X "MICROBE HUNTER" 
The only Microscope in its class featuring 
GRADE A optics! 

Power Range 2SX, SOX, 7SX. IOOX. ISOX, 200X, 
300X, 400X, 600X. 900X 
Full Range Fine Adjustment 

• Safety Stop on Coarse Adjustment 

This instrument-made to our rigid design specifications
has wide usage in schools, laboratories and law enforcement 
agencies. All of the most needed features have been incor
porated to meet lile requirements for diversified micro
studies. HighL.,. recommended for serious hobbyist desiring 
exceptional Quality at modest. cost. Power range from 25X 
to HOOX in 12 possible combinations. Geared rack and 
pinion coarse focusing. Micro-motion fine focusing of full 
range-12 complete revolutions. Safety stop pre\'ents over 
rise. 3Gmm dual surface (plano/concave) mirror. Fixed 
squal'c stal-:"e. 70mm X 80mm. Hotating 5-hole. disc dia
phragm. Three Hu:ygenian eyepieces of 5X, lOX and 15X. 
FOllr achromatic objectins or 5X. lOX, 40X and 60X. O\'er
size base insures stability and prot.ects objeetires. Body 
tilt!'; through GOo-perfect1.y balanced at an), angle. Complete 
with upright, wooden carrying case. 
F-338-List $69.95 . . . . . . . . . . .. . . . . Net $39.95 

(Add $1.00 for postage and l101ldlillg) 
OLIVER GARFIELD CO .• INC. Dept. SAl2S 108 E.. 16 ST., N. Y. 3, N. Y. 
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the expense of the blood and uninjured 
tissues is one of the basic mechanisms 
in shock. An effective treatment must 
supply sufficient fluid to fill up the stag
nant "puddle" and leave enough to cor
rect dehydration and sodium deficiency 
in the rest of the body. Derangement of 
the body's fluid and ionic balance are 
evidently at least as important in shock 
as the more easily observed disturbance 
of circulation. Indeed D. C. Darrow and 
his associates at Yale University have 
produced conditions resembling shock in 
animals simply by lowering the sodium 
concentration in their body fluids. 

We had clarified the role of sodium in 
shock. What of the plasma proteins? To 
answer this question, Millican prepared 
radioactive mouse plasma by feeding 
mice a yeast cultured in a medium con
taining the radioactive isotope sulfur 35. 
When this plasma was infused in the 
bloodstream of shocked mice, it migrated 
into the injured tissues along with the 
sodium and water. Evidently the osmotic 
barrier which keeps plasma proteins in 
the blood under normal conditions 
breaks down at the site of injuries. This 
experiment gave the coup de grace to 
the plasma protein theory of shock. 

The tracer experiments also showed 
that, once the swelling stops, the pro
teins which have accumulated in the 
edema do not get back into the blood. 
In other words, the osmotic barrier is re
established after some hours. If plasma is 
infused at this time, the new protein 
tends to remain in the circulation and 
acts to restore blood volume more ef
fectively than it does when injected soon 
after injury. Thus plasma has some spe
cial virtues in the treatment of shock, 
though in most cases it can be partly or 
wholly replaced by saline solution. 

Anyone who has ever taken a first-aid 
.t\. course will remember the first rule 
for treating shock: Keep the patient 
warm. The patient himself feels cold, 
and his temperature and metabolic rate 
are down. PhYSicians and first-aiders 
alike try to treat symptoms by getting 
the patient warm. Animal experiments, 
however, show that excessive warming 
may be harmful. Our mice showed the 
best survival rate when kept at 77 de
grees Fahrenheit; at 98.6 F., the normal 
body temperature of mice, the animals 
died [see illustration on page 121]. Low 
body temperature and metabolic rate 
in shock seem analogous to fever and 
high metabolic rate in infection; they 
are mechanisms of defense. We should 
not try to correct all of the abnor
malities brought on by illness and in
jury; some may serve a useful purpose. 

In 1951 we decided that our observa
tions were ready for a full-scale clinical 
test. We found it difficult, however, to 
justify trying o"Ur saline-solution treat
ment on patients to whom plasma and 
whole blood were available. How could 
we urge their physicians to set aside 
proven treatment in favor of a procedure 
supported so far chiefly by' animal ex
periment? We had to find patients for 
whom our saline solution would repre
sent rescue from their desperate condi
tion. Thanks to the mediation of Alberto 
Hurtado of the University of San Mar
cos, we found them in the hospitals of 
Lima, Peru. There plasma and whole 
blood were in short supply, with not even 
enough to treat emergency patients. 

It was a true Arrowsmith adventure. 
At three Lima hospitals we arranged to 
treat all the victims of serious burns, 
choosing this type of injury because its 
relative severity can be expressed in ob
jective measurement of area and depth. 
Under the supervision of Kehl Markley 
of the U. S. Public Health Service the 
patients were to be treated in strict alter
nation, one receiving saline solution and 
the next plasma. We heard many pre
dictions of failure. The patients would 
not drink quarts of salt solution, and if 
they did so it would sicken or kill them. 
Besides, how could a foreign physician 
get the cooperation of three different 
hospitals on an experiment in which they 
had no faith? 

The beginning was not auspicious; the 
first patient treated with saline solution 
died in shock. The project, however, 
continued; scheduled at first to run for 
three years, it has continued for seven. 
The doctors have found their patients 
quite willing to swallow quarts of the 
fluid, for the dehydration which attends 
burns brings on severe thirst. (Volun
teers who were not dehydrated found 
saline solution by the quart highly dis
tasteful.) Patients unable to swallow 
have been given saline intravenously. 

As the number of cases multiplies, the 
clinical record lends increaSing confirma
tion to our laboratory findings. Experi
ence with a now substantial number of 
patients shows that large quantities of 
saline solution, administered principally 
by mouth, are in most cases as effective 
as plasma in the treatment of shock 
arising from severe burns. Our research 
continues at Lima. But now, at the very 
least, we can recommend the adminis
tration of salt water by mouth, or the 
direct infusion of saline solution into the 
bloodstream, as effective therapy for 
shock on those occasions of accident and 
disaster when plasma and whole blood 
are not readily available. 
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HAYNES investment casting solves the to 

. . . Testing for soundness - Sample castings of 
every part produced are X-rayed, as part of the 
normal inspection procedures set up to insure top 
quality. This test helps to check foundry practices 
and also makes sure that the part will meet the 
necessary requirements for soundness. 

Investment Cast 

TURBINE BLADES 

Operate for thousands of 
hours above 1500 Deg. F 

The age of supersonic aircraft has created a demand 

for intricately-shaped turbine blades that have excellent 

strength and low creep rates at high temperatures. 

Blades made of HAYNES Alloys meet these requirements 

and that is why they are used in the fastest gas turbine 

engines. To mass-produce these blades, HAYNES' invest

ment-casting method has proven the economical answer. 

Compressor blades, vanes and other aircraft components 

are also efficiently produced by this 

modern method. For complete informa

tion, write for the booklet "HAYNES' 
Investment-Casting." Address Haynes 

Stellite Company, Division of Union 

Carbide Corporation, General Offices 

and Works, Kokomo, Indiana . 

.ALLO�S 
HAY NES STELLITE COMPANY 

Division of Union Carbide Corporation 

"Haynes," "Haynes Stellite" and "Union Carbide" are registered trade-marks of Union Carbide Corporation. 

125 

© 1958 SCIENTIFIC AMERICAN, INC



MATHEMATICAL GAMES 
Di('ersions which iJwolpe 

the five Platonic solids 

h\" .\Inrtill (;;lI'(ln('1' 

regular pokgon is a plane figure 
which is bounded by straight 
lines and has equal sides and 

e'lual interior angles. There is of course 
an infinite number of such figures. In 
three dimensions the analogue of the 
regular polygon is the regular poly
hedron: a solid which is bounded by 
regular polygons and has congruent 
faces and congruent interior corner 
angles. One might suppose that these 
forms are also infinite, but in fact there 
are only five: the regular tetrahedron, 
hexahedron (cube), octahedron, do
decahedron and icosahedron r see WI/S
t ration at right] . 

triangle on both sides of one end of an 
envelope [see illustration at top of page 
] 28]. Then cut as indicated by the bro
ken line, and discard the upper piece. By 
creasing the paper along the sides of the 
front and back triangles, points A and B 
are brought together to form the tetra
hedron. The illustration at the bottom of 
page 128 shows the pattern for an amus-

TETRAHEDRON 

ing puzzle currently marketed in plastic. 
You can make the puzzle yourself by cut
ting two such patterns out of heavy pa
per. (All the line segments except the 
longer one haye the same length.) Fold 
each pattern along the lines and tape the 
edges to make the solid shown. Now 
try to fit the two solids together to make 
a tetrahedron. A mathematician I know 
likes to annoy his friends with a prac
tical joke based on this puzzle. He 
bought two sets of the plastic pieces so 
that he could keep a third piece con
cealed in his hand. He displays a tetra
hedron on the table, then knocks it over 
with his hand and at the same time re
leases the concealed piece. Naturally 
his friends do not succeed in forming the 
tetrahedron out of the three pieces. 

Concerning the cube I shall mention 
only an electrical puzzle and the sur-

OCTAHEDRON 

The first systematic study of the five 
regular solids appears to have been made 
bv the ancient Pythagoreans. They be
lieved that the tetrahedron, cube, octa
hedron and icosahedron respectively un
derlay the structure of the traditional 
four elements: fire, earth, air and water. 
Thc dodecahedron was obscurely identi
fied with the entire universe. Because 
these notions were elaborated in Plato's 
Timaeus, the regular polyhedrons came 
to be known as the Platonic solids. The 
beauty and fascinating mathematical 
properties of thesc five forms haunted 
scholars from the time of Plato through 
the Renaissance. The analvsis of the 
Platonic solids provides the climactic 
final book of Euclid's Elements. Johan
ncs Kepler believed for a time that the 
orbits of the six planets known in his 
day could be obtained bv nesting the five 
solids in a certain order within the orbit 
of Saturn. Today the mathematician no 
longer views the Platonic solids with 
mvstical reverence, but their rotations 
are studied in connection with group 
theory, and they continue to playa col
orful role in recreational mathematics. 
Here we shall quickly examine a few 
diversions in which they are involved. 

ICOSAHEDRON 

There are four different ways in which 
a sealed envelope can be cut and folded 
into a tetrahedron. The following is per
haps the simplest. Draw an equilateral 
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HEXAHEDRON DODECAHEDRON 

The five solids 
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REPORT FROM IBM 4 . YOR.KTOVITN R.ESEAR.OH OENTER., NEVIT YOR.K 

Using high-frequency waves to perform computer logic 
Using refined techniques, the exciting new field of micro
wave spectroscopy is being explored by scientists at the 
Poughkeepsie unit of the IBM Yorktown Research Cen
ter. Preliminary results indicate that these studies may 
point one way to improved computers of tomorrow. 

In one experiment, a small, single crystal of magnesium 
oxide is placed in a magnetic field of a few thousand 
oersteds, and microwave radiation of, say, three centi
meter wave length is directed at it. When the magnetic 
field is varied, the crystal will absorb energy at many 
different magnetic fields. Each absorption is characteris
tic of the various impurities present, although the amounts 
are less than one tenth of one percent in the crystal. When 
microwave power into the crystal is increased, new ab-

sorption lines appear at high power that are "forbidden" 
at low power. Because of the marked power dependence 
of the absorption, one may logically consider the impuri
ties as small nonlinear circuit elements within the crystal 
itself. 

Scientists at IBM have several reasons for these studies. 
There is the contribution to the basic understanding of 
crystal structures. Also, by studying time constants and 
nonlinearities of the microwave interactions with the im
purity ions, important data is being uncovered. Already 
these tiny circuit elements are used in the maser amplifier 
of the radio astronomer. Their descendants may open the 
way to the ideal, small-size, high-speed computer we are 
striving to make a reality. 

'noortig"" 'h" =nY"M'" <>pp<>"" ..... �"'lab� in"_ oowfW"" '" IBM. ' , : I : I R.ESEAR. 

CH 
International Business Machines Corporation, Dept. 659-Z, 590 Madison Avenue, New York 22, New York 
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MATHEMATICAL 

STATISTICIAN Ph. D. 
To Assume a Position of 

Senior Responsibility 
As a member of an eight-man group of spe

cialists performing highly advanced mathe

matical analysis, the man we are seeking will 

encounter uniquely challenging problems aris

ing from the intersection of communication 

theory and statistical inference. 

The philosophy of operation here encour

ages consultation with colleagues, close con

tact with physical problems from formulation 

phases through evaluation, and diversity of 

assignments in related arcas. Computer pro

gramming personnel are available for personal 

direction in computations with an IBM 104. 
Technical support also includes a full com

plement of aides for hand calculations, curve

plotting, and technical reports. 

REQUIREMENTS: Ph.D. in Mathematical 

Statistics (or lower degree plus 4w6 years ap

plicable academic or industrial experience). 

Familiarity with parameter estimation as ap

plied to multivariate distributions; time series 

analysis with appreciation of complications 

of nonstationary stochastic processes; com

binatorial analysis and generating functions 

for analysis of discrete random variables; de

sign and analysis of experiments. 

Send reS1ttne in confidence to: 
Mr. James P. Kinsella, Div. 55-WX 

l1Iissile Detection Systems Section 
HEAVY MILITARY ELECTRONICS DEPT. 

GENERAL ELECTRIC 
Court Street, Syracuse, N ew York 

A 66-inch Slide-rule 
for your pocket 

The G A R F I E L D  Calculator 
carries u6-inch spiral scales 
yet measures only ten inches 
fully extended and six inches 
when closed. Four to flve fig
ure accuracy can be relied 
on. It is indispensable to the 
scientist. research worker and 
student. Administrative staff 
and business men will find it 
of tremendous value for a 
host of estimating and check
ing calculations. 

The GARFIELD Slide Rule 
solves multiplication. division. 
p e r c e n t a g e  c a l c ulat i o n  and 
gi\'es 5 place logarithms. 

You may use it for 30 days and if you 

are not satisfied repack and mail it back. 

What our users say: 
"It does all you claim-four 
or five figure accuracy with
Ollt eyestrain or magnifiers. 
Half an hour's study is ample 
for its use." A.E. B. 

"I u,<;e the Calculator for all 
my slide rule work and need 
the extra digit which normal 
slides rules cannot give. I had 
to get one of my customers a 
GARFIELD Slide H.ule last 
month, after lIsing mine in his 
office," E. & C.H. '!'extile 
Manufacturers. Slide Rule Closed 

Send for yours now-On'l' $19.95 posfpald. 

Oliver Garfield Co., Inc., Dept. SA-128A 
108 E. 16th St .• New York 3. N. Y. 
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H ow a sealed envelope can be cut for folding into a tetrahedron 

prising fact that a cube can be passed 
through a hole in a smaller cube. If 
you will hold a cube so that one corner 
points directly toward you, the edges 
outlining a hexagon, you will see at once 
that there is ample space for a square 
hole that can be slightly larger than the 
face of the cube itself. The electrical 
puzzle involves the network depicted 
in the illustration at the top of page 130. 
If each edge of the cube has a resistance 
of one ohm, what is the resistance of the 
entire structure when current flows from 
A to B? Electrical engineers have been 
known to produce pages of computations 
on this problem, though it yields easily 
to the proper insight. 

All five Platonic solids have been used 
as dice. Next to the cube the octahedron 
seems to have been the most popular. 
The pattern shown in the illustration at 
the bottom of page 130, its faces num
bered as indicated, will fold into a neat 
octahedron whose open edges can be 
closed with transparent tape. The oppo
site sides of this die, as in the familiar 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
�-------------------------� 

cubical dice, total seven. Moreover, a 

pleasant little mind-reading stunt is 
made possible by this arrangement of 
digits. Ask someone to think of a number 
from ° to 7 inclusive. Hold up the octa
hedron so that he sees only the faces 1,3, 
5 and 7, and ask him if he sees his chosen 
number. If he says "Yes," this answer has 
a key value of 1. Turn the solid so that he 
sees faces 2, 3, 6 and 7, and ask the ques
tion again. This time "Yes" has the value 
of 2. The final question is asked with 
the solid turned so that he sees 4, 5, 6 
and 7. Here a "Yes" answer has the value 
of 4. If you now total the values of his 
three answers you obtain the chosen 
number, a fact that should be easily ex
plained by anyone familiar with the 
binary system. To facilitate finding the 
three positions in which you must hold 
the solid, simply mark in some way the 
three corners which must be pointed to
ward you as you face the spectator. 

There are other interesting ways of 
numbering the faces of an octahedral 
die. It is possible, for example, to ar-

A pattern (left) that can be folded into a solid (right), two of which make a tetrah;edron 
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Engineers, scientists-investigate outstanding opportunities at Aerojet. 
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ppointments at 

the highest echelons to 

holders of advanced degrees 

in physics, mathematics, 

electrical 

and mechanical eng ineering 

Litton Industries offers research appointments of 
the highest order of importance to the nation's 
defense and economic endeavors. Applicants must 
have proven capability at the professional level for 
contributions toward the advancement of knowl
edge in the fields of computation, guidance, com
munication, or control. 
In the field of Space Research, appointments will 
be made within the disciplines of astronautics, 
bioastrophysics, basic physics, and hyperenviron
mental testing. 
These few men will have as their resources the skills 
of any of a thousand people who are the life of the 
electronic complex which is the Electro�ic Equip
ments Division of Litton Industries. They will 
command the most advanced computational instru
ments as their tools, plus the only Inhabited 
Space Chamber in the free world, plus engineering 
and manufacturing facilities which produce com
plete systems. 
The locale is Southern California where both the 
physical and intellectual climates are to be enjoyed. 
Send a brief resume to G. G. Dawson, Litton Indus
tries, Electronic Equipments Division, 9261 West 
3rd Street, Beverly Hills, California. 

[8 LITTON INDUSTRIES 
Electronic Equipments Division 
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An electrical·network puzzle 

range the digits 1 through 8 in such a 
manner that the total of the four faces 
around each corner is a constant. The 
constant must be 18, but there are three 
distinct ways (not counting rotations 
and reRections) in which the faces can 
be numbered in this fashion. 

An elegant way to construct a dodeca
hedron is explained in Hugo Steinhaus's 
book Mathematical Snapshots. Cut from 
heavy cardboard two patterns like the 
one pictured at left in the illustration at 

the top of page 132. The pentagons 
should be about an inch on a side. Score 
the outline of each center pentagon with 
the point of a knife so that the pentag
onal Raps fold easily in one direction. 
Place the patterns together as shown at 
right in the illustration so that the Raps 
of each pattern fold toward the others. 
Weave a rubber band alternately over 
and under the projecting ends, keeping 
the patterns pressed flat. When you re
lease the pressure, the dodecahedron will 
spring magically into shape. 

If the faces of this model are colored, 
a single color to each face, what is the 
minimum number of colors needed to 
make sure that no edge has the same 
color on both sides? The answer is four, 
and it is not difficult to discover the four 
different ways that the colors can be 
arranged (two are mirror images of the 
other two). The tetrahedron also re
quires four colors, there being two ar
rangements, one a reRection of the other. 
The cube needs three colors and the oc
tahedron two, each having only one pos
sible arrangement. The icosahedron calls 
for three colors; here there are no less 
than 144 different patterns, only six of 

A strip to make an oct.ahedral die 
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men create at lI\IIIagna'V'o� 
Engineers and scientists who thrive on a real challenge ... are creative ... and interested in 

unequalled opportunities are cut out for Magnavox. Magnavox ... the leader in electronics 

offers senior-level positions to men of this calibre in the fields of Airborne Radar, ASW, Com-

munications, Navigation Equipment, and Digital Data Systems. 

Mr. R. D. Eary, Technical Staffing Director 

The Magnavox Company 

2131 Bueter Road 

Fort Wayne 4, Indiana 
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COMMUNICATIONS MISSILES ASW 

}-aI 
RADAR 

Address your inquiries to: 

..II 
DATA HANDLING 
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AN INVITATION 
TO JOIN ORO 

Pioneer In 

Operations Research 

Operations Research is a young 
science, earning recognition rapidly 
as a significant aid to decision-mak
ing. It employs the services of 
mathematicians, physicists, econo
mists, engineers, political scientists, 
psychologists, and others working 
on teams to synthesize all phases of 
a problem. 

At ORO, a civilian and non
governmental organization, you 
will become one of a team assigned 
to vital military problems in the 
area of tactics, strategy, logistics, 
weapons systems analysis and 
communications. 

No other Operations Research 
organization has the broad expe
rience of ORO. Founded in 1948 by 
Dr. Ellis A. Johnson, pioneer of 
U. S. Opsearch, ORO's research 
findings have influenced decision
making on the highest military 
levels. 

ORO's professional atmosphere 
encourages those with initiative and 
imagination to broaden their scien
tific capabilities. For example, staff 
members are taught to "program" 
their own material for the Univac 
computer so that they can use its 
services at any time they so desire. 

ORO starting salaries are com
petitive with those of industry and 
other private research organiza
tions. Promotions are based solely 
on merit. The "fringe" benefits 
offered are ahead of those given 
by many companies. 

The cultural and historical fea
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Bethesda 
suburb in which ORO is located. 
Attractive homes and apartments 
are within walking distance and 
readily available in all price ranges. 
Schools are excellent. 

For lurfh., information write: 
ProFessional Appointments 

OPERATIONS RESEARCH 
OFFICEI� 

The Johns Hopkins University 
6935 ARLINGTON ROAD 

BETHESDA 14, MARYLAND 

Two identical patterns are fastened together with a rubber band to make a dodecahedron 

which are identical with their mirror 
images. 

If a fly were to walk along the 12 
edges of an icosahedron, traversing each 
edge at least once, what is the shortest 
distance it could travel? The fly need 
not return to its starting point, and it 
would be necessary for it to go over 
some edges twice. (Only the octa
hedron's edges can be traversed without 
retracing.) A plane projection of the 
icosahedron [illustration at bottom of 
this pagel may be used in working on 
this problem, but one must remember 
that each edge is one unit in length. (I 
have been unable to resist concealing a 
laconic Christmas greeting in the way 
the corners of this diagram are labeled. 
It is not necessary to solve the problem 
in order to find it. The greeting, and the 
answers to some of the questions raised 
earlier, will be given in this space next 
month.) 

In view of the fact that cranks persist 
in trying to trisect the angle and square 
the circle, long after these feats have 
been proved impossible, why has there 
been no comparable effort to find more 
than Rve regular polyhedrons? One rea
son is that it is quite easy to "see" that 
no more are possible. The following 
simple proof goes back to Euclid. A 
corner of a polyhedron must have at least 
three faces. Consider the simplest face: 
an equilateral triangle. We can form a 
corner by putting together three, four 
or Rve such triangles. Beyond Rve, the 
angles total 360 degrees or more and 
therefore cannot form a corner. We 
thus have three possible ways to con
struct a regular convex solid with tri
angular faces. Three and only three 
squares will similarly form a corner, in
dicating the possibility of a regular solid 
with square faces. The same reasoning 
yields one possibility with three pen
tagons at each corner. We cannot go 

beyond the pentagon, because when we 
put three hexagons together at a corner, 
they exceed 360 degrees. 

This argument does not prove that 
Rve regular solids can be constructed, 
but it does show clearly that no more 
than Rve are possible. More sophisti
cated arguments establish that there are 
six regular polytopes, as they me called, 
in four-dimensional space. Curiously in 
spaces of more than four dimensions 
there are only three regular polytopes: 
analogues of the tetrahedron, cube and 
octahedron. 

A moral may be lurking here. There 
is a very real sense in which mathematics 
limits the kinds of structures that can 
exist in nature. It is not possible, for 
example, that beings in another galaxy 
gamble with dice that are regular poly
hedra of a shape unknown to us. Some 
theologians have been so bold as to con
tend that not even God himself could 
construct a sixth Platonic solid in three
dimensional space. In similar fashion, 
geometry imposes unbreakable limits on 
the varieties of crystal growth. 

A plane projection of an icosahedron 
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THE WASH THAT STOPPED THE DRAIN 
More than fifty years ago, U. S. Steel scientists found a way to reclaim the iron particles in low 

grade ores by washing away the useless sandy particles. Thus they obtained a high grade ore 

from a low grade one-which early miners had pushed aside as worthless. In 1910, they built 

their first plant to handle this job of ore beneficiation, because they knew that even vast ore 

deposits like those of the Mesabi Range in Minnesota would soon be drained if only the richest 

ores were scooped out to feed our steel-hungry economy. 

Today, more than 113 of all the iron ore shipped out of Minnesota is beneficiated ore. And 

U. S. Steel's research work on ore beneficiation is still going on to find even better ways to 

utilize and stretch our ore deposits. USS is a registered trademark 

� Unite� States Steel 

© 1958 SCIENTIFIC AMERICAN, INC



THE AMATE UR SCIENTIST 

Conducted by C. L. Stong 

When young rice plants are in
fected with the fungus Gib
berella fujikul'oi, they grow ex

traordinarily tall. Some 30 years ago a 
Japanese plant physiologist discovered 
that an extract of the fungus produced 
the same effect, and shortly before 
World War II workers at the University 
of Tokyo isolated the active substance in 
the extract. The substance, called gib
berellic acid, is now the subject of in
tense study by plant physiologists all 
over the world. It has been found to 
exert striking influences in a wide variety 
of plants. When young citrus trees, for 
example, are treated with gibberellic 
acid, their stems elongate more than six 
times! 

Gibberellic acid is now commercially 
available. It should interest amateurs 
because it is inexpensive, produces spec
tacular effects and offers an unusual op
portunity for original experiments. 
Among those who have worked with it 
are Robert Lawrence and Henry Solo
way, who are students in the College of 
Medicine of the State University of New 
York. 

"A speck of gibberellic acid smaller 
than a grain of sugar," they write, "has 
turned our window box into an Alice-in
Wonderland jungle. The compound 
causes most plants to grow at record 
speed, flower in half the usual time and 
bear fruit that will win first prize in any 
county fair. In view of these effects and 
their implications it is not surprising 
that gibberellic acid is now bringing 
many strange bedfellows together: the 
florist seeking to produce larger flowers, 
the farmer trying to double the produc
tion of his land and the cancer researcher 
who hopes in some manner to find clues 
to the dynamics and pathology of 
growth. 

134 

On experinlents with gibberellic acid) 

which stimulates the growth of plants 

"The amateur who experiments with 
gibberellic acid is likely to reap satis
fying rewards because the field is  still 
wide open. Most of the research now 
under way is centered on crop plants and 
flowers cultivated by commercial green
houses. Amateurs can avoid duplicating 
these experiments by selecting less com
mon plants. For example, to our knowl
edge no work is being done with molds, 
mushrooms, mosses, ferns or fresh-wa
ter algae. Aside from the fascination of 
producing freakish plants, experiments 
with gibberellic acid also provide the 
amateur with the opportunity of gain
ing experience with the scientific meth
od-of forcing answers from nature with 
a minimum of guesswork. 

"The experiment which follows is de
signed to demonstrate certain basic re
actions of plants to gibberellic acid. The 
approach is not limited to this com
pound; it will prove equally effective 
with any substance suspected of being a 
growth stimulator or inhibitor. Thus it 
can serve as a steppingstone to other in
vestigations. 

"You will need a quantity of the acid, 
a set of identical plants, some inexpen
sive apparatus and, last but not least, a 
notebook. Gibberellic acid is sold under 
the name of Brellin 10 (order No. 
450A590) by General Biological Supply 
House, 8200 South Hoyne Avenue, Chi
cago, Ill. A 28-gram bottle ($2.95) will 
be more than sufficient for this experi
ment. A convenient plant for the experi
ment is the common garden pea, al
though many other plants are equally 
rewarding. It should be said, however, 
that gibberellic acid is  known to have 
no effect on the white pine, the gladiolus 
or the onion. 

"The modern scientific method re
quires that at least two plants be used 
in the experiment. One, called the con
trol, is treated with tap water. The 
other, the experimental specimen, is 
treated with dilute gibberellic acid. By 
comparing the subsequent reaction of 
the experimental specimen with the con
trol the experimenter draws conclusions 
about the effect of the acid. The method 

requires that the experimenter make all 
comparisons on the basis of precise 
measurements. The elements selected 
for measurement may consist in the 
height of the plant, the number of its 
leaves and its weight. The selection of 
these particular elements for measure
ment is not dictated by any hard and fast 
rule, so the experimenter may choose 
others. But once selected, the elements 
should not be changed during the ex
periment. Less obvious effects should 
also be selected for observation, such as 
the rate at which the plant consumes 
oxygen and the percentage of water in 
the plant with respect to the percentage 
of organic matter and inorganic ash. 
Again no hard and fast rules apply. 
Other factors may be selected for obser
vation. 

"We suggest the use of 32 germinated 
peas as experimental plants. It  is well 
to place 45 or 50 seeds in a germinating 
medium, which may consist of thorough
ly moistened filter paper, a few layers of 
cotton cloth, or wet sawdust. The medi
um should be kept warm and should be 
covered with an inverted glass bowl to 
prevent evaporation. Some of the seeds 
may not germinate, but virtually all of 
those that do will mature. Do not use 
ungerminated seeds. This experiment 
seeks to measure the effects of gibberel
lic acid on a growing plant, not its in
fluence on the sprouting time of seeds. 
The latter experiment can be equally 
fascinating and, incidentally, it is one 
which is of great interest to commercial 
growers. 

"While the seeds are incubating, the 
experimenter should start his notebook. 
Every detail, however self-evident, 
should be entered along with the entry 
date. It is well to reserve the first few 
pages for a running summary, including 
the date on which the acid was received 
(for information in case the compound 
should deteriorate with time), the date 
on which the peas were set for germi
nation, the temperature, the date of 
planting, when the acid was first ad
ministered, the date of the second treat
ment and so on. It is in this information 
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that explanations will ultimately be 
found of how the acid does its work. 

"When the peas have germinated, 32 
paper drinking cups are filled to within 
a quarter-inch of the rim with sifted top
soil moistened just enough to form a 
fragile lump when a pinch of it is 
squeezed. One sprouted pea is then 
planted in each cup with the tip of the 
shoot pointing up and flush with the sur
face of the soil. The cups are arranged 
in groups of four and labeled according 
to the concentration of gibberellic acid 
the group is to receive. One group of 
four cups is reserved as a control and 
receives only tap water. 

"The gibberellic acid comes mixed 
with an inert filler. If the experiment 
were ideally controlled, another group of 
cups would be reserved for treatment 
with the filler alone. For this experiment, 
however, we assume that the manufac
turer's filler is really 'inert.' 

"A set of seven small bottles with a 
capacity of three or four fluid ounces 
will be required for storing dilutions 
of the acid. These may be purchased for 
a few cents at most drugstores .  The 
kind which has a scale of cubic centi
meters molded in the glass is convenient. 
If bottles with such scales are not avail
able, the experimenter must either make 
or buy a graduate. 

"The dilutions are prepared by first 
dissolving one teaspoon (2.5 grams) of 
Brellin 10 in 50 cubic centimeters of 
tap water. Each teaspoon contains five 
milligrams of gibberellic acid; hence 
each cubic centimeter of this solution 
will contain a 10th of a milligram of 
acid. The second dilution is prepared by 
pipetting 5 C.c. of the first dilution 
into another container and adding 
enough tap water to make 50 c.c. Each 
cubic centimeter of this solution con
tains one 100th of a milligram of acid, 
and each dose of 10 c.c. contains a 10th 
of a milligram. A dilution containing one 
100th of a milligram per 10 C.c .  is made 
by pipetting 5 C.c. of the second dilu
tion into a third container and adding 
water to make 50 c.c.  The process is 
continued until seven dilutions are pre
pared so that 10 C.c.  of each contains, 
respectively, 1 milligram, .1 mg., .01 
mg., .001 mg., .0001 mg., .0000l mg. 
and .000001 mg. of the acid. Each bot
tle is labeled to indicate the dilution it 
holds, and is refilled only with the di
lution for which it is marked. Fresh 
dilutions must be prepared for each 
treatment, because the acid gradually 
loses its activity in solution. 

"To eliminate the influence of varia-

tions in environment during the experi
ment, the growing plants should be 
placed in a dark room in which the tem
perature does not vary appreciably from 
70 degrees Fahrenheit, and should be 
exposed daily for 11 hours to a fluores
cent lamp of at least 40 watts placed 
lengthwise above the cups at a height 
of two feet. Each experimental plant 
receives 10 C.c. of the appropriate acid 
dilution, as indicated by its label, every 
48 hours. No water or other solution 
should be administered to them. The 
four control plants receive 10 C.c. of 
tap water at the same time. The acid 
should always be administered in a uni
form manner. Ideally it is applied as a 
spray by means of an atomizer, which 
assures that all the exposed parts of the 
plant receive the solution. If desired, 
however, the dilutions may be poured 
on the soil near the base of the plant. 
Reaction between the acid and the soil 

sedl with 
bee�wd" 

and 

tends to lower the activity of the acid 
somewhat. 

"The height of each plant is recorded 
daily, beginning with zero inches on the 
day the experiment starts, when the 
shoots are flush with the top of the soil. 
A table is ruled in the notebook with a 
column for recording the height of each 
plant. From these data graphs may be 
plotted either for the individual plants 
or as averages of the groups. Similar 
tables should be constructed for the re
maining indices of growth, such as the 
number of leaves. Weight need not be 
measured daily . This is a tedious opera
tion . But the plants should be weighed 
individually at the conclusion of the ex
periment. 

"Gibberellic acid appears to increase 
the rate of the metabolism of plants. It 
is possible to investigate metabolism by 
measuring the rate at which the plants 
consume oxygen. This is accomplished 

two-g"lIon c�n 

manometer 
filled with 
colore.d 

coppe" elbows 
sold�"ed in plac.e 

A homemade apparatus to measure the oxygen consumption 0/ plants 
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This Xmas, Give or Get 
a UNITRON Refractor! 

Orders shipped same day as received 
The beginner, advanced amateur, and pro
fessional alike turn to UNITRON for com

bined optical and mechanical excellence. 
Invest in a UNITRON-the telescope that 

has stood the test of time. 

UHITIIOH 2.4" Alti'ii;;;;;th Refractor with UHIHEX 

Complete with eyepieces for 100X, nx, SOX, 3SX; 

UNIHEX Rotary Eyepiece selector; altazimuth 

mounting with slow motion controls; tripod; 5X 

viewfinder; sunglass; and cabinets. only $125 

UNIT!?ON 

� . ,,�,,·�=0"'>i':; .. ;: .. _M"_'>;""""'� c" "'�)_%,,�:o..ii':: 
UHITROH'S 6" and 4" Equatorial Refractors 

17 UNITROH REFRACTORS TO SELECT FROM 
SATELLITE TELESCOPE . 
1.6" ALTAZIMUTH 2.4" EQUATORIAL .. 
3" ALTAZIMUTH 
3" EQUATORIAL 4" ALTAZIMUTH . . . 4" EQUATORIAL .......................... . 
6" EQUATORIAL ...... . 

. ....... $ 75 
75 

225 
265 
435 
465 
785 

5125 
All instruments flilly 01wrOllleed. Shipmenl C.JJprC88 ('u1· 
lect. j'rjN38 irld1Ule st(wdarti accessor-ies. SCIII/ cherk III' 

M.O. or 2() % (/C})IlSit II:Uh 1;alan('e C.O.D, 
TIME PAYMENT PLAN AVAILABLE! 

GET UNITRON'S FREE CATALOG and 38 page 
OBSERVER'S GUIDE. This valuable introduc
tion to astronomy is yours for the askin9. 

Contents inc1ude-
• Observing the sun, 

moon, planets and 
wonders of the sky 

• Constellation map 

• Hints for observers 

• Amateur clubs 
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by means of an apparatus similar to the. 
one described in this department for 
August, 1957, and October, 1957. The 
plant is enclosed in a vessel to which air 
can be admitted in accurately measured 
amounts . The vessel contains a small 
quantity of calcium chloride (soda lime) 
to absorb carbon dioxide liberated dur
ing respiration. Plants take up oxygen 
from the air and give off carbon dioxide 
only during intervals when photosyn
thesis is not taking place. In determining 
oxygen consumption, therefore, all meas
urements must be made when the plant 
is in the dark. The enclosing vessel may 
be opaque or, if it is made of glass, 
should be kept in a dark room. 

"An adequate vessel can be made by 
upending a two-gallon tin can on a plate 
of Rat metal . Hose connections can be 
introduced through the metal bottom. 
After the plant and calcium chloride 
are in place, the assembly is made air
tight by applying a ring of wax (made 
of equal parts of beeswax and rosin) 
between the can and plate as shown in 
the accompanying drawing [preceding 
page]. The wax, which should be ap
plied smoking hot with an eyedropper or 
a small brush, adheres strongly to cold 
metal . It may be scraped off at the 
end of the measurement and reused. 
One hose connects the vessel with a 

Plant is treated with gibberellic acid 

Carrot plant at right was treated 

V-shaped length of glass tubing which 
serves, when partially RIled with col
ored water, as a manometer for meas
uring the difference in pressure between 
the closed vessel and the room . A sec
ond hose terminates in a calibrated 
hypodermic syringe by which air is  
admitted to the vessel in measured 
amounts. The third hose serves as a vent 
for the vessel and is normally kept closed 
by means of a pinch cock. The potted 
plant may be supported on a sheet of 
stiff wire screening placed over the dish 
of calcium chloride. V nless the seams 
of the can are airtight they should be 
coated with wax. A coating of Vaseline 
will seal the piston of the syringe to the 
walls of the cylinder. 

"To make a measurement, a fresh sup
ply of calcium chloride is placed in the 
dish, the plant is set on top of the 
screen and covered by sealing the tin 
can in place. The piston of the hypo
dermic syringe is placed at the 10 c.c. 
graduation. The pinchcock is opened 
until the columns of colored water in 
the arms of the manometer stand at the 
same height, which indicates that the 
air pressure in the vessel and the room 
are equalized. The pinch cock is then 
closed and the time is recorded. After 
an interval which depends on the size 
of the plant and the rate of its respira
tion, the plant will take up enough oxy
gen from the air to cause an appreciable 
drop in the pressure indicated by the 
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TIC ELECTRICITY 

GENERATOR 
Sturdy. Improved Model! 

See a thrilling sp a rk displa y a s  you 
set off a m inia ture bolt of light
ning. Absolutely sa fe a nd ha rm less. 

Sturdily ma de- it sta nds 14" high. 
'furn the ha ndle a nd two 9" pla stic 
discs rota te in opposite directions, 

).Jetal collector brushes p ick up the 
s ta tic electricity, store it in the 
Leyden ja r type condenser until dis

cha rged by the jum ping spa rk. 
Countless tricks a nd experim ents. 
24 pa ge instruction booklet included. 

................. $12.95 Postpaid 

Take Telephoto 

Shots Thru 

7 X 50 
MONOCULAR 

ror general o hserva tion both da y a nd night a nd to tnl<e 

fa scina ting telephoto shots wiLh your ca m era , B ra nd new. 

$05 value. Due t.o ,la pane se competition we close these out 

a t  a ba rga in p rice. Directions a nd mo unting hints include d. 

Stock No. 50.003·5 .......................... $15.00 Pstpd. 

TELESCOPE 

CAMERA 
Takes pictures through tele
scope of moon, stars-ter
restrial telephoto shots. 4-
element lens, Box size 3 x 4 
x 5". Tube that slips into 
eyepiece holder 114" O.D. 
for standard telescopes. In
cluded: Yellow filter, film 
holder 214" x 3%", ('able 
release, ground glass 31,4" x 41!z". Precision G'er
man-made shutter-T., B., 1 sec., 1!z, ¥.;, VIO, ]125, '1100 and 'hoo. 
Stock No. 70.166·5 .......................... $39.50 Postpaid 

SPITZ 
MOONSCOPE 

A precision·made 45 powcr rC'fiect· 
ing telescope-by the makers of Spitz 
Planetarium. Clearly revenls the c,'ater!" 
of the moon, shows Satu'"n, Jupiter, other 
wonders of the heavens. Based on same 
I))'inciples as world's giant telescopes. Stands 36" high on removable legs. AdJustable 3" 
polished and corrected mirror. Fork type Alt
Azimuth rotates on full 3600 circle-swings to 
�my location in the sky, Fascinating l8.page 
instruction book is included, Instrument 
packed in sturdy Cal'rying case. 

Stock No. 70.068·5 .......... $14.95 Pstpd. 

American Made
Over 50% Saving 

STEREO MICROSCOPE 
Yea rs in de,'elopm ent. Equa ls $300 to 
$400 instrum ent. Precision Am erica n  

made, Used for checking, inspecting. 
sma ll a ssem bly work. Up to 3" work
ing dista nce, Clea r, sha rp. erect 
ima ge. Wide, 3 dim ensiona l  field. 2 
sets of objectives on rota ting turret. 

23X a nd 40X, 

Stock No. 85.056·5 .......... $99.50 
f.o.b. Barrington, N.J. 

Low Power Supplem enta ry Lens Atta chm ent for a bove Stereo 
-pro\'ides 15X down to 6X with clea r, extra la rge Ph" 
(tield a t  6X. 

No, 

ASTRONOMICAL TELESCOPE 

MT. PALOMAR TYPE 

UP TO 270 POWER 
A REAL REFLECTOR TELESCOPE 

Complete with Equatorial Mount. Tripod 

ONLY 

$7450 
COMPLETE 

With this scope :you ca n see the cra ters on the m oon, rings of Sa turn. double sta rs, or a 
newspa per hea dlIne a t  a m ile! �Iirror gua ra nteed to give theoretical lim it of resolution. 

6X Finder. Ra ck a nd pin focusing, rem ova ble m irror m ount, rea l  equa torial m ounting
only one a djustm ent follows sta rs! Alum inum tube- ta kes sta nda rd eyep ieces. Y ou get 

40X Kellner, "h" F. L. eyep iece. one Ba rlow lens to give you up to 270 Power. 
Fill m irror coneeted to better tha n %" wa velength. 
Stock #85.006·5 ........................................................................................ $74.50 f.o.b. Barrington. N. J. 

See the Stars, Moon, Planets Close Up! 

3" ASTRONOMICAL REFLECTING TELESCOPE 
60 10 160 Power-An Unusual Buy! 

Famous Mt. Palomar Type 

You'll see the Rings of Saturn, the fascinating planet Mars, 
huge craters on the Moon, Star Clusters, Moons of Jupiter in 
detan, Galaxies! Equatorial mount with lock on both axes 
Aluminized and overcoated 3" diameter high-speed f /10 mirror: 
Telescope comes equipped with a 60X eyepiece and a mounted 
Barlow Lens, giving you 00 to 160 power. An Optical Finder 
Telescope, always so es;:;ential, is also included. Sturdy. hard
wood, portable tripOd. 

Free with scope: Valuable STAR CHART 
and 272 page " Astronomy Book." 

Stock No. 85.050·5 .................................... $29.95 Postpaid 

Photos of the MOON 
Thru Your Telescope! with the EDMUND 

CAMERA HOLDER for TELESCOPES 
B ra cket a tta ches perma nently to your reflecting or refra cting telescope. R e
m Ol'a ble rod with a djusta ble bra cket holds your ca m era over scope's eye
piece a nd you're rea dy to ta ke exciting p ictures of the m oon. Y ou ca n also 
ta ke terrestria l telephoto shots of dista nt objects! Opens up new fields 
of picture ta king! 

SUN PROJECTION SCREEN INCLUDED 
White m etal screen is ea sily a tta ched to holder a nd positioned behind 
eyepiece. P oint Scop e a t  sun, m ove screen to focus . • .  a nd you ca n 
see the sun !'mots! 

ALL FOR THE LOW. LOW PRICE of $9.95 
Includes bra ckets. 28%" rod, projection screen, screws a nd dire ctions. 
Alum inulll . , . bra ckets bla ck crinkle pa inted, 

.. ... , ... $9.95 Postpaid. Send Check or M.O.-Money·back Guarantee. 

WAR SURPLUS BARGAINI 
AERIAL CAMERA 

LENSES 
PORTABLE JR. 
PLANETARIUM 

Battery Operated 

Idea l ror beginners. L ow priced to sa tis
fy the m a ss interest in the "Geograp hy 

)f Spa ce". Op era tes on dry cell ba tteries 
with bright or m edium light intensity, 
Projects over 60 constella tions on ceil
ing or wa ll of a ny da rkened room. C om 
plete with Ha shlight pointer (ba tteries 
included)-gia nt instruction sheet with colorful C onstel
la tion C ha rt. 

Stock No. 70.165·5 ....................... $9.95 Postpaid 
PLAN ETAR I U M-for operation on house current 
Stock No. 70.040.5 ..................... $19.95 Postpaid 

MAKE YOUR OWN POWERFUL 

ASTRONOMICAL TELESCOPE 

ERECT IMAGE LOW POWER MICROSCOPE 

5X. lOX. 20X 

GRIND YOUR OWN ASTRONOMICAL MIRROR 
Kits contain mirror blank, tool, abrasives, diag
onal mirror and eyepiece lenses. You build instru
ments ranging in value from $15.00 to thousands 
of dollars. 

Stock No. 

70,003,$ 
70,004·$ 
70,005·$ 
70.006·5 
70,007·5 

Dia. Mirror Thickness Price 

4'/.' ',4" $ 7.50 postpaid 
6" 1" 11.95 postpaid 
8" PI," 19.50 postpaid 

10" P.4" 30.75 postpaid 12" 2'/,' 54.75 postpaid 

50-150-300 POWER MICROSCOPE 
Amazing Value-Equal of a $75.00 In
strumentl 3 Achromatic Objective Lenses 
on Revolvj no Turret! 1 m ported! The color

corrected, cem ented a chroma tic lenses in 
the objectives give you fa r sUI)crior results 
to the single lenses fOllnd in the m icro
scopes selling in this ra nge. R esults a re 
worth the differencel Fine ra ck a nd 
pinion focusing. 

Stock No. 70.008·5 .... $14.95 Pstpd. 

MOUNTED 500 POWER OBJECTIVE 
• •  , Threaded for easy attachment on 
above microscope. Aclll'omatic lenses for 
fine Viewing. 3 mm. focal length. 

E xtrem ely sturdy with ra ck a nd Dllllon 
focusing, color corrected o ptics, turnta ble 
m icrOSCOIJe body for inclined viewing, three 
different p owers, long working dista nce under 
objectives, sufficient eye relief for ea sy view
ing. Ma de from wa r surplus op tica l instru

so tha t you a ctua lly get �'80.00 of ,'a lue. 
4 lbs" 13" high, 10-DAY FREE 

'fBIAL ! Accessory objectives a va ila ble for powers of 15X, 
30X. 40X. 

Stock No. 70.172·5.. . .. .. ...... $19.95 Postpaid 

WRITE 
FOR FREE CATALOG·S 

80 pages! Over 1.000 items. Optics for the 
Space Era! Huge selection of lenses. prisms. 
war surplus optical instru· 
ments, parts and accesso� 

ries. Telescopes, Micro

scopes. Satellite Scopes. 
Binoculars. Infrared Snip. 

erscopes. etc. Request 
Catalog.S. 
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GIANT "3" inch TELESCOPE •. :�:-.: . . ::::::�.::::::.':: .. :a +C 
40 POWER postpaid $57.50 
HIGH POWER SPOTTING SCOPE-American Made 
Big 3" diameter Achromatic Coated Objecti,-e will gire 
hright crystal clear images. Micrometer Spiral Focusing 
Draw 'l'ube. Lightweight aiuminlllll construction throughout. 
black crackle finish, length opcn 22", closed 15%", Upright 
image. Guaranteed to give superb performance. 

BEAUTIFUL IMPORTED BINOCULARS 

* }: .� .,� 

A.'?. ii COA,," 

American Type Zeiss Type 
�l��I����:��� �1�l�sfn�erro 

a t�l�Pe:��� one-piece frame and a 

SIZE TYPE C. FOC U S  IND. FOCUS 
6 x 15 Opera 12.75* 
G x :W Zeiss 18.75" 16.75* 
7 x 35 7.eiss 20.75* 17.95* 
7 x 35 American 23.50* 
7 x 35 Amcriean Wide 

7 x GO 
7 x ;'i0 
8 x 30 

10 x :iO 
20 x 50 

Angle 110 35.00· 
7.ei�s 24.95'" 
American 32.50* 
Zeiss 21.00* 
Zeiss 28.75* 
Zeiss 33.75* 

:;=Plus 100/0 Federal Excise Tax 

22.50* 

18.25* 
26.75* 
31.75* 

De!!h Fi��'�I�Y��D��e��>o�,��a!Tfe�,1"r 
case and straps included. 

G x 30 $10.00 7 x 50 $14.75 
8 xBO 11.25 l(ix50 17.50 
7 x 35 12.50 20 x [;0 20.00 

MOUNTED AIR SPACED OBJECTIVES 
The finest American Made, hand-corrected 

air-spaced astronomical objectives; 
mounted in black anodized aluminum cells. 

F.L. PRICE 

��: �:�=��� �l�:gg 
6" DIA. AIR SPACED 

TELESCOPE OBJECTIVE 
Hard coated on 4 surfaces 

f/l0-60" 
f/15-90" 

focal length MOUNTEO $175.00 
UNMOUNTED $150.00 

focal length MOUNTED $175.00 
UNMOUNTEO $150.00 

The effectivc apcl·tlll·e of the above lenses is six inches. 
The black nnodizcd aluminum Inount fits into scven inch dia. aluminum tubing' . 

"BIG" LENSES �t�� ��� ci;g� l n n�ifll��� 
the largest in the United 

States a\"ailable for immediate delivery. Perfect magnesium 
fluoride coaled and cemented achromatic telescope objectives. 
Aluminum tulling' and cells a,ailable for lenses listed below. 
Send for complete list of other diameters and focal lengths. 

Dia. F.l. EACH Oia. F.L. EACH 
2%;" 10" $12.50 �h'.-:" 1;'i" 521.00 
21fH" ]S" $ 9.75 3ih" 2�'h" $22.50 

r(�',: �p,�" I:�:�� ��:: ��':I/' l��:�g 
2%" GO" $12.50 5,'/' 2 H't " $85.00 
We can slillPly ALU MIN U M  T U BING for the above lenses. 

it,. �m�li!'I�;i�:,��!;ii 
COATING 7Sc extra • GIANT WIDE ANGLE EYEPIECE 

.-: -
Brand New-Focusing-Coated 

Get I'cflcly ror tllC thrill of a lifetime. Use 
1 

�:;���g E[1ij il�;;�'���;��' 
'I'he fleld is breath-

F.L. Field ApertUre Postpaid 
$11/4" (;8° 1?," $13.50 

ItA," G;,o 2" 12.50 
tt/2" WitilOllt diopter scale 9.95 

IV4" Oia. Adantor for above eyepiece .... ..... .. ........... ... 53.95 

B POWER ELBOW TELESCOPE BxSO 
This ),(-17 te ie!' copc has a brilliant imagc 48 
degree al1J1arellt ficltl-32:J feet at 1.000 yards. 
The te lesc ope can ue atijusteJ for fOCUsing 15 
feet to infinity. It has a 2" ohjecti.e. focus
ing eyepiece 28mm ro(:al length with an 

Amid erecling system. 'funet mounted 
fillers. clear, red. amber and neutral. 
hOUsing to illuminate reticle for 
ni;.!ht-lime use. Truly the biggest 
hargain you were e-rcr of't'ered. 
Original Government cost $200. 
BARGAIN PRICE .... $13.50 POd. 

ASTRONOMICAL TELESCOPE MIRRORS 
Precision polished to 1/4 i Oia. F.L. Postpaid 
w:\\'e and aluminized. Mir· 3-l�:' 42" $ 9.75 
ror mount, rack and pin- 4t,4" P:yrex 45" $13.50 
lon, tubing available. G" Pyrex GO" $25.00 

I Free CatalOGue "MILLIONS" of Lenses, etc. 

We pay the POSTAGE-C.O.D.'s you pay postage-Satisfaction 
guaranteed or money refunded if returned wit hin 10 days. 
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manometer. The piston of the syringe 
is then pushed in until the columns of 
water in· the arms of the manometer 
again stand at the same level . The time 
is then recorded along with the volume 
of air admitted to the vessel from the 
syringe. The volume of air required to 
equalize the pressure is  proportional to 
the oxygen consumed during the inter
val, and is an index of the metabolic rate 
of the plant. The rate of oxygen con
sumption is computed by dividing the 
volume of air admitted from the syringe 
into the vessel by the elapsed time in 
minutes. Accuracy can be improved by 
making three successive tests of the same 
plant and averaging the consumption 
rate of the three runs. The experiment 
may extend over several weeks, during 
which atmospheric conditions as well as 
the temperature change; for this reason 
tests made on different days may not be 
comparable. It is  therefore necessary to 
add a correction which adjusts the figure 
to the value it would have if the test 
were made at 'standard' temperature 
(20 degrees centigrade) and barometric 
pressure (760 millimeters of mercury). 
To make this adjustment, the average 
amount of air admitted from the syringe 
to the vessel is multiplied by the baro
metric pressure (measured in milli
meters of mercury) and divided by 760. 
This quotient is then multiplied by 273 
and divided by 273 plus the tempera
ture of the room in degrees centigrade . 
The result is entered in the notebook for 
the plant and dated. 

"The oxygen consumption of plants 
varies as a logarithmic function of their 
surface area. Hence, for strictest accu
racy, only plants of identical surface 
area can be compared. It is not easy to 
determine the surface area of a plant, 
but by making the assumption that all 
plants of equal height have comparable 
surface areas one can make comparisons 
which are interesting and useful even 
though approximate. We have assumed 
in this experiment that all the plants 
which are three inches high have the 
same surface area. The oxygen consump
tion of the group receiving the highest 
concentration of gibberellic acid is 
measured when these plants reach a 
height of three inches. A day or so later 
the next group will have reached the 
same height and can be similarly meas
ured. The test is repeated as each of the 
more slowly growing groups reaches the 
height arbitrarily selected. The rate of 
consumption is plotted (on the vertical 
coordinate of a graph) against the loga
rithm of the dose (on the horizontal 
axis). The logarithm of one milligram 
per dav equals zero, the log of .1 mg. 

Howa plant is reduced 10 inorganic ash 

per day equals -1, of .01 mg. per day 
equals -2, and so on. 

"At the conclusion of the growth pe· 
riod, when, say, the most slowly grow
ing group reaches a height of three 
inches, all the plants are carefully' re
moved from the paper cups and gently 
agitated in a large pan of water until 
the soil adhering to the roots sinks to 
the bottom of the pan. Care should be 
taken not to tear away any of the roots . 
The plants are then rinsed, blotted dry 
and promptly weighed. Any delay may 
introduce error because the plants will 
lose water through evaporation. The 
weight of each plant is recorded. Then 
the leaves and roots are cut from the 
stem and weighed separately. The com
bined weight of the parts should nearly 
equal the total weight of the plant. Evap
oration may account for a slight differ
ence, but any substantial disagreement 
may indicate an error in procedure . 
Graphs of the weight are then drawn, in 
which the total weight is plotted against 
the logarithm of the dose, as in the case 
of oxygen consumption. Similar graphs 
should be made showing the percentage 
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"EARTH IN SPACE," one of a series of paintings of the planets by Simpson
Middleman. painters who have been finding their subject matter in science, To quote 
them: "Earth is distinguished among the planets by its oceans of water and its single 
mOOD. From these as a starting point. earth in this painting has been imagined as 
a configuration of intersecting planes-layer on layer of blue-until it becomes a 
transparent crystal. glowing in space," Painting courtesy lohn Heller Gallery. Inc. 

Space power 

The newest, most advanced Air Force missile project 
is Minuteman-a weapon system built around solid
propellant intercontinental ballistic missiles. Minute
man is under accelerated development for use by 
the Strategic Air Command, with the Air Force's 
Ballistic Missile Division managing the program. 

Boeing is associate prime contractor for Minuteman 
assembly and test-an assignment that came to the 
company in recognition of its missile and system 
integration experience, its outstanding facilities and 
research capabilities. Boeing's organization, research 
and manpower resources have been geared to meet 

the complex technological needs of the space age. 

Engineers and scientists at Boeing are at work on 
other advanced research and development projects, 
including Dyna-Soar, a manned space vehicle that 
will orbit the earth at speeds approaching 18,000 
miles an hour, and be capable of re-entering the 
atmosphere and making a normal landing. 

Minuteman, Dyna.Soar and other advanced projects 
at Boeing offer exceptional space-age opportunities 
to engineers and scientists of all categories. Drop a 
note to Mr. Stanley M. Little, Department B·82, 
Boeing Airplane Company, Seattle 24, Washington. 
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transformers 

mercury column 
with e:nt,.apped 

a.ir or ga.s 110 v. 60"" 

filament. 
t.,.An5fonnet's 

An apparatus to evacuate and excite a gas-discharge tube 

of weight as a function of dose repre
sented by the leaves, stems and roots 
respectively. 

"Most plants consist mainly of water, 
and it is important to discover if the 
growth induced by gibberellic acid rep
resents an increase in the solids or merely 
an increase in water. This can be deter
mined by thoroughly drying the plants 
and comparing the dry weight with the 
total weight previously recorded. Sepa
rate tests should be made of the leaves, 
roots and stems to disclose the effects of 
the acid on the several parts of the plant. 
Plants may be dried in about three days 
by placing them on top of a radiator or 
under a 100-watt incandescent lamp. To 
find the percentage of water, multiply 
the dry weight by 100, divide by the wet 
weight and then subtract the quotient 
from 100. 

"How does gibberellic acid affect the 
rate at which plants take up inorganic 
substances? This can be investigated by 
burning the dried remains and weighing 
the ash. In making this test it is again 
interesting to measure the leaves, stems 
and roots separately. An accurately 
weighed sample is placed in a crucible 
supported in the flame of a Bunsen burn
er [see illustration on page 138]. Set the 
crucible somewhat obliquely in an as
bestos triangle to allow for the expansion 
of the heated parts, and close it with a 

loosely fitted cover. The crucible is then 
maintained at a red heat until the con
tents turn to a white, powdery ash. 
When cool, the ash is transferred to a 
balance and weighed. Multiply the 
weight of the ash by 100 and divide by 
the weight of the dried material placed 
in the crucible. This gives the percentage 
of inorganic ash. 

"From the accumulated data it is  now 
possible to answer the following ques
tions: Does gibberellic acid increase the 
rate at which the experimental plant 
stores energy or merely cause it to ab
sorb an abnormal amount of water? How 
does gibberellic acid affect the plant's 
consumption of oxygen? What further 
experiments do the results suggest?" 

W H. Bond, a mechanical engineer 
• of Del Mar, Calif., suggests the 

Sprengel pump as an inexpensive means 
of exhausting glow tubes like the one 
which was described in this department 
last February. 

"About 10 years ago," he writes, "I 
participated in a glow-tube experiment 
with A. R. Perl, A. J. Savard and C. S. 
Brandt of San Diego. Our tube was con
structed with rubber stoppers and 
sealed with vacuum grease. We were in
terested in examining discharge tubes as 
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For Peacelul Purposes and the Benelit 

01 All Mankind The National Aeronautics 

and Space Administration Announces 

its Authorization by the Congress 

01 the United States 

To Direct and ln1plen1ent U.S. Research Efforts 

In Aeronautics and the Exploration 

of Space 

"The aeronautical and space activities of the United 
States shall be conducted so as to contribute materi
ally to one or more of the following objectives: 
(1) The expansion of human knowledge of phenom

ena in the atmosphere and space; 
(2) The improvement of the usefulness, performance, 

speed, safety, and efficiency of aeronautical and 
space vehicles; 

(3) The development and operation of vehicles capa
ble of carrying instruments, equipment, supplies 
and living organisms through space; 

(4) The establishment of long-range studies of the 
potential benefits to be gained from, the oppor
tunities for, and the problems involved in the 
utilization of aeronautical and space activities for 
peaceful and scientific purposes; 

(5) The preservation of the role of the United States 
as a leader in aeronautical and space science and 
technology and in the application thereof to the 
conduct of peaceful activities within and outside 
the atmosphere; 

(6) The making available to agencies directly con
cerned with national defense of discoveries that 
have military value or significance, and the fur
nishing by such agencies, to the civilian agency 
established to direct and control nonmilitary aero
nautical and space activities, of information as to 

discoveries which have value or significance to 
that agency; 

(7) Cooperation by the United States with other 
nations and groups of nations in work done pur
suant to this Act and in the peaceful application 
of the results thereof; and 

(8) The most effective utilization of the scientific and 
engineering resources of the United States, with 
close cooperation among all interested agencies 
of the United States in order to avoid unnecessary 
duplication of effort, facilities, and equipment . . .  " * 

The excitement, the importance, and the scope of 
the National Aeronautics and Space Administration 
are apparent, we believe, from our enabling act. 
Career opportunities at NASA are as unlimited as 
the scope of the organization itself. 

I Please address your inquiry to the Personnel Direc

tor of any of the following NASA research centers. 

Your inquiry will be answered immediately, and 

will be treated in the strictest confidence. 

Langley Research Center, Hampton, Virginia 

Ames Research Center, Mountain View, California 
Lewis Research Center, Cleveland, Ohio 

High-Speed Flight Station, Edwards, California 

'Quoted from the National Aeronautics and Space Act of 1958. 
(Positions are filled in accordance with Aeronautical Research Scientist Announcement 61 B) 

NASA National Aeronautics and Space Administration 
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E N G I N E E R S  A N D  P H Y S I C I ST S  
n e e d e d  a t  M A RT I N 

If you're an experienced man looking for an exciting career oppor
tunity, check the immediate openings which are listed below_ 
Top j obs for top men are available in both engineering and super
visory capacities. We need high caliber men for creative and respon
sible work, and we'll pay top salaries to those who qualify. 

ELECTRON I C  ENG I NEERS Circuit Design . Systems . Inertial Guid-
ance Countermeasures Digital Computers Test 
Equipment Design 

NUCLEAR ENG INEERS  Heat Transfer-Fluid Flow Analysis . Reactor 
Test & Evaluation . Controls Analysis & Instrumentation 
• Power Plant Systems Analysis . Systems Optimization 

PHYS IC I STS Magneto-Fluid Dynamics . Ionized Fluid & Plasma 
Physics ' Shock & Detonation Wave Phenomena ' Rarefied 
Gas Phenomena . Upper Atmosphere Phenomena 

WR ITE TODAY TO : William Spangler, Manager-Professional Employment 

Department SA-12, The Martin Company 

Baltimore 3, Maryland 

MARTI N 
B A L T I M O R E  

C A L C U L A T I O N S  
Easi ly Solved on the 

BINARY CIRCULAR SLIDE RULE 
In Ar it hm et ic, Al gebra a n d Tr ig onom etry. A ny n umb er 

of fa ct or s cun b e  ha ndled in l ong a nd diffi cult cal cula 
t io ns.  'l' he " C "  scal e o f  t h e BINAR Y r ule is 25 inches 
l ong, with gra duat ions 25% furt her apart than th ose 

of a 20· inch sl ide r ule. 'l'h e Cl , A ,  K a nd Log s ca les 
ar e dil' ided as closely as a 20" stra ight r ule. 'rh e L og:
Log s calo ext ends fr om 1.0015 t o  1.000,000. Gives tr ig 
f unct ion s  fr om 0 t o  no degr ees on ba ck, w it h  in dicat or 
I' ea din g. E ngin e el i. ided scal eg in bla ck. ol" erl a id \'l ith 
l' cll ow. on alt crnat e scal es on whit e coat ed a lum inum .  
P erman ently a ccur a t e. D ia .  8 Yz in('h es .  l)r ice-$10. 25 
in cas e. Ap prm' cd at l ea ding U niv. Used by larg es t  

fir ms in U.S. 

ATLAS SLIDE RULE-Precision MADE 
Th e "Atla s" sli de r ul e  sol .es pIo bl cm s  in M ulti pl i ca 
t ion. D iv ision a nd Pr oport ion .  Gil" es r es ult s with a 
m a xim um err or of l es s  than 1 in 35,000. Has two "C" 
sca les. On e is 25" l on g  a n d t hc ot her is a sp iral of 

25 colIs.  Eq uh'aI en t  to a strai ght r ul e  50 ft. l ong. 
n ea ds an sw er s  t o  5 pla ces. ACCUnATELY CEN
TERED. Us ed in lar gest U . S. La borat or ies. Ch em ists,  
I' hysicist s a nel E ng-in eer s hav e foun d th is r ul e  in
val ua ble for it s gr ea t a ccura cy. D ia. 8* ". same con
st r uct ion a s  " R inary". 'I'rig funct ion s fr om 0 to no 

rl egr ees on ba ck. Pr ice-$13.50 in ca se. 

MID GET 
CIRCU LAR SLIDE RULE 

Similar to Binary. Has C, CI, A, LL and Binary scales. e scale is 12" long. Precision made, accurately cen
tered, remains accUl·ate. Trig functions on back. with 
indicator. 3/" m i l liron sold. Price-$4. in case. 4" din. 
Snme construction as above rules (no �'ellow). 

Descriptive Liternture free. SatisfactIOn Gunnmteed. 
Sold at BookstOl'cs & Engineering Equipment Stores. 
0.'. Order dil'cct. !:'\1STRUCTION BOOK FREE. 

GILSON SLIDE RULE CO. 
Box 1 237 SA. Stuart. Fla. 

Slide Rule M akers since 1 915 
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SPACE K-4 
DELUXE 

S P A C E  K . 4  D E L U X E  
Profess'o n a l  reflect ing type tel escope for those 
who demand q u a l ity. American made-e l e g a n t l y  
styled-with p e rfo rmance a n d  r u g g e d n e s s  b u i l t  
i n-th e  S p a c e  K - 4  D e l uxe i s  outsta n d i n g .  

"' M i rror 41/4 i n c h  d i a m eter F . l 1 ,  w i t h  s u rface 
accu rate to I/S wave. A l u m i n ized a n d  q u a rtz 
overcoate d .  "' M assive eq uator ia l  m o u n t ,  a d j u st
a b l e  for latitude, with 1 i n c h  b e a r i n g s  a n d  c l a m ps 
on both axes.  C l a m p s  p rovide a n y  d e g ree of 
tension des ired.  Tracks smooth l y  without b i n d i n g .  
"' S e a m l e s s  A l u m i n u m  t u b e ,  w i t h  r a c k  a n d  p i n i o n  
foc u s i n g .  Ta kes  sta n d a rd 11/4 i n c h  eyepieces.  
"'6 power a c h romatic fin d e r .  "'Rugged pedesta l 
a n d  l e g s .  G u a ra nteed free from torque a n d  
w o b b l e .  "'Three eyepieces,  50,  1 0 0  a n d  2 0 0  power. 

Shipped F.O.B.  Pottstown,  Pa. Ship. Wt. 45 I b s .  
Write for f r e e  l iterature a n d  information.  Other  
t e l e scopes a n d  a ccessories a va i l a b l e .  Satisfaction 
g u a ra nteed.  

DEALER IN9UIRIES INVITED 

S P A C E K  I N S T R U M E N T  C O .  
Box 245 Pottstown I Po. 

a possible means of producing very high
speed streams of gas to study flows at 
extreme velocities. To obtain high posi
tive-ion currents we inserted a little 
booster discharge at the anode end of 
the tube, hoping this would create more 
local ions. The apparatus is depicted in 
the accompanying drawing [page 140] . 

"Of more interest to other experi
menters than the ion booster, however, 
may be the simple and inexpensive 
vacuum pump we used. Falling drops of 
mercury were employed as multiple pis
tons to entrap the gas and force it from 
a capillary tube. By adjusting the pinch 
clamp on the hose connecting the upper 
reservoir to the capillary tube the mer
cury can be made to fall as discrete 
drops.  Our capillary had a bore of about 
two millimeters. The manometer used to 
measure the pressure of the system was 
a simple U-tube which we inclined at a 
slope of 10 to 1 to increase the range 
through which the mercury moved with 
changes in pressure. It is necessary to 
tap the manometer gently to obtain good 
equilibrium levels and to 'break' the mer
cury away from the sealed end of the 
U-tube. Incidentally, serious error will 
result if any gas other than mercury 
vapor remains in the manometer. Some 
effort was made to eliminate such gas by 
heating the sealed end of the U-tube 
gently when the system was at low pres
sure. I hasten to point out, however, that 
this is a tricky and somewhat dangerous 
operation, because if the tube should 
break, highly poisonous mercury vapor 
would be released. 

"For a power supply we used two 1 10-
and 440-volt transformers with the pri
mary windings in parallel and the sec
ondaries in series. The secondary output 
of 800 volts was converted to direct ·cur
rent by means of a full-wave rectifier 
which used four 866A vacuum tubes, as 
shown in the drawing. The variable
shunt resistor connected across the ends 
of the glow tube supplies voltage to the 
auxiliary discharge plates and has a re
sistance of about 100,000 ohms.  At a 
rating of only one watt it was somewhat 
overloaded because it maintained some 
400 volts across itself. The ballast re
sistor in series with the -glow tube was a 

makeshift affair and a source of some 
difficulty. We tried wet resistors, using 
various concentrations of contaminants 
in water to vary the resistance, and were 
about to try a bank of resistors made of 
Christmas-tree lamps when our attention 
was diverted to other matters . Perhaps 
this is the 'weak link' in the setup.  'Ve 
did produce some mighty pretty glows, 
however, with all the characteristics 
shown in the textbooks." 
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Here in the West, where sweeping plains and lofty 
mesas once challenged the conq uistadores of New Spain, 
Sandia Laboratory now explores new frontiers of  science 
and engineering-seeking the answers to vital questions in 
many areas of knowledge. 

Sandia Corporation was established in 1 949 to perform 
research and development in the ordnance phases of nuclear 
weapons for the Atomic Energy Com mission. This is  still 
our main task, but in doing it  we have learned much in the 
way of theory and advanced technique that has application 
outsi de the field of weaponry. For example,  Sandia Cor
pora tion, working in support of the AEC's nuclear physics 
laboratories, is  currently studying problems concerned with 
the non-military uses of nuclear energy and with techniques 
involved in the control of thermonuclear reactions. 

Approximately 1 ,800 engineers and scientists work with 
the support of 5,700 other e mployees at  our laboratories 
in Albuquerque, New Mexico, and Livermore, California. 
These laboratories are modern in design and equip ment, 
with permanent faci l i t ies valued at  865,000,000.  Equ ip
ment available, or i n  the process of instal lation,  includes 
an electron and positive ion Van de Graff accelerator, a 
5-megawatt tank-type heterogeneous nuclear reactor, a wind 
tunnel operating i n  subsonic through hypersonic ranges, 
digital  and analogue computers, and various  devices de
velo ped for specialized uses. Extensive test faci l it ies are 
provided for the research and development engineer for 
proving design theories and concepts. 

Engineers, mathematicians, and physicists -particularly 
those with advanced' degrees - will  find many new and 
challenging frontiers at Sandia in the fields of fundamental 
and applied research; design and development; aeronautical, 
manufacturing, reliability, and test engineering; and quality 
assurance. 

Sandia's l iberal employee benefits include our graduate · 
educational aid program, l ife insurance, sickness benefits, 
retirement plan,  and generous vacations. These combine 
with excellent working conditions to make Sandia an ex
ceptional ly attractive place to work. 

Albuquerque is a modern city of about 225,000 people, 
' known for its excellent recreational attractions and its 

mild, dry, sunny climate. Livermore, located i n  the San 
Francisco Bay area, offers suburban advantages close to 
metropolitan San Francisco. Both are fine places in 
which to l ive.  

Our illustrated brochure will  tell you more about Sandia 
Corporation and the opportunities it offers to engineers 
and scientists. Write for your copy to Staff Employ ment 
Section 569D. 

SAN D I A � C O R PO RATI O N  

IIIZIW ALB U Q U E R Q U E ,  N EW M EX I CO 
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"A rich,  full-bodied portrait . . .  A landmark of 
literature, a remarkable appreciation of one of the 
remarkable spirits of the modern age." 

SCIENTIFIC AMERICAN 
Volume I - THE FORMATIVE YEARS (1 856.1 900) Childhood and 
adolescence ; medical career; Freud's 900 love letters to his 
fiancee ; experiments with hypnotism ; the cocaine episode ; 
self-analysis ; the problems of dream analysis and infantile 
sexuality solved. 

Volume I I -YEARS O F  MATURITY ( 1 90 1 ·1 9 1 9) Freud at his crea· 
tive height; his private life as husband and father ;  battles for 
recognition ;  defections of Jung and Adler; birth of the libido 
theory and psychoanalytic case method. 

Volume I I I -THE LAST PHASE ( 1 9 1 9.1 939) Freud's sixteen.year 
struggle against fatal cancer ; Freud's flight from the Nazis ; 
development of the theories of neuroses, death instinct, super· 
ego and id; Freud's influence · on every aspect of life and 
thought in our century. 
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1.' fessional leaders have joined together 
in The Basic Book Service to keep in touch 
with the major trends and developments 
in every area of the behavior sciences and 
other closely related fields of inquiry. Each 
month they are offered as Selections the 
new and authoritative books in psychol. 
ogy, psychiatry, psychoanalysis, sociology, 
anthropology and child development - all 
at substantially reduced Member's Prices. 

Now, to celebrate the .Tenth Anniver· 
sary of The Basic Book Service, we invite 

. you to accept- as a free Membership Gift 
with your first Selection- Ernest Jones' 
definitive three·volume biography of his 
colleague and friend, Sigmund Freud, 
hailed by The New York Times as "one 
of the outstanding biographies of the age." 

As a Basic Books member, your only 
obligation is to take as few as three more 
Selections during the next 12 months - out 
of the 75 or more fine volumes available 
to you at reduced Member's Prices. In 
addition, each time you start a new series 
of four Selections, you receive a valuable 
free Bonus Book of your choice, Member's 
Prices and Bonus Books actually save you 
up to 40% on the cost of all books ordered. 
To start membership now, simply indicate 
the book you wish as your first Selection; 
it will be sent immediately with your 
Membership Gift-the�ree.volume, boxed 
LIFE AND WORK OF SIGMUND FREUD. 

THE BASIC BOOK SERVICE B-1 
CHOOSE YOUR FIRST SELECTION FROM THESE AUTHORITATIVE VOLUMES 

59 Fourth Ave., New York 3, N. Y. 
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THEORY OF PSYCHOANALYT I C  TECHNIQUE,  by 
Karl Menninger, M.D. The theoretical 
foundations of actual treatment tech. 
niques - elaborated by one of the fore
most authorities in the field. "Simple, 
practical and concise." Charles Bren
ner. M.D. Publisher's price $4.15 

Member's price $3.95 

ANTH ROPOLOGY TODAY, edited by A. L. 
Kroeber. "A remarkably complete con
spectus of existing knowledge and meth
ods in the biological. historical and' cul
tural branches of anthropology." Clyde 
Kluckhohn. Publisher's price $9.00 

Member's price $6.95 

PATTERNS OF CH I LD REARI NG, by Robert R. 
SeaTS and others. A scientific study of 
how American mothers raise their chU
dren-covering feeding, toilet training, 
sex education, dependency patterns. 
aggression. Publisher·s priee $5.25 

Member's price $4.50 

H U M A N  P OT E N T I A L I T I E S ,  b y  Gardner 
Murphy. "The facts of modern psycho. 
logical research in the faseinating eon
text of an inquiry • . •  into the promise 
which man's known disposition holds 
for his future state." Henry Ma.rgenau. 

Publisher's price $6.00 
Member'. price $4.95 

GROUP DYNAMI CS, ed. by Cartwright & 
Zander. A groundbreaking presenta ... 
tion . of a new field of researeh -group 
pressures and standards, group eohe ... 
siveness, grou» goals, locomotion and 
leadership.· Publisher's price $6.00 

Member's price $4.95 

TH[ORI  ES OF P E RSONALITY, by Calvi" S. 
Hall & Gardner Lindzey. First compre· 
hensive review, analysis and compari
son of major contemporary theories of 
p e r s o n a l i t y - F re u d ,  . Adler, J u n g ,  
F r o m m ,  H o r n ey, S u l l i v a n .  Allport, 
others. Publisher's price $6.50 

Member's price $5.25 
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by Robert R. Wilson 

BRIGHTER THAN A THOUSAND SUNS : A 
PERSONAL HISTORY OF THE ATOMIC 
SCIENTISTS, by Robert Jungk. Har
court, Brace and Company ( $5) . 

T
he title of Robert Jungk's Bright
el' than a Thousand Suns is adapt
ed from the epic poem of India, 

the Bhagavad-Gita. Jungk's book is also 
a kind of epic, complete with tragically 
Hawed heroes and a broad scene extend
ing from the Old World villages of Got
tingen and Cambridge to the pink and 
purple desert of New Mexico. Indeed, 
the birth of nuclear energy and the 
atomic bomb-its effect upon the men 
who developed it, upon the political en
vironment which determined it and then 
was determined by it, upon a world 
which does not quite know what to do 
with it-is surely a subject fit for an epic. 

The subtitle of the book is A Personal 
History of the Atomic Scientists. There 
is no doubt that the account is personal, 
but though Jungk is trained as a histo
rian it is not history. It is marred by in
accuracies on nearly every page. Jungk 
has gone deep enough into his subject to 
catch something of the spirit of physics 
and of physicists ( he has dug up a 
wealth of amusing anecdotes), but he 
has not gone suffiCiently deep to acquire 
the understanding necessary to qualify 
him for the kind of analysis he attempts 
of awesome events and of complex per
sonalities. 

Although Jungk has interviewed quite 
a number of people and read quite a few 
documents, there is little new material 
in the volume except for the anecdotes. 
What is new is the synthesis of many 
stories, the tying up of many strands
a job so artfully done that the account 
reads like a novel and is as exciting as 
a murder mystery. What is also new is 
the interpretation of events and the 
analysis of the actors in the atomic 

BOOKS 
Robert Jungk' s li()e�y but debatable history 

of the scientists who made the atomic bomb 

drama. It is here that Jungk's subject is 
too big for him; his conclusions are fre
quently irresponsible, sensational and in 
questionable taste. 

It is all to the good that Jungk comes 
to grips with the heart of the matter : the 
moral dilemma faced by those scientists 
attending the birth of the bomb. I cannot 
censure the author for concluding that 
his heroes are less than perfect; it may 
be the decision of history that they were 
evil personified. It is still too early to 
view the matter in its true perspective. 
Inasmuch as I, along with so many oth
ers, played my own role in this real-life 
epic, due allowance must be made for 
my defensive bias. Reading this book 
was an emotional experience for me; I 
found many old doubts, questions and 
uncertainties awakened. Sometimes 
Jungk touched old sores ( he also suc
ceeded in opening a few new ones), but 
usually I was moved not by remorse but 
by indignation. 

J ungk takes us on a journey through 
the years to the quiet times when physics 
was a pleasant, intellectual subject, not 
unlike the study of Medieval French in 
its popular interest. At that time physi
cists were nonentities for the man on the 
street. In presenting rather carefully se
lected but sharply drawn vignettes of the 
period, Jungk is at his best. He has 
picked the right people and the right 
places at the right time to portray the 
beginnings of modern physics and mod
ern physicists. He also shows a remark
able talent for discussing in adult but 
simple language some of the actual 
physiCS that was involved. Having 
sketched these idyllic times and then, I 
might add parenthetically, neglecting to 
give any account of the exceedingly im
portant American work which bridged 
the period between early atomic physics 
and the later flowering of nuclear 
physics, J ungk comes directly to the 
atomic bomb. One of his main themes is 
the contrast between the wartime work 
of nuclear physicists in this country and 
of their counterparts in Germany. His 
extraordinary thesis seems to be this : 

Physicists in Germany managed, by their 
great diligence, not to build a bomb; 
physicists in the U. S . , on the other hand, 
failed-they did not manage not to build 
a bomb. It is at this point that my indig
nation is aroused. Jungk's argument in
volves relationships of fact and moral 
value that are beyond the wisest of us to 
perceive at this stage of history. Further
more, there is considerable artificiality 
about a discussion of the moral aspects 
of a scientific and technological develop
ment such as the atomic bomb. In the 
first place, there is no single-minded 
group which may be called "American 
physiCists." Physicists do not look alike 
or think alike, nor are they of the same 
political persuasion. In the second place, 
important though physicists may have 
been in the making of the atomic bomb, 
there were a host of others-chemists, 
engineers, technicians, industrialists, 
military men-all of whom played im
portant roles, and without whose co
operation and interaction the bomb 
would never have been built. Conse
quently it is presumptuous for me, a 
physicist, to discuss the ethics of the 
physicists who built the bomb. Obvious
ly, however, each individual who par-. 
ticipates in such a project does have a 
personal moral problem. One might also 
assign a measure of responsibility to each 
group of men in the project. If the phys
icists, for example, had decided not to 
build the atomic bomb, the bomb would 
probably not have been built. We physi
cists cast our lot with building it. We 
therefore bear the responsibility for our 
choice. Were we moral? Jungk thinks 
not, and by contrast praises the virtue of 
physicists working in Germany. 

Let us consider the case of the Ger-

EDITOR'S NOTE 
Each December since 1949 

this department has reviewed a 
number of books about science 
for younger readers. The reviews 
begin on page 149. 
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man physicists. Because I take the opti
mistic view of human nature I should 
like to accept Jungk's views, but I can
not. The willing suspension of disbelief 
can go just so far. Jungk is the first per
son to make a serious case for the Ger
man physicists, and he makes it badly. A 
very different view of the matter has 
been presented by the Dutch-born U. S. 
physicist Samuel A. Goudsmit in his 
well-documented book A/sos, the result 
of his wartime study of German progress 
in developing nuclear energy. He has 
commented there, and elsewhere, on the 
conversations of the German physicists, 
temporarily in custody after the war, 
when they learned of the explosion of 
the atomic bomb. They were surprised. 
They had not believed that it was tech
nically feasible. Goudsmit describes the 
German failure in terms of ineptitude, 
political interference and lack of sup
port. Even if we choose not to believe 
this and accept Jungk's tale of a moral 
sit-down strike, the comparison is gross
ly unfair. Although it is now 15 years 
after the event, I still feel there is no 
comparison between physicists working 
for Nazi tyranny, which was hostile to 
intellectualism, and our activities in a 
desperate defense of a decent world. We 
are asked to believe that German nuclear 
physicists sabotaged the war effort while 
German rocket physicists worked en
thusiastically, and successfully delivered 
to their armed forces what might have 
been a crucial weapon. Do blunted 
ethical perceptions go hand in hand with 
an interest in classical physics, and does 
morality march only with )luclear phys
ics? It seems more logical that political 
and economic support was given to one 
field rather than another, and that this 
was decisive. 

The other side of the argument, name
ly our failure not to make the weapon, 
is more complex. One should recall the 
atmosphere when work on the bomb be
gan . The Germans were successful on all 
fronts; they were ruthless; there was a 
good chance that they would win the 
war. We knew that they were working 
on nuclear energy. I held pacifist views 
at the time, but in the light of the Nazi 
danger I felt that I had little moral 
choice. I suspect that the lines of the 
children of light and of the children of 
darkness were drawn as clearly as they 
ever will be. Neutrality would have been 
a selfish luxury. 

Even if it was right to work on the 
Manhattan Project when the Germans 
were winning, was it right to continue 
the work after the Germans surrendered? 
In retrospect this question has bothered 
me greatly. Not at the time, however! 
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Perhaps I should now respect myself 
more if I had left the work on V-E Day. 
The possibility simply did not occur to 
me. Events tumbled upon each other too 
quickly; the German surrender coincided 
with our preparations for the critical first 
test of the bomb in the New Mexico 
desert. We were the heroes of our epic, 
and there was no turning back. We were 
working on a problem to which we were 
completely committed; there was little 
time to re-examine our moral position 
from day to day. 

In this connection I do remember call
ing in 1944 a meeting of my cyclotron 
group at Los Alamos. The subject of the 
meeting was rather pretentiously an
nounced as "The Impact of the Gadget 
[the bomb] on Civilization." The meet
ing was advertised to other groups at Los 
Alamos, and between 50 and 100 sci
entists attended. We discussed what the 
world might be like as a result of our 
endeavors. At the time our work was not 
going very well ; it was not at all evident 
that the bomb would be finished before 
the war was over. Secrecy was a neces
sary evil with which we lived uneasily. 
We imagined a world of conventional 
weapons and conventional world politics 
where the military kept the atomic bomb 
a secret. The best thing that we could 
think of-and we were all in agreement 
-was that it was absolutely essential 
to finish the bomb before the meeting 
in San Francisco at which the United 
Nations was formed. Then, it was our 
hope, the new world organization would 
be able to deal with the atomic bomb 
from the beginning. We failed that ren
dezvous. There was no consideration 
given at San Francisco to nuclear 
energy. 

Those who criticize us for making the 
bomb might reflect on the kind of world 
which would have resulted had we not 
finished the bomb before the war was 
over. It seems almost certain that if we 
on the Manhattan Project had not built 
the bomb, the job would have been done 
by others within five or 10 years, either 
in this country or elsewhere. Nuclear 
energy was a time bomb set for the llU
man race, and eventually the human 
race would have had to reckon with it. 
Was it not for the best that the public 
demonstration of the bomb, which ended 
World War II, came at a time when new 
relationships among nations were being 
established? 

Jungk goes to considerable lengths to 
demonstrate the international origins of 
nuclear physics. Yet by implication he 
would have U. S. physicists bear the full 
responsibility for the bomb. During the 
war Los Alamos was as international a 

community of scientists as has ever 
existed. Our agreement in recognizing 
the hazards of nuclear energy was as 
complete as our agreement in purely sci
entific matters. 

If Jungk is critical of the physicists 
who made the bomb, he is positively 
censorious of the decision to drop the 
bomb on Hiroshima and Nagasaki. 
There are many who share this view; I 
count myself among them. It is only with 
his conclusion that I am in agreement, 
however, for here, as usual, Jungk over
simplifies and distorts history. I recog
nize that my own feeling about the mili
tary use of the bomb was and remains 
largely sentimental rather than rational. 
I felt betrayed when the bomb was ex
ploded over Japan without discussion or 
some peaceful demonstration of its pow
er to the Japanese . More common, and 
possibly as rational, is the opinion held 
by many of my colleagues: that the war 
was ended by the atomic bomb and that 
more lives, both American and Japanese, 
would have been lost had the war been 
permitted to continue. Henry L. Stim
son, who had more to do with the de
cision to drop the bomb than anyone 
else, perhaps expressed their sentiments 
when he wrote: "The face of war is the 
face of death ; death is an inevitable part 
of every order that a wartime leader 
gives. The decision to use the atomic 
bomb was a decision that brought death 
to over 100,000 Japanese. No explana
tion can change that fact and I do not 
wish to gloss it over. But this deliberate, 
premeditated destruction was our least 
abhorrent choice. The destruction of 
Hiroshima and Nagasaki put an end to 
the Japanese war. It stopped the fire 
raids and the strangling blockade; it end
ed the ghastly specter of a clash of great 
land armies. The bombs dropped on 
Hiroshima and Nagasaki ended a war. 
They also made it wholly clear that we 
must never have another war. This is 
the lesson men and leaders everywhere 
must learn, and I believe that when they 
learn it they will find a way to lasting 
peace. There is no other choice." 

Brighter than a Thousand Suns, like 
the Bhagavad-Gita, has its Krishna
Robert Oppenheimer. Although the au
thor ha's never interviewed his subject, 
he has evidently discussed him at length 
with some physicists and has attempted 
what amounts to a skeletal biography. 
Oppenheimer is of course a fascinating 
figure, but one so complex and with such 
depths that I, who worked intimately 
with him during the war, would quail 
before the task that Jungk approaches 
so capriciously. It is not a flattering por
trait, nor is it a true one. Once more the 
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CHRISTMAS SALE 
Bl 039. LISTEN AND LEARN LANGUAGE COURSES. 
LeaI'll to SIJcak a foreign language by the modern. up-ta-date 
Direct ),lethod, made possible by the Miracle of Long Play
ing records. Instead of the usual price of $25.00 to $50.00. 
we bring these courses in French, Spanish, German and 
Italian to you at a price of $5.95 each. Each course consists 

of three Hi-ll'idelity, unbreakable Vinyl, long playing 10" 
records, plus a simplified language manual that corresponds 
with the recorded lessons. This manual is especially valu
able while listening to the record and as a speech guide 
while conversing in the foreign language. Indispensable for 
students and travellers. List $9.95. 

(a) .................... Listen and Learn FRENCH 
(b).. . .. Listen and Learn SPANISH 
(c) .................... Listen and Learn GER)'{AN 
(d) .................. Listen and Learn ITA L IAS

nly $5.95 ea. 

Bl028. AN AMERICAN IN EUROPE: THE LIFE 
OF BENJAMIN THOMPSON, COUNT RUMFORD. 
By Egon Larsen. Authoritative biography of the spectacular 
genius based on original material collected on the scenes of 
his acth'ities. "Jefferson, Franklin and Uumford are the 
three greatest minds that America has produced," F. D. 
Uoosevelt. Pub. at $4.75. Only $3.95 

Bl029. OUT OF MY LATER YEARS. By Albert 
Einstein. This book shows Einstein the philosopher, Ein
stein the scientist and Einstein the man. A treasury of 
li\'ing thought and a striking record of the titanic achieve
mcnts of the great scientist. Pub. at $4.75 Only $3.20 

Bl030. JOHANNES KEPLER-Life and Letters. 
By Carola Baumgardt. Introduction by Albert Einstein. 
Here is the biography of one of the outstanding men of all 
time, the father of modern astronomy . .Pub. at $3.75. 

Only $2.95 

Bl031. SCIENCE AND PHILOSOPHY. By Alfred 
North Whitehead. The 20th century has produced few men 
whose achievements in philosophy can surpass those of 
Alfred North Whitehead. Here, sparkling with wisdom and 
humor is a cross-section of a distinguished career; articles 
011 imlnortality, the dangers of the past, science and the 
future, ele . .Pub. at $4.75. Only $3.20 

Bl032. A SHORT DICTIONARY OF MATHE· 
MATICS. By C. H. McDowell. All mathematical terms 
in arithmetic. algebra. geometry and trigonometry are ex
plained in clear, intelligible language. ]j'or students, 
accountants, engineers and e\'er:rone who handles figures in 
his daily life. Diagrams throughout. PUb. at $2.75. 

Only $2.35 

Bl033. EVEREST: FROM THE FIRST ATTEMPT TO 
THE FINAL VICTORY. By )licheline Morin. Rcaders of 
all ages will thrill to this detailed account of the ten ex-
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lithographs and maps (12 in full color). PUb. at $4.00. 

Only $2.95 

Bl034. THROUGH ARCTIC HURRICANES. By Hans 
G. Prager. A true story of the sea. A newspaperman and 
a cameraman together, paint this vivid picture of one of 
the worst hu;ricanes erer encountered lJy the Fishery Pro
tection Ship. '1'hey tcll of the fleet doctor's hazardous trips 
by rubber dinghy to carc for the sick; the wonderful Arctic 
skies aflam� with Northern Lights; of the scientific eQuip· 
ment and data that make all this possible. Illustrated with 
photos, charts and maps. Pub. at $5.00. Only $2.95 

Bl035. WHERE WINTER NEVER COMES. By �Iarston 
Bates. The author of "The XatUl'e of Natural History" 
tells about the beauty of life in the tropics as well as the 
possible difficulties. He describes places, climate, custon]s, 
food and social background. 35 illustrations. Pub. at $3.<>0. 

Only $2.95 

Bl036. REFLECTIONS OF A PHYSICIST. By P. IV. 
Bridgman. 'l'his is the enlarged edition. Contains the bulk 
of non· technical writing of Dr. Bridgman including some 
material published for the first time. l'ub. at $6.00. 

Only $3.95 

Bl037. NUCLEAR PHYSICS. By IV. Heisenberg. One 
of the outstanding physicists of our time tells the story of 
the views about atoms from antiQui ty to the derell?pment 
of the atomic bomb. Discusses molecules and atoms, Bohr's 
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radioactivity. binding energy of Nuclei, Nuclear struc
ture, transmutations, etc. With 18 halftones and 34 line 
::'llustrations. Pub. at $4.75. Only $3.75 

Bl038. PRESENT·DAY PSYCHOLOGY. By A. A. 
Roback. The most comprehensire sLlt"'ey and definith-e work, 
40 original contributions embracing practically the whole 
range of psychology. Each chapter written by an expert in 
his field expressly for this book. Orcr 1000 Ilages, bibliog· 
raphies, diagrams. indexes, illustrations. Pub. at $1:'!.00. 

Only $5.95 

4786. IN SEARCH OF ADAM. By Herberl Wendt. 
'1'he greatest detecth'e story of all time--the search for the 
truth about the origins of :Man in the mists of the un
recorded past. Here, in one 550-page volume, is everything 
that is known about the kinship between humans and apes, 
the "missing linl{," and the mysterious lost races who may 
have been our first human ancestors. 48 pages of Ilhotos. 
Pub. al $6.50. Only $5.00 

5B30. IN BALLOON & BATHYSCAPHE. By Prof. 
Auguste Piccard. 'rhe world famous scientist-explorer takes 
the reader from the stratosphere to the fioor of the ocean 
and explains in pOlllllar terms the difficulties that had to 
be surmounted in achieving mobility at fantastic heights 
and depths. Photos, diagrams and technical ulJPendices. 

Special $4.00 

4703. EXTR,AORDINARY POPULAR DELUSIONS 
and the Madness of Crowds. By Charles :MackaY. 
Intro. by Bernard Baruch. A classic work describing in 
vivid detail great delusions that disastrously affected whole 
peoples and nations: the Witch )lania, the Tulip )ladness, 
"magnetic healing," financial hoaxes, belief in alchemy, 
divination and the end of the world, etc. A remarkable book 
that Baruch said had sa\'ed him millions of dollars. Illus. 
O\"er 700 PP. Pub. al $7.00. Only $6.00 

6262. LIGHTEST AFRICA. By F. Spenser Chapman. 
'l'he famed naturalist and his family tra\'el for nearly a 
year in a caravan over 17,000 miles of Africa. Everyday 
experiences include giraffes. hippos, rhinos, and lions; 
Pygmies hunting in the Huri Forest. Victoria Falls and 
Kilimanjaro-a list as long as it is cxotic. 60 enthralling 
photographs, half of them in full color. PUb. at $5.00. 

Only $4.39 

5921. THE INVISIBLE CURTAIN. By Joseph Anthony. 
The life stories and personalities of se\'en victims of 
neurosis, each intellectually capable but emotionally 
crippled, each fighting the curative process as hard as he 
or she sought it. Based on the psychoanalytic cases of Louis 
Montgomery, the world famous analyst. Pul). at $3.50. 

Only $3.11 

5947. FIELD BOOK OF INSECTS. By Frank E. Lutz. 
All of the principal families, many of the genera and most 
of the commonly observed species of insects in the U. S. 
and Canada, recorded in a way to make recognition rela· 
tively easy. :Much infonnation regarding the habits of all', 
water. earth and underground insects. 100 plates illustrat
ing almost 800 specimens, many in color. 54.50 

6369. THE SEARCH WITHIN: The Inner Experi
ences of a Psychoanalyst. By '1'heodore Reik. Un
sparing in its revelation of personal detail, courageous in 
its obserrations, absorbing, Witty and illuminating, this is 
a frank synthesis of Reik's life. training and philosophy, 
his long association with Freud. etc., drawn from recent, 
unpublished material as well as such famous works as 
"The Secret Self" and "Listening with the '1'hird Ear." 
670 pp. Pub. at $7.50. Only $5.50 

5536. LOVE IN THE SOUTH SEAS. By Bengt 
Danielsson. anthropologist on the Kon-Tiki voyage. A 
complete, accurate, frankly written account of the family 
and sex life of the Polynesians, that deals with sex instruc
tion, man'iage customs. sexual freedom and prohlbitions, 
attitude toward nudity, abortion and virginity. and the 
basic concepts of a people to whom the sexual act is as 
natural as eating and drinking. Photos. Pub. at $4.00. 

Only $3.25 

6128. THE BLUE CONTINENT. By Folco Quilici. A 
first-hand account of adventure and discovery beneath the 
Red Sea, and of the daring men and women who hav6 
explored and expanded the wondrous world of a new con
tinent, using weapons as old as curare and as new as jet 
prollllision. Illustrated with more Ulan 60 remarkable photo
graphs, including 26 in full color. PUb. at $5.00. 

Only $3.98 

4129. WILD FLOWERS OF AMERICA. Ed. by H. W. 
Rickett. 400 fiowers in full color-from paintings by Uary 
Vaux Walcott, with additional paintings by Dorothy Falcon 
Platt.-shown actual size in beautiful true-to-Ufe full 
color, with detailed descriptions and full info11natiol1 on 
family, geographical range. environment in which they are 
found, etc. The encyclopedic work is based on an authorita
tive publication of the Smithsonian Institution. Pub. at 
$10.00. Only $7.95 

GIFTED CHILD MAGAZINE. For parents and teachers 
of gifted children, this bi-monthly magazine reviews re
search, new teaching methods. eQuipment, books, scholar
ship Ilrograms and outside of school activities in use 
throughout the country. 

Included are a complete reporting service on published 
research papers, an annual review of books, kits and 
games, articles for parents on select.ing and getting into 
schools and colleges. Annual subscription: $5.00. 

Special Gift Price $4.50 

6259. THE SPLENDOR THAT WAS EGYPT. By 
Dr. )'largaret )lm'ray. F.S.A., F.R.A. I. A .comprehensive, 
colorful survey of the grandeur that was EgYI)t, covering 
both its hIstory and prehistory, its social conditions, re· 
ligion, arts and sciences, language and literature. End
paper maps; over 200 illustrations in line, halftone, color. 
Pub. at $10.00. Only $7.88 

6153. PREHISTORIC ART. By J. Poulik and W. and 
B. Forman. 197 gravure illustrations and 22 full-color 
plates illustrate this valuable history of prehistoric culture 
from the Middle Palaeolithic period to Roman times. A 
splendid example of fine book making, bound in natural 
linen and measuring 9 %." x 12". Handsomely boxed. Im
ported. Pub. at $17 .50. Only $11.98 

10 to 60% 
REDUCTION ON ALL 

SCIENTIFIC. BOOKS 
6397. ANOMALIES AND CURIOSITIES OF MED
ICINE. By George U. Gould, .l1.D., & Walter L. Pyle, 
M.D. An encyclopedic collection of rare and extraordinary 
cases, and of the most striking instances of abnormality 
in all branches of medicine and surgery, derived frolll an 
exhaustive research of medical literature from its origin 
to the present, abstracted, annotated and indexed. 12 half
tone plates & 295 illustrations in the text. 982 pp. PUb. 
"mK ��an 
4850. FIELD BOOK OF NORTH AMERICAN 
MAMMALS. By H. E. Anthony. From the swift night
runners that stalk the snowbound timberlines to the animals 
that fight for life in our hot desert-lands-this invaluable 
book contains descriptions of every known mammal north 
of the Rio Grande. 32 full-color plates; over 200 black·and
white illustrations. 644 Pp. Pub. at $6.00. Only $5.25 

6282. New Concepts in Modern Psychology: GE�TAL T PSY·CHOLOGY. By Dr. Wolfgang Kohler. '1'his 
Important book, now available In a completely revised 
edition, explores the existing schools of psychological 
thought and provides a startling new approach to the study 
of the mind. Special $3.98 

6249. THE CHILDREN'S ILLUSTRATED ENCYCLO. 
PAEDIA OF GENERAL KNOWLEDGE. Compiled by 
13 expert contributors. This ncw and lavishly illustrated 
Encyclopaedia for children up to sixteen and seventeen is 
a reference book for Ptactically e\'el-Y topic of general 
knowledge. Nearly 5.000 separate alphabetical entries have 
been divided into ten self-contained sections. "It should 
be in every family where there are C hildren-with parems 
who must answer questions. "-Daniel A. Poling in the 
Christian Herald. 480 PP. Special $6.88 

4563. THE "THINK CLEARLY'" SERIES. A 10-\"0Iume 
home·study course in logic and clear t.hinking showing how 
you can utilize these vital mental tools in everyday life. 
10 softbound books cover scientific and efficient thinking, 
keys to rapid learning, etc. Nearly 500 IlP. Illus. 

The entire set. special $3.00 

6118. CIRCULATION OF THE BLOOD and Andrea 
Cesalpino of Arezzo. By Dr: J. P. Arcieri. A noted 
medical scholar tells of the 16th century Italian phYSician 
whose work antedated Harvey's by many years. l'ub. at 
$3.50. Only $2.98 

6239. NEW WAYS TO BETTER SIGHT. By Dr. 
Harris Gruman. Everything you need to know about your 
eyesight, its improvement and retention. Latest infOnlIa
tion on improving sight after forty, the visual effects of 
television, eye exercises, etc. Illus. rUb. at $3.00. 

Only $1.98 

6467. A COMPARATIVE PATHOLOGY OF THE 
NEUROSES. By Ludwig Eidelberg. By comparing the 
various neuroses, the author examines the problem of tho 
choice of neurosIs and the attitude of the total personality 
to various formations-neurotic symptoms, character traits, 
perversions. Pub. at $4.50. Only $3.98 

5863. HI·FI DIRECTORY and Buyers' Guide: 1958 
Edition. Row to choose and where to buy everything in 
hi-fi; latest prices, latest models, nationwide dealer listing, 
every item illustrated. Special $1.98 

6139. BIRDS' NESTS OF THE WEST: A Field Guide. 
By Richard Headstrom. This book shows YOU how to match 
the nest you find with the bird that built it; includes over 
400 birds of the U. S. west of the 100th meridian. lllus.· 
Pub. at $3.00. Only $1.98 

6137. LAND BIRDS OF AMERICA. This slIperlali\'ely 
beautiful book contains 221 hilI-color photographs and 50 
in black-and-white by 30 of America's top photographers. 
'1'ext by Hobert Cushman Murphy and Dean Amadon. 
9" x 12". PUb. at $12.50. Only $8.95 

6135. THE COLUMBUS ATLAS. By John Barlholomew. 
I'repared by one of the world's finest cartographers. this new 
regional atlas of the world contains 160 pages of fully 
colored maps and an index of nearly 50,000 place names, 
with populations, keyed to the maps. All the plates have 
been handmade by a highly intricate special color process, 
and their clarity, preciSion and cOIllJ)lete accuracy make 
this atlas illValuable for everyone wishing to keep up with 
the cOIllPlex affairs of today's wodd. 8%'" x 11". Pub. at 
$10.00. Only $8.98 

5331. PREHISTORIC ANIMALS. By Dr. J. Augllsta 
and Z. Burian. The great and fearsome beasts of prey, 
extinct fiowers, strange sea creatures-recognizable an
cestors of many of today's animals, birds and fish-from 
earliest plant life to the cmel'gence of Man-captured in 
55 fuil-color paintings. The extensive text brilliantly blends 
the artist's skill with up-to·date scientific knowledge. This 
unique, absorbing. imported book served as the basis for a 
film that won the Grand Prix at the Venice Film Festival. 
10\\," x 13%". Pub. al $12.50. Only $9.95 
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author stoops to what must be deliberate 
distortion by selecting what conforms to 
his thesis and ignoring the rest. Unfor
tunately he has been aided here by the 
more professional efforts of those who 
revoked Oppenheimer's clearance in 
1954 and published the proceedings. 
Here were indecently exposed all manner 
of irrelevant private details about the life 
of a fine scientist who had devoted his 
best years to serving his country. The 
trial of Oppenheimer was one of the last 
great autos-da-fe of the McCarthy era . 
Perhaps a European journalist like Jungk 
cannot be blamed too much for his 
erroneous judgment so long as this un
grateful nation's verdict, made during 
hysterical times, stands unrescinded. 

In view of Jungk's profound errors of 
judgment, it is perhaps pedantic to add 
that he has mangled the names of many 
minor characters of 'his epic, and that 
he .has a positively abandoned manner 
with dates. He has not been able to copy 
with any degree of accuracy a simple list 
from Atomic Energy for Military Pur
poses, the classic history of the Man
hattan Project. He indicates that liquor 
was banned at Los Alamos, when in fact 
the only fluid in short supply there was 
water. (When Klaus Fuchs was arrested, 
many of us not only asked ourselves, 
"Why did he do it?," but also, "How 
did he dare to drink so much at Los 
Alamos?") Oppenheimer was not edu
cated at the Los Alamos Ranch School 
for Boys. It is simply not true that 
"barely a dozen physicists on the bomb 
projects had an over-all view." Robert 
Serber did not collect the pool money for 
the most accurate prediction of the 
energy released by the first atomic ex
plosion, nor was he a "visitor" to Los 
Alamos. 1. 1. Rabi won the pool, and 
Serber was a regular member of the Los 
Alamos staff. The Wilsons lived across 
the hall from the Serbers, and often 
said : "The Serbers are our nerbers." The 
Serbers now live across the hall from 
the Rabis in New York. The world of 
nuclear physics is rather chummy, and 
anyone who confuses Robert Serber and 
I. 1. Rabi has not studied that world 
very carefully. 

All this is not, of course, particularly 
important. It suggests, however, that 
even Jungk's anecdotal history is weak. 
What is more to the point, the factual er
rors do indicate a lighthearted and un
critical approach toward his material, 
which becomes serious when he attacks 
men and interprets events. The book 
lacks the documentation one expects of a 
historian; one never knows whether 
Jungk obtained some particular fact 
from someone's lips or from an unpub-
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lished paper or from his own vivid imagi
nation. 

Although I have criticized Jungk's 
book, I respect his motives in attempting 
to understand the forces that shape sci
ence and scientists. Assuming that civi
lization survives the invention of this ul
timate weapon, the human spirit will be 
challenged often and perhaps even more 
seriously by future developments in sci
ence and technology. For me the ques
tion is: Are scientists to attain the 
heightened sense of moral values which 
will enable them to determine the direc
tion of these developments with human
istic and humanitarian ends in view, or 
will humanists and humanitarians attain 
an understanding of scientific values that 
will allow them to determine the wise 
direction of science? I suspect that civi
lization will best be served by a true 
fusion-or at least a close mutual under
standing-of science, the humanities and 
politics .  There are many who are pres
ently preoccupied with exactly this prob
lem . Jungk has struck out boldly, if not 
carefully, in this direction by his pro
vocative analysis of this case history of 
science, scientists and civilization . 

Children's Books 

THE WONDERFUL WORLD OF FOOD: 
THE SUBSTANCE OF LIFE, by John 

Boyd-Orr. Garden City Books ($3 .45). 
At least a 21-gun salute for what is un
(luestionably one of the best designed, 
most intelligent of popular-science books 
in many years . Lord Boyd-Orr, first Di
rector-General of the UN Food and Agri
cultural Organization and a Nobel peace 
prize winner, gives a lively, immensely 
knowledgeable account of the food prob
lems of the world from the Old Stone 
Age to the present. He deals with primi
tive man's ways of scratching a living; 
the changes of time, climate and culture 
which led to herding, flock-keeping and 
farming; the development of agriculture 
in antiquity; the diet of medieval peas
ants , townsfolk and the rich; the gradual 
increase in the variety of crops and foods 
brought about by exploration, trading 
and contact between the New World 
and the Old; the effect of enclosure, in
dustrialization, blight, harvest failures 
and wars upon food supply; the enlarge
ment of the larder by inventions and ad
vances in scientific agriculture; the use, 
abuse and conservation of farmlands; the 
methods of dealing with pests, weeds, 
and other plant and animal enemies; the 
nature of selective breeding; the fishing, 
canning and processing industries; food 
storage and transportation; areas of food 
shortage; world diet habits; the relation 

between food and fitness; research on 
nutritional diseases and on organisms 
that infect foods; the study of vita
mins; different ways of preparing food; 
the continuing dangers of famine and 
their social and economic consequences. 
Boyd-Orr writes from broad knowledge 
and experience; his book is informed by 
his courage, kindliness and humanitar
ianism. But it is not only the text which 
makes this work outstanding: there are 
more than 200 illustrations, manv in col
or, which add immeasurably to the rich
ness and clarity of the story. They consist 
of photographs, attractive paintings 
especially done for this book, simple 
and enlightening graphs and diagrams, 
reproductions of old woodcuts, handbills 
and the like . Every page is a treat for the 
eye . This beautiful and exciting book, 
produced and printed in Great Britain, 
sets a new standard. For readers of 12 
and older. 

THE WONDERFUL WORLD OF EKERGY, 
by Lancelot Hogben ($2 .95); THE 

WOKDEHFUL WORLD OF MEDICINE, by 
Ritchie Calder ($3 .45). Garden City 
Books . These two volumes, in the same 
series as Boyd-Orr's study of food, are 
superior science primers, ably written 
and handsomely illustrated. Hogben's 
story of man's conquest of power pre
sents some of the highlights of physics 
and chemistry . He describes the early 
use of simple machines such as the slope 
and sledge; the principle of the lever, 
pulley and capstan; the introduction, in 
different forms, of water power; the dis
coveries of Galileo and Torricelli; the 
history of clocks; the invention of the 
steam engine and locomotive; the work 
of Guericke, Franklin, Galvani, Volta; 
applications of the chemical, magnetic 
and heating effects of electric current; 
the foundations of modern chemistry; 
the advances of Boyle, Charles, Avo
gadro, Gay-Lussac, Faraday; the rise of 
atomic energy. His account is a little too 
ambitious and diffuse, but there is much 
in it to give pleasure and to prompt fur
ther reading. Calder, a very able British 
science journalist, unfolds in brief com
pass the story of man's quest for health . 
An introductory chapter deals with the 
growth of knowledge of human physiol
ogy-muscles, blood circulation, glands, 
the brain and nerve network, the role of 
the genes . There follow sections on the 
battle against disease in ancient and 
medieval times; the achievements of 
Virchow, Jenner, Pasteur, Lister, Koch, 
Ehrlich, Domagk, Fleming and others; 
modern medical therapy; the develop
ment of hospitals and clinics; medical 
aid in remote and backward areas; the 

Important books on 
SCIENCE 

Philosophical Library 
o AUTOMATION: ITS PURPOSE AND FUTURE 
by Magnus Pykc. How an electronic computer can ful· 
fill the functions of a human operator in a factory or an 
accountant in an office. Optimistic about the effects of 
the new revolution, Dr. Pyke reviews what is already 
being done automatically, and discusses the speed with 
which automation is likely to spread here and abroad. 
lllustmled $10.00 
o LOOKING AT THE STARS by Michael 117. Ouen. 
den. Introduces readers to the fascination of astronomy 
as a leisure-time activity, then to the discoveries which 
have been made through the use of radar, radio waves, 
rockets and other scientific inventions. 
Dr. Oven den also suggests how the reader can construct 
his own telescope. Fifty·seven diagrams. S4.75 
o TH E EXPLORATION OF TIM E by R. N. C. Bowen, 
Ph.D., B.Se. The new techniques and methods used to 
determine the ages of rocks and fossils. The author also 
explores the new ideas and the revolution of thought 
which has taken place as a result of geo·chronological 
work. 40 illustrations S6.00 
o SOIL ANIMALS by D. Keith AleE. Kevan. An en
chanting and highly educational treatise on animal life 
in our soil. Numerous photographs and other illustra· 
tions. S15.00 
o TEACHING SCIENCE TO THE ORDINARY PU· 

PIL by K. Layboum and C. lJ. Bailey. The main object 
of the authors in presenting this intensely practical book 
has been to show how every aspect of teaching Science in 
school can be treated experimentally, with the main em· 
phasis on practical work by the students themselves. 

SIO.OO 
o AETHER AND ELECTRICITY by Sir Edmund 
Whittaker. The first exhaustive history of the classical 
and modern theories of aether and electricity. Set of two 
,'olumes. $17.50 
o TH E AI R by Edgar B. Shieldrop, D. Se. Man's con· 
quest of the air-from the earliest attempts to fly (and 
the reasons they failed) to the modern era of stratospher. 
ic travel and supersonic speeds. Discusses balloons. air
ships, many novel types of airplanes, and the coming of 
space flight. Beautifully illustrated. S12.00 
o DANGER IN THE AIR by Oliuer Stewart. A de· 
tailed study of specific air accidents including causative 
factors and resultant remedial action through research, 
design and engineering. The author is editor of Aero· 
nautics. Illustrated $6.00 
o MATHEMATICS FOR THE LAYMAN by T. H. 
Ward /Jill. This book will not only increase the reader's 
efficiency with figures, but show how mathematics devel
oped over the centuries, through experiment and lucky 
inspiration, to become today's practical, indispensable 
system. Illustrated S4.75 
o MATHEMATICAL TABLES AND FORMULAE by 
F. J. Comfit. An invaluable compendium of the most 
frequently consulted arithmetical, trigonometrical and 
algebraic tables. Also included are interest and convcr
sian tables, symbols and laws of physics. $2.75 
o CONCISE INTERNATIONAL DICTIONARY OF 

MECHANICS AND GEOLOGY by S. A. Cooper. 
All English-French·Germall-Spanish dictionary for the 
engineer, geologist, mechanic and manufacturer engaged 
in export or import trade or traveling in foreign COUIl
tries. S6.00 
o PHYSICAL METHODS IN PHYSIOLOGY by 
W. T. Calton. A presentation of the wide variety of 
physical experimental techniques and theoretical treat· 
ments which have been applied to physiological investi· 
gations. S10.00 
o THE WORLD AS I SEE IT by Albert Einmin. 
Professor Einstein's first general book. in which he sets 
forth his thoughts on life, on the world about him, and on 
his scientific labors. Charming, witty, shrewd observa
tions and intimate revelations. $2.75 
o ESSAYS IN SCIENCE by Albert Einstein. An 
abbreviated edition of some of the papers of the dis· 
tinguished physicist. $2.75 
o ERNEST RUTHERFORD: Atom Pione.r by John 
Rowland. A full·length biography of one of the importanl 
scientists of all time-the man whose revolutionary re
searches in atomic physics led to ollr present mastery of 
the atom for military and peaceful purposes. 54.75 
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P R O C E E D I N G S 

OF T H E  S EC O N D 

I N T E R N AT I O N A L  

C O N F E R E N C E  O N  T H E  

P EA C E F U L 

U S ES 

O F  AT O M I C 

E N E R G Y  
The only complete and 
official United Nations edition 

S P E C I A L  A N N O U N C E M E N T ! 

Prepublication price for full set ( 3 3  volumes) now extended to 
January 31st 1959. In response to many requests the United Nations 
will accept full orders at the reduced price of $435 during the first 
month of 1959.  After January 3 1 st the price will approximate $500. 
Volumes may also be purchased separately. 

The Proceedings: 
more than 2 , 2 0 0  scientific 

papers from the leading scien
tists of approximately 70 coun
tries. 
Main subjects covered: 
CONTROLI,ED FUSION 

REACTOR PHYSICS, 
ECONOMICS, SAFETY 

RESEARCH REACTORS 

POWER REACTORS 

NUCLEAR PHYSICS 

NUCLEAR MATERIALS 

RADIOACTIVE MATERIALS 

WASTE TREATMENT 

ENVIRONMENTAL ASPECTS 

RADIATION EFFECTS, CHEM-
ICAL AND BIOLOGICAL 

ISOTOPES IN INDUSTRY 

PHYSIOLOGY AND MEDICINE 
AND OTHERS 

All volumes to be available by June 1 959 

1 50 

Price: 
Full set (to January 3 1 st 1 959 ) $43 5 or 
equivalent. After January 3 1st : Approxi
mately $500. Each volume will be sold 
separately. Abridged French and Spanish 
editions available also. 

Now Available: 
Volume 2 Survey of Raw Material Re

sources. 846 pages. Price $ 1 8.50. 

Available soon: 
Volume 3 Processing of Raw Materials. 

6 1 2  pages. $ 1 5.00. 
Volume 3 1  Theoretical and Experimental 

Aspects of Controlled Nuclear Fusion. 
Price to be announced. 

Volume 32 Controlled Fusion Devices. 
Price to be announced. 

Consult you r local bookdealer 
or the U N I TED NATI,ONS 
Sales & Circulatio,n 
(Atomic Energy) 
New York 

, Brochures available on request 

activities of the World Health Organiza
tion; the cooperative efforts to produce 
healthy living conditions. Both these 
books and Boyd-Orr's are ideal Christ
mas gifts and are essential to any science 
bookshelf, however modest. 

KANGAROOS AND OTHEB ANIMALS 
. WITH POCKETS, by Louis Darling. 

William Morrow and Company ( $2 .50 ) .  
At birth a baby kangaroo is less than an 
inch long, naked, blind and almost help
less . It has just enough strength to make 
a single vital journey. Immediately after 
it is born it gropes its way up its mother's 
broad tail, "scrambling like a little swim
mer in a furry sea," to her pouch . There 
it attaches itself to a nipple and settles 
down for a continuous three- or four
month draught of milk . The mother pays 
no attention, and the baby drinks ,  sleeps 
and grows. By the time it is four months 
old it emerges from the pouch for brief 
inspection trips .  It hops about, nibbles 
at grass and dives back into the pouch at 
the slightest alarm. After a while it takes 
only occasional drinks while standing at 
the milk bar, and when it is six months 
old it is fully weaned and ready to take 
care of itself. One day the mother cuffs 
it away when it tries to enter her pouch . 
At six months the young kangaroo is still 
a bluish gray ; at one year it is four feet 
high and its coat begins to turn yellow
ish-orange and finally the color of old 
brick . Kangaroos are peaceful vegetar
ians that spend their days grazing, 
browsing, resting among groves of trees ; 
they make shallow pits where they sleep 
and occasionally toss a pawful of dust 
into the air to drive away the flies . When 
they are young the males spar with each 
other in their inimitable style of boxing ;  
later the fights grow sterner and 
bloodier, especially when a grown male 
who is the ruler of a kangaroo "mob" de
fends his sovereignty and tries to drive 
pretenders and claimants away. A good
sized male weighs 200 to 300 pounds 
and can cruise at 15  miles per hour, 
using his large hindlegs and feet to hop 
along and his broad tail for balance . 
Pressed, he can make 20-foot leaps and 
do 30 m.p .h .  Red kangaroos are confined 
to Australia, which also houses wallabies , 
rat- and tree-kangaroos, rock wallaroos ,  
jerboas, marsupial tiger cats, Tasmanian 
wolves , marsupial moles, wombats, glid
ers, opossums, slow lorises, pottos, and 
other marsupials . Louis Darling tells 
and illustrates this natural-history story 
pleasantly. For 8- to 12-year-olds . 

S PACE BOOK FOB YOUKG PEOPLE, by 
Homer E. Newell, Jr . Whittlesey 

House ( $2 .95 ) .  Most space books, may 
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Outstanding Books on Philosophy 
P H I L O S O P H I C A L  

L I B R A R Y  

o T HE W i l L T O  D O U B T by Bertrmld Russell. Bertrand 
H u s s e l l ' s  challenging skepticism again a s s a u lts the prej u 
d i c e s  and superstitions of o l l r  t i m e .  ]n e s s a y s  t hat urc b r i l 
l i a n t .  sU"uge and urbane,  h e  attacks a l l  obstacles to a 
rational way of life,  and t i lts as vigorously as ever against 
respect a b i l ity. orthodoxy and conform ity, S t . 7 5  

o T HE NAT U RE O F  T H INGS b11 Don Hawley. This 
phiJosollhic work ,'jews t ile  unircrse as  a spirit u a l - m a t e r i a l  
continuuill, and form ulates  a g e n e r a l  m y s t i c a l - philosophica l .  
sci entific picture of real i t y .  Among i t s  challenging proposals  
a r e  a refutat ion of str i ct Darwinian Theory,  a suggested 
solution t o  the SDonta ncOllS creation of matter i n  space,  an 
oxplanation of receding galaxies ( encrgy d i s s i pation ) .  and 
a logical destruction of the concept of mater i a l i s m .  $ 3 . 7 �  

o B U D D H IST H I M A LAYA by David Snellgrove. Seeking 
t h e  origins and nature of 'l'ibetan Buddhism, t h e  author 
t akes the reader on a trip through I n d i a ,  Kepal and T i h e t .  
and bases  h i s  e s t i mate of t h e  r e l i g i o n  h e  f o u n d  thcre upon 
d i rcet obsenation of the T i b etans h e  came to know inti 
match!. illustrated.  $ 1 0 . 0 0  

o P R O B LEMS O F  MEN by Jolin D ewey. E s s ay s  in con
temporary philosophy. $ 5 . 0 0  

o INS I G H T :  A ST U DY O F  H U M AN UNDERSTAND · 
ING by Bernard J. P. Loneroan. S . J . ,  S . T . D .  The a u t hor 
draws not only upon the tho ught of 11ast and present 
philosophers but a l s o  U l)on an acqua intance w i t h  the mor(' 
recondite but important developments i n  contem porary 
mathematical  and physical t h eory. statistical methods and 
psychological research. $ 1 0 . 0 0  

o T HE SECRET O F  MED I TAT I ON o .v  HUlls- Ulrich 
IU eker. I n  t h e  exhausting stress and tempo of modern living . 
t h e  practice of meditation offers enormous UneXI)lored po
tentials  for the renewal of mind and spirit.  This  hook gi\'cs 
full and explicit guidance on that practice for the modern 
Westerner. T h e  author i s  a Buddhist monk of Swiss origin,  
schooled i n  t h e  technique of meditati o n  of the East. who 
became its teacher both there and i n  Europe. $ G. 0 0 

o T HE P H I LOSO P HY O F  H U M ANIS M OJ! Corliss 
Lamont.  Describes the way of life known a s  HWllanism, a 
philosophy which sets lip as  t h e  chief end of h u m a n  endea\'or 
the happiness,  freedom and progress of all mankind. $ 2 . 5 0  

o D I C T I ONARY O F  P H I LOSO P HY Danobert  D .  RlInes, 
l!;ditor.  T h i s  compact handy \'olume.  ail- emuracing in con
tent, clear in exposition. obj ecth'e in dewpoint and a u 
thoritative. i s  invaluable for t h e  t e a c h e r ,  t h e  student. or 
t h e  larman. $ 6 . 0 0  

o T HE W O R L D  O F  D REA M S  by Henri B ernson. O n e  
of the m o s t  pro\'ocati,'e  and significant of Bergson ' s  shorter 
works. Students o f  literature and philosophy w i l l  be in
trigued by t h e  recurrence of themes l i nking this  with 
Bergson ' s  major works, psychology students by t h e  author ' s  
interpretation of t h e  interplay between sti m U l i ,  pereelltion. 
rel)ressed wishes and memory a s  a n  expression of tile unf'on
seious.  $ 2 . 7 5  

o A S U  R VEY 0 F B U  D D H ISM by Bhikslw SGll f/ lwraks1lita.  
Hedsed and enlarged edition.  I t s  many trends and el l l-
11i1a s e s ,  t h e  Hinayana and the \'arious M a h ayana schoo l s ,  t h e  
B u d d h i s t  doctrine of the perfectabililY of m u n  and t h c  
achi evement of enlight enment. $8. 7 5  

o T HE NAT U RE O F  SC IENCE b y  David C. Greelllcood.  
A collection of essays i n  t h e  general area of log i c  a n d  
mathematics as  a p p l i c d  to s c i e n c e .  The a u t h o r  u s e s  t h e  term 
"natural  science" in i t s  widest sense.  including a l l  theo·  
rctical  knowledge which cannot b e  included under the c a t e 
g o r y  of t h e  di\"ine science s .  ]Ie takes logic to be t h a t  d i s 
cipline w h i c h  a n a l y z e s  t h e  m e a n i n g  of t h e  concepts common 
to all  the sciences. and e s t a b l i s h e s  general laws . $ 3 .  i 5  

o P H I L OSO P HY O F  ATO M I C P HYS I CS bJ/ Josep h 
illudry . '1' ll i s  work promulgates a new I)h ilosophical schema,  
D i a l ectical Ato m i s m .  extending from t h e  primor d i a l  era of  
atoms to a generalized field of extension en('ompassing the 
m acroscopic oreler. The author lends challenge and per
sp ective to such topics as : the origin of space ancl tim e ; the 
new concept of relatidty ; entropy and cosmological cycles ; 
our views of immort a l ity ; and the meaning of ralue.  $ 3 .  i j  

o H AND B O O K O F  P H I L OSO P HY by Michael H .  Brim/s. 
It i s  the IllIfilOse of this  book to proride. a Simple and ade
fluate explanation of t h e  basic terms of Philosophy.  With it 
any s t u dent of t h e  s u b j e c t .  i n  or out of College,  should find 
t h e  task of understanding e\'el1 a complex and abstruse 
treatise greatly S i m p l i fi e d .  $ 4 .  i ;j  

MAIL THIS COUPON TODAY 
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their tribe decrease, are likely to per
suade the reader to stay in Brooklyn . 
This one, by a mathematician who works 
on rockets, is somewhat better than aver
age. It wanders among a number of sub
jects which may be thought to prepare 
the way for understanding the central 
problem : big and small numbers, ex
ponential notation, the earth and its at
mosphere, the moon , sun and planets, 
comets, galaxies, radio astronomy. The 
last three chapters are on rockets and 
space flight. For readers of 12 and 
over. 

FmsT CAME THE FAMILY, by Ruth M .  
UnderhilL William Morrow and 

Company ( $3 ) . Dr. Underhill, an an
thropologist and fonner Supervisor of 
Indian Education for the U. S. Indian 
Bureau, presents an excellent account of 
the role of the family in different socie
ties and at different times in the evolu
tion of human culture. She explains the 
family concept among the Papago In
dians of Arizona, the herders of Siberia, 
the peasants of the Balkans, the Zulus of 
South Africa, the Eskimos, the Trobri
and Islanders, the Hopis, the Zunis and 
other peoples .  She discusses patrilineal 
and matrilineal descent, the clan, the dis
tinction between cross cousins and paral
lel cousins, the absolute role of the father 
among the Romans and the Anglo-Sax
ons, the courting customs of many cul
tures .  A feast is the culminating act of 
the marriage ceremony in many reli
gions, but the Papagos' ceremony and 
feast consist of taking the bride to the 
groom's house, giving him a basket of 
beans and receiving a basket of corn in 
return . A Creek Indian bride's fathel 
says to his new son-in-law : "There is 
your bed . Lie in it." A Mohammedan 
bride need not even be present at her 
wedding. Other chapters deal with po
lygamy, the institution of the harem, 
married life in different societies, the 
raising of children, the giving of names 
( Gourd Head, Young-Men-Are-Afraid
Even-of-His-Horse, Big Crazy are choice 
examples ) ,  the child's and the adoles
cent's place, the attitude towards old 
people. A wise, human and appealing in
troduction to social anthropology. For 
readers of high-school age. 

C ONSERVATIOl\" IN AMEIUCA , by Doro-
thy Childs Hogner. J. B .  Lippincott 

Company ( $3 .75 ) . Mrs .  Hogner's story 
is in two parts .  The first recounts the 
reckless consumption and wasting of re
sources from the discovery of America 
to the present; the second describes the 
efforts of public and private groups to 
arrest this profligate trend by preserving 

OXFORD 
S cientific Texts 

The Physics o f  
Rubber Ela sticity 

2nd Edition 

By L. R.  G. TRELOAR. In this 

new edition, separate chapters treat 

the phenomena of swelling, the 

estimation of the degree of cross

linking. Chapters on photo-elastic 

and dynamic p roperties have 

been extensively modified_ (Mon
ographs on the Physics and Chem
istry 0/ Materials.) Text figures. 

$6.40 

Electric Conduction in 
Semiconductors and 

Metals 

By W. EHRENBERG. A textbook 

for students, research workers, and 

engineers. Analysis of electric con

duction in terms of mobility and 

diffusion, of p article statistics and 

of wave mechanics are developed 

in turn and form the basis for dis

cussion of rectifying barriers, and 

of carrier injection and transistor 

physics. 149 text figures. $1 0. 1 0  

An Introduction to 
Mathematics  

B y  ALFRED NORTH WHITE

HEAD. "Lucid and cogent . . .  a 

finely balanced mixture of knowl

edge and urbanity . . .  Mr_ White· 

head delighted Gertrude Stein, 

and not because a y is an x as an x 
is a '1, though this was part of it. 

For the same reasons, Mr. White· 

head should delight you too." 

-N.Y. Times. Galaxy edition, 

p aperbound. $ 1 .50 

Science Students' Guide 
to the German Language 

By A. F. CUNNINGHAM. This 

up-to-date text pays particular at

tention to special difficulties such 

as sentence construction and the 

use of p articipial phrases and 

draws its examples fronl current 

scientific writing. $2.00 

At all bookstores 
OXFORD UN IVERS ITY PRESS, In(_ 

t.,;;==== New York 1 6 ====-:J 
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Important books in  
N U C L E O N I C S 

P H I L O S O P H I C A L  
L I B R A R Y  

o ATO M I C ENE R GY IN AG R I C U LT U RE by William B .  
Dick. A thorough sun"ey of t h e  progr ess made in t h i s  new 
field of r e s e a rch. $ 6 . 0 0  

o AT O M I C ENE R GY IN MED I C INE b y  fl. B.  Halll u n .  
A d e t a i l e d  examination of t h e  contribution nuclear physics 
h a s  made t o  contemporary medicine. $ 6 . 0 0  

o ECONO M I C S  O F  ATO M I C ENE R GY b y  Mary S. Goldrillg. 'I'he first major contribution t o  t h i s  important 
theme. $ 6 . 0 0  

o A G U I DE T O  N U C LEA R ENE R GY b y  R .  F .  [(. 
lJelc h e m .  For technical and commercial staffs in t h e  field 
of !lower production.  T h i s  book makes clear to persons 
w i t h  a limited knowledge of I)hysics how nuclear reactors 
function, describes the more important types being COl}4 
structed or planned, and s urreys the construction materials 
vital to the nuclear energy industry. Illustrated. $ 3 . 7 5  

o NU C LEA R REAC T O R S  F O R  P O WE R  GENERAT I ON 
edited by E. Opensh a w  'l'aylor.  'fhis book provides a n  lIP� 
to�date survey of the most important aspects of  nuclear 
power gcneration. A symposium by leading nuclear engi· 
ncers.  Over 50 llltistrations. $ 7 . 5 0 

o T HE AT O M  AND T HE ENE R GY REV O L U T I ON by 
Norman Lansdell .  The momentous impact of atomic energy 
on the worl d ' s  economy, life and SOCiety. Chapters discus" 
the demand and sources of energy ; also i t s  exploitation on 
a national and international lerel.  Illt/strated. $ 6 . 0 0  

o RAD I OACT I V I TY MEAS U R ING INST R U MENTS : A 
G u i d e  to T h e i r  C onstruct ion and U s e  by M. C. Nokes. This 
l Iook shows how instruments of fair accuracy can he made in 
l ittle  t ime and w i th a minimum of expense . .:'Ilore com· 
plicated circuits are included for those who wish to make a 
S i m p l e  scaler or recent ('ounting de\'ice s .  '1'he a u t hor is st atr 
memhcr of the Isotope Division of the British Atomic 
Center, Harwell. Illflstrat ed. $ 4 . 7 5  

o T HE D I REC T I ON O F  RESEA R C H ESTA B L IS H 
M ENTS. A timely symposium b y  2 0  American , British,  
Canadian,  Dutch.  and German authorities  on basic and ap· 
I)lied research, b u dgets and administrative controls,  and 
othcr problems connected with the organization of re� car('h 
e s t a b lishments.  $ 1 2 . 0 0  

o REASON AND C H ANCE I N  SC IENT I F I C  D ISCO V 
E RY b y  R .  Taton.  D r .  Taton examines t h e  r e l ati\'e role of 
actiye purpose and chance i n  the proces s e s  of scientific dis·  
cOl'ery, Steering clear of  theory.  h e  illustrates h i s  thesis  by 
])ractical examples from the work of such scientists  as  
Poincare, De Brog l i e .  Galileo,  Roentgen, t h e  Curies,  
Lci\)niz,  Newton and others.  iUustrated, $ 1 0 , 0 0  

o AN ENCYC L O PED I A  O F  T HE I R ON & STEE L  IN
D UST RY by A. ll.. Osbome. Provides a concise description 
of the m a t e r i a l s ,  plant,  tools and Ilrocesses  uscd in the Iron 
and �tccl ancl closcly allied industries from preparation of 
arc t tl the finished product. Defines al1  technical terms e m ·  
p l a y e d .  $ 2 5 . 0 0  

o P O C1< ET ENCYC L O PE D I A  O F  ATO M I C ENE R GY by 
Frank Gaynor.  More t h a n  2 , 0 0 0  entries defining and ex
plaining concepts and terms i n  nuclear phYSiCS and atomic 
energy make t h i s  volume a vital  handbook for all  those con· 
ccrned with atomic science. lll1tstratio1i8� charts, tables. 

S 7 . 5 0  

o CAST I L LA ' S  SPAN I S H  AND ENG L IS H  TEC H N I C A L  o I C T  I 0 NARY. An unusually complete and u p· to· d a t e  hand· 
book for all  r e q u iring t h o  technical .  commercial and legal 
S p a n i s h · E nglish equh'alents,  Emphasis  i s  placed on terms 
relat i\'e t o  currently de\'eloping industrial and scientific 
fields. Two \'ol u m e s .  2 7 6 0  pages. $ 4 5 . 0 0  

o P H I LOSO P HY O F  ATO M I C P HYS I C S  b y  J oseph 
il/ w lr,!J, This work IH'om u]gates a new philosophical schem a ,  
D i alectical Atomism, cxtending from the primordial e r a  o f  
a t o m s  to a gencralizcd field of extension encompaSsing t h e  
m a croscopic orelcr, The alHhor l e n d s  challenge and pcrspec· 
tive t o  s u c h  topics a s : the origin of space and time ; t h e  new 
cuncept o f reiati"i ty ; ent rul)Y and cosmological cycl e s ; OUI' 
"iews of immorta l i ty ; and t h e  meaning of value. $3, 75 

o M O DERN C O M P U T ING MET H O DS. T h e s e  studies on 
comput ation demonst.rate the b a s ic principles of the m e  of 
analogue machines,  h i g h · s peed digital compu t e r s .  and t h e  
techniques of numerical mathematics involved in problem 
solving, Prepared by staff members of  t h e  llri t..i s h  Imperial  
College of Science and 'fechnology. $S.75 

MAIL TH I S  COUPON TODAY 
r - - - - - - - - - - - - - - - - � 
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animal life, restoring the land, renewing 
the forests, husbanding water supply, 
and applying other conservation meas
ures _  Some species of animals, as every
one knows, have been exterminated, 
while others are in grave danger of ex
tinction. The passenger pigeon and the 
Rightless great auk have vanished from 
the earth ; the ivory-billed woodpecker 
( the rarest American bird ) ,  the much
publicized whooping crane ( the second 
rarest bird ) ,  the California condor, the 
everglade kite, are among the animals 
very likely to die out despite all our ex
ertions. The bison and the grizzly bear 
are showpieces preserved in pitifully 
small numbers ; many other species are 
able to survive only because of wildlife 
refuges and other forms of protection. 
The sea otter is a happy exception to the 
fate of species that for one reason or 
another roused man's rapacity. For dec
ades it was thought that fur-traders had 
entirely killed off the southern herds, 
while the northern herds were known to 
be dwindling rapidly . Then suddenly, 
half a century ago , a few sea otters were 
seen in the kelp beds off the coast of 
Monterey. Thanks to conservation stat
utes the southern tribe has now in
creased from 1 00 to SOD, and the herds 
of Alaska and the Aleutians, guarded by 
international treaty, again number in the 
thousands.  Mrs .  Hogner describes the 
shrinking of unrenewable resources, such 
as oil, coal and various metals ; the 
working of the Federal and state con
servation laws;  the elaborate program 
directed against the great \Vestern dust 
bowl ; river-basin planning and Rood 
control; reforestation ;  the protection of 
fish and other forms of sea and inland
water life. A good book for adolescents.  

,kL ABOUT SATELLITES AND S PACE 
SHIPS , by David Dietz; ALL ABOUT 

THE HUMAN BODY, by Bernard Glemser; 
ALL ABOUT FAMOUS SCIENTIFIC EXPEDI
TIOl'S, by Raymond Holden ; ALL ABOUT 
M Ol'KEYS, by Robert S .  Lemmon; ALL 
ABOUT AKIMALS AND THEIR YOUNG, by 
Robert M. McClung. Random H ouse 
( $ 1 .95 each ) .  The chief merit of these 
formula books, addressed to children 
from 9 to 12, is  that they never fall be
Iow a reasonable standard. On the other 
hand, they rarely rise above it either in 
originality, style or scientific content.  
Dietz's report is mainly composed of ma
terial that can be got out of the news
papers. Glemser's primer of anatomy and 
physiology is sensible . Various scientific 
expeditions-Beebe's bathysphere de
scents, the climbing of Mount McKinley, 
the discovery of Tut-Ankh-Amen's tomb, 
the Burden dragon-hunting expedition 

Your 
Space-Age 
OPPORTUNITIES 

with 

DVNA-SOAR 
Bell  Aircraft C orporation, a member 
of the Martin-Bell industry team de
veloping the Dyna-Soar hypersonic 
glider for the D_ S .  Air Force, offers 
high-level openings on this challeng
ing proj ect.  These positions will ap
peal particularly t o  experienced en
gineers who desire an opportunity for 
rewarding progress i n  advanced re· 
search, analysis, design and develop
ment of space vehicles affording full 
scope to their creative ingenuity with 
u n usual opportunities for rapid ad
vancement and professional recogni
tion.  

NAVIGAT I O N  SYST E M S  SPECIAL
I ST to i n vest i g a t e  a n d  esta b l i s h  req u i re
m e nts for i n e rtia l ,  r a d a r  r a d i o  and a i r  
d a ta s e n s i n g  syst e m s  with res p o n s i b i l ity 
for sett i n g  up a n d  p l a n n i n g  tests as re
q u ired to ver ify theor ies _  B S E E  o r  B S M E  
with 6 y e a rs e x p e r i e n c e  i n  re lated fi e l d s  
r e q u i r e d _  

FLI G H T  CONTROL SYSTE M S  SPE
C IAL IST to d eterm i n e  n e e d  for t h e  
m ost s u ita b l e  methods  of obta i n i n g  a u
tomat ic  a n d  m a n u a l  fl i g ht contro l ,  sta 
b i l ity a u g m e ntat ion ,  p o w e r  boost p i l ot 
d i s p l a ys a n d  contro ls .  B S E E  or B S M E  
with 8 yea rs e x p e r i e n c e  i n  re lated fi e l d s .  

AERODYNA M I C  H EAT TRA N S F E R  
G RO U P  LEAD E R  to d i r e ct a n d  l e a d  
h e a t  transfer  g r o u p  i n  p e rform i n g  a n a ly
s is  of a e rodyn a m i c  h e a t i n g  of a i rcraft 
thr o u g h  c o m p l ete  s p e e d  r a n g e  from 
s u bson ic  to hypersonic ,  and to d e v e l o p  
a n d  a p p l y  n e w  m e t h o d s  for p e rform i n g  
t h e s e  a n a lyses .  P h D  or  M S  i n  Aero ,  
Physics  or  A p p l i ed M a t h  with 3 -5  y e a rs 
e x p e r i e n ce .  

GASDYNAM ICS S P E C I A LIST to i n i
t iate  a n d  p e rform f u n d a m enta l a n d  a p
p l ied theo retica l research in fi e l d s  of 
g a sd y n a m i cs p a rti c u l a r ly  at h y p e rso n i c  
s p e e d s ,  a n d  to i n it iate ,  p e rform a n d / or  
m o n itor  bas ic  a p p l i e d  e x p e r i m enta l re 
sea rch on fu n d a m enta l h y p erson i c  fl ow 
and p h ysica l p h e n o m e n a .  PhD or  MS in 
Aero E n g i n e e ri n g ,  Physics or  A p p l i e d  
M a t h  w i t h  3 years  e x p e r i e n c e .  

Salaries fire COll"n CIIsural.e with 
your bac kgrou n d .  Good livillg a n d  
workillg cOli tiitiollS prevail with 
li beral ben efits . Write : 

Supervisor ,  Engineering Employment, D ept. P-63 
BELL A I R C RAFT C O R PO R AT I O N  

BUFFA LO 5, NEW YORK 
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to Komodo Island, the 19 13- 18  Canadi
an Arctic Expedition-are described by 
Holden in a clumsily written book. Mon
keys are nicely classified and portrayed 
by Lemmon. McClung collects odds and SC I E NTIFIC AME RICAN BOOKS ends about different kinds of animal 
babies, how they are fed and reared. 

U
KDERSTANDING TIME , by Beulah 
Tannenbaum and Myra Stillman. 

Whittlesey House ( $3 ) . On the science 
of clocks and calendars. There are chap
ters on sundials, fire-, water- and sand
clocks, the evolution of the escapement 
mechanism and mechanical clocks, 
measuring the year, standardizing time, 
the relativity of time. The story is well 
told and full of diverting facts. For ex
ample, when clepsydras or water clocks 
were used in the law courts of ancient 
Rome and Greece, a certain number of 
clepsydras ( which usually held about 30 
gallons of water and emptied in about 20 
minutes ) were allowed for each speak
er-two, say, for the prosecution, two for 
the judge, three for the defense. A spe
cial court officer stopped the How of wa
ter when documents were read so as not 
to cut into the speaker's time. The people 
of Rome called wasted time aquam per
dem, which means "to lose water." 

T
HE TOOLS OF SCIENCE, by Irving Ad-
ler. The John Day Company ( $3 ) . 

The scientist looks at, listens to, counts 
and measures the physical world with 
many tools from a ruler to a cyclotron. 
From this book one can learn a little 
about the purpose and use of a number 
of these tools. Adler discusses lenses and 
microscopes, cloud chambers, micro
phones and other devices for bringing 
our senses in line with our imagination. 
He writes plainly and sensibly but tries, 
as he often does, to cover too much 
ground. For readers of 12 and older. 

D
UST BOWL: THE STORY OF MAN ON 
THE GREAT PLAINS, by Patricia 

Lauber. Coward-McCann, Inc. ( $2.50 ) . 
An exceptionally clear, sympathetic and 
readable account of the terrible dust 
storms that scourged the Southern 
Great Plains a quarter-century ago. Cat
tle, railroads and sheep were the effec
tive causes of the black blizzards that 
first struck Kansas and other Plains states 
in 1933, ruined the crops, suffocated the 
livestock and drove farmers from their 
land . Overgrazing and overplowing had 
stripped the Plains of their protective 
grass cover; high winds and drought, in
evitable in this region, tore up the soil 
and brought catastrophe. In a true sense 
man reaped the whirlwind of his folly . 
Miss Lauber tells this dramatic story and 

The widely acclaimed paperback series in which today's 
foremost scientists, writing in clear, non-technical language, 
report to the layman (and to their colleagues in other fields) 
news of the latest investigations on the frontiers of science. 

$1.45 each 

H ERE, from SIMON AND SCHUSTER who 
publish them with pride, is a check

list of Scientific American Books. 
Each book is a topical collection of 

articles from Scientific American maga
zine. ( "The array of talent that has been 
assembled for this proj ect," says The 
New York Times, "is nothing short of 
spectacular." ) Each book reports on cur
rent activity in one maj or field of science. 

The Bulletin 0/ the Atomic Scientists 
says these books are "of interest not only 
to the non-scientist but to the professional 
who wishes to be au courant with the la
test developments outside his speciali
zation." To date, non-scientists and pro· 
fessionals have bought over 440,000 copies. 

Here are brief descriptions of the 
book.. ( The coupon will bring 
them to you ) 

ATOMIC POWER. How nuclear reactors 
will be used to light homes and turn the 
wheels of industry. 180 pages. 15 diagrams. 

AUTOMATIC CONTROL. The mechanical 
"nervous systems" that make machines and 
factories regulate themselves. 148 pages. Illus. 

LIVES IN SCIENCE. Biographies of 18 
men of science from Galileo to Srinivasa 
Ramanujan. 288 pages, with portraits in line. 

THE NEW ASTRONOMY. A view of the 
four·dimensional universe via the great new 
telescopes. 243 pages with drawings, diagrams. 

NEW CHEMI STRY. New elements, new 
reactors, new compounds - straight from the 
laboratory into industry. 244 pages. Diagrams. 

THE PHYSICS AND CHEMI STRY OF 
LIFE. Life is explained in terms of molecules 
that make up cells and tissues. 270 pp. IIlns. 

THE PLANET EARTH. Forces, tides, and 
cnrrents that stir our planet's core, crust, 
oceans and atmosphere. 176 pages. Illustrated. 

PLANT LIFE. How plants furnish invaluable 
laboratory subjects for research into problems 
basic to the study of human life. 256 pp. lIlus. 

A TWENTIETH CENTURY BE STIARY. 
A new look at animal behavior - from the 
bee's language to curiosity in monkeys. Illus. 

THE UNIVERSE. How the two contending 
schools of modern cosmology put their theo· 
ries to the test of observation. 160 pp. IIlns. 

The big 626-page SCIENTIFIC 
AMERICAN READER i. now available 
in a paperback edition at only $2.25 
50 articles f r o m  Scientific A merican mag
azine are arranged to give the reader a 
wide view of today's scientific knowledge 
in virtually every area of research from 
the human brain to the split atom. The 
Times calls The Reader "in every respect 
a most useful, and exciting book ."  Paper� 
bound $2.25. Clothbound edition $6.50 

Scientific American Books, and the Scien
tific American Reader, are on sale at all 
bookstores - or you can order on the cou
pon below. If you are not delighted, you 
may return them for full refund. 

- SIMON AND SCHUSTER 

rr- -- - - - - - MAIL THE COUPON TODAY - - - - - - - - 

I 
I 
I 
I 

To your bookseller, or 
SIMON AND SCHUSTER, Dept. A, 630 Fifth Avenue, New York 20, N. Y. 
Please send me the following Scientific A merican Books at $1 .45 each. 

, ___ Atomic Power 

I ___ Automatic Control 
___ New Chemistry 
___ Planet Earth 
___ Plant Life 

___ The Physics and 
Chemistry of Life 

___ A Twentieth Century I ___ Lives in Science 
___ The New Astronomy ___ The Un iverse Bestiary 

I 
I 
I 
I 
i 
I 
I 
I 
I 

Also, please send the Scientific American Reader __ paper, $2.25 __ cloth, $6.50 
My remittance for $ . . . . . . . . . . . . is enclosed. If I am not delighted, I may return the 
books within 14 days for refund. 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Address . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zone • . • . .  State . . . . . . . . . . . . .  
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describes the measures taken with the 
help of the U. S. Soil Conservation Serv
ice-replanting grass and trees, contour 
plowing, strip cropping and' terracing
to make farming of the Plains possible 
once again. The drought of the 1950s 
did less damage than that of the 1930s. 
Farmers suffered, but their land did not 
blow away, and there is hope that im
proved conservation methods and pru
dent use of the land will Rnally overcome 
the dangers of the dust bowl. Good pho
tographs. For ages 12 to 15 . 

P REHISTORIC ANIMALS, by the Edi-
torial Staff of Life and Lincoln Bar

nett; THE SEA, by the same authors ; 
FAMOUS AMERICAN SHIPS, adapted from 
American Heritage by Walter Franklin; 
INDIANS AND THE OLD WEST, adapted 
from the same source by Anne Terry 
White ; WILDLIFE OF THE WEST, by 
Robert Louvain and the staff of the Walt 
Disney Studio ; WHITE WILDERNESS, by 
the same authors ; BIRDS OF THE WOHLD, 
by Eunice Holsaert ; BUTTEHFLlES AND 
MOTHS, by Richard A. Martin. Simon 
and Schuster ( 50 cents each ) . These 
eight volumes, the Rrst in a new series 
called the Golden Library of Knowledge, 
are clearly written and attractively illus
trated. A surprising amount of material 
is contained in each 56-page book, and 
the pace and variety of the presentation 
are just right for youngsters of 10 or 1 1  
and older. The volumes on prehistoric 
animals and the sea are familiar pack
ages adapted from articles in Life; the 
books taken from the American Heritage 
articles are colorful, and Mrs. White's 
adaptation has conspicuous merit ; the 
Disney material is smoothly executed; 
the bird and butterfly primers are ac
curate and interesting. If the new series 
gives as much satisfaction to young read
ers as other Golden Books have done, it 
should have a long career . 

S TRANCE PLANTS AND THEIR vV AYS, by 
Ross E .  Hutchins. INSECTS : HUNT

ERS AND TRAPPEHS, by Ross E. Hutchins. 
Rand McNally and' Company ( $3 .95 
each ) . These two books by a Mississippi 
zoologist and entomologist concentrate 
on some of the more fantastic members 
of the plant and insect world. In the 
repertory are flowers that capture in
sects, moths that lay eggs in yucca pods, 
parasitic plants such as the mistletoe and 
dodder, mangroves that walk, creeping 
slime-molds, Mexican jumping beans ( a  
built-in caterpillar is the secret ) ,  vam
pire wasps, beetles that can lift 850 times 
their weight, water scorpions and 
striders, cicada killers , cricket-eating 
aphids, ant lions, robber flies, assassin 

1 54 

bugs. Many photographs .  For children 
of 10 and up. 

THE SEA AROUND US, by Rachel Car-
son. Simon and Schuster ( $4.95 ) .  A 

special edition for young readers, adapt
ed by Anne Terry White, illustrated with 
150 photographs, maps and drawings in 
color and black and white. Mrs. White 
has done a good job in combing out some 
of the excess rapture of Miss Carson's 
full-length original, without diminishing 
the intrinsic fascination of the story, and 
the illustrations range from so-so to stun
ning. An excellent gift for readers of 
high-school age. 

E XPLORINC CHEMISTRY, by Roy A. 
Gallant. Garden City Books 

( $2.95 ) .  A large-format, colorfully il
lustrated sketch of the history of chemis
try from the early gropings to the present 
sophisticated state of the science. A rea
sonable sampler for 10- to 12-year-olds . 

�UIs PASTEUR, by Nesta Pain. G. P. 
Putnam's Sons ( $2 ) .  An acceptable, 

straightforward young people's biogra
phy of the immortal microbe hunter . 
One of the best features of this unas
suming little book is that there are no 
imaginary conversations . 

O STRICHES, by Herbert S .  Zim. Wil-
liam Morrow and Co. ( $2 .50 ) . 

About the bird that cannot fly, has no 
wishbone, weighs up to 300 pounds, 
once decorated ladies' hats, has been 
ridden in races and been used as a beast 
of burden, and lays large eggs whose 
shells were valued as cups and vases in 
Mesopotamia and Mycenae of 3000 B .C . 
For 8- to 12-year-olds . 

D EEP TREASURE : A STOHY OF OIL, by 
Elizabeth Olds . Houghton Mifflin 

Company ( $3 ) .  How oil was formed in 
the earth, its discovery by man and its 
early uses, the beginning of oil-drilling 
and the growth of a huge industry from 
Edwin Drake's Rrst derrick in Titusvil le . 
For 7- to 10-year-olds. 

EXPERIMENTS WITH LICHT, by Nelson 
F. Beeler and Franklyn M. Branley. 

Thomas Y. Crowell Company ( $2 .75 ) . 
A sound, unpretentious little book on 
elementary optics by a pair of experi
enced writers and teachers . Experiments 
showing that light "travels in the dark" 
(which explajns why outer space is 
dark ) ; on the nature of light; on meas
uring light's wavelength ; on light and 
color, lenses, polarized light, phototro
pism, microscopes, kaleidoscopes and re
lated topics. For youngsters of 12 to 16 . 

AEROJ ET·G E N E R A L  C O R P O R AT I O N ,  A S U B ·  ' 
S I D I A RY OF T H E  G E N E R A L  T I R E  & R U B· 

. 
B E R  C O M PANy.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . . . . . .  1 29 
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Agenc y : Benton & B owles, I n c .  

A L U M I N U M  C O M P A N Y  O F  A M E R I C A .  
C H E M ICALS D i V i S i O N . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 

Agen c y : Ketchum, .Maeleod & G r o v e ,  I n c .  

A M E R I C A N  BOSCH ARMA C O R P O R AT I O N .  
A R M A  D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 

Agenc y : Doyle, Kitchen & ).'I c C o r m i c k .  I n c .  

A M E R I C A N  E D E LSTA A L .  I N C  . •  U N I M AT D I V .  8 9  
Agenc y : Harold J .  Siesel Company 
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be broadly identified as "space men." 
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tem for in-flight weather reporting. 
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trol, electronic countermeasures ra
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communications, and other catego
ries vital to national defense. 
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production centers - coast to coast 
- where challenging problems are 
constantly opening the way to top 
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To learn more about the opportunities at 
one of America's great and growing elec
tronic enterprises, write to ITT Technical 
Placement Office, 67 Broad Street, New 
York 4, New York. 

INTERNATIONAL 
TELEPHONE AND TELEGRAPH 

CORPORATION 

67 Broad Street. New York 
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COLLINS SYSTEMS ARE NOW IN PRODUCTION FOR (LEFT TO RIGHT) THE NAVY'S MCDONNELL F4H-l AND CHANCE VOUGHT 
FSu-3 FIGHTERS AND NORTH AMERICAN A3J-l ATTACK BOMBER, AND THE AIR FORCE'S REPUBLIC F-I05 FIGHTER-BOMBER, 

why America's 

newest 

j�:: COLLINS 
ELECTRONICS 

These supersonic aircraft require ultra
dependable electronics systems, highly special
ized for communication, navigation and radar 
identification. Such systems must be 
integrated, adaptable to the varying airframe 
requirements of today's newest jets. 

Collins integrated electronics systems achieve 
building-block flexibility through modular 
design of all basic units. Designed into each 
aircraft, a space-saving custom Collins system 
retains the economy of standardized 
production and simplified maintenance. 

These specialized electronics packages are an 
important part of Collins' contribution toward 
greater defense per dollar. 

COLLINS RADIO COMPANY ' CEDAR RAPIDS, IOWA ' DALLAS, TEXAS ' BURBANK, CALIFORNIA 
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"Their explosion will clear the way 
for the boarders, both by actual 
destruction and by the powerful 
operation of terror among the crew." 

The experiments of Sir William Congreve 
led to the deadly rocket bombardments by the 
British of Boulogne in 1806 and Copenhagen 
in 1807. Congreve's warhead·bearing rockets 
helped break Napoleon's power in 1813 

at Leipzig, made possible the capture of 
Washington in 1814 and, the same year, 
inspired Francis Scott Key's memorable 
line, "the rocket's red glare," during the 
attack on Fort McHenry. Congreve ultimately 
worked out a complete "system" for 
the employment of rockets on land and 
sea, including rocket types, equipment, 
organization, tactics-forerunner of today's 
weapons systems. Modern counterpart 
of Con greve's "Rocket System" is Convair's 
surface·to-air missile Terrier, now 
operational at sea with vessels of the 
United States Navy and on land with units 
of the United States Marine Corps. 

From "Dynamic America," a history 0/ 
420 pages and 1500 illustrations to be published soon 
by Doubleday & Company and General Dynamics 
Corporation, 445 Park Avenue, New York 22, N. Y. 

GENERAL. DYNAMIC:S 
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