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How to put witch doctors out of work 
Today, witch doctors play second drum to 

the magic of modern disease fighters such 

as Shell Chemical's insecticide, dieldrin. 

Used against malaria-carrying mosqui­

toes the world over, dieldrin helps eradicate 

an age-old scourge. Dieldrin is so effective 

that three ounces protect a home against 

mosquitoes for as long as six months. 

Thanks to powerful, modern insecticides 

such as Shell Chemical's dieldrin, the 

number of people stricken by malaria has 

been cut fifty per cent in just ten years. 

Rescuing many fertile areas of the world 

by checking insect-borne disease is one way 

Shell contributes to world health, industry 

and agriculture. 

Shell Chemical Corporation 
Chemical Partner of Industry and Agriculture 

NEW YORK 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 

High impact at low cost 

These big pulleys help drive huge spinning 
frames made by Roberts Co., Sanford, 
N. C., a leading manufacturer of textile 
machinery. 

Until recently, the pulleys were made 
of stamped metal or heavy cast iron. De­
signers looked for a better material­
strong, dimensionally stable, low in cost. 
They found it in Durez 18683. 

This new sisal-filled phenolic solves the 
cost problem of high-impact parts in three 
ways: 

1. It costs only pennies more than general­
purpose wood-flour-filled ph(;nolics. 

2. It molds by simple compression or 
transfer methods, using standard 
presses, standard pressures, standard 
dies. 

3. It cures as fast as general-purpose com­
pounds. 

DlIrez 18683 molds dimensionally sta­
ble parts with impact strength of 1.4 ft. 
Ib./in. Molded parts are self-extinguishing, 
have excellent resistance to humidity, and 
can meet U/L requirements for attached 
electrical contacts. You'll find that 18683 
opens the way to savings on hundreds of 
applications where higher-cost materials 
are used now. 

Consider it for heater and air-condi­
tioner housings, instrument panels. Speci­
fy it for gears, wheels, pulleys, electric 
motor end bells-wherever you need im­
pact strength and want it at lower cost. 

The sooner you investigate Durez 
/8683, the sooner you can start saving 
with it! For bulletin, data sheet and/or 
evaluation sample, mail the coupon today. 

Torrid tempo 

Rapid production is beating out a new 
rhythm of lowered costs for the makers of 
these small lamp sockets (center column), 
Noma Lites, Inc. 

The key notes are smart redesign, use 
of multi-cavity molds, and an exceptional-

impact strength comes down in price 

fast-curing phenolic cures a cost problem 

new idea for closures 

ly fast-curing Durez phenolic. 
Formerly, the manufacturer bought 

one-piece sockets, forced metal screw 
shells into them, applied pitch to protect 
against moisture, then laboriously sol­
dered in the wires. 

Zip! Now, threads are molded into the 
split sockets by the molder, Holyoke Plas­
tics Company Inc. Wires are laid across 
the socket halves. A simple metal clip 
joins the halves and pierces the wires 
with contacts. 

Whoosh! Socket halves are molded 80 
at a time. Into the molds goes speedy 
Durez 265, general-purpose compound 
that cures in a few seconds. Even at this 
dizzy rate, its batch-to-batch uniformity 
assures consistent molding. 

Hurry! Want to snap things up a bit? 
Durez 265 can probably help you do it. 
To see how, dash right over to your mold­
ers. Or shoot us coupon for data on 265 
and other GP molding compounds. 

A cap can be pretty 

Not so long ago, you couldn't get this 
decorative effect in a molded plastic clo­
sure. Now you can. 

It's done by wiping color into the de­
bossed design. Debossing used to be the 
crux of the problem, because of the under­
cuts. It was Impossible to make a work­
able mold cavity by machining, hobbing, 
or casting. 

The solution: electroforming. The mold 
is built up in nickel around a soft, resilient 
master, which is then withdrawn from the 
cavity. 

The process is a development of Arm­
strong Cork Company and Electromold 
Corporation. It gives the designer a new 
freedom-permits intricate textured effects 
like leather and wood grain, as well as the 
simpler ones you see here. 

Durez is in the picture, too. Versatile 
phenolics, especially formulated for bot­
tle and container caps, provide the req­
uisite impact strength, resist chipping 
and cracking, and do not bleed when in 
contact with alcohol. If these qualities 
might help you uncork a closure idea or 
unbottle a bottleneck, we suggest you con­
tact your molder on the use of Durez 
phenolics for closures. 

r-----------------------------------, 

I For more information on Durez materials mentioned above, check here: I 
I D High-impact low-cost phenolic, Durez 18683 Bulletin and data sheet I

I I D Evaluation sample of Dllrez 18683 

: D Dllrez 265 (data sheet) and descriptive Bulletin 400 : 
I 

Clip and mail to us with your name, title, company address. (When requesting I 
I 

samples, please use business letterhead.) I 
L ___________________________________ � 

. 
" 

, * HDOKER 
CHEMICALS 

• 

PLASTICS 

PLASTICS DIVISION 
HOOKER CHEMICAL CORPORATION 

9402 Walck Road, North Tonawanda, N. Y. 
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HYPOXIA is oxygen starvation of the blood and body 

tissues. It is perhaps the most serious of environmental 

stresses affecting the pilot in outer space. 

An insidious menace at low altitudes, hypoxia can kill within 

a minute at ambient pressures above 50,000 feet. 

Countermeasures thus far involve pressure breathing, 

pressure suits and sealed pilot compartments. But also 

needed, for flight safety as well as for record, is a means of 

continuously monitoring pilot respiration status. 

That's why the first man to cleave the atmosphere in a 

manned capsule will most likely wear a face mask with a 

built-in transducer to measure respiration rate. Data thus 

obtained will be continuously telemetered to earth 

and control action taken if necessary. 

Respiration rate is only one of many physiological 

parameters capable of measurement in space with Gulton 

electronic devices. Others include blood pressure, heart rate, 

E.K.G.-even psychological behavior of the pilot. 

Gulton is able now to provide existing instrumentation 01' 

develop entirely new systems for processing this vital data. 

Write us for informative Medical ElectTonics Booklet. 

VIBRO-CERAMICS DIVISION 

Gulton Industries, Inc. 
Metuchen, New .Je"sey 

In Canada: Titania Electric Corp. of Canada. Ltd., Gananoque, Onto 

THE COVER 

The fanciful design on the cover 
shows 10 nuclear reactor fuel ele­
ments in cross section (see page 37) . 
The elements on which the painting 
is based are manufactured by Syl­
vania-Corning Nuclear Corporation. 
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NO NEWS 
• 

special metals 
In aircraft and missile design, in 
hundreds of industrial applications, 
the search for new and better metals 
goes on constantly. 

How can strength-weight problems 
be licked? 

What new alloys promise to "break 
through" existing heat barriers? 

Where can maintenance costs be cut 
by applying new metals with very 
high corrosion resistance? 

In the field of special metals, Mallory­
Sharon is the company that's making 

news. New titanium alloys, with ele­
vated temperature properties never 
before achieved with this material! 
Reduced prices on titanium and zir­
conium sponge ... savings directly 
reflected in lower prices of mill prod­
ucts! 1,000,000 lbs. of zirconium to 
be available for commercial use 
in 1959! 

For technical assistance on any prob­
lem involving titanium, zirconium or 
other special metals ... call in a 
Mallory-Sharon service engineer. He 
knows what's new in special metals. 

MALLORY • SHARON 
MALLORY·SHARON METALS CORPORATION · NILES. OHIO 

Integrated producer of Titanium • Zirconium • Special Metals 
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CAPABILITIES fOR DEfENSE 

Westinghouse is spending $185 million 

for research and .development in 1959 

HERE ARE SOME CURRENT PROJECTS ... 

HIGH TEMPERATURE ELECTRICAL INSULATION. 

Effective for long periods at 500· C - eventual 
applications to 1000· C now contemplated. 
Demonstration motor shown above is running red 
hot. Aircraft Equipment Department, Materials 
Engineering Departments, and Research Labora­
tories 

SPECIAL METALS. Westinghouse spearheads research 
in refractory alloys with one af the country's largest 
programs in special metals. Westinghouse is nation's 
principal supplier of a number of special defense·appli­
cation metals. Materials Manufacturing Department, 
Aviation Gas Turbine Division and Lamp Division 

• 

HIGH-VACUUM RESEARCH. Extensive high.vacuum 
research conducted since 1947. Current areas of 
investigation include electrical and chemical pump­
ing in ultra high-vacuum range and component 
development for lorge high speed pumping systems. 
Results being applied in advanced electronic device 
developm ent. Air Arm Division and Research 
Laboratories 

UNDERWATER SONICS. Current Westinghouse projects being conducted in 
laboratories and at sea are investigating various types of "scatterers" and 
their effect on the underwater transmission of sound. Also under develop­
ment: acoustical torpedo controls and on acoustical mine identification system. 
Ordnance Department and Research Laboratories 

NON-ROTATING 360· RADAR ANTENNA. Only the feed point mOves. Principle 
involved will permit economical construction of very large high gain scanning 
antennas. Application of inflation techniques will permit lighter-weight long-range 
air.transportable radar, Working models already built and evaluated. Electronics 
Division and Research Laboratories 
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LIGHT AMPLIFICATION, through electron bom­
bardment induced conductivity. Extremely sen­
sitive. Principle especially useful for satellite 
reconnaissance devices. Efficient working mod­
els have been developed. Electron;c Tube 
Division, Astronautics Institute and Research 
Laboratories 

PULSE-DOPPLER RADAR is in advanced devel­
opment in three major areas of application at 
Westinghouse. Research is continuing to open 
up new potentials. Westinghouse is the 
acknowledged leader in this field. Air Arm 
Division 

LOW-NOISE MICROWAVE AMPLIFICATION_ 

Westinghouse scientists have developed vari­
ous low-noise solid-state amplifying devices# 
both MASER and non-linear reactance Iypes_ 
Progress in recent years was speeded by prior 
years of research in low-temperature and solid· 
state physics. Air Arm Division and Research 
Laboratories 

NUCLEAR RESEARCH_ AI the Westinghouse Testing 
Reactor, engineers are preparing high intensity radia­
tion tests on a wide range of materials to determine their 
structural, chemical, and nuclear stability. This is a 
necessary prelude to using these materials in certain 
atomic power applications now under development. 
Atomic Power Deportment 

NEW DATA DISPLAY DEVICES_ Electroluminescent cells, 
individually controlled, form flat picture. Model has over­
size cells for demonstration; latest techniques produce 
cells only 1/16" across. Similar tote board display, 
capable of high-speed read-oul of digital inputs, in pro­
duction. Both devices can be erased instantly or retained 
and studied for long periods. Electronics Division, Ray­
escent Lamp Department and Research Laboratories 

INFRARED research projects include: thermal imaging 
-working models in advanced development; ultrasen­
sitive daped crystal deJectors - advanced test models; 
photo-electric magnetic detection - working model_ 
Air Arm Division, Semi-Conductor Department, Ma­
terials Engineering Departments, and Research Labor­
atories 

THERMOELECTRICITY. Westinghouse recently devel­
oped the first efficient material to produce electricity 
directly from heal 01 high temperatures (11000 C)- In 
addition, other thermoelectric material under develop­
ment can be used for cooling purposes, induding very 
light-weight applications. Forty Westinghouse scien­
tists now on this project. Materials Engineering 
Department and Research Laboratories 

For information on these and other research projects, write to Mr. E_ 'V. Loc];e, 
Director, Customer Relations, vVesting-house Defense Products Group, 
1000 Connecticut Avenue, N.W_, Washington 6, D. C. 

Westinghouse 
DEFENSE PRODUCTS AIR ARM DIVISION 

AVIATION GAS TURBINE DIVISION 

ELECTRONICS DIVISION 

AIRCRAFT EQUIPMENT DEPARTMENT 

ORDNANCE DEPARTMENT 

YOU CAN BE SURE ••• IF ITS Westinghouse 
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C
OSMIC ray intensity ... outer space temperatures ... atmospheric 

density ... gravitational force ... the soft pulse of a monkey 
riding a nose cone. 

This is the important news from outer space. It comes to us via 

telemetry receivers designed and produced by Nems-Clarke Company, 

a division of Vitro Corporation of America. 

More than 95 per cent of the telemetry receivers at U. S. missile test 

stations and ranges were designed and built by Nems-Clarke, a company 

manufacturing communications, photographic, broadcast and tele­

vision equipment and scientific instruments for the U. S. Government 
for the past 50 years. 

As the probe into deep space goes on, Nems-Clarke will continue 
to provide the best in telemetry receivers and other electronic equipment 
for our defense. 

. 

This vital role in telemetry is another example of Vitro's strength in 

weapon systems, nuclear energy, extractive metallurgy and other 

technologies of the atomic age. 

Vitro makes tomorrow's technologies available today 

CORPORATION of AMERICA 

261 Madison Ave., New York 16, N. Y. 
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fiir Research, development, weapon systems 

.$ Nuclear and process engineering, design 

� Electronics development and production 

A Refinery engineering, design, construction 

'><' Uranium mining, milling, and processing 

� ,Thorium. rare earths, and heavy minerals 

o Recovery of rare metals and fine chemicals 

� Aircraft components and ordnance systems 

o Ceramic colors, pigments, and chemicals 

LETTERS 
Sirs: 

The article "Drilling for Petroleum" 
by Sullivan S. Marsden, Jr., [SCIENTIFIC 
AMERICA]';, November, 1958] described 
a "most striking Soviet innovation" that 
sets aside conventional mechanical drill­
ing methods in favor of flame drilling. 

The flame drilling process which is 
described as in the development stage 
is not a Soviet innovation. Several flame 
processes for flame piercing and work­
ing of rock and stone were developed in 
the U. S. many years ago by Linde 
Company, Division of Union Carbide 
Corporation. One of these patented 
processes, known as J et-Piercing, uses 
the same fuel combination as the Soviet 
"experimental" process, a mixture of 
kerosene and oxygen, to produce a high 
temperature, supersonic flame. The dif­
ference between the processes would ap­
pear to be the time of development. The 
American Jet-'Piercing process has been 
in production use in the U. S. for more 
than 10 years . 

Our country's largest domestic reserve 
of iron ore consists of iron-bearing for­
mations of taconite located in the Mesabi 
Range of northern Minnesota and 
throughout northern Michigan. Known 
as the "meanest rock on earth," taconite 
has a hardness capable of scratching 
glass and at one time was considered im­
possible to mine. Thousands of blast 
holes were needed to get out the valu­
able taconite, but because of the extreme 
hardness of the taconite the use of con-
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The artist has captured a rare expression on the face of Sigma's general 
manager - one of happy satisfaction and complete contentment. This is 

because the sales dept. has just told him (1) about a new Machine of 
Pleasure which uses a Sigma product and (2) that the customer is overjoyed 

because the Sigma product works right. His corporate corpulence is 
enjoying every minute of it, while it lasts. By publicizing this latest applica­

tion triumph, it is hoped that others will be spurred on to similar successes. 

An enterprising consulting engineer on the West Coast recently took 
on the job of building a fully automatic machine for folding Chinese 

fortune cookies. The specs called for handling a piece of hot, flexible 
cookie dough every five 'Seconds; folding it in two directions and getting 

the fortune inside the cookie between folds; using up 420 different 
fortunes before repeating. The machine slices printed fortunes as required 

from continuous rolls. It was at this point that consulting cookie engineer 
William E. Thomas asked his E. E. brother Frank how to keep the slices 

between the lines; since brother Frank reads Sigma ads, his immediate 
reply was "Sigma Photorelay" (we like to think) . One was purchased and 

rigged up to control the paper feed, by sensing black bars printed on 
the rolls. Brothers Thomas, their project engineer Charles A. Lindberg 

(honest!) , their customer and Sigma are now all entranced by the results. 

So one more banner should be raised for the unsung heroes whose 
accomplishments do not go up in three stages and a deafening roar, but 

simply "kerplunk" every few seconds as a new little item is unfailingly 
produced. If you have such a project, and light sensing can be put to a 

useful purpose, a Sigma Photorelay might be worth trying. 
-

They come ready to plug in, switch 3 amps. resistive 
at 120 VAC, cost only about $12.00; the cookie boys 

even went so far as to say "we certainly could not 
have installed anything else that worked properly so 

inexpensively." Who knows, maybe you could even 
build a machine to get the ordinate and abcissa 

straight on hot cross buns. 

SIGMA 
SIGMA INSTRUMENTS, INC. 

40 Pearl St., So. Braintree 85, Mass. 
AN AFFILIATI! OF THE FISHER-PIERCE eo. (all'ln1.3.) 

ventional drilling methods was consid­
ered economically impossible. 

The Jet-Piercing process makes pos­
sible the economical mining of the 
taconites and other low-grade iron ores, 
and produces blast holes at speeds of 
from 12 to 40 feet an hour. 

Linde Company 
New York, N. Y. 

Sirs: 

R. B. AITCHISON 

Mr. Aitchison is correct in saying that 
the concept and practice of flame drilling 
first evolved in the U. S. and not in the 
U.S.S.R. If my article gave another im­

pression, I am sorry. However, I was· 
referring to the use of the flame tech­
nique in the drilling of oil wells. Such 
drilling involves problems of greater 
magnitude than those encountered in 
the drilling of blast holes. I know of no 

published reports on the flame drilling of 
oil wells in the U. S., though it may very 
well have been tried. 

SULLIVAN S. MARSDEN, JR. 

Stanford University 
Stanford, Calif. 

Sirs: 
In your November review of my book, 

Computability & Unsolvability, the dis­
covery of "absolutely unsolvable prob­
lems" is attributed to Kurt Codel and 
A. M. Turing. Actually unsolvable deci­
sion problems first appeared in 1936 in 
papers by Alonzo Church and by A. M .  
Turing. Coders important discovery, 
which appeared in print five years em'li­
er, was that for any system of symbolic 
logic which satisfied a small number of 
reasonable conditions there would be a 
proposition about the positive integers 
whose truth could not be decided within 
that logiC, Coders propositions are thus 
"undecidable" only relative to a given 
logic. The unsolvable decision problems 
of Church and Turing relate not to a 
single proposition but to an entire class 
of propositions. Their result is that there 
can be no mechanical procedure for de­
termining whether or not a given propo­
sition selected from this class is true or 
false, and this result is truly "absolute" 
depending on no initial choice of a sys­
tem of logiC. 

MARTIN DAVIS 

East Windsor Hill, Conn. 
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Insulators made of TFE-fluorocarbon resins are used in coaxial couplers which sample RF power in radar-jamming equipment. (By Narda Microwave Corporation. Mineola. New York.) 

THE INSIDE STORY: parts that help misguide enemy missiles 

High above the earth a missile reels in unguided flight 
-its radar blinded by electronic countermeasures. In­
sulation of TFE-fluorocarbon resins ... in components 
like those shown here, and on wire and cable . .. is 
often vital to the performance of such instruments of 
defense, where reliability is an absolute necessity. 

The insulating spacers shown here must have a low 
dielectric constant and low dissipation factor over an 
extreme range of frequencies, including the microwave 
region. They must withstand severe vibration without 
cracking. They must not absorb moisture. They must 
withstand high temperatures . . . and must be unaf­
fected by aging. TEFLON TFE-resins meet all these 

<® POfIP -':�uEc!:o�s,�O 
�;:� u.) p .. r of! 

BETTER THINGS FOR BETTER LIVING • • •  THROUGH CHEMISTRY 

requirements in many forms of insulation. 
TFE resins are important materials not only in ad­

vanced military hardware, but also in many industrial 
applications. They offer the maximum in such charac­
teristics as chemical inertness and low coefficient of 
friction. The combination of properties found in TFE 
resins adds up to better performance at a lower total 
cost. Send for technical data and information on uses 
and processing. Write to: E. 1. du Pont de Nemours 
& Co. (Inc. ), Polychemicals Department, Room T -392, 
Du Pont Building, Wilmington 98, Delaware. 
In Canada: Du Pont Company of Canada (1956) Limited, 
P.O. Box 660, Montreal, Quebec. 

TEFLON is Du Ponfs registered trademark for 
its fluorocarbon resins, including the TFE (tetra­
fluoroetl1ulene) resins discussed here';n. 
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ANOTHER NEW USE FOR BENDIX POWER STEERING! 

The pilot in the picture is looking at 
a power steering device that differs 
from the type we make for your car 
mainly in that it is electronic and 
hydraulic. The quickness of elec­
tronics was needed because the air­
plane is the new Republic F-105 
Thunderchief, the Air Force's fastest, 
most advanced fighter-bomber. It 
takes off at about 180 mph, flies at 
nearly twice the speed of sound and 

.. ' _." lands at speeds of up � to 230 mph! The super 
.:.... . sensitive Bendix steer-

ing mechanism gives the pilot firm 
control of the plane on the ground at 
all times. 

Republic gave Bendix 
the job of developing 

something special in this case because 
we have built power steering systems 
for practically every type of vehicle 
on or off the road, in the water or up 
in the air. Submarines, missiles, air­
craft, cars, trucks, buses, tractors 

and giant road build­
ers all use Bendix® 
Power Steering. 

People buy it for different reasons . 
Sometimes they need its brute force 
most, as in the case of submarines or 
the awesome B-58 .. Hustler", the 
world's first supersonic heavy 
bomber; it flies so fast it would 

be impractical for man to fly with­
out the aid of the revolutionary 
new Bendix Control System that 
.. thinks" with the pilot. Other times 
a customer puts top priority on the 
extreme accuracy of our .. power 
steering" for guiding a missile in 
flight, for example, or this Republic 
F-105 airplane on the ground. 

If you are not familiar 

W with the pleasing sensation 
of driving a car with Bendix 

Power Steering, you ought to make a 
special point of asking for a demon­
stration when you inspect the new 
1959 models. It makes steering so easy 
we think you'll buy it if you try it. 

A thousand products -"ncfY a million ideas 
AVIATION CORPORATION 
Fisher Bldg., DetrOit 2, Mich. 
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TRIAL BY FIRE FOR HIGH TEMPERATURE BEARINGS 
Part of the bearing development program at Torrington 

is this "torture chamber" in which jet afterburner and 

other high temperature operations are simulated. 

Here Torrington bearings first met the test of suc­

cessful operation at temperatures of 8000 F. These high 

temperature bearings are today being. produced by the 

thousands for the aircraft industry. 

Meanwhile, Torrington continues to cooperate with 

industry in testing new bearing designs and materials 

at 10000 F, 12000 F and beyond. On the basis of ex­

perience and working knowledge already gained, we are 

confident of developing bearings that will perform suc­

cessfully at these elevated temperatures. 

Developments in high temperature bearings are only 
one part of Torrington's continuing effort to improve 
bearings in design, material and performance. 

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

RESEARCH FOR PROGRESS IN BEARING DESIGN AND PERFOR MANCE 
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CONTONENTAC QpTOeAC COMPANY �'t"� 
THE 

, f) "i'i' 
DIVISION Of JACQUES KREISLER CD

. C " 

�'::fto. 

Where work and play are combined-profitably! This fast-growing 
electronics, nucleonics and mechanical engineering and research 
center of Florida invites you to join these major business firms who 
have located in this area. Available skilled workers, excellent schools, 
fine transportation make an ideal community in which to live, work 
and play where most people dream of retiring. Write on your letter­
head today for informative literature. 

Note: Persons seeking positions with St.Petersburg industries, please 
write Florida State Employment Service, 1004 First Avenue North. 
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THE FACTS ABOUT MAGNESIUM 

AND FIRE 

There are many misunderstandings about the 
lightest structural metal. .. Here are some facts 

everyone in manufacturing should know. 

MAGNESIUM is being used today 
in many varied applications. 

Some of these uses involve normal 
operating temperatures while others 
involve elevated temperatures rang­
ing from 500° to 700°F. and above. 
Such items as ladders, luggage, hand 
trucks, aircraft wheels and skins are 
all used at temperatures where igni­
tion is improbable. Supersonic jets and 
missiles, however, rely on magnesium 
alloys for dependable performance at 
the elevated temperatures previously 
mentioned. 

Yet some designers, engineers and pro­
duction men hesitate to work with 
magnesium because they have heard 
that it "burns." What are the facts 
about this highly useful metal? 

The National Fire Protection Associa­
tion discusses the combustibility of 
magnesium as follows: "The ease of 
ignition of magnesium depends to a 
large extent upon the size and shape 
of the material as well as the size or 
intensity of the source of ignition. In 
the form of ribbon, shavings, or chips 
with thin feather-like edges, or grind­
ing dust, a spark or the Harne of a 
match may be sufficient to start the 
material burning. Heavier pieces such 

as ingots and thick wall castings are 
difficult to ignite because heat is con­
ducted rapidly away from the source 
of ignition. If the entire piece of metal 
can be raised to the ignition tempera­
ture (about 1200°F. for pure magne­
sium and many of the alloys) self­
sustained burning will occur."* 

AN ACETYlENE TORCH fails to sustain igni­
tion of this magnesium casting, even after 
prolonged contact. Heat is conducted rapidly 
away from the point of application. 

Hundreds of foundries and metal­
working fabricators work with magne­
sium every day. Because these firms 
know how to handle the metal, the 
incidence of fires attributed to mag­
nesium is very small. 

DIRECT CONTACT with an open flame will not ignite magnesium alloy in this application. 
Magnesium griddles for cooking have been in use for many years. 

FOR FURTHER DETAILS on safe handling of magnesium, contact your nearest 
Dow Sales Office or write to THE DOW CHEMICAL COMPANY, Midland, Michigan, 
Department 1482-EQ2. 

It is important that proper machine 
shop practices and rules of good house­
keeping be followed. Correctly ground 
tools will decrease tool pressure and 
friction on the work, preventing tem­
peratures high enough to reach the 

GOOD HOUSEKEEPING, proper machine shop 
practices keep risk of fire to a minimum; 

ignition point of the chips and turn­
ings. A shower of hot sparks from the 
grinding of a steel tool bit could ignite 
dust left from the previous grinding 
of a magnesium part, but magnesium 
will not ignite spontaneously. 

Once ignited, a fire in magnesium can 
be extinguished effectively by sprin­
kling on a layer of a graphite base 
powder such as G-l. Various other 
proprietary powders are also available. 
Water, or any of the liquid, gas, or 
foam type extinguishers should not be 
used. They tend to react with the 
burning metal and accelerate the fire. 
With the correct basic knowledge and 
proper attention to safety precautions, 
anyone can handle magnesium in the 
shop with negligible risk. 

" Source: Chapter One (N.F.P.A.), Bulletin No. 
48, STANDARDS FOR MAGNESIUM. This bulletin 
available on request without cost or obligation. 

YOU CAN DEPEND ON 
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YOU 

HEAR 

Why Bogen? .. Because the full 

potential of stereophonic sound can 

only be achieved with genui.ne high­

fidelity components. When you start 

your stereophonic system, you are mak­

ing an investment in the future which 

will pay off with long years of musical 

satisfaction for the entire family. 

You can buy Bogen equipment con­

fidently with the knowledge that its 

high reputation for technical excel­

lence, confirmed by leading testing 

o rganizations, is complemented by 

careful produotion control and out­

standing styling. Stereophonic high­

fidelity systems by Bogen cost less than 

you might believe (new stereo ampli­

fiers start at $115.00), and the results 

are breathtaking. 

STEREO 
YOU MUST HEAR IT SOON! Before 

another week goes by, stop in to see 

your dealer for a demonstration of 

stereophonic high-fidelity by Bogen. 

If you now own a Bogen high­

fidelity system, you're more than half 

way there! Stereophonic conversion 

can be lIIade l'ight now 011 any Bogen 

high-fidelity system manufactured 

since 1940. Not just an added second 

challnel, bllt completely integrated. 

balanced stereo. Y Wi l' Bogen dealer i, 

ready /lOW to help you select the best 

stereo phonic adapter and amplifier to 

match }'Ollr present system. 

SEND FOR NEW 
64-PAGE BOOK 

Mail coupon and 25¢ for the 
new stereo edition of "Under� 
standing High Fidelity." Over 
265,000 readers have found the 
three previous editions to be the 
m ost lucid explanation of the 

: whys and hO'W8 of high fidelity. 
including selection of system 
components. 

DB 212 Stereophonic Amplifier 

. 

" 

.. �� 
David Bogen Co.,Paramus. N. J .. Dept. };'2 
Please send new stereo edition of "Understanding High 

Fidelity" (for which I enclose 25¢) and a free catalog. 

o Please send free catalog only. 

NAME .............................................. . 

ADDRESS .......................................... . . 
CITy ...................... ZONE ... STATE ........ .. 

.. ,.. ........................... . David Bogen Co., Paramus, N. J . •  A Dil'Islon of The Siegler Corporation ............. .................... : 
Manuracturers or High·Fidelity Components. Public Address Equipment and Intercommunication Systems 
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50 AND tOO 
YEARS AGO 

FEBRUARY, 1909: "The popular 
subscription for Count Von Zeppelin, the 
inventor of the huge German airship, 
was closed on December 24th after a 
total amount of over $1,500,000 had 
been raised. Since acquiring the re­
modeled third airship of the Count, the 
German Government has decided to or­
der four new aircraft of this type for 
naval use. In contrast to Germany's for­
ward-looking policy, the U. S. House of 
Representatives has just rejected a bill 
for the appropriation of $500,000 for 
the purchase of balloons and aeroplanes 
for military purposes." 

"Capt. Roald Amundsen's polar ex­
pedition is now assured, for the Nor­
wegian Storthing has voted him a 
subsidy of $18,000, necessary for the 
outfitting of Nansen's famous ship, the 
Fram." 

"As a result of a lecture delivered by 
Sir Frederick Treves, the eminent British 
surgeon, in which he illustrated some 
practical curative results attained by the 
use of radium, a British Radium Institute 
has been founded for carrying out re­
search operations in connection with the 
application of radium to surgery. In the 
course of his lecture Sir Frederick stated 
that radium can cure every form of 
naevus; will eradicate the terrible port­
wine stain, which is probably one of the 
greatest disfigurements with which one 
can be afflicted; and will rid the patient 
of the pigmented mole and hairy mole." 

"From Thomas A. Edison's works at 
Orange, N.J., have come upward of 
1,310,000 phonographs during the past 
20 years, with and for which there have 
been made and sold no less than 97,-
845,000 records of a musical or other 
character. In connection with these fig­
ures it is interesting to recall that when 
the first operative machine was pro­
duced, Mr. Edison packed up the instru­
ment and came to the office of SCIEN­
TIFIC AMERICAN. Without ceremony he 
placed the machine on the Editor's desk 
and turned the crank. The machine Iiter-
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Vigilant acquisition radar for Nike-Hercules first 
detects approach of distant aircraft, pinpoints its 
location and instantly signals to battery control. 

From Bell Telephone Laboratories ... 

Brainpower 
for the brawny 

Nike-Hercules 

T he Army's newest surface-to-air guided missile-the 
lethal Nike-Hercules-is now operational. Because it 
is, no unfriendly plane will be able to fly sufficiently 
high, fast or evasively to escape a fatal rendezvous 
with it. 

For Hercules has a "brain" - an intellect that 
makes it a prodigy among today's electronic robots. 
Bell Telephone Laboratories developed it. Western 
Electric (prime contractor for the entire missile 
system) is producing it. Douglas Aircraft Company 
is giving it its body. 

T his "brain" is a fully integrated guidance sys­
tem, almost entirely land-based. Only the vital signal­
receiving apparatus is expendable within the missile 
itself. Other highly practical features: it defies "jam­
ming," is completely mobile, is designed in separate 
"building block" units which are replaceable in sec­
onds-and is deadly accurate. 

Bell Labs scientists and engineers designed the 
world's largest and most intricate telephone com­
munications network for the Bell System. They de­
veloped about half of the Armed Forces' radar equip­
ment during World War II. And they pioneered the 
nation's first successful air defense guided missile 
system -Nike-A j ax. 

They were eminently qualified to give Hercules 
the brainpower it needed. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 

Two tracking-radar antennas, housed in radomes, 
t ake over. One feeds target azimuth, elevation, 
range data to computers; other tracks Hercules. 

Two sets of radar data are electronically computed 
and plotted. Hercules is "steered" by radio signa Is, 
then detonated at precise point of interception. 

17 
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Generator G·SOOI 
500 watts output 

Transducerized Tank NT·SOOI 
Capacity: 10 gallons 
Dimensions: 20" L x 111/2" W x 10" D 

GIANT 
narda 
SONBLAJTIR 

Generator features tank selector and load selector 

$1325 switches on front panel to operate one or two NT-SOOl 
tanks alternately. Other combinations of tanks and sub-
mersible transducers available from stock; larger tanks 
available on special order. 

For mass - production cleaning and 
high capacity chemical processing! 
Here's a new Narda Son Blaster ultrasonic cleaner with tremendous cavi­
tation activity and generating capacity! Featuring full 500 watts output, 
this Son Blaster is available with a fully transducerized giant lO·galion 
capacity tank. In addition, it will operate from six to 10 Model NT·605 
high energy submersible transducers, at any one time. in any arrange­
ment in any shape tank you need up to 70-gallon volume. 

Install this new Narda Son Blaster, and immediately you'll start 
chalking up savings over costly solvent, vapor or alkaline degreasmg 
methods! You'll save on chemicals and solvents, cut maintenance and 
downtime, eliminate expensive installations, save on floor space, and 
release labor for other work. But perhaps most important, you'll clean 
faster, cut rejects, and eliminate bottlenecks. 

Whether you're interested in mass-production cleaning or degreas­
ing of mechanical, electronic, optical, or horological parts or assembltes 
... rapid, quantity cleaning of "hot-lab" apparatus, medical instruments, 
ceramic materials, electrical components or optical and technical glass­
ware ... or in speeding up metal finishing and chemical processing of all 
types-you'll find this new SonBlaster will do your work faster, better 
and cheaper. Write for more details now, and we'll include a free 
questionnaire to help determine the precise model you need. Address: 
Dept. SA·20. 

Consult with Narda for all  your ultrasonic requirements. The 
Son Blaster catalog line of ultrasonic cleaning equipment ranges from 
35 watts to 2.5 KW, and includes transducerized tanks as well as immers­
ible transducers which can be adapted to any size or shape tank you 
may now be using. If ultrasonics can be applied to help improve your 
process, Narda will recommend the finest, most dependable equipment 
available for immediate delivery from stock-and at the lowest price 
in the industry ($175 up)! 

For custom-designed cleaning systems, write to our Industrial Process 
Division: for information on chemical processing applications, write to our 
Chemical and Physical Process Division: both at the address berow. 

�jj)jj)iJD 
11al'lda ultrasonics 

the corporation 
625 MAIN STREET, WESTBURY, l. I., N. Y. 
Subsidiary of The Nardo Microwave Corporation 

ally spoke for itself, 'Good morning: it 
said. 'How do you do?' And thus the 
Editors of SCIENTIFIC AMERICAN con­
stituted the first public audience that 
ever listened to the phonograph." 

"Monochromatic photographs of the 
sun have been made daily on Mt. Wilson 
since October, 1905, with the Snow 
telescope and the five-foot spectrohelio­
graph. These record the phenomena of 
a region in the solar atmosphere higher 
than that previously explored, and reveal 
the existence of extensive vortices or 
cyclonic storms associated with sun­
spots. There can now be little doubt that 
what we see in the telescope as a sunspot 
is the mass of vapor, cooled somewhat 
below the temperature of the photo­
sphere, which lies at the center of an 
invisible vortex. Tests made with the 
30-foot spectrograph of the tower tele­
scope show all the characteristic phe­
nomena of the Zeeman effect in the spot 
spectrum, and indicate that a magnetic 
field is produced by the revolution of 
negative corpuscles in the vortices." 

"For the purpose of making system­
atic surveys to determine the magnetic 
conditions on all the deep seas of the 
world, the Carnegie Institution is having 
constructed a magnetic survey vessel, 
designed by Henry J. Gielow, author of 
some of our must successful racing 
yachts. She will have full sail power, 
with a brigantine rig capable of carrying 
about 12,900 feet of plain sail. In order 
to render her practically nonmagnetic, 
all-metal deck fittings and metalwork on 
spars and rigging will be of bronze, cop­
per and gun metal. Except for the thin, 
cast-iron cylinder liners and the steel 
cams for the valves, the engine is con­
structed entirely of bronze. The shaft 
will be of Tobin bronze and the propeller 
and feathering gear of manganese 
bronze." 

"Oxyben zy 1- m eth y len glycol-an h y­
dride is the chemical name of a coal-tar 
product which is being used as an in­
sulator. However, it goes by a trade 
name of bakelite after the inventor, Dr. 
L. H. Baekeland. It is stronger than hard 
rubber, withstands a higher tempera­
ture, and is unaffected by most chemi­
cals." 

"According to a consular report, Sir 
Oliver Lodge has recently demonstrated 
the efficiency of his fog-clearing appa­
ratus in Liverpool. He succeeded in 
clearing a thick fog over a radius of 60 
feet. The Lodge system consists in dis­
charging electricity at high voltage from 
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THE F-l05-D FLIGHT SIMULATOR- BE ING 

HUMAN ENGINEERED, DESIGNED AND 

BUILT BY ERCO PROVIDES COMPLETE. RELIABLE, 

EFFECTIVE TRAINING 

FOR THE ENTIRE MISSION PROFILE OF 

THE LATEST AIR FORCE 

ADVERSE WEATHER AIRCRAFT. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

mission training 
FEATU RES; 

Automatic Self-Checking System (aural-optical) 
provides component failure indication by general 
area and exact location. The simulator is operative 
in a matter of minutes. 

Reliability-in excess of 95% utilization. 

Human Engineering-complete environmental 
realism. 

Man-Machine Task Analysis Design-maximum 
learning transfer for both operator and instructor. 

Erco's man power-facilities-capabilities and mission 
training experience help the Air Force "to fill the 
suit. _ to man the plane." 

�� 
WRITE FOR I LLUSTRA TED F-I05-D MISSION TRAI N I NG BROCH U RE. 

Vtl ERCO TRAINING-TO FILL THE SUIT .. TO MAN THE PLANE 

AMERICAN CAR AND FOUNDRY ADVANCED PRODUCTS AVION 

NUCLEAR PRODUCTS - ERCQ, DIVISION OF 

Gel' INDUSTRIES. INC .. RIVERDALE. MARYLAND 

CARTER CARBURETOR SHIPPERS CAR LINE W-K-M 
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��Tools designed by 

the 'DtG/G .. /5 computer 

give our customers maximum value" 
says EDWIN J. MERIUCK, Director of Engineering, 

NATIONAL TOOL COMPANY. CLEVELAND 

"The growth of automation has placed previously 
unheard of demands on the tool industry for 
products of high precision and optimum life. 
National Tool has installed a Bendix G-15 
computer, which now enables us to arrive at 
these characteristics in our gear generating 
tools by scientific methods. We consider the G-15 

vital in maintaining our position as the 
world's largest manufacturer of a complete line 
of special gear generating tools." 

THE G-15 FEATURES compactness and proven reliability 

at low cost. Memory and speed of computers costing 

four times as much. Simplified operating methods -

easy to learn, easy to use. Typewriter and paper tape 

input-output at no extra cost. Paper tape input to 250 
char.!sec. Expandability through accessories for 

1,200,000 words of magnetic tape storage and punched 

card input-output. Extensive program library. Users 

share programs. Nationwide service organization. 

Lease or purchase. 

DIVISION OF 

BENDIX 

AVIATION 

CORPORATION 

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

of progressive businesses large and small throughout the 

world. For details write to Bendix Computer. Department 

CoS. Los Angeles 45. California. 

a series of disks, with the result that the 
fog is condensed and falls to the ground. 
The apparatus will soon be tested in 
London." 

"The referee board of Consulting Sci­
entific Experts appointed by President 
Roosevelt to pass finally upon the pure 
food decisions of Dr. Harvey W. Wiley, 
Chief Chemist of the Department of 
Agriculture, has reversed the findings of 
Dr. Wiley, and given it as their opinion 
that benzoate of soda is not harmful to 
health. Among the signers of the report 
are President Ira Remsen of the Johns 
Hopkins University, and Russell H. Chit­
tenden, director of the Sheffield Scien­
tific School of Yale University." 

FEBRUARY, 1859: "M. Groux, the 
man with the thoracic cavity which ad­
mits of an inspection of the internal 
mechanism, has had an electro-magnetic 
machine made which, applied through 
the orifice, tinkles a bell with every pul­
sation of the heart. The machine was 
made by Mr. Farmer, of the Alarm 
Telegraph office. Recent experiments 
were made in connection with the exact 
and delicate apparatus in the Observa­
tory at Cambridge, Mass. The operating 
forces were divided, one portion taking 
their post at the Observatory, the other 
in Boston. The principal agent, Mr. 
Groux himself, being in Boston, the 
heart's impulses were transmitted over 
the electric wires, and instantaneously 
recorded at the Observatory." 

"The distinguished inventor of the 
stereoscope and of the first telegraph 
erected in England, Professor Wheat­
stone of London, has just secured a pat­
ent for a recording telegraph whose ob­
ject is to use the positive and negative 
currents alternately, so as to obviate 
some of the evils of induction that pre­
vent the rapid transmission of messages. 
He uses a perforated strip of paper to 
receive the records. This strip is placed 
in connection with a rheomotor ( or 
source of electric power) which, on be­
ing set in motion, causes it to move 
along and act on two pins in such a 
manner that, when one of them is elevat­
ed, the current is transmitted in the 
opposite direction. The apparatus is 
quite complicated." 

"It is really wonderful to witness the 
progress which some inventions have 
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The first two Motorola Mesa transistors, the 2N695 switch 
(with a rise time less than 3 mj.lsec) and the 2N700 (a 200 
mc amplifier), were announced in August, 1958. Our pilot 
line facility at that time had a capacity to produce several 
hundred devices per day and our plans were to move into 
full scale production during the first few months of 1959. 
We expected this capacity to be able to meet any possible 
demand which our customers might place on us. However, 
the reception of these devices s'urpassed all expectations and 
requests for samples far exceeded our pilot production. Nat­
urally, we have been very happy with the response, but our 
main concern has been the integrity of our product, and we 
have steadfastly refused to proceed with expanded produc­
tion until we satisfied ourselves that each new process would 
yield the extremely high quality and reliability which we 
intend to be synonymous with the name Motorola Mesa. 

As many of you already know, the two Motorola Mesa 
transistors now available are unusual devices. The active 
region of these transistors covers an area less than that of 
a human hair. Yet they are manufactured by methods so 
precise that they do not need to be selected, as are most 
transistors today, but are made within extremely close toler­
ances to the electrical and mechanical characteristics de­
sired. The elements which are used in their fabrication have 

RIDGEFIELD, NEW JERSEY 
540 Berien Boulevard 

Whitney 5·7500 
CHICAGO 44, ILLINOIS 

4900 West Flournoy Street 
ESterbrook 9·5200 

lIOLL YWOOD 28, CALIFORNIA 
6555 Sunset Boulevard 

HOllywood 5·3250 

been carefully selected so that each and every transistor can 
be baked out under high vacuum at 300°C before being her­
metically sealed. 

This is just one of the extra steps we at Motorola are 
taking to insure the integrity and reliability of these devices. 
The size of the transistor, the ultra-precise methods which 
we use in its fabrication, and the basic design of the Motorola 
Mesa itself all combine to give you the most reliable tran­
sistor the industry has yet seen. There is no doubt in our 
minds that the Mesa is "the" transistor of the future. 

With this conviction guiding us we have been putting 
great emphasis on production tooling for Motorola Mesas 
and within a few weeks we shall swing into large scale 
manufacture of the Mesa transistor. At that time, we shaH 
be in a position to accept production orders for these tran­
sistors of the future. 

Even with this emphasis on production, basic research 
and development has not been neglected. Motorola's de­
velopment team has expanded its study of the Mesas. Exten­
sions of the design to higher power and higher frequency 
are ready for introduction in the very near future. Before 
long, we shall have a whole family of Motorola Mesas with 
the same integrity and reliability of these first two devices 
. . .  a family of devices that will open up entirely new areas 
of transistor application. 

M 
"DEPENDABLE QUAliTY -IN QUANTITY" 

MOTOROLA 
SEMICONDUCTORS 

5005 E. McDOWELL, PHOENIX, ARIZONA 
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1. 0 DUAL-Grating Spectrograph 

2. 0 1.5 Meter Stigmatic Grating 
Spectrograph 

3. 0 Large Littrow Spectrograph 

4. 0 Littrow-Echelle Spectrograph 

5. 0 Echelle Attachment 

6. 0 Quantometers 

7. 0 Quantograph 

8. 0 Vacuum Spectrographs 

Proble 
Spect 

9. 0 X-ray Spectrographs 

10. 0 Spectronic 20 Colorimeter· 
Spectrophotometer 

11. 0 Spectronic Color Analyzer 

12. 0 Densitometer 

13. 0 Source Excitation Equipment 

14. 0 Arc and Spark Stands 

15. o Petrey Stand 

16. 0 Grating Monochromators 

17. 0 Certified-Precision Diffraction· 
Gratings 

18. 0 Interference Filters 

19. 0 Spark Generator 

20. 0 Spectrum Viewing Box 

21. 0 Spectrum Viewing Magnifier 

22. 0 Electrode Shaper 

23. 0 Slit Assemblies 

24. 0 Custom-made Spectrographic 
Equipment BAUSCH & LOMB 

r----------
BAUSCH & LOMB OPTICAL CO. 

69438 ST. PAUL ST., ROCHESTER 2, N. Y. 

SlN"V"Sl 
Send data on the following B&l equipment. (Encircle numbers corresponding to check-list 
above). 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

D Schedule free analytical planning service at my convenience 

Name, Title 

Professional 

I 
I 
I 
I 
I 
I 

Address ______ ________ . ___________________________ . _____________ . 

I 
I 
I ---------.-------------------------------------.--------- I 
I 

L _______________________ J 
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made, in spite of the most bitter and 
powerful opposition. This has been the 
case with gas-lighting in the city of 
Philadelphia. The Philadelphia Ledge1' 
publishes a document or remonstrance, 
made in 1833 by a large number of the 
most wealthy and distinguished citizens, 
against lighting the city with gas. The 
keenest satire which can be published 
on the light which then shone upon the 
minds of such petitioners is that one of 
them, Mr. John C. Cresson, is no'w chief 
engineer of the city gas works." 

"Dr. Bocker, of Bonn on the Rhine, so 
well known for his experiments on the 
digestion of articles of food and aliment, 
has by experiment discovered that sarsa­
parilla has none of those wondrous puri­
fying properties usually attributed to it, 
and that it is a useless and expensive 
hospital drug. This but confirms the 
opinion which has been previously ex­
pressed through our columns." 

"S. K. Basset, of Galesburgh, Ill., has 
invented a new steam plow, in which 
the wheels of the track of a traction 
steam-engine are so arranged that the 
track may be readily guided and turned, 
and the engine rendered available for 
drawing a gang of plows to turn over the 
earth in the usual way." 

"There is not an establishment in this 
country where stitching of any kind 
is required in which the sewing machine 
is not now employed, and there are few 
private families in which it is not an 
acknowledged article of furniture. 
Messrs. Wheeler & Wilson made and 
sold during the last three months 4,700 
machines, and are now producing and 
selling 100 per day. Messrs. Grover & 
Baker manufactured and sold in 1858 
14,000 sewing machines. Messrs. I. M. 
Singer & Co. produce and sell about 350 
machines weekly. Messrs. Singer & Co., 
taking advantage of the fact that Howe's 
English patent ( now owned by Thomas, 
of London) does not cover Scotland and 
Ireland, have a branch establishment in 
Glasgow, and in the last year they sold 
machines in that city to about the 
amount of 25,000 pounds, thus proving 
that in the old country, wherever 
'Yankee Doodle' ( as we are familiarly 
called) has a chance, he can make 
money and give value received." 

"M. Berthelot, of Paris, has succeeded 
in transforming marsh gas-a compound 
of carbon and hydrogen-into ether and 
alcohol, and he thinks that all the hydro­
carbons may be made to produce vinous 
spirit by the same process." 
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third in a series 

THE DIV I SIONS OF THOMPSON RAMO WOOLDRIDGE INC. 

The completely transistorizeq RW·30 airborne 
digital computer has a vOlurrfe of 4.19 cu. ft. 
and weighs only 203 Ibs., including power supply 

Ramo-Wooldridge is responsible for advanced 
electronic sUb-systems development for application 
with both current and projected missile programs 

Important infrared "search and track" equipment 
is now being developed by Ramo-Wooldridge 
for applications in modern U.S. Military aircraft 

R·W is one of the major participants working 
with the Boeing Airplane Co. Systems Management 
Office on the U.S. Air Force Dyna-Soar project 

New type of radar data processing system 
developed by R-W materially increases the 
capabilities of ground defense radar 

RAMO-WOOLDRIDGE 
W hile it is now a divis i o n  of Thompson Ramo 
Wooldridge Inc. instead of a separate corporation, 
Ramo-Wooldridge remains an integrated organization 
for research, development, and manufacture of elec­
tronic systems for military and commercial applica­
tions. R-W's military work is covered by thirty-four 
contracts with the Army, Navy, Air Force, and other 
government and industrial organizations. These sup­
port a broad technical and-in some cases-manu­
facturing program in such varied fields as Electronic 
Reconnaissance and Countermeasures; Microwave 
Techniques; Infrared; Analog and Digital Computers; 
Air Navigation and Traffic Control; Antisubmarine 
Warfare; Electronic Language Transbtion; and ad­
vanced Radio and Wireline Communication. 

In the commercial field, the well-known RW-300 
industrial process control computer and associated 
equipment-the basis of the expanding business that 
The Thompson·Ramo·Wooldridge Products Company is 
doing with process industries-was developed and is 
manufactured by the Ramo-Wooldridge division. 

Men, machines, and manufacturing know-how from 
other TRW divisions will be added as needed to build 
up the growing production strength of the Ramo­
Wooldridge division. In other ways, too, the availabil­
ity of the special skills and facilities of the rest of the 
corporate family will broaden the services R-W can 
offer to its customers. However, R-W's major systems 
work will continue to be done in an organizational 
framework that brings the engineering and manufac­
turing groups into close-knit project teams in the divi­
sion's own integrated development and manufacturing 
facilities in both Los Angeles and Denver. 

Ramo-Wooldridge is production-oriented in the 
sense that its end objective is the manufacture and 
sale of equipment. However, because of the highly 
technical nature of its product lines, the R-W division 
will continue to give unusual emphasis to maintaining 
a high degree of professional scientific and engineering 
competence. 

The RW·300 digital control computer has broad 
applications in automatic process control, 
data reduction and test facility operation 

Systems are being developed for the ground 
processing and interpretation of photographic and 
other data collected by aerial reconnaissance devices 

The Military and Ramo·Wooldridge 
are studying the use of automatic data 
processing techniques 

In research laboratory studies at Ramo·Wooldridge, 
electrically-charged particles are contained and 
supported in a vacuum by an alternating electric field 

�� Thompson Ramo Wooldridge Inc. 
MAIN OFf'lCES 
CLEVELAND 17, OHIO 
LOS ANGELES 45, CALIFORNIA 
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HIGHER. . • •  Eastern electronic 
tube cooling units and systems 
permit avionic operation at ahi. 
tudes which rule out air cool· 
ing. The cooling pack shown 
easily handles 1000 wotts at 
altitudes to 60,000 ft. 

FASTER • • .  sustained supersonic 
speeds will call for advanced 
refrigeration-type cooling units 
for temperature control within 
close limits. This system, which 
rei ies on Coolanol 45,' protect5 
entire electronic systems.' 

FAR.THER. ... miniaturi.ed pump 
space and weight-extends mis­
sile range. This unit, an integral 
part of an APU system, helps 

. provide hydraulic;. power to a 
cruise mi$sile� -

COOLER. • • • much cooler elec· 
tronic equipment, and new per­
formance concepts - this is the 
promise of Coolanol 45. For the 
characteristics and applications 
of this new Monsanto product, 
write for Monsanto Technical 
Bulletin Number AY·3. 

MISSILE 

ERFORMANC 

with more compact, lightwe.ight hydraulic 
components, cooling and refrigeration units 

Smaller components payoff in higher performance ... savings in inches and ounces 
add up to hundreds of additional miles per hour - or miles in range. 

Eastern Industries' missile components and systems are miniaturized to meet the 
most rigorous requirements in space and weight. Through the use of Monsanto 
Coolanol* 45 and miniaturization concepts, Eastern now makes it possible to design 
more power, more performance into less and less volume and weight. 

Avionic Cooling with Coolanol 45: This Monsanto -produced fluid is the answer to 
heat problems associated with miniaturized electronics . . . extends operations to 
altitudes where air cooling is impractical. Having a high boiling point, Coolanol 45 
permits "hotter," smaller systems than with water cooling; low foaming tendency 
guards against circulation. troubles. Heat transfer characteristics and dielectric 
properties of Coolanol 45 are excellent over its _65° to 400°F. temperature range. 

Hydraulic Pumps and Coolanol 45: Eastern puts Coolanol 45 to double use-as a 
hydraulic fluid as well as a coolant. The higher pump speeds possible ( up to 24,000 
rpm) mean more efficiency, result in smaller units for any given job . . . and 
prolonged pump life is the result of the fluid's excellent lubricity. 

For deep forays into the thermal thicket - for problems in system redesign 
or miniaturization - for imaginative solutions - turn to Eastern Industries. 

SMALLER • • • high operating 
speeds of this Eastern hydraulic 
power unit (to 24,000 rpm) re­
sults in modest dimensions and 
weight: 73/4" x 2'/2" X 7V2", -4 
pounds, 12 ounc�s. 

MORE • • •  much more informa· 
tion on these and other acces­
sories and systems is contained 
in this new complete brochure. 
It . contains latest developmellts 
in hydraulic power, cooling and 
pressurization. Send for your 
free copy of Bulletin 360 today. 

LONGER. . • •  long life and reo 
liability is typified in th;s East­
e r n  high pre s s u re hydraulic  
pump. Reliable performance un­
der extreme ,environmental con­
ditions is an Eastern' tradition. 

.COO/CInO/: Monsanto Trademark. 

HOTTER. • • •  this unit protects 
electronic components of high 
performance aircraft from heat 
- delivers Monsanto Coolanol 45 
coolant at 1.3 gpm flow rate 
Clnd 60 psi pressure • 

. . . . . . .. . . .. . . . . . .. . . . . . . . . 

MONSANTO CHEMICAL COMPANY 
Aviation Fluids Dept. AV-ll 
Lindbergh and Olive Street Road, 
St. louis 24, Mo . 

• • • • • • • • • • • • • • • • • • • • • • • • • 

EASTERN INDUSTRIES, INC. 
100 Skiff Street 
Hamden 14, Conn. 
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MICROWAVE RESEARCH 

The expanding role of electronic equip­
ment in modern military operations has 
given high priority to microwave re­
search. No field today offers greater 
challenge to the scientist and engineer. 

In support of current electronic coun­
termeasures programs and in anticipa­
tion of future systems requirements, 
Ramo-\Vooldridge Division is engaged 
in microwave research to develop new 
techniques and to refine conventional 
·components. 

Research is under way at Ramo­
Wooldridge for new methods and new 
designs to reduce substantially the over­
all size, weight and complexity of elec­
tronic equipment for both airborne and 
ground-based uses. 

For example, the low-loss delay line 
in the photograph above was designed, 
developed and manufactured by Ramo­
vVooldridge for use in airborne equip­
ment. Packaged for use in the system 
for which it was designed, this miniature 

ceramic unit weighs less than two 
pounds. It replaces a component which 
weighed more than twenty pounds and 
occupied more than five times as much 
volume. 

Special opportunities exist for those 
with qualified experience in microwave 
research-in technique evaluation, com­
ponent development, and design of 
such systems equipment-at Ramo­
Wooldridge. 

Engineers and scientists are invited 
to explore openings at Ramo-Wool­
dridge in: 

Electronic Reconnaissance and 
Countermeasure Systems 

Infrared Systems 

Analog and Digital Computers 

Air Navigation and Traffic Control 

Antisubmarine Warfare 

Electronic Language Translation 

Information Processing Systems 

Advanced Radio and Wireline Communications 

Missile Electronics Systems 

RAMO-WOOLDRIDGE 
P.O. BOX 90534. AIRPORT STATION' LOS ANGELES 45, CALIFORNIA 

a division of Thompson Ramo Wooldridge Inc. 
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THE AUTHORS 
JAMES F. SCHUMAR ("Reactor 

Fuel Elements") directs metallurgical 
engineering at the Argonne National 
Laboratory. His department there de­
veloped the fuel and other core com­
ponents used in the Argonne's first and 
second experimental breeder reactors, 
the Argonne-duPont reactor, the Ex­
perimental Boiling Water Reactor 
(EBWR), the "Borax" reactors and the 
reactor that powers the U. S. Navy's 
first nuclear submarine, the Nautilus. 
Schumar came in on the ground floor of 
nuclear-fuel engineering. Upon graduat­
ing from Case Institute of Technology 
in 1939 he jOined the W olverine Tube 
Division of Calumet & Hecla, Inc., and 
there, three years later, he was put to 
work extruding a "special metal" (urani­
um) for the Manhattan Engineer Dis­
trict. After World War II Schumar 
joined the Metallurgical Laboratory at 
the University of Chicago, assisting in 
its transformation in 1946 into the Ar­
gonne National Laboratory. 

SUSANN and ORLIN BIDDULPH 
("The Circulatory System of Plants") 
are a husband-and-wife team of plant 
physiologists. Orlin Biddulph, a Utahan, 
graduated from Brigham Young Univer­
sity. He received a University of Chi­
cago Ph.D. in 1934, whereupon he be­
came head of the department of botany 
at the University of South Dakota. Since 
1937 he has taught botany at the State 
College of Washington, where he holds 
the rank of professor. Biddulph was one 
of the first workers to use radioactive 
tracers to study the translocation of nu­
trients in plants. The earliest tracers 
were substances foreign to plants, such 
as lead. But by 1938 Biddulph was em­
ploying the first radioactive phosphorus 
made by the University of California cy­
clotron. Mrs. Biddulph, a taxonomist 
until converted to plant physiology by 
her husband, studied at Oklahoma State 
University and has a Ph.D. from the 
State College of \'\'ashington (she was 
a researcher there until a few years 
ago, when she ran afoul of the state 
nepotism laws). 

HERMAN A. WITKIN ("The Per­
ception of the Upright") pursued his 
undergraduate career at Cornell Univer­
sity and New York University, where in 
his senior year a course on animal be­
havior taught by T. C. Schneirla, the 
noted authority on ants, caused him to 
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* This scientific representation based on current knowledge was pre­
pared under the supervision of Dr. I. M. Levitt, Director of the 
Franklin Institute Planetarium. 

At this time no one knows. But intricate electronic devices in 

projected lunar vehicles will reveal this hidden surface. Instru­

mentation has extended the long arm of man to reach as far as 

the mind can project. With such devices as a key, science can 

unlock the door to the future and to the very universe itself. 

At the Decker Corporation our sole occupation is instruments 

-instruments which range from a device to measure a millionth 

of an inch on earth to one recording the density of the most 

tenuous of the space atmospheres subject to man's reach. 

On the mysterious road to space will be found Decker instru­

ments to provide beacons to light up the future. 

THEioECKE 
, 

ORPORATION Bala Cynwyd, Pa. 
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TIMING SYSTEM . .. 1759 

This is a view of the works 
of John Harrison's marine 
chronometer with which he 
won a £20,000 prize from the 
British Government. Using 
this historic timepiece, navi­
gators were able to determine 
a ship's longitude to within 
half a degree after six weeks 
at sea. 

AN INTEGRATED SYSTEM 
FOR TODAY'S TIMING NEEDS 

In the Hycon Eastern Integrated Timing System, solar or 
sidereal time is displayed visually and is available for both 
input to automatic computers and as an index to data being 
recorded on magnetic tape, oscillograms, strip charts, etc. 

At the heart of the Timing System is the Hycon Eastern 
Ultra Stable Oscillator with guaranteed stability of one part 
in 109 and even greater stability in actual practice. A time 
scale is available with resolutions accurate to one microsecond. 
This system is capable of operating anywhere in the world 
and is ideall{ suited wherever timing signals must be corre­
lated with other events such as in systems for tracking missiles 
or measuring satellite orbits. Write for Bulletin TS-OO. 

Tomorrouls Timing Systems ... Today 

HYCON EASTERN, INC •. 

75 Cambridge Parkway Dept. AA Cambridge 42. Moss. 

abandon biology in favor of psychology. 
Witkin became a graduate student of 
Schneirla's, receiving his Ph.D. in 1939; 
after a further year of research at 
Swarthmore College under Wolfgang 
Kohler, he joined the staff of Brooklyn 
College, where he worked until 1952. 
Witkin's research at Brooklyn College 
was backed by grants from the National 
Research Council during World War II. 
Later he undertook a project on person­
ality factors in perception for the Office 
of Naval Research and more recently for 
the National Institute of Mental Health. 
Witkin now continues his work on per­
ception-cum-personality at the State 
University of New York Downstate 
Medical Center, where he is professor in 
the Department of Psychiatry and direc­
tor of the psychology laboratory. He is a 
co-author of the book Personality 
through Perception. 

LOREN C. EISELEY ("Alfred Russel 
Wallace") has published a number of 
articles in SCIEKTIFIC AMERICAN; his 
present contribution complements his 
biographical account of Wallace's great 
contemporary Charles Darwin, which 
appeared in the February, 1956, issue of 
this magazine. Eiseley, an authority on 
early man, heads the anthropology de­
partment of the University of Pennsylva­
nia. His interest in human evolution is 
but part of a concern for evolution as a 
whole. Eiseley's books, well known as 
models of popular exposition, include 
Immense Journey and the recent Dar­
win's Century. 

JOSEPH L. MELNICK ("Enterovi­
ruses") graduated from Wesleyan Uni­
versity in 1936, then commenced a 21-
year career at Yale University. There he 
acquired a Ph.D. in biochemistry, held 
a National Research Council fellowship 
and taught preventive medicine, micro­
biology and epidemiology. Melnick is a 
well-known authority on poliomyelitis. 
In 1957 he resigned his Yale professor­
ship to become chief of the Virus Labo­
ratories at the National Institutes of 
Health. He has since returned to aca­
demic life as professor of virology and 
epidemiology at the Baylor University 
College of Medicine in Houston, Tex. 

V. B. WIGGLESWORTH ("Metamor­
phosis, Polymorphism, Differentiation") 
has been called "the man who has per­
haps done most to initiate the study of 
insect physiology." He has been an avid 
insect collector since he was five. After 
attending the Repton School (his two 
successive headmasters both became 
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New 
improved 
mold 
and 
flash 
release ... 

PHENOLICS 

PLENCO 308 BLACK AND BROWN 

AVAILABLE IN STANDARD AND AUTOMATIC 
MOLDING PRESS GRANULATIONS 

A versatile and dependable molding compound, Plenco 308 is 
excellent for a wide variety of general purpose molding appli­
cations. Plenco 308 is also noted for its wide preheat latitude, 
excellent finish and dimensional stability. 

Many molders standardize on this compound because they 
have found that several flows, 90 and 120, for example, bracket 
their requirements nicely, and their inventory control prob­
lems are minimized accordingly. 

As you know, flash sticking on vents can mean lost time and 
added expense. Recently we have improved the mold and 
flash release of Plenco 308 to the delight of press operators 
and users of automatic presses. Like them you, too, may find 
this compound the answer to your own needs. 

IF PHENOLICS CAN DO IT-

I n 
CAN PROVI DE IT 

a/ready-made or specially-made 

PLASTICS ENGINEERING COMPANY 
Sheboygan, Wisconsin 

Serving the plastics industry in the manufacture of high grade phenolic molding compounds, 

industrial resins and coating resins. 
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Archbishops of Canterbury), he entered 
Gonville and Caius College at the Uni­
versity of Cambridge, intending to fo)­
low in his father's footsteps as a physi­
cian; he then had no idea that entomolo­
gy could be a full-scale scientific career. 
After studying at Cambridge under 
Frederick Gowland Hopkins, he received 
medical training at St. Thomas' Hospital. 
Wigglesworth was on the point of quali­
fying as a physician when an unexpected 
appointment made him lecturer in medi­
cal entomology at the newly reorganized 
London School of Hygiene and Tropical 
Medicine. There followed extensive re­
searches in West Africa, India, Burma, 
Malaya, Java and Ceylon. Wigglesworth 
is the discoverer of the juvenile hormone 
of insects. He has published three stand­
ard volumes on insect physiology and 
metamorphosis. Since 1942 he has been 
director of Britain's Agricultural Re­
search Council Unit of Insect Physiolo­
gy, and he is now also Quick Professor 
of Biology at the University of Cam­
bridge. 

BRUCE CHALMERS ("How Water 
Freezes") is Gordon McKay Professor of 
Metallurgy at Harvard University. A 
Londoner, he received his training at the 
University of London and taught physics 
and mathematics there for several years. 
During and after World War II he 
headed the metallurgy departments of 
the Royal Aircraft Establishments and of 
the Atomic Energy Research Establish­
ment at Harwell. "One of my main re­
search interests," he says, "has been the 
solidification of metals and alloys-many 
aspects of which, I found, could more 
readily be studied in a transparent me­
dium such as water. This led me to the 
study of ice crystals, which I still carry 
on in parallel with studies of metals." 

ROBERT A. HALL, JR. ("Pidgin 
Languages") is professor of linguistiCS at 
Cornell University. A specialist on the 
structure of Romance languages, he 
graduated from Princeton University in 
1931 and later acquired the degree of 
Dottore in Lettere from the University 
of Rome. At the outbreak of World War 
II Hall, then teaching at Brown Univer­
sity, undertook to prepare a textbook of 
Melanesian Pidgin English for the use 
of U. S. troops who were subsequently 
to land in New Guinea and the Solomon 
Islands; in the course of this wOl:k, he 
taught pidgin to armed services person­
nel in training programs at Columbia 
and Yale universities. Since then Hall 
has studied and prepared scientific de­
scriptions of Chinese Pidgin English, 
Haitian Creole and Taki-Taki. 
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ANOTHER 

SYLCOR 

"FIRST" 

S TANDARD 

FUEL EL EMENTS I 

You can now design yourresearch,reactor to be fueled 

with one of four standard SYLCOR Fuel Elements. 

The SYLCOR Standard Fuel Element plan will re­

sult in substantial reduction in over-all fuel element 

design and manufacturing costs. 

SYLCOR Standard Fuel Elements eliminate the 

cost of custom design, speciaL drafting and engineer­

ing, estimating time, special tooling and testing ... 

and wi ll permit us to stock and deliver fuel elements 

"off the shelf". Standard control elements compatible 

with standard fuel elements will also be available. 

If you are planning a research reactor we suggest 

you write now for data sheets on SYLCOR Standard 

Fuel Elements, including standard grid plate orifice 

designs. 

SYLCOR will, of cou rse, continue to produce cus­

tom fuel elements to specific designs where your 

needs are of a special nature. 

SVLVAN I A-

Brief Description of SYlCOR's 4 Standard Fuel Elements 
1. SYLCOR A·1891·C, 18 curved plates of 90% enriched uranium. 

Total loading per element: 196 gms. of U235 
2. SYLQOR A·1891·F: 18 flat plates of 90% .enriched uranium. 

Total loading per element: 196 gms. of um 

3. SYLCOR A·I09l·C: 10 curved plates of 90% enriched uranium. 
Total loading per element: 165 gms. of um 

4. SYLCOR A·1091·F: 10 flat plates of 90% enriched uranium. 
Total loading per element: 165 gms. of um 

Send now for Data Sheets on SYLCOR Standard Fuel Elements, 
Write to Sylvania·Cornlng Nuclear Corp., Bayside, N. Y. 

CORNING 
N U CLEAR CORP. 
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rECHNOLOQY 

SOLAR SAILING: Space travel with the aid of solar radiation 

pressure - an area of advanced research at Lockheed. Vehicle 

would employ a sail that would be raised and lowered in flight. 

The artist has depicted Magellan's ship "Trinidad" to symbolize 

man's great voyages of discovery. 

Lockheed Missile Systems Division is engaged in all fields of 

missile and space technology-from concept to operation. 

Advanced research and development programs include-manned space; 

space communications; electronics; ionic propulsion; nuclear and solar 

propulsion; magnetohydrodynamics; computer development; oceanography; 

flight sciences; materials and processes; human engineering; electromagnetic 

wave propagation and radiation; and operations research and analysis. 

The successful completion of programs such as these not only encompasses 

the sum of man's knowledge in many fields, but requires a bold and 

imaginative approach in areas where only theory now exists. 

The Missile Systems Division programs reach far into the future. 

It is a rewarding future which men of outstanding talent and inquiring 

mind are invited to share. Write: Research and Development Staff, 

Dept. B-36, 962 W. El Camino Real, Sunnyvale, California, or 7701 
Woodley Avenue, Van Nuys, California. For the convenience of 

those living in the East or Midwest, offices are maintained at 

Suite 745,405 Lexington Avenue, New York 17, and at 

Suite 300,840 N. Michigan Avenue, Chicago 11. 

"The organization that contributed most in the past year to the 

advancement of the art of missiles and astronautics." 

NATIONAL MISSILE INDUSTRY CONFERENCE AWARD 

lllt:klllllld / MISSILE SYSTEMS DIVISION 

SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ. SANTA MARIA,. CALIFORNIA 

CAPE CANAVERAL, FLORIDA . ALAMOGORDO. NEW MEXICO 
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MEASURING MEDIUM 
VELOCITY NEUTRONS 

Designed for acquiring data in the energy region of one-thousand to a 

million-volt neutrons-a region exceedingly difficult to measure-these 

neutron detectors have been used for studies of both practical and 

theoretical interest. By determining how many neutrons scatter in 

what directions, they impart valuable information on the interaction 

between neutron and nucleus, and on the nucleus itself-and help us 

predict how a reactor will behave, and how effective its shielding will 

be. A large fraction (20%) of the scattered neutrons that enter the 

detectors are measured by neutron counters after they have been slowed 

down by oil. The massive construction is required to shield against 

stray neutrons. It is so effective that there are almost no background 

counts except for the ones produced by neutrons that are scat­

tered by the air in the region within one foot of the scattering sample. 

/r!lonne 
CTIONAL LAEIORATORV (y' Operated by the University of Chicago under a 

contract with the United States Atomic Energy Commission 

Staff positions 
available for qualified 

Mathematicians 
Physicists 
Chemists 
Physical Metallurgists 
Chemical Engineers 
Mechanical Engineers 
Metallurgical Engineers 
Electrical Engineers 
Technical Writers 

Professional 
Personnel Office 
P.O. BOJ� 299-J5 
Lemont, Illinois 
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The Singer Manufacturing Company announces the formation of its Military Products Division, 

which through its three functional units, Haller, Raymond & Brown, Inc., 

Diehl Manufacturing Company, and Singer Bridgeport Division, can efficiently handle 

complex electro-mechanical and electronic programs from concept to completion. 

SINCER * 

Military Products Division 

149 BROADWAY, NEW YORK 6, N .  V. 
-... TRADEMARK OF THE SINCER MANUFACTURING COMPANY [;] THE SINGER MANUFACTURING COMPANY 
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Hans Reichenbach ... on physics 

"If one knows physics only from a distance. it may 

appear to be merely strange names and mathemati­

cal formulae. and one may come to believe that it 

is an affair of the learned alone. ingeniously and 

wisely constructed. but without significance for 

men of other interests and problems. And yet one 

could do no worse injustice to physics than to turn 

away. repelled by this hard shell of technical terms 

with which it has surrounded itself. Whoever suc­
ceeds in looking behind this wall ... will find there 

a science full of living problems. full of inner mo­

tion. full of the intense endeavor to find answers to 

the questions of the truth-seeking spirit." 

....... Atom und Kosmos, 1930 

T HE RAND CORPORAT ION, SANTA MONICA, CALIFORNIA 

A nonprofit organization engaged in research on problems related to national security and the public interest 
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Reactor Fuel Elements 
As the evolution of nuclear reactors proceeds, their fissionable 

material and its protective coating aSSU7ne remarkably intricate 

forms. These are the result of subtle technological compromises 

I t is the year 4995 A.D. In view of 
the acute crisis caused by the im­
pending exhaustion of uranium and 

thorium, power engineers find great in­
terest in a paper entitled "On the Feasi­
bility of Coal-Driven Power Stations." 
Under the heading "Fuel Elements," the 
author writes reassuringly: 

"It is likely that these will be easier 
to manufacture than in the case of fission 
reactors. Canning is unnecessary and 
indeed undesirable since it would make 
it impossible for the oxygen to gain ac­
cess to the fuel. Various lattices have 
been calculated, and it appears that the 
simplest of all-a close packing of equal 
spheres-is likely to be satisfactory. Com­
putations are in progress to determine 
the optimum size of the spheres and the 
required tolerances. Coal is soft and easy 
to machine; so the manufacture of the 
spheres should present no major prob­
lem." 

The 50th-century author is the 20th­
century physicist O. R. Frisch, writing 
in a collection of humorous papers cele­
brating the 70th birthday of Niels Bohr 
[see "Jocular Physics"; SCIENTIFIC AM­
ERICAN, March, 1956]. Though Frisch's 
words are facetious, they are a sharp 
comment on a central problem of nuclear 
technology. 

The fueling of the present family of 
nuclear power reactors is a far cry from 
the stoking of a coal furnace. As Frisch's 
mythical author suggests, this fueling 
depends heavily on the design of the 
fuel elements. These are precisely en­
gineered rods or plates containing the 

by James F. Schumar 

fuel jacketed or "canned" in a protective 
coating of metal. Their design is gov­
erned first of all by the requirements of 
nuclear physics. Assembled in a care­
fully computed lattice, the fuel elements 
must bring together the critical mass of 
fuel in which the fission reaction will be­
gin spontaneously and sustain itself at 
the desired temperature with maximum 
utilization of the precious fuel atoms 
(cost: $12 to $15 per gram). This same 
lattice must serve as a heat exchanger, 
transferring heat with maximum efficien­
cy from the interior of the fuel elements 
to the coolant fluid that ultimately de­
livers the energy to a turbine. Here the 
design of the fuel elements is goverI,led 
by the more familiar concepts of classical 
physics. But the new and the old physics 
make a strange synthesis. The fission re­
action transforms the elemental nature 
of the fuel and changes its chemical and 
structural characteristics. In the flux of 
nuclear particles at the core of the re­
actor, conventional materials of con­
struction also develop weird and unpre­
dictable properties. Under the circum­
stances, fuel-element design must be 
heavily conditioned by the need for safe­
ty. In addition, it must take account of 
the fact that the fuel elements will have 
to be reprocessed periodically to decon­
taminate them of fission products and 
recover unburned fuel. In sum, the de­
sign of a reactor and its fuel elements 
embodies the compromise of the com­
peting claims of nuclear physics, thermo­
dynamics, structural and materials en­
gineering, nuclear chemistry, safety and 

economics. The compromise is often dif­
ficult to make. 

At the state of the art now attained, 
each new reactor suggests modifications 
and improvements in the next. There is 
no such thing as a "standard" fuel ele­
ment. The host of possible compromises 
is suggested by the cross section of fuel 
elements that inspired the geometrical 
abstraction on the cover of this issue of 
SCIENTIFIC AMERICAN. 

H owever individual in design, all nu-
clear reactors depend upon the 

same natural process. That is the disinte­
gration of atoms of the four unstable iso­
topes of two of the heaviest elements, 
uranium 235 and 233 (U-235 and 
U-233) and plutonium 239 and 240 
(Pu-239 and Pu-240) . Upon being 
struck by a neutron the nucleus of these 
atoms fissions; some of its mass is con­
verted to energy and the balance to 
atoms of smaller mass plus, on the aver­
age, more than two neutrons. It is the 
extra neutrons that generate the chain 
reaction, as they fly off to upset the nu­
clear stability of other atoms. Converse­
ly, the lighter elements (the fission prod­
ucts) produced in the disintegration of 
the fuel atoms tend to suppress the chain 
reaction; they have a large cross section 
for neutrons of low velOCity, that is, they 
capture them with high probability. 

Of the four fuel isotopes U-235 is the 
only one that occurs in nature. The plu­
tonium isotopes are synthesized when 
surplus neutrons in a chain reaction col­
lide with atoms of U-238, the stable and 
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much more abundant isotope of urani­
um; U-233 is the product of similar 
transformation of thorium 232. In the 
past the "synthetic" fuel isotopes have 
largely been produced in reactors de­
signed for this purpose. Current power 
reactor design, however, seeks to extend 
the life of the fuel elements by convert­
ing stable uranium and thorium isotopes 
("fertile" material) to fissionable iso­
topes (fissile material) to be consumed 
as the chain reaction proceeds. In addi­
tion, some power reactors are being de­
signed as "breeders," to produce more 
fissile material than they consume. 

Control of the reaction speed is a 
critical factor in reactor design. "Ther­
mal" reactors employ a moderator sub­
stance such as graphite to slow down the 
velocity of the neutrons to energies on 
the order of .01 electron volt. On the 
other hand, "fast" power reactors em­
ploy no moderator and operate with a 
neutron flux in the 100,OOO-electron-volt 
energy range. 

The critical mass of a thermal reactor 
occupies a larger volume of space which 
it shares with the moderating substance; 
it yields heat at a lower rate, well 
within the range of conventional power­
engineering practice. The fast reactor, 
with its high temperatures generated in 
a relatively small volume of space, raises 
entirely new problems in heat-transfer 
technique. In either case nuclear physics 
dictates the primary premises of design. 
The desired reaction rate and tempera­
ture establish the quantity of fuel atoms 
required per unit volume and the ratio 
of fuel atoms to other atoms-structure, 
coolant and, if any, moderator-in the 

reactor core. In the choice of materials 
for these secondary purposes, neutron 
cross section may play a restrictive role; 
atoms that absorb neutrons too readily 
can damp the chain reaction. Since nu­
clear physics also dictates the spatial 
distribution of fuel atoms in the core, it 
determines to the first approximation the 
shape and arrangement of the fuel ele­
ments. 

From this point on, heat-transfer tech­
nology fixes the ruling design considera­
tions. As the million-degree temperatures 
of an uncontrolled chain reaction sug­
gest, the problem is not so much how to 
generate the heat, but how to get it out 
of the reactor. A nuclear fuel element is 
an extremely compact heat source; it 
generates many watts of energy per 
gram. How much heat it can be allowed 
to generate is limited by the rate at 
which heat can be transferred to the 
coolant, the heat flux being expressed in 
calories per unit surface area. The ele­
ment is of course hottest at the center 
and coolest at the surface which is in 
contact with the coolant. The larger the 
temperature difference, the greater the 
heat flow and the more efficient the fuel 
element. Across a narrow cross section of 
material, a mere fraction of an inch, the 
temperature gradient may fall several 
hundred degrees. The maximum temper­
ature difference is set, in the first in­
stance, by the thermal properties of the 
fuel and jacket materials; to ensure heat 
transfer between these materials, they 
are usually closely bonded to one anoth­
er. The heat flux is dependent next upon 
the thermal properties of the coolant and 
its rate of flow. Hotter elements require 

more rapid circulation of the coolant, 
which means higher pumping costs, or 
a larger ratio of coolant to fuel, which 
tends to damp the reaction. Taken to­
gether, these variables fix the square 
footage of heat-transfer surface required 
per unit volume, the dimensions of the 
fuel elements, the thickness of the jacket 
or "cladding," the spacing of the ele­
ments to provide coolant channels and 
the general configuration of the reactor 
assembly. 

The ideal specifications which emerge 
from the compromise thus far ar­

ranged between nuclear physics and 
thermodynamics must now face further 
compromise with the realities of struc­
tural design and the physical properties 
of materials of construction. In the first 
place the sharp temperature drop be­
tween the center and the surface of the 
element sets up enormous stresses be­
cause of unequal expansion. The most 
elaborate system for circulating the cool­
ant cannot maintain uniform pressure 
over the entire surface of a fuel element; 
inequalities in pressure may warp in­
dividual fuel elements. Turbulence may 
aggravate these pressure differences and 
produce destructive "flutter" in the 
plates or rods. If the coolant is a boiling 
liquid, such as water, uneven boiling 
adds further strains and also complicates 
the heat-transfer problem, since gases 
(e.g., steam) conduct heat far more 
slowly than liquids. A thicker fuel ele­
ment will withstand greater stresses, but 
reduction of the ratio of its surface to its 
volume will reduce its heat-transfer effi­
ciency. Since the fuel materials are 

CROSS SECTIONS OF FUEL ELEMENTS, shown here sche· 
matically, reveal their essential components: cylinders or plates 
of fuel (color) enclosed in jacketing (dark gray). For ease in 

fabricating, jackets are sometimes designed to fit loosely (right). 

For efficient heat transfer they must then be bonded to the fuel by 
adding other material such as lead or liquid sodium (light gray). 
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themselves integral with the structure 
of the reactor, there is little in the con­
ventional engineering handbooks to 
guide the designer. The metallurgy of 
uranium is still less than 20 years old, 
and plutonium did not even exist in 
quantity before 1943. Thus while metal­
lurgists long ago observed that some sub­
stances expand or shrink when subjected 
to repeated cycles of heating and cool­
ing, pure uranium turns out to possess 
this property to a unique degree. In one 
experiment a bar of rolled uranium, 
heated and cooled 3,000 times, increased 
in length by 600 per cent. Fortunately 
the alloying of the fuel metal with metals 
such as molybdenum and zirconium, 
plus heat-treating, can almost eliminate 
this problem; diluting the uranium with 
a large proportion of zirconium or alu­
minum provides an alternative solution. 

But there are other problems more 
confounding and more serious. Fission 
plays havoc with the crystalline struc­
ture of the fuel material. The accumulat­
ing fission products have a greater vol­
ume than the atoms which produced 
them, and so weaken, distort and crack 
the fuel element. Among the fission 
products are the inert gases krypton and 
xenon. Unable to enter into chemical 
combination with other elements, they 
remain in gaseous form. The pressure of 
these gases, building up as their parent 
atoms fission, is built up further by high 
temperatures, and may cause the fuel 
material to swell until it ruptures its 
jacket. Short of this extreme, the gases 
reduce the density and thus the thermal 
conductivity of the fuel element. A ma­
jor objective in reactor metallurgy is to 
develop fuel alloys that can retain these 
gases without changing size or shape. 

It is, of course, the function of the 
jacket to help retain the fission prod­
ucts, especially the radioactive ones 
which could do grave damage to the rest 
of the plant and endanger the lives of 
personnel if they were to be carried off 
from the reactor core in the coolant. 
The jacket has the additional function of 
protecting the fuel from corrosion by 
the coolant. But the bonding of uranium 
and plutonium to more familiar metals 
is a new art. The first breeder reactor, 
at Arco, Idaho, provides a costly exam­
ple of the pitfalls. The fuel elements in 
this reactor consist of rods of uranium 
metal encased in stainless steel. Sepa­
rately, each of these metals withstands 
temperatures well above 1,000 degrees 
centigrade, several hundred degrees 
above the operating temperature of the 
reactor. Together, however, they form 
an alloy which melts at about 725 de-
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NUCLEAR AND THERMAL PROCESSES are shown in a portion of a fuel element 
enlarged some 30 times (center). Bottom drawing shows cha in reaction in fuel, produced 
by neutrons (black dots), which yields energy (wavy arrows) and fission products (gray 

circles) ; energy flows from fuel to coolant. Maximum temperature is at the center of the 
element, minimum at its surface, as suggested by the curve at top. The sharp temperature 
drop over a short distance sets up severe stresses between different pal·ts of the element. 

39 

© 1959 SCIENTIFIC AMERICAN, INC



1 

D 
2 

3 

i< 

FUEL ELEMENT ASSEMBLIES for three reactors are shown in 
drawings and schematic cross sections (right). Cross sections of 
two reactors (left) show how the assemblies are fitted together. 
Elements of the Experimental Boiling Water Reactor (1) are 
plates of enriched uranium clad in zirconium. Black crosses in the 

reactor are control rods. Borax·IV elements (2) are aluminum 
tubes containing ceramic pellets of uranium and thorium oxides; 
the reactor itself resembles the EBWR. The Experimental Breeder 
Reactor II (3) has three·part assemblies. Center section consists 
of thin, stainless-steel tubes (not shown in cross section) containing 

grees. A local "hot spot" in the reactor, 
probably caused by a warped element 
which obstructed the flow of coolant, 
raised the temperature of one element 
past this critical figure, and the jacket 
simply melted away. The disintegrating 
jacket blocked more coolant channels, 
producing more hot spots which melted 
more jackets. Before the reactor could 
be shut down most of the fuel elements 
had fused into a lump. 

If the physical and chemical stresses 
of operation do not put a fuel element 
out of action, then the steady accumula­
tion of fission products may damp the 
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output of the element when only a tiny 
percentage of its fissile material has been 
consumed. The reprocessing of the fuel, 
to remove the fission products and return 
the unburned fuel to the reactor, is a 
major factor in the economics of nuclear 
power_ The cost of this operation pro­
vided a special incentive for the recent 
development of fuel elements that gen­
erate and consume additional fissile ma­
terial as the reaction proceeds, and thus 
last longer between reprocessings. 

The Experimental Boiling Water Re­
actor now in operation at the Argonne 
National Laboratory provides a success-

ful working example of the compromises 
that enter into fuel-element design. A 
pilot industrial power reactor, designed 
to produce 20,000 kilowatts of heat, 
EBWR operates in the thermal range, 
with its neutron flux moderated to very 
low velocities. As its name suggests, its 
moderator-water-doubles as its cool­
ant; moreover, steam from the water that 
bathes the reactor core goes directly to 
a turbine, instead of giving up its heat 
to some intermediate heat-exchange 
fluid. The fuel elements therefore had to 
be designed for high mechanical stability 
and corrosion resistance. Failure of an 
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slender "pins" of uranium-plutonium fuel. A helical rib on each 
tube preserv.es spacing and prevents warpiug. At either end are 
thicker "blanket" elements containing nonfissionable uranium 238. 
which changes into fissionable plutonium as it absorbs neutrons 
emitted by the fuel. In the reactor these three·part assemblies are 

surrounded by blanket assemblies containing only U·238. The black 
hexagons are safety rods; hatched hexagons are fuel assemblies 
which can be lifted or lowered to control the level of the re­
action. The variously shaped fittings at the ends of the assemblies 
serve to position them in the reactor, and to facilitate handling. 

element would not only force a shut­
down of the reactor but also would con­
taminate the turbine and condenser with 
fission products, making maintenance 
work on these machines hazardous to 
personnel. Since the reactor is pressur­
ized to raise its steam temperature to 
around 250 degrees C., the removal of a 
fuel element for reprocessing requires 
that the reactor be shut down complete­
ly. Long operating life was thus set as an 
important criterion for fuel-element de­
sign. Finally, since most metals readily 
absorb slow neutrons, the choice of ma­
terials for the jacketing and for other 

auxiliary purposes was sharply restricted. 
To fuel this reactor, our group at Ar­

gonne chose uranium metal enriched so 
that it contained 1.5 per cent of fission­
able U-2S5. Enriched uranium is much 
cheaper than pure U-2S5, and we could 
count on the conversion of U-2S8 to 
plutonium. The high density of the metal 
makes for a higher concentration of fis­
sile atoms in a given volume of fuel and 
improves heat conductivity, thus en­
abling us to hold down the size of the 
reactor and the massive pressure tank 
in which it is enclosed. To improve the 
corrosion and irradiation resistance of 

the elements, we alloyed the uranium 
with small quantities of zirconium and 
niobium. 

Of the possible jacketing and struc­
tural materials, only magnesium, alu­
minum and zirconium possess a low neu­
tron cross section. We settled for zirco­
nium, despite its higher cost, because it 
offered much greater mechanical strength 
at high temperatures as well as su­
perior corrosion resistance. The work­
ing properties of the zirconium and the 
uranium alloys are so similar, however, 
that we were able to fabricate the fuel 
elements by means of a simple rolling 
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technique. The elements are long, nar­
row plates containing a layer of uranium 
sandwiched between and bonded to two 
layers of zirconium. Six parallel plates, 
separated by channels for the coolant 
and welded to perforated zirconium side 
plates, make up the long, boxlike assem­
blies [see illustration on preceding two 
pages]. We estimate that these elements 
will have an effective life of five to 10 
years. They have already functioned sat­
isfactorily for more than two, participat­
ing in that time in the production of 
more than 30 million kilowatt hours of 
electricity. 

Borax-IV, another boiling water re-
actor at Argonne, illustrates some 

new departures that may have an im­
portant place in future fuel-element 
technology. It was built not for power, 
but for research into the possibilities of 
ceramic fuels, that is, kiln-fired oxides 
of uranium, plutonium or thorium. Ce­
ramic fuels could largely eliminate the 
corrosion hazard, since they are them­
selves products of a kind of corrosion: 
oxidation. Moreover, ceramics have ex­
traordinarily good resistance to both 
heat and irradiation. 

Unfortunately uranium oxide is near­
ly twice as bulky as uranium metal. The 
increased bulk slows the chain reaction 
for a given concentration of fissile atoms, 

I 

DAMAGE TO NUCLEAR FUELS, due to irradiation and the accumulation of fission 
products, shortens the life of fuel elements and makes frequent reprocessing necessary. 
Chiefly responsible are the inert gases produced by fission, such as krypton and xenon. 

and lowers heat conductivity. Thorium 
oxide, however, is not much more bulky 
than thorium metal, and there is reason 
to believe that a boiling water reactor 
may convert thorium to U-233 more ef­
ficiently than it converts U-238 to pluto­
nium. For our experimental fuel we 
therefore chose thorium oxide mixed 
with 6 per cent U-235 oxide, baked into 
cylindrical pellets about a quarter-inch 
in diameter. Since Borax-IV is designed 
to operate intermittently at lower tem­
perature we were able to economize by 

I 

using aluminum rather than zirconium 
as the jacketing material. 

The jackets are made of aluminum ex­
trusions, each consisting of eight tubes 
integral in a ridged plate. For economy 
in fabrication we did not try to get a 
close fit between the tubes and the fuel 
pellets; the space between them is filled 
with lead, which has a low cross section 
for neutrons. The assemblies, which re­
semble those of EBWR, consist of six 
tube-plates with cooling channels be­
tween them, welded to side plates. 

REMOTE·CONTROL CASTING of fuel pins for the J<;xperi!'lental 

Breeder Reactor II is shown in these. drawings. Fuel elements for 

this reactor must be reprocessed every few months to remove some 

of the accumulated fission products. Partially purified uranium. 

plutonium alloy is melted il) a vacuum (left). The liquid metal is 

. then lifted (center) toward an array of hardened glas!>molds; Heli­

um admitted to the apparatus (right) forces the metal into the 

molds, which can be easily broken away from the solidified pins. 
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The large volume of their atoms causes the fuel to swell and eventu· 
ally disintegrate. The photograph at left shows the remains of a 
rolled uranium har after only .73 per cent of its atoms had fis· 

sioned. The heat·treated bar in center shows much less damage at 
I per cent "burn.up." The casting at right, made of uranium alloyed 
with zirconium, is almost undamaged even at 1.6 per cent burn.up. 

In the Experimental Breeder Reactor 
II (EBR·II), now under construction, 
our group has had to deal with a very 
different set of problems. EBR-II is an 
unmoderated "fast" reactor, with a heat 
output rated at 60,000 kilowatts. In 
addition, this reactor is to breed more 
fuel than it consumes by converting 
U-238 into plutonium. 

For efficient breeding the reactor must 
conserve neutrons to the utmost. EBR­
II therefore has a very small core of con­
centrated metallic fuel, about 20 per 
cent fissionable material as against 1.5 
per cent for EBWR and 6 per cent for 
Borax-IV. The fuel in this concentrated 
core "burns" relatively rapidly to pro­
duce temperatures around 600 degrees 
C. at the surface of the fuel elements. 
The radiation damage, aggravated by 
the high temperatures, limits the life of 
the elements to months rather than 
years. The need for frequent reprocess­
ing accordingly emerged as the decisive 
factor in their design. 

A fuel element withdrawn from a re­
actor must be handled throughout the 
entire reprocessing by remote control 
machinery in a "hot cell." The EBR-II 
fuel elements are designed to minimize 
the difficulties of this operation. The 
fuel metal is fabricated in slender cylin­
ders, or "pins," which fit loosely in the 
long, thin-walled tube of the stainless­
steel jacket; the space between fuel and 
jacket is filled with metallic sodium. 
Since sodium has a melting point of 98 
degrees C., it is easy to melt out the 
sodium and decant the fuel pins from the 
jackets. The fuel pins now go to the re­
fining process, and the jackets, contami­
nated with radioactivity, are scrapped. 
With the jacket out of the way, the re­
fining process is considerably simplified. 
It is simplified further because there is 

no need to get rid of all the heavier fis­
sion products, which do not absorb fast 
neutrons. Reprocessing involves simple 
melting techniques and is designed pri­
mm'ily to get rid of the troublesome 
gases. An automatic casting machine 
then casts the reprocessed fuel into pins 
in hardened glass molds, which are 
broken away when the pins solidify. Still 
other machines insert the pins into new 
jackets, fill the annular space between 
pin and jacket with sodium and fit the 
completed fuel elements together in an 
assembly unit, ready for reinstallation 
in the reactor. The entire process takes 
less than 24 hours. Since only one assem­
bly is reprocessed at a time, the reactor 
will operate at a high level without in­
terruption. 

The reactor does not need to be pres­
surized, because the boiling pOint of its 
coolant, liquid sodium, is 880 degrees, 
well above the operating temperature. 
Sodium, however, presents problems of 
its own. It rapidly picks up impurities, 
and impure sodium is extremely corro­
sive. Fortunately we did not have to con­
sider nuclear properties in our choice of 
materials to withstand corrosion, since 
few substances absorb fast neutrons. We 
chose stainless steel because of its re­
sistance to heat and corrosion and be­
cause its low cost makes it expendable 
during reprocessing. The peculiar be­
havior of uranium and stainless-steel al­
loy that was demonstrated at Arco, how­
ever, limits the surface temperatures of 
the fuel elements. Jackets of vanadi­
um, zirconium, molybdenum or niobium 
would have permitted higher tempera­
ture, but these metals are costly and diffi­
cult to fabricate. 

The fuel elements are long and slen­
der; a helical rib spirals around the out­
side of each tube. When the tubes are 

arrayed in the fuel assembly, these ribs 
separate them from one another and 
create the channels through which the 
sodium coolant circulates. This arrange­
ment safeguards the rather flexible indi­
vidual tubes against the warping which 
caused so much trouble in the first 
breeder reactor. 

The assemblies are hexagonal tubes of 
stainless steel about 8Jf feet in length. A 
bundle of 91 fuel-element tubes occupies 
roughly the middle third of this length. 
Above and below them are similar ele­
ments containing pure U-238, which the 
neutrons released by the fuel elements 
will gradually convert into plutonium. 
These "blanket" elements produce much 
less heat than the fuel elements and are 
therefore about twice as thick, with 
enough stiffness to make the helical ribs 
unnecessary. About 90 of these assem­
blies make up the core of the reactor. 
Surrounding them is a thick layer of 
blanket assemblies containing only U-
238. Thus the small core of fuel is 
blanketed at both ends and all around 
by breeding material. The blanketing 
sections will produce more than enough 
fuel to replace what the fuel sections 
consume. 

T he now well-advanced art of fuel-
element design may be made obso­

lete with the arrival of the so-called 
homogeneous reactor. In such a reac­
tor the fuel and the moderator are inti­
mately mixed, instead of being engi­
neered as separate entities, as in the 
"heterogeneous" reactors discussed in 
this article. One homogeneous reactor has 
already been built, but for experimen­
tal purposes rather than power produc­
tion. The design of these reactors raises 
problems which are proving as chal­
lenging as the design of fuel elements. 
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The Circulatory System of Plants 

Substances required in the metabolism of plant cells not only travel 

up from the roots but also move about in other ways. This circulation 

has recently been clarified by experiments using radioactive tracers 

I
t is a familiar fact that the sap of a 

plant travels upward through its 
stem. It is not so familiar that the 

vital activities of the plant require the 
extensive circulation of a wide variety of 
substances. Water moves from the roots 
to the leaves, where it may participate in 
the process of photosynthesis. Sugar 
manufactured by this process travels 
from the leaves to cells that are not 
photosynthetic, or to regions of the plant 
where it is stored. Some of the sugar that 
descends to the roots reacts with miner­
als to form amino acids and other com­
plex substances which then ascend the 
stem. Other minerals travel upward to 
the leaves, fruits and flowers, and the ex· 
cess not utilized by the metabolism of 
these parts is free to move on. Growth 
hormones manufactured in the tips of 
shoots, and vitamins synthesized in new­
ly matured leaves, similarly travel 
through the plant to participate in the 
activities of other tissues. 

All this ebb and flow is called trans­
location. How is translocation accom­
plished? This is a fundamental question 
of plant physiology, and also a practical 
one. For example, many new substances 
that are used in agriculture depend for 
their effects on translocation: systemic 
compounds which combat pests, the fer­
tilizers and herbicides which can be 
sprayed on leaves, and growth sub­
stances which regulate flowering and 
fruit drop. 

Translocation occurs in two tissues, 
the conduits of which-extend throughout 
the plant. The conduits in the woody 
tissue, or xylem, consist of thick-walled 
tubes of dead cells. Through these tubes 
water travels from the roots to the leaves, 
where it is utilized by living cells or 
evaporates from the leaf surface. Be­
cause the cells of the tubes are dead, the 
process is thought to be a purely physi-
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cal one [see "The Rise of Water in 
Plants," by Victor A. Greulach; SCIEN­
TIFIC AMERICAN, October, 1952]. 

In contrast, the conduits through 
which foods-and minerals travel from the 
leaves to the roots and to the shoot tips 
consist of living cells. These cells are 
joined end to end, and their ends are 
perforated by minute pores, so that their 
contents are interconnected. Because the 
pore areas resemble tiny sieves, the con­
duits are called sieve tubes. The sieve 
tubes are supported by fibers which give 
certain plants (e.g., flax, jute, hemp) 
their economic importance. Associated 
with these tubes are other cells that store 
food; the whole tissue is called the 
phloem. In woody plants the phloem is 
located in that part of the bark which is 
next to the wood; in herbaceous plants it 
is associated with the xylem in the veins. 

Until the 1920s it was thought that 
all food substances traveled upward 
through the dead tubes of the xylem and 
downward through the living tubes of 
the phloem. Then it was calculated that 
food substances moved from the leaf at 
the rate of 20 inches per hour-a rate 
then considered too high to be explained 
by movement through living cells. At the 
same time it was observed that the con­
centration of sugar in the xylem sap was 
too dilute to account for the amount of 
sugar moved upward from leaves to 
fruits and used at the tips of shoots by 
growing tissue. Moreover, it was discov­
�red that ·food substances moved . .from 
the leaves to the fruits not only in the 
xylem sap but also through the phloem. 
Thus the whole problem of translocation 
was reopened. 

p erhaps the earliest experimental ap­
proach to the study of how food sub­

stances move through plants involved 
"girdling" a tree by removing a ring of 

bark from its trunk. Girdling blocks the 
movement of food substances down the 
trunk; sometimes the accumulation is 
sufficient to cause a swelling above the 
ring. In time the roots die of starvation. 
Such an experiment, performed some 
400 years ago by the Italian anatomist 
Marcello Malpighi, demonstrated the 
movement of substances backward from 
the leaves. 

Today radioactive isotopes provide a 
more refined means of tracing the same 
movements. For example, a plant can 
be grown in an atmosphere containing 
carbon dioxide in which the carbon is 
radioactive. In the process of photosyn­
thesis the plant uses the radioactive car· 
bon to make food substances which can 
then be followed as they move from the 
leaves. By this means it has been demon­
strated that the food manufactured in 
photosynthesis travels both upward and 
downward from the leaf. In a number of 
plants the form in which this substance 
is translocated has been identified as the 
simple sugar sucrose. 

It has also been demonstrated that the 
sucrose travels through living tissue. If a 
segment of stem is killed with hot wax, 
the sugar cannot pass through the dead 
section. In our laboratory at the State 
College of Washington we have visually 
demonsh·ated that the living tissue 
through which the sugar passes is phlo­
em. This was done by cutting a thin sec­
troil of stem from a plaI)t which had been 
growing if!" an atmosphere containing 
radioactive carbon dioxide, and placing 
the section in contact with photographic 
RIm. The radioactivity of the sugar made 
from the radioactive carbon exposed the 
RIm only in the area of the phloem. 

Radioactivity has been useful not only 
in tracing the movement of sugar, but 
also in calculating the rate of movement. 
Before the advent of radioactive tracer 
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LIGHT CARBON DIOXIDE 

SUGARS FORMED 

SUGARS AND NITROGEN 

FORM AMINO ACIDS 

CIRCULATION OF A PLANT is outlined. Water and minerals 
travel up the stem in vessels composed of dead cells. Sugars formed 
in the mature leaves by the process of photosynthesis move both 
np and down the stem in tubes of living cells. Some of the sugars 

PROTEIN SYNTHESIZED 

VITAMINS AND 

HORMONES FORMED 

WATER VAPOR 

II! 

STARCH, PROTEINS 

AND FATS STORED 

WATER AND MINERALS 

SYNTHESIZED 

react with nitrogen in the roots to form amino acids. Vitamins and 
hormones formed in the immatnre leaves travel to other parts of 
the plant. Starch, proteins and fats are stored in the fruits. Proteins 
are synthesized at the growing tips of the stem and of the root. 
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TWO KINDS OF CONDUITS mediate the circulation of a plant. At top is a section of the 
stem of a woody plant. The tubes of dead cells through-which water and minerals rise from 
the roots are in the xylem. The tubes of living, cells through which various substances move 
in various ways are in the phloem. At bottom left is an enlarged section showing the tuhes 
of phloem. At bottom right is a similar section showing the vessels of the xylem. 
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techniques the rates were estimated 
simply on the basis of the gain in the dn 
weight of fruits. Such measurements ill­
clicated that in the pumpkin and the 
squash, food moved from the leaves at 
a rate of 22 to 64 inches per hour. By 
tracing the movement of radioactive 
carbon in the bean plant, we have estab­
lished the more precise figure of 40 inch­
es per hour for the translocation from 
leaves to roots of substances manufac­
tured by photosynthesis. 

Food substances from the leaf not 
only move to the root-they make a cir­
cuit. The Soviet plant physiologist A. L. 
Kursanov has recently demonstrated this 
in the young pumpkin plant. He found 
that the passage from leaf to root took 
30 minutes, and that the new mixture 
formed there returned to the top of the 
plant in about three hours. 

In perennial plants food must be mo­
bilized from stored reserves as the buds 
break dormancy in the spring. While 
some of the food may be carried up 
from the roots by the sap, the concen­
tration of sugar in the sap is seldom 
very high. It has been found that the 
food and minerals required for the 
growth of leaves in the early spring 
come not from the roots but from storage 
regions near the leaf buds. 

T he water rising through the xylem 
provides the leaves with their orig· 

inal supply of minerals from the soil. 
When the supply is more than adequate, 
however, the excess minerals are trans­
located down toward the roots again, 
or up to younger leaves and growing 
tips, or to fruits and flowers. This cir­
culation of minerals in the stem was 
demonstrated by a unique experiment in 
which the root system of a corn plant 
was divided into two parts. Each part 
was then placed in a separate nutrient 
solution. When radioactive phosphorus 
was added to one solutiop, it ascended. 
the stem of the plant: but within �ix 
hOlli;ir:lt had' cbitle do

'\vn' the 
'
st�m and 

entered the roots in the other solution. 
Some of the essential minerals are re­

distributed in plant tissues with remark­
able facility. In deciduous trees as 
much as 90 per cent of certain minerals 
is removed from leaves before they fall. 
In most plants mobile elements are trans­
ferred to new leaves at the expense of 
old ones. Sometimes minerals are simi­
larly withdrawn from the petals of flow­
ers and delivered to the young fruit. 

Such redistribution is particularly sig­
nificant in the reproductive processes of 
the plant. In corn, for example, 60 per 
cent of the nitrogen required for 'the 
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formation of the grain comes from vari­
ous parts of the plant rather than directly 
from the soil. The commercial practice 
of "topping" tobacco plants prevents the 
plants from flowering, thus allowing the 
nitrogen that would normally go into 
the formation of flowers to increase the 
size of the upper leaves. 

The pattern of movement and the de­
gree of mobility vary with the mineral. 
The translocation of minerals from the 
leaf has been investigated by spraying 
the leaf with the mineral in radioactive 
form. In this way it has been demon­
strated that phosphorus moves with 
great ease both upward and downward 
from the leaf. Radioautographs indicate 
that, like sugar, phosphorus moves down 
the stem from the leaf through the phlo­
em. Part of the phosphorus, however, 
diffuses from the phloem into the tubes 
of the xylem, where it can once again 
ascend the stem. Much more phosphorus 
is translocated by day than by night, and 
the element moves predominantly to 
metabolically active tissues such as buds 
and young leaves. However, some phos­
phorus also travels from the leaves to 
the roots, even when the roots are im­
mersed in a nutrient solution containing 
an adequate supply of the element. 

Sulfur is also remarkably mobile in 
plants. In areas where industrial opera­
tions discharge sulfur into the air, the 
element enters the plant through the 
leaves and is not only used in their me­
tabolism but also is translocated to other 
tissues. Calcium translocation has an en­
tirely different pattern. This element 
does not travel from the leaf because it 
is not mobile in the phloem. Once it is 
delivered through the tubes of the xylem 
it is not further translocated; thus the 
new growth of a plant that is not steadily 
supplied with calcium soon becomes de­
ficient in it. From these findings it can 
be seen that it is quite practical to ad­
minister phosphorus and sulfur to plants 
in intermittent sprays. A calcium spray, 
on the other hand, would not meet the 
needs of plants. 

P hosphorus and calcium represent the 
extremes of mobility in plants. This 

has been demonstrated by radioauto­
graphs of the bean plant. A group of 
bean plants is grown for a short time in 
a nutrient solution containing one of 
these minerals in radioactive form. After 
this initial period some of the plants are 
removed from the solution, pressed, 
dried and exposed to photographic film. 
The resulting radioautograph will show 
the tissues into which the radioactive 
tracer moved during this period. ThE; 

rest of the plants are placed in a fresh 
nutrient solution that contains no radio­
active mineral; there they are allowed to 
grow for-an additional period. When 
radioautographs of the second set of 
plants are compared with those of the 
first, they will show the behavior of the 
mineral during the additional period of 
growth. 

The pair of radio autographs at the top 
of the next page reveals the characteris­
tic behavior in the bean plant of phos­
phorus. The plant at left was grown for 
a short period in a solution containing 
radioactive phosphorus; it is apparent 
that the mineral was delivered to all 
parts of the plant. The plant at right, 
grown in the same solution for the same 
period, was then removed and grown in 
nonradioactive solution. It can be seen 
that phosphorus has been withdrawn 

from the older tissues and translocated 
to the new leaves and the bud. Some of 
the phosphorus in the younger tissues 
could have come from the roots, which 
are still heavily loaded with the original 
radioactive mineral. If all of it had come 
from the roots, however, the oldest leaves 
would be the most radioactive. The fact 
that the new leaves and the bud are 
mote radioactive demonstrates that an­
other kind of circulation has occurred. 

The totally different behavior of cal­
cium is indicated by the pair of radio­
autographs at the bottom of the next 
page. Here the plant at left was briefly 
grown in a solution containing radio­
active calcium; the mineral has been dis­
tributed to various tissues. The plant at 
right, like the second plant in the phos­
phorus experiment, was removed from 
the radioactive solution and grown for 

PHLOEM AND XYLEM appear in this photomicrograph of a section of grapevine. The 
large openings at bottom are the vessels of the xylem, seen at right angles to their long axes. 
The smaller openings at top are the sieve tubes of the phloem. Between the two is the cam­
bium. The photomicrograph was made by Katherine Esau of the University of California_ 
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MOVEMENT OF PHOSPHORUS is traced in these radioauto· 
graphs onwo bean plants. The plant at left was grown for a short 
period in a solution containing radioactive phosphorus; the pho.· 

MOVEMENT OF CALCIUM is similarly traced. The plant at left 
was grown in a solution containing radioactive calcium. The plant 
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phorus is distributed throughout the plaut. The plant at right was 
grown in the same solution, then removed and grown in nonradio· 
active solution; the phosphorus is concentrated in younger leaves. 

at right was grown in the same solution, then in nonradioactive solu· 
tion; calcium has not traveled from the older leaves to the younger. 
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four days in a normal solution. The new 
leaves and the bud of the plant show 
very little radioactivity, which indicates 
that their calcium came not from older 
tissue but from the supply in the non­
radioactive solution. 

Some elements have an intermediate 
degree of mobility, that is, they are con· 
ditionally mobile. The movement of iron 
or zinc, for example, is influenced by a 

combination of circumstances, including 
the concentration of the element in the 
plant, the presence or absence of other 
elements and the acidity of the nutrient 
medium. If there is not too much phos­
phorus present, and if the medium is on 
the acid side, iron will be distributed 
evenly throughout the leaf in a form 
which will stimulate the development of 
chlorophyll. When these conditions are 
not met, the iron will not be accessible 
for chlorophyll development; the leaves 
will be yellow and unable to conduct 
photosynthesis. This disturbance, known 
as iron chlorosis, ranks high among those 
factors responsible for the decreased 
yield of economically important plants. 
Because it would be too big an under­
taking to make iron available by chang­
ing the aciditv of the soil, agriculturists 
have recently dealt with iron chlorosis in 
another way. They apply to the soil iron 
chelates: organic compounds that supply 
iron in a form which can be utilized by 
plants. It is possible that the chelates also 
serve to translocate iron in the plant. 

In recent years the interest of investi­
gators in translocation has been stimu­
lated by the development of new plant­
growth regulators. U. S. Department of 
Agriculture investigators at Beltsville, 
�1d., have studied one growth regulator 
(alpha-methoxyphenylacetic acid) that 
is capable of moving from the leaf of a 
plant to the roots, then out of the roots 
into the soil. There it can be absorbed 
by the roots of an untreated plant, as­
cend to its leaves and alter their shape. 
This substance can move between a 
number of species of broad-leaved plants 
such as cotton. It does not, however, 
move from corn, which is a grass. The 
well-known specificity of 2,4-D for 
broad-leaved plants may be based not 
onlv on differences in the metabolism of 
these plants and of grasses, but also on 
differences in translocation. Such bio· 
logical specificity has led to the study 
of the relationship between the molecu­
lar structure of certain substances and 
the capacity of the plant to absorb and 
translocate them. It has been found that 
the character of certain side chains at­
tached to the molecule influences the 
ability of the compound to be translo-

cated. It has also been discovered that 
the pattern in which one compound is 
translocated is affected by the applica­
tion of another compound. 

D espite all these investigations, we 
still do not understand the funda­

mental mechanism of translocation in 
the living cells of the phloem. Three 
theories are presently postulated. One 
theory supposes that phloem transport 
results from an osmotic-pressure gradi­
ent in the sieve tubes. Such a system 
might work as follows. 

Consider two cells which have mem­
branes permeable only to water, which 
are connected by a tube, and which are 
immersed in water [see illustration be­
low J. One cell contains a solution of 
high osmotic pressure, such as a solu­
tion of sugar; the other contains only 
water. The osmotic pressure of the su­
gar solution will cause water to move 
into the first cell from the external solu­
tion. This will exert a pressure in the 
system and cause water to move out of 
the second cell. Moreover, solution will 
flow from the first cell through the 
tube into the second cell. In order for 
the flow to continue, however, sugar 
would have to be removed from the sec­
ond cell and be replenished in the first. 

In a living plant the first cell repre­
sents the sugar-manufacturing cells of 
the leaf, the second cell represents grow­
ing tissues where sugars are used (or 
storage organs where sugars are con­
verted into starch), and the tube be­
tween the cells represents the sieve 
tubes of the phloem. The principle of 
the mechanism is sound, but it encoun­
ters two difficulties when it is applied to 
a plant. First, the forces required to 

move solution through the small pores 
in the sieve tubes at rates known to occur 
are greater than the pressure actually 
observed in plants. Second, it is difficult 
to see, within the limitations of what we 
presently know about the phloem, how 
the mechanism could account for the 
simultaneous upward and downward 
movement of various materials in the 
sieve tubes. 

A second theory suggests that sub­
stances move through the sieve tubes by 
diffusion. Simple diffusion, however, 
would be much too slow to account for 
the observed rates of translocation. Ac­
cordingly it has been proposed that the 
diffusing molecules are somehow acti­
vated so that they are more readily trans­
ported, or offer less resistance to diffu­
sion. Unfortunately such activation has 
not been demonstrated. 

A third theory is that substances are 
carried in the phloem by actively mov­
ing or streaming protoplasm. Such 
streaming has been observed in many 
plant cells, but not in functioning sieve 
tubes. Recently, however, workers at the 
University of California have shown that 
the contents of a sieve tube surge from 
one end of the cell to the other. 

Perhaps the explanation of transloca­
tion lies in a combination of these and 
other mechanisms. Possibly different 
substances move by different means. It 
is certain that any explanation must 
await a more complete understanding of 
the sieve tube itself. Unique among plant 
cells, the sieve tube continues to defy 
attempts to understand it because it is so 
readily injured by manipulation. It 
would seem that botanists must find 
more clever ways or new tools to unravel 
the mystery of how it functions. 

ONE THEORY of how substances move through the sieve tubes of the phloem is illustrated. 
The cell at left contains sugar solution; the cell at right, water. The osmotic pressure of 
the sugar solution draws water through the cell membrane, exerting pressure in the system. 
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TILTING-ROOM-TILTING-CHAIR experiment engenders a con­

flict between the standards used in perception of the upright. With 
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the vertical indicated by the room in disagreement with gravity, 

the subject is challenged to adjust her chair to the upright. 
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THE PERCEPTION OF THE UPRIGHT 
How do \ve know which way is up? An investigation of this 

question has become a study of personality, because the 

,yay In \vhich we perceIve IS related to \vhat we are like 

Al of us normally have a quick, auto­
matic and correct sense of how 
we are located in space. We can 

tell without hesitation whether our bod­
ies are upright or tilted, how much they 
are tilted and in what direction. This 
ready ability to orient ourselves to the 
vertical and horizontal axes of space has 
two bases. First, our bodies are acted 
upon by the force of gravity, the direc­
tion of which corresponds to the true 
upright. We apprehend the direction of 
gravity through the continuous postural 
adjustments we make to its pull. In addi­
tion to "feeling" our bodies, we see them 
against our surroundings. The "visual 
field," filled with prominent verticals and 
horizontals, provides our second basis 
for determining whether or not we are 
upright. 

With equal ease and accuracy we can 
determine the positions of other objects. 
In hanging a picture on the wall, for 
example, we make it straight by com­
parison with our own bodies, as well as 
with the axes of the surrounding walls, 
ceiling and floor. 

Ordinarily the two standards avail­
able for determining the upright coin­
cide in direction. It is therefore impossi­
ble to tell at any given moment whether 
an individual is establishing his position 
on the basis of how his body feels, how 
well it "fits" its surroundings, or both. Nor 
can we know whether, in hanging a pic­
ture, he is guided predominantly by the 
conspicuous lines of the surrounding 
room or by the position of his own body. 

The question with which we began 
our studies was orthodox enough: What 
is the relative importance of the two 
standards used in the perception of the 
upright? More than 15 years ago our 
laboratory, then at Brooklyn College, be­
gan a study of this problem. Today, at 
the Downstate Medical Center of the 
State University of New York, we are in-

by I-Jerman A. Witkin 

vestigating personality development in 
children, These areas of research seem 
very far apart, yet the present work grew 
out of the original studies. (Our collabo­
rators at various stages in the develop­
ment of the research have been S. E. 
Asch, H. B. Lewis, M. Hertzman, K. 
Machover, P. B. Meissner, S. Wapner, 
H. F. Faterson, R. B. Dyk, D. R. Good­
enough and S. A. Karp.) 

The transitions in our work reflect a 
general change that has been taking 
place in the psychologist's approach to 
perception, the process by which we 
form impressions about ourselves and 
our environment. Earlier studies had 
been focused primarily on characteristics 
of the stimulus and on sense-organ and 
neural functioning. Today many investi­
gations are concerned in addition with 
the personality of the perceiver: his mo­
tivations, emotions and defenses. Re­
search stimulated by this more compre­
hensive approach has disclosed signifi­
cant connections between perception 
and personality. Such findings have had 
an important impact on our theoretical 
notions. Moreover, because perception 
can be studied under manageable labo­
ratory conditions, proof of its close asso­
ciation with personality has opened up 
a promising experimental route to per­
sonality investigation. 

I n our first experiment we set out to 
"separate" the gravitational standard 

of the upright from the standard pro­
vided by the visual field, with the aim of 
evaluating the importance of each. 
Among the several situations we devised 
for this purpose, two proved especially 
productive. The apparatus for one con­
sists of a small room that the experi­
menter can tilt to any degree to the left 
or right, and a chair for the subject that 
also can be tilted to the left or right [see 
illustmtion on opposite page and on next 

two pages]. The structure and "interior 
decoration" of the room provide many 
clearly defined lines that accentuate its 
vertical and horizontal axes. With room 
and chair tilted by set amounts, the ex­
perimenter moves the chair at the sub­
ject's direction until the subject reports 
himself to be upright. The room-the 
limited world we have created for him­
remains meanwhile in its initial tilted 
position. The conditions of the test thus 
separate the subject's two standards for 
judging the upright: the pull of grav­
ity on his body and the direction of the 
tilted visual field are in disagreement. 
If, when he finally believes that he is 
"straight," the chair is close to the true 
upright, we may reasonably infer that he 
perceives body position primarily on the 
basis of sensations from within. On the 
other hand, if the chair is tipped far 
over toward the axes of the tilted room, 
he is determining body position mainly 
by reference to the visual field. His way 
of perceiving can thus be quantified, be­
cause he is required to carry out a meas­
urable action that reflects his perception. 
The measure is the number of degrees 
he is tilted when he reports himself 
straight. 

The second test enabled us to study 
individuals' perception of the "straight­
ness" of objects apart from their own 
bodies. The subject sits in complete 
darkness, facing a luminous rod in a 
luminous frame; the rod and frame can 
be moved independently of each other 
[see illustration on page 54]. He sees 
them first in tilted positions. Then, while 
the frame remains tilted, he directs the 
experimenter to move the rod until it 
appears upright. In some trials the sub­
ject sits erect, and in others his chair is 
tilted to one side. 

Here again the visual field and the 
subject's bodily sensations are in dis­
agreement, each indicating a different 
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vertical. If he reports that the rod is 
straight when objectively it is tipped 
far toward the tilt of the frame, he is re­
lying primarily on the visual field. If, on 
the other hand, he adjusts it close to the 
true upright, he is relying mainly on 
body position, and is relatively inde­
pendent of the visual field. When the 
subject sits erect, it is of course easier 
for him to utilize body position as a 
standard of reference. The degree of tilt 
of the rod gives us a measure of the sub­
ject's way of perceiving. 

These and other experiments at first 
suggested that the visual field tends to 
play the more important role. Very soon, 
however, a most striking and unexpected 
finding began to emerge from our 
studies. We found that people differed 
considerably in their manner of perceiv­
ing the upright. So great was the range 
of individual variation that it was impos­
sible to derive any general conclusion 
about the perception of the upright that 
would hold true for all members of an 
experimental group. 

In the search for an upright body po­
sition some people were always able to 
bring the chair close to vertical no mat­
ter how much the room was tilted. Ob­
viously their orientation depended to a 
high degree on bodily sensations, and 
was influenced hardly at all by the po­
sition of the visual field. At the other 
extreme, some people had to be more or 
less aligned with the tilted room before 

they could perceive themselves as up­
right. Tilted as much as 35 degrees (in 
one extreme case 52 degrees), they an­
swered "Yes" when asked: "Is this the 
way you sit when you eat your dinner?" 
The impression of uprightness, though 
mistaken, was immediate and automatic. 
However, when such people closed their 
eyes ,they at once felt quite tilted. With 
their eyes still closed, they were able to 
bring themselves very close to the true 
upright. In this situation, providing the 
eyes are closed, anyone can adjust his 
body to the upright with little or no er­
ror. The marked differences among indi­
viduals manifested themselves only 
when the visual field had a chance to 
exert its influence. 

Again, in establishing the position of 
the rod, some people were invariably 
able to bring the rod close to the true 
upright despite the extreme tilt of the 
frame. Other subjects saw the rod as 
straight only when it was aligned with 
the tilted frame and so was objectively 
far out of plumb. 

We had set out to discover which of 
the two standards utilized in per­

ception of the upright is the more impor­
tant under various conditions, and we 
had found that our question was unan­
swerable. Instead we had encountered, 
under essentially identical conditions of 
stimulation, marked individual differ­
ences in spatial orientation. Such varia-

tion, it seemed clear, must stem basically 
from differences in characteristics of the 
perceivers, a possibility that had re­
ceived little or no attention in traditional 
theories of perception. We decided to 
focus our subsequent investigations on a 
systematic study of the nature and origin 
of individual differences in perception. 

Immediately we were confronted with 
the question: Does a person tend to de­
termine the upright in the same way 
under various circumstances? We tested 
the same group of subjects in our series 
of orientation tests, and found them to 
be highly consistent in performance. 
Those who in the rod-and-frame test 
were able to adjust the rod close to the 
true upright by reference to body posi­
tion were also able to make their bodies 
straight in the tilting-room-tilting-chair 
test. Others, consistently guided by the 
visual framework, tended to align the 
rod with the tilted frame and their own 
bodies with the tilted room. It is striking 
that the person perceives his own body 
and "neutral" external objects in a simi­
lar fashion. 

Does a tendency toward one or the oth­
er of these ways of functioning character­
ize all of the individual's perception, and 
not his spatial orientation alone? To an­
swer this question we tested the same 
group of subjects in a series of perceptual 
situations that in no way involve body 
position or orientation toward the 
upright, but do resemble the orientation 

DEPENDENCE ON VISUAL FIELD is suggested by the angle of 

error between this subject's estimate of the upright, which is indio 

cuted by the posItIon to which she has brought her chair, and 

the true upright, indicated by the vertical arrow above her head. 
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tests in requiring the separation of an 
item from its surrounding field. 

One of these is the "embedded-fig­
ures" test, in which the subject is asked 
to locate a simple figure "hidden" within 
a large complex figure [see illustration 
on page 55]. People who tend to see 
the complex figure passively, in accord­
ance with its dominant pattern, will of 
course have difficulty in locating the sim­
ple figure within it. We found that those 
who took a long time to discover the hid­
den figures were the same people who 
had tended to align their own bodies 
with the axes of the tilted room and to 
align the rod with the tilted frame. 

The finding of significant relationships 
between performance in the orientation 
tests and performance in the embedded­
figures test (and other non-orientation 
tests) helped us define more precisely 
the nature of the individual differences 
we had observed. With only the results 
of the orientation tests available, we had 
characterized perception in terms of 
primary reliance on either bodily sensa­
tions or the visual field. Now we had a 
broader basis of classification. In each 
case our experimental situations re­
quired the individual to separate some 
item-be it his own body, a rod or a sim­
ple geometric figure-from its back­
ground or context; to "break up" and 
deal analytically with a given situation; 
to maintain an active "set" against the 
influence of the surrounding field. \;\1e 

designated as "field-independent" those 
who showed a capacity to differentiate 
objects from their backgrounds. Con­
versely, the "field-dependent" subjects 
were those whose performance reflected 
relatively passive submission to the dom­
ination of the background, and inability 
to keep an item separate from its sur­
roundings. In the general population 
perceptual performances reflecting the 
extent of field-dependence or field-inde­
pendence are ranged in a continuum rath­
er than constituting two distinct types. 

O n the basis of this more comprehen­
sive definition, we learned much 

more about characteristic styles of per­
ceiving. We found a significant differ­
ence in perception between the sexes. 
Women as a group are likely to tip their 
bodies farther toward the axes of the 
tilted room, and the rod farther toward 
the axes of the tilted frame; and it takes 
them longer to discover the simple fig­
ures hidden in the complex designs of 
the embedded-figures test. 

Investigations by ourselves and others 
have also shown that the way in which 
the individual perceives is an expJession 
of a more general aspect of his function­
ing. Field-independent people, for ex­
ample, excel at problems that require the 
isolation of essential components from 
a context and the recombination of these 
components in new relationships. Since 
our standard intelligence tests empha-

size this kind of "analytical competence," 
field-independent children tend to 
achieve Significantly higher LQ.'s. We 
have been able to show that the higher 
LQ.'s of such children result specifically 
from their relatively superior perform­
ance on those parts of intelligence tests 
that require such ability; they do not 
score significantly better than field-de­
pendent children in questions concerned 
with vocabulary, information and com­
prehension. In the realm of social be­
havior various studies have shown that 
field-independent people are in general 
less dependent on others. They have 
greater ability to hold themselves apart 
from the pressures of their social en­
vironment, sometimes even to the point 
of isolation from other people. Ability to 
orient one's own body independently of 
the surrounding visual field, or to keep 
any object separate from its background, 
thus seems directly associated with ca­
pacity to function with relative autono­
my of the social milieu in everyday life. 

Our orientation tests had evidently 
tapped a source of important, deep­
seated psychological differences among 
people. We determined next to investi­
gate the origin and development of these 
differences. We began by studying 
changes in perception during growth. 
For this purpose we gave our battery of 
perceptual tests to separate groups of 
boys and girls of various ages between 
8 and 20 years. At intervals over a period 

INDEPENDENCE OF VISUAL FIELD, aehie"ed by blindfolding 

the subject, here resulted in closer alignment of the body to the 

true upright. In adjusting the chair the subject could rely on 

the pull of gravity undistracted by conflicting visual field. 
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ROD·AND·FRAME experiment challenges the subject to bring the rod to the true upright 

despite the tilted position of the frame. The experiment is performed in the dark, with only 

the luminous frame and rod visihle, and with the chair upright (top) or tilted (bottom). 
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of years we tested one group from the 
time they were 8 until they had reached 
13, and another group from age 10 to 
age 17. These studies allIed to the same 
conclusion: Children tend to be field­
dependent early in their perceptual de­
velopment and to become field-inde­
pendent as they grow up [see chmts on 
page 56]. The ability to determine the 
position of the body apart from the tilted 
room, to perceive the position of a rod 
independently of the tilted frame, to 
pick out a simple figure obscured by a 
complex context-all improve, on the 
whole, as the children become older. 
The change was particularly marked in 
the 8-to-13-year period. After this there 
was a tendency to level off, and even a 
slight tendency to regress. 

Within these average trends the chil­
dren showed marked differences at every 
age level. At the same time, all of the 
children we were able to follow over a 
seven-year period showed high stability 
of performance. They tended to main­
tain their same relative positions within 
the group as they grew older, even 
though averages for the group changed 
with age. These findings suggested that 
the child's perceptual style tends to be 
established early in life, and to remain 
relatively stable. 

T he field-dependent mode of percep­
tion is thus identified with earlier 

stages of growth and in this sense is more 
primitive. We were led by this finding to 
the general hypothesis that children who 
remain field-dependent, in comparison 
with most children their own age, may 
have made less progress in their general 
psychological development. Extensive 
personality studies confirmed this hy­
pothesis. 

Each child was evaluated by an inter­
view and a series of projective tests (the 
Rorschach, Figure Drawing and The­
matic Apperception tests, and a minia­
ture-toy play situation). The psycholo­
gists knew nothing about how the chil­
dren had performed in the perceptual 
situations. Guided by the general hy­
pothesis of the study, however, they de­
vised from these tests a series of "indica­
tors" of relevant personality character­
istics. The correlations found between 
these indicators and performance on the 
perception tests were checked by repeat­
ing the study with a new group of chil­
dren. 

In general these studies show that the 
organization of the personality of the 
field-independent child is more complex. 
He usually has a more definite sense of 
his role and status in the family. He 
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tends to be more aware of his own needs 
and attributes and also of the needs and 
attributes of others. In terms of his age 
group he is usually able to function with 
greater independence in a variety of sit­
uations. The defenses and controls he 
has available to channel his impulses and 
direct his actions are generally better de­
veloped. More often than his field-de­
pendent contemporaries he shows a 
desire and a capacity for active striving 
in dealing with his environment. His in­
terests tend to be both wider and better 
developed. 

It would be a mistake to infer that 
these traits necessarily imply better 
adaptation to life situations, or absence 
of pathology. Maladjusted children are 
found in both the field-independent and 
field-dependent groups. Personality dis­
turbances in field-dependent children, 
however, tend to be of the kind that stem 
from relatively primitive, amorphous, 
chaotic personality structure. In field­
independent children personality dis­
turbance is more likely to take such 
forms as over-control, over-intellectuali­
zation and isolation from reality. Per­
ceptual style does not by itself indicate 
whether a child will have a "healthy" 
personality; it may, however, suggest 
the form that pathological developments 
may take. 

S em-ching deeper for the source of these 
basic differences among children, we 

asked ourselves: To what extent may 
constitutional characteristics of children 
contribute to the differences? To what 
extent are the differences determined by 
the life experiences of children, both in 
the family and in society, in the course 
of growing up? To answer these ques­
tions a broad program of research is 
clearly required. We considered the 
study of mother-child relationships to be 
a particularly good starting point. We 
based the undertaking on the hypothesis 
that children with a field-dependent 
style of perceiving are likely to have 
been hampered in their opportunity for 
psychological growth. 

A group of lO-year-old boys whose 
perception, intelligence and personality 
we had already studied intensively were 
the subjects for this attempt. Each boy's 
mother was interviewed at home by an 
interviewer who did not know the child 
or the child's test results. The mter­
viewer evaluated each mother's role in 
relation to her son in terms of whether it 
was predominantly "growth-constrict­
ing" or "growth-fostering." The method 
of evaluation may be better appreciated 
in the light of a few of the criteria by 

,.which a mother would be judged as 
growth-constricting: Because of fears 
and anxieties about her child, or es­
pecially strong ties to him, she markedly 
restricts the child's activities; her domi­
nance and control are not in the direc­
tion of helping the child achieve increas­
ing responsibility; her physical care of 
the child seems inappropriate to his age; 
she limits the child's curiosity and 
stresses conformity. 

The classification of the mothers 

turned out to be significantly related to 
the children's perceptual performance. 
Boys with a field-dependent style of per­
ceiving more commonly had mothers 
who were characterized as growth-con­
stricting; field-independent boys more 
often had mothers characterized as 
growth-fostering. 

Of course differences in early-life 
experiences do not tell the whole 
story. Constitutional differences among 
children may also be extremely imp or-

v 

EMBEDDED·FIGURES experiment challenges the subject to find the patterns shown at 

left in the more complex patterns at right, and thereby tests his ability to perceive the visual 

field analytically. Facility at this task is correlated with ability to establish the upright 

independently of the visual field in the tilting·room and rod·and-frame experiments. 
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AGE CURVES for boys (black) and girls (colored) in tilting.room (top), rod·and·frame 

(middle) and embedded·figures (bottom) experiments show progressive development in 

the direction of "field.independence" (that is, increasing capacity to overcome the influence 

of the surrounding field) as children grew older. Boys tend to be more "field·independent" 

than girls, and both sexes show a slight shift toward "field·dependence" in late teens. 
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tant. Hence, parallel to our investiga­
tions of mother-child relationships, we 
have recently begun studies that may 
shed light on the possible connection 
between characteristics observed in in­
fancy and the kinds of pervasive differ­
ences we found in later development. 

The question of how we perceive the 
upright, with which we began, can now 
be seen as woven into the total fabric of 
an individual's adaptations and as re­
lated to the complex of experiences that 
have shaped this development. The find­
ing of connections among areas of psy­
chological functioning formerly consid­
ered quite unrelated suggests that even 
circumscribed perceptual processes need 
to be studied in the context of the indi­
vidual's general psychological character­
istics. The characteristics of the per­
ceiver, however, do not constitute the 
sole determinants of perception, It would 
indeed be a mistake to conclude that 
each of us experiences a world of his 
own making, Our perceptions are basic­
ally anchored to "what is there," and 
they are significantly dependent on the 
particular kinds of sensory and neural 
equipment we possess. At the same time 
people have well-established, preferred 
ways of perceiving, attributable to varia­
tions in individual psychological organi­
zation and making for individual differ­
ences in perception under essentially the 
same conditions of stimulation. These 
preferred wavs of perceiving are an in­
tegral, ever-present part of the individ­
ual's psychological make-up. Under 
some conditions, when the situation is 
vague and contains conflicting elements, 
they may play a large role in determin­
ing the perceptual outcome. Under other 
circumstances, as when the situation is 
clear and compelling, they may have no 
more than minimal expression. 

T he intimate linkage between percep-
tion and personality makes available 

a very useful approach to the experi­
mental study of personality, Since the 
individual's responses in diverse situa­
tions all reflect a common core of per­
sonal attributes, his characteristic way 
of functioning can be identified by study 
of any one area of activity, Moreover, as 
we have seen in our work, perception 
lends itself to objective study under con­
ditions that permit ready manipulation 
and controL This is not to suggest that 
such procedures should replace the 
methods devised by the clinical psy­
chologist, With the further development 
and integration of both experimental 
and clinical methods, great forward 
strides are in prospect for the study of 
human psychology. 
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___ Kodak reports on: 
the stylish advent of a new polyester structure ... allaying fears of deviation 
from reciprocity ... who can tell you how to speed up time 

KODEL is the registered trademark for a new Eastman polyester fiber. Much is 
to be heard of it. It significantly extends the range of fabrics and apparel that can be 
classed as wash-and-wear or easy care. Garments in which it is properly blended 
with other fibers stay fresh and neat under trying conditions. They have a pleasing, 
comfortable feel. Here are some 55 % Kodel-45 % worsted blends in which it can be 
enjoyed this coming spring and summer. 

Timely's "Planet" suit, a 
welcome addition to the 
wardrobe of commuter or 
global traveler. The modi­
fied lounge coat with slim 
lapels is available in both 
three-button and two-but­
ton models. Your choice of 
seasonable colors. About 
$60. 

Michaels-Stern has tai­
lored this suit for the busy 
executive in both a ben­
galine plain pattern and a 
corded stripe, in a full 
range of sizes and colors. 
The name is "Whisper­
wate" and with good rea­
son-for the ultimate in 
cool comfort. 

The long, slim, straight 
look of Varsity Town's 
"Picture Suit" takes on 
added distinction from the 
f a b r i c - w i t h  Ko d e l ' s  
soon-to-be-famous ability 
for holding a press, fending 
offwrinkles. Notethe long­
er lapels, higher pockets. 

To the suavity customary in those who model men's wear, our three gentlemen above 
add authenticity. Alan Bell (left, Ph.D., McGill University, 1937) and Charles Kibler 
(center, Ph.D., University of Virginia, 1939) directed the first synthesis of the Kadel 
polymer in the laboratories of Tennessee Eastman Company-a true linear polyester 
containing a chemical group not previously present in polyesters. Emmett V. Martin 
(right, Ph.D., University of California, 1932), now a physicist, once wrote a paper 
(Plant Physiol., la, 613-636) entitled "Effect of Artificial Wind on Growth and 
Transpiration in Helianthus Annuus." (That's the common sunflower.) He led the 
way to the unique physical structure of the Kadel fiber. 

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 

Millimiuose(onds to months 
When you let light fall on film, you are 
running a photochemical reaction. 
Bunsen and Roscoe, a pair who didn't 
flinch in the face of the obvious, for­
malized the observation that the 
amount of product resulting from a 
photochemical reaction must be pro­
portional to the amount of energy 
used-intensity of illumination times 
its duration. 

Later other scientists in turn covered 
themselves with glory by discovering 
that for photographic exposure this 
was not strictly true, and still others 
won Ph.D.'s by explaining why not. 
Intensity and duration slip the shackles 
of reciprocity a little. Over the broad 
spectrum of durations from millimi­
croseconds to months, a certain opti­
mum rate of feeding energy to a silver 
halide emulsion is encountered. The 
manufacturer can roll the optimum 
somewhat one way or the other. 

Calls for shifting it to favor the 
effectiveness of very dim light come 
from astronomers, among others. From 
an observatory director's viewpoint, 
cutting hours off exposures is like hav­
ing more telescopes. 

Business is brisker, though, on the 
other end of the scale. To more and 
more users of photography a hundred­
thousandth of a second sounds like a 
terribly long time. Well-read types, 
they fear the deviation from reciproc­
ity. To allay those fears, we offer them 
something new to read, a free pamphlet 
bearing the title "Kodak Films for 
Short Exposure-Time Applications." 

It is obtainable from Eastman Kodak 
Company, Special Sensitized Products Di­
visioll, Rochester 4, N. Y. 

Months to se(onds 
A Cine-Kodak Special Camera made 
most of the movies you have ever seen 
of a bean developing into a bean plant 
or a cow pasture developing into a 
steel plant. The Cine-Kodak K-JOO 
Camera, which lists from $299, can 
likewise be adapted for this technique. 
No great resources in mechanical skills 
or facilities are demanded. 

Mr. Fred O'Brien, Eastmall Kodak 
CompallY, 400 Plymouth Avenue North, 
Rochester 4, N. Y, call tell you holY to 
go about if. 

Prices shown are subject to change withoul notice. 
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Escape from the Earth 

T
he Soviet rocket now in orbit 
around the sun represents man's 
second qualitative step into space. 

By achieving a speed of seven miles per 
second, the rocket was freed from the 
gravitational ReId of the earth. The 
rockets that had launched the artificial 
earth satellites needed only to reach a 
speed of somewhat less than five miles 
per second. With speeds of 7% to 8)� 

miles per second, rockets will be able to 
coast to any part of the solar system. 

The orbit of the Soviet solar rocket is 
roughly the same as that of the earth, 
though more elliptical. The distance of 
the earth from the sun varies between 
91,500,000 and 94,500,000 miles. The 
rocket will approach to within 91,500,-

000 miles of the sun and recede to 123,-

250,000 miles. Its "year" will be about 
15 months. Thus as it travels around the 
sun the rocket will fall behind the earth. 
The earth will catch up with it about 
920 days after launching. It is unlikely, 
however, that the rocket will ever come 
to earth again, because of perturbations 
introduced into its orbit bv other planets. 

The solar rocket, weighing 3,245.2 

pounds, was the ninth vehicle success­
fully placed in orbit. The roster of the 
other eight: 

Sputnik I (1957 Alpha). Launched 
October 4, 1957. Payload (weight of 
satellite proper) 184.3 pounds; total 
weight in orbit about 1,100 pounds; first 
apogee 560 miles; first perigee 156 

miles; orbital period 96 minutes. Burn­
up of rocket early December, 1957; of 
satellite, early January, 1958. 

Sputnik II (1957 Beta). Launched 

SCIENCE AND 

November 3, 1957. Payload 1,120 

pounds; total weight in orbit about 7,000 

pounds; Rrst apogee 1,056 miles; Rrst 
perigee 145 miles; orbital period 103.7 

minutes. Burn-up April 13, 1958. 

Explorer I (1958 Alpha). Launched 
January 31, 1958. Payload 18.1 pounds; 
total weight in orbit 30.8 pounds; Rrst 
apogee 1,575 miles; Rrst perigee 219 

miles; orbital period 115 minutes. Ex­
pected lifetime: several years. 

Vanguard I (1958 Beta). Launched 
March 17, 1958. Payload 3.25 pounds; 
total weight in orbit 29 pounds; Rrst 
apogee 2,513 miles; Rrst perigee 220 

miles; orbital period 135 minutes. Ex­
pected lifetime: 200 years. 

Explorer III (1958 Gamma). 
Launched March 26, 1958. Payload 
18.1 pounds; total weight in orbit 30.8 

pounds; Rrst apogee 2,100 miles; Rrst 
perigee 120 miles; orbital period 121 

minutes. Burn-up June 27, 1958. 

Sputnik III (1958 Delta). Launched 
May 15, 1958. Payload 2,925 pounds; 
total weight in orbit 7,000 to 9,000 

pounds; first apogee 1,160 miles; Rrst 
perigee 123 miles; orbital period 106 

minutes. Burn-up of rocket December, 
1958; burn-up of satellite expected Feb­
ruary or March, 1959. 

Explorer IV (1958 Epsilon). 
Launched July 26, 1958. Payload 25.7 

pounds; total weight in orbit 38.4 

pounds; first apogee 1,368 miles; first 
perigee 178 miles; orbital period 110 

minutes. Expected lifetime: some years. 
Atlas (1958 Zeta). Launched Decem­

ber 18, 1958. Payload about 150 pounds; 
tutal weight in orbit 8,800 pounds; Rrst 
apogee 925 miles; first perigee 114 

miles; orbital period 101 minutes. Ex­
pected lifetime: eight weeks. 

Organized Knowledge 

A plan to make the swelling Rood of 
scientiRc information more readily 

accessible to the nation's scientists and 
engineers has been proposed by the 
Science Advisory Committee and ap­
proved by President Eisenhower. No 
new agency will be created; the National 
Science Foundation will carry out the 
program. 

The task is stupendous, points out 
James R. Killian, Jr., chairman of the 
Science Advisory Committee. There are 
now published throughout the world 
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THE CITIZEN 
each year 55,000 journals containing 
some 1,200,000 significant articles in the 
physical and life sciences. In addition, 
more than 60,000 scientific books and 
approximately 100,000 isolated research 
reports are published annually. The 
problem is to provide answers to the man 
who asks: What is being published now? 
Where can I find it? How can I get it? 

Rather than have the National Science 
Foundation establish a national transla­
tion and abstracting center, as the 
U.S.S.R. has done, the Science Advisory 
Committee wants to coordinate and bol­
ster the information services that already 
exist in the U. S. Under this plan the 
Science Foundation would help finance 
the publication of journals and mono­
graphs. It would sponsor the prepara­
tion of world-wide lists of scientific 
publications, classified by subject and 
indexed. It would encourage the transla­
tion of papers from Russian, Japanese 
and other languages that few U. S. scien­
tists read. And, looking to the future, it 
would support research on better meth­
ods of storing, indexing and retrieving 
information. 

Research Headquarters 

T he U. S. Government will coordinate 
its support of scientific research and 

development through a new agency, the 
Federal Council for Science and Tech­
nology. Agencies already involved in re­
search and development will contribute 
members to the council. The chairman 
will be James R. Killian, Jr., who is also 
head of the President's Science Advisory 
Committee [see above J. 

I. C. Y.: The Summing up Begins 

The International Geophysical Year, 
which officially ended at midnight on 

December 31, has left an enormous heri­
tage of observations that are still being 
accumulated at three world data-cen­
ters. While these facts will be studied 
for years, they have already changed 
man's concept of the earth. Some of the 
most important findings are described in 
two recent issues of Science by Hugh 
Odishaw, executive director of the U. S. 
committee for the I.G.Y. 

Odishaw estimates that 20,000 to 
30,000 scientists, engineers and techni­
cians, representing 66 nations, were in-

BABY BOTTLE COOLER-WARMER-one of numerous applications developed by Westing­
house using the thermoelectric cooling principle. The pre-set cycle (1) cools and keeps the bottle's 
contents at 40°F; (2) automatically switches to warm at 100°F in 15-20 minutes; (3) sounds a 
buzzer when the cycle is complete; (4) automatically reverts to cooli-ng after one hour. 

In recent months, 'I\Testinghouse has 
announced several im portan t achieve­
ments in the science of semicon­
ductors. Among these have been a 
new series of highly efficient silicon 
power transistors and an extremely 
rapid and sensitive device for infrared 
detection. 

Westinghouse research efforts which 
produced these significant develop­
ments were the result of early scien­
tific studies which demonstrated that 
silicon is a more suitable material for 
semiconductors. Westinghouse engi­
neers recognized that silicon held 
inheren t su periori ty because of its 
ability to handle high voltages at high 
operating temperatures. To realize 
these advantages, silicon's concomi­
tant disadvantage of high internal dis­
sipation had to be overcome. 

Thanks to vast improvements in 
purification techniques, and the suc­
cessful adaptation of hyper-pure sili­
con to transistors by Westinghouse 
engineers, the problem of high losses 
has finally been solved. And that ini­
tial Westinghouse conviction has 

justified itself in scores of successful 
applications-many of which have 
proven increasingly important to na­
tional defense. 

In still another phase of semicon­
ductor study-that of thermoelec­
tricity-Westinghouse research has 
pioneered products which only pre­
face the potential of this bright, chal­
lenging new field. Applications of the 
thermoelectric cooling principle have 
already proven their usefulness in 
consumer, industrial, and military 
products-design possibilities are vir­
tually unlimited. 

Continuing Westinghouse research 
and development in the field of semi­
conductors will find new and increas­
ingly useful applications for the future 
-applications that industry will 
adapt to ultimately enrich the lives 
of us all. 

For additional information on 
Westinghouse semiconductor prog­
ress, and its promise for the future, 
write or call us at Westinghouse 
Electric Corporation, Semiconductor 
Department, Youngwood, Pa. 

YOU CAN BE SURE •.. IF IT!! Wes ti n gh ouse 
. 
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Only Bruning's ;Vew, Years-Ahead t'O,b�X 675 
Offers So Many Operator Conveniences! 

LOOK! No f/q"rk! 
But the Paper Stays 

• 

In Place! 
No hands need hold paper on 
the feedboard of Bruning's new 
Copyflex 675 reproduction ma­
chine. A unique system of vacuum 
ports keeps material in position 
until the operator is ready to feed 
it into the machine. 

This is just one of many new, 
advanced operating conveniences 
that include an exclusive four­
way tracing tray that adjusts to 
stack or to permit fast removal 
of tracings ... a feed band system 
that eliminates curling and wrin­
kling of tracings ... enclosed, easy­
to-load feed rods for roll stock ... 
an electrically controlled machine 

height adjustment, and a split­
shade lamp control that enables 
simultaneous insertion of differ­
ent materials. For added conven­
ience, there's a handy storage 
drawer and swing-out ash tray. 

Add to these operator conven­
iences the 675's 46-inch. printing 
width, a mechanical speed of up to 
75 f.p.m., and a fast-printing 7,500 
watt lamp variable to 5,000 watts. 
All this, plus many other advance­
ments, puts the "675" years-ahead 
of any other reproduction machine 
on the market. It's the modern 
whiteprinter that gives your oper­
ators MORE to do MORE for you. 

(BRUNING) 
&p�ex Charles Bruning Company, Inc., Dept. 2.TT 

1800 Central Road, Mount Prospect, III. 
Offices in Principal U.S. Cities 

Diazo Reproduction at Its Best In Canada: lOS Church St., Toronto 1. Onto 
Please send me my free booklet on the new 

Copyflex Model 675. 

Namo ___________ Title ___ _ 

Company ______________________________ _ 

Addr ... _______________ _ 

volved in I.C.Y. There was perhaps an 
equal number of volunteer observers. 
Original plans called for fewer than 
2,500 research stations; actually there 
were about 4,000, not including tempo­
rary stations. The U. S. alone spent about 
$100 million, excluding the cost of logis­
tic support. Including logistic support, 
the total world-wide cost may have 
amounted to $7.5 billion. 

As had been anticipated, solar ac­
tivity reached a peak during the 18-
month I.C.Y. period. Not since 1778 had 
sunspots been so numerous. Throughout 
the period there were about 40 world­
wide alerts, during which investigators 
were able to synchronize on a grand 
scale their observations of the terrestrial 
effects of solar activity. 

Some of the findings that Odishaw 
picks for special mention are as follows: 

The magnetic fields associated with 
sunspots are much stronger than had 
been suspected. They are about 8,000 
times as powerful as the field at the 
earth's equator. 

There seems to be a cosmic-ray cycle 
that lags somewhat behind the sunspot 
cycle. When sunspots are at a peak, cos­
mic-ray intensity is low. 

Clouds of charged particles ejected 
by the sun apparently give rise to strong 
magnetic fields in space, that deflect 
westward the cosmic rays that approach 
the earth. 

The existence of an earth-girdling 
electric current-the equatorial electro­
jet-has been confirmed. There are two 
other electrojets, one in the upper at­
mosphere near each pole. 

The ozone layer and the other layers 
of the ionosphere that affect radio com­
munication persist through the long Arc­
tic and Antarctic nights, despite the ab­
sence of the solar radiation that causes 
the ionization. 

A record low temperature of at least 
124 degrees below zero Fahrenheit was 
recorded by Soviet meteorologists 400 
miles from the South Pole. 

The polar regions, however, seem to 
be getting warmer. The mean annual 
temperature has risen five degrees at 
Little America and 10 degrees at Spits­
bergen during the last half-century. 

A newly discovered undersea moun­
tain range in the Arctic Basin helps to 
explain why Arctic waters mix very little 
with neighboring seas. 

Measurements in the Antarctic indi­
cate that there is a total of some 4.5 mil­
lion cubic miles of ice on earth, 40 per 
cent more than had previously been esti­
mated. 

The Bruning Man is your 
expert on Diazo reproduction. 
He's backed by a company with 
over 60 years� experience as 
researcher, manufacturer, and 
supplier. He's located in prin· 
cipal U. S. cities. 

City _________ County ___ State__ There is a strong possibility that Ant-
arctica may be two continents separated 
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Avco: Men and Machines for Defense. No amount of lost motion can be endured in 

America's space·age defense programs. Progress must be swift and continuous. Avco, alert to its 

needs, helps to maintain America's strength: Avco Research Laboratory-investigating problems 

in gas dynamics and space technology; Crosley-communications, radar, infra·red, ele ctronic 

control systems, missile fuzing; Lycoming-aircraft, marine, industrial power plants; missile sub­

systems; Nashville-aircraft and missile aluminum and stainless steel structures; Research and 

Advanced Development Division-basic and applied research in electronics, physical sciences, 

and advanced engineering. 
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AVCO MAKES THINGS BETTER FOR AMERICA / AVCO MANUFACTURING CORPORATION /750 THIRD AVENUE, NEW YORK, N. Y. 
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POURED 
PRODUCTS 

with 

STAFOAM 

by American Latex 
are destined 
to change the 
manufacturing habits 
of the nation 

STAFOAM, the miraculous "foamed in 

place" rigid or flexible polyurethane 

by American Latex Products Corpo­

ration, is applicable for an infinite 

va riety of manufactured items, 

Proven to possess the required 

characteristics of lightweight, supe­

r ior s t rength, smooth surfacing, 

temperature resistance and ease of 

application, STAFOAM is destined to 

change our material world, Its pres­

ent use in American Industry alone 

confirms that destiny, 

The new Freedlander 

Research and Development 

Center at Hawthorne, Calif., 

devoted entirely to the 

development of STAFOAM 
applications, invites you to 

call or write for research 

and/or manufacturing 

information. 

Products Corpora.tion 
3341 West EI Segundo Blvd" Hawthorne, California 

OSborne 6-0141 . ORegon 8-5021 

A DIVISION OF THE DA YTON RUBBER COMPANY 
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by water. Scientists have found one un­
dersea trough extending inland from 
Ellsworth Station which may connect 
with another that starts inland from the 
Ross Sea, 

Science Teaching In the U.S.S.R. 

The debate over the teaching of sci-
ence in the U. S. is apparently paral­

leled by a similar debate in the U.S,S,R. 
When Premier Khrushchev recently 
called upon Soviet educators to strength­
en ties between the schools and "life," 
la. ZeI'dovich and A. Sakharov wrote a 
long letter to Pravda on the training of 
scientists-to-be at the secondary-school 
level. 

ZeI'dovich and Sakharov make a sug­
gestion that has been independently dis­
cussed in the U. S., namely, that gifted 
students be enrolled in special science­
mathematics schools for accelerated 
training, Their thesis is that boys and 
girls with mathematical or scientific tal­
ent spend too many years in ordinary 
schools in view of the fact that mathe­
maticians and theoretical physicists are 
often most productive in their early 
twenties. They recommend the segrega­
tion of such students at 14 or 15 in 
schools that emphasize mathematics, 
physics and chemistry, perhaps to the 
virtual exclusion of humanities, 

Whether or not such special schools 
are set up, Zel'dovich and Sakharov urge 
that the high-school mathematics cur­
riculum be drastically revised, Their 
recommendations parallel efforts now 
under way in the U. S, to modernize the 
high-school mathematics course [see 
"The Teaching of Elementary Mathe­
matics," by E. P. Rosenbaum; SCIEN­
TIFIC AMERICAN, May, 1958]. Zel'do­
vich and Sakharov criticize Soviet 
secondary schools for the mathematics 
they teach and also for what they fail to 
teach. Algebra, they say, is taught in a 
very cumbersome way, with much time 
spent on special problems, while prob­
ability theory is not even introduced in 
an elementary way. Euclid is treated 
thoroughly, but not analytic geometry. 
There is too much emphasis on some as­
pects of trigonometry, and no mention of 
vector analysis. 

They also point out that secondary­
school students can grasp some impor­
tant concepts of higher mathematics. 
Students can be taught some calculus, 
including differentiation, integration and 
the solution of simple differential ellua­
tions. They would like to have students 
made familiar with electronic computers. 

Physics is taught somewhat better 
than mathematics in the Soviet Union, 
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according to Zel'dovich and Sakharov, 
but there is room for improvement. 
Quantum physics should, for example, 
be introduced at the high-school level by 
laboratory demonstrations followed by 
"chalk physics." 

The Biggest Accelerator 

K atom-smashing machine that will 
accelerate protons to the unprece­

dented energy of 25 billion electron volts 
(bev) is nearing completion at Brook­
haven National Laboratory on Long Is­
land. When it is finished next year, it 
will be by far the most powerful accel­
erator in the world, although physicists 
in the U.S.S.R. have announced that 
they are planning a 50-bev machine of 
similar design. 

The Brookhaven accelerator, called an 
alternating-gradient synchrotron, will be 
the first machine to use the strong-focus­
ing principle. A ring of 240 magnets will 
alternately pinch and spread the stream 
of protons, producing as a net effect a 
sharply focused beam. The strong-focus­
ing design is economical of magnets: the 
new machine will use only 4,000 tons of 
magnet steel. In contrast, the 10-bev 
synchrophasotron in the U.S.S.R. uses 
36,000 tons; the 6.2-bev bevatron at the 
University of California, 10,000 tons. 

The Brookhaven accelerator will 
nonetheless be immense. The circular 
vacuum chamber in which the protons 
will be accelerated looks more like a 
subway tunnel than part of a scientific 
instrument. It is 18 feet high, 18 feet 
wide and half a mile in circumference. 
It is buried under a layer of earth that 
serves as a radiation shield and also 
helps an air-conditioning system keep 
the temperature within a range of four 
degrees Fahrenheit. 

Protons will be whirled 260,000 times 
around this circular course, a total dis­
tance of 130,000 miles. When they have 
attained an energy of 25 bev, they will 
be deflected from the tunnel into an ex­
perimental area backed up by a thick 
dike of earth. 

The design and construction of the 
machine were described in a recent issue 
of Science by R. A. Beth and C. Lasky 
of the Brookhaven accelerator develop­
ment department. 

The Ultraviolet Sky 

I f the human eye were sensitive only 
to ultraviolet radiation, and if the 

earth had an atmosphere transparent to 
such radiation, vjhat would the sky look 
like? This picture is now being painted 
in detail by Aerobee rockets bearing 
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aloft photon counters sensitive to the 
ultraviolet waves between 1,225 and 
1,350 angstrom units in length. It is de­
scribed in The Astrophysical Journal 
by James E. Kupperian, Jr., Albert Bog­
gess III and James E. Milligan of the 
Naval Research Laboratory. 

The most striking features of the ultra­
violet sky are several brilliant regions 
that emit little, if any, visible light. Most 
seem to be clouds centered on certain 
extremely hl'lt bluish stars, but the stars 
themselves apparently do not emit much 
ultraviolet. One of the most interesting 
features is a circular region around the 
star Alpha Virginis, or Spica. Kupperian, 
Boggess and Milligan point out that the 
classical theory of gaseous nebulae 
cannot explain the glow of this region. 
They eliminate the possibility that the 
ultraviolet radiation could result from 
the recombination of ions. More likely it 
is caused by the collision of fast-moving 
particles ejected from the star. 

Plutonium Saga 

T he complete story of the discovery 
of the synthetic element plutonium 

and the hectic wartime effort to manu­
facture it as a nuclear explosive is told 
for the first time in a new book, The 
Transltranium Elements. The author is 
Glenn T. Seaborg, who won a Nobel 
prize largely for the part he played in 
the work. 

The investigation of plutonium was 
cloaked in secrecy from the very begin­
ning, even before the Government 
started to support it. At the end of 1940 
Seaborg, A. C. Wahl and J. W. Kennedy 
made the first trace amounts of the metal 
by bombarding uranium oxide with deu­
terons in the University of California's 
60-inch cyclotron. The results, sub­
mitted for publication to The Physical 
Review, were locked up by the editors 
and not published until 1946. Seaborg 
and his associates also imposed secrecy. 
Throughout 1941 they referred to the 
new element by the code name "copper." 
Some confusion arose when they had to 
use real copper in their experiments. For 
a while they had to distinguish between 
"copper" (i .e., plutonium) and "honest­
to-God copper" (i.e., copper). 

Early in 1942 the problem of produc­
ing plutonium in quantity was turned 
over to the newly organized Metallurgi­
cal Laboratory, forerunner of the Ar­
gonne National Laboratory. The task 
seemed almost insuperable; all that was 
known about plutonium chemistry was 
based on secondary evidence from tracer 
experiments. 

By December, 1943, scientists at the 
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Metallurgical Laboratory and chemical 
engineers of E. 1. du Pont de Nemours & 
Co. had finished development work on 
the purification process for the Hanford 
plutonium factory. They built a pilot 
plant on a microscopic scale, for at that 
time the total amount of plutonium 
available weighed less than two milli­
grams. The scale-up from pilot plant to 
full production was a billion to one, sure­
ly the greatest in technological history. 

Seaborg recalls that when his group 
was first precipitating pure salts of plu­
tonium they had a constant stream of 
visitors eager to see the new element. 
Not being able to afford to immobilize 
any of their scant supply, the scientists 
colored some bits of aluminum hydrox­
ide with green ink and exhibited them, 
remarking: "This represents a sample of 
plutonium hydroxide." The impressed 
visitors naturally interpreted the remark 
as: "This is a sample of plutonium hy­
droxide." The investigators made an ex­
ception when Brigadier General Les­
lie R. Groves, head of the Manhattan 
Engineer District, paid them a visit. 
They collected all their plutonium and 
put it under a microscope. Groves looked 
through the microscope and said: "I 
don't see anything." 

The Physics of Whips 

M en were creating supersonic shock 
waves millennia before their pro­

jectiles and aircraft broke through the 
sound barrier. It seems that the crack of 
a whip occurs when its tip exceeds the 
speed of sound, and not when leather 
slaps against leather. This fact is re­
vealed by an experimental and theoreti­
cal study of bullwhip dynamics made by 
three physicists at the Naval Research 
Laboratory in Washington, D.C. 

With the cooperation of a team of 
theatrical whip-crackers, they photo­
graphed the tip of a 12-foot leather bull­
whip. High-speed photographs made at 
4,000 frames per second demonstrated 
that the tip moved at about 1,400 feet 
per second: some 25 per cent faster than 
sound. Shadow pictures clearly showed 
shock waves Howing from the tip. 

The physicists explain that the crack­
ing process starts with a sharp loop 
formed near the handle of the whip. As 
the whip-wielder's hand bears down on 
the handle, adding energy, the loop is 
propagated as a wave toward the tip. It 
moves faster and faster until finally the 
energy is concentrated near the tip. 

The authors of the report, B. Bern­
stein, D. A. Hall and H. M. Trent, pub­
lished their findings in The jotl1'1wl of 
the Acoustical SOCiety of America. 
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Alfred Russel Wallace 
This great 19th-century 71aturalist and Charles Darwin silnultaneously 

announced the theory of e()olution by means of natural selection. He 

later went beyond Darwin in applying the theory to human e()olutinn 

The year was 1852. Alfred Russel 
Wallace stood in a leaking long­
boat of the brig Helen over 1,000 

miles from the port of Para and watched 
almost everything he had collected or 
thought about through four years in the 
depths of the Amazon jungle burning 
before him. Flames leaped from shroud 
to shroud of the abandoned vessel. Mon­
keys screamed and ran into the heart of 
the fire. Fire roared in his collections be­
low decks, and ate at the masts until they 
fell. Only a single parrot, clinging to a 
burning rope on the bowsprit, dropped 
into the sea and was saved. 

In the boats the men watched through 
the night, hoping that the pillar of flame 
would swing a passing ship out of her 
course to pick them up. The dawn came, 
charred and vacant. They were alone on 
the heaving sea with a limited supply of 
water and food. 

Wallace watched while the captain 
set a course for Bermuda. The naturalist 
who was destined to take his place, seven 
years later, by the side of Charles Dar­
win as one of the great scientists of all 
time, ate a biscuit numbly and helped 
the others bail the leaking boat. If he 
survived, he would return to England 
as poor as when he had journeyed out to 
South America four years before. 

He had lost his younger brother Her­
bert to yellow fever. It might have been 
better to have stayed and rotted with the 
other eccentrics in the fever ports of the 
tropiCS. There was a luck in these things. 
It had been with him on the great river 
and in the camps of half-wild savages, 
but now, if there should be a storm, if 
they should be becalmed until the water 
ran out. ... Ten days later, on short ra­
tions and still 200 miles from Bermuda, 
the entire crew was picked up by a pass­
ing vessel bound for London. 

Wallace was, after all, coming home. 
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by Loren C. Eiseley 

His luck still held, but it was poor man's 
luck. He was 29 and the forests and 
islands of the Malay seas were still ahead 
of him. There was, perhaps, only one 
gain: in his long, difficult traverses over 
the watershed of the world's greatest 
river, he had come to realize the enor­
mous diversity of life, and how that di­
versity seemed related to geographic 
barriers often represented by the conflu­
ent fingers of the huge river. 

Even the fishes within the river dif­
fered. Those of the Amazon were pecu­
liar to itself, but those of the upper 
tributaries were distinct. The number of 
separate species inhabiting the Amazon 
basin, he observed, "must be immense." 
He wondered a little about all that re­
lated diversity. He had read Charles 
Lyell's Pl'inciples of Geology; he was 
also acquainted with Robert Chambers's 
somewhat crude evolutionary sensation, 
Vestiges of the Natural Histol'Y of Crea­
tion, which had achieved popular suc­
cess before he left England for South 
America. A freethinker of sorts, he con­
sidered that there might be something 
in it. In this he differed from experi­
enced and better-trained naturalists who 
had castigated it as an absurd piece of 
journalism. 

One other thing could be put down to 
experience. Alone among the great Vic­
torian evolutionists, he had actually 
lived with primitive men. He had not 
just gazed at them politely from explor­
ing vessels. He had ventured into the 
high Amazons; he had visited country 
untrod by Europeans. He had sweated 
with naked savages up dangerous river 
portages. He had drunk at their feasts, 
slept in their houses, observed every as­
pect of their lives. There was a touch of 
the anthropologist as well as the natu­
ralist in Wallace. Later on in the century 
these anthropological interests would re-

emerge and leave him somewhat isolated 
from his fellows. But now the Amazons 
had been left behind him. To what 
would he turn? 

Early Life 

In the history of that little band of 
men who, in the mid-19th century, 
swung biological thought into evolu­
tionary channels, Alfred Russel Wallace 
occupies a unique position. Unlike 
Thomas Huxley, the brilliant, versatile 
debater, or Joseph Hooker, the percep­
tive botanist, or LyelJ, the dreaming, ele­
gant writer who was one of the founders 
of modern geology, Wallace indepen­
dently achieved and set forth the same 
ideas as Darwin. He was an independent 
discoverer of natural selection. If it had 
not been for the mere chance that he 
chose to dispatch the account of his dis­
covery to Darwin, we might today be 
acclaiming Wallace, rather than Darwin, 
as the founder of modern biology. 

In this centennial year of 1959, 100 
years since the publication of Darwin's 
Origin of SpeCies, innumerable addresses 
will extol the scientific achievements of 
Darwin. Wallace, on the other hand, will 
be present in many of these historical ac­
counts only as an attenuated shadow-a 
foil to the great Darwin. Many will not 
know his name, or, if they recognize it, 
will do so only with the vague impres­
sion that Wallace found out something 
which Darwin had already perceived 
more clearly. The fact that WalJace 
emerged from a social class different 
from Darwin's, that he was not a product 
of the traditional schools, has perhaps 
militated subtly against the full recogni­
tion of his scientific achievements. More­
over, Wallace, by nature modest and re­
tiring, never thrust himself forward and 
his contributions have in some cases 
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WALLACE was born in 1823 and lived until 1913. From 1848 t o  

1862 he traveled widely in t h e  valley of  t h e  Amazon and in t h e  is-
lands of  Indonesia. This photograph of him was made in 1885, when 

he was 62. The photograph is from the Gernsheim Collection. 
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passed into the body of scientific thought 
without acknowledgment. 

He belonged to no cliques, and avoid­
ed participation in virulent scientific and 
theological disputes. In terms of his later 
life he can be classed with Asa Gray in 
America as one of the more theistically 
inclined evolutionists who paved the 
way for the widespread theological ac­
ceptance of evolution in the later years 
of the century. The Darwinists varied 
individually in their attitudes toward or­
thodox religion. Wallace, m this regard, 
we might describe as far to the right of 
Huxley. While these philosophical mat­
ters are not really germane to our ac­
count of Wallace's scientific life, it is 
necessary to mention them because they 
play a part in certain episodes of his 
later years. 
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Wallace survived to be almost 91. In a 
world where human generations are 
short, this means that Wallace lived on 
into a world increasingly alien and 
strange to him. In some ways he found 
himself old-fashioned; in other ways, 
percipient of the future. He ranged far­
ther in his mind and in his interests than 
his more contained and scientifically or­
thodox colleagues. Sometimes this habit 
led to highly successful insights, some­
times to disastrous failures, but through 
all his vicissitudes one is conscious of 
being in the presence of a fertile and 
inquiring mind. 

Wallace was born on January 8,1823, 
in the Welsh village of Usk in Mon­
mouthshire. In this remote district of 
low rents and country food his parents 
had sought refuge from a series of finan-
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cial misfortunes which had brought them 
to the verge of total poverty. His father 
appears to have been a well-intentioned 
but somewhat inept middle-class gentle­
man who by degrees had lost most of a 
small but comfortable inheritance. Al­
though the family had thus fallen upon 
evil days before Wallace was born, it 
is worth noting that his father had had 
a good education, and was fond of books. 
As Wallace himself observes: "Through 
reading clubs or lending libraries we 
usually had some of the best books of 
travel or biography in the house." More­
over, his father was addicted to reading 
aloud to his wife and children in the 
evenings. 

Before Wallace was 14, however, he 
had left home, and he saw little of his 
parents thereafter. Most of his formal 
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WALLACE'S TRAVELS in Indonesia, then called the Malay Archi­

pelago, are traced in color on this map. He arrived in the Archipel-

ago in 1854, and stayed until 1862. He referred to this period as 

"eight years of wandering • • •  which constituted the central and 
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schooling, which was scant, had been 
obtained in the grammar school of the 
old town of Hertford. He remembered 
into old age and with great affection the 
meadows beyond the town, and the mill­
stream with its great, dripping water­
wheel. In the law courts where the as­
sizes were held he heard the trials of 
poor sheep-stealers who, in those days, 
might be liable to transportation for life. 
Such painful scenes were part of the 
harsh criminal code so vividly pictured 
in W. H. Hudson's A Shepherd's Life. 
Wallace never forgot these episodes. 
They are a strong element in his sym­
pathy for the socially deprived and un­
fortunate which sets Wallace's thinking 
so apart from that of many of his Victo­
rian colleagues. He never shared the en­
thusiasm of some of them for ume-
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stricted struggle within the social world 
of man. 

In 1837, after further family financial 
disasters, Wallace went to London, 
where he lived for a brief period with 
his older brother John. He was waiting 
for the return of another brother, Wil­
liam, from whom he was to learn sur­
veying. Here he wandered about the 
marvelous streets of London, gazing into 
the newly installed plate-glass windows 
of the best shops, attending working­
men's lectures, and reading Thomas 
Paine's Age of Reason. Then, after a 
glimpse of this metropolitan fairyland, 
he went back into the country to become 
a surveyor. Here, a little like William 
Smith, the surveyor who had discov­
ered the principles of stratigraphy only 
a few decades earlier, Wallace discov-
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ered the many fascinations of geology. 
In the country around Barton, near 

the North Downs, between intervals of 
application to surveying, he wandered 
among streams and valleys bearing such 
appellations as Roaring Meg and the 
Devil's Dyke. He saw fossils lodged in 
ancient strata; he rambled in solitary 
fashion over a wild landscape of which 
he felt himself increasingly a part. In 
spite of Wallace's modest protestations 
in after years that his discovery bore 
about the same relation to Darwin's 
achievement as "one week to 20 years," 
one can observe that the same deep sense 
of kinship with nature, the same type of 
prolonged and thoughtful observation, 
had inspired both men. 

Poor though Wallace was, accident 
had led him to an occupation which had 
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controlling incident of my life." Tn 1858, while lying ill of a fever 

at Ternate in the Molucra Islands, he forme d  his concept of evolu· 
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tion by natural sele ction. He se nt a paper on his concept to Charles 

Darwin a year before Darwin published his Origin of Species. 
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enticed him into the open instead of 
confining him to a shop. It is not with­
out historical interest that in the same 
period a great literary naturalist, Henry 
David Thoreau, had in America chosen 
a similar profession. Contemplating a 
mountain journey of his surveying years, 
Wallace once remarked: "We obtain an 
excellent illustration of how nature 
works in moulding the earth's surface by 
a process so slow as to be almost imper­
ceptible." 

It was in this pursuit that Wallace 
spent the years that most young men of 
today give to high school and college. 
Nevertheless it was in many ways one of 
the happiest periods of the great natu­
ralist's life. He was with a responsible 
older brother whom he loved and who 
cared for him with great tenderness. He 
was out in the open air, living a frugal 
but healthy existence. As he himself tells 
us, "If I had continued to be similarly 
employed after I became of age, I should 
most probably have become entirely ab­
sorbed in my profession. It seems un­
likely that I should have ever undertaken 
a journey to the almost unknown forests 
of the Amazon." 

In 1843 Wallace's father died; his 
ALEXANDER VON HUMBOLDT wrote Persollal Travels in South America, which, with brother, having no work in prospect, was 
Thomas Malthus's  All Essu)' all the Principle 0/ Population, influenced the young Wallace. forced to advise the youth that he must 

look out for himself. Once more Wallace 
drifted to London. He tells us that he 
was shy, frail and lacking in physical 
courage. Sensitive and a lover of solitude 
he undoubtedly was, but we must enter­
tain reservations about his confession of 
cowardice. For this was the young man 
who, like the great English voyagers be­
fore him, was later to wander alone into 
the depths of the Amazon forest or ven­
ture by native prau among the danger­
ous islands of the Malayan seas. As his 
friend James Marchant stated, "Wallace, 
at no time during these wanderings, had 
any escort or protection, having to rely 
entirely upon his own tact and patience, 
combined with firmness, in his dealing 
with the natives." 

In 1844 Wallace obtained a small 
teaching post in a school at Leicester, 
where he stayed for a little over a year. 
Here in a good town library he contin­
ued his own reading interests, including 
Alexander von Humboldt's Personal 
Travels in South America and Thomas 
Malthus's An Essay on the Principle of 
Population, which had also influenced 
Darwin. Years later, referring pat·ticu­
larly to Humboldt, Joseph Hooker wrote 
to Darwin: "I think Humboldt is under­
rated nowadays. Well, these were our 

HENRY WALTER BATES traveled with Wallace. Wallace wrote him: "1 should like Gods, my friend, and I still worship at 
to take some one family to study ... with a view to the theory of the origin of species." their shrines a little." In this wistful 
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phrase Hooker has caught the essence 
of a bygone day. Humboldt, the great 
traveler, had had an influence on the 
youthful naturalists of Darwin's and 
Wallace's time which can only be com­
pared to Linnaeus' great influence in the 
18th century. 

It can already be seen that, although 
they were separated by a vast social dis­
tance, Darwin and Wallace had pretty 
much the same reading background, ex­
cept that Wallace had a greater concern 
for social movements and perhaps a 
deeper and more intense interest in the 
study of man. Both had been stimulated 
by their scientific predecessors, Lyell and 
Humboldt. Darwin had already made 
his voyage and was working secretively 
at Down while Wallace, 14 years young­
er, was still teaching children to read. 
No one could possibly have imagined 
that this unpromising, unlettered young 
schoolteacher would catch up to, and 
share honors with, the greatest biologist 
of the age, but so it was to be. 

In the town library of Leicester, Wal­
lace met and became fast friends with 
Henry Walter Bates, the entomologist 
with whom he was later to journey to 
South America. The death of William 
Wallace caused Alfred to resign his 
teaching position, and to move for a 
brief period to Neath. Wallace continued 
to correspond with Bates, however, and 
together they began to dream of a tropi­
cal collecting expedition. 

The young men's letters reveal that 
both were greatly stimulated by Cham­
bers's Vestiges of the Natuml HistoTY of 
CTeation, to which I have previously re­
ferred. "I begin to feel dissatisfied, " Wal­
lace wrote to Bates, "with a mere local 
collection. I should like to take some one 
family to study thoroughly, principally 
with a view to the theory of the origin 
of species. " 

These words were written 12 years be­
fore the OTigin of SpeCies was published. 
Wallace had read Darwin's Journal of 
Researches; he had also read the Vestiges. 
"I have rather a more favorable opinion 
of the Vestiges than you appear to have, " 
Wallace wrote his friend Bates, and from 
then on his attention to the problem of 
evolution never wavered. Moreover, it is 
pleasing to record that, unlike some of 
the later Darwinists, he never abused 
Chambers. "The Vestiges is a book, " he 
said in later years, "which has always 
been undervalued. " He knew well that 
it had been a vital stimulus to many. 

In the end, nevertheless, it was to be 
an American, William Henry Edwards, 
who was to center the plans of Bates and 
Wallace upon the Amazon as their first 

great adventure. In 1847 they chanced 
to read Edwards's book entitled A V 0Y­
age up the RiveT Amazon. "The whole 
region north of the Amazon, " wrote Ed­
wards, himself a naturalist and collector 
of no mean descriptive powers, "is wa­
tered by numberless rivers, very many of 
which are still unexplored. It is a sort 
of bugbear country, where cannibal In­
dians and ferocious animals abound to 
the destruction of travelers. This . . .  has 
always been Fancy's domain. " 

Scarcely had Wallace and Bates pe­
rused the book-with its accounts of rare 
animals, birds and insects, its observa­
tion of "monkeys who vary in species 
with every degree of latitude or longi­
tude " -when the young naturalists has­
tened to the British Museum for advice. 
Here they were assured that the whole 
of northern Brazil was very little known 
and that collections made there would 
easily pay the expenses of the trip. By 
chance they discovered that Edwards 
was visiting London. Accordingly Bates 
and Wallace called upon him. He en­
couraged them in their ambitions and 
gave them letters to some of his friends 
in Para. There was wide enthusiasm for 
natural-history collections among the 
well-to-do in these years, and the young 
men were fortunate in securing a reliable 
agen t to handle their collections and 
keep them informed of the market. Early 
in April of 1848 they sailed in the bark 
Mischief for Para. 

Their initiation to life at sea was re­
markably like that of Darwin's on the 
Beagle. Soon after they put to sea they 
were beset by a violent storm. Part of 
their bulwarks was carried away, and 
the ship almost foundered. For a week 
Wallace lay desperately ill from seasick­
ness. Finally the storm passed and the 
ship had fine sailing weather for the rest 
of the voyage. Wallace was to remember 
into old age the exquisite blue of the 
tropic sea by day, and the shining phos­
phorescence of the ship's wake by night. 

When they went ashore in Para, he 
was awed and inspired, as Darwin had 
been, by the primeval forest. "Here, " he 
wrote, "no one who has any feeling of 
the magnificent and sublime can be dis­
appointed; the sombre shade, scarce il­
lumined by a direct ray even of the 
tropical sun, the enormous size and 
height of the trees, most of which rise 
like huge columns a hundred feet or 
more without throwing out a single 
branch, the strange buttresses around 
the base of some, the spiny or furrowed 
stems of others, the curious and even 
extraordinary creepers and climbers 
which wind around them, hanging in 

long festoons from branch to branch, 
sometimes curling and twisting on the 
ground like great serpents, then mount­
ing to the very tops of the trees, thence 
throwing down roots and fibres which 
hang waving in the air or twisting round 
each other, form ropes and cables of 
every variety of size and often of the 
most perfect regularity. These, and 
many other novel features-the parasitic 
plants growing on the trunks and 
branches, the wonderful variety of fo­
liage, the strange fruits and seeds that 
lie rotting on the ground-taken alto­
gether surpass description . . . . Here lurk 
the jaguar and the boa-constrictor, and 
here amidst the densest shade the bell­
bird tolls his pea!. " 

This was to be Wallace's world for the 
next four years; a world where gecko liz­
ards walked upside down on one's ceil­
ing, where one's spoons, cups and bottles 
were made from gourds, where tree frogs 
were as gaily colored as children's toys, 
and where through the vast, illimitable 
forests the only thoroughfares were the 
enormous rivers emerging out of the un­
known and hurrying with all manner of 
natural wreckage toward the sea. The 
spoonbill and the scarlet ibis stalked in 
the shallows. Overhead in the forest attic 
flew shrieking parrots. Innumerable 
monkeys, astonishing little caricatures of 
men, contemplated life while hanging 
by the ends of their prehensile tails from 
that same refuge. It was a world where 
the floods of the great rivers and the dim­
ness of the forest had driven life to the 
upper levels of the branches. 

As for man, whether primitive or civil­
ized, the waterways were his only grasp 
upon reality, his only means of orienta­
tion, even his only means of emerging 
into the sun. For four years Wallace was 
to be a wandering corpuscle along the 
muddy arteries of a continent. At the end 
of that time, and after the loss of the 
young brother who had bravely come 
out to join him in 1849, Wallace decided 
to return home. "My health, " he ob­
served in his autobiography, "had suf­
fered so much by a succession of fevers 
and dysentery that I did not consider it 
prudent to stay longer. " Bates, his com­
panion of the outward voyage, stayed 
for seven years more, producing in 1863 
The Natumlist on the RiveT Amazons, 
now a great English classic. 

Travels in Malaya 

We have already seen under what cir­
cumstances Wallace reached home in 
1852. Coming ashore with nothing but 
the clothes he stood in, he sought refuge 
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in the family of a married sister, and for 
the next 18 months busied himself with 
a book of his own travels on the Amazon 
and the Rio Negro. He also composed a 
now-rare little book on palm trees, based 
on sketches which he had salvaged from 
the wreck. A small sum of insurance, 
through the foresight of his agent, 
helped him. "Fifty times," he wrote to a 
friend, "I vowed never to trust myself 
more on the ocean. But good resolutions 
soon fade and I am already only doubtful 
whether the Andes or the Philippines are 
to be the scene of my next wanderings." 
The tropics had got into his blood. 

By now Wallace was reasonably well 
known to naturalists through his constant 
attendance at the meetings of the Zoolog­
ical and Entomological societies in Lon­
don. After much careful collectmg of 
information from fellow-travelers and 
scientists, he came to the conclusion that 
the Malay Archipelago offered excellent 
opportunities for an exploring naturalist 
who had to live by his collections. The 
islands were regarded as healthier than 
the Amazon, and Wallace determined to 
go there if he could secure free passage 
in some Government ship. Through the 
representations of Sir Roderick Murchi-

Geological 
Formations. Cellular 

son, then president of the Royal Geo­
graphical Society, this lequest was 
granted by the Government. The fact is 
worth noting because it indicates that 
the 30-year-old author of two books was 
already favorably known in scientific 
circles before he left for the jungles of 
the East. 

In April of 1854 he had reached Sm­
gapore with a young English assistant 
whom he had brought out with him. Be­
hind them lay Suez. This was before the 
days of the canal, and Wallace in a letter 
gives a vivid picture of the journey 
across the neck of the isthmus in horse­
drawn omnibuses along a desert road lit­
tered with the bones of camels. It was 
from Singapore, however, that, as Wal­
lace himself wrote afterwards, "I was to 
begin the eight years of wandering 
throughout the Malay Archipelago, 
which constituted the central and con­
trolling mcident of my life." 

"Singapore is nch in beetles," he ex­
ulted in a letter home, for beetles were 
a favonte collector's item. "I shall have 
a beautiful collection of them." The as­
sistant, Charles, he confides, "is doing 
the flies, wasps and bugs. I do not trust 
him yet with beetles." 

Vascular 
Fern. L"copo­
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In Malacca he suffered again from 
fever. "I went to the celebrated Mount 
Ophir and ascended to the top, sleeping 
under a rock. The walk there was hard 
work, thirty miles through jungle in a 
succession of mud-holes, and swarming 
with leeches which crawled all over us 
and sucked when and where they 
pleased .... I got some fine new butter­
flies there and hundreds of other new or 
rare insects. Huge centipedes and scor­
pions, some nearly a foot long, were 
common." 

He speaks in turn and with equal in­
terest and affection of tigers and pitcher 
plants, orangutans and birds of paradise. 
"The more I see of uncivilized people," 
he wrote in a fashion of which more 
would be heard later, "the better I think 
of human nature on the whole, and the 
essential differences between civilized 
and savage man seem to disappear." 

Over the map of IndonesIa the spidery 
lines of his travels lengthened year bv 
veal. Marchant, his editor and biogra­
pher, records that during the eight years 
of his eastern sojourn he traveled some 
14,000 miles within the Archipelago and 
collected well over 125,000 specimens. 
He was the first Englishman to see birds 

o r---------�--��----��----��--�Hh�----�----��--------------� 
� Si/urian 
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Cambrian 

EVOLUTION OF PLANTS is outlined in this chart reproduced 

from Wallace's book Darwinism. The major groups of plants are 
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hatched areas show the abundance of each group in each formation. 
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of paradise in their natural habitat. He 
almost fainted with excitement and es­
thetic delight when he captured one of 
the rare bird-winged butterflies of iri­
descent green. 

Yet if this last should suggest to some 
minds an effeminate character, let this 
record of a single journey in a Malay 
sailing vessel suffice to reveal the iron 
in Wallace: "My first crew ran away; 
two men were lost for a month on a 
desert island; we were ten times aground 
on coral reefs; we lost four anchors; our 
sails were devoured by rats, the small 
boat was lost astern; we were thirty­
eight days on the voyage home which 
should have taken twelve; we were many 
times short of food and water; we had 
no compass lamp owing to there not be­
ing a drop of oil in Waigiou when we 
left; and to crown it all, during the whole 
of our voyage, occupying in all seventy­
eight days, we had not one single day of 
fair wind." 

This voyage was but one of the many 
of which he writes about "laying in 
stores, hiring men, paying or refusing to 
pay their debts, running after them when 
they try to run away, going to the town 
with lists of articles absolutely necessary 
for the voyage, and finding that none of 
them could be had for love or money, 
conceiving impossible substitutes and 
not being able to get them either." 
Nevertheless he can turn from these 
tribulations to say to his brother-in-law: 
"Your ingenious arguments to persuade 
me to come home are quite unconvinc­
ing. I have much to do yet. I am engaged 
in a wider and more general study-that 
of the relations of animals to space and 
time." During this period of deep 
thought he also wrote to a boyhood 
friend, George Silk: "You cannot im­
agine how I have come to love solitude. 
I seldom have a visitor but I wish him 
away in an hour. " 

Although Wallace appears to have 
been a believer in the general principle 
of evolution since the time of the Ves­
tiges, it was here in Malaya, amidst fever 
and the long indoor days of the rainy 
season, that Wallace began to marshal 
the thoughts that would place him be­
side Darwin. Wallace was tremendous1y 
interested in plant and animal distribu­
tion. He studied William Swainson and 
Humboldt. He now had had experience 
in both the New World and Old World 
tropics. The question of the origin of 
species, he tells us, "was rarely absent 
from my thoughts. " Traveler though he 
was, he carried books with him. "The 
great work of Lyell," he remarks in his 
autobiography, "had furnished me with 
the main features of the succession of 
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species in time ." By combining Lyell's 
observations with the facts of animal dis­
tribution, Wallace thought that "valu­
able conclusions might be reached." In 
thus using data from more than one field 
he was revealing the same great synthe­
sizing power which had stimulated the 
mind of Darwin. 

While visiting Borneo in 1854 and 
1855 he prepared a paper "On the Law 
which Has Regulated the Introduction 
of New Species." He sent it to the Annals 
and Magazine of Natural History, where 
it was published in September of 1855. 
"Every species," Wallace wrote as his 
principal conclusion, "has come into ex-

BEETLES COLLECTE D BY WALLACE in the Malay Archipelago appear in Transactions 

of the Entomological Society. Wallace tmveled mainly to gather specimen s for collectors.  
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istence coincident both in space and time 
with a pre-existing closely allied spe­
cies ."  This principle is not, of course, 
Darwinian natural selection, but it points 
to the fact that only organic change in 
time could explain such a close connec­
tion between the life of the present and 
that of the past. It was another way of 
driving home the fact that biological 
evolution was the only rational explana­
tion for linking living forms with related 
extinct fossils . 

Wallace was not, of course, quite as 
original as he thought when he wrote 
this paper. The idea has a long history 
running back through Darwin to John 
Hunter, but there was no way for the 
young Wallace, far from the great libra­
ries, to realize this .  Furthermore, the 
older statements of the principle are less 
preCise. Wallace had a gift for clear, in­
cisive statement, and it emerges in this, 
his first evolutionary paper. The young 
naturalist was disappointed when the 
article passed almost unnoticed. Darwin, 
with whom he had now had some corre­
spondence, comforted him. Lyell and 
Edward Blyth, the great student of the 
South Asian faunas, Darwin wrote, had 
both called it to his attention. 

Once more Wallace turned to the 
practicalities of the sea and the islands, 
setting forth on a search for birds of 
paradise . There is evidence, however, 
that a rarer, wilder search was by then 
running in the huntsman's head. In 1858 
he referred once more to his paper. "It 
is," he wrote to his old friend Bates, 
"merely the announcement of the theo­
ry, not its development ." He goes on : "I 
have been much gratified by a letter 
from Darwin. He is now preparing his 
great work on 'Species and Varieties,' for 
which he has been collecting materials 
twenty years ." The letter indicates that 
he had no notion of Darwin's theory, 
though he looked forward to its publica- . 
tion with curiosity. Just two months later 
the huntsman had stumbled upon his 
quarry. In the mind of the solitary wan­
derer the present had become one with 
the past. 

Fever and Discovery 

During the early months of 1858 Wal­
lace was living at Ternate in the Molucca 
Islands off the western tip of New Guin­
ea. He was suffering severely from in­
termittent fever, and during one of these 
attacks, while lying weak but lucid on 
his bed, his mind began to revolve upon 
the "species problem" which had fas­
cinated him since those days when he 
had read the Vestiges. "Something," he 
says, "brought to my recollection Mal-
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DARWIN was stimulated to  publish Origin 0/ Species when Wallace sent  him his  paper on 

the theory of evolution by means of  selection. Darwin wrote : "I would far rather burn my 

whole book than that he or any other man should think 1 had behaved i n  a paltry spirit." 

thus's Principle of Population which I 
had read about twelve years before ." 

Suddenly it occurred to the feverish 
naturalist in a lightning flash of insight 
that Malthus's checks to human increase 
-accident, disease, war, and famine­
must, in similar or analogous ways, op­
erate in the natural world as well. 
"Vaguely thinking over the enormous 
and constant destruction which this im­
plied, it occurred to me," he tells us, "to 
ask the question, 'Why do some die and 
some live?' " The answer, Wallace felt, 
was clear : the best fitted live . "From the 
effects of disease the most healthy es­
caped; from the enemies the strongest, 
the swiftest, or the most cunning; from 
famine, the best hunters ." 

Again his mind leaped forward. "Con­
sidering the amount of individual varia­
tion that my experience as a collector 
had shown me to exist, then it followed 

that all the changes necessary for the 
adaptation of the species to the changing 
conditions would be brought about ; and 
as great changes in the environment are 
always slow, there would be ample time 
for the change to be effected by the sur­
vival of the best fitted in every genera­
tion," 

It was Darwin's unpublished concep­
tion down to the last detail, independ­
ently duplicated by a man sitting in a 
hut at the world's end. 

"I waited anxiously for the termina­
tion of my fit," Wallace goes on with un­
conscious humor, "so that I might at 
once make notes for a paper." In two 
evenings he was ready to dispatch it to 
Darwin. "I hoped," he said, "that the 
idea would be as new to him as it was 
to me." In this he was sadly disap­
pointed. 

The paper reached Darwin at Down 
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in June of 1858. Wallace's innocent ela­
tion was to be Darwin's despair. "All my 
originality, whatever it may amount to, 
will be smashed," Darwin wrote to Lyell 
on the same day. "I never saw a more 
striking coincidence. . . . Your words 
[here Darwin was referring to earlier 
warnings by Lyell that he might be an­
ticipated] have come true with a ven­
geance ." 

In a genuine agony of spirit Darwin 
sought the advice of his friends. Could 
he now publish honorably? "I would far 
rather burn my whole book," he pro­
tested, "than that he or any other man 
should think that I had behaved in a 
paltry spirit ."  

Wiser counsels prevailed. Darwin, 
fortunately, had a copy of a letter sent to 
Asa Gray at Harvard College, which 
validated his priority. After much self­
questioning by Darwin and judicious 
consideration by Lyell and Hooker, it 
was decided to read Wallace's paper 
along with Darwin's letter to Gray and 
an extract from his unpublished sketch 
of 1844, before a meeting of the Lin­
naean Society on July 1, 1858. This was 
the dramatic prelude to the great intel­
lectual storm which would shake the lat­
ter half of the 19th century and be re­
Rected in the Scopes trial of the 1920s 
here in the U. S. [ see "A Witness at the 
Scopes Trial," by Fay-Cooper Cole; SCI­
ENTIFIC AMERICAN, January] . 

Yet the beginning was deceptively 
quiet. Wallace was traveling among the 
islands, unaware of fame, lost in a dream 
of rare birds and rarer butterRies. Dar­
win, who did not attend the meeting, 
was nursing a sick child. There was no 
discussion before the Society. "The in­
terest," Hooker commented later, "was 
intense, but the subject was novel ." 

The Fellows of the Society were over­
awed by the tacit approval of such 
prominent scientists as Hooker and Ly­
ell. The storm, the controversies, would 
come later with the publication of the 
Origin of SpeCies in the following fall of 
1859 .  Wearily Darwin picked up his pen 
once more, but finally, in better humor, 
he wrote to Hooker, "I find it amusing 
and improving work. I am now most 
heartily obliged to you and Lyell for 
having set me on this. I confess I hated 
the thought of the job ." 

A man pursuing birds of paradise in  
a remote jungle did not  yet know that he 
had forced the world's most  reluctant 
author to disgorge his hoarded volume, 
or that the whole of Western thought 
was about to be swung into a new chan­
nel because a man in a fever had felt a 
moment of strange radiance. The path 
led on. It always did for Wallace . In 
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1862, aware now, i n  some degree, o f  the 
change in his fortunes, he turned home­
ward. Two roach-eating birds of para­
dise were his companions. Wallace has 
unwittingly left us a vivid picture of sea 
travel in his time. "Every evening," he 
explains, "I  went to the storeroom in the 
fore part of the ship where I was allowed 
to brush the cockroaches into a biscuit 
tin ." At Malta a bakery supplied the 
roaches. The birds and Wallace arrived 
home in good health. 

Views on Man 

"I am convinced," Wallace used to 
contend to his old friend Silk, "that no 
man can be a good ethnologist who does 
not travel, and not travel merely, but re­
side as I do; months and years with each 
race." This statement is a revelatory one. 
It shows, as does his youthful writing 
about his experiences in Wales, an in­
tense interest in human beings. He was 
fascinated by their cultural habits, and 
the tenor of the remarks I have just 
quoted indicates that he was aware very 
early in the history of anthropology of 
the importance of direct ReId observa­
tion in foreign cultures. 

This interest in human behavior is far 
more intense than one Rnds it to be 
among others of the Darwinian circle. In 
this respect Wallace was a more able an­
thropologist than Darwin. It is not with­
out signiRcance, therefore, that when 
the two men came to differ-and differ 
they eventually did-it was over man 
that their disagreement arose. 

Darwin, in the 01'igin of Species, had 
avoided the subject of human evolution 
as tinged with emotion and prejudice. 
After the success of his book, however, 
it was inevitable that man would become 
a prime topic of discussion among all 
concerned with the new doctrines. Lyell 
wrote a cautious volume ( 1863 ) dealing 
with human antiquity, which disap­
pointed Darwin. Huxley treated the an­
atomical aspects of man's relationship to 
the primates ( 1863 ) ,  and Darwin him­
self was engaged with the preparation of 
his Descent of Man, which was not pub­
lished until 187 1 .  

Wallace, who unfortunately never 
wrote a book on the subject, probed 
deeper into the nature of man than any 
of the circle immediately around Dar­
win. Because in the end science has so 
thoroughly accepted them, we have not 
only forgotten their source but also for­
gotten how heretical some of his views 
were at the time they were uttered. First 
Wallace postulated an erect, small­
brained bipedal stage of human develop­
ment, followed by a second phase in 

which the human brain and cranium as­
sumed its present size and form. Only 
with the present-day discovery of the 
Australopithecine man-apes is the early 
stage beginning to be documented. Sec­
ond, he quickly saw that the complete 
fossil history of man might well be pro­
longed far beyond Pleistocene times, and 
that the big-brained men of the upper 
Pleistocene, who were at that time trou­
bling the evolutionists, need not be re­
garded as an effective argument against 
the reality of the human transformation. 
Rather, the scientists must cease confus­
ing living races with grades or levels on 
the evolutionary scale of the past-some­
thing which was at that time exceeding­
ly common. Natives were often de­
scribed as apelike in appearance, and 
there was a strong unconscious tendency 
to see the whole story of human evolu­
tion revealed in a sequence from such 
existing apes as the gorilla through the 
"lower" living races to Caucasian man. 

It is just here that Wallace's deep hu­
manity and long experience with primi­
tive peoples reveal with particular clari­
ty his more sophisticated approach to 
the subject. At a time when many naive 
observers were comparing the languages 
of primitives to the chattering of apes or 
monkeys, Wallace stated unequivocally : 
"Among the lowest savages with the 
least copious vocabularies the capacity 
of uttering a variety of distinct articulate 
sounds, and of applying to them an al­
most inRnite amount of modulation 
and inflection, is not in any way inferior 
to that of the higher races." 

Wallace believed that, however the 
fact had come about, all the existing 
races were mentally pretty much equal, 
having attained their Homo sapiens sta­
tus a long time ago . Why human beings 
scattered over such remote distances 
should be so similar in intellectual ca­
pacity, while at the same time varying so 
vastly in their technological achieve­
ments, he did not profess to know. Of 
one thing, however, Wallace felt certain . 
Man, even savage man, possessed latent 
mental powers-ability to understand 
and produce music, mathematics, art­
which were not accountable for, Wallace 
felt, in terms of the simple utilitarian 
struggle for existence as portrayed by 
the Darwinists. 

In 1864, shortly before marrying 
Annie Mitten, the daughter of the lead­
ing English authority on mosses, Wal­
lace composed a paper which led even­
tually to strong intellectual differences, 
but never a personal break, with his 
friend Darwin. In this paper he gave 
vent to a new view; namely, that with 
the rise of the' human brain a creature 
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had emerged who, for the first time in 
the long history of life, had escaped 
from the specialization of parts toward 
which evolution seemed always to pro· 
gress .  

With man this process was  apparently 
at an end. Man, in his brain, had devel­
oped a specialized organ whose whole 
purpose was to enable him to escape 
specialization . He could now increasing­
ly assign to his clothing and implements 
the special activities for which the ani­
mal had to develop organs in its own 
body. Man, by contrast, could take off 
and put on. Specialization could be left 
to his cultural shell, his technology. 
Armored within that shell, great-brained 
man was in the process of acquiring a 
sort of timeless, unchanging body in the 
midst of faunas and floras still forever 
evolving and vanishing. 

Wallace did not deny that small al­
terations might still be taking place in 
man, but he regarded them as insignifi­
cant. "With our advent," Wallace main­
tained, "there had come into existence a 
being in whom that subtle force we term 
mind became of far more importance 
than mere bodily structure." We have 
taken away from nature the power of 
change which she exercises over all other 
animals . "Man does this by means of his 
intellect alone," Wallace argued, "which 
enables him with an unchanged body 
still to keep in harmony with the chang­
ing universe ." Wallace, leaping beyond 
his colleagues, had glimpsed the full an­
thropological significance of the evolved 
brain . The idea was hailed by prominent 
thinkers. John Fiske spoke of it as open­
ing up "an entirely new world of specu­
lation ." 

Darwin expressed his admiration of 
the paper to Hooker, calling it "most 
striking and original." He agreed to the 
leading idea, and expressed the wish 
that Wallace had written Lyell's chap­
ters on man.  It was only later, as Wal­
lace's bepuzzlement over man increased, 
that the two men came to a parting of 
the ways . 

"Natural selection," pondered Wal­
lace, "could only have endowed savage 
man with a brain a few degrees superior 
to that of an ape, whereas he actually 
possesses one very little inferior to that 
of a philosopher." Man's curious hair­
lessness, the structure of the human 
larynx, and other odd human features 
began to loom impressively in Wallace's 
thinking. Finally the man who had not 
been impressed in his youth by organ­
ized religion was led to suggest that a 
higher intelligence might have played a 
hand in the development of our kind. 

"I differ grievously from you, and am 

very sorry for it," wrote Darwin courte­
ously. 

Huxley was severely critical . 
Hooker wrote to Darwin of Huxley's 

remarks : "The tumbling over of Wallace 
is a . . .  service to science ." 

This was curious emotionalism . It is 
written about the man who aided Dar­
win to recognize the full sweep and sig­
nificance of variation and to strengthen 
the account of it in the later editions of 
the Origin. It is spoken about the worker 
whose two-volume work, The Geograph­
ical Distribution of Animals, is a bio­
logical classic. It is said of the man for 
whom Wallace's Line, dividing the fau­
nal region of continental Asia from that 
of New Guinea and Australia, is named. 
It is said of one who did much to destroy 
narrow Victorian racial prejudices, and 
whose contributions on a variety of sub­
jects have been appropriated and passed 
down to our day without acknowledge­
ment. 

It is comparatively easy to give a fair 
account of a man who dies within his 
generation. He is encapsulated in his 
own time, and his follies and achieve­
ments can be comprehended according­
ly. It is not so simple to evaluate the ca­
reer of Alfred Russel Wallace. He was 
born in one age and survived to die in 
another. As a young man he had sur­
veyed for the first railroad lines in Eng­
land. He had been shipwrecked in the 
days of sail. Yet it was his fate to live on 
into the first days of the airplane and the 
automobile. 

His was a full life-that much can be 
said. A lengthy biographical study 
would have to incorporate much that 
cannot be included here : his growing in­
terest in spiritualism, his odd antipathy 
to vaccination, his lifelong defense of the 
poor and helpless, his bitter memories of 
the worst of the Industrial Revolution .  
Many of his  ideas were mistaken . Some 
forecast the future with uncanny percep­
tion . Some, as we have seen, outran with 
a flashing brilliance even his friend and 
colleague, Darwin . 

Wallace never compromised his be­
liefs even when they caused contemptu­
ous comment among his associates .  He 
was an individualist of a sort rarely seen 
in the "team science" of the modern era. 
In the celebrations of the Darwinian 
Centennial he will be mentioned only 
perfunctorily; he belongs to another day. 

"If you would learn the secrets of na­
ture," Henry David Thoreau once re­
marked, "you must practise more hu­
manity than others ." It is the voice of a 
contemporary in the years before the 
green continents were despoiled. Wal­
lace would have understood the words. 
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velop a healthy curiosity about the rare 
earths. During recent years they have 
been accepted as essential components 

a report by L I N DSAY 

H I G H  P U R I T Y  R A R E E A R T H  M E TA L S  

Maximum rare earth impurities - 0. 1 % 

YTTR I UM 

LANTHANUM 

CER I UM 

P RASEODYM I U M  

NEODYMI U M  

SAMAR I U M  

EUROP I U M  

GADOLI N I U M  

TERB I U M  

DYSPROS I U M  

HOL M I U M  

E R B I U M  

TH U LI U M  

YTTERB I U M  

lUTETI U M  

YTTR I U M  
(lower purity grade) 

R A R  E E A R T H  M E TA L S  

Commercial Grades 

CER I U M-FREE M I SCH METAL 

M I SCH METAL 

LANTHANUM, commercia l  grade 

in  the  product ion of  mater ia l s  in  a 
broad cros s - s ect ion of the nat ion's 
chemical, manufacturing, electronic 
and atomic industries .  

You are quite likely to have your 
own ideas for possible uses of rare earth 
metals in production operations or in 
your research on product development 
projects. We would be happy to tell 
you about some of the many ways in 

PLEASE ADDRESS I N QU I R I ES TO 

D I DYM I U M, commercial  grade 

CER I U M, commercia l  grade 

THOR I U M, commercia l  grade 

which these materials are being used. 

We can, however, furnish you a con­
siderable amount of interesting and re­
vealing technical data on rare earth and 
yttrium metals, including a detailed 
tabulation of properties,  purities and 
costs. 

Please ask for our bulletin "Rare 
Earth and Yttrium Metals ." It will be 
sent to you promptly. 

UNDSAY CHEMICAL DIVIS ION 
American Potash & Chemical Corporation 

264 ANN STREET . WEST CH I CAGO, I L L I N O I S  
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Bottles blown by 
Royal Manufacturing Company, Inc., 

Prescott, Arizona. 
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Fo r co l o rfu l ,  

Whatever you have to package-liquid, 

cream or solid-there's a good chance 

containers made of colorful Tenite Poly­

ethylene can help you send your prod­

uct to market safely, attractively and 

economically. 

Safely, because many sensitive 

cosmetics, foods and drugs can be en­

trusted to this chemically inert plastic. 

Safely, because containers of Tenite 

Polyethylene are practically unbreak­

able during filling, shipping and use. 

Attractively, because you have 

g l os sy co nta i n e rs 

ITE PO LY ETHYLE N E  

an unlimited choice of colors in styling 

your package. Attractively, because of 

the high degree of gloss that character­

izes Tenite Polyethylene. 

Economically, because of the in­

tricate designs that can be executed at 

low cost. Economically, because these 

lightweight containers cut shipping 

costs. 

Tenite Polyethylene is extremely 

easy to form into containers of almost 

any shape and size. It can be blown 

into bottles, injection molded for jars 

and boxes, or extruded for collapsible 

tubes and "squeeze-cans." 

If  you have a packaging idea that 

could be given sales-stimulating reality 

in colorful polyethylene, investigate 

the many formulations available from 

Eastman. 

For more information on this plastic 

or for your copy of our new 4D-page 

Ten i t e  Polyethylene b o o k l e t. write 

EASTMAN CHEMICAL PRODUCTS, INC., 

subsidiary of Eastman Kodak Com­

pany, KINGSPORT, TENNESSEE. 

Tenite Polyethylene has many jobs i n  packag ing 

Tough FILM with high 

clarity and high gloss 

Heat· sealable COATINGS 
for paper, film or foil 

Tight-fitting CLOSURES 
that resist corrosion 

Colorful CONTAINERS 
. . . virtually unbreakable 

POLYETHYL E N E 
an Eastman plastic 

Polyethylene bag extruded and printed for Spada Fruit Sales Agency, Inc., Tampa, Fla" b y  Texas Plastics, Inc. ,  Elsa, Texas 
Polyethylene-coated freezer paper manufactured by Ludlow Papers, Inc., Homer, La . •  Polyethylene caps molded for use on Ipana toothpaste containers 

Poiyeth} lene utility boxes molded by Werner Manufacturing Company, Brookfield, Ill.  
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PURIFIED POLIO VIRUS is enlarged 73,000 diameters in this 

electron micrograph made by A. R. Taylor at the Research Labo· 

PURIFIED COXSACKIE VIRUS of Type AIO is also enlarged 

73,000 diameters. Each particle is 28 millimicrons in diameter. 

ratories of Parke, Davis & Company in Detroit. Most of the 

spherical virus particles lie together in regular crystalline array. 

The electron micrograph of this virus was made by S. S. Breese and 

A. Briefs of the Walter Reed Armed Forces Research Institute. 
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ENTEROVIRUSES 

It is no\v apparent that the three .viruses \vhich cause polio 

belong to a family of more than 50 viruses ,vhich ordinarily 

dwell in the human alimentary tract \vithout causing disease 

I
nvestigators began to look more than 

50 years ago for the dreaded invader 
of the central nervous system now 

identified as the polio virus. Once they 
had isolated the virus and learned to 
work with it in the laboratory, they made 
an unexpected discovery. The virus turns 
up much more often in the intestinal 
tract than it does in the spinal cord and 
brain. In human beings the infection 
usually goes unnoticed, causing no harm 
and conferring a lasting immunity; only 
occasionally does it involve the nervous 
system and bring on serious illness. The 
tracing of the polio virus to its habitat in 
the gut has led more recently to the dis­
covery that it is a member of a large 
family of viruses. They all produce the 
same sort of benign infection in the 
alimentary tract, and exhibit the same 
tendency to invade other tissues, espe­
cially the nervous system, with more se­
rious consequences. The so-called en­
teroviruses now number more than 50. 
Some have proved to be the agents of 
hitherto mysterious illnesses. Although 
other members of the family have not 
yet been incriminated, they remain un­
der close surveillance, for there are a 
number of diseases that have no known 
cause, and the enteroviruses have not 
been eliminated as suspects. 

Until about 10 years ago polio work­
ers were obliged to experiment with live 
monkeys. The virus would not consist­
ently cause infection in smaller and 
more abundant laboratory animals such 
as mice and guinea pigs. A paralytic 
infection in a monkey furnished the sole 
proof of the presence and identity of 
the virus. No wonder it took 40 years 
to establish the existence of three dis­
tinct types of polio virus! Then in 1949 
the Harvard Medical School group of 
John F. Enders, Frederick C. Robbins 
and Thomas H. Weller developed their 

by Joseph L. Melnick 

technique for growing the virus in cul­
tures of monkey or human tissue, a 
method now employed by laboratory 
technicians the world over. The tissue 
culture is started by planting a rela­
tively small number of live tissue cells 
on the wall of a test tube or bottle and 
immersing them in nutrient fluid. The 
cells multiply in a few days to cover the 
wall of the vessel with a mat of tissue 
one cell thick. At this point the fluid is 
poured off and a few drops of virus sus­
pension are spread over the sheet of 
cells. In the case of test-tube cultures, 
fresh nutrient is now added; the cultures 
are then examined daily under the micro­
scope. When the culture is in a bottle, 
the virus particles are held in place by 

pouring a thin layer of warm agar over 
them. The agar solidifies on cooling, lim­
iting the spread of virus from an infected 
cell to those adjacent to it. As the virus 
multiplication cycle is repeated in cell 
after cell, virus colonies make themselves 
visible as distinctive "plaques" marking 
the pOints at which the viruses have de­
stroyed the cells and erupted from them. 
With these techniques the culturing of 
viruses in the laboratory is becoming al­
most as routine as the culturing of bac­
teria [see "A New Era in Polio Re­
search," by Joseph L. Melnick; SCIEN­
TIFIC AMERICAN, November, 1952]. 

One monkey now provides cells for 
hundreds of tests instead of just one; 
monkey cells, properly treated, can be 

CRYSTALS of the Coxsackie virus shown on the opposite page were photographed with dark· 

field illumination by C. F. T. Mattern and H. C. du Buy of the National Institutes of Health. 
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shipped by air for use in tissue-culture 
tests at distant points. For a time our 
laboratory received a regular supply of 
monkey cells from India, and many 
laboratories presently receive shipments 
from a center in South Carolina main­
tained by the National Foundation (for­
merly the National Foundation for In­
fantile Paralysis). Monkey tissue cultures 
have actually proved to be more sensi­
tive detectors of viruses than the mon­
keys themselves. Viruses that do not 
cause illness in monkeys will still grow 
in tissue cultures, causing visible dam­
age to the cells. Cultivation of the virus 
in tissue cultures changed the pace of 
polio investigation and led to several im­
portant developments, the most notable 
being the Salk killed-virus vaccine. 

T
he tissue-culture technique also fa­
cilitated large-scale epidemiological 

surveys of the distribution of the polio 

virus and of immunity to it in the com­
munity. With the finding that the virus 
may be present in the intestinal tract, 
it became possible to make such surveys 
by testing stool specimens taken from 
representative samples of the popula­
tion. Investigators soon discovered that 
viruses other than polio viruses also re­
side in the intestinal tract. Many turned 
up that did not appear to cause any 
disease in monkeys. Some were identi­
fied as polio viruses by their serological 
reactions; that is, they were inactivated 
by serum from monkey blood containing 
antibodies specific for polio and so failed 
to multiply in the tissue culture. Others 
betrayed characteristics not found in the 
polio family. 

Among these are the Coxsackie vi­
ruses, named after the village in New 
York where the first one was isolated in 
1948. Gilbert Dalldorf, then of the New 
York State Department of Health, had 

just introduced the use of newborn mice 
to the virus laboratory, and had discov­
ered a new human virus which produced 
a disease in these mice. Although the 
virus had been isolated from a patient 
with paralytic disease, it could not be 
said that it had caused the disease; the 
patient might also have been infected 
with polio virus at the same time. Soon 
reports came in from all parts of the 
world of other viruses which resembled 
the Coxsackie virus, and which could be 
made to grow in newborn mice. Cox­
sackie viruses seem to have an actual 
affinity for young tissue in mouse or man; 
the discovery of Coxsackie virus in the 
spinal fluid of two adult patients with 
brain tumors suggests that the rapidly 
multiplying young cells of the tumor cre­
ated a freakishly compatible environ­
ment. 

Some Coxsackie viruses (Group A) 
produce extensive damage to the skeletal 

BOTTLE CULTURES of monkey-kidney cells on which the entero­

viruses can grow were used iu detecting mixtures of viruses in 
genetic studies performed by M_ Benyesh and Melnick at Yale Uni­

versity. The bottle at left contains two kinds of plaques (clear 

areas): large ones characteristic of polio virus; small irregu­

lar ones, of ECHO virus. In the center bottle polio antiserum 

inhibited the growth of polio virus and only ECHO virus grew. 

At right ECHO antiserum permitted the isolation of polio virus. 
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muscle of the baby mice; others (Group 
B) affect the brain, the pancreas, the 
heart muscle and particularly the em­
bryonic fat pads under the skin. At least 
19 members of Group A and five mem­
bers of Group B are recognized today. 
All five viruses of Group B have been 
associated with human illness, the most 
important being an aseptic (nonbacte­
rial) meningitis that is clinically indistin­
guishable from nonparalytic poliomyeli­
tis; pleurodynia, a painful disease of the 
muscles of the chest and diaphragm; 
fatal inflammation of the heart in new­
born infants; and even a few cases of 
polio-like paralytic illnesses. Several of 
the Group-A viruses have proved to be 
the agents of herpangina, an illness com­
mon in children, which is marked by 
fever and the eruption of blisters in the 
throat. The appearance of these viruses 
in the tissue-culture surveys undertaken 
to clarify the epidemiology of polio 
clearly reaffirmed the Coxsackie strains 
as intestinal viruses. 

The polio surveys also turned up a 
large number of viruses that multiplied 
in tissue cultmes but could not be classi­
fied with any of the previously known 
disease agents. They were excluded from 
the polio family by the fact that they 
failed to produce the disease in monkeys 
and could not be neutralized by polio 
antiserums. They were similarly distin­
guished from Coxsackie viruses by their 
failure to produce disease in newborn 
mice, and by the fact that they could 
not be neutralized by Coxsackie anti­
serums. These organisms were first 
called "orphan" viruses because they 
could not be related to any disease in 
either humans or laboratory animals. 
Many members of this group, however, 
are now established as the cause of hu­
man illness, notably aseptic meningitis. 
They have been renamed ECHO viruses 
("enteric cytopathogenic human or­
phan" viruses) , indicating that their 
natural habitat is the human intestinal 
tract, and that they are capable of de­
stroying cells in tissue culture. Serologi­
cal tests distinguish several types. A com­
mittee under the auspices of the Nation­
al Foundation has been set up to super­
vise the characterization and classifica­
tion of these and other prototypes of new 
human enterovirus strains. To date, 
through the work of this committee and 
investigators collaborating with it, 25 
serologically distinct ECHO types have 
been established. 

D
espite their preference for the ali­

mentary tract, the enteroviruses are 
apparently innocent of blame in "in­
testinal flu," "turista" and related up-

This is one of a series of informative messages to acquaint engineers 
and scientists with the projects of RCA Moorestown. 

RCA MOORESTO-WN 

AND ATLAS 

Responsibility for the development, design and 

production of an advanced launch control system 

for the Atlas missile is one of the charters of RCA 

Moorestown. The system is designed to perform 

two primary functions: To determine the opera­

tional readiness of the missile and to control the 

actual launching of the ICBM into space. 

The Atlas launch control system complex requires 

over 200 cabinets of relay logic and newly 

developed transistorized digital and analog com­

puter circuitry. Of critical significance in the 

development of the complex are the problems of 

reliability and accuracy, necessitating the use of 

advanced transistorized techniques. The chal­

lenge of the project is increased by the need for 

obtaining and integrating information from many 

associate contractors and by the problems of 

concurrent research, development and produc­

tion. The breadth and complexity of the Atlas 

launch control system are creating stimulating 

assignments in systems, projects and develop­

ment engineering. 

Engineers, scientists and managers interested in 

contributing to this program-or to 

other challenging weapon system 

projects-are invited to address in­

quiries to Mr. W. J. Henry, Box V-lIB. 

RADIO CORPORATION 0' AMERICA 
MISSilE AND SURFACE RADAR DEPARTMENT 

MOORESTOWN, N. J. 
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sets which current folklore lays to vi­
ruses. They seem to cause objectively 
identifiable illness only when they infect 
tissues outside the alimentary tract. For 
example, when Coxsackie-B virus shows 
up in the cerebrospinal fluid, the clinical 
picture is that of meningitis. If it invades 
the muscles of the chest and diaphragm, 
the patient experiences the pains of pleu­
rodynia. In a single epidemic the same 
virus may cause pleurodvnia, or menin-
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ENTEROVIRUSES 

gitis or both, depending on the tissues 
involved. Similarly, epidemics of ECHO 
Type-9 infections may be attended by 
an illness characterized by fever and a 
skin rash, by aseptic meningitis or by a 
combination of both. Paralysis from po­
lio virus is directly proportional to the 
degree of virus multiplication in the 
spinal cord. Evidence is mounting that 
Coxsackie and ECHO viruses can also 
produce muscle weakness and moderate 

ASSOCIATED DISEASES 

PARALYSIS 

ASEPTIC MENINGITIS 

UNDIFFERENTIATED FEBRILE ILLNESS 

HERPANGINA 

UNDIFFERENTIATED FEBRILE ILLNESS 

ASEPTIC MENINGITIS 

FEBRILE ILLNESS WITH RASH 

ASEPTIC MENINGITIS 

PLEURODYNIA (BORNHOLM DISEASE) 

UNDIFFERENTIATED FEBRILE ILLNESS 
WITH PHARYNGITIS 

MYOCARDITIS' OR 
ENCEPHALOMYOCARDITIS OF INFANTS 

MILD PARALYSIS OR ENCEPHALITIS 

ASEPTIC MENINGITIS 

FEBRILE ILLNESS WITH RASH 

BOSTON EXANTHEMA 

UNDIFFERENTIATED FEBRILE ILLNESS 

MILD PARALYSIS OR ENCEPHALITIS 

SUMMER DIARRHEA OF INFANTS 
AND CHILDREN 

paralysis indistinguishable from polio; 
fortunately the illness is ordinarily less 
severe than polio, and with the passage 
of time recovery is usually complete. 
More often, however, the entero­
viruses, including even the virulent 
polio strains, produce inapparent infec­
tions. Tissue-culture tests demonstrate 
that, once the virus gains a foothold, 
it multiplies continuously in the human 
intestinal tract for a period of weeks, 

DESCRIPTION 

COMPLETE TO SLIGHT MUSCLE WEAKNESS 

NONPARAL YTIC POLIOMYELITIS 

FEVER OCCURRING PARTICULARLY 
DURING THE SUMMER 

ILLNESS COMMON IN CHILDREN, WITH 
FEVER AND BLISTERS IN THROAT 

FEVER OCCURRING PARTICULARLY 
DURING THE SUMMER 

INDISTINGUISHABLE FROM 
NONPARAL YTIC POLIOMYELITIS 

INDISTINGUISHABLE FROM 
NONPARALYTIC POLIOMYELITIS 

PAINFUL DISEASE OF MUSCLES OF 
CHEST AND DIAPHRAGM 

FEVER WITH INFLAMMATION OF NOSE 
AND THROAT 

I.NFLAMMATION OF HEART, WITH OR 
WITHOUT MILD PARALYSIS 

SIMILAR TO PARALYTIC POLIOMYELITIS 

INDISTINGUISHABLE FROM 
NONPARALYTIC POLIOMYELITIS 

COMMON IN CHILDREN 

RASH CAUSED BY ECHO 16 

FEVER OCCURRING PARTICULARLY 
DURING THE SUMMER 

SIMILAR TO PARAL )'TIC POLIOMYELITIS 

DISEASES ASSOCIATED WITH ENTEROVIRUSES vary in kind 
and severity. Several of the viruses can produce the same disease. 

The causative agent is then identified by its ability to produce 

disease in monkeys (polio viruses), to produce disease in new· 

born mice (Coxsackie viruses) or to form characteristic 

plaques on tissue culture (polio, Coxsackie B and ECHO viruses). 
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but produces no symptoms of any kind. 
All the enteroviruses have approxi­

mately the same size and shape. They 
are spherical, with diameters of about 25 
millimicrons (.000025 millimeter), as 
measured by filtration through collodion 
membranes of graduated-pore size, by 
ultracentrifugation and by studies with 
the electron microscope. These measure­
ments were recently confirmed by a new 
technique that employs ionizing radia­
tion to measure not only the size of the 
virus but also the size of its component 
functional parts. This technique relates 
the measurement of size directly to the 
biological activity of the particle: the 
rate at which a given biological property 
is lost in irradiation is directly propor­
tional to the size of the unit involved in 
that property. Such studies show that the 
infective or reproductive unit is 25 
millimicrons in diameter and that one 
antigenic part of the virus, the so-called 
complement-fixing component, is 10 
millimicrons in diameter. The polio vi­
ruses and one of the Coxsackie viruses 
contain nucleic acid of the ribose type 
(RN A), and, as with other viruses 
studied, the infective unit seems to be 
contained in the nucleic-acid part of the 
virus particle. 

T
he major types of enteroviruses may 
be distinguished by the way in which 

they grow in tissue culture. Polio viruses 
flourish on cultures of monkey cells from 
many different organs: kidney, testicle, 
muscle. Coxsackie-B viruses are just as 
versatile, but only a few of the 19 Cox­
sackie-A viruses have been successfully 
cultivated in tissue cultures. ECHO 
viruses grow well only on cultures of 
primate kidney tissue, preferably from 
the Asian rhesus monkey. They grow 
with difficulty or not at all on kidney 
tissue from the African red monkey, al­
though polio and Coxsackie viruses grow 
better on the cells from this monkey than 
on rhesus cells. The various types of 
viruses may also be distinguished by the 
characteristic shapes and sizes of the 
plaques their colonies form in tissue cul­
ture under agar. Polio viruses readily 
form large round plaques with sharp 
boundaries. Coxsackie-B viruses produce 
similar but slower-growing plaques. The 
ECHO viruses, after several days' delay, 
grow into small plaques often with rather 
irregular shapes and diffuse boundaries. 
The presence of more than one type of 
enterovirus in specimens taken from hu­
man beings can often be detected by the 
kind of plaques formed. The different 
viruses may then be separated by trans­
planting single plaques or by growing 
the viruses in the presence of antiserum 
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home life at its best 

in the valley of the sun 

CHALLENGING WORK 

GOODYEAR AIRCRAFT EXPANDING 

ARIZONA ELECTRONIC LABORATORY 

LONG RANGE PROGRAMS 

B-70 DYNA-SOAR 

MISSILE GUIDANCE 

ADVANCED RADAR TECHNIQUES 

N 
A 

ELECTRONIC ENGINEERING POSITIONS AVAILABLE 

RESEARCH PRODUCT DESIGN 

DEVELOPMENT TESTING 

Company Financed Graduate Courses 

Send resume to: A. E. Manning 

Engineering and Scientific Personnel 

Goodyear Aircraft Corp. Litchfield Park, Ariz. 
Similar opportunities available in our Akron, Ohio, Laboratory 

Now available in standard tube, 
crucible and combustion boat shapes 

.; .. ---_. y 
..--:-'" /..--

For temperatures to 46000F. (2538°C). 
Possesses one of the highest melting pOints 
of all commercial refractories. 

• • •  even the fish like the Florida sunShine. 
Engineer fishermen at Radiation, Inc. can 
enjoy their sport the year around. 

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 synthe. 
sis, heat treating and sinteringfumaces, 
and kiln furniture. We will be happy 
to quote on custom ware. 

Leco also specializes in Zircon (ZrSi04) Ware 

Write Today for TECHNICAL DATA CATALOG 
LABORATORV EQUIPMENT CORP. 

4002 Hilltop Road, St. Joseph, Michigan 

We have many· openings ·for challenging 
cnd rewarding work in design and develop. 
ment. Radiation is well known in DATA 
PROCESSING, TELEMETRY, ANTENNAS, and 
other areas of MISSILE ELECTRONICS. Our 
stable gro.wth pattern indicates a secure 
future with professional growth for engi. 
neers with ideas ·and energy. 
Write today for complete details on oppor­
tunities available. If you qualify, you 100 
can live and work where living is pleasant 
ClOd work a challenge. 

Technical Personnel Dept. 21 

RADIATION, I .. �. 

MELBOURNE. fLORIDA 
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how to 
keep 
dollars 
indoors 

It isn't just hot air. It's dollars 
ditched when air goes out the win­
dow instead of being purified with 
activated charcoal and recir­
culated. In schools, hospitals, 
hotels,  etc., air purificat ion 
teams up with heating and cooling 
equipment, saves money. Smaller 
installations do bigger jobs. 

how to 
keep an 
apple 

Market·wise fruit growers keep 
apples younger longer to catch 
top prices-retard ripening with 
activated charcoal. Maybe your 
product-food, chemical, drugs, 
or what have you-has an air 
about it (sh·sh·sh) and can bene· 
fit from processing, storing, or 
packaging with activated charcoal. 

how to 
stay 
alive 

Attention would·be moon trav­
elers: activated charcoal kept air 
pure and odor·free in the first 
(publically announced) simulated 
space flight for a human being. It 
is used aboard atomic subs, too. 
Even if you are still in this world, 
activated charcoal makes air good 
for breathing. 

activated 
charcoal 

Activated charcoal (carbon, if you 
like), a hard, black, granular ma­
terial, acts as a molecular sponge, 
purifies air, gases, liquids-re­
covers solvents - removes odors 
and impurities-does hundreds of 
jobs that may be news to you. 
Write for Bulletin T-329. Barnebey· 
Cheney, Columbus 19, Ohio. 

Barnebey 
Cheney 
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SIGN OF VIRULENCE in polio viruses is the ability to grow on a layer of monkey cells 

maintained for many passages in tissue culture. A virulent strain (left) grows readily on 

these cells, but an attenuated strain of the same type (right) grows very poorly on them. 

which inhibits the growth of one type. 
Since different varieties of enterovi­

ruses are often found together in the 
same patient, we wondered whether 
they might interact genetically. We sub­
jected single cells obtained from monkey 
kidney to double infections with ECHO-
7 and Coxsackie-A9 viruses, and studied 
the properties of the viruses released in 
the disruption of individual cells. Some 
cells produced virus particles, each of 
which possessed antigens of both parent 
viruses, while others yielded the parent 
strains as separate entities. But the dou­
bly antigenic particles were not geneti- . 
cally stable. Their progeny all reverted 
to the original types, indicating that no 
true genetic recombination occurred in 
these experiments. We obtained similar 
results using mixtures of ECHO and 
polio viruses. 

Investigation of the genetics of the 
enteroviruses is seriously handicapped 
by the lack of adequate genetic "mark-

ers" to distinguish the strains from one 
another in the test tube. It is becoming 
increasingly difficult, moreover, to dis­
tinguish the viruses from one another by 
their preferences for various hosts. Such 
preferences provided one basis for their 
original classification into major types. 
Polio strains are now known, however, 
that barely cause disease in monkeys, 
while certain other strains produce ill­
ness in mice as well as in monkeys. Many 
naturally occurring strains of Coxsackie 
viruses, of 9roup B or of Type A9, lack 
the cardinal characteristic of virulence 
for suckling mice. Furthermore, one 
strain of Coxsackie A14 and some A7 
strains can produce polio-like lesions in 
monkeys. The Soviet virologists Michael 
P. Chumakov and Marina K. Voroshilova 
have isolated from a paralytic patient an 
A7 strain that produced in monkeys a 
paralytic disease identical with polio. 
The ECHO viruses, originally designated 
as being harmless to newborn mice, seem 
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also to be losing this distinction. Strains 
of ECHO 9 from the widespread Euro­
pean epidemic of 1956 and from the 
American epidemic of 1957 produce 
disease in suckling mice with widespread 
muscle damage resembling that caused 
by Coxsackie-A viruses. In these cases, 
however, the original material collected 
from human patients had to be passed 
through successive tissue cultures to se­
lect out the virus particles virulent for 
mice. All the enteroviruses studied-in­
cluding members of the polio, Coxsackie 
and ECHO groups-have been found to 
infect chimpanzees at least to the extent 
of multiplication in the alimentary tract. 

T
he symptomless alimentary infection, 
which is by far the most common in­

fection caused by the enteroviruses, con­
fers a solid immunity on the host, one 
which makes it difficult for a virus of 
the same type to become re-established 
in the gut at a subsequent exposure. 
When the Salk killed-virus vaccine was 
first introduced, we wondered whether it 
might not prevent later inapparent in­
fection, and thus interfere with the nat­
ural lifelong immunity that ordinarily 
follows. If such were the case, then para­
lytic poliomyelitis might only be post­
poned by vaccination, perhaps to a time 
in life when the disease would be more 
dangerous than in childhood. To test 
this possibility we, as well as other in­
vestigators, fed attenuated polio viruses 
to human subjects who had been im­
munized by Salk vaccination, and then 
observed them for evidence of intestinal 
infection. Parallel observations were also 
conducted on the families of polio pa­
tients and of vaccinated children ex­
posed to healthy carriers of polio. These 
studies indicate that persons immunized 
with Salk vaccine can pick up an intes­
tinal infection just as readily as a non­
immunized person. There was no notable 
difference in the duration or intensity of 
infection, as indicated by the time over 
which intestinal specimens show signs of 
virus and by the amount of virus ex­
creted. 

It seems that inapparent infection 
during the first year after vaccination 
may boost the immunity of the individu­
al, but the consequences of infection at 
a later period, when the vaccine-induced 
antibody has disappeared, remains to be 
determined. vVe conclude that while 
paralytic disease is significantly reduced 
by Salk vaccination, the actual preva­
lence of polio infection in the communi­
ty is not affected. This is a desirable 
situation, for if the community were en­
tirely dependent upon artificial immuni­
zation, the Salk vaccination would have 
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SURVEY OF HEALTHY CHILDREN in Charleston, W. Va., and Phoenix, Adz., revealed 

that enteroviruses were prevalent mainly in summer and were carried more frequently by 

children from poorer homes (black) than by those of a higher socio·economic level (color). 
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ENTEROVIRUSES were found in less than 3 per cent of the specimens from children of 

the higher socio·economic districts (color) of Phoenix and Charleston, but in 8 per cent 

and 13 per cent, respectively, of those in poorer environments (black). The incidence of 

polio, Coxsackie and ECHO viruses was markedly higher among children of poorer districts. 
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to be repeated periodically in the entire 
population to protect older persons from 
the inevitable reintroduction of the polio 
virus. 

The permanent immunity produced 
by "silent" infection still makes the pos­
sibility of vaccination with live virus at­
tractive. Some polio strains isolated from 
normal individuals have very little affini­
ty for nerve cells and yet confer full im­
munity against related virulent strains, 
and are considered to be attenuated. 
Attenuated strains of all three polio vi­
ruses have been obtained also by manip­
ulation of the virulent strains in the 
laboratory. Any of these strains might 
serve as a live-virus vaccine, to be given 
orally either alone or after vaccination 
with killed virus. The most serious ob­
jection to the use of live viruses, how­
ever, arises from the possibility that an 
attenuated strain used for vaccination 
purposes may mutate to a virulent form 
as it spreads in the community. 

At present the virulence which a polio 
virus may possess for the nervous system 
can be tested only by inoculation in mon­
keys. The labor and expense of this pro­
cedure make it highly desirable to seek 
reliable markers for this characteristic 
that can be detected in tissue cultures. 
Some markers of this type have recently 
been discovered. Attenuated viruses, for 
example, usually grow more slowly than 
virulent ones in cultures of fresh monkey­
kidney cells under slightly acid condi­
tions. Those delayed in growth are desig­
nated as possessing the delayed or d 
marker, and those that grow rapidly un­
der these conditions are deSignated as 
d+. Another genetic marker associated 
with virulence in the nervous system is 
the ability of the virus to grow on mon­
key-kidney cells that have been main­
tained by many serial passages in tissue 
culture. When attenuated viruses are 
fed to volunteers, we find that the d 
strain usually shows up unchanged in 
stool specimens. Occasionally we have 
found mutations to the d+ type, but 
these mutant viruses still show little affin­
ity for nerve cells. The reverse muta­
tion from attenuation to virulence evi­
dently requires a series of stepwise 
changes rather than a single alteration 
in the genetic constitution of the v:rus. 

T
here is ample evidence to show that 
infection spreads readily from per­

sons excreting virus to those in contact 
with them. In families of infected per­
sons all the enteroviruses spread with 
ease to persons who lack immunity from 
previous exposure. Since the infections 
are rarely severe, the true picture of ill-
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ness caused by an epidemic of entero­
virus infection is !lot reflected by the 
number of hospitalized patients. A sur­
vey in a town of 20,000 during an 
ECHO-4 outbreak, with 27 reported 
cases of aseptic meningitis, revealed that 
16 per cent of the population had ill­
nesses that were probably attributable 
to the virus. Similarly, during a period 
when 149 inhabitants of Milwaukee, a 
city of 740,000, were hospitalized with 
ECHO-9 disease, a community survey 
led to the estimate that some 45,000 
people were ill at home with an illness 
of a related kind. 

Studies of several hundred normal 
children under five in Charleston, W. 
Va., and in Phoenix, Ariz., show that the 
frequency of virus infection in the poor­
er districts of each city is three to six 
times as great as in the middle- to upper­
middle-class districts with better en­
vironmental sanitation. Among the vi­
ruses isolated in these surveys, 52 per 
cent were ECHO viruses, 24 per cent 
were polio viruses and 24 per cent were 
Coxsackie viruses. 

The enteroviruses have a global dis­
tribution. They have been found in Es­
kimos living in remote regions in north­
ern Alaska, as well as in inhabitants of 
tropical countries in both the Eastern 
and Western Hemispheres. Epidemics 
produced by the enteroviruses occur in 
the temperate zones during the summer 
and early autumn, although cases may 
continue into the winter. In the Charles­
ton and Phoenix surveys we made almost 
all of our virus isolations in the summer 
and fall, except in the poorer districts of 
subtropical Phoenix, where viruses were 
recovered more evenly throughout the 
year. The seasonal prevalence of entero­
viruses has been well illustrated by the 
monitoring of sewage and flies in a num­
ber of localities. Virus appears almost 
invariably in specimens collected during 
the summer and fall, and turns up only 
rarely during the cold months. The fre­
quency with which virus is recovered in 
specimens will vary in the same com­
munity from one year to the next by 10 
to 100 per cent. The virus type will also 
vary from year to year. In Topeka, Kan., 
for example, Coxsackie-A5 predominated 
in the first part of a summer and was suc­
ceeded by A6 in the fall. During one year 
Types A5 and A6 were predominant in 
Albany, N.Y.; a year later they had been 
replaced by Types A4, A8 and B2. Thus 
the apparent persistence of enterovirus 
infection in the population may actually 
reflect the spreading of a succession of 
waves of different types of virus through 
the city. 

make your ideas 
and facts 

understood 
immediately 
with a new 

Overhead Projector 

In a research meeting, a business conference, 
in any group discussion, be sure to get your 
point across-fast. The VU·GRAPH enables you 
to show the faefs clearly on a sere�n, in a fully 
lighted room. You FACE your audience as you 
make your presentation! VU·GRAPH projects easily 
m�de transparencies, slides, charts, models, 
stencils, even your own writing-AS YOU WRITE! 
Ask for the Free brochure: "Get your Point 
Across - Fast!" 

CHARI..E S ta>&cf�COMPANV 
EAST OfltANGIE. NEW JE"SEY 

quic k Iy and econom ica lIy 

assemble 

a variety of 

co ses, co bi nets a nd roc ks 

WITHOUT 

TOOLING COSTS 

• The IMLOK system of metal cabinet 
construction is ideal for research and 
prototype work. Only simple hand 
tools are required for assembly. 

More than 50 different styles of 
connectors, extrusions and accesso­
ries are easily locked together to form 
the framework of any type housing. 
Standard gauge aluminum or steel 
sheets may be cut and. fitted to com· 
plete the enclosure. 

The Bud Imlok system is the answer 
to your special housing needs. Write 
for catalog 159 for complete details 
or see these Bud Imlok products at 
your electronic distributors. 

Easily Solved on the 

BINARY CIRCULAR SLIDE RULE 

• 

Tn Arithmetic, Algebra and Trigonometry. Any number 
of factors can be handled in long and difficult calcula­
tions. The "(,

,
. scale of the BINARY rule is 25 inches 

long, with graduations 25'k furtller al)art than those 
of a 20-in('h slide rule. The CI, A, K and Log scales 
are dhided as closely as a 20" straight rule. The Log­
Log scale extends from l.0015 to 1,000,000. Gives trig 
functions from 0 to 90 degrees on back. with indicator 
reading. Engine divided scales in black. o\'erlaid with 
yellow. 011 alternate scales on while coated aluminum. 
Permanemly accurate. Dia. 81h inches. Price-$10.'25 
in case. Approved at leading Cnlv. Used by largest. 
firms in 1:.S. 

ATLAS SLIDE RULE-Precision MADE 
The "Atlas" slide rule solves problems in Multipliea­
tion, Division and Proport.ion. Gh'es results with a 
maximum error of less than 1 in 35,000. Has two "C" 
scales. One is 25" long and the other is a SPiral of 
25 coils. EQuh'alent to a straight rule 50 ft. long. 
Heads answers to 5 Illaces. ACCURATELY CEN­
TEUED. 1:sed in largest U.S. Laboratories. Chemists, 
j-'h:ysicists and Engineers ha\'e found this rule in­
valuable for its great accuracy. Dia. 8%". same con­
struction as "Binary". Trig functions from 0 to 90 
degrees on back. j'rice-$13.50 in case. 

MIDGET 
CIRCULAR SLIDE RULE 

Similar to Binary. Has e, ('I. A, LL and Binary scales. e scale is 12" long. Precision made, accurately cen­
tered, remains 3CCUl'ate. Trig functions on back, with 
indicator. 3/4 million sold. Pl'ice-$4. in case. 4" dia. 
Same construction as abo,'e rules (no yellow). 

Descriptive Literature free. Satisfaction Guaranteed. 
Sold at Bookstores & Eng-ineering Equipment. Stores. 
Or, Order direct, INSTRUCTION BOOK FREE. 

GILSON SLIDE RULE CO. 
Box 1237 SA, Stuart, Fla. 

Slide Rule Makers since 1915 

97 

© 1959 SCIENTIFIC AMERICAN, INC



TH E P- E SPECTRUM  

EYE FOR AN EYE - N EW PANORAM I C  CAM ERA 

P HOTOGRAPHS 3D·M ILE  CENTER OF TYPHOON 

F o r  the first time meteorologists have gotten a bird's­
eye view of a typhoon's eye in its  entirety. A unique , 
h o r i z on - t o - h o r i z o n  a e r i a l  c a m e r a  d e v e l o p e d  b y  
Perkin-Elmer recently enabled Air Force weather­
men to photograph the 3 0 - mile- wide eye of Typhoon 
"Kit" in the Pacific. 

C l e a r l y  v i s i b l e  a l s o  to w e a t h e r  s ci e n t i s t s  w h o  
studied the photographs were the storm' s nine false 
eyes. ( See photo, right, and accompanying analysis 
showing small cyclonic whorls,  marked " C. " )  The 
mosaic photos were taken from an altitude of approx ­
imately 5 5 , 0 0 0  feet. On some photos, transverse sea 
waves were visible through holes in the 4 8 , 0 0 0 -foot � 
high clouds. , 

The Perkin-Elmer camera employs a rotating prism 
which "wipes" the image on film as it  scans from 
horizon to horizon at right angles to the flight path. 
The 5 0 -lb. camera is a scaled-down version of a 1 5 0 0 -
lb.  model developed b y  Perkin-Elmer for the Air 
Force several years ago, The camera can take either 
adj acent or stereo- overlapping photographs auto­
matically. 

Other applications seen for the panoramic camera 
include military mapping operations, geological sur­
veying, h i g h w a y  e n g i n e e r i n g, soil c o n s e r v a t i o n  
studies, tree census proj ects and other fields requiring 
extremely wide- angle, continuous photographic cov­
erage of terrain. 
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ARMY D EVELOPS SPECIAL COMPUTER FOR 

W I N D·CORRECTED M ISS ILE  LAU N C H I NGS 

A new U.S.  Army Signal Corps Research and 
Development Laboratory computer utilizing the 
Vernistat® Adj ustable Function Generator has 
been developed to overcome effects of low-alti­
tude winds on missile accuracy. 

The relatively low velocity of a missile imme­
diately after launching makes its traj ectory sub­
j ect to distortion by near-surface winds. To insure 
that the missile hits a predicted impact point, 
the effect of these winds must be determined 
a ccurately. 

To do this, pilot balloon runs are made shortly 
before a missile launching and wind data are com­
puted for its effect on the missile's programmed 
traj ectory. Previously, these computations were 
done manually, required considerable time, and 
frequently new weather conditions made the cal­
culations obsolete before the missile launching 
o ccurred. 

The new computer determines wind conditions 
at various altitudes, calculates their effect on the 
missile, and automatically reads out the devia­
tions from the point of impact in miles north­
south and east-west. Corrections are then made 
in the launching mechanisms. 

� The computer employs two Adj ustable Func­
� t i o n  Gen e r a t o r s  d e v e l o p e d  by P e r k i n - E l m e r .  

These function generators were chosen because 
of their accuracy and ease of adj ustment. They 
permit the input function to be changed in a 
matter of seconds, making the computers quickly 
adaptable for use with a variety of missiles. 
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TOBACCO SMOKE TO GUN SMOKE - I NDUSTRY F INDS 

A USEFUL NEW TOOL I N  GAS CHROMATOGRAPHY 

The science of gas chromatography got new im­
petus some three years ago when Perkin-Elmer 
introduced one of the first commercially success­
ful chromatographic instruments-the Model 1 5 4  
Vapor Fractometer. Since then scores o f  indus­
tries have reported valuable, new uses for this 
low-cost, easy-to- operate analytical tool. Among 
the latest uses for the P-E Vapor Fractometer : 

Tobacco researchers at Duke University re­
cently devised a technique for identifying nonvol­
atile organic acid components of tobacco smoke. 
Using a modified Vapor Fractometer, they were 
able to identify 10 acids which had not been re­
ported previously as smoke constituents. 

At the Process Research Division of Esso, a 
battery of eight Model 1 54 instruments performs 
more than 7 0 0  types of analyses a month. Re­
searchers here have gotten an especially high 
investment return in the analysis of light ends of 
olefin-free gasolines. Previously this work took 
an average of three hours per sample. Esso now 
does it with a Vapor Fractometer in 15 minutes 
with equal or greater accuracy. 

Vapor Fractometers are taking to the air at 
Douglas Aircraft. Their ability to make fast, re­
petitive analyses is being used to check the safety L 
and in-flight effectiveness of airplane fire extin- , 
guishing systems and to test cockpit air for con­
tamination from gun gases when the plane's 
armament is fired. Douglas also uses its Vapor 
Fractometers to separate j et and rocket fuels 
into components for further analysis by infrared. 

What is "Optics P/US
" ? The important, excit­

ing performance of modern optics has taken optical 
technology far beyond its traditional role. Today's 
optical systems are complex integrations of optics, 
mechanics and electronics. The special ability to com­
bine these skills - to take an instrument or systems 
problem and "see it whole" - is what we mean by 
Optics Plus. 

Perkin-Elmer has this ability, and the production 
facilities to implement it. 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, 9 1 5e Main Ave., 
Norwalk, Connecticut. 

A N A L Y T I C A L  I N S T R U M E N T S  M I L I TA R Y  S Y ST E M S  
F I N E  O PT I CS PREC I S I O N  E LECTR O N I C  COM PON ENTS 
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Metamorphosis, Polymorphism, 
Differentiation 

The wondrous tran�fornwtion of insec ts lS explained b.y two fam�iliar 

growth processes. One accounts for differences cunong indi{}iduals HI 

a specws; the other) for differences among tissues In an organlsnl 

I 
was five years of age when I made 
the most important scientific dis­
covetT of my life. A caterpillar I had 

imprisoned in a jam jar wrapped itself 
in silk and then, some days afterward, 
emerged undei· my close and astonished 
observation a butterfly! 

Later on I learned that others, includ­
ing Aristotle, had anticipated me in my 
discovery of insect metamorphosis. Nat­
ural philosophers and small boys appar­
ently find the same amazement in the 
transformations of insects from cater­
pillar to chrysalis to butterfly, or from 
grub to pupa to bee. They have also 
usually arrived at the same explanation 

by V. B. Wiggles\\'ol'th 

for this peculiar departure from the com­
mon pattern of growth observed in other 
animals. According to Aristotle, the em­
bryonic life of insects continues until the 
formation of the perfect insect, or imago. 
"The larva while it is yet in growth," he 
wrote, "is a soft egg." William Harvey, 
famous chiefly for his discovery of the 
circulation of the blood, surmised that 
the insect egg contains so little yolk that 
the embryo is obliged to emerge before 
completing its development. It then goes 
through a more or less prolonged larval 
stage during which it stores up quanti­
ties of food material-more yolk, as it 
were-before resuming the egg or pupa 

ADULT FORM CONCEALED in larva was discovered in 1669 by Jan Swammerdam, \vho 

dissected a caterpillar on the verge of spinning its cocoon. This demonstration of continuous 

growth of organs from existing structures helped dispel mystical views of metamorphosis. 
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form and completing its embryonic 
growth. Up to the end of the last cen­
turv we still find authors writing of 
"those sorts of eggs that are called 
nymphs or pupae." And in current text­
books it is common to find the view ex­
pressed that metamorphosis is to be ex­
plained by the immaturity of the insect 
at the time of hatching from the egg. 

But when metamorphosis is looked at 
more closely, this theory is not so satis­
factory. Of course the development of 
the pupa has much in common with de­
velopment of the embryo. Certain parts 
of the body, such as the wings, grow 
enormously, drawing upon reserves else­
where in the body, just as the growing 
organs of the embryo draw upon the 
yolk. But that is no more than an analo­
gy; it does not prove that the pupa, nor 
yet the larva, is an embryo. Instead of 
regarding the larva, the pupa and the 
adult as three stages in the progressive 
unfolding of a complex organism, it is 
possible to think of them as alternative 
forms which an already complex organ­
ism assumes at different periods in its 
development. In what follows we shall 
see that this view has the advantage of 
bringing metamorphosis into line with 
developmental patterns that are more 
universal in nature. Different individuals 
of a speCies, for example, frequently dis­
play variations in form that are no less 
extreme than those exhibited by an in­
sect in different phases of its metamor­
phosis; such variation in form is called 
polymorphism. Similarly, different parts 
of many-celled organisms vary widely in 
form, though all of the tissues arise from 
the same single cell. Insect metamorpho­
sis provides favorable opportunities for 
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observing this process of differentiation 
under experimental control. 

I n Harvey's conception of insect meta-
morphosis there was an element of 

the miraculous. Under the action of some 
mysterious influence the substance of the 
larva was rebuilt into an entirely new 
form. The Dutch naturalist Jan Swam­
merdam, in his Historia InsectoTu1H Gen­
eralis published in 1669, strongly op­
posed this mysterious conception of 
metamorphosis. He had stripped away 
the skin of a caterpillar before it was due 
to be cast off and found the wings and 
other parts of the adult butterfly already 
in process of growth. From such obser­
vation he inferred that every structure 
arises by a process of continuous growth 
from an existing structure; that every­
thing is already "preformed" in some 
state-some invisible state that we are 
unable to appreciate-from the earliest 
stages of growth. 

At that time living cells were un­
known, and genetics and evolution be­
longed to the future. Swammerdam's 
followers adopted the crude and exag­
gerated idea that all the future structures 
of the body were preformed in the egg, 
and that all growth and development 
consisted in the unfolding of these 
structures as successive covering shells 
were discarded. The height of absurdity 
was reached when observers claimed to 
have seen "homunculi," diminutive out­
lines of the human form, within the 
spermatozoon! Excesses such as this 
brought the reasonable views of Swam­
merdam into unfortunate disrepute. 

With the advantage of current ideas 
on evolution and genetics and with the 
results of recent experiments in mind, 
we should be able to compose a truer 
picture of insect metamorphosis. The 
most obvious weakness of the "soft egg" 
theory lies in the fact that the larva of 
the more primitive insects, such as 
roaches, termites and grasshoppers, 
emerges from the egg in a form that 
more or less closely resembles the adult 
insect. The highest insects-the Coleop­
tera (beetles), the Lepidoptera (butter­
flies and moths), the Hymenoptera 
(bees and wasps) and the Diptera 
(flies) -offer the most striking examples 
of metamorphosis to be found. And yet 
the eggs of these insects are not notably 
deficient in yolk. 

It can, of course, be argued that for 
some unknown reason these higher in­
sects emerge from the egg at an early 
stage of embryonic development. But 
the resemblance of caterpillars or mag­
gots to embryos is only superficial. When 

A 

B 

c 

D 

METAMORPHOSIS IN THE HOUSEFLY follows the classical pattern. From tiny emhryo 

in egg (B) the creature grows 10 full-sized larva (C). The larval skin hardens and darkens 

to form the "puparium" that shelters the pupa (D). From pupa emerges the adult (A). 
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they are looked at closely they are seen 
to be most complex organisms, each 
highly adapted for its own mode of life. 

At this point genetics and evolution 
enter decisively into the argument. Silk­
worm breeders long ago observed that 
there are many different genetic races of 
silkworms that can be distinguished as 
larvae but not as adults. Entomologists 
know of some species of insects that 
can be readily separated as larvae but 
only with difficulty or not at all as adults. 
The converse is also true. Clearly some 
genes affect only the structure of the 
larva, while others affect only the adult. 

When the larva lives in conditions 
which differ from those in which the 
adult lives, it will be exposed to quite 
different selective pressures. In other 
words, it will become closely adapted to 
its special environment, while the pupal 
form and the adult form will evolve in 

X8 

A 

X2 

D 

quite different directions according to 
the special requirements of their envi­
romnents. Indeed, as soon as there are 
differences in the mode of life of the 
adult insect and its larva, the characteris­
tics of the two forms will tend to diverge. 
Such divergence may continue until we 
reach the extremes that separate the 
maggot from the fly. 

Variation in form is not, however, an 
exclusive distinction of insects. All ani­
mals are more or less polymorphic. 
Perhaps the most familiar are the male 
and female forms, which are often strik­
ingly dissimilar within a single species. 
There is a large number of other vari­
ants. Now according to the view which 
holds metamorphosis to be a special ex­
ample of polymorphism, the variations 
in form occur as successive stages in the 
development of an individual, instead 
of appearing in different individuals. But 
individuals of other species may under­
go analogous transformation. A hen may 
be caused to change its plumage and 
become a functional cock by removal of 
its ovaries and implantation of a testis. 

The sexual transformation of a fowl 
not only provides a close parallel to 
metamorphosis; it also raises an impor­
tant aspect of the manner in which ge­
netic inheritance is expressed in the in-

X5 

B 

E 

dividual. According to the simple tenets 
of classical Mendelism, the form of the 
animal is determined by the genes it 
carries in its cells. But in practice it does 
not always work out so simply, because 
other factors may control the manifesta­
tion or "penetrance" of some gene ef­
fects. Thus the change of sex hormones 
in the fowl causes its genetic constitu­
tion to find expression in an entirely new 
appearance and behavior. 

Two genes in the fruit fly offer sim­
pler demonstrations of the same princi­
ple. The main effect of one gene is to 
cause the antennae to fail to develop 
in the adult fly. But if the food of 
the larvae is rich in vitamin B-2, the 
genetically antennaless fly will develop 
normal antennae. The second mutant 
gene causes the modified hindwings-the 
little knobbed "halteres" -to develop 
into wings, so that these normally two­
winged flies develop two pairs of wings. 
But this effect is greatly influenced by 
temperature. At 25 degrees centigrade 
the penetrance of this gene is 35 per 
cent; at 17 degrees it is only 1 per cent. 
Polymorphism in these cases is con­
trolled indirectly by simple changes in 
nutrition and temperature. 

Reversal of sex can also occur in in­
sects. When certain solitary bees ancl 

X3 

c 

F 

METAMORPHOSIS IN THE GRASSHOPPER presents far less 

dramatic changes than in the higher insects, and does not involve 

the resting pupal stage. The young grasshopper that emerges from 

the egg at upper left is wingless, but resembles adult except in pro· 

portion. The five nymphal (pre·adult) stages are shown same size to 

emphasize change in proportion. The magnification is given for each. 
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Energy conversion is 

what is 

A match burning? 

A solar flare? 

Is energy really conserved or were 

Joule. Helmholtz. Mayer and Max­

well only partly right? 

Is the Phoenix concept of cyclical 

energy valid? 

An accurate definition of energy 

is important to Allison because 

energy conversion is our business­

and we have a deep and continuing 

interest in energy in all its forms. 

Basic to our business is an intimate 

knowledge of every form of energy 

-solar. nuclear. thermal. chemical. 

mass. magnetic. electrical. mechan­

ical and radiant. We search for 

this knowledge to i ncrease the 

effectiveness with which we accom­

plish our mission - exploring the 

needs of present and future flight 

and space propulsion systems. 

If you have advanced academic 

recognition and appropriate experi­

ence in the field of science and 

research. we would like to hear from 

you. Write R. C. Smith. Salaried 

Personnel. Dept. E-l. 

� 
o 
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ARRESTED METAMORPHOSIS in the bloodsucking insect Rhoduius demonstrates the 

role of the juvenile hormone. At the end of the fifth stage of larval development (A) this 

insect normally molts to give rise to the winged adult (B). If the supply of juvenile hor· 

mone is artificially maintained by implantation of a corpus allatum gland from a young lar­

va, however, the insect will emerge from the molting as a giant larva and without wings (C). 
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wasps are invaded during their larval 
life by the strange parasitic insect Sty­
lops, male bees will develop the form 
and markings of females and female bees 
will acquire the characters of males. The 
cause of these changes seems to be nu­
tritional; Sty lops induces sex reversal 
only in those Hymenoptera which allo­
cate a fixed ration to their larvae. If the 
larva is fed by its mother according to 
its needs, sex reversal does not occur. 
One must suppose that when the de­
mands of the parasite deprive the grow­
ing organs of some essential factor in 
nutrition, the gene balance is upset and 
the latent genes of the opposite sex, 
which would normally be suppressed, 
are able to exert their action. 

In some insects the whole outward 
form of the body may be transformed by 
a change in nutrition. The resulting in­
sects may readily be mistaken for dif­
ferent species. The tiny parasitic wasp 
Trichogramma semblidis is an example. 
If its larva develops in the egg of various 
butterflies or moths, it arrives in the 
adult state as a normally winged insect. 
If it develops in the egg of the alder fly, 
however, the adult is devoid of wings, 
and the form of its legs and antennae is 
strikingly changed. Again one must sup­
pose that some essential element in nu­
trition has influenced the penetrance of 
certain genes. 

These examples of polymorphism pro­
vide all the elements of a satisfactorv 
theory of metamorphosis. We simply 
picture the insect as having a larval, a 
pupal and an adult form. Each of these 
forms has evolved as an adaptation to 
life in a special environment, and each 
is controlled by its appropriate set of 
genes. What controls the activation, or 
penetrance, of these gene sets? 

T wenty-five years ago it was shown by 
experiment that metamorphosis is 

controlled by a small gland known as the 
corpus allatum, which lies just behind 
the brain of an insect. During the larval 
stage this gland secretes a hormone, 
commonly called the juvenile hormone, 
or neotenin (the "youth substance"). 
Under the influence of the hormone the 
larval characters are retained. When the 
larva is fully grown, the corpus allatum 
no longer secretes the hormone; the 
adult characters are developed and 
metamorphosis occurs. 

These facts were first established with 
the large South American blood-sucking 
bug Rhodnius pl'olixtts, but they have 
been confirmed with almost all the other 
groups of insects. Furthermore, there is 
much evidence to suggest that in insects 
such as the Lepidoptera, which have a 
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EAGLE 

newest bird for America's defense arsenal 

In days of old, the eagle was the "emperor's bird" -the 
finest hunter of them all. Today's EAGLE, an exception­
ally accurate long-range air-to-air missile system will be 

a major factor in America's defense capabilities. 
The EAGLE concept will provide a new generation air­

to-air missile with vastly improved range. The speed and 
altitude capabilities of the EAGLE will permit building 
the system performance into the missile rather than into 
the launching aircraft. In contrast to present interceptor 
systems, the pilot will no longer be a part of the weapon 
itself, but will have a new air-to-air weapon under his 
control and direction. 

The high performance EAGLE missile will be employed 
III Naval fleet defense or intercept missions. It will be 

fired from aircraft at long ranges against attacking enemy 
aircraft and guided missiles under all tactical conditions. 

The EAGLE team includes three key divisions of the 
Bendix Aviation Corporation-the Systems Division, the 
Pacific Division and the Research Laboratories Division 
-as well as the Grumman Aircraft Engineering Corpo­

ration, and other members of the electronic and aviation 
industry. 

The Bendix Systems Division has prime responsibility 
for EAGLE systems management and engineering. This, 
and other programs in such fields as global weather recon­
naissance, air defense, infrared surveillance and under­
water acoustics, exemplify Bendix leadership in "the 
systems of tomorrow." , 

Bendix Systems Division OIncf� 
AVI A T 10 � COR PORAT ION 

ANN ARBOR, MICHIGAN 
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GLAND CELL/ 

c 

SENSORY AXON 

DIFFERENTIATION IN INSECT EPIDERMIS gives rise to two types of organs. In the 

single layer of cells which produce the hard shell of the cuticle (A) one cell may differenti· 

ate to a four·celled dermal gland (B) , or it may give rise to a four·celled sensory organ (C). 
Supposedly a single hormone gives rise to the sensory organ when present in a greater quan· 

tity, and to a dermal gland when present in lesser quantity. In either case the response of one 

cell would deprive others nearby of the substance, and so control the spacing of the organs. 
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pupal stage, a large amount of hormone 
secretion is needed to produce the larval 
form, a very little is required to produce 
the pupa, while in the complete absence 
of hormone the adult form appears. Im­
plantation of an active corpus allatum 
into a larva that is becoming full-grown 
causes the creature to retain its larval 
form and to grow into a giant larva [see 
illustmtion on page 104]. Conversely, re­
moval of the gland causes the larva to 
undergo prococious metamorphosis and 
develop into a diminutive adult. 

In the mature adult of many insects 
the corpus alIa tum begins once more to 
secrete the juvenile hormone, which may 
now be necessary for the proper devel­
opment of the reproductive organs, nota­
bly for the deposition of yolk in the eggs. 
In the Cecropia silk moth, the hormone 
accumulates for some unknown reason 
in the abdomen of the male. This has 
made possible the preparation of active 
extracts of the hormone which reproduce 
all the effects previously obtained by the 
implantation of the corpus allatum. 

The juvenile hormone must be a com­
paratively simple chemical substance, 
perhaps a sterol of the same general type 
as the sterol hormones of mammals. In­
deed, Howard A. Schneiderman and 
Lawrence Gilbert of Cornell Universitv 
have recently obtained a sterol from th� 
adrenal gland of cattle which reproduces 
the effects of the juvenile hormone when 
injected into an insect. We have here a 
clear-cut example of a single chemical 
substance which determines whether the 
enzymes responsible for the develop­
ment of larval characters shall be active 
or not. It is a reasonable assumption that 
the production of these enzymes is under 
the control of the appropriate genes. 
Thus when the juvenile hormone is pres­
ent in quantity, the gene system of the 
larva is active; when little hormone is 
present, the gene system of the pupa 
asserts itself; ,�vhen the hormone is ab­
sent, the gene system of the adult be­
comes ascendant. Just how a simple 
chemical substance leads to the activa­
tion of one set of genes or enzymes to 
the exclusion of another it is not yet pos­
sible to say. But the similarity of this phe­
nomenon to other instances of polymor­
phism is obvious. 

In the case of sex, as we have seen, 
differentiation can sometimes be re­
versed: one set of secondary sexual char­
acteristics may give way to the other. 
This same reversal is possible also in 
metamorphosis. No one has succeeded in 
making whole insects revert from adul', 
to larva. But when the juvenile hormon2 
is applied to a restricted area of the ab­
domen of an adult Rhodnius, that area 
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Streaking down to earth from space, X-1S's skin of 
Inconel "X" alloy will glow with the dull cherry 

red of a tossed rivet. X-1S, the first manned space­
probe ship, is built by North American Aviation, Inc. 

How X-15 survives red-hot re-entry 
When the first manned space-probe 
ship, X-IS, streaks in from space to 

re-enter the earth's atmosphere, air 
friction heats its nose and leading 

edges to a dull, glowing red in sec­

onds. 

Temperatures as high as lOOO°F 
build up. Temperatures that could 

easily weaken the skin of the X-IS. 
Temperatures that melt aluminum. 
Deform carbon steels. Destroy most 

other materials. 

How could designers make it possi­
ble for X-1S and her pilot to return 
safely? 

The answer was found in the 

high-temperature properties of Inco­

nel "X""', an age-harden able nickel 

chromium alloy. Inconel "X" alloy 

offers the high-temperature strength 

X-IS needs to make its red - hot 

comeback into the earth's atmos­

phere. 

Does this versatile alloy suggest 
a way you can get some problem 

facing you off the ground? Inconel 

"X" alloy provides good spring prop­
erties as high as lOOQoF. Its rela­
tively low coefficient of expansion 

makes it useful for parts which must 
move within tight clearances at high 
temperatures. And its oxidation and 

corrosion resistance at high tempera­

tures are outstanding. 
In short, Inconel "X" alloy or one 

of the other versatile Inco Nickel 

Alloys may offer you a way to cut 

costs or improve some product so it 

can re-enter the business picture. 

Our new booklet, "High Tempera­

tures Spur Use of Nickel-Base Al­

loys" contains additional data to get 
you started. A postcard will bring 

you a copy. 
"Trademark of The International :Kickel Company. Inc. 

THE INTERNATIONAL NICKEL COMPANY, INC 
67 Wall Street I�O New York 5, N. Y. 

----------<. ... . .  .>------------
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REVERSAL OF METAMORPHOSIS is demonstrated in Rhodnius. 
At left local application of the juvenile hormone has caused the 

cnticle of one segment in the abdomen to retain its juvenile char· 

acteristics. At right the author has traced his initials in larval cuticle. 

at the next molt will lay down a cuticle 
with larval or partially larval character­
istics [see illustration above J. Related 
effects have been reported in experi­
ments with other insects. Clearly in some 
of the cells the enzyme system responsi­
ble for larval qualities is still present and 
capable of reactivation in the adult after 
metamorphosis. 

We find, therefore, a close parallel 
between the "successive polymor­

phism," which we call metamorphosis, 
and the "alternative polymorphism," in 
which the different characters are de­
veloped by different individuals of a 
species. But there is yet another type of 
polymorphism which is even more fa­
miliar. I refer to the differentiation of 
the parts of a many-celled organism. 

Such an organism begins its life as a 
single cell. As is wel! known, the process 
of cell division is so devised as to ensure 
an exact sharing of all the genetic mate­
rial in the chromosomes in the daughter 
nuclei. It is therefore generally assumed 
that all the cells in the body have the 
same genetic constitution. But very soon 
after the egg cell has begun to divide, 
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the daughter cells become differentiated. 
Some go on to form the head, others the 
limbs, others the eyes. 

We have here the most striking poly­
morphism of all. Since the nuclei appear 
to be genetically uniform throughout the 
organism, it is generally assumed that 
differentiation resides in the cyto­
plasm, that is, that part of the cell which 
is outside the nucleus. Presumably the 
different cytoplasms activate or inhibit 
the nuclei in such a way that different 
elements in the common gene system 
can exert their effects. Since the differ­
ences in the different cytoplasms are pre­
sumably chemical in nature, they must 
exert their effect on the gene system in 
the nucleus by chemical means. 

Cell differentiation in the developing 
organism thus presents another close 
parallel with the other types of poly­
morphism. However, the factors respon­
sible for bringing out differentiation 
do not spread freely throughout the 
body; the developing embryo is divided 
into "morphogenetic fields," in which the 
cytoplasm is committed or determined 
to form particular structures in the body. 

We do not know how these fields be-

come different from one another in the 
embryo. One possible explanatIOn is sug­
gested, however, by the differentiation 
of cells in the epidermis of certain insects 
during metamorphosis. The insect epi­
dermis consists of a single layer of cells 
which secrete the horny "cuticle," the 
only part of the insect which is normallv 
visible. In the growing larva of Rhodnills 
the epidermal cells retain a certain ca­
pacity to differentiate and give rise to 
other organs. These organs are of two 
types. One is a dermal gland which se­
cretes a thin protective covering on the 
outside of the cuticle. The other is a 
tactile sense organ which consists of an 
innervated hair arising from a socket at 
the center of a little dome of smooth 
cuticle. The essential parts of both or­
gans are formed by four cells which are 
the daughters of a single epidermal cell 
[see illustration on page 106]. 

Now the organs of each type are dis­
tributed in a regular way over the sur­
face of the cuticle. Two of the sense 
organs, for example, are rarely found 
close together. On the other hand, if 
there is a wide space without a sense 
organ, a new one is sure to appear there 
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THE LINDE oxygen plant shown here has heen serving a leading 
chemicals producer "over-the-fence" continuously since 1949. 

Its operating log shows a 98%+ availahility factor. Next year, 
capacity will go up from 360 to 800 tons of oxygen a day. 

You can expect the same continuity of supply with a LINDE 
packaged plant serving your process. Your LINDE plant will he 
the product of fifty years' experience in the design, manufacture, 

. and operation of air separation plants and low temperature equip­
ment. LINDE is uniquely qualified to provide air separation plants 
for the supply of oxygen and/or nitrogen as well as the associated 
low temperature equipment for: 

liquefying hydrogen, helium and fluorine 
purifying hydrogen and helium 
separating hydrogen from coke oven gas 
ammonia lind methanol synthesis 
upgrading of natural gas 
other extremely low temperature processes. 
Put LINDE's more than 50 years' experience 

in gas separation techniques to work for yon. 
Write Dept. R-2,· LINDE COMPANY, Division 
of Union Carhide Corporation, 30 East 42nd 
St.·eet, New York 17, N.Y. In Canada: Linde 
Company, Division of Union Carbide Canada 
Limited. 
"Linde" and "Union Carbide" are trade-marks 
of Union Carbide Corporation. 

Industrie. that regularly require large quantities 
of oxygen or other atmospheric gases ((In obtain 
those they need from a LINDE plant on their own 
sites. The oxygen plant illustrated - built, owned, 
gnd operated by LINDE - is at a plant of one of 
1"'. nation'. largest chemical processors. 
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SCIENTIFIC 
AMERICAN 

CUMULATIVE 
INDEX 

1948-1957 

The Editors of SCIENTIFIC AMERICAN take pleasure in announcing the 
publication of a cumulative topical Index to all of the issues published 
from May 1948 through December 1957. The Index covers all the issues 

published under SCIENTIFIC AMERICAN'S present editorial direction and 

marks the Tenth Anniversary of the "new" SCIENTIFIC AMERICAN. 

The Index comprises: 

V 60,000 topical references 
V 200 pages (same page size as 

the magazine) 

V Parallel references-more than 
1,000 articles listed by author 
and by title 

V 3 type columns to the page 

V Handsome binding in red library 
buckram 

The reduced facsimile sampling below will give you a notion of the 
depth and completeness of the topical analysis. 

SCIENTIFIC AMERICAN SubJ"t 'n .... 

A 
Aamodt. R. L. 1957 Oct. 57-8. 
Aardvarks. 1951 july 62. 
Aarhus Prehistoric Museum. Denmark. 

19511 ru. 85. 
Abacus. 1949 Apr. 28. 32; 1956 May 54. 
Abadan, Iran. 1948 Sept. IS. 
Abasand Oils Limited. 1949 May 53-4. 
Abbe. Cleveland. 1956 Apr. 53. 
Abbot. Charles G. 1955 Oct. 46. 
Abbott Laboratories. 1951 Sept. 50. 
Abde. Nabataea. 1956 Apr. 42. 
Abecedarium. jevons'. 1952 Mar. 69. 
Abel. lohn J. 1954 Aug. 26. 

Addlton'$ dllease 

Accelerators. heavy-ion. 1951 Mar. 28; Achromatism. 1951 Mar. "9. 
1956 Dec. SO. Achter, M. R. 1957 May 106-7. 

Accelerators. linear. 1948 June 29; 1951 Acid-buemeuurement. See pH. 
Feb. 22. 25; 1952 Nov. 42; 19511 Feb. A'*--Kelle< turbine 1948 luly 55. 
40: 1953 May 40-1; 1953 Oct. 50; 1954 Ac:ne. 1951 June 63. 
Mar. 86-90; 1954 May 52; 19M Oct. Acoustics. SMtmderMusic;Shockwaves; 
40"; 1956 Feb. 52; 1956I"'y 55·; 1956 Sound waves; Ultrasonics. 
Aug. 34-5: 1956 Dec. SO. Acoustics. architectural. 1948 July "'I. 

Accelerators. magnetic &elds. 1952 July 1957 Aug. 71-2. 
36: 1954 Oct. 40, «; 1955 Dec . .f7; Acoustics. underwater. 1957 June 102, 
1956 Apr. 60; 1956 lune 38-40, 64; 10fl 
1956 Aug. 32-4; 1956 Oct. 94. (See alto Acquired characteristics. inheritance of. 
Synchrotrons, strong focusing). 1949 May 26: 1949 Nov. 54-; 1950 Feb. 

Accelerators. opposed-beam. 1956 Apr. 24; 1951 May 38; 1953 Sept. 74: 1953 
� ru.����_� 

Accelerators.. resonance. See Acceferators., 1955 Oct. 110; 1956 F . 65; 1956 june 
·!inea.,IIIL..o-l1;pns; Bevatron; Cosmotm�ro:n;

".
i60i;i1i956�Octi4f::';:=:::::d 

t.)trons; 
,.

Syn-

For librarians, scientists, engineers and all who have an active concern 
in the work of science, the Index should prove a productive research and 

reference tool. It will multiply many times the value and usefulness of the 

collected issues of this magazine. 

To secure your copy of the Index, simply return the order form below 

with your check. 

--------------------------------------
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SCIENTIFIC AMERICAN 

415 Madison Avenue, New York 17, N. Y. 

Please send me copies of the SCIENTIFIC AMERICAN Cumulative Index 
at the publisher's price of $9.00 for each copy. I enclose payment with the 
understanding that the Index will be sent postpaid. 

Name _____________________ _______ _ 

Addl'eH ___ __________ _____________ _ 

City---------_________ Zone----State _____ _ 

(New York City residents please add 3% Sales Tax) 

at the next molt when a new cuticle is 
formed. If the epidermis is killed by ap­
plying a hot needle to a certain area of 
the abdomen, the surrounding cells mul­
tiply and grow inwards to repair the 
injury. The next time the larva molts 
this new epidermis lays down a cuticle 
without sense organs but with the nor­
mal distribution of dermal glands. At the 
following molt the sense organs reap­
pear, spaced at the proper distance one 
from another. 

What controls this regular distribu­
tion of organs? It is possible to suppose 
that the presence of a single chemical 
substance will induce an epidermal cell 
to give rise to a four-celled gland or sense 
organ. The hypothetical substance would 
be in limited supply, so that a developing 
organ would drain it away from the sur­
rounding cells and thus prevent the ap­
pearance of another organ in the immedi­
ate vicinity. Beyond a certain distance, 
however, there would be sufficient sub­
stance to induce another cell to start dif­
ferentiation. We may suppose that a 
larger amount is required for a sense or­
gan than for a dermal gland. In normal 
development the two types of epidermal 
organ are quite distinct, but under cer­
tain conditions it is possible to obtain 
structures intermediate between the 
two. Admittedly no one has yet identi­
ned the controlling substance. But its 
postulated behavior is no more compli­
cated than that of the juvenile hormone. 

� the moment this is just a hypotheSis. 
. But it is worth pointing out that the 

distribution of human institutions is 
controlled in a similar fashion. An essen­
tial ingredient for the formation of a uni­
versity, for example, is a supply of stu­
dents. When a university is established, 
it will drain off those students and will 
thereby inhibit the appearance of an­
other university in the immediate neigh­
borhood. 

The integument of Rhodnius provides 
us with a model system for the differen­
tiation of the body in general. We have 
a single layer of uniform and equipotent 
cells. During growth a single one of 
these cells divides and differentiates to 
form a complex organ of one type or 
another. If the hypothesis outlined above 
to account for the induction of these new 
structures bears any relation to the truth, 
it is clear that differentiation, poly­
morphism and metamorphosis may all 
be regarded as different aspects of a sin­
gle phenomenon: the activation of spe­
cific gene systems latent in the nuclei by 
appropriate chemical stimuli furnished 
by hormones, inductors or specific nu­
tritional factors. 
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The legendary Firebird, the Phoenix, rose young and strong again and again from flames ... This is the new Norton Firebird 
- �ymbotfox. the exciting new fused materials made in Norton's electric furnaces. 

TITANIUM: gift of the Firebird 
Legends relating how rebirth in fire 

gave the Phoenix newer, greater powers 
contain a striking symbolism of modern 
fact. 

For Norton electrochemicals are raw 
materials transformed by electric fur­
naces into new compounds, with new 
characteristics. 

Titanium, for example, is a metallic 
element which resembles silicon in some 
respects. Discovered in 1789, this basic 
material is now revitalized in Norton 
electric furnaces. Results are titanium 
di-boride, titanium carbide, titanium 
nitride, titanates and other compounds. 

While all applications for these high­
melting compounds are yet to be found, 
these materials have proved valuable as 
source materials, as components of 
cermets, as metallurgical additives and 
as electrical conductors. 

The wide variety of Norton electro­
chemicals is worth investigating for 
their potential value to your own pro­
duction. 
Gifts of the Firebird: compounds of 
silicon· zirconium. boron. aluminum 
• magnesium • titanium • chromium 

... including many 
borides • carbides • nitrides • oxides 

FREE 
CATALOG 

For a complete list, with detailed 
descriptions, write for the new booklet, 
Norton Electrochemicals ... Gifts of the 
Firebird to NORTON COMPANY, Electro­
Chemical Division, 541 New Bond St., 
Worcester 6, Mass. 

ELECTRO CHEMICALS 

MAKING BETTER PRODUCTS ... TO MAKE YOUR PRODUCTS BETTER 

III 
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C/ • • •  we are building an organization which will be exceptionally strong in creative airplane 
resea1"ch and design ... " 

Twenty years ago this summer, J. S. McDonnell, founder and President of McDonnell Aircraft 
sent this message to the Materiel Division at Wright Field, Dayton, Ohio. Today it would be 
changed only to include missiles, helicopters, and space craft. 

The rapid development of a number of new aero­
nautical and astronautical projects at McDonnell 
Aircraft has dictated a need for an electronic capa­
bility of the highest order. Electronic engineers and 

scientists who combine management potential with 
outstanding technical ability in the fields of elec­
tronic systems and/or product design will find 
exceptional career opportunities with our firm. 
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MISSILE 
ENGINEERING 
McDon nel l  is a pri me weapons 
system contractor for the Air 
Force's ai r-launched Quail mis­
sile, as well as a new secret 
hypersonic missile now under 
development. The company a lso 
produces air frames and ramjet 
propulsion units for the Navy's 
long range surface-to-air Talos. 
The pace of missi le development 
has been matched by the expan­
sion of missile engineeri ng at 
McDon n ell , res u l t i n g  i n  con ­
tracts which have been continu­
ally i ncreasing, both in number 
and size. M issi le Engineering is 
responsible for the conception , 
design , development and engi· 
neering management of new mis· 
si les weapons systems. 

AIRPLANE 
ENGINEERING 
McDonnell Aircraft is a leading 
producer of fighter aircraft for 
both the Navy and the Air Force_ 
The company recently won a new 
Navy production award for its 
F4H Interceptor in the Mach 2 
c l a s s .  Fo r the Air Fo rc e ,  
McDonnell is now producing the 
the F-IOI B Interceptor, the third 
version of the fa med Voodoo 
series which holds a number of 
world' s records includi ng th ree 
transcontinenta l  speed marks. 
Airplane engineers conti nue to 
pioneer in the development of 
jets for i nterception, escort, at­
tack, reconnaissance and photo­
graphic m i ssions under day.  
night, and all-weather conditions. 

RESEARCH 
The company is carrying on reo 
search in the following fields to 
collapse the time sca le between 
fu ndamental research and . ap­
pl ied technology: 

Ae ro-thermo-dynamics 
Astronomy and Astrophysics 
Electronics and 
Solid State Physics 
Materials and Structures 
Nuclear Appl ications 
Propul sion 
Advanted Systems Concepts 

One current design study con­
cerns scientific earth satellites 
suitable for the measurement 
of time-variant energy radiated 
by the sun_ 

, 

) 

McDonnell Aircraft, as promised, has built an exceptionally strong creative engineering organ­
ization whose designs have resulted in the development of a long line of Navy and Air Force 
fighter airplanes, as well as missiles and helicopters. But Mr. McDonnell 's statement of twenty 
years ago still stands. The company is still building its engineering organization. It is more 
than ever engaged in critical research work vital to our nation's defense posture. Its formula 
for success has not changed. 

M a i l  res u m e  in confidence to: 
M r. Raymond F. K a l etta 
Engineering E m p l oyment S u perv i sor 
P. O. Box 5 1 6, St. Lou i s  66, M i ssouri  
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HOW WATER FREEZES 

The formation of ice crystals 
but nuclei of appropriate SIze 

requIres not only low temperature 

and shape. Such nuclei explain 

the strange diversity of sno,vfiakes, "ice ·worms" and frost heaves 

We call zero degrees centigrade 
(or 32 degrees Fahrenheit) the 
freezing point of water. Per­

haps because water is so intimately asso­
ciated with life, we do not take equal 
notice of the fact that zero degrees is 
also the melting pOint of ice. The tem­
perature must actually be very slightly 
lower for water to freeze, and corre-
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spondingly higher for ice to melt. Strictly 
speaking, zero degrees is the equilibrium 
temperature: the point at which ice and 
water can remain in contact with one 
another indefinitely, neither increasing 
at the expense of the other. But there is 
more to the story than that. The equili­
brium temperature varies with the 
barometer; it is zero.degrees only at the 
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CRITICAL RADIUS ICENTIMETERSI 

FREEZING TEMPERATURE OF WATER is related to the shape of particles in the water 

which might form nuclei of ice crystals. Water may be "supercooled" to a temperature 

below zero degrees centigrade (vertical coordinate) provided it contains no particle with a 

radins of curvature larger than the "critical radius" for that temperature (horizontal co· 

ordinate). At zero the critical radius is infinite, that is, the nuclei may form on flat surfaces. 
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atmospheric pressure encountered at sea 
level (one atmosphere, or 14.7 pounds 
per square inch) and decreases by .0072 
degree C. with each additional atmos­
phere of pressure. Furthermore, the 
growth or the evanescence of an ice 
crystal depends to some extent upon its 
form. At each temperature and pressure 
the crystal has a critical radius of surface 
curvature which determines which way 
the process will go: to freezing or to 
melting. Thus to learn how water freezes 
we must consider a delicately poised in­
terdependence of temperature, pressure 
and geometry. Upon closer study these 
variables bring unity to our understand­
ing of the design of a snowflake and the 
frost heaves that buckle our highways, 
of "ice worms" in a refrigerator cube and 
the generation of lightning. 

If roughly equal amounts of ice and 
water are mixed together, the tempera­
ture of the mixture will quickly reach 
the equilibrium temperature, because 
heat is given off by water as it freezes 
and is absorbed by ice as it melts. The 
heat is the latent heat of fusion, evolved 
by all substances as they pass from the 
liquid to the solid state. This is the ener­
gy necessary to convert the highly or­
ganized structure of the crystal into the 
much more random, and continuously 
changing, association of molecules that 
is the essence of liquidity. In the case of 
water the latent heat of fusion is equal 
to the 80 calories per cubic centimeter 
that must be removed to freeze it after 
it has reached the freezing point. If ice 
were above the melting point, some 
would melt, and in doing so would ab­
sorb latent heat from the remaining ice, 
cooling it again to the freezing point. 

Another way to visualize the melting 
point is to consider the behavior of in­
dividual water molecules. At all times, 
when ice and water are in contact, some 
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SNOWFLAKES assume an infinite variety of shapes, all of them 

elaborations on the basic hexagonal form of the ice crystal. Of 

those shown in these photomicrographs by Vincent J. Schaefer, the 

.one at upper right is a simple hexagonal crystal plate with air en­

closures. The other hexagonal crystal plate (lower left) and the two 

branching crystal plates are adorned with frozen cloud droplets. 
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molecules are leaving the water and at­
taching themselves to the surface of the 
ice (that is, "freezing"), and some mole­
cules are leaving the ice and wandering 
off into the water (that is, "melting"). 
The rates of these opposed processes 
vary with temperature and pressure 
(and with the curvature of the surface, 
as we shall see) ; at a given pressure there 
is only one temperature at which the 
rates are equal. With higher tempera­
ture, the melting process predominates; 
with lower temperature, the net process 
is that of freezing. 

It is fairly certain that a very thin 
layer of water normally covers the sur­
face of a piece of ice, even at tempera­
tures somewhat below freezing. This ex­
plains the annoying propensity of ice 
cubes to stick together in a bucket. 
The exchange of molecules in the water 
layer on the abutting surfaces of two 
cubes can no longer maintain its natural 
equilibrium and the freezing process 
takes over. 

If salt, or any other soluble substance, 
is dissolved in water, the freezing point 
is lowered. This is because the solubility 
of salt in ice is very low. The salt re­
mains almost completely in the water 
and slows down the freezing part of the 
molecular exchange, largely by decreas-

ing the availability of water molecules. 
The presence of salt, on the other hand, 
does not have much effect on the melting 
process. The result is a lowering of the 
temperature at which the two processes 
balance. When we scatter salt on ice or 
snow, the salt first dissolves in the water 
layer on the surface of the ice, forming 
a highly concentrated solution with a 
much lower freezing point. This "hyper­
tonic" solution captures the molecules of 
water that continue to wander from the 
ice until it is diluted to the point where 
its freezing temperature is raised to that 
of the environment. In the "pre-electric" 
type of ice-cream freezer, the mixture of 
ice and salt absorbs the latent heat of 
fusion from its surroundings as the ice 
"dissolves" into the salt solution. This 
causes the temperature of the brine and 
the ice-cream mix to fall below the orig­
inal temperature of the ice and the salt. 

T he existence of a sharply defined 
temperature of equilibrium neces­

sarily assumes the presence of both ice 
and water. In the presence of ice, water 
cannot be cooled below the freezing 
point; the removal of heat causes an in­
crease in the amount of ice and not a 
drop in temperature. If no ice at all is 
present, however, water can be "super-

cooled," that is, cooled to a temper.[ture 
below the freezing point without freez­
ing. Supercooled water will immediately 
begin to freeze when placed in contact 
with ice; the ice grows rapidly until the 
latent heat evolved by the freezing proc­
ess has raised the temperature of the 
water and the ice to the freezing point. 
A familiar example of supercooling is the 
water quite commonly found in some of 
the compartments of a plastiC ice tray in 
a refrigerator, while the water in the 
others has frozen. Dropping a bit of ice 
into one of these compartments will 
cause the water to begin freezing at 
once, showing it is supercooled. 

Observations of this kind suggest that 
it is much more difficult to start the 
growth of ice than to cause it to con­
tinue once it has started. Here we en­
counter the factor of crystal shape. The 
equilibrium temperature is precisely zero 
degrees C. only when the surface of the 
ice is essentially flat. On a corner that 
juts outward there are more loosely 
bound surface molecules per unit volume 
of ice, and the melting process tends to 
predominate. Conversely, at corners that 
extend inward the surface-to-volume re­
lationship is reversed, and freezing is in 
the ascendant. The temperature of equi­
librium therefore depends on the curva-

ICE WORMS form during the growth of an ice cube because the 

ice crystal (which, in the photograph above, grew from the bottom) 

['ejects air that was dissolved in the water. The formation of an 
ice worm is diagrammed on the page at right (read from bottom). 
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ture of the surface. It follows that the 
temperature is lower for a small sphere 
of ice than for a large one. For each 
temperature there is a critical radius of 
curvature at which ice and water are in 
equilibrium [see chart on page 114J. 

An extremely small crystal of ice, then, 
may have an equilibrium temperature 
below zero degrees. The equilibrium, 
however, is metastable: any increase of 
size above the critical radius causes the 
ice crystal to grow further, while any 
decrease in size causes it to melt more 
rapidly and finally to disappear. To sur­
vive, a crystal must be above the critical 
size for the prevailing temperature; to 
exist at the freezing point it must have 
"infinite" radius, that is, its surface must 
be substantially flat. 

It is the absence of any ice surface 
with a critical radius that permits water 
to remain liquid when it is supercooled. 
In their random motion, however, mole­
cules frequently assume positions with 
respect to one another exactly as they 
would if bound together in a crystal of 
ice. The size and number of such "solid­
like" clusters increase as the temperature 
goes down. Freezing will start spontane­
ously when the largest of these clusters, 
or nuclei, assumes a radius of curvature 
equal to the critical radius; such an em-

Diagonal hatching shows accrllal of ice; the 

arrows, dissolved air diffusing into worm. 

bryo crystal has an even chance of ex­
ceeding the critical size and to grow. 
Spontaneous nucleation of this kind oc­
curs in water at about -30 degrees C. 
It requires very special precautions to 
supercool water to this temperature, be­
cause freezing can start on nuclei whose 
formation is catalyzed by a suitable solid 
surface. Less supercooling is required to 
form a critical-sized nucleus on a solid 
surface than without such assistance, es­
pecially if the molecular arrangement of 
the solid is a fairly good match for that 
of ice. The nucleation catalyst may be 
the container in which the water is 
cooled, or it may be a suitable particle 
in suspension in the water. Ordinary tap 
water cannot be supercooled by more 
than about five degrees because of the 
presence of suspended particles which 
permit the formation of nuclei at that 
temperature. Similarly, in cloud seeding, 
the supercooled droplets of water that 
are too tiny to fall are made to freeze 
around nuclei provided by fine particles 
of silver iodide or of other substances. 
Once freezing is initiated, the drops 
grow and become large enough to fall 
as rain. It has recently been suggested 
that meteoric dust, which enters the at­
mosphere from space, may be effective 
as a cloud-seeding agent; there is some 
evidence of an association between ab­
normally high rainfall and the probable 
arrival in the upper atmosphere of un­
usual amounts of dust. 

The nucleation of freezing is but a 
special case of a phenomenon that can 
be observed in many and various forms, 
in nature and in human society. The 
boiling of liquids, the condensation of 
vapors, and the establishment of a hive 
of bees, a herd of animals, an epidemic, 
a new political party or a new fashion in 
hats are all examples of events in which 
the survival and growth of the new en­
tity depend upon the achievement of a 
critical size, at which the survival of the 
entity becomes as probable as its dis­
appearance and above which its growth 
becomes increasingly likely. 

� anyone must deduce who has ob-
served ice cubes floating in a glass, 

ice has a lower density than water. The 
molecules of water in the crystal struc­
ture of ice assume positions farther apart 
from one another than they do in the 
liquid state. Water is apparently unique 
among substances in that it expands in 
volume during the last few degrees as it 
approaches freezing; while it is still in 
the liquid state, aggregates of atoms be­
gin to assume a packing configuration re­
sembling that of ice rather than that of 
water. In most other substances, of 

"Every 
cubic inch 
of space 
is a miracle." 

Walt Whitman 

The miracle yau get out of a cubic 

inch depends a good deal on what 

you put into it. 

For example, exploring outer 

space requires much more than con­
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ing number of industrial applica­

tions. MPB offers over 500 types 

and sizes of miniature bearings, 

with O.O.'s ranging from 1;2 to 

1/10" and with specials provided 

on request. For a complete catalog, 
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Park, Keene, N. H. 
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M '1...-: \ 
MINIATURE PRECISION 

BEARINGS, INC. 

117 

© 1959 SCIENTIFIC AMERICAN, INC



DENDRITIC GROWTH of an ice crystal is shown from bottom to top in three stages. Ice 

grows in this snow·crystal·like fashion when it discharges its latent heat of fusion out into 
supercooled water rather than through a block or slab of ice that has already formed. 
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course, the solid is more dense than the 
liquid because the atoms become more 
closely packed in the crystal. Thanks to 
its peculiar departure from the rule, ice 
usually forms not on the bottom but on 
the surface of lakes; aquatic life can 
therefore survive the winter. However, 
ice sometimes forms at the bottom of a 
lake; this occurs when the cooling is due 
to radiation into a clear sky; the bottom 
radiates far more heat than the water 
(being "blacker") and so the water at 
the bottom is cooled much more rapidly 
than the water above. If this takes place 
faster than the water is mixed by con­
vection, freezing starts at the bottom. On 
the other hand, because ice occupies a 

larger volume than the water from which 
it forms, a pipe or other container may 
be burst by the freezing of water con­
fined in it. 

Understandably enough, most people 
jump to the conclusion that the frost 
heaving of soil is caused by the same 
expansive force that bursts pipes. An in­
teresting experiment performed by sci­
entists of the U. S. Army Corps of Engi­
neers indicates that this is by no means 
a full explanation. The scientists filled a 

cylinder six inches high with a suitable 
soil, stood it in water and subjected the 
top to subfreezing temperature. The 
length of the column of soil and ice in­
creased to more than twice its original 
size. Such upward movement, often ob­
served in highways, is much too great to 
be explained by the expansion of freez­
ing water alone. The cross section of the 
experimental soil column showed what 
really happens. Water, drawn up from 
below, formed slabs known as "ice 
lenses"; these grew to a substantial thick­
ness and pushed the superimposed ma­
terial upward in doing so. Ice lenses of 
considerable extent and thickness form 
when full-scale frost heaving occurs. 

The formation of these ice lenses is 
governed primarily by the critical role 
of geometry in the freezing process. First 
of all, the water in a small cavity in the 
ground freezes. The dense packing and 
the physical nature of the surrounding 
soil are such, however, that the ice 
cannot propagate into adjoining cavities. 
To grow between the particles, the radius 
of curvature of the advancing crystal sur­
face would have to be so sharp that its 
freezing pOint would drop below the tem­
perature of the environment. The ice can 
continue to grow only if the water layer 
on its surface is maintained by the flow 
of water from other compartments, usu­
ally below it. This water is supercooled, 
and it is able to exert a considerable force 
of expansion in the process of freezing, 
thereby increasing the size of the cavity 
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and making it possible for the ice lens to 
grow in height and width. 

The same mechanism explains the sur­
facing of large stones from below and 
the uprooting of fence posts. The ice lens 
forms in close contact with the stone or 
post; as it grows upward it carries the 
stone or post with it, leaving a space 
underneath into which enough soil will 
fall to prevent the stone or post from 
going back to its original position. The 
surrounding soil surface, however, sub­
sides to its original level when the ice 
melts. Thus alternate freezing and thaw­
ing works fence post and stone out of the 
ground by a sort of ratchet effect. 

'r he process that develops such im-
pressive and sometimes destructive 

forces occurs one molecule at a time. 
vVhen an ice crystal has attained the 
cr;tical size and the freezing process has 
become dominant, then it continues to 
grow, adding molecules to its crystal 
structure, as bricks are added to a wall. 
The structure of the ice crystal has great 
regularity and symmetry. Because this 
highly organized structure cannot accom­
modate other atoms or molecules with­
out very severe local strain, salt and 
practically every other solute in the wa­
ter is rejected by the advancing surface 
of a growing ice crystal. The solute ac­
cumulates just ahead of the crystal sur­
face, as can be seen in the photograph on 
the next page. Freezing may yet prove 
to be an inexpensive way to desalt sea 
water, since it takes less energy to bring 
the water down to zero degrees C. and 
freeze it than to raise it to 100 degrees 
and then vaporize it. 

The freezing that preserves food must 
be "quick-freezing" because of the be­
havior of the solutes in the cellular and 
intercellular fluid of the plant and ani­
mal tissues. When ice forms in the aque­
ous solutions between the cells, it in­
creases the concentration of solutes in 
the remaining fluid. The resulting os­
motic pressure causes water to diffuse 
slowly out of the cells. The cells are de­
hydrated, and they do not return to their 
original condition upon thawing. Quick­
freezing overcomes this difficulty be­
cause it allows much less time for water 
to leave the cells. 

The rejection of solutes during freez­
ing has another important effect which 
may play a profound role in the weather. 
When the water contains an impurity 
that is ionized, the positive and negative 
ions in the solution may be rejected un­
equally, or they may diffuse away from 
the interface between the ice and the 
water at unequal rates. The result is a 
separation of electric charges. A poten-

tial difference of more than 100 volts 
has been measured during freezing be­
tween an electrode embedded in the ice 
and one in contact with the water. Such 
separation of charges may generate the 
very high potentials that give rise to 
lightning. A thunderhead is always full 
of freezing raindrops. In the violent tur­
bulence they may rise and fall through 
the cloud a considerable number of 
times, growing into hailstones. During 
freezing, the water and the ice would 
be oppositely charged. The water, car­
rying charge of one sign, would be 
whipped by the updraft from the surface 
of the ice and carried to the top of the 
cloud, while the heavier ice particles 
would tend to fall, either reaching the 
ground as hail or melting on the way 
down. Repetitions of this process could 
build up the extremely high potentials 
necessary to account for lightning. 

Air is another solute that is rejected 
by water ahead of the freezing process. 
It accumulates in the advancing inter­
face until its concentration is high 
enough for bubbles to nucleate. Once a 
bubble has formed, it grows because air 
diffuses into it. If the interface continues 
to move forward, the bubble cannot 
grow laterally, and so it grows forward 
to form the cylindrical bubble sometimes 
known as an ice worm [see photograph 
on page 116]. Close inspection shows 
that ice worms never start at the surface 
of the ice, but always a little way in; this 
is because some freezing must occur be­
fore the air accumulating at the interface 
reaches sufficient concentration to cause 
the nucleation of a bubble. Here again 
growth occurs more easily than the nu­
cleation that starts it. 

The ice worms that grow in ice cubes 
frequently look like strings of pearls. 
This reflects the fluctuation in the heez­
ing rate due to the intermittent operation 
of the refrigerator, When freezing is 
slow, more air diffuses into the bubbles 
and they grow larger; during periods of 
fast growth, there is less time for diffu­
sion and the bubble decreases in cross 
section. Fast freezing suppresses the 
formation of ice worms. Because insuffi­
cient air diffuses into the bubbles to per­
mit them to grow, the ice contains a 
large number of very small, round bub­
bles. On the other hand, very slow freez­
ing permits the rejected air to diffuse 
away from the interface; because the 
concentration of air never reaches the 
nucleation point, neither bubbles nor ice 
worms appear. Ice grown in flowing wa­
ter is also usually free of bubbles and ice 
worms; the continuous removal of the 
water prevents the build-up of a high 
concentration of dissolved air. Hence the 
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absence of bubbles in the ice cubes pro­
duced by some commercial freezers. 

For freezing to take place continuous-
ly, the heat of fusion must somehow 

be carried away from the region where 
ice is forming. Normally, as in the 
growth of ice cubes or of ice on the 
surface of a lake, the heat is extracted by 
conduction through the ice that has al­
ready formed. The water-ice interface 
tends to remain flat, because any region 
of convex curvature is cooled less effi­
ciently than the remainder, and its rate 
of freezing is retarded until a smooth 
interface is restored. However, if the ice 
crystal is growing in supercooled water, 
its growth takes an entirely different 
form. Because the latent heat of fusion 
flows outward into the supercooled 
liquid, cooling is more efficient at a con­
vex region; convex regions therefore be­
come even more convex. The latent heat 
produced by the growth of a convexity 
suppresses growth in the vicinity, and so 
a projection becomes an isolated spike 
[see illustmtiol1 011 page 118]. The di­
rection in which such branching or "den­
dritic" growth may go in various sub­
stances depends on the characteristic 
molecular arrangement of the crystal. In 
the case of ice, the spike may grow in 

any one of six directions. Once a spike 
has formed, the supercooled environ­
ment may permit the growth of lateral 
secondary, ternary and even quaternary 
branching spikes, always in the proper 
crystallographic directions. 

The resemblance between such den­
dritic ice crystals and snowflakes is more 
than cOincidental; they are the result of 
similar processes. Dendritic crystals 
formed in supercooled water are pointed 
and branched because the latent heat is 
conducted away most efficil'mtly at 
points. Snowflakes grow in a similar 
pointed and branched fashion because 
they grow in supersaturated water va­
por, where the supply of water molecules 
is larger at pOints than at flat surfaces. 
The molecules that build up a snowflake 
can arrive at a point from any direction 
instead of from only one direction. Of 
course, since the dendritic crystal and 
the snowflake are both ice, they must 
conform to the same crystallographic 
plan. The detailed shape of snow crys­
tals, however, has far more variety be­
cause there are two variables (tempera­
ture and humidity) in the vapor medium 
in which they grow; there is only one 
variable (temperature) for the crystals 
grown in supercooled water. 

If supercooled water freezes dendriti-

EXCLUSION OF A SOLUTE from a growing mass of ice is shown in this photograph of the 

freezing of a solution of potassium permanganate. As the ice grows inward it includes 

water hut excludes potassium permanganate, visible as a dark streak along the interface. 
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"ICE FLOWERS" evince dendritic melting, the converse of dendritic freezing. The flowers, 

which are water· filled chambers, result from tbe superheating of the interior of ice by infra· 
red radiation. This woodcut is from John Tyndall's The Forms 0/ Water, published in 1872. 

cally, as a result of better heat transfer 
from points, it would be expected that 
superheated ice should melt dendritical­
ly. "Dendritic melting" indeed occurs 
when infrared radiation is focused into 
the interior of an ice crystal. Ice cannot 
be superheated at its surface without 
melting, because there is some water 
there already. But in the interior the 
nucleation principle comes into play 
again, and there is some superheating 
before melting. When melting at last 
begins, it proceeds dendritically, with 
the heat of fusion flowing inward to the 

growing pOints of the six-pointed "ice 
flower," which contains water [see illus­
tmtion above J. 

Many of the diverse phenomena asso­
ciated with the freezing of water can 
thus be understood in terms of a few 
fundamental ideas, which have been de· 
veloped largely as a result of research on 
the solidification of molten metals, a sub­
ject of great industrial as well as scien­
tific importance. The need to know for 
practical ends and the desire to know for 
philosophic motives always share in the 
increase of understanding. 
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STEPS IN THE RACE TO OUTER SPACE 

This 30·foot high Unicycle is designed for 

preliminary exploration of the Moon, 

once a base camp has been established. 

It's entirely constructed of inflated, rub· 

berized fabric, with the exception of 

strengthening members, hatches and a 

few other items of equipment. Gyros 

stabilize and steer the vehicle; electric 

motors furnish the driving power. 

Electricity for the motors and instru· 

mentation comes from solar batteries 

mounted in the "parasol". The cleated, 

rotating wheel upon which the Unicycle 

travels is made of inflated tubes. A spare 

wheel, carried around the body, acts as 

Lunar Unicycle 
a bumper in traversing narrow defiles. 

Built in two sections, these wheels are 

assembled by belt·lacing type fasteners. 

The upper level, the navigating and 

communications deck, is ringed with 

recording and surveying instruments. 

Living quarters make up a middle deck 

and below is the hold with supplies, 

spacesuits, oxygen equipment and spare 

apparatus. 

In the background, two of the expedi· 

tion's ferry ships are seen; one landing, 

one unloading in the bright Earthlight. 

ENGINEERS. SCIENTISTS 
AR-"'A needs key men to augment a 

broad research and engineering program 

in missile guidance and space technol· 

ogy. As designer and developer of ali· 

inertial navigation systems for ATLAS 

and TITAN ICBM's, AR-"'A provides a 

stimulating atmosphere where creative 

talents can develop. Write to E. C. Lester, 

Professional Placement, SA'2, AR-"'A 
Division. Garden City, N. Y. A Division 

of American Bosch Arma Corporation. 

AIWERleAN BOSeH ARIWA eORPORATION 
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PIDGIN LANGUAGES 

These hunlb1e by-products of colonialism are still useful In 

contacts between peoples.
, 
Far from haphazard grammatically, 

they at tinles evolve into national languages called creoles 

Since the time of Columbus the 
course of history has largely been 
set by the growth of European 

commerce and power in the rest of the 
world, One much-misunderstood by­
product of this historical process has 
been the birth, in nearly everv Oriental, 
African and American region visIted or 
colonized by Westerners, of a simplified 
form of speech, used in contacts with the 
native population: the so-called pidgin 
languages, Today, despite a certain 
amount of well-meant disapproval, the 
importance of some varieties of pidgin is 
increasing, 

To those who speak European lan­
guages, pidgin sounds like a ludicrous 
mispronunciation of their own tongues; 
for that reason it is often castigated as a 

"bastard lingo" or "gibberish," Common 
parlance has made "pid�in" an op­
probriOUS term for anv formless speech, 
such as the broken-English "No tickee, 
no washee" attributed to Ch:nese laun­
drymen, I have even heard a professor 
apply the word to the language of his 
freshman students, simplv because thev 
wrote unimaginativelv and overworked 
a few cliches, But investigations in Haiti, 
Melanesia and elsewhere have shown 
that real pidgin languages are far more 
than half-learned versions of European 
speech, They are languages in their own 
right. Their sounds and grammar have 
the internal consistency requisite to any 
stable system of commlm:ca';on. And 
whether we like them or not ihey are 
probably here to stav, for they have their 
own humble, but useful, function in 
society, 

Pidgin is not the only form of mixed 
language, To understand the stages 
through which such forms of speech de­
velop, we must make a three·way dis­
tinction between the "lingua franca," the 
"pidgin language" and the "creolized 
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language." A lingua franca is any tongue 
serving as a means of communication 
among groups that have no other lan­
guage in common; for example, English 
in India and the Philippines, A pidgin 
language is a lingua franca that in the 
course of its adoption has become simpli­
fied and restructured. The reduced Ian· 
guage which results from this process is 

\. , 
POLYNESIAN 
PIDGIN ENGLISH 

nobody's native language, but the lan­
guages of its speakers considerably inHu­
ence its vocabulary and other features. 
Occasionally users of a pidgin language 
will cease to speak their native tongue 
and come to rely upon the pidgin entire­
ly. In such a community children will 
grow up speaking pidgin as their sole 
language. When a pidgin is pressed into 

PIDGIN AND CREOLE LANGUAGES are spoken at many points of contact between 

native peoples and colonial traders or rulers. Lingua Franca, the oJdest known pidgin, 
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service as a native language, its vocabu­
lary must greatly expand to accommo­
date its users' everyday needs. A re­
duced language, when thus re-expanded, 
is called a creolized language (the creole 
languages of Haiti and other Caribbean 
areas are typical) . 

Pidgin and creolized languages have 
arisen many times in history. The earliest 
recorded pidgin, which has given its 
name to the whole genus of international 
languages, is the original Lingua Franca, 
based on southern French and the Li­
gurian dialect of Italian and used in the 
Middle Ages by western Europeans 
("Franks") in the eastern Mediterrane­
an. During the epoch of colonization, as 
Europeans came into contact with abo­
riginal populations, many pidgin forms 
of Portuguese, Spanish, French and 
English became common. It is said that 
there was, or is, a Pidgin Portuguese in 
every region colonized by Portugal. Sep­
arate varieties of Pidgin English arose in 
North America, China, West Africa, 
Australia and the Pacific; in the latter 
region subtypeiY have arisen- in Hawaii; 
New Guinea and the Solomon Islands. 

Pidginized varieties of French are found 
in North Africa and New Caledonia. 

Pidginization has occurred not only 
with European but also with non-Euro­
pean languages, as in the case of the 
"Chinook Jargon" based on the Chinook 
Indian language and spoken in fur-trad­
ing days in the U. S. Northwest. We may 
also cite Bazaar Malay in Southeast Asia, 
Swahili in Central Africa, the Pidgin 
Motu of Papua, Tupi-Guarani (the so­
called Lingua Geral or "general lan­
guage") in Brazil, and the Fanaga-Lo or 
"Kitchen KafEr" in South Africa. 

The best-known creolized languages 
derive from French and are spoken in 
Louisiana, Haiti, the Lesser Antilles, Re­
union and Mauritius. English-based 
creole languages also exist: among them 
are the Gullah of the Sea Islands off 
South Carolina, the Taki-Taki of Dutch 
Guiana and the Negro English of the 
West Indies. Pidgin Spanish, strongly in­
fluenced by Portuguese, gave rise to the 
Papiamentu Creole of Curac;:ao and 
neigtIboring islands. The Afrikaans or 
"Cape Dutch" of South Africa, which is 
much simpler than Netherlands Dutch, 

may be another creolized language, aris­
ing out of an earlier Pidgin Dutch used 
between settlers and natives, and 
adopted by white children growing up in 
South Africa. 

people who wish to denigrate pidgin 
languages sometimes pOint out that 

they are not written, the implication be­
ing that any unwritten language is an 
unlicked bear cub, an unintelligible jar­
gon never submitted to the necessary 
discipline of the schools. This reflects a 
basic misunderstanding of the nature of 
language. Most of the languages spoken 
by men throughout history (and before 
it) have never been reduced to writing, 
but they are no less languages. On the 
other hand, many modern pidgin and 
creole languages are quite regularly 
written and are even used in newspapers 
and education. Languages, pidgin or 
otherwise, are orderly by definition. 
Writing is no more than an external rep­
resentation of most (not all) of the struc­
ture of a language. 

The most orderly representation of a 
language is a spelling based on its pho-

�U.ANi:il�. I :. 
"'llInt:UM ENG�ISH . ',' 

NEW CAlmoL 
PIDGIN FREN H 

was based on French and Italian. Lingua Geral, Chinook Jargon, 
Swahili, Fanaga-Lo and Indonesian have a non-European basis. 

Gullah and Taki-Taki stem from English, Papiamentu from Span­

ish and those which are here specified as creoles from French. 

1 25 
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nemes, or functional units of sound. 
Nothing but confusion can result from 
attempts to render pidgin languages in 
a botched form of traditional English or 
French spelling. In this article I adhere 
strictly to phonemic spellings. For exam­
ple, the Melanesian Pidgin English sen­
tence meaning "I have three books" is 
"mi gat trifela buk," not "me got t'ree­
fellow book." A Haitian Creole proverb 
meaning "He who gave the blow forgets, 
he who bears the scar remembers" would 
be "Bay-kal blie, pOte-mak soje," not the 
mock-French "Bailie-calle 'blier, porter­
marque songer." Readers interested in 
the derivation of the pidgin and creole 

words that I have spelled phone�nically 
will find them in the tables beginning on 
this page. Phonemic spellings have been 
devised (mainly by missionaries) for a 
number of pidgin and creolized lan­
guages. This trend should be encouraged 
wherever possible, if only to enforce 
recognition of the fact that pidgin words 
and sounds are things in themselves and 
not bungled attempts to pronounce an­
other language. 

In general the phonemic systems of 
pidgin and creolized tongues show a 
certain amount of simplification. Vowel 
structure is often reduced to five vowels 
represented by "a," "e," "i," "

0,
" "un 

MELANESIAN DERIVATION SOURCE WORDS MEAN ING 
P IDGIN 

ARS ENGLISH ARSE BOTTOM. BASE. CAUSE,  
REASON, SOURCE 

BAGAR IMAP ENGLISH BUGGER '1M UP WRECK, RU IN 

BALUS GAZELLE PENINSULA P IGEON; A IRPLANE LANGUAGE 

B I LONG ENGLISH BELONG OF, FOR 

BUK ENGL ISH BOOK BOOK 

D ISFELA ENGLISH THIS + FELLOW TH IS 

FA IT  ENGLISH F IGHT F IGHT 

FAIT 1M ENGL ISH F IGHT + '1M STR IKE,  BEAT, H I T  

FES ENGLISH FACE FACE 

GAMAN ENGLISH GAMMON DECEIT; DECEIVE 

GAT ENGLISH GOT HAVE 

GODAM ENGLISH GOD DAMN GOLLY 

(pronounced as in Italian). Most 
French-based creoles have lost the group 
of French vowels pronounced with the 
lips rounded but with the tongue in the 
front of the mouth. In Haitian Creole the 
French word "culture" becomes "kilti" 
and "bleu" becomes "ble." Virtually all 
English-based pidgins lack the voiced 
and unvoiced sounds represented by "th" 
in English spelling: in Melanesian Pidg­
in "this" is "disfela" and "three" is "tri­
fela." Similarly, the English "f" is re­
placed by "p," the "v" by "b" and the 
"sh" by "s." Thus "heavy" is "hebi" and 
"finish" becomes "pin is." 

The pronunciation habits of a native 

MELANES IAN DER IVATION 
P IDGIN 

MAUS ENGLISH 

MI ENGLISH 

MIFELA ENGLISH 

MON I  ENGLISH 

NADARFELA ENGLISH 

OLSEM ENGLISH 

PATO PORTUGUESE 

P I K IN IN I  PORTUGUESE 

P IN I S  ENGLISH 

PLANTIM ENGLISH 

PLiSBOI ENGLISH 

RAUS GERMAN 

GRAS ENGL ISH GRASS ANYTH ING GROWING BLADE-L IKE  RED I  ENGLISH OUT OF A SURFACE; GRASS 

GUDFELA ENGLISH GOOD + FELLOW 

HAIS IMAP ENGL ISH H' IST  + '1M + UP  

HARDWOK ENGLISH HARD + WORK 

HAUS ENGL ISH HOUSE 

HEBI ENGLISH HEAVY 

HED ENGL ISH HEAD 

1- ENGLISH HE 

KALABUS ENGLISH CALABOOSE (FROM 
SPAN ISH CALABOZO) 

KARABAU MALAY 

K IAU GAZELLE PEN INSULA 
LANGUAGE 

KING ENGL ISH K ING 

KLiR ENGLISH CLEAR 

LONG ENGLISH ALONG 

MELANESIAN PIDGIN ENGLISH vocabulary in this chart in­
cludes all the words of this language mentioned in the text, together 
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GOOD SAVE PORTUGUESE 

L I FT S I (N )DAUN ENGLISH 

WORK HARD SRANK GERMAN 

HOUSE; ROOM TALATALA POLYNES IAN 

HEAVY TA(M)BU POLYNESIAN 

HEAD T INKT INK ENGLISH 

(PRED ICATE-MARKER) TOK ENGLISH 

JAIL  TOKIM ENGLISH 

WATER-BUFFALO TR I FELA ENGLISH 

EGG YU ENGLISH 

KING YUFELA ENGLISH 

CLEAR YUMI ENGLISH 

TO, AT, WITH, BY 

with their sources and meanings, Although condemned by the 

United Nations as a colonial relic, Melanesian Pidgin is essential 
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language often carry over into a pidgin 
and survive, even for generations, in 
creoles. In the pidgin and creolized lan­
guages spoken in the Americas by the 
descendants of. West African slaves the 
"r" at the end of a syllable is generally 
lost, as in the case of the Haitian "pOh\" 
("to carry," from the French "porter") .  
In Taki-Taki an older stratum of words 
has lost the "r" (e.g., "gado" for 
"gourd") , but newer borrowings from 
the English or Dutch retain the "r" (e.g., 
"forku" for "fork") . The Cantonese Chi­
nese merged "r" with "I," as in the 
Chinese Pidgin English "veli" ("very") . 

In Melanesian languages the con-

SOURCE WORDS MEANING 

MOUTH MOUTH 

ME I ,  ME 

ME + FELLOW WE, US 
(NOT INCLUDING THE HEARER)  

MONEY MONEY 

NOTHER + FELLOW ANOTHER 

ALL THE SAME THUS, SO 

PATO DUCK 

'EQUENINO (LITTLE ) CHILD 

F IN ISH ALREADY 

PLANT + '1M BURY 

POLICE + BOY POLICE· BOY, NATIVE POLICEMAN 

'RAUS (OUT!) GET OUT 

READY READY 

.ABE (HE KNOWS) KNOW 

SIT DOWN S IT, BE LOCATED 

SCHRANK CHEST OF DRAWERS 

.(FRI END) PROTESTANT -
-

. TABU' • 
... . -� PROHIBITION; FORBIDDEN 

TH INK· TH INK OP IN ION, THOUGHT 

TALK SPEAK; SPEECH 

TALK + '1M SPEAK TO, ADDRESS 

'HREE  + F ELLOW THREE  

YOU YOU (SG.) 

YOU + FELLOW YOU (PL.) 

YOU + ME WE, US  
(INCLUD ING THE HEARER) 

-

. to soCial unity on the multilingual islaud of 

New Guinea, and is now used in its schools. 

" 

• 
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PROFESSIONAL PERSONNEL REQUISITION 

Nuclear Engineers, Physicists 
Experienced Engineers and Scientists for development 
work on a nuclear ramjet engine and expanding research 
program, Project PLUTO. Marquardt, through its ASTRO 
division, is a prime contractor working closely with the 
University of California Radiation Laboratory. This activ­
ity offers opportunities for Nuclear Engineers, experienced 
in reactor design and reactor test planning for study of 
nuclear propulsion system application to aircraft and mis­
siles. Also, Nuclear PhysiCists for research in solid state 
physiCS, neutron physics or thermo-nuclear systems. For 
this work advanced training and direct nuclear experience 
are desirable. 

Other nuclear specialists' opportunities are available. 

Contact: Floyd E. Hargiss, Manager, Professional Personnel 

16547 Saticoy Street, Van Nuys, California 

yJ1-1-. Advance. power and weapons support a r.�ua r.J1 systems for alT and space J • I U I 
VAN NUYS AND POMONA, CALIFORNIA · OGDEN, UTAH AIRCRArr CO. 

. ' 

·if· 

• 

• 

· 
•• 

• • 

• 

' . 

IMAGINATION UNLIMITED 
f, , • • . • ., *' . -;,: , *, . T' • 

· , . • � · 

The imagination to make our dreams ,-' 

come true ... the ability to hold down 

. .. •• important engineering and supervisory - .. t .... .... 
positions. . • 

... We're looking for these qualities in high 

•• • 
caliber engineers and physicists. We want 

. .  - these men for creative, responsible work. • 

:*' · . 
-, These are top jobs. If you qualify, 

we'll pay top salaries. -� • 

---
Write William Spangler, Manager • 

-!i; • · Professional Employment Dept. SA-2 
The Martin Company, Baltimore 3, Md. . . eo 1- . 

• . t 

.. • . 
• .. 

• 
.:t- . • 
. 
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STORI BILONG TESEUS NA ARIADNE 

Pidgin languages are a serviceable and, indeed, expressive mode of communication: 

despite thei,· small vocabulm'ies (and the consequent need to use circumlocutions) they 

can convey information, 01' spin a yam, as 1'eadily as other tongues. To bring home this 

point, as well as to provide teaching mate1'ials for the schools of Australian New Guinea, 

Robert A. Hall, J1'., the author of this mticle, has rendered a number of familia,' 

myths and legends into Melanesian Pidgin. This is Hall's version of the myth of Theseus 

and Ariadne. It tells how Minos, King of Crete, exacted from Athens a tribute of seven 

youths and seven maidens ("meris"), to be fed to the bull-headed Minotaur, who dwelt 

in the celebrated Labyrinth; how Theseus, an Athenian prince, ioined the party of 

victims and, abetted by the Cmtan princess Ariadne, slew the Minotaur, escaping the 

Labyrinthine maze by winding up a magic thread; and how Theseus returned with 

Ariadne to Athens but by failing to display the agreed-upon sign of victory (a white 

sail) caused his father, King Aegeus, to kill himself from g,·jet. 

I-gat wanfela ailan i-stap, nem bHong 
em Krit. Disfela ailan i-klostu liklik long 
kantri (bigples) 01 i-kolim Gris. I-no klostu 
tru, na i-no longwe tm. Spos man i-kirap 
long Niu Gini, na i-Iaik go long Niu Briten, 
aitink i-Iongwe olsem. 

Nau longtaim bifo, i-gat wanfela king 
i-stap long ailan Krit; nem bilong disfela 
king, Minos. Disfela King Minos i-no gud­
fela king. Em i-strongfela moa, oltaim 
oltaim em i-Iaik fait. Nau long Gris i-gat 
wanfela siti (taun, bigfela pies) 01 i-kolim 
Athens. King Minos i-krosim king bilong 
Athens na bigfela fait i-kamap. Minos 
i-kisim 01 man bilong fait bilong em, 
i-brukim bigsolwata, i-go long Athens; 01 
i-mekim bigfela fait, winim 01 man bilong 
Athens. King bHong Athens (nem bilong 
em Aigaios) i-mas tok: "Yufela winim mi 
finish." Minos i-tokim em: "Spos yu no 
laik mi kisim siti bilong yu, bagarimapim 
haus, pulim meri, kukim olgeda samting, 
orait, yu mas mekim olsem mi tok nau. 
Olgeda yia yu mas selim sevenfela strong­
fela, yangfela man, na sevenfela naisfela 
yangfela meri, i-kam long Krit, baimbai 
mi givim 01 long Minotauros, bHong em 
i-kaikai." 

Disfela Minotauros i-wankain bulmakau 
man nogud, i-olsem mas alai, i-gat faia 
i-kamaut long nos bilong em, na i-save 
kaikai man. Minos i-putim Minotauros 
i-stap long bigfela haus tumas, 01 i-kolim 
Labirintos, i-gat plenti handat mm, plenti 
pasij. Spos man i-go insaid long disfela 
haus, em i-no kan save fashin bilong 
kamaut gen, na i-Ius olgeda, i-go nabaut 
nabaut nabaut, bihain Minotauros i-Iukim, 
i-kaikai. Disfela bigfela haus Labirintos, 
bifo wanfela man i-gat save, nem bilong 
em Dedalos, i-wokim; mi tokim yufela 
finish long stori bilong Dedalos na pikinini 
man bHong em, Ikaros. 

Orait, yufela kan tinktink, 01 man bHong 
Athen.s i-no laikim disfela toktok bilong 
King Minos. 01 i-foldaun long ni bilong 
em, 01 i-kraiaut: "Yu marimari long 
mifela!" Tasol Minos i-no laik marimari. 
Em i-tok: "Spos yufela no mekim olsem 
mi tok, orait, mi kam bak gen, kisim 
Athens, kilim olgeda man, pulim olgeda 
meri, bagarimapim tm olgeda samting." 
Ora it, nau olgeda yia 01 i-bungim olgeda 
yangfela man meri, 01 i-kisim sevenfela 
yangfela man (i-no gat man i-strongfela 
moa) na sevenfela yangfela meri (i-no gat 
meri i-naisfela moa), bilong selim i-go long 
Krit, kaikai bilong Minotauros. 01 i-sel i-go 
long Krit nau, long blakfela ship i-gat 
blakfela sel. 

Nau King Aigaios, king bilong siti 
Athens, i-gat pikinini man, 01 i-kolim 
Teseus. Long taim Minos i-winim 01 man 
bHong Atenai, aitink Teseus i-gat tenfela 
yia. Bihain, Teseus i-kamap bigfela, i-gat 
wanfela ten eit yia finish, na em i-tinktink 
long bel bHong em: "Mi strongfela man, 
mi laik go kilim Minotauros." Orait, taim 
bilong kisim yangfela man meri i-kamap 
finish, na olgeda yangfela man meri bilong 
pies i-bung finish, Teseus nau i-kirap, 
i-tokim papa bilong em, King Aigaios: 
"Nogud yu kisim sevenfela yangfela man. 
Yu kisim sikisfela tasol, na mi yet, mi 
nambaseven." 01 i-hirim disfela toktok 
bilong Teseus, 01 i-kirap nogud, na King 
Aigaios i-tok: "Kalapa! Bilong wonem yu 
tok olsem, Teseus! Nogud yu go long Krit, 
baimbai Minotauros i-kaikai yu. Yu mas 
stap long pies hia, na bihain, taim mi dai 
finish, yu king bilong Athens." 

Tasol Teseus i-no chen jim tinktink 
bilong em, na em i-tok: "Nogat! Mi laik 
go long Krit, kilim disfela buhnakau nogud 
Minotauros, na bihain mi kam bak gen." 
Aigaios i-kraiaut, i-olsem longlong man, 

tasol Teseus i-tok yet: "Spos mi no go, 
oltaim oltaim plenti gudfela yangfela man 
meri bilong Athens i-Ius long kaikai bilong 
disfela bulmakau nogud. Spos mi go, 
baimbai mi kilim Minotauros finish, na 
mifela no mas selim yangfela man meri 
moa." Bel bilong King Aigaios i-hevi 
tumas, tasol em i-tokim Teseus: "Orait, 
yu go. Tasol spos yu winim Minotauros 
na yu kam bak, yu mas chenjim sel bHong 
ship, putim waitfela sel, baimbai mi save 
yu orait. Spos ship i-kam bak, i-katim 
blakfela sel yet, baim bai mi save yu dai 
finish." 

01 i-kisim sikisfela nadafela yangfela 
man, na sevenfela yangfela meri, na 01 
i-kirap nau i-go nau, bmkim bigsolwata, 
na i-go i-go i-go i-go, bihain i-kamap long 
Krit. King Minos i-kisim 01, bringim 01 
i-kam long haus bHong em. Fashin bHong 
Minos i-olsem: 01 i-kamap finish, Minos 
i-givim gudfela kaikai long 01, na long 
neksfela de em i-selim 01 i-go long haus 
Labirintos, bHong Minotauros i-kaikai 01. 
Orait, distaim tu Minos i-rediim bigfela 
kaikai, na 01 i-sindaun kaikai. Nau King 
Minos i-gat pikinini meri, nem bilong em 
Ariadne. Long disfela taim Ariadne aitink 
i-gat wanfela ten eit yia, olsem Teseus. 
Em i-Iukim 01 yangfela man meri, i-mari­
mari long 01; na i-Iukim Teseus, i-Iaik tru 
long em. Ariadne i-tinktink: "Mi laik tm 
long disfela yangfela man, mi no laik em 
i-dai. Mi laik helpim em." Bihain 01 i-go 
slip, na Minos i-tokim 01: "Tumora mi 
selim yufela i-go insaid long haus Labi­
rintos." 

Long bignait, Ariadne i-go long rum 
Teseus i-slip long em. Teseus i-no slip yet, 
em i-tinktink long fashin bilong winim 
Minotauros. Ariadne i-kamap finish, 
i-tokim Teseus: "Mi laik tru long yu, na 
mi no laik Minotauros i-kaikai yu. Mi no 
laik tru long disfela fashin nogud bilong 
papa bilong mi. Mi laik ranwe long Krit. 
Mi bringim disfela tred, mi givim nau 
long yu. Morbeta yu fasiIn tred long do 
bilong haus Labirintos, na bihain yu katim 
tred i-go wantaim yu, na go go go go, yu 
letim tred i-foldaun long graun, baimbai 
i-makim rod bilong kam bak gen. Bihain, 
kilim Minotauros finish, yu lukim tred 
i-stap we, bihainim tred, na long disfela 
fashin yu kan kam bak autsaid gen. Mi 
wetim yu klostu long do, na baiInbai mi 
tufela i-ranwe, wantaim 01 nadafela yang­
fela man meri." 

Teseus i-tok: "Tinktink bilong yu 
i-nambawan tru. Mi mekim olsem yu tok." 
Bihain, moningtaim i-kamap finish, 01 i-go 
long haus Labirintos. Teseus i-tokim 01 
wantok bilong em: "Nogud yufela go 
longwe insaid. Morbeta yufela wet kioshl 
long do, na mi go insaid. Bihain, kilim 
Minotauros finish, mi kam bak gen, na 
yumi kan ran we." 01 i-wet klostu long do, 
na Teseus i-go ins aid long haus Labirintos. 
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Em i-go nabaut nabaut nabaut. tasol 
i-tanim tred, letim foldaun long graun, 
bilong em i-kan luksave rod bilong kamaut 
gen. Bihain Teseus i-hirim bigfela nois, na 
Minotauros i-ran i-kam long em. Minv­
tauros i-bigfela bulmakau man, i-gat faia 
i-kamaut long nos bilong em; spos disfela 
faia i-faitim man, man i-kuk kwiktaim 
tumas. Teseus i-stap klostu long do bilong 
wanfela rum. Minotauros i-resis i-kam long 
Teseus, na em i-abrusim Minotauros, i-haid 
long do bilong disfela rum. Minotauros 
i-no lukim Teseus, i-fofai long em, na 
Teseus i-kisim bainat, i-faitim Minotauros 
long hafsaid klak i-stap long em, kilim 
Minotauros i-dai. 

K i l i m  M i n o t a u r o s  f i n i s h ,  T e s e u s  
i-bihainim tred, i-go bak long d o  bilong 
haus Labirintos. 01 i-wetim em, na 01 
i-askim em: "yu kilim Minotauros?" Teseus 
i-tok: "Yes, mi kilim finish." 01 i-go autsaid 
nau, na Ariadne i-wetim 01. Ariadne i-tok 
nau: "Mi tokim 01 boskru finish, rediim 
ship na wetim yumi. Morbeta yumi go 
hariap nau, baimbai papa bilong mi i-save 
Minotauros i-dai finish, na em i-kros tru 
long yumi." Teseus i-tok: "Yes, yumi 
olgeda i-go nau. Bihain, kamap long 
Athens finish, baimbai yumi tufela 
i-nlarit," 

Orait, 01 i-hariap i-go nau, go bak long 
ship, na ship i-katim 01 i-go long Athens. 
Tasol sel i-blakfela yet, na Teseus i-Iusim 
tok bilong papa bilong em, 01 i-mas 
chenjim sel. 01 i-no tinktink long disfela 
samting, na 01 i-no chenjim sel. Ship 
i-kamap klostu long Athens nau, na King 
Aigaios i-Iukim, i-tok: "Sel i-blakfela! 
Teseus i-dai finish! A, kalapa mil A! Mi 
dai nau!" Ai bilong King Aigaios i-tantanim 
long hed bilong em, na em i-foldaun i-dai 
tru. Liklik taim nau, Teseus i-kamap long 
Athens, 01 i-tokim em: "Mifela lukim 
blakfela sel i-stap long ship, mifela tinktink 
Minotauros i-kaikai yufela olgeda. Papa 
bilong yu tu, em i-tinktink olsem, na em 
i-dai nau." Teseus i-sari tumas, em i-no 
tinktink long putim waitfela sel.  01 
i-mekim bigfela seremoni bilong man i-dai, 
01 i-plan tim King Aigaios. Plantim finish, 
Teseus i-king bilong Athens nau. 

Na Ariadne i-olsem wonem? Samfela 
stori i-tok, em i-kam bak long Athens 
wantaim Teseus, na Teseus i-maritim em, 
na bihain Ariadne i-kwin bilong. Athens. 
Tasol samnadafela stori i-tok, Ariadne i-no 
go long Athens. 01 i-kamap long wanfela 

- ailan, nem bilong em Naksos, na 01 i-stap 
liklik taim long disfela ailan. Bihain, 
Teseus na 01 wantok bilong em i-gowe nau, 
tasol Teseus i-no tinktink long Ariadne, na 
Ariadne i-stap nating long ailan Naksos. 
Bihain wanfela bigdewel, nem bilong em 
Bakkhos, i-bigdewel bilong wain, em i-kam 
maritim Ariadne. Wonem stori i-tru? Mi 
no save. 

Em tasoI, stori bilong Teseus na Ariadne. 

sonants "b," "d" and "g" often begin with 
a nasal sound: "mb," "nd," "ng." Those 
who speak Melanesian carry this pecu­
liarity over into Melanesian Pidgin, 
where "tabu" ("prohibition" or "forbid­
den") is usually "tambu," and "sidaun" 
("sit" or "be located") is frequently 
"sindaun." Many combinations of con­
sonants are difficult for the Melanesian, 
and he will insert an extra vowel into 
sound clusters such as "kl," "pI," ''hr'' 
and "Is"; thus "klir" ("clear") often 
sounds like "kalir" or "kilir," and "olsem" 
("so" or "thus") like "olasem." The 
younger generation, however, is learning 
to omit these interpolated vowels. 

The same linguistic snobs who make 
sport of unwritten pidgin and cre­

olized languages are likely to declare 
that these tongues have no grammar. Be­
hind this criticism, too, lurks a misappre­
hension of the nature of language. Every 
language has a grammar, that is, a stock 
of linguistic forms and principles for us­
ing them. All men, no matter how primi­
tive in other respects, speak fully struc­
tured languages. Grammar is a far older 
and more firmly established invention 
than the grammar book. One critic has 
asked: "How can it be said that pidgin 
has a grammar when it has no tenses, 
cases or numbers?" It is true that many 
forms of pidgin lack these familiar fea­
tures of European grammar, but they 
have other devices to make up for them. 

Chinese Pidgin, for instance, adds the 
suffix "-pisi" ("piece") to all numerals, 
as in "tupisi man" ("two men") and "for­
pisi tebal" ("four tables") . In Chinese 
Pidgin the suffix "-said" indicates place 
where, and the suffix "-taim" indicates 
time when. Both are added to nouns and 
pronouns: "hi haussaid" ("at his house") , 
"doksaid" ("at the dock") , "maisaid" 
("where I am") , "hwattaim?" 
("when?") , "distaim" ("now") . In Mel­
anesian Pidgin there are three suffixes 
that serve to indicate the form and func­
tion of words. The suffix "-fela," -when 
added to tire pronouns "mi" ("I" or 
"me") and "yu" ("you," singular) , forms 
the plural: "mifela" ("we" or "us") , "yu­
fela" ("you," plural) . Another suffix, also 
pronounced "-fela" but distinct from the 
foregoing, characterizes demonstratives, 
indefinites, numerals and one-syllable 
adjectives: "disfela" ("this") , "nadar­
fela" ("another") , "tufela" ("two") , 
"gudfela" ("good"). The suffix "-im" 
shows that a verb is transitive: "tok" 
means "speak," but "tokim" is "speak to" 
or "address"; "fait" is "fight," but "faitim" 
means "strike,'� "beat," "hit." 

Some pidgin and creolized languages 

employ grammatical devices that appear 
quite peculiar to the Western mind. In 
languages with West African elements, 
prefixes replace suffixes as indicators of 
grammatical relationships. Haitian Cre­
ole, for instance, has no verb tenses in 
our sense. Instead verbs are distin­
guished by a set of prefixes indicating 
the continuity or completion of the ac­
tion performed: while "mwe chate" 
means "I sing," mwe ap-chate" means "I 
am singing" and "mwe fek-chate" means 
"I have just sung." 

Sometimes parts of speech, as well as 
the process of adding suffixes or prefixes, 
derive from the original native language 
of the speakers. Consider the pronouns 
of Melanesian Pidgin. Those who speak 
this language distinguish between 

yuml ('\v�:' 
,
or (:�s,;: i�clu��ng

" 
the 

hearer) and mlfela ( we or us, ex­
cluding the hearer) . This reHects the 
distinction between the "inclusive" and 
"exclusiv(O" first-person plural found in 
native Melanesian languages. Melane­
sian Pidgin also employs phrases formed 
of pronoun plus numeral, such as "mi 
trifela" ("the three of us") and "yu 
tufela" ("the two of you"). These corre­
spond to special forms in Melanesian 
languages called "dual" (referring to 
two) or "trial" (referring to three) . 

Pidgins and creoles, with their simpli­
fied use of grammatical endings, rely 
heavily on word order to indicate the re­
lationship between words. Simple juxta­
position serves to characterize many 
types of phrases; in Melanesian Pidgin, 
for example, a noun following another 
noun serves to tell some characteristic or 
purpose of what is referred to by the first 
noun: "haus moni" is "house for money," 
i.e., "bank," and "tok gam an" is "talk 
characterized by deceit," i.e., "false­
hood." A similar combination occurs in 
Haitian Creole, but with the second 
noun indicating a possessor: "pitit rwa" 
means "children of a king," and "Iakay 
mwe" m�ans "house of me" or "my. 
house." In Melanesian Pidgin possession 
is indicated by a phrase introduced by 
the preposition "bilong" ("of") : "piki­
nini bilong king" means "a king's chil­
dren," and "haus bilong mi" means "my 
house." In Chinese Pidgin possession is 
shown simply by a noun or pronoun pre­
ceding the noun modified: "dat master 
poni" ("that master's pony") or "yu 
legan" ("your legs") . 

Those who speak Western European 
languages expect every full sentence to 
contain a predicate whose main element 
is a verb. But in Melanesian Pidgin and 
Haitian Creole (as in many other lan­
guages) the core of the predicate may 
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. . . but new products which fill a 
definite need in either industrial or 
consumer markets are frequently 
licensed by our clients. Several of 
America's leading corporations re­
tain PDC as consultants to search out 
and evaluate well developed new 
products from private inventors that 
will fit into their plan for growth 
and diversification. 

Accordingly, we frequently serve as 
liaison for effecting licenses for pri­
vate inventors with outstanding 
products. Since we are paid entirely 
by our clients, there is no charge to 
the owners of any patents or devel­
opments which are licensed through 
our efforts. We thoroughly evaluate 
and study every new product sub­
mitted to us, to determine whether 
it is of sufficient worth to be recom­
mended for licensing by any of the 
several major U. S. corporations who 
retain us. 

H, in your judgment, your new prod­
uct could stand such an objective 
analysis, we invite you to contact us 
for further information regarding 
our means for arranging a possible 
royalty agreement between you and 

a client of PDC. 

Special note to 
Research Directors: 

During the last five years, PDC has 
successfully placed several products 
or processes which were lying dor­
mant in the files of corporate re­
search and development laboratories. 
Although foreign to your regular 
business, such products may have 
substantial value to clients of ours. 
H your firm has such latent assets 
and would be interested in the pos­
sibility of a license agreement with 
a PDC client, we suggest you write 
this office. 

JAMES A. CANNON 
Director of Reseorch 

PRODUCT 
DEVELOPMENT 
CORPORATION 

130 

61 Batterymarch Street 
BOSTON 10, MASSACHUSETTS 

CHINESE DERIVATION SOURCE WORDS MEANING 
PIDGIN 

DAT ENGLISH THAT THAT 

D ISTAIM ENGLISH TH I S  TIME NOW 

DOKSAID ENGLISH DOCK + S IDE AT THE DOCK(S) 

FAR ENGLISH FAR FAR 

FORP IS I  ENGLISH FOUR + P I ECE FOUR 

HAUSSAID ENGLISH HOUSE + S IDE AT THE HOUSE 

HI ENGLISH HE HE, H IM; SHE, HER; IT 

HWATTAIM ENGLISH WHAT + TIME WHEN? 

LEGAN ENGLISH LEG + ? LEG 

MAISAID ENGLISH MY + S IDE WHERE I AM 

MAN ENGLISH 

MASTER ENGLISH 

MO ENGLISH 

PONI ENGLISH 

- SAID ENGLISH 

MAN 

MASTER 

MORE 

PONY 

S IDE 

MAN 

MASTER, EUROPEAN MAN 

MORE 

PONY 

AT , . .  

SPOILIM ENGLISH SPOIL + '1M . ROTTEN 

-TAIM ENGLISH TIME (SHOWS TIME WHEN) 

TEBAL ENGLISH TABLE TABLE 

TUPISI ENGLISH TWO + P I ECE TWO 

YU ENGLISH YOU YOU 

CHINESE PIDGIN ENGLISH vocabulary includes all Chinese Pidgin words cited by the 

author, The words are English, but their pronunciation is influenced by Cantonese Chinese, 

just as well be a noun, an adjective or an 
adverb, In Melanesian Pidgin "mi plis­
boi" means "I am a policeman," "Yu 
redi?" means "Are you ready?," "tinktink 
bilong mi olsem" means "my opinion is 
thus," In Haitian Creole "Ii b6" means 
"he is good," "ou gas6" means "you are a 
regular fellow," and "yo isit" means 
"they are here," Some grammatical 
forms belong especially to predicates, 
such as the Melanesian Pidgin third-per­
son predicate-marker "i-" in "disfela man 
i-gudfela" ("this man is good") and "01 
i-hardwok" ("they work hard"), Other 
examples are the Haitian Creole tense­
markers "te-" (past), "va-" (future) and 
the negative particle "pa-": "Ii te-b6" 
("he was good"), "yo va-isit" ("they will 
be here") and "ou pa-gas6" ("you're not 
a regular fellow") , 

Naive observers have been struck by 
three supposed characteristics of pidgin 
vocabularies: their poverty, bastard 
origin and content of vulgar words, In 
all three of these respects, however, 

prevalent opmiOns concerning pidgin 
languages are erroneous, True, the ordi­
nary pidgin language has a very small 
stock of words, say between 700 and 
1,500, as contrasted with the 20,000 to 
25,000 that even the most ignorant 
speaker of a "full-size" language knows, 
But though small, the pidgin vocabu­
laries are not poor; the scarcity of in­
dividual words is counterbalanced by a 

wealth of combinations into which they 
may enter. These combinations often 
show considerable resourcefulness and 
ingenuity on the part of the speakers, 
The Melanesian Pidgin word "gras," for 
example, means not just "grass" but 
"anything growing bladelike out of a 
surface": "mustache" is "gras bilong 
maus," This restriction of vocabulary 
leads to semantic extensions and an in­
crease of verbal allusiveness and color. 

Curiously the vocabulary of any given 
pidgin language is usually less mixed in 
origin than that of the "full-sized" 
tongue on which it is based, Casual ob-
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servers are struck by the presence of 
words from many sources in a pidgin 
language; Melanesian Pidgin, for exam­
ple, has borrowings from German 
("raus," meaning "get out"; "srank," 
meaning "chest of drawers") , from na­
tive languages ("kiau," meaning "egg"; 
"balus," meaning "pigeon" or "air­
plane") , from Malay ("karabau," mean­
ing "water buffalo") , from Polynesian 
("talatala," meaning "Protestant") . It 
even has a few Romance words ("save," 
meaning "know"; "pikinini," meaning 
"child"; "pato," meaning "duck") . But a 
count of the total lexicon reveals that 
roughly 80 per cent of the Melanesian 
Pidgin vocabulary is of English origin. 
In English itself over 50 per cent of the 
words are from French, Greek, Latin 
and other non-English sources! 

The vocabularies of pidgin languages 
often contain words revealing the lower­
class origin of their first European speak­
ers (Melanesian Pidgin "plantim," 
meaning "bury"; "kalabus," meaning 
"jail") , or their nautical calling (Mela­
nesian Pidgin "haisimap," meaning 
"lift"; Haitian Creole "vire," meaning 
"turn" or "veer") . Other words seem, to 
fastidious Europeans, downright inde­
cent: for example, the Melanesian Pidg­
in "ars," meaning "bottom"; "bagari­
mapim," meaning "wreck" or "ruin"; 
"godam," meaning "golly." In native cul­
tures, however, European taboos are not 
relevant. Moreover, the meaning of the 
words themselves is often so greatly ex­
tended as to lose all inelegance. Thus 
"ars" not only means ':�ottom" but also 
'"'base," ('"cause," "reason," ·"source." The 
phrase "long ars bilong" is :'because of," 
structurally an exact parallel to the 
French "f\ cause de." 

The important feature of pidgin vo­
cabularies is their ability to grow and 
their adequacy to the needs of the situa­
tions where they are used. When a pidg­
in becomes creolized, the vocabulary 
expands greatly, espeCially through bor­
rowings from the language of the domi­
nant nation in the region (e.g., Dutch in 
Taki-Taki and Papiamentu) . 

H ow do pidgin languages arise? U sual-
ly they spring from situations of 

casual contact, where a means of easy, 
informal communication is desired be­
tween a dominant foreign group and a 
subservient native population. No em­
phasis is laid on "correctness" or com­
pleteness. Members of the dominant 
group often assume that their interlocu­
tors are childlike and must be addressed 
as children. Hence baby talk and similar 
simplifications enter into the original 

SCIENCE FOR THE LAYMAN 
An announcement to SCIENTIFIC AMERICAN readers 

in the New York area 

Eminent scientists at The New School for Social Research report 
in layman's language on vital discoveries and basic ideas in their 

respective fields. These lectures are intended to aid in the wider 
understanding of the revolutionary implications of modern science 
and in "that diffusion of reason on which our future may depend." 

BERNARD O. KOOPMAN 

Weekly lectures 

ARPAD CSAPO 
and BELA NAGY, 
Rockefeller Institute 

for Medical Research; 

TOSHIO SAKAI, 
Tokyo Jikei School of Medicine; 

ELSIMAR COUTINHO, 
University of Bahia, Brazil 

Ten sessions 

KARL MARAMOROSCH 

Weekly lectures 

MAURO ZAMBUTO 

Weekly lectures 

PETER VAN DE Kl\MP 

Weekly lectures 

Modern Applications of 
Mathematics to ((calculated risk)" 
dealing with enemies and other 
great human problems. 

Mondays, 6:20-8:00 P.M. 

February 9 through May 25 

A Demonstration Course in Basic 
Research: Muscle Function and 
Endocrine Regulation 

Mondays through Fridays, 

8:30-10:10 P.M. 

January 26 through Februat:y 

Viruses 

Tuesdays, 8:20-10:00 P.M., 

beginning February 10 

Mathematical Analysis: 
Integral Calculus 

Fridays, 8:30-10:10 P.M., 

beginning February 13 

The Solar System 

Thursdays, 6:30-8:10 P.M. 

Third hour, Thursdays, 5:30-6:20 P.M. 

February 19 through May 28 

Courses are open for single admissions throughout the term. 

For registration and other information address: 

REGISTRAR I The New School for Social Research 

66 West 12th Street, New York 11, N. Y. ORegon 5-2700 
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another NEW 
research tool 
by  Ainsworth 

manufacturer of fine 
instruments since 1880 

Automatic, Recording 
Analytical Balance 

for • thermogravimetry 
• new investigations 
of decom position, g rowth, evap­
oration, corrosion, or other 
a ctivities that result i n  a weight 
change, particu lar ly when rate 
of change is s ign ifi�ant. 

1111111111111111111111 
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This new instru ment makes a con­
ti nuous record of weight; a uto­
matica l ly  adds or su btracts weights 
as req u i red. Samples may be 
weighed i n  the bala nce, or sus­
pended below or a bove the balance 
i n  a control led environm ent, such as 
a furnace or mag netic field. 

Proved by use in leading 
laboratories in various fields. 

Write for Bulletin 158 

WMo AINSWORTH ff SONS . INC. 
2 1 S  1 LAWR ENCE ST • DENVER 2. COLORADO 

formation of a pidgin. Europeans are 
quick to assume that the native's first, 
broken imitation of the foreign speech 
represents his optimum performance; 
they reply in the same broken style. 
When the process of language learning 
is arrested at this stage, and the use of 
the resultan t simplified structure and vo-

cabulary is institutionalized, a pidgin 
has been born. 

Pidgin languages do not always derive 
from this kind of master-and-servant re­
lationship. Indeed, they may arise be­
tween groups (of traders, for example) 
that have more or less equal status. But 
when a pidgin survives beyond the ini-

HAITIAN DER IVATION SOURCE WORDS MEANING 
CREOLE 

AP·CHATE FRENCH APRES (AFTER ) + BE S INGING CHANTER (S ING) 

BAY FRENCH BAILLE GIVE 

BLI� FRENCH BLEU BLUE 
--

BUE FRENCH OUBLIER FORGET 

BO FRENCH BON GOOD 

CHAn� FRENCH CHANTER S ING 

FEK·CHATE FRENCH [NE]  FAIT QUE CHANTER HAVE JUST SUNG (ONLY S INGS) 

GASO FRENCH GAR<';ON (BOY) YOUNG MAN; 
(REGULAR) FELLOW 

IS IT  FRENCH ICI HERE 

KAL (?) BLOW 

K I LT I  FRENCH CULTURE CULTIVATION 

KOPLI�ZAS FRENCH COMPLAISANCE COMPLAI SANCE 

KOTAPLASYO FRENCH CONTEMPLATION CONTEMPLATION 

LAKAY (?) HOUSE 

LANWIT FRENCH LA NUIT (THE N IGHT) N IGHT 

L I  FRENCH LUI (H IM) HE,  H IM; SHE, HER ;  IT  

MAK FRENCH MARQUE MARK 

MWE FRENCH MOl I ,  ME 

NA FRENCH DANS (?) IN  

OU  FRENCH VOUS YOU 

PA- FRENCH PAS NOT 

PASE FRENCH PASSER PASS 

P IT IT FRENCH PETITE CHILD, CHILDREN 

POTE FRENCH PORTER CARRY 

RWA FRENCH ROI K ING 

SOJE FRENCH SONGER (TH INK, DREAM) REMEMBER 

TE - FRENCH ETAIT (WAS) ( PAST TENSE MARKER)  

VA- FRENCH + VA (GOES) + (FUTURE TENSE MARKER )  WEST AFR ICAN VA- (S IGN OF FUTURE) 

V IRE FRENCH VIRER (VEER) TURN 

YO FRENCH ( D IALECTAL?) THEY, THEM; 
(NOUN PLURAL IZER)  

ZETWAL FRENCH LES ETOILES (THE STARS) STAR 

HAITIAN CREOLE vo cabulary shows the French origin of most Haitian words cited. Once 

a contact lan guage between French and Negroes, it is now the native tongue of Haiti. 
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Th e 
Pe rfect 

So l ut i o n : 
( it can save you money) 

Some bulk products of this Division are: 

, , � rercy, we've got to face the big problem," exclaimed Edgelow the 
exasperated execu tive of Extra Efficiency Drug Co. "Production costs 
on our multivitamin products must come down." 

"Humm, yes, the big problem. These assistants of mine j ust never 
will learn to keep an orderly laboratory," answered Percival while 
polishing his paraphernalia. 

"Percy - the big problem," interjected Edgelow. 
"Oh yes ! You know Pfizer has a new form of vitamin B12- it's called 

STABLETs* - the most stable form ever produced - allows for a 50% 
reduction in overages. It's quite likely that the use of STABLETS would 

reduce our costs substantially. Now please allow me to continue 
my cleaning." 

"Percy you're a prince - and so is Pfizer, clean away to your heart's 
desire" sighed Edgelow in utter relief. 

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

Pfizer has a full line of high quality forms of Vitamin A, B Complex, 
and C for medicinal and food uses. If you are confronted with vitamin 
problems or any other problems 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. · 

'TRADE lURK 

CHEM ICAL 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 
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TAKI-TAKI DER IVATION SOURCE WORDS MEAN ING 

FORKU ENGLISH FORK FORK 

GO ENGLISH GO GO 

GO DO ENGLISH GOURD GOURD 

MI ENGLISH ME I ,  ME 

SA- ENGLISH SHALL ( FUTURE TENSE PREF IX ) 

TORN DUTCH TORN TOWER 

TAKI·TAKI is spoken by descendants of runaway slaves in Surinam ( Dutch Guiana ) . A 

creole like Haitian, it too is a native tongue based on pidgin, in this case Pidgin English. 

tial stage of contact, when it persists for 
decades or centuries in intergroup deal­
ings, we can assume that one group 
wishes to maintain social distance from 
the other. In the case of Chinese Pidgin 
English a standoffish attitude character· 
ized both sides, for the Chinese more 
than matched the Europeans in their 
sense of national superiority. If only two 
language groups are involved, the side 
that feels it suffers loss of status because 
it speaks pidgin may come to insist on 
learning the other side's full language; 
this happened in China after 1900. But 
where those who speak many native 
tongues share a single pidgin, questions 
of status may be outweighed by an over· 
powering need for a means of communi­
cation. In New Guinea, with its multi­
plicity of tongues, Melanesian Pidgin 
has become a linguistic cement; with­
out it labor relations and economic life 
would be impossible. 

It is often assumed that a European 
language furnishes the pidgin vocabu­
lary, while the "native" language sup· 
plies the pidgin grammatical structure. 
Chinese Pidgin English is sometimes 
called "Chinese spoken with English 
words." This notion is inexact. Close ex­
amination reveals that each form of 
pidgin adheres to the dominant language 
in grammar as well as vocabulary. The 
grammatical categories and types of 
phrase and clause in Taki-Taki, Chinese 
Pidgin and Melanesian Pidgin are Eng­
lish; those of the various creoles are 
North French; those of Papiamentu are 
Spanish. However, elements of all kinds­
sounds, inBections and types of word 
order-can and do invade pidgin from 
the native tongues of the subservient 
group. I have already mentioned ele­
ments of Melanesian, Chinese and West 
African pronunciation in certain pidgins 
and creoles. With respect to inBection 
the Chinese Pidgin suffix "-pisi" is clearly 

1 3 4  

a translation o f  the Chinese itemizer or 
numeral classifier meaning "piece," and 
such a phrase as "Ning-Po mo far" ("be­
yond Ning-Po" ) reBects the native Chi­
nese word order. 

The creolization of a pidgin language 
can happen either voluntarily (as in cer­
tain modern villages in New Guinea ) ,  
or involuntarily (as when Caribbean 
plantation owners deliberately separated 
slaves of the same language, in order to 
minimize the danger of conspiracy and 
revolt ) .  In either case the children of 
the group speak pidgin as their first lan­
guage. Thus they extend its range to 
meet everyday needs, either by develop­
ing its inner grammatical resources or by 
borrowing from outside sources, as Hai­
tian and other creoles have done from 
French. Creolized languages are often 
subject to snobbish condemnation. This 
causes insecurity in their speakers, who 
in their anxiety commit malapropisms. 
For example, a Haitian Creole story­
teller once said of his characters : "Yo 
pase lanwit na-koplezas zetwal yo" 
("they passed the night in the complai­
sance of the stars" ) ;  when what he 
meant was "kotaplasyo" ("contempla­
tion" ) . 

To date most creolized languages have 
remained on the level of despised vernac­
ulars. Sometimes, though, a pidgin can 
become creolized and then, through the 
accidents of history, attain the status of 
a universally recognized national lan­
guage. This is what happened in the 
case of Indonesian. On Java and else­
where in the former Dutch East Indies 
a pidginized form of Malay, known as 
Bazaar Malay, was widely used as a 
trade language. With the help of exten­
sive borrowings from Classical Malay, 
Bazaar Malay became the linguistic ve­
hicle for the new Indonesian national­
ism; as such, it was renamed "Bahasa 
Indonesia" ("Indonesian Language" ) .  

Now a generation of native speakers is 
arising, and Indonesian is developing a 
national standard, an official literature, 
and all the other appurtenances of a 
world language. 

I n recent years a new school of criticism 
has begun to condemn pidgin and 

creole languages because they often 
function as "status" languages, the use 
of which sets off a given group as socially 
inferior. For this reason the United Na­
tions in 1954 called on Australia to 
"eradicate" pidgin from New Guinea, 
saying: "Melanesian Pidgin is not only 
not suitable as a medium of instruction, 
but has characteristics derived from the 
circumstances in which it was invented 
which reBect now outmoded concepts of 
the relationships between indigenous in­
habitants and immigrant groups." 

The structures of pidgin languages, 
although reduced in contrast to "major" 
languages, are nonetheless clear and 
consistent once they are analyzed and 
described in their own terms. The lowly 
social origin of some vocabulary items is 
not a justifiable reason for condemnation 
or ridicule; otherwise we should have to 
ban such English words as "moist," 
"petulant" or "crepitate" because they 
come from inelegant Latin terms. The 
well-meaning diatribes of anti-colonial­
ists lose sight of the fact that, although 
pidgins often do serve as means of dis­
crimination, this is not a necessary or 
essential part of their function. On the 
other hand, even if it were possible to 
"abolish" a language by some totalitarian 
fiat, a slow, costly and immensely diffi­
cult process of reeducation would be 
required. Once creolized, pidgin has 
become a native language, with full 
rights to consideration and respect. 

To remove the stigma associated with 
such terms as "pidgin" or "creole," it has 
been suggested that these languages be 
re-baptized with names such as "Neo­
Melanesian," "Langue Haitienne" or, for 
Taki-Taki, "Sranan-Tongo" ("Surinam 
language" ) .  This might be a wise con­
cession. At any rate, it is evident that no 
amount of puristic or anti-colonialistic 
condemnation will "eradicate" pidgin o r  
creolized languages. We should b e  duly 
respectful of the role of pidgin as a 
source of social cohesion in multilingual 
regions. Quite possibly some current 
forms of pidgin are future national lan­
guages in embryo. In all likelihood new 
pidgins will continue to arise when the 
situation calls for them, and will either 
die out when the need is gone, or acquire 
longer life through the creative process 
of creolization. 
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does both jobs equally well -Burroughs 205 Computer 

. D  
From the sequential solution of long scientific problems to the mass processing of business data, the versa­

tile Burroughs 205 electronic data processing system is ideally suited to a wide range of applications_ Top 

capacity and speed in the medium price class, complete choice of input-output media, vast external magnetic 
tape storage_ At work in many varied industries, the 205 has proven its superior dollar-for-dollar value_ Its 

flexibility lets you grow into a larger Burroughs system as your needs increase_ Burroughs extensive sup­

port program provides on-the-spot technical assistance for an .advancp.d and complete line of data processing 
systems . . .  all currently in production. Write for 205 brochure. ElectroData Division, Pasadena, California. 

� Burroughs Corporation 

�NEW DIMENSIONS/in electronics and data processing systems" 
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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 furlher in/ormation write: 
Professional Appointments 

OPERATIONS RESEARCH 
OFFICE� 

The Johns Hopkins University 
6935 ARLINGTON ROAD 

BETHESDA 14, MARYLAND 

MATHEMATICAL GAMES 
"Brain-teasers" that 
involve formal logic 

by Martin Gardn er 

A 
brain-teaser that calls for deduc­
tive reasoning with little or no 

. numerical calculation is usually 
labeled a logic problem. Of course such 
problems are mathematical in the sense 
that logic may be regarded as very gen­
eral, basic mathematics; nevertheless it 
is convenient to distinguish logic brain­
teasers from their more numerous nu­
merical cousins. Here we shall glance 
at three popular types of recreational 
logic problems and discuss how to go 
about tackling them. 

The most frequently encountered type 
is sometimes called by puzzlists a 
"Smith-Jones-Robinson" problem after 
an early brain-teaser devised by the 
English puzzle expert Henry Dudeney. 
It consists of a series of premises, usu­
ally about individuals, from which one 
is asked to make certain deductions. A 
recent American version of Dudeney's 
problem goes like this: 

1. Smith, Jones and Robinson are the 
engineer, brakeman and fireman on a 
train, but not necessarily in that order. 
Riding the train are three passengers 
with the same three surnames, to be 
identified in the following premises by 
a "Mr." before their names. 

2. Mr. Robinson lives in Los Angeles. 

Z "" « UJ Z UJ � z UJ « 
(5 � � 

« UJ 
Z "" � 
UJ co u.. 

SMITH 

JONES 

ROBINSON 

3. The brakeman lives in Omaha. 
4. Mr. Jones long ago forgot all the al­

gebra he learned in high school. 
5. The passenger whose name is the 

same as the brakeman's lives in Chicago. 
6. The brakeman and one of the pas­

sengers, a distinguished mathematical 
physicist, attend the same church. 

7. Smith beat the fireman at billiards. 
Who is the engineer? 
It is possible to translate this problem 

into the notation of symbolic logiC and 
solve it by appropriate techniques, but 
this is needlessly cumbersome. On the 
other hand, it is difficult to grasp the 
problem's logical structure without some 
sort of notational aid. The most conve­
nient device to use is a matrix with va­
cant cells for all possible pairings of the 
elements in each set. In this case there 
are two sets and therefore we need two 
such matrices [see illustration below l. 

Each cell is to be marked with a ''1'' 
to indicate that the combination is valid, 
or "0" to indicate that it is ruled out by 
the premises. Let us see how this works 
out. Premise 7 obviously eliminates the 
possibility that Smith is the fireman, so 
we place a "0" in the upper right corner 
cell of the matrix at left. Premise 2 
tells us that Mr. Robinson lives in Los 
Angeles so we place a "1" in the lower 
left corner of the matrix on the right, 
and "O's" in the other cells of the same 
row and the same column to show that 
Mr. Robinson doesn't live in Omaha or 

</) 
UJ -' 
UJ 
0 0 
z « 0 
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-' 0 U 

MR. SMITH 

MR. JONES 

MR. ROBINSON 

Two matrices for the "Smith·jones·Robinson" problem 
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REPORT FROM YORKTOVVN RESEARCH CENTER, NEVV YORK 

The nature of electron transport In a solid 
An active program is under way at IBM to investigate 
various mechanisms that influence the conduction of elec­
trons in solids. One project of interest is the work being 
done by Dr. Seymour H. Koenig of the Watson Research 
Laboratory at Columbia University, involving the behav­
ior of electrons when their mean energy is greater than 
would be indicated by the temperature of the solid. 

At a few degrees above absolute zero, the application 
of even a small electric field to a sample of germanium 
will grossly affect equilibrium of the conduction electrons 
and increase their average energy by a factor of twenty­
five or more. The characteristics of these "hot" electrons 

are being studied to determine the processes that occur as 
they move through the lattice, "cool," and return to equi­
librium. By measuring the detailed behavior of the elec­
trical conductivity, often in time intervals measured in 
milli-microseconds, important information relating to the 
interaction of electrons with the germanium lattice can 
be obtained. 

These investigations at the Watson Research Labora­
tory in New York City are adding to our understanding 
of basic solid state phenomena at low temperatures as 
well as yielding some interesting and unexpected device 
possibilities. 

International Business Machines Corporation, Dept. 659-B, 590 Madison Avenue, New York 22, New York 

© 1959 SCIENTIFIC AMERICAN, INC



138 

SMITH 

JONES 

ROBINSON 

C<: 
W 
W 
Z 
(5 
Z 
w 

0 
. 

0 

1 

0 

z 
« 
� 
w 
C<: 
u:: 

0 

0 

(/) 
w -' 
w 
0 0 
z « , 0 « I « 
(/) « Cd 
0 � I 
-' 0 U 

MR. SMITH 

MR. JONES 

MR. ROBINSON 

The matrices in use 

Chicago and that Mr. Smith and Mr. 
Jones do not live in Los Angeles. 

Now we have to do a bit of thinking. 
Premises 3 and 6 inform us that the 
physicist lives in Omaha, but what is his 
name? He cannot be Mr. Robinson, nor 
can he be Mr. Jones (who has forgotten 
his algebra), so he must be Mr. Smith. 
We indicate this with a ''1'' in the mid­
dle cell of the top row in the matrix at 
right, and "D's" in the remaining empty 
cells of the same row and column. Only 
one cell in the matrix is now available 
for the third "1," proving that Mr. Jones 
lives in Chicago. Premise 5 now permits 
us to identify the brakeman as Jones, so 
we place a ''1'' in the central cell of the 
left-hand matrix and "D's" in the other 
cells of the same row and column. The 
appearance of our matrices at this stage 
is shown in the illustration above. 

The remaining deductions are obvi­
ous. Only the bottom cell of the fireman's 
column is available for a "1." This puts 
a "0" in the lower left corner, leaving 
vacant only the top left corner cell for 
the final "1" which proves that Smith is 
the engineer. 

Lewis Carroll was fond of inventing 
quaint and enormously complicated 
problems of this sort. Eight are to be 
found in the appendix of his Symbolic 
Logie. One monstrous Carrollian prob­
lem (involving 13 variables and 12 
premises from which one is to deduce 
that no magistrates are snuff-takers) was 
fed to an IBM 704 computer by John 
C. Kemeny of Dartmouth College. His 
Rand Corporation report No. P-966 
(September 7, 1956) tells how the com­
puter was programmed. The machine 
solved the problem in about four min­
utes, although a complete printing of 
the problem's "truth table" (a matrix 
showing the validity or invalidity of 
every possible combination of true and 
false values for the variables) would 
have taken 13 hours! 

For readers who care to try their luck 
on a more difficult Smith-Jones-Robin­
son problem, here is a new one devised 
by Raymond Smullyan, now working for 
his doctorate in mathematics at Prince­
ton University. 

l. To celebrate the Armistice of the 
First World War, three married couples 
had dinner together. The following facts 
relate only to these six, and only their 
first and last names are involved. 

2. Each husband is the brother of one 
of the wives; that is, there are three 
brother-sister pairs in the group. 

3. Helen is exactly 26 weeks older 
than her husband, who was born in 
August. 

4. Mr. White's sister is married to 
Helen's brother's brother-in-law. She 
(Mr. White's sister) married him on her 
birthday, which is in January. 

5. Marguerite White is not as tall as 
William Black. 

6. Arthur's sister is prettier than Bea-
trice. 

7. John is 50 years old. 
What is Mrs. Brown's first name? 
Another familiar type of logic poser 

may be called the "colored-hat" variety 
after the following best-known example. 
Three men-A, B and C-are blind­
folded and told that either a red or a 

green hat will be placed on each of 
them. After this is done, the blindfolds 
are removed; the men are asked to raise 
a hand if they see a red hat, and to leave 
the room as soon as they are sure of the 
color of their own hat. All three hats 
happen to be red, so all three men raise 
a hand. Several minutes go by until C, 
who is more astute than the others, 
leaves the room. How did he deduce the 
color of his hat? 

C asks himself: Can my hat be green? 
If so, then A will know immediately that 
he has a red hat, for only a red hat on 
his head would cause B to lift his hand. 
A would therefore leave the room. B 
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NASA blueprint for the future 

1. Horizon Scanner 
2. Entrance Hatch 

3. Pitch & Yaw Jets 
4. Packed Parachute 

5. Roll Jets 
6. Retro-Rockets 
7. Inflatable Landing 

Impact 8ag 

8. Heat Shield 

NASA Manned Satellite Capsule 

PRO�ECT MERCURY 
At this moment NASA engineers and scientists 

are hard at work to make Project Mercury a 

reality. And in time a manned satellite will 

become reality ... the result of outstanding 

professional contributions in many disciplines. 

This program to place man in space is typical 

of the projects and goals of NASA, whose re­

sponsibility it is to direct and implement U.S. 

research efforts in aeronautics and the explora­

tion of space, for peaceful purposes and the 

benefit of all mankind. 

NASA offers unique opportunities 
in basic and applied research in 
aeronautics and space technology-

For Engineers: 
Aeronautical, Engineering Physics, Electronic, 
Mechanical, Electrical, Metallurgical, 
Chemical, Civil, Naval Architects. 
For Scientists: 
Astronomers, Physicists, Mathematicians, 
Chemists, Metallurgists. 
Please address your inquiry to the 
Personnel Director of any of the 
following NASA research centers: 
• Langley Research Center, 

Hampton, Virginia 
• Ames Research Center, 

Mountain View, California 
• Lewis Research Center, 

Cleveland, Ohio 
• High-Speed Flight Station, 

Edwards, California 
• Beltsville Space Center, 

4555 Overlook Ave., Wash., D. C. 

(Positions are filled in accordance with 
Aeronautical Research Announcement 618) 

N A S A National Aeronautics and Space Administration 

139 

© 1959 SCIENTIFIC AMERICAN, INC



How To Get Things Done 
Better And Faster 

BOARDMASTER VISUAL CONTROL 
-{;:;: Gives Graphic Picture-Saves Time, Saves 

Money, Prevents Errors 
-{;:;: Simple to operate-Type or Write on Cards, 

Snap in Grooves 
-{;:;: Ideal for Production, Traffic, Inventory, 

Scheduling, Sales, Etc. 
-{;:;: Made of Metal. Compact and Attractive. 

Over 300,000 in Use 

Full price $4950 with cards 

I F R EEl 24-PAGE BOOKlET NO. C-500 
Without Obligation 

Write for Your Copy Today 

GRAPHIC SYSTEMS 
55 West 42nd Street. New York 36. N. Y. 

New "Mechanical Educator" to 

IMPROVE MEMORY 
Inability to recall names. places, facts quickly is a 
common, often costly, shortcoming that can now be 
easily overcome with the aid of a new device for 
self-instruction, memory and concentration train� 
ing. This versatile new educational tool can also be 
used effectively in language learning, speech cor­
rection and improvement, in mastering tables, for­
mulae-anything to be memorized-faster than ever. 

DORMIPHONE Memory Trainer 
• Speeds up learning processes 
• Aids concentration 
• Provides entertainment 

Using a new recording principle, the Memors Traincr records. in· I;tantls pla:rs back. and automatically repeats speech. music. or any spoken or broadcast material through a built· in speaker. 1\'0 reels of tape to snarl 
01' rewind. Complete· 1y portable. Ideal aid ror home, school. in· dustrial safety train­ing use. So simple to use. children benefit-­so helprul and practi­cal, it is used by edu­cators. psschologists. people or all ages and proressions. 

I) 

Easily removed. CaR be stored or "erased" instantly and re-used repeatedly. Just record. flip a switch for play. back and listen! 
Write TODAY for FREE folder 
with complete Information. 

Modernophone. Inc:. 
220-029 Radio City 
New York 20, N. Y_ 

�-----------------1 
I MODERNOPHONE, INC. Clr�le 7-0830 I 
I �2e�:,�!�,,�a

d��e�;!Y;e�;Wm::roku;�:R�EY Booklet. I am I 
I interested in learning more about the Dormiphone I 
I Noe,����� ��f����'�'��ilrl��\l�t can do for me. No ouliga- I 
I Name... I 
I I 
I Address... .. . . I 
I C Hy... . ... Zo"e ....... 8Iale... I 
I ,:\1:\ malO interest in the Memory Trainer is for' I o Language Learmng 0 Speech Impro'Vement I 0 ).lemorizatlOll 0 School or College Work I 
L _________________ � 
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would reason the same way and also 
leave. Since neither has left, C deduces 
that his own hat must be red. 

As George Gamow and Marvin Stern 
point out in their delightful little book 
Puzzle-Math, this can be generalized to 
any number of men who ate all given 
red hats. Suppose there is a fourth man, 
D, who is more astute than C. He rea­
sons that if his hat is green, then A, B 
and C are in a situation exactly like the 
one Just described. After several minutes 
the most astute member of the trio will 
surely leave the room. But if five minutes 
go by and no one leaves, D can deduce 
that his hat is red. If there is a fifth man 
more astute than D, he will decide that 
his hat is red after a time-lapse of, say, 
10 minutes. Of course all this is weak­
ened by the assumption of different lev­
els of astuteness and by vagueness about 
the length of the various time-lapses. 

Less ambiguous are some other col­
ored-hat problems such as the follOWing, 
also invented by Smullyan. Three men­
A, B and C-are aware that all three of 
them are "perfect logicians" who can 
instantly deduce all the consequences of 
a given set of premises. There are four 
red and four green stamps available. The 
men are blindfolded and two stamps are 
pasted on each man's forehead. The 
blindfolds are removed. A, B and C are 
asked in turn: "Do you know the colors 
of your stamps?" Each says: "No." The 
question is then asked of A once more. 
He again says: "No." B is now asked 
the question, and replies: "Yes." What 
are the colors of B's stamps? 

A third class of popular logic puzzles 
involves truth-telling and lying. The 
classic example concerns an explorer in 
a region inhabited by the usual two 
tribes; the members of one tribe always 
lie, the members of the other always tell 
the truth. He meets two natives. "Are 
you a truth-teller?", he asks the tall one. 
"Goom," the native replies. "He say 
'Yes'," explains the short native, who 
speaks English, "but him big liar." What 
tribe did each belong to? 

A systematic approach would be to 
jot down the four possibilities-TT, TL, 
L T, LL-then eliminate the pairs that are 
inconsistent with the premises. A quick­
er solution is reached if one has the in­
sight to see that the tall native must 
answer "Yes" regardless of whether he 
lies or tells the truth. Since the short 
native told the truth, he must be a truth­
teller and his companion a liar. 

The most notorious problem of this 
type, complicated by probability factors 
and semantic obscurity, was dropped 
casually by the British astronomer Sir 

Arthur Eddington into the middle of the 
sixth chapter of his New Pathways in 
Science. "If A, B, C, D each speak the 
truth once in three times (independent­
ly), and A affirms that B denies that C 
declares that D is a liar, what is the 
probability that D was speaking the 
truth?" 

Eddington's answer of 25/71 was 
greeted by howls of protest from his 
readers, touching off an amusing con­
troversy that was never decisively re­
solved. The English astronomer Herbert 
Dingle, reviewing Eddington's book in 
Nature (March 23, 1935) dismissed the 
problem as meaningless and sympto­
matic of Eddington's confused thinking 
about probability. Theodore Sterne, an 
American physicist, replied (Nature, 
June 29,1935) that the problem was not 
meaningless, but lacked sufficient data 
for a solution. Dingle responded (Na­
ture, September 14, 1935) by contend­
ing that, if one granted Sterne's ap­
proach, there were enough data to reach 
a solution of exactly 1/3. Eddington 
then re-entered the fray with a paper 
entitled "The Problem of A, B, C and 
D" (The Mathematical Gazette, Octo­
ber, 1935), in which he explained in 
detail how he had calculated his answer. 

The difficulty lies chiefly in deciding 
exactly how to interpret Eddington's 
statement of the problem. If B is truth­
ful in making his denial, are we justified 
in assuming that C said that D spoke 
the truth? Eddington thought not. Sim­
ilarly, if A is lying, can we then be sure 
that B and C said anything at all? For­
tunately we can side-step all these verbal 
difficulties by making (as Eddington did 
not) the following assumptions: (1) All 
four men made statements. (2) A, B and 
C each made a statement that either af­
firmed or denied the statement that fol­
lows. (3) A lying affirmation is taken to 
be a denial and a lying denial is taken to 
be an affirmation. 

The men lie at random, each averag­
ing two lies out of every three state­
ments. If we represent each man's true 
statement by T and his two lies by Ll 
and L2, we can construct a table of 81 
different combinations of T's and L's for 
the four men. We must then decide 
which of these combinations are made 
impossible by the logical structure of the 
statement. The number of possible com­
binations terminating in T (that is, end­
ing with a true statement by D) , divided 
by the total number of possible combina­
tions will then be our answer. Next 
month we will explain the solution to 
this as well as to the two problems left 
unanswered earlier. 
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• no batteries or standard cells 

in &ed:n.oniK potentiometers 
The new Honeywell Continuous Voltage Stabilizer makes 
batteries, standard cells, and standardizing mechanisms 
unnecessary in new Brown ElectroniK circular or strip 
chart potentiometers. This new unit accurately regulates 
the D-C reference voltage supply to the measuring circuit. 
Standardization is no longer necessary. 

The small compact stabilizer unit uses Zener diodes and 
an ambient temperature compensator to deliver a con­
stant rectified voltage from line supply. This enables the 
instrument to respond to changes in the measured vari­
able without interruption. 

Each Continuous Voltage Stabilizer means more depend­
ability, less maintenance, continuous attention to the 
measured variable, and still another reason why ElectroniK 
instruments are your best value in measurement and 
control. These improved ElectroniK instruments will be 
available for delivery April 1. Get complete details from 
your nearby Honeywell field engineer ... he's as near 
as your phone. 

MINNEAPOLIS-HoNEYWELL, Wayne and Windrim Ave­
nues, Philadelphia 44, Pa. 

Honeywvell 
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Automatic range and polarity selection. 
Just apply the probe 

and read voltage directly! 
� 40SAR DC DIGITAL VOLTMETER is a completely new in­
strument providing, literally, "touch-and-read" voltage measure­
ments between 1 and 1,000 volts. Range, even polarity, are auto­
matically selected. Readout is in-line, in bright, steady numerals. 

New, novel circuitry provides a stability of readings virtually 
eliminating jitter in the last digit. This reduces operator fatigue 
and avoids uncertainty. 

Special features include a floating input, "electronic analog-to-­
digital conversion, digital recorder output and front-panel "hold" 
control permitting manual positioning of decimal. Voltage sam­
pling rate is variable from 1 reading every 5 seconds to 5 per 
second; or can be controlled externally by a 20 v positive pulse. 

BRIEF SPECIFICATIONS 
Range: 0.001 to 999 v de; 4 ranges. 
Presentation: 3 significant figures, polarity indicator 
Accuracy: ± 0.2% full scale ± 1 count 
Ranging time: 1fs sec to 2 sec 
Input impedance: 11 megohms to dc, all ranges 
Response time: Less than 1 sec 
AC rejection: 3 db at 0.7 cps; min. 50 db at 60 cps 
Price: $825.00 

Doto subject to change without notice. Price f.o.b. factory. 

HEWLETT- PACKARD COMPANY 
5100 PAGE Mill ROAD · PALO ALTO, CALIFORNIA, U.S.A. 

CABLE "HEWPACK" • DAVENPORT 5·4451 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

�10ng the most popular exhibits at 
any museum of natural history 
are the skeletons of dinosaurs. Of 

the millions of Americans who enjoy 
such exhibits, few realize that they can 
hunt and find such bones with no more 
equipment than the family automobile 
and some inexpensive tools which one 
can carry on one's back. According to 
Cresson H. Kearny, a petroleum geolo­
gist of Montrose, Col., the surface of 
many western states abounds with frag­
ments of dinosaur bones, and on public 
lands U. S. citizens can gather as many 
as they want. 

"Here is one national resource," writes 

Mostly about unearthing 
the fossils of dinosaurs 

Kearny, "in no danger of short supply. 
The best hunting grounds for dinosaur 
bones are the areas of soft sediments 
where erosion constantly brings speci­
mens to the surface. Millions more are 
doubtless hidden within the rocks. If 
one is in fairly good physical condition 
and likes to hike, here is an undeveloped 
avocation which for me is more satisfy­
ing than catching stocked trout in a 
stream teeming with tourists. In dino­
saur-bone country you can sometimes 
walk for days without seeing another 
human being, and you can enjoy not 
only the hunt for bones but also the 
grandeur of wilderness. Furthermore, if 
the amateur bone-hunter studies a bit, 
and then uses common sense in evaluat­
ing and handling his finds, he can render 
substantial help to paleontologists. 

"Recently two amateur uranium pros­
pectors found the largest leg bone-the 
left humerus of a Brachiosaurus-ever 
reported. Mrs. Eddie Jones of Delta, 

Col., and her husband were examining 
the Morrison formation, a deposit which 
has become famous for its fossils of large 
dinosaurs. Suddenly her Geiger counter 
began to click rapidly, although all she 
could see underfoot was the bluish shale 
of the Morrison. When the Joneses dug 
down a few inches they found a slightly 
fractured but complete fossil bone seven 
feet one inch long and 26 inches across 
at the broadest end [see illustration 
below J. As is often the case, the organic 
material of the fOSSilizing bone had con­
centrated-uranium minerals that had 
moved in dilute solutions through the 
almost impervious shale. A number of 
uranium minerals readily replace car­
bonaceous material, such as old drift­
wood or bone. It is remarkable how 
much 'hotter' a fossil bone can be than 
the surrounding rock. 

"U nfortunately the J oneses did not 
realize that their bone was destined to 
set a new record for size and would 

Cresson H. Kearny provides a scale for a huge Brachiosaurus bone found by Mrs. Eddie Jones 0/ Delta, Col. 
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Leg bone of a Brontosaurus is compared to the femur of an American Indian 

ultimately attract proportionate scientiRc 
interest. Furthermore, thev were afraid 
that rival prospectors, theJ� busy staking 
claims in the area, might Rnd and take 
it. So they drove their jeep up to the Rnd 
and carted away, like so much ore, over 
five hundred pounds of the biggest 
pieces, almost breaking their springs in 
the process. Back home in Delta, some 
14 miles away, they roughly aligned the 
various chunks on the front porch for 
their neigh bors to see. 

"One night several weeks later I 
chanced to be passing through Delta on 
a geological trip and heard about the 
find. When I visited the Jones home in 
the evening, I actually tripped over the 
pieces of a specimen such as I had 
dreamed about since my first visit as a 
boy to the great dinosaur halls of the 
American Museum of Natural History. 

"So it came about that one Sunday I 
put the Joneses' Brachiosaurus humerus 
together for them. Later, while on a trip 
to the East, I told paleontologists at both 
the American Museum of Natural His­
tory and the Smithsonian Institution 
about this bone, one far larger than any 
they possessed. When I described its 
size bv gesturing toward the ceiling, 
however, I received only skeptical 
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smiles. Finally I submitted a photograph 
of the bone, myself and a yardstick. 
That did the trick. 

"Both the Smithsonian and the Amer­
ican Museum soon asked the Joneses for 
their bone, but the Smithsonian asked 
Rrst. This spring we had the satisfaction 
of watching Peter Vaughn of the Smith­
sonian and two assistants skillfully cover 
each fragment with wet paper and then 
wrap it with a layer of burlap soaked in 
plaster of Paris. The next day the pale­
ontologists packed the hardened pack­
ages in wooden crates Riled with shav­
ings and shipped them off to Washing­
ton. Before long the Joneses' Brachio­
saurus humerus will be displayed against 
a column in the Smithsonian to help 
visitors picture one of the largest animals 
ever to walk the earth. 

"What is the scientiRc signiRcance of 
this huge bone? According to Edwin H. 
Colbert of the American Museum, the 
largest dinosaur bone previously found 
is the Brachiosaurus humerus excavated 
in Colorado by the Chicago Natural His­
tory Museum some 50 years ago. It is a 
little over six feet, eight inches long. 
This humerus once supported a Brachio­
saurus which weighed about 100,000 
pounds. The J oneses' seven-foot one-

inch humerus must have belonged to 
an animal that weighed some 120,000 
pounds! The head of the animal, judging 
by the height of a reconstructed Brachio­
saurus skeleton in the Berlin Museum, 
must have towered 44 feet above the 
ground. This must surely approach the 
engineering limits for a land animal. 

"Although the relatively common 
Brontosaurus is often cited to represent 
immensity among land animals, the 
rarer Brachiosaurus was a much larger 
animal. Both monsters were saurischians, 
one of the two orders of dinosaurs. 
Like dinosaurs of the other order 
(the ornithischians), the saurischian 
dinosaurs were descended from the 
small, agile, carnivorous Thecodonts of 
the Triassic Period of some 200 million 
years ago. The Thecodonts ran on pow­
erful hind legs; their front limbs were 
adapted for grasping. Yet Brachiosaurus, 
which evolved and became extinct dur­
ing the Jurassic Period of about 150 
million years ago, was a ponderous her­
bivorous reptile that not only walked 
on all four feet but also carried most 
of its weight on front legs decidedly 
longer and larger than its hind legs. 
Above its shoulders rose a towering neck 
which supported a small head with jaws 
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and teeth so insignificant that it is hard 
to understand how the animal could 
have eaten enough to grow a body of so 
many tons. No doubt it spent most of its 
time in fresh-water lakes filled with plant 
life. Obviously Brachiosaurus was high­
ly specialized for an aquatic existence; 
its nostrils pointed upward out of a sort 
of turret on the top of its head. Probably 
when Brachiosaurus was hiding from the 
worst predator of the period, the Allo­
saurus, its head looked like a small log 
floating in a muddy lake. 

"The mighty leg bones of Brachiosau­
rus were barely adequate to support its 
weight. As the animals evolved their 
size increased, and more individuals in 
each generation died because their leg 
bones had broken under the strain. Their 
weight went up as the cube of their 
linear dimension, whereas the strength 
of their bones could increase only with 
the square of this dimension. Eventually 
Brachiosaurus became too specialized to 
cope with the changes in its environ­
ment, and it died out millions of years 
earlier than other dinosaurs did. 

"All animal skeletons are made of ma­
terial with essentially the same strength, 
whether the animal be a dinosaur or a 
mouse. This strength increases with the 
cross-sectional area of bone. Those dino­
saur bones which did not have to bear 
heavy loads took advantage of engineer­
ing opportunities for light construction. 
When it came to supporting dead weight, 
however, the huge land dinosaurs found 
no solution other than solid columns of 
bone, as straight as possible to minimize 
bending stresses. The photograph on 
page 144 dramatizes this point; it com­
pares the five-foot two-inch femur of a 
Brontosaurus and the corresponding leg 
bone of a six-foot American Indian. If 
the two structures were cut at right 
angles to their long axes, the leg bone 
of the Indian would of course have a 
hole in the center, but the dinosaur 
femur would be solid. The marrow of 
such solid bones is represented by large 
cells distributed throughout the bone. 

"The problems of biological engineer­
ing suggested by the skeletons of large 
dinosaurs have given rise to some in­
genious speculations. For example, the 
paleontologist W. D. Matthew believed 
that these animals could not walk un­
less they were partly supported by wa­
ter. He wrote: 'The imperfect joints of 
the limb and foot bones were covered 
during life with thick cartilage, like the 
joints of whales, sea lizards and other 
aquatic animals. If the full weight of the 
animal came on these imperfect joints, 
the cartilage would yield and the ends of 
the bones would grind against each 

other, thus preventing the limb from 
moving without tearing the joint to 
pieces. The massive, solid limb and foot 
bones weighted the limbs while im­
mersed in water, and served the same 
purpose as the lead in divers' shoes, en­
abling the Brontosaurus to walk about 
firmly and securely underwater.' 

"It was with considerable interest that 
I measured the joint areas and cross 
sections of both the Joneses' Brachiosau­
rus humerus and the femur of the six­
foot Indian. I counted as effective only 
those areas of the joint which were 
loaded when the leg was in a straight 
position. The lower, smaller joint of the 
Brachiosaurus humerus has a corrected 
bearing area of 153.3 square inches, as 
contrasted to a similarly corrected bear­
ing area of 1.84 square inches for the 
ball of the Indian's femur. If the Brachio­
saurus had weighed 120,000 pounds, 
and if this one humerus joint took the 
whole weight, then the stress per square 
inch on the effective surface of the leg 
joint was 783 pounds. 

"Now let us assume that the Indian 
weighed 200 pounds, and, for purposes 
of argument, that he was carrying a bur­
den weighing 800 pounds. (Of course 
this is a mighty heavy load, but I have 
seen professional porters carry such 
loads in China.) If the entire weight 
were supported by one leg, the stress on 
the joint would be 543 pounds per 
square inch. The British biologist J. B. S. 
Haldane stated that the human leg 
would fail (with a fracture of the femur) 
under a load 10 times body weight; I 
have loaded my Indian with only four 
times his body weight. So if we grant 
that the cartilage of a Brachiosaurus was 
as strong as that of a man, and it may 
well have been stronger, then this largest 
of land animals could even have stood 
on one leg without wrecking its jOints! 

"Our dinosaur was in even better 
shape with respect to the strength of its 
leg bone: when it stood on one leg, its 
humerus, with a minimum cross section 
of 76.7 square inches, withstood a stress 
of 1,565 pounds per square inch. The 
solid bone of our Indian's femur had a 
cross section of .55 square inch; when 
he stood on one leg and carried a bur­
den of 800 pounds, the stress on the bone 
was 1,820 pounds per square inch. Thus 
it seems probable that the Brachiosaurus 
could walk easily and safely from lake to 
lake without injuring its legs. 

"Any student of the earth will find 
pleasure in reconstructing the world of 
the great dinosaurs of the Morrison for­
mation in western Colorado and eastern 
Utah. On the Uncompahgre Plateau the 
evidence is espeCially clear. The first 
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horizon with abundant dinosaur remains 
is the lower part of the Brushy Basin 
formation, which constitutes the upper­
most member of the Morrison. The 
Brushy Basin member is mostly a series 
of variegated bluish and purplish ben­
tonitic shales and clays, deposited large­
ly in quiet fresh-water lakes in a flat 
Jurassic world. But near the bottam of 
the Brushy Basin are numerous sand­
stone beds, often cross-bedded and 
showing other indications of having been 
laid down by swift streams that trans­
ported poorly sorted gravels along with 
driftwood (now petrified in interesting 
green and brown colors) and dinosaur 
bones (especially those of Brontosaur­
us). Then the earth sank over a large 
area embracing what is now most of the 
Uncompahgre Plateau, and the region 
became a quiet, muddy fresh-water lake 
that was the home of the Joneses' huge 
Brachiosaurus. Some 200 feet of fine 
clay was deposited in this lake, so it 
must have existed for a long time. 

"This quiet refuge for overspecialized 
giants was ruined when, at the beginning 
of the Cretaceous Period some 125 mil­
lion years ago, the gravels and sands of 
the widespread Dakota sandstone blan­
keted the whole series of lake-deposited 
clays and shales of the Brushy Basin, 
bringing in deciduous leaves, now fos­
silized, that tell of new uplands and a 
changing world in which Brachiosaurus 
failed to survive. 

"It is easy to see how a swift river, 
bearing coarse gravels as well as the 
bones of dinosaurs that had died farther 
upstream, often broke up the skeletons 
of even the largest animals. It is diffi­
cult to understand, however, how the 
giant humerus of the Joneses' Brachio­
saurus came to be buried all by itself, 
for it certainly came to rest on the bot­
tom, and far from the shore, of the lake. 
Perhaps the carcass floated into the lake 
and decomposed. The heavy humerus 
could then have broken away and sunk, 
to be petrified, collect uranium minerals 
and ultimately be found by an energetic 
lady with a Geiger counter. 

"What would seem to be the best 
hunting ground for the amateur collector 
of dinosaur bones extends in a wide belt 
from Colorado to Alberta. State geolog­
ical maps make it easy to find areas 
where Jurassic and Cretaceous sediments 
outcrop. A little local inquiry should 
lead one to areas where fossil bones have 
actually been discovered. The amateur 
should steer clear of areas such as Dino­
saur National Monument, where dino­
saur bones are found in hard conglom­
erate or sandstone. In these areas bones 
can be got out only by means of difficult 

mining operations, including the use of 
rock drills and dynamite. 

"The prospector who seeks big fossils 
should get away from roads and farms. 
He must learn to use his eyes and to form 
a mental image of what a dinosaur bone 
looks like. He should remember that the 
early explorers of the West, including 
a number of good geologists, must have 
walked over numerous specimens with­
out recognizing them as fossils. As a 
pioneer geologist once wrote in regard 
to the discovery of dinosaur fossils in the 
West, 'Most great discoveries are due to 
a state of mind rather than to accident: 

"The beginner should read extensively 
about dinosaurs and the art of finding 
and collecting them. An excellent refer­
ence is The Dinosaur Book, by Edwin H. 
Colbert. Visits to museums and talks 
with paleontologists are also helpful. 
The differences in form and color which 
distinguish a fossil from the rock in 
which it is found are subtle and easily 
escape the eye. One acquires the knack 
of spotting f0ssils quickest by exploring 
with a worker experienced in the field. 

"How to get the specimen out of the 
ground also presents a problem. A light 
shovel, a sharp miner's pick and a pros­
pector's hammer are the basic tools. A 
chisel, a supply of quick-drying plastic 
cement and a small brush are often very 
useful. The professional paleontologist 
always shellacs bones before he moves 
them, and then applies a protective 
cocoon of plaster of Paris and fabric. 
This technique may be impractical for 
the amateur who merely wants to take 
a bone home. In the case of larger bones, 
cocooning results in heavy packages that 
must be transported by a truck. 

"Rare specimens deserve to be got 
out in the best professional manner. If 
they prove too much to handle, leave 
them in place and inform a paleontolo­
gist of their whereabouts. Always submit 
photographs and scaled sketches. Fossil 
bones that have petrified into hard rock 
can be got out and restored at home by 
another technique, even when broken 
into many pieces. 

"This method is illustrated by the 
manner in which my son and I collected 
the first dinosaur bones he had found, 
when he was only 1 1. While hunting for 
petrified wood in the old river channel of 
the lower Brushy Basin member of the 
Morrison, he saw what he first thought 
was a strangely white petrified tree limb. 
To his delight, it proved to be the end 
of a dinosaur leg bone. He soon had the 
pieces all numbered, wrapped in paper 
and ready to go into our car, a half mile 
away. 

"One bone often leads to another, and 
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Physical uniformity of ALLEN-BRADLEY resistors 
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Scien tists and engineers at the Los Alamos 

Scientific Laboratory have access to an 
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in this instance the next proved to be 
a hard but badly fractured Brontosaurus 
femur weighing about 250 pounds. Had 
we covered it with plaster of Paris, our 
package would have been so heavy that 
we would have been compelled to build 
a road up to our excavation. 

"On our next trip to the area we first 
removed the overburden and placed 
atop the bone a measuring rod some­
what longer than the specimen. A mark 
was made on each major fragment of 
the bone and a sketch was drawn of the 
undisturbed fragments, along with the 
scale, including the distance between the 
marks. The fragments were next labeled, 
numbered serially and carefully removed 
for carting away. After we had got the 
pieces home, the indexed sketch enabled 
us to reassemble them quickly. 

"An added complication was intro­
duced by the fact that many of the frag­
ments were shattered into dozens of 
smaller pieces. We solved this problem 
by cementing the smaller pieces together 
with quick-drying plastic cement before 
removal. These cemented chunks, which 
weighed a pound or so, were also la­
beled, and after being wrapped in news­
paper were placed in our dog's pack. 
(The dog was a Saint Bernard.) My 
son did most of this work, and in the 
process learned something of the less 
pleasurable side of science, especially 
when a windstorm blew sand in his eyes. 
Then he and our Saint Bernard carried 
the big femur across terrain that would 
stop a tank. In the process the dog 
doubtless established a record for the 
largest bone brought home by his kind. 

"The lighter you travel when pros­
pecting, whether for uranium or dino­
saurs, the more ground you can cover 
and the more likely you are to hit pay 
dirt. A plywood pack-board of the Army 
type, a waterproof bag, a light sleeping 
bag, a nylon poncho, a couple of can­
teens, about 12 pounds of ready-to-eat 
dry food and a few light tools will en­
able you to hunt for five days in areas 
far from roads. Until you start collecting 
fossils you will have complete freedom 
of movement, thus making it easy for 
you to get into virgin dinosaur country. 

"My son and another boy are shortly 
leaving for just such a five-day hunt for 
dinosaurs. They are going into the area 
of the upper Morrison outcroppings in a 
remote part of the Uncompahgre Pla­
teau, where they will be up to 10 miles 
from the nearest jeep road. During the 
hunt they will probably not see another 
human being. We recently received a 
letter from a paleontologist informing us 
that the small dinosaurs of the Morrison 
are now the only known species that 
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the 
Pioneer 

In 

space 
To send the U. S . Pioneer more than 60,000 miles 

into interplanetary space, Space Technology Laboratories 

in seven months designed, developed, assembled, and 
tested an 88-foot combination of three integrated stages with a 

payload incorporating 36 separate ignition systems. 

STL'S Astrovehicles Laboratory focused on the payload itself and 

the sensitively related problems of propulsion, weight, 
and stability. These are in addition to the overall complexities 

of the structural configuration. 

Pioneer, setting new apogees in science and missilery, 

typifies the achievements STL is making in the advancement of 

space technology. Those who are able to contribute 

to and benefit from these developments are invited to 
consider joining our staff: 

Space 
Technology 
Laboratories 
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A hatchet.type planimeter to measure irregular areas 

have not been extensively collected and 
studied. The boys, assisted by a Geiger 
counter, will accordingly concentrate on 
small dinosaurs and try to bring back 
skulls and pelvises-bones prized even 
by our foremost museums. 

"In contrast with British amateurs, 
thousands of whom diligently collect 
well-known though insignificant fossils, 
relatively few Americans take an active 
interest in hunting our fossil treasures. 
This strikes me as most unfortunate. But 
after all, as my oid professor of geology 
at Oxford once remarked, 'Americans are 
a young people living in a young coun­
try and still have time.' " 

Walter Hobson, a mechanical engi-
neer of Philadelphia, submits the 

design for a planimeter to measure the 
area of an irregular shape. His planim­
eter, of the hatchet type, was constructed 
in the 1900s, and has been used exten­
sively for map work as well as for meas­
uring the irregular areas encountered in 
problems of mechanical design. Details 
of construction are given in the drawing 
at left. The only critical dimension 
is the distance between the tracing point 
and the point at which the rounded 
knife-blade makes contact with the pa­
per, which should be 10 inches. The trac­
ing point is first set on the estimated 
center of the figure to be measured. The 
blade is pressed into the paper at any 
convenient point, and a straight line is 
drawn from the tracing point to the 
point where the blade touches the pa­
per. The tracing point is moved along 
the straight line to its intersection with 
the figure, then around the figure and 
finally along the straight line to the point 
of origin. The knife is kept upright and 
in light but firm contact with the paper 
during the tracing operation. The motion 
of tracing causes the knife to make a zig­
zag excursion away from the line, as 
shown at upper left in the illustration. 
Measure the distance between the final 
position of the knife and the line and 
multiply it by 10. The product is the 
area in square inches of the figure. 

Rene A. Wurgel, who described a nov-
el method of mounting a diagonal 

mirror in a small telescope in this depart­
ment last November, calls attention to 
an error in the associated drawing. The 
brass rings which support the mirror 
should be attached to the main tube of 
the telescope by two bolts instead of 
four, as illustrated. This permits the 
rings to be turned for collimation. 'Wur­
gel also suggests that the rings be made 
of relatively thin material, i.e., on the 
order of .025 inch thick. 
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How Republic's E ngineers & Scientists Attack 
To d ay's Mi ssile,  Aircraft and Sp ace Problems 

There's something i n  the environment a t  Republic 
Aviation that fires the imagination and sharpens the logical 

faculties. 
You find it, at its quintessence, within the research groups, 

whose members have recently come up with a feasible design 
for a "Magnetic Pinch Plasma Engine" to operate in space. 

A design utilizing a novel application of basic knowledge in 
the field of magneto-hydrodynamics. 

The same spirit of bold inquiry, of looking beyond the 

immediate, conventional solution of a problem for new and 
better answers, permeates the entire professional staff. You'll 

find it in development engineers working on new missiles 
for new missions . . .  in experimental engineers studying the 

behavior of a prototype aircraft. You'll find it in the metal­

lurgical and electronics labs. 
THE R E S U LT - "quantum-jump" advances in many 

technologies vital to the conquest of upper atmosphere and 
space flight. 

Engineers and Scientists who share Republic's views on Creative Problem-Solving 
are invited to discuss opportunities now open in the following areas : 

TH E R M O ,  A E R O D Y NA M I C S  

Theoret i c a l  Gasdy n a m ics • Hyper·Velocity Studies . Astro n a utics Pre· 
c i s i o n  Traj ecto ries • Airp l a n e / M i s s i l e  Perform a n c e  • Air Load a n d  
Aeroe l a stic ity • Sta b i l ity a n d  Controls . F l utter & V i b ration . Vehicle 
Dyn a m ics & System Designs H igh Alt itude Atmosphere Physics 
Adva nced Prop u l s i o n  • Engineer Performance • Re-entry Heat Tra ns­
fer . S u perso n i c / Hypers o n i c  W i n d  T u n n e l s . Shock Tunnel  • P l a s m a  
T u n n e l . M agneto·Hyd rody n a m ics • Ground S u p p o rt E q u i pment 

E LECTR O N I C S  

I n e rt i a l  G u i d a n c e  • I n e rt i a l  N avigation • Digit a l  Computer Deve lop· 
m e nt • Radar Design • Syste m s  Engineering • I nform ation Theory 

• Te lemet ry-SSB Tech n i q u e  • Doppler  R a d a r  • C o u nterm e a s u re s  • 

R a d i o  A l t i m eters • Radome & Anten n a  Design • M i c rowave Circu itry 
& Components • Receiver & Tra n s m itte r Design • Ai rborne N aviga­
t i o n a l  Syste m s . M i s s i l e  Checkout Syste m s . M i s s i l e  Arming & Fusing 

J a m m i ng & Anti-J a m m ing M i n i a t u rizat i o n -Tra n s i storization 
Ra nging Systems . Propagation Studies • Ground Su pport Equipment 

PLAS M A  P R O P U LS I O N  

P l a s m a  Physics • Gaseous Electro n i c s  • Hype rso n i c s  a n d  Shock Phe­
nomena • M agneto· Hydrody n a m ic s  • Phys i c a l  C h e m i stry . C o m b u stion 
and Deto nation • I n strumentation • H igh Power Pulse Electro n i c s  

Send resume in complete confidence to: 
REPU B L I C  AV I ATI O N  is i nvesting 

$ 3 5 , 000 ,000 i n  b o l d  n e w  R & D  

Program designed to a rrive at M aj o r  

B r e a k t h ro u g h s  i nTra n s i t i o n  from 

Aerona utics to Astrona utics. 

Mr. George R. Hickman, Engineering Employment Manager 

Farmingdale, Long Island, New York 
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An Extraordinary Double Gift Offer 
Membership in the Science Book Club provides two 

valuable services. First, the Editors carefully evaluate 
the new books in science, and from among them choose 
the most significant volumes in all fields of inquiry. 
Then, these books are made available to members at 
substantially reduced prices. To demonstrate these serv­
ices, we cordially invite you to join the Science Book 
Club now while this remarkable introductory offer is 
in effect . Accept any 3 of the volumes on this page - a 
total value of up to $2 1 .70 - for only $ 3 .89.  Two of 
these books are your free gifts on joining; the third is 
your first membership selection. Thereafter, as a mem­
ber, you need take as few as 3 more selections during the 
next 12 months, always at reduced Member's Prices. 

SCIENCE BOOK CLUB, INC. $-17 
63 Fourth Avenue, New York 3, N. Y. 

Please enroll me as a member and send me the three volumes 
I have checked - two as my Gift Books on joining, and the 
third as my first Selection, all at the Introductory Member's 
Price of $3.89 ( plus postage ) .  As a member, I need take as 
few as 3 more Selections during the next 12 months, always 
at reduced Member's Prices; and each time I start a new series 
of four Selections I will receive a Free Bonus Book. 

o Frontiers in 0 Earth and lis 
Science Atmosphere 8 On Nuclear Energy 0 A Treasury of Science 

Mathematics in 0 Frontiers of 
Western Culture AstronomY 

o Rockels, Missiles 0 Theories of The 
& Space Travel Universe 

o Alom and Cosmos 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  . 
City . . . . . . . . . . . . . . . . . . . . . . . .  Zone . . . .  Slate . . . . . . . . . . . . . . . . . . 
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a remarkable offer from the 

SC I E N C E  BOOK CLUB 

Any' Three 
of these i m porta nt books 

for o n ly S38e 
with membersh ip 

FRONTIERS I N  SCIENCE 
Edited by Edward Hutchings. Ir. 
The latest findings in the important areas.' 
of s c i e n t i f i c  r e s e a r c h - P a u l i ng,  O p p e n ­
heimer, Hoyle. 27 others. List Prite $6.00 

ON NUCLEAR ENERGY 
By Donald I. Hughes. 
Brookhaven National Laboratory 
Just published - the complete account of 
the fundamentals of nuclear fission and 
fusion, chain reaction, atomic power, nu· 
clear fuel production and the uses of radio­
active isotopes. List Price $4.75 

MATHEMATICS IN WESTERN 
CULTURE By Morris Kline 
CIA stimulating and readable book . . • 

unfalteringly clear in explaining mathemati­
cal ideas. Kline has made a genuine con­
tribution to our understanding of mathe­
matics." Scientific A merican 

List Price $8." 

ROCKETS" MISSILES & SPACE 
TRAVEL By Willy Ley 
New, revised edition of this definitive source 
book on rocket development and space 
travel. Includes U.S. VANGUARD pr()o 
gram. List Price $6.75 

ATOM AND COSMOS 
By Hans Reichenbach 
A lucid exposition of Ihe world of modem 
physics, including such subjects as The DIs­
integration of Malter, Light and Radiation. 
Laws of the Atomic Mechanism and . The 
Relativity of Motion. List Price $5.00 

THE EARTH AND ITS ATMOSPHERE 
Edited by D. R. Bates 
"This is  a stimulating, even exciting book, 
summarizing recent additions to the rapidly 
g r o w i n g  b o d y  of k n o w l e d g e  a b o u t  t h e  
physics o f  o u r  planet!' Scii.1�

t
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A TREASURY OF SCIENCE 
Edited by Harlow Shapley 
A panorama of the development of modern 
science in the words of Einstein, Ditmars9 
Galileo, Oppenheimer and 70 other disting­
uished scientists. Gives a connected view of 
the physical universe of today. Newly re­
vised. List Price $6.95 

FRONTIERS OF ASTRONOMY 
By Fred Hoyle 
"New ideas about the structure of the earth 
. . .  formation of the craters and maria on 
the moon, and the origin of the planets and 
the solar system, discussed in a fascinating 
manner."  The London Times. 40 pages of 
photogra phs. List Price $5.00 

THEORIES OF THE UNIVERSE 
Edited by Milton K. Munitz 
Space, Time and the Creation of the Uni� 
verse - the first one-volume presentation of 
the development of cosmology from Plato 
to present day astronomers, mathematicians 
and physicist$. List Price $6.50 
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by James R. Newman 

THE CAUSES OF WORLD WAR THREE, by 
C. Wright Mills. Simon & Schuster 
($3.50 ) .  No MORE WAR!, by Linus 
Pauling. Dodd Mead & Company 
($3.50 ) .  INSPECTION FOR DISARMA­
MENT, edited by Seymour Melman. 
Columbia University Press ($6 ) .  
PEACE OR ATOMIC WAR?, by Albert 
Schweitzer. Henry Holt and Com­
pany ($1.50 ) . 

W
here there is an ear for rea­
soned argument these books 
will do a service. They are 

quite different books by quite different 
men, but they share a common concern: 
the continued existence of the human 
species. A sociologist examines the forces 
thrusting the world toward war; a chem­
ist assesses the effects of radioactive fall­
out; a group of scientists and engineers 
surveys the feasibility of an inspection 
system for disarmament; a physician 
pleads for an end of the nuclear-arms 
race. The tone of the books is also quite 
different. One sounds like a trumpet, one 
is cautious and analytical, one is re­
strained but remorseless, one is eloquent 
but gentle. All, however, reflect a deep 
awareness of man's peril: the probable 
annihilation of the human race in the 
event of another war. 

One may differ with Mills's analysis of 
the causes of the next war, but it can­
not be denied that he is a man of courage 
and of conscience. He has written an 
angry essay. It is none the worse for 
that; a torch must burn to give light. 
He confronts three main questions. Do 
men make history, and so make wars? 
Are we drifting blindly into the final 
catastrophe, or are certain decisions and 
policies thrusting us toward it? Assum­
ing that it lies within our power to avert 
war, what ought we to do? 

Take the first question. It is often said 
that certain great events such as wars are 
inevitable. Men are trapped by circum-

BOOKS 
Four approaches to the problem 
of preventing a third world war 

stances; fate makes the decisions .  This 
ancient idea, gradually transformed into 
the belief that the Deity has fixed a great 
plan which determines every sparrow's 
fall is, among thinking men at least, ob­
solete. Nature is hard but not malicious; 
the stars are indifferent. Irresistible 
forces, it may be admitted, shape the 
universe, but man can see and judge 
and know and create and decide for him­
self. His freedom is bounded, but within 
its small sphere it is sovereign. The 
"thinking reed" is both the weakest and 
the strongest thing in nature. There is, 
however, another conception of fate that 
is not obsolete. It is in fact, Mills says, 
indispensable for adequate reflection on 
human affairs. According to this concep­
tion history is "the summary and unin­
tended result of innumerable decisions 
of innumerable men." The men do not 
form an identifiable class; the decisions 
are not in themselves consequential 
enough for the results to have been fore­
seen. Like crowds of particles the de­
cisions collide, coalesce and add up to 
the blind result-the historical event, 
which, as it were, is autonomous . This is 
the fate Karl Marx had in mind when he 
wrote in The Eighteenth Brumai1'e of 
Louis Bonaparte, "Men make their own 
history, but they do not make it just as 
they please." 

Thus understood, fate is not, in Mills's 
words, a universal constant. It depends 
upon social structure and especially upon 
the concentration of power. Fate is a 
name we give to power so diffused and 
fragmented that we cannot discern the 
mechanics of its use; it is a name like 
probability, which baptizes our igno­
rance. But in a society where power is 
visibly concentrated, history is not drift 
or fate. It is the sum of the vital decisions 
made by the groups of men which hold 
power. What they do-or fail to do­
makes history; what others do is of little 
account: the others are the "utensils" of 
history-makers and the "objects" of his­
tory-making. 

Given this diagnosis, we shall with 
Mills take it for granted that a handful 
of "high and mighty" of the U.S .S .R. 

make history; but what about the U. S.? 
Mills's thesis, already set forth in The 
Power Elite, is here reaffirmed. In our 
country history is made, he says, by a 
small group of men: "the high military, 
the corporation executives, the political 
directorate." This is the top level. The 
middle level is composed of "a drift­
ing set of stalemated forces," and at 
the bottom is a passive, increasingly 
powerless "mass society." The power 
elite makes the decisions even though 
the formal democratic machinery has 
been relegated to the middle groups. 
The "great public" votes and even elects, 
but to what purpose? Of the men it elects 
only a few help make decisions, and then 
only when they are admitted to the elite. 

Mills now warms to his argument. The 
power elite (in the U.S .S.R. as well as in 
the U. S . )  is possessed by the "military 
metaphysic" that the constant threat of 
violence and the maintenance of a "bal­
ance of fright" are the essentials to a 
condition of peace. Many of the elite 
also believe that a war economy is the 
indispensable underpinning of economic 
prosperity. They are committed there­
fore to the arms race, which may in it­
self be the immediate cause of World 
War III . Political apathy of "publics" 
and moral insensibility of "masses" in 
both communist and capitalist worlds 
allow the economic and military causes 
of war to operate. Leading intellectual, 
scientific and religious circles are either 
confused and permissive, or join in the 
cold war. Few intellectuals put pressure 
on the elite to change its policies; fewer 
still set forth alternatives. In framing 
this indictment Mills is careful to say 
that the thrust to war is not an elite 
"plot," either here or in the U.S.S .R. The 
elite of each country has its "war parties" 
and its "peace parties," and both elites 
have what Mills calls "crackpot realists ." 
They are men so rigidly focused on the 
next step "that they become creatures of 
whatever the next step brings"; they are 
also men who cling rigidly to general 
principles and who "join a high-flying 
moral rhetoric with an opportunist 
crawling among a great scatter of un-
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focused fears and demands." Practical 
next steps and round, hortatory princi­
ples, but no program: this is the main 
content, in Mills's view, of today's strug­
gles of "politics ." 

Steadily we move towards the abyss. 
What is to be done? Mills's appeal is 
addressed mainly ',0 intellectuals. They 
must stop fighting the cold war. They 
must make contact with their opposite 
numbers "among those now officially de­
fined as our enemy." ( "With them, we 
ought to make our own separate peace." ) 
They must help educate one another. 
They must also remedy the default of re­
ligion and help awaken the public con­
science; fOf religion itself is "morally 
dead" in the U. S ., and ministers of God, 
who are responsible for the moral culti­
vation of conscience, "with moral nim­
bleness blunt conscience, covering it up 
with peace of mind." Scientists should 
h'onor publicly those, like the 18 German 
physicists, who have made their declm'a­
tions for peace and against working on 
the new weaponry. Scientists should at­
tempt "to deepen the split among them­
selves and to debate it." They should 
denounce secrecy. They should refuse to 
become members of a "Science Machine" 
under military authority. They should 
refuse to make weapons and boycott all 
research projects directly or indirectly 
relevant to the military. These are among 
the steps that Mills says would begin 
the practice of a professional code. The 
scientist, by adopting such a code, 
would reject "fate," for he would there­
by declare his resolve to take at least his 
own fate into his own hands. 

Mills's book is primarily a polemic and 
a sermon. It is, as intended, provoking 
as well as provocative. Patriotic groups 
will not clasp his thesis to their bosoms, 
and many disinterested students of so­
ciety and power will differ strongly with 
his analysis of the causes of war. No 
open-minded person, however, will mis­
take this for the work of a hack or pitch­
man for the official lines of either side. 
Mills is his own man. 

Linus Pauling, though gentler, is also 
his own man. His book is a powerful 
statement of the case for nuclear dis­
armament. 

That war is today an insane method of 
solving disputes is a truth so obvious 
that it is hard to prove. Men are apt to 
acknowledge it, as they acknowledge 
their mortality, and then go about their 
business. But the proposition that we 
all have to die some day is not the same 
as that we all have to die the same day. 
Until now it had always been assumed 
that, though men were mortal, man 

156 

would endure. This assumption, as Paul­
ing shows, has become questionable. 

Five chapters of his book discuss fall­
out. They give one of the clearest sum­
maries of the problem I have seen. While 
there is considerable disagreement as to 
what constitutes "safe" limits of radiation 
with respect both to somatic and genetic 
injury, no responsible scientist doubts 
that wide "margins of uncertainty" 
( these words are from the United Na­
tions report on radiation ) surround all 
estimates. Before the subject became a 
hot military and political potato, it was 
accepted that even small amounts of 
radiation produce mutations, and that 
almost all mutant genes are bad. But be­
cause quantitative estimates of

' 
popula­

tion exposure and of effects are so wide­
ranging, it is easy for those who for offi­
cial reasons wish to minimize the danger 
to becloud and confuse the issues . It can­
not be foretold whose genes will be 
altered, or in what way, so let's all stop 
worrying and keep our fission abIes dry. 

The physicist Edward Teller, who has 
sought and gained wide publicity for his 
views, is Pauling's prime example of a 
public misinformer. Teller regards radia­
tion from nuclear tests as a negligible 
threat to world health. World-wide fall­
out is, in his phrase, "as dangerous as 
being an ounce overweight." So far as 
possible genetic damage is concerned, 
Teller has stated that "radiation in small 
doses need not necessarily be harmful­
indeed may conceivably be helpful." 
This puts fallout in roughly the same 
category as Lydia Pinkham's remedy. 
His views on radiation are of course es­
sential to his general political position. 
He is convinced that the bigger the 
bombs the better the chance for peace. 
If the next war kills everyone, the world 
will again be peaceful; but this is not, 
I think, what Teller has in mind. He 
pins his hopes to "clean" bombs, which 
would leave survivors. Continued tests 
are needed, he says, to develop such 
bombs, and the tests themselves are 
harmless .  Another reason he gives for 
not suspending tests is that atomic explo­
sions can be concealed; we could never 
be sure therefore that an international 
agreement prohibiting tests would not 
be secretly violated by the Soviets. Be­
cause of his eminence as "father of the 
H-bomb," Teller's opinions have carried 
considerable weight. Lately their pres­
tige has waned, Pauling's arguments 
having contributed to this result. 

The statement that fallout is as dan­
gerous as being an ounce overweight 
Pauling characterizes as "ludicrous ." It 
is based, he says, on a gross statistical 

blunder and represents a 1,500-fold un­
derestimate of the hazard. One of Tel­
ler's points is that the people of Tibet, 
though exposed to much more intense 
cosmic radiation than people who live at 
lower altitudes, are as healthy as we are 
( or, at any rate, used to be ) . Pauling 
replies that the Tibetan exposure to in­
creased amounts of cosmic radiation 
should produce an increase in the in­
cidence of seriously defective children 
from 2 per cent-the average U. S. figure 
-to 2.3 per cent .  But since there are no 
medical statistics for Tibet, Teller's state­
ment is simply out of the blue. ( He ad­
vanced it in a magazine article in order, 
as he said in a television debate with 
Pauling, merely to "quiet excessive 
fears." ) Another of Teller's assertions is 
that the radiation danger to the average 
person is 10 times as great from lumi­
nous-dial wrist watches as from fallout. 
Pauling demolishes this statistic. Teller, 
it may be felt, is better at bombs than at 
arithmetic. 

Pauling gives examples of official mis­
statements . Men-il Eisenbud, an Atomic 
Energy Commission official, wrote an 
article in 1955 which stated that "the 
total fallout to date from all tests would 
have to be multiplied by a million to 
produce visible, deleterious effects ex­
cept in areas close to the explosion it­
self." He was later asked by a chairman 
of a Congressional subcommittee if he 
remembered how much radioactivity 
had fallen on the city of Troy, N. Y., fol­
lowing a test held in Nevada a few days 
before. Eisenbud estimated the amount 
as "something under . 1  roentgen" and 
finally settled on .01  roentgen. Ralph 
Lapp, who was present at the hearing, 
pointed out that a million times .01  
roentgen is  10,000 roentgens. Where­
upon one of the Senators observed that 
this amount would have the "visible and 
deleterious" effect of killing everybody 
in the region. 

Commissioner Willard F.  Libby of the 
A.E.C.  said in 1955 that "the fallout 
dosage rate as of January 1 of this year 
could be increased 15,000 times with­
out hazard ." This is not as cheering as 
Eisenbud's figure, but cheering enough. 
Pauling is less reassuring. He notes that 
10 hours after the detonation of a small 
fission bomb at the Nevada test site, the 
level of gamma radiation at St. George, 
Utah, was .004 roentgen per hour, which 
is .1 roentgen a day . Multiplied by 
15,000, this gives an exposure of 1 ,500 
roentgens-a dose that will produce 
death within a few days from radiation 
sickness .  

Pauling's own estimates of  the effects 
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of fallout are somber. He predicts an an­
nual death rate of 8,000 if tests continue 
at the present rate. Moreover, 15,000 
seriously defective children will be born 
each year whose defects must be attribu­
ted to the tests (this number does not 
include embryonic and neonatal deaths 
and stillbirths ) .  It is possible, he admits, 
that his estimates are 10 times too large 
or 10 times too small. Perhaps then only 
1,500 children will have to be sacrificed 
annually to the maintenance of peace; on 
the other hand, if the figures are too 
small, 150,000 children may be required. 
Even if no more tests are carried out, a 
lethal legacy of radioactive carbon 14 
already released into the atmosphere will 
be handed on for thousands of years. 
According to Pauling's calculations, 
based to a large extent on data provided 
by Libby and others, the quantities of 
this long-lived isotope discharged in the 
period 1952 to 195 8 will ultimately pro­
duce about one million seriously defec­
tive children and about two million em­
bryonic and neonatal deaths, "and will 
cause many millions of people to suffer 
from minor hereditary defects." Our gen­
eration will be remembered. 

When in April of last year Pauling 
first called attention to the menace of 
bomb-produced carbon 14, he was 
sharply criticized by three geneticists in 
a letter to The New Y01·k Times for mak­
ing "erroneous" and "exaggerated" state­
ments that "only add to the public's 
confusion and do not contribute to the 
solution of the problem." Libby dis­
missed Pauling's warning by saying that 
the effect of carbon 14 from nuclear tests 
"is equivalent to an increase in altitude 
of a few inches." But the ridicule back­
fired when the A.E.C.'s Division of Bi­
ology and Medicine issued a document, 
"The Biological Hazard to Man of Car­
bon 14 from Nuclear Weapons," whose 
conclusions agree quite closely with 
Pauling's. This document was unaccom­
panied by a press release and no enter­
prising reporter nosed it out. Lapp 
brought it to public attention in a letter 
to The New York Times. 

Like Mills, Pauling makes a general 
appeal for peace and for international 
agreements on the cessation of bomb 
tests and on disarmament. His words are 
a Cl'i de coeur, sustained by moral au­
thority and reason. But there is little 
evidence that such pleas, uttered by 
those who know most about the dangers 
involved in a nuclear war, have persuad­
ed leaders of states of the necessity of 
making radical changes in their policies. 
The argument is often heard that those 
responsible for the safety of the state 
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are in  a hopeless dilemma, for even if 
they are sincere in wanting peace and 
favor disarmament it is impossible to 
frame enforceable disarmament agree­
ments. If no inspection system is work­
able, as Teller and others have claimed, 
what is the practical value of test bans 
and treaties to outlaw weapons? 

There are at least two replies to this ar­
gument. One is that of the noted German 
physicist Max von Laue. "Suppose," he 
said, "I live in a big apartment house 
and burglars attack me; I am allowed to 
defend myself and, if need be, I may 
even shoot, but under no circumstances 
may I blow up the house. It is true that 
to do so would be an effective defense 
against burglars, but the resulting evil 
would be much greater than any I could 
suffer. But what if the burglars have ex­
plosives to destroy the whole house? 
Then I would leave them with the re­
sponsibility for the evil, and would not 
contribute anything to it." 

The other reply is less noble, but is 
no less to the point in countering the 
untruthful and misleading statements 
that have made men skeptical about the 
possibility of enforcing disarmament. 

It is given in the Melman book, a co­
operative study made at Columbia Uni­
versity, which provides a searching ex­
amination of inspection techniques. One 
of the contributors, the Columbia 
physicist Jay Orear, effectively refutes 
the claim that atomic tests can be "boot­
legged." He demonstrates that a com­
paratively small number of monitoring 
stations uniformly distributed through­
out the U.S.S.R. and the U. S., using the 
combined techniques for picking up 
acoustic waves, seismic waves, electro­
magnetic radiation and radioactivity, 
would constitute an adequate inspection 
system for test suspension. This, to­
gether with a provision that U.N. in­
spectors "be invited to all large chemical 
explosions, should make it possible," 
Orear says, "to detect all nuclear tests 
unless they are of such ultra-low yield 
as to be in the class of World War II 
blockbusters." This view is substantially 
the same as the one adopted by the U. S. 
and the U.S.S.R. at the Geneva Confer­
ence of Experts held last summer. 

Some 20 papers, together with an ex­
cellent general summary by Melman, 
make up the Columbia report. They deal 
with inspection of several major classes 
of activities: the production of heavy 
weapons of a conventional type, such as 
tanks, artillery and trucks; ship and sub­
marine building; aircraft, missile and fis­
sionable-material manufacture; the prep­
aration of biological-warfare weapons. 

Anyone who has thought about the prob­
lem quickly realizes that inspection of 
the manufacture of heavy weapons and 
naval vessels is relatively easy. The sheer 
mass of metal that must be moved and 
processed, the size of the plants and 
yards, the large labor force required­
all facilitate controls. One cannot hide 
a whale in the backyard. Inspectors with 
access to major factories can ensure 
against large-scale evasions: the Colum­
bia group estimates that 5,000 to 10,000 
inspectors are needed for 4 93 ordnance 
and accessories plants in the U. S: This 
number seems high, especially in view 
of the multiple approach recommended 
for every inspection assignment; but at 
least it represents a feasible operation 
that would not interfere with normal 
industrial activity. Monitoring the de­
velopment of biological weapons pre­
sents greater difficulties. Because their 
dependability as mass killers is uncer­
tain, biological weapons are unlikely to 
be tIle first choice of countries with large 
stores of atom bombs; but small countries 
with limited laboratory and manufactur­
ing facilities may, it is suggested, avail 
themselves of what is called the "poor 
man's atom bomb"- dispensers of viru­
lent material. "Continuous and close at­
tention" should therefore be given these 
weapons. 

These, however, are essentially sec­
ondary matters. The main worry is in­
spection of the production of fission abies 
and missiles. In addition to Orear's 
analysis of clandestine bomb-testing, the 
book contains reports on the possibility 
of using established radiation-protection 
services in an inspection scheme em­
bracing the manufacture of nuclear ex­
plosives, on the possible "theft" of fis­
sionable materials, on inspection of mis­
sile components, propellants and guid­
ance systems, on the "amenability of the 
air-borne propulsion systems industry to 
production inspection." 

The contributors weave a pretty tight 
net. It is hard to imagine how any mili­
tarily significant evasion of a disarma­
ment agreement could slip unnoticed 
through the inspection system here en­
visaged. The analysis is based entirely 
on publicly available information; no at­
tempt was made to gain access to 
"secrets." In Melman's opinion this self­
imposed limitation has given the report 
a "conservative bias"; that is, "more ac­
cess and more knowledge might have 
revealed more strategic control points for 
inspection" and thus made possible the 
elimination of many points now regard­
ed as essential. 

The basic assumption is that between 
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200 and 400 large missiles could be used 
"to devastate effectively" any one of the 
larger land areas of the earth. A useful 
inspection system must cope with pos­
sible efforts to produce these weapons in 
clandestine ways and also with the prob­
lem of hidden inventories of arms pro­
duced before the inspection system was 
instituted. In Congressional hearings 
some years ago J. R. Oppenheimer and 
other witnesses made the point that 
enough fissionable material to devastate 
a City the size of New York could be 
toted around in a violin case. The pur­
pose of this testimony was to point up 
both the danger of atomic weapons and 
the desperate necessity for nations get­
ting together to prohibit their manufac­
ture and use. But this somewhat over­
heated illustration had unfortunate re­
sults. Those who accepted it at face 
value became convinced that no inspec­
tion system would work, that disarma­
ment was altogether unfeasible and that 
the only prudent course for the U. S. was 
to amass an enormous stockpile of weap­
ons. The Columbia report presents a 
more rational perspective. The contribu­
tors do not minimize the dangers, nor do 
they claim that any inspection system, 
however searching, is without loopholes; 
but the report offers convincing evidence 
that a comprehensive scheme can prob­
ably be framed, which would make se­
cret rearmament so extraordinarily diffi­
cult "as to be virtually impossible." An 
inspection system is, after all, an alarm 
system. It is intended to give timely 
warning not of minor infractions but of 
illegal activities on a substantial scale, 
for these alone carry the threat of a de­
cisive surprise attack. 

The multiple-inspection approach rec­
ommended by the Columbia group in­
cludes, among other things, aerial recon­
naissance (useful to detect the produc­
tion rather than the existence of mis­
siles ) ; analysis and auditing of govern­
ment budgets; monitoring stations; 
checks on the whereabouts and activities 
of engineers and scientists; surveillance 
of plants producing airframes, chemicals 
and fissionables; inventory validation. 
The contributors have tried hard to fore­
see how ingenious men might contrive 
to fool the inspectors. This carries the 
analysiS pretty far. When serious con­
sideration is given, for example, to test­
ing-in connection with inventory valida­
tion-the alteration of records and the 
age of papers and inks, the reader begins 
to feel as if Dick Tracy had taken over. 
But these are minor aberrations, more 
than counterbalanced by a knowledge­
able and sensible treatment of the vari­
ous aspects of a tricky business. 

It is no small thing to question, as 
this book does, the validity of the ruling 
notion of deterrence. It is widely held, 
and not only by Mills's "elite," that 
genocidal weapons offer a reasonable 
guarantee of peace because no nation 
would deliberately commit suicide. But 
neither history nor social psychology un­
equivocally supports this opinion. Peo­
ple do not vote on going to war, and 
children are never asked. Deterrents may 
not deter because the deliberate judg­
ment that is essential to the "if-we­
kill-them -they'll-kill-us-so -let's -not -kill­
them" sequence rarely comes into play. 
Small causes may have large effects; 
moreover the dropping of even a single 
nuclear weapon is manifestly more pro­
vocative than slicing off Jenkins's ear or 
assassinating an archduke. An accident 
can set a catastrophic nuclear war in 
motion, and as nuclear weapons are in­
creasingly available and dispersed in 
more hands, the probabilities of such an 
accident must necessarily increase. "One 
aberrant, psychotic person or person 
gone momentarily out of control," Mel­
man writes, "could explode nuclear 
weapons at a random place, or over any 
populated area. A space satellite could 
be mistaken for a ballistic missile." And 
when many countries possess nuclear 
weapons, if a warhead were set off in 
one city, it might be impossible to identi­
fy the aggressor and therefore even to 
threaten retaliation. Thus the major as­
sumption of the mutual-deterrence strat­
egy falls to the ground. 

The best possible system of inspection 
techniques has weaknesses. A "fool­
proof" inspection system is a politician's 
catchword. The Melman report recog­
nizes this truth and suggests a design to 
compensate for the inevitable gaps in in­
spection. This design, called "inspection 
by the people," counts upon the help of 
plain citizens of every country to enforce 
international agreements. Secret rem"ma­
ment requires the partiCipation of a large 
number of persons; among them there 
are certain to be some who are not in 
sympathy with the evasion efforts and 
who might therefore be expected to 
report them to the international inspec­
tor·ate. Such persons must be encouraged 
and protected. If channels of communi­
cation from the population to the in­
specting organization are always kept 
open, news of clandestine violations-the 
use of certain machines, the production 
of materials, the operation of prohibited 
processes-will almost certainly trickle 
through. A constant appeal urging the 
theme that "the international agreement 
is mankind's shield against mutual ex­
termination and that a violation of this 
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agreement is thereby a crime against 
humanity" would, in Melman's view, 
evoke a cooperative response in every 
country and make untenable the position 
of any government, or group of officials, 
found guilty of breaking the law. 

Can it not be said that this is the 
most important conclusion of the Colum­
bia study? In a sense it links together 
the different approaches of Mills, Paul­
ing, Schweitzer and others who warn and 
strive to educate the world before it is 
too late. For after assessing the causes of 
war, analyzing the various strategies, de­
signing meticulous disarmament and in­
spection schemes, one faces the irreduc­
ible truth that we can live together or 
die together. It is too much to expect men 
all at once to throw away their weapons 
and embrace. But a beginning must be 
made, and that beginning depends, as 
the authors of the Melman report tell us, 
on conceding to each other what moral 
capacity we have, on having faith even 
in the enemy's awareness of his hu­
manity. 

"We cannot," says Sch�eitzer in a 
moving appeal broadcast from Norway 
last year and reprinted in his little book, 
"continue in this paralyzing mistrust. If 
we want to work our way out of the 
desperate situation in which we find 
ourselves, another spirit must enter into 
the people. It can only come if the 
awareness of its necessity suffices to give 
us strength to believe in its coming. We 
must presuppose the awareness of this 
need in all the peoples who have suf­
fered along with us. We must approach 
them in the spirit that we are human 
beings, all of us, and that we feel our­
selves fitted to feel with each other; to 
think and to will together in the same 
way .... " 

Short Reviews 

A HISTORY OF TECHNOLOGY, VOL. IV. 

THE INDUSTRIAL REVOLUTION, C. 
1 7S0-C. 18S0, edited by Charles Singer, 
E. J. Holmyard, A. R. Hall, Trevor 1. 
Williams. Oxford University Press 
($26.90). As this splendid history moves 
down to modern times, both the achieve­
ment and the dilemma of the editors be­
come more evident. The first volume 
spanned half a million years; the second, 
about two millennia; the third, two and 
a half centuries; and now the fourth 
covers the hundred years which em­
braced what is generally known as the 
Industrial Revolution. It hardly needs to 
be said that the present volume is worthy 
of its predecessors, a treat to the mind 
and eye. The rich variety of topics con­
sidered, the effective organization of the 

book, the general clarity of the exposi­
tion, the excellence and abundance of 
the illustrations deserve unstinted praise. 
Skill, learning, taste, scholarly devotion 
combine in these pages to yield a tri­
umph of historical literature. Yet, as the 
editors themselves point out, they faced 
severe difficulties in preparing this in­
stallment of their survey. Primarily, of 
course, they had to cope with the fa­
miliar historiographer's paradox: the 
more there is to say, the less can be said. 
Thus, for example, while almost every 
scrap of information about technological 
history before SOO B .C. could be sifted 
and weighed, the treatment of the 18th 
and 19th centuries, which saw a tre­
mendous increase in the pace of dis­
coveries and application, necessarily in­
volved hard problems of selection and 
sampling, with many topics having to 
be omitted and many others scanted. 
Moreover, as the picture becomes sharp­
er it also becomes more complex, and the 
historian of science has to take on re­
sponsibilities beyond those of the digger­
compiler. To many members of the pro­
fession this more challenging task is 
quite uncongenial, for it is cozier to 
work within the confines of old books 
and parchments than to be forced to 
chart a new course, to trace the develop­
ment of ideas, to establish fresh historical 
perspectives. And there is certainly a 
greater risk of being proved wrong in 
expressing a view on the effect of Black's 
notion of latent heat on the development 
of the steam engine, or of Ampere's 
mathematical researches on the rise of 
the electrical industry, than in showing 
that Galileo was mistaken when he said 
Copernicus was a priest, or that De­
sargues and not Roemer was the first to 
advocate epicycloidal teeth for gears. A 
second difficulty confronting the editors 
lay in the fact that machines and proc­
esses had, by the time of the Industrial 
Revolution, ceased to be simple. A plow, 
a pump, a potter's wheel are easier to 
understand than a steam engine, a 
scutching and lap machine, or Earn­
shaw's free detent escapement. The con­
tributors were therefore obliged to find 
a satisfactory compromise between over­
simplification and suffocation by detail. 
In the main they have succeeded, so 
that the average reader not only gains 
a sense of the astonishing sweep of tech­
nological advance, but learns a good deal 
about the wonderfully ingenious devices 
and principles which poured forth dur­
ing the period and revolutionized man's 
way of life. Among the conspicuously 
effective chapters are those on metal­
and coal-mining; the extraction and pro­
duction of iron, steel and nonferrous 
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Dr. John F. Brown, Jr., graduated 
from Brown University in 1947 
and received his Ph.D. at Massa­
chusetts Institute of Technology 
in 1950. Since then he has been 
an organic chemist at the General 
Electric Research Laboratory, 
where he now serves as manag­
er of the reaction-studies unit. 

Lock-and-key chemistry 
General Electric's Dr. �ohn F. Brown, �r., seeks 

ways to put molecules together in specific patterns 

"It is distressing," says chemist John F. Brown, Jr., 

"to know that even the lowliest amoeba is much better 

at performing chemical syntheses than the chemist is. 

The big difference between nature's chemistry and 

man's is the ability-or lack of it-to fit things to­

gether precisely." 
At the General Electric Research Laboratory, Dr. 

Brown and his associates are exploring a variety of 
unusual techniques for making organic molecules fit 

together as a key fits a lock. An example is their work 

with canal complexes, strange organic crystal struc­

tures much like a honeycomb. When the "honey" is 

polymerized-linked together-the regular walls of 
the honeycomb serve as "molecular templates," form­
ing a polymer with precise and ordered structure. 

Chemically specific synthesis -putting molecules 

together in a regular pattern-is one of the great 
scientific "barrier problems" being attacked by chem­

ists and biologists. Improved plastic materials will be 

one of the important results of today's fundamental 
and imaginative research in organic chemistry. 

At General Electric, problems of this kind are 
being solved by giving scientists like John Brown the 
tools, the incentives, and the freedom to seek out new 
knowledge. This is an important step toward prog­

ress for everyone. 

'A-ogress Is Our Mos! Imporl-anf P,otl�1 

GENERAL e ELECTRIC 
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O FFI CIA L  
ANN OUNCEMEN T 

Orders are now being 

accepted for first editions 

of the com prehensive gu ide 

to missile and space 

research-

V a n N o s t r a n d ' s  
D i c t i o n a r y O f  

Guided 
Missiles 

AND SPACE FLIGHT 
N o w  ready for public distribution, this i s  the 

fi rst book to define and explain every term 
used in connection with rocketry satellites mis­
siles and space flight. Its more 

'
than 800 

'
over­

sized C 7 y.j "XI O") double-column pages contain 
more data about this fast-growing field than has 
ever before appeared in any one volume. 

12,000 Terms Fully Explained 

The editors-a team of space and missile authori­
ties directed by Grayson Merrill, General Manager 
of Fai rchild Guided Missiles Division-have defined 
more than 1 2,000 technical terms essential to any­
one working in this field. Each article is written 
clearly and simply, to be understood even by lay­
men ; every subject is cross-referenced to simplify 
locating related information. 

Reveals Latest 
Data on: 

M i ss i l es 
Roc kets 

Sate l l i tes 
Space Stat i o n s  

G u i dance 
Controls  
Track i n g  

P r o p e l lants  
Armament 
l a u n c h i n g  

C e l e st i a l  M ec h a n i cs 
M eteoro l o g y  

Astrodynam i c s  
E l ectro n i cs 

Radar System s  
Physical  laws 
N u c l e a r  Power 

C e l e st i a l  N av i g at i o n  
l u n a r  Shots 

alld tll1Iell more 

300 Helpful 

Illustra tions 

Important missiles and 
satellite vehicles are illus­
trated with more than 50 
full'page photographs. 240 
line drawings reveal de­
tails of construction and 
assembly. 

A limited first edition is 
being printed. We will be 
happy to send you a copy 
for free examination. Do 
not keep it unless you are 
convinced that it can pay 
for itself many times over. 
(I f you are in any related 
field this I S  a legitimate tax 
deduction.) As this first 
edition is certain to be ex­
hausted quickly, prompt ac­
tion is suggested. �1ail the 
coupon now. 

FREE EXAM I NAT I O N  CO U PO N  
Mail Now-No Cash Required 

D. Van Nostrand Co . ,  Dept. 282A, 
120 Alexander Street, Princeto n .  N. J .  

Please ship . . . . . . . . . . . . . . . .. .  copies o f  'J'he Dictionary 
0/ Guided Missiles and Space PHoht. I understand 
tllaL 1 may examine this S O O -page,  over-s ized " 01-
I I m c  for ten days before deciding whether to pur­
('hase it .  At that time,  1 will cither return it  with 
no further obligation, or I will pay $15.00  plus a 
small shipping cost.  ( T ime payments available if 
preferred, $5. 00 down ; $5. 00 per month. ) 

o B ILL ME. 0 BILL CO:IIPANY 

Kame . . .. 

Firm . . . . . . . . .  Position. 

Address . . . . . . . . . . . . . .  . 

('ity . .  .Zone ... .  State  . . .  

o ��v:�i��i��
u 

c����
o
��irr'i;ek �"'a\t;; ��istl��

u
���: 

l ishers. You luay, if you Wish, return the book 
Wit!lin ten days for full refund . 
(ill Ca llada : 25 Hollinger Road, T01'OJl tO 16) 
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metals; the steam engine; watermills; the 
chemical industry; gas for light and heat, 
the textile industry; precision mechanics, 
building and civil-engineering construc­
tion; roads; canals; telegraphy. Each of 
these presentations is lucid, interesting, 
well-planned. The final chapter discusses 
the beginning of the change from craft 
to science as a basis for technology. One 
of the major questions in surveying this 
period is how to separate and distinguish 
the interacting elements of technological 
growth. In some industries and activities 
scientific understanding contributed to 
development; in others accumulated ex­
perience and the imagination of gifted 
craftsmen rather than scientific theory 
were the major factors. ("Until 1850," 
L. J. Henderson said, "the steam engine 
did more for science than science did 
for the steam engine." )  . The contribu­
tors have tried to identify these different 
elements, a task essential to a proper 
historical analysis; unfortunately they 
have not been able to discuss at any 
length the even more important ques­
tions of the social, economic and political 
circumstances surrounding the advance 
of technology. 

T OGIC M ACHINES AND DIAGRAMS, by 
L Martin Gardner. McGraw-Hill Book 
Company, Inc. ($5 ) . A brief history of 
the methods and machines that men 
have designed to solve problems of for­
mal logic. Until comparatively recently 
such devices were either mere intellectu­
al toys or were intended to facilitate the 
study of the principles and mechanics of 
reliable inference. But with the develop­
ment of automata and computers many 
technical problems have arisen that in­
volve difficult logical transformations. 
Thus, for example, electronic calculators 
often need a built-in logic unit to direct 
their operations. Gardner describes the 
absurd invention of the Spanish mystiC 
Raimon Lull, which by a generous 
stretch of imagination might be regarded 
as a primitive logic machine; the famous 
logic diagrams of John Venn; the related 
work in symbolic logic of Augustus De 
Morgan, Charles Peirce and Lewis Car­
roll; the Stanhope Demonstrator, Je­
vons's Logic Machine, the Marquand 
Machine-ingenious but crude engines 
that were capable of answering the 
sort of question that any experienced 
logician could have answered more 
yuickly out of his head; and the electric­
al logical machines, which first appeared 
about 10 years ago. This is an interesting 
book on an intriguing subject, but the 
author seems to have been undecided as 
to the audience he was aiming at, with 
the result that the treatment of certain 

P o c k e f  S i � e  - l o o s e  l e a f  

T EC H N I C A L  ·DATA B O O K S  

Printed on  loose leaf,  6 hole, 
6 }4 " x 3 }4 "  bond paper, each 
book contains about I 40 pages of 
technical data, condensed, accurate, 
essential for engineer, technical 
worker, student, business man. 

Architecture 

Electr ic ian's Data 

Bu i l der's Data 

Air Cond it ion ing 

Bu i l d i ng Constr. 

Surveying 

Surveying Tables 

H ighway Eng' g 

General Math 

Math Tables 

Physics 

Trig-Log Tables 

Gen'l Chemistry 

Chem ical Tables 

Analytic Chem. 

Mech' l  Drawing 

Mach ine  Design 

Mech. of Materials 

Pwr. Trans. Mach. 

Thermo. Tbls.  & Charts 

Phys. & Thermo. Data 

Metals 

Metal lurgy 

Hydrau l i cs 

Radio 

Telev Is ion & FM 

AC Motors & Gen'trs 

Transformers, 

Relays & Meters 

W r ite for F R E E  cata l o g  (2000 l i st i n gs ) . See 
how h e l pf u l  l E F A X  can be to y o u .  Send $ 1 . 2 5  
book.  o r  $ 6  for any f ive b o o k s  to l E F A X .  

E N G I N E E R I N G  F O R M U LAS & 
T A B L E S : Conta i n s  396 pages of basic  
form u l as. d e s i g n  d ata and tables,  for  
the 3 branches of e n g i n e er i n g  condensed.  
i n dexed.  accurate. I n  Si m .  leather  

cover,  $4.75.  

L E FA X  P U B L I S H E R S 
D E P T .  SA · 2 9 .  
P H I LA D E L P H I A  7.  P A .  

k urt Godel was only 
twenty-five when he 

p u bl ished "On Formal ly U n d ecida ble 
Propositions of Principia Mathematica 
a n d  Related Systems"-a fundamental  
pa per which few mathematicians at 
the t ime were e q u i p ped to u n dersta nd.  
Al bert Einste in  a n d  others s ince then  
have described Godel ' s  work as  one of  
the g reatest contr ibutions to r.he sci­
ences i n  recent t imes. GODEL'S  
P ROOF is the first rea d a ble expla na­
tion of this  historic pa per whose m a i n  
i d e a s  a n d  broad impl ications chal­
lenged basic assu m ptions i n  mathe­
matics and log ic. 
1 28 Pages Cloth, $2.95; Paper, $ 1 .75 

N E W  Y O R K  U N I V E R S I T Y P R E S S 
32 Washington Pla ce, New York 3 
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topics presupposes an acquaintance with 
graduate mathematics, while other parts 
of the exposition are at a quite ele­
mentary level. 

T HE DECIPHERMENT OF LIKEAR B, by 
John Chadwick. Cambridge Univer­

sity Press ($3.75 ) .  The late .vIichael 
Ventris described the decipherment of 
Linear B, the strange and bafRing writ­
ing inscribed on the clay tablets found 
at Mycenean cities in Greece and Crete, 
in the first two chapters of the book he 
wrote jointly with Chadwick (DoCll­
ments in M ycel1ean Greek ) ,  which was 
reviewed in these columns two years ago. 
The story is here told again for the gen­
eral reader with most of the technical 
details omitted, but in other respects 
more fully so as to present the back­
ground and to give some notion of the 
actual steps of the decipherment. It was 
a remarkable feat, combining trial and 
error, inspired guesswork and logic, an 
intellectual assault which would have 
dazzled even Sherlock Holmes's con­
descending brother Mycroft. Chadwick 
makes a most interesting and valiant 
effort to make it understandable, a task 
whose difficulty may be judged from the 
fact that not a few experts resisted Ven­
tris' decipherment because he was un­
able to explain to them how he had got 
his results. Still, even the "Greek-less" 
reader will enjoy following Ventris' con­
duct of the campaign, and an imperfect 
grasp of how each advance follows from 
the preceding one will not mar one's 
satisfaction over the final triumph. 

T HE WORLD OF BUTTERFLIES AND 

MOTHS, by Alexander B. Klots. 
McGraw-Hill Book Company, Inc. 
($15 ) .  A leading U. S. entomologist 
describes the forms and colors of butter­
Hies and moths, their ancestry and rela­
tionships, how they moult and grow, 
their egg-laying habits, their larvae and 
pupation, their diet and relations with 
plants and animals, their specialized 
senses, social behavior, courtship and 
mating, their distribution, their place in 
man's economy. The book is i llustrated 
with 1 80 photographs, 3 7  in color. Some 
of the black-and-whites are excellent but 
the color photographs are, with a few 
exceptions, mediocre. 

A FIELD GUIDE TO REPTILES AKD AM-

PHIBIANS OF EASTERN NORTH AM­

ERICA, by Roger Conant. Houghton Mif­
Hin Company ($3. 95 ) .  Another compact 
guide in this useful series. The text gives 
the essential facts for the amateur natur­
alist, and there are more than 1 ,100 il­
lustrations (400 in color ) of species of 

SC I E NT I F IC AME R ICAN BOOKS 
The widely acclaimed paperback series in which today's 
foremost scientists, writing in clear, non-technical langnage, 
report to the layman (and to their colleagnes 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 
books. ( 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. lIlus. 

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. Illus_ 

THE PLANET EARTH. Forces, tides, and 
currents 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. lIlus. 

THE UNIVERSE. How the two contending 
schools of modern cosmology put their theo· 
ries to the test of observation. 160 pp. lIlus. 

The big 62 6-page SCIENTIFIC 
AMERICAN READER is now available 
in a paperback edition at only $ 2 . 2 5  

50 articles f r o m  Scientific American 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. I f  you are not delighted, you 
may return them for full refund. 

- SIMON AND SCHUSTER 

rr - - - - - - - - MAIL THE COUPON TODAY - - - - - - - - -

To your bookseller, or 
SIMON AND SCHUSTER, Dept. A, 630 Fifth Avenue, New York 20, N. Y. 

Please send me the following Scientific American Books at $1 .45 each. 

___ Atomic Power 

___ Automatic Control 

___ Lives i n  Science 

___ The New Astronomy 

___ New Chemistry 

___ Planet Earth 

___ Plant Life 

___ The U niverse 

___ The Physics and 

Chemistry of Life 

___ A Twentieth Century 

Bestiary 

Also, please send the Scientific American Reader ___ paper, $2.25 ___ cloth, $6.50 

My remittance for $ . . . . . . . . . . . .  is enclosed. 1£ I am not delighted, I may return the 
books within 14 days for refund. 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zone . . . . .  State . . . . . . . . . . . . . 

�----- - - - - - - - - - -- - - --- - - - - - - - - -� 
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P H YS I C I STS 
E N G I N E E RS 

M ATH E MATI C IA N S  
are invited to join the Lincoln Laboratory 
scientists and engineers whose ideas have 
contributed to neW concepts in the field of 
electronic air defense .  

A b r o c h u r e  d e s c r i b i n g  t h e  f o l l o w i n g  
Laboratory programs will  b e  forwarded 

upon request. 

H EAVY RA DARS 

MEMORY DEVICES 

TRA N S I STORIZED D I GITAL COMPUTERS 

SCATTER COMM U N I CATIONS 

SOLI D STATE 

A EW (a ir-borne early wa rn i ng )  
S A G E  ( sem i-automatic ground env i ronment) 
SYSTEMS ANALYSI S  

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

Research a n d  Deve lopment  

M I T  
L I N C O L N  L A B O R A T O R Y  
B O X  1 8 
LEXINGTON 73, MASSACHUSETTS 

turtles, crocodiles, alligators, lizards, 
snakes, salamanders, newts, frogs and 
toads found in the U .  S. and Canada east 
of the 100th meridian. 

�'l:'\G BIRDS OF THE WORLD, by E .  
Thomas Gilliard . Doubleday and 

Company ($12.50 ) ,  A readable, author­
itative and representative survey of the 
world's birds by the associate curator of 
birds in the American Museum of Natur­
al History, Almost 1,500 of the 8,600 
species of birds are described as to gen­
eral characteristics, relationships, dis­
tribution and habits; 400 photographs, 
of which more than 200 are in color, 
support the ample text. Among the re­
markable creatures and characteristics 
reported by Gilliard are these: The 
Madagascar elephant bird, now extinct, 
that laid a two-gallon egg and weighed 
1,000 pounds; the coot that carries half 
a ton of rocks to build an island on which 
to lay its eggs; the skimmer that marks 
the water with a file of glowing animal 
life to lure its prey ; the frogmouth that 
mimics a flower and eats the insects that 
come to visit it; the birds that live in 
groups with migratory locusts; the use 
of mass fainting as a defense; the birds 
that paint their plumage with a pink 
pigment during the nuptial season. This 
is the best all-around book of its kind in 
English, and a bargain in today's market. 

eTENING IN THE DARK, by Donald R.  
Griffin. Yale University Press 

($ 7 .50 ) .  Based on the Trumbull Lec­
tures delivered at Yale University, this 
book presents a full account of the re­
searches on echolocation in animals. The 
first scientific studies of how bats find 
their way in the dark were made by the 
18th-century Italian naturalist Lazaro 
Spallanzani. After many brilliant experi­
ments he advanced the hypothesis that 
the sound of the bat's wing as it moved 
through the air was reflected from ob­
stacles, stimulated the bat's ear and 
formed the basis of its ability to navi­
gate. He was, however, unable fully to 
confirm this idea . At the beginning of 
the present century Sir Hiram S. Maxim, 
without knowing of Spallanzani's work, 
made a similar suggestion. The English 
physiologist H. Hartridge furthered un­
deI'standing of the problem in putting 
forward the possibility that bats might 
use sounds of high frequency and short 
wavelength; and Griffin himself, in a 
long and masterly series of investiga­
tions, finally solved the question by 
demonstrating that bats in flight emit 
pulses of high-frequency sound, whose 
echoes enable them to locate their insect 
prev and "hear their way." Griffin re-

© 1959 SCIENTIFIC AMERICAN, INC



r the 
challe1'} e � 

Here in the West, where sweepi ng plains and lofty 
mesas once challenged the conquistadores 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 i n  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 
outside the field of weaponry. For example,  Sandia C or­
poration, 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 Al buquerque, New Mexico,  and Livermore, California. 
These laboratories are modern in design and equipment,  
with per manent  faci l i t ies valued at 565,000,000.  Equip­
ment available,  or in  the process of instal lat ion,  incl udes 
an electron and positive ion Van de Graff accelerator, a 
5·megawatt tank-type heterogeneous nuclear reactor, a wind 
tunnel operat ing in subsonic through hypersonic ranges, 
digital  and analogue computers, and vari o u s  devices de­
veloped for specialized uses.  Extensive test faci l i t ies are 
provided for the research and develop ment  engineer for 
proving design theories and concepts. 

Engineers, mathematicians, and physicists-particularly 
those w i t h  advanced d egrees - wil l  find m a n y  n e w  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, life insurance, sickness benefits, 
retirement plan, and generous vacations. These combine 
with excellent working conditions to make Sandia an ex­
ceptionally 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 in the San 
Francisco Bay area, offers suburban advantages close to 
metropolitan San Francisco. Both are fine places in 
which to l ive.  

Our il lustrated brochure will  tel l  you more about Sandia 
Corporation and the opportunit ies i t  offers to engineers 
and scientists.  Write for your ropy to Staff Employment 
Section 569D. 
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E N G I N E E R S 

a n d  

P H Y S I C I S T S  
G R U M M A N  A I RCRAFT is rapidly expanding its research and development capabilities to par­

ticipate in the advancement of Nuclear Engineering and Nuclear Physics. Responsible positions 

are now available requiring initiative and imagination to carry out individual studies and par­

ticipate in group efforts on studies of nuclear propulsion system conceptual design, nuclearly 

propelled vehicle preliminary design and space vehicle power. 

R E A C T O R A N D S H I E L D I N G  A N A L Y S I S  

Reactor S h i e l d i ng Engi neer or Physic ist 

M . S. degree with a minimum of three years' experience in radiation attenuation and reactor 

shield design, preferably aircraft type. Duties i n clude shielding optimization studies, conceptual 

shield design for aircraft and research in shielding methods and materials. Experience with both 

M oments and Monte Carlo M ethods, and use of digital computers is  desired. Duties require 

supervision of all analytical and experimental aspects of manned and unmanned nuclear systems. 

Reactor Physic ist 

M . S. degree and a minimum of three years experience in reactor core physics and analysis, 

including programming methods for machine computers, to be responsi ble for the physics por­

tion of studies of nuclear propulsion systems. 

Sen i or Nuclear Physic ist -

M .S. or Ph.D. degree with a minimum of five years experience, preferably including reactor 

physics, to supervise theoretical and experimental research in nuclear physics, including activa­

tion, radiation effects, shielding, and cosmic ray effects on space vehicles. 

A D V A N C E D  S T U D Y 

Gu idance and Commun i cations Systems Engi neer 

M . S. in EE or B.S.  with equivalent experience. M inimum of 5 years' experience in over-all system 

conception, analysis and evaluation. System studies will involve work in guidance, reconnais­

sance, ECM and communications. These systems will be vital to the operation and use of nuclear 

or conventionally propelled vehicles of all types, including those for land, water, air and space 

travel. 

U .S. Citizenship required. Salary in accordance with background and experience. 

For immediate in terview, send your resume to Mr. A. Wilder, Engineering Personnel Director, 

Dept. G R  2 3  

G R U M M A N  A I R C R A FT E N G I N E E R I N G  C O R P O R A T I O N  

B e t h p a g e . L o n g  I s l a n d . N e w Y o r k  
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counts the work of earlier investigators, 
describes in great detail the combined 
zoological, neurophysiological and acous­
tical studies that led to the discovery 
of echolocation, and considers the bear­
ing of this discovery on the remarkable 
ability of the blind to sense obstacles and 
avoid collisions. (It is quite possible, he 
makes clear, that this ability can be fur­
ther developed by devising methods 
based on what has been learned about 
bats. ) This is a fine book that, despite 
many technical chapters, holds much of 
interest for the ordinary reader. It tells 
a fascinating natural-history story, but 
more than that, it gives a remarkably 
clear picture of a complete episode of 
the creative process in science : the false 
starts, the clever but inadequate hypoth­
eses that have to be reshaped again and 
again, the long, wearisome field obser­
vations and laboratory experiments, the 
breakthrough to a fresh insight, and the 
many new questions raised by each for­
ward step that provide the impetus to 
further study and breathe life into 
science. 

T HE BIRDS OF THE BRITISH ISLES, VOL. 

VII, by David Armitage Bannerman . 
Oliver and Boyd (63 shillings) .  This 
delightful work, which when complete 
will be the most authoritative and com­
prehensive guide to British birds, now 
passes the half-way stage with a volume 
devoted to 32 species of diving ducks 
and dabbling or surface-feeding ducks. 
The subjects include the mallard, gad­
wall, teal, garganey, wigeon, pintail, 
shoveler, pochard, goldeneye, eider, scot­
er, goo sander, merganser and smew, and 
the white-eyed, tufted, ring-necked, buE· 
fie-headed, long-tailed, harlequin and 
scaup ducks. The essays are readable, 
leisurely, unwearied and amazingly 
wide-ranging in their coverage of 
sources; the late George E. Lodge's 
paintings are as lovely as ever. Banner­
man is simply a marvel in spinning off 
this great book in his retirement after 
40 years of prodigious professional in­
dustry at the British Museum; and, if 
this were not enough, he has i'ecently 
completed jointly with his wife another 
work : The Birds of Cyprus. "Our days," 
he says, "have not been idle, and we 
have learned a great deal that we did 
not know before." 

Notes 

STUDIES ON FOSSIL VERTEBRATES, 

edited by T. Stanley Westoll. Essential 
Books ($5.60) . A collection of essays on 
vertebrate paleontology presented to 
D. M .  S. Watson, noted zoologist and 
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Engi nee ri ng 

ca ree rs 

grow 

bette r 

at L i n k-

Pa l o  A lto 

The climate is right for achievement at Link - Palo Alto . . •  

for your career, and for your enjoyment of life. 

Among the burgeoning projects at Link's attractive new 

laboratory are those requiring cultivation by engineers who have 

a green thumb with digital computers. If you have such 

talents, you will want to investigate a career at Link - Palo Alto. 

The professional atmosphere at Link is based on a recognition 

of technical competence and accomplishment. For those 

interested in advanced university study, Link will arrange tuition. 

Salaries are excellent. The Link health, medical, and retirement 

plans are outstanding. 

Palo Alto, a charming suburban community, offers an ideal 

location for career advancement and for raising a family. 

In addition to digital computer engineers, Link has staff openings 

for people with capabilities in electronic packaging, automatic 

checkout equipment, optical systems, and radar simulators. 

Your engineering career can grow better at Link - Palo Alto. 

Contact us at once. Write to Mr. L. A. Larko, Link A viation, Inc.� 

P. O. Box 1318, Palo Alto, California 

A subsidiary of 
General Precision 

Equipment 
Corporation I 

L I N K  AV I AT I O N, I N C, 
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Through your bookseller, or 
8AS I C  BOOKS, Publ ishers 
59 Fourth Ave., New York 3, N.Y. 

P·28 

Please send me a copy of THE LOGIC OF 
SCIENTIFIC DISCOVERY, by Karl Popper, 
for free examination. Within 7 days I 
will send you $7.50, plus postage, or I 
will return the book and owe nothing. 
Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Zone . . . . . . . . . .  State . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

O SAVE POSTAGE! Check here if you 
are enclosing payment now and we 

will pay postage. Same return privilege. 

comparative anatomist, on the occasion 
of his retirement from the University of 
London. 

THE BACKGROUND OF ASTRONOMY, by 
Henry C.  King. George Braziller, Inc. 
( $5 ) .  A brief popular history of astron­
omy from its obscure beginnings in the 
Near East to its position at the close of 
the 16th century in Western Europe. 

THE EARTH AND ITs GRAVITY FIELD, 

by W. A. Heiskanen and F. A. Vening 
Meinesz. McGraw-Hill Book Company, 
Inc. ( $ 12 .50 ) .  An advanced monograph 
on the earth's gravity field and related 
subjects, that presents ,  among other 
things, new conclusions about the way 
the earth tends toward equilibrium and 
the character and size of the deviations 
from this equilibrium, based on research­
es carried out by several workers, partic­
ularly by the authors, during the last 
three decades. 

A TREATISE ON THE ANALYTIC GEOM­

ETRY OF THREE DIMENSIONS, by George 
Salmon. Chelsea Publishing Company 
( $4.75 ) .  A reissue of the seventh edition 
of Volume I of a noted mathematical 
work. Chelsea continues year after year 
to reprint in attractive format useful but 
out-of-print mathematics books, and to 
offer them at a reasonable price, a pro­
gram that deserves notice. 

FROM APE TO ANGEL, by H. R. Hays. 
Alfred A. Knopf, Inc. ( $7.50 ) .  A some­
what galloping but not uninteresting 
history of social anthropology from 
Schoolcraft, Morgan, Lubbock, Tylor 
and Frazer to Malinowski, Boas, Bate­
son, Benedict, Dollard, Mead, et al. Too 
much is jammed into these 400 pages; 
even the most colorful and varied materi­
al is hard to take in such a rush. 

THE M ARCH OF ARCHAEOLOGY, by 
C. W. Ceram. Alfred A. Knopf, Inc. 
( $ 15 ) .  A colorful picture-book counter­
part of the author's Gods, Graves and 
Scholars. A number of the illustrations 
are very good, and the relatively brief, 
easy text that is keyed to the pictures 
will enable even the tired reader to fol­
low some of the major sequences of 
archaeological discovery without strain . 

LINEAR OPERATORS, PART 1: GENERAL 

THEORY, by Nelson Dunford and Jacob 
T. Schwartz. Interscience Publishers, 
Inc. ( $23 ) .  The first part of a compre­
hensive survey of the general theory of 
linear operators, together with a survey 
of the application of this theory to the 
diverse fields of more classical analysis. 
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Pan Am's new Passenger Travel Bag 
Designed by Edward larrabee Barnes 
Associates, New York, N. Y. 

Development and engineering coordinated 
by Plastic Engineering Sales Company, 
New York, N. Y. 

Manufactured by Penn Plastics Corp. 
Glenside, Pa. 

Pan Ams new Passenger Travel Bag is made of 
IVIAR II. EX * 

The latest idea in high-speed travel is jet aircraft ... and MARLEX has the extra toughness and flexibility needed 
the latest idea in overseas passenger flight bags is this brand for the integral hinge ... plus good molding characteristics. 
new design in MARLEX, the rigid polyethylene developed Combining light weight with amazing strength, tough-
by Phillips Chemical Company. ness and durability, MARLEX offers manufacturers the 

This new flight bag design provides accessible storage ultimate in plastic quality at a price that opens up new 
space for usual overnight articles plus adaptability for max- design horizons. Items that never could have been made 
imum re-use as a shopping bag, brief case, etc. Handle, before because of the expense of raw materials or fabricat-
hinge and joint laps are all integral, eliminating costly ing methods are now being mass-produced from MARLEX. 
secondary assemblies. Mold cost was reduced by the double No other type of material can serve so well and so eco-
use of a one-cavity mold. nomically in so many different applications. 

Its integral color, attractive surface and excellent rigid- How can MARLEX serve you? 
ity, make MARLEX a natural choice for this application. *MARLEX is a trademark for Phillips family of olefin polymers. 

PHILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma, A Subsidiary of Phillips Petroleum Company 
PLASTICS SALES OFFICES 

NEW ENGLAND NEW YORK AKRON CHICAGO WESTERN SOUTHERN 

322 Walerman Avenue 80 8roodwoy, luile 4300 318 Waler II reel 111 I. York II reel 317 N. Lake Ave. 6010 Iherry Lane 
Easl Pravidence 14, R.I. New York 5, N. Y. Akran 8, Ohio Elmhu"l, III. Pasadena, (olif. Dalias, Texas 
GEneva 4·7600 Digby 4·3480 fRanklin 6·4126 TErrace 4·6600 RYan 1·6997 EMerson 8·1358 

EXPORT: 80 8roadway, luile 4300, New York 5, N. Y. 

MARLEX� 
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DYNAMIC AMERICA 

A Pioneer Company 

Now marking its seventy-ninth year of 

continuous operation, Electro Dynamic 

pioneered the "Electrical Revolution" 

of the 1880's. One of the first companies to 

develop a practical electric drive for 

rail transportation, Electro Dynamic's 

motors powered the first trolley system in 

Washington, D. C., The Eckington and 

Soldiers Home Line. Consistently from 

1879, when the young inventor William 

Woodnut Griscom patented the world's 

first double induction motor, to present 

day design and production of nuclear 

research and power reactors, the atomic 

powered submarines Nautilus, Seawolf and 

Skate, the 880/600 commercial jet 

transports, and the Atlas intercontinental 

missile and earth satellite, General 

Dynamics has been in the forefront of new 

applications of new forms of energy. 

From Chapter 1 0/ "Dynamic America," a history 
0/ 420 pages and more than 1,000 illustrations 
to be published soon by Doubleday & Company 
and General Dynamics Corporation, 
445 Park Avenue, New York 22, N. Y. 

GENERAL. DVNAMICS 
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