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Reaching for the moon 
Once it meant the impossible . . .  

today it's a progress report on scientific research 

WHO DARES call anything impossible today? Not when 
research scientists are constantly seeking and finding 
new wonders to improve the way you live. 

ONLY A DREAM YESTERDAY ... reality today. A gen­
eration ago, Union Carbide scientists began taking oil 
and natural gas apart and putting the pieces together 
again in ways unknown to nature. 

The result? A steady stream of entirely new chemi­
cals . . .  an average of one a month for the past 25 

years. The benefits of these petroleum chemicals are 
everywhere-man.made textile fibers, amazing plastics, 
life-saving wonder drugs, enduring paints and enamels 
... the list is endless. 

NOT ONLY CHEMISTRY has felt the touch of Union 
Carbide research. Alloying metals that make possible 

stainless and other fine steels, oxygen from the air for 
medical and industrial use, a variety of carbon prod­
ucts -all have been developed, made better or more 
abundant through UCC research. 

AND THE MOON? The work of Union Carbide sci­
entists in new metals such as titanium, in rocket fuels, 
and in the beneficial uses of atomic energy, is helping 
man reach in that direction, too. 

FREE: Learn how ALLOYS, CARBONS, GASES, CHEMICALS, 
and PLASTICS improve many things that you use. Ask for 

"Products and Processes" booklet. 

UNION CARBIDE 
AND CARBON CORPORATION 
30 EAST 42ND STREET 00 NEW YORK 17, N. Y. 

In Canada: UNION CARBIDE CANADA LIMITED, TORONTO 

---------------- UCC's Trade-marked Products include----------------

SYNTHETIC ORGANIC CHEMICALS PRESTONE Anti·Freeze 

Dynel Textile Fibers ELECTROMET Alloys and Metals 

LINDE Silicones BAKELITE, VINYLITE, and KRENE Plastics 

EVEREADY Flashlights and Batteries PREST·O·LITE Acetylene 

HA YNES STELLITE Alloys UNION Carbide LINDE Oxygen 

NATIONAL Carbons ACHESON Electrodes PYROFAX Gas 
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now commercially available ... 

A SUPER HIGH RESOLUTION 
N-M-R SPECTROMETER 

VARIAN announces another important N-M-R 
"first" ... the super high resolution N-M-R (nuclear mag­
netic resonance) spectrometer. A new accessory, developed 
for the Varian 12-inch laboratory magnet system, extends 
time stability of the applied dc field to the unprecedented 
region of 1 part in 100 million. This exceptional stability 
enables use of a conventional strip chart recorder using slow 
sweeps ... results in a new standard of resolving power and 
signal-to-noise ratio. 

Now available with the Model V -4300B spec­
trometer and fully compatible with the many Varian high 
resolution N-M-R spectrometers in daily use, this device 
offers significant new advantages for the study of chemical 
systems. With super high resolution N-M-R, complex struc­
tural features of chemical compounds containing such nuclei 
as H', Flo, p3land B" can now be more readily determined 
... techniques for quantitative analyses substantially sim­
plified and improved. 

ANOTHER MILESTONE IN PRACTICAL N·M·R INSTRUMENTATION 
. • .  super high resolution represents the latest advance in the 
field of N-M-R spectroscopy, dating from Varian's delivery 
of the first commercial N-M-R spectrometer in 1950 ... the 
first high resolution N-M-R spectrometer in 1952. Today, 
many of these Varian instruments are making significant 
research contributions in the laboratories of chemical, petro­
leum and industrial firms, universitjes, government agencies 
and research institutes throughout the world. 
COMPLETE INFORMATION about super high resolution N-M-R 
and the Varian Model V-4300B spectrometer will be sent to 
you on request. 

The 
Special Products Division 

mark of V A R I A N associates 
leadership 

PALO ALTO 7. CALIfORNIA 

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, L INEAR ACCELERATO RS, MIC ROWAVE SYSTEM COMPONENTS, 

R. F. SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES 
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If you'd like a Kanigen technical brochure containing prop­
erties, applications, basis materials suitable for coating, 
design considerations and facilities available ... write to-

Kanigen Division 
GENERAL AMERICAN TRANSPORTATION CORPORATION 
General Offices: 135 South La Salle Street. Chicago 90, Illinois. 

West Coast Plant: 12ZU W. Olympic Blvd., Los Anueles 64, Calif. 
Phone Bradshaw 2-2143 

*"KANIGEN" is a 

mark identifying chemi­
cal deposition of a high­
nickel, low-phosphorus 
alloy by General A meri­
can Transportation Cor­
poration and its licensees. 
and the coating resulting 
there-from. 

. 
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IF YOUR 

BUSINESS 

IS IN.�. 

you should 
investigate 

ZIRCONIUM 
METAL 

and 
ZIRCONIUM 
CHEMICALS 

by 

CHEMICALS 
Heavy Chemicals 
Cosmetics 
Herbicides 
Insecticides 
Paints, Varnishes, Inks 
Soaps and Detergents 
Chemical process 

equipment 
Reagents 

PAPER, LEATHER, 
TEXTILES 

Finishing 
Dyes 
Waterproofing 
Processing Equipment 

MEDICINE 
Pharmaceuticals 
Surgery 

FOOD PROCESSING 
Beverages 
Sugar Refining 
Food Purification 

• Available for immediate delivery: 
Zirconium Metal & Sponge 

NUCLEONICS 
Power Reactors 

METALLURGY 
Magnesium and alloys 
Iron and Steel 
Copper 
Furnace construction 

TRANSPORTATION 
Tank cars 
Tank trucks 

ELECTRONICS 
Tube Manufacture 
Instruments 
Dielectrics 

GLASS & CERAMICS 
Glazes 
Opacifiers 

PETROLEUM 
Petrochemicals 
Refining 

Low Hafnium (Reactor Grade) 
2.5% Hafnium (Commercial Grade) 

Zirconium Tetrachloride 

Zirconia (Zirconium Oxide) 

Fused Zirconium Salts 

Zirconium Carbonitride 

Pure Anhydrous Magnesium Chloride 

CARBORUNDUM Available in test lots: 
Zirconium Acetate 

Carbonated 
Zirconium Nitrate 

Oxychloride 
Phosphate 
Phthalate 
Sulphate 

The 

METALS 

j 

Hydrous Oxide 
Citrate 
Hydrate 
Lactate 

CARBORUNDUM 
METALS co., Inc. 

SUBSIDIARY OF THE CARBORUNDUM COMPANY 

World's Largest Producer of Nuclear Reactor Zirconium 
-------------

Send for FREE technical bulletin: 
THE CARBORUNDUM METALS COMPANY, INC. 
Dept. SA 91·51, Akron, New York 

NAME 

COMPANY 

STREET 

CITY 

4 

TlTLE 

ZONE STATE 

Please send technical bulletins on: 

THE COVER 
The painting on the cover is a top 
view of a large scintillation counter 
used in an attempt to detect an elu­
sive particle of modern physics: the 
neutrino (see page 58). The tank of 
the counter, the top of which has 
been removed, is 28 inches high and 
28 inches in diameter. The sides of 
the tank are perforated with holes, 
at each of which is a photomultiplier 
tube. During an experiment the tank 
is RIled with a liquid which emits 
a small flash of light when it is pene­
trated by an ionizing particle or ray. 
The flash is detected by the photo­
multiplier tubes, ampliRed and Rnal­
Iy registered by a counter. A photo­
graph of the same device appears on 
page 58. It was built at the Los 
Alamos ScientiRc Laboratory, where 
an even larger counting device has 
now been made to detect neutrinos. 

THE ILLUSTRATIONS 
Cover painting by Walter Murch 

Page 
30-31 

32 

33 
34-36 
37 
39-42 
58 

60-68 
70-75 
80 

81-82 
84 
86 
90 
92-96 

99 
lOG 
102-104 
120-128 

Source 
Anthony G. Oettinger, 

Harvard University; 
courtesy John Wiley & 
Sons, Inc. 

Massachusetts Institute 
of Technology 

Paul Weller 
James Egleson 
Amy Kasai 
Eric Mose 
Atomic Energy Commis-

sion 
James Egleson 
Bernarda Bryson 
J. J. Wolken, University 

of Pittsburgh 
Amy Kasai 
Bunji Tagawa 
Paul Weller 
Bodleian Library 
New York Academy of 

Medicine 
Irving Geis 
Paul Weller 
Irving Geis 
Roger Hayward 
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LOW· TEMPERATURE PROCESSING 
-a basic method for separating 
components from gas mixtures 
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'I\le production of oxygen and nitrogen 
in unlimited quantities from the free air 
is accomplished most economically by 

"low-temperature processing". So, too, 
is the separation of industrial waste gases 
and fluid flows into their valuable com­
ponents. 

The method is basic. A gas mixture is 
liquefied by refrigeration-produced by 
expansion of the compressed mixture_ 
The temperature of the mixture is then 
allowed to rise to the boiling points of 

the constituent gases, one by one. 

Boiling point 
of gas 0 

Boiling point 
of gas • 

•• 
• 

Boiling point 
of gas • 

• 
e., .......... ..

. 
e • •••••• e f 

....
.

•.
.

... : ... ....... _.6; .. � 

As the temperature reaches the boiling 
point of each gas successively, the par­
ticular component can be drawn off 
from the mixture (fractional distilla­
tion). Basically, low-temperature gas sep­
aration processes depend on changing 
the state of matter. This is also the gene­
sis of other low-temperature separation 
processes-removing solids from liquids, 
and making solids from gases. Dewaxing 
oil and freezing xylenes out of petroleum 
products are examples of the first; 
making dry ice out of waste carbon 
dioxide, an example of the second. 

Engineering and production executives 
interested in this process may obtain more 
complete information by requesting (on 
company letter-head, please) a free copy 
of our booklet "Low-Temperature Proc­
essing of Gases, Liquids, Solids". 

oIir p,.oJuct� 
INCORPORATED 

Dept_ R , Box 538 Allentown, Pa. 
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THE WIDE and growing usefulness 
of SOLKA-FLOC in industrial proc­

esses is worthy of your study! 

Plant operations, for example, 
show that it successfully filters boil­
ing concentrated lye, as well as mol­
ten sulphur at 280° F. even after 250 
hours, and lube oils and additives at 
350°F. 

These are three dramatic proofs 
of the many applications where 
SOLKA-FLOC-99.5% pure alpha cel­
lulose-resists high heat and the at­
tack of caustics. 

In wet cell batteries it is upgrad­
ing grids and separators and in dry 
cells it is increasing capacity. 

It is pure enough to eat-a tremen­
dous asset in food operations. Its 
controlled fibre length, its chemical 
and dimensional stability, make it 
invaluable as a filler, binder, and ex­
tender in rubber products, plastics, 
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resins, adhesives, pharmaceuticals. 

For filtration, remember SOLKA­
FLOC if you need clarity, economical 
volume of clarified filtrate, adsorp­
tion of impurities, stable pre-coat, no 
loss of cake with pressure drop, no 
abrasion of pumps and valves, and a 
minimum of retention in filter cake. 

Available in a wide range of 
grades. For samples and more infor­
mation, write Dept. NF·l, our Bos­
ton office. 

BROWN Lilli 
COMPANY, Berlin, New Hampshire 

General Sales Office: 
150 Causeway Street, Boston 14, Mass. 

SOLKA PULPS · SOLKA-FLOC • N I B R O C  PAPERS 

NJBROC TOWELS • NIBROC KOWTOWLS • NIBROC 

TOILET TISSUE . BER MICO SE W ER PIPE AND 

CONDUIT • ONCO INSOLES· CHEMICALS 

LETTERS 
Sirs: 

I feel impelled to take issue with the 
conclusions reached by Solomon E. Asch 
in his article "Opinions and Social 
Pressure" [SCIENTIFIC AMERICAN, No­
vember, 1955]. The constant readiness 
to be proven wrong constitutes the most 
indispensable prerequisite for a scientist. 
On all matters of sense perception, capa­
ble of objec�ive measurement and verifi­
cation, a true scientist will invariably 
question and reject his own subjective 
impressions when confronted with objec­
tive evidence to the contrary, such as 
actual physical measurement. Even more 
strikin g results could have been obtained 
by actual measurement with two un­
eqllal, "fixed" measuring rods. Under the 
conditions of the stated experiments, the 
closest approach to objective verification 
available to the subject was the near 
unanimous judgment of his equals. One 
could thus make a strong case for a 
thesis contrary to that implied by the 
author: That the highest trait favoring 
the scientific progress of our society is 
the unflinching readiness to be proven 
wrong as adjudged by the best available 
methods of verification. 

Stubborn attachment to disproven pet 
theories (which the article would dub 
"capacity for independence" or "indi­
vidualism") is unworthy of intelligent 
men. Furthermore, the unselfish willing­
ness to accept the best available objec­
tive evidence in preference to one's own 
subjective impressions by no means im-

Scientific American, January, 1956; Vol. 194, 
No. 1. Published monthly by Scientific American, 
Inc., 2 West 45th Street, New York 36, N. Y.; 
Gerard Piel, president; Dennis Flanagan, vice 
president; Donald H. Miller, Jr., vice president 
and treasurer. 
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The Editors, SCIENTIFIC AMERICAN, 2 West 45th 
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POWER PLANT OF THE FUTURE 

The Solar rrJupiter" Gas Turbine Engine 

DEPENDABLE, INSTANT POWER in hot 

or cold weather is supplied by the 

Solar Jupiter 500 hp gas turbine. 

Co mpact a n d  light w e ight, the 

Jupiter engine offers easy portability; 

its ruggedness and simplicity cut 

maintenance problems. Solar builds 

both variable and constant speed, as 

well as air bleed versions, of this 

engine. Your forward planning should 

include this remarkable power plant, 

as well as its companion engine, the 

Solar "Mars"® 50 hp gas turbine. For 

data about Solar turbines, write today 

to Solar Aircraft Co., Dept. B-10l; 

2200 Pacific Hwy., San Diego 12, Cal. 

SOLAR 
AIRCRAFT COMPANY 

ENGINEERS WANTED Un limited oppor­
tunities in Solar's expanding gas turbine 
p rogram! Write todau, giving your 
experience. 

DESIGNERS. DEVELOPERS AND MANUfACTURERS Of METAL AllOY PRODUCTS • GAS TURBINES • BEllOWS • CONTROLS • HIGH TEMPERATURE COATINGS • AIRCRAfT COMPONENTS 
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THE NEW MODEL 3 

AUTOGRAF 
trude mel,k 

The Model 3 AUTOGRAF X-Y Recorder incorporates the proven features 

of the Model 2 in a compact instrument, ideal for use with standard 

8Yz" x 11" graph paper. Rugged, accurate, fast, and stable, the Model 

3 provides facilities for curve drawing and curve following with full 

visibility of the recording while in operation. 

• Ranges: 5 mv up to 500 volts, full scale. .200,000 ohms/volt input resistance. 

• Independent, isolated inputs, free of ground. .Zero set and one full scale length 
.Speeds: Up to Yzsecond. full scale. zero offset, both axes. 

• Resolution 0.1%; accuracy and resolution 0.25%. .Liquid ink or ball point pens. 

The addition of the Model 3 to the Moseley AUTOGRAF line gives you 
three X-Y recorders to choose from: 

MODel 1 
Drum type 
8Yz" x 11" paper 
X-V Recorder­
Curve Follower 

MODEL 2 

Flat-bed 
11" x 16Yz" paper 
X-V Recorder­
Curve Follower­
Point Plotter 

MODEL 3 
Desk Type 
8Yz" x 11" paper 
X-V Recorder­
Curve Follower 

More than 1000 AUTOGRAFS are in use in laboratories, univer­

sities, and industrial plants throughout the U _ S. and overseas. 

F. L. M 0 S E LEY C O. 
409 N Fair Oaks Ave, Pasadena, Calif. 

Bulletins describing these instruments 
are available and we'll be glad 
to send them to you. 

plies conformist behavior in the fields of 
ethical, moral, political and social prin­
ciples and convictions. 

A well-rounded person cannot do 
without a blend of both character in­
gredients: some measure of reliance on 
the common achievements of his fellow 
men, as well as some measure of critical 
independence. The results of these ex­
periments thus prove nothing whatever 
to a natural scientist, and point to no 
conclusion or lesson. Their value, if any, 
lies exclUSively in the determination of 
quantitative orders of magnitude for 
very specialized sets of conditions. 

KURT EISEMANN 

New York, N. Y. 

Sirs: 
It comes as a surprise that the investi­

gation of social pressure could be inter­
preted as confusing independence with 
dogmatiC attachment to one's views. The 
comments of Mr. Eisemann neglect a 
modest but vital fact about the experi­
mental situation: It was the task of the 
person who served as observer to report 
what he saw, not what others were see­
ing. His role was that of a person testi­
fying to a fact within his experience, and 
analogous to that of a member of a jury 
who is expected to consider the views of 
others but who may not delegate his re­
sponsibility. This was clearly under­
stood by all. 

Indeed, our observations show that 
the problem of the observer was not re­
stricted to deciding whether the majority 
was accurate. There were persons who, 
although convinced that the majority 
was judging correctly and that their own 
judgments were wrong, remained com­
pletely independent. There were others 
who complied with the majority al­
though convinced that it was wrong. 
These observations cannot be reconciled 
with the view that independence under 
the present conditions marked a failure 
to show a decent respect for the opinion 
of others, and that conformity was the 
sign of an unselfish scientific temper. 
The evidence points in a different direc­
tion: independence required a measure 
of strength, while failure of independ­
ence was connected with self-distrust 
and fear. 

Mr. Eisemann's letter raises a wider 
and a humanly more important issue. If 
I understand him rightly, he comes close 
at some points to saying that agreement 
among persons is at times tantamount to 
proof and the best criterion of truth, 
placing upon other individuals the obli-
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CHEMICAL COMPOSITION OF 
HARD CARBIDE INGREDIENTS OF KENNAMETAL 

Tungsten 
Carbide 

(WC) 

Titanium 
Carbide 

(TiC) 

Tungsten­
Titanium 
Carbide 
(WTiC2) 

Tantalum 
Carbide (TaC) 
with less than 

5%CbC 

Tungsten (W) 
Titanium (Ti) 
Tantalum (Ta) 
Carbon (C) 
Columbium (Cb) 

92.50% (min) 67.00-71.00% 
79.80-80.20% 18.00-21.00% 

93.45-93.65%* 
6.05-6.15% 19.20-19.60% 9.20-9.40% 6.35-6.55% 

5.00% (max) 

*Including CbC 

MAXIMUM IMPURITY CONTENT 

Free Carbon 
Fe 

0.05% 
0.15% 
0.10% 

0.50% 

0.20% 
0.10% 
0.10% 

0.20% 
0.40% 

0.10% 
0.10% 
0.10% 

0.20% 
0.10% 
0.30% 

0.05% 
0.10% 
0.30% 
0.20% 
0.50% 

0.10% 
0.10% 

0.10% 

0.50% 

0.20% 

0.10% 
0.30% 

These characteristics 

make KENNAMETAL* 

a unique material 
Often, what is required to get an idea 
off the drawing board into production 
is a material that provides exceptional 
physical and chemical properties. Such 
a material is Kennametal . _ . the hard­
est metal made. 

Th e c o m b ined p r o pe r ties t h a t  
K ennametal provides . .  _ shown i n  the 
accompanying tables . . . make this 
material stand uniquely alone. Each of 
the many grades of Kennametal pro­
vide a different combination of hard­
n e s s ,  s t re n g t h ,  and res i s t a n ce t o  
deflection, chatter, torque and vibra­
tion, erosion, abrasion, cavitation, cor­
rosion, annealing, oxidation and shock. 

Perhaps one or a combination of 
these characteristics is just what you 
need to get YOUR idea into produc­
tion. We invite you to send for addi­
tional information about K ennametal. 
Write to Dept. SA, KENNAMETAL INC., 
Latrobe, Pennsylvania, and ask for a 
copy of Booklet B-llI. 
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"Kennametal is the registered trademark of a series 
of hard carbide alloys of tungsten, tungsten-titanium 
and tantalum. 

RANGE OF PHYSICAL PROPERTIES 
OF VARIOUS GRADES 

Specific Gravity gms/cc 11.90-15.15 

Thermal Canductivity 
(cal;oC/cm/sec) .068-.207 

Electrical Canductivity 
(% af Copper Standard) 4.3-10.0 

Caeff. Thermal Expansion 
(X 1 0-6;OF up to 1 200°F) 2.5-4.0 
(X 1 0--<';0<;. up to 650°C) 4.5-7.2 

Magnetic Permeability 
(IL Induction) 1.5-3.0 

RANGE OF MECHANICAL PROPERTIES 
OF VARIOUS GRADES 

Hardness (Rockwell A) 85-93 
Hardness (Rockwell C) 67-82 
Hardness (Knoop-Kl00) 1700-2100' 

Transverse Rupture (psi) 175,000-
385,000 

Young's Modulus of 61,600,000-
Elasticity (psi) 94,300,000 

Compressive Strength (psi) 518,000-
800,000 

Torsional Strength 100,000-
(Shearing Stress psi) 186,000 

Tensile Strength (psi) To 150,000 

'Partial Range 

gation to acknowledge it. Had he lim­
ited his claim to suggesting that we 
ought to take into account and examine 
the views of others, one could hardly 
quarrel with it. But the history of human 
affairs-and of science itself-establishes 
sufficiently that error and distortion can 
have quite a following. Apparently we 
need to discriminate between valid and 
baseless consensus. And what other 
means of doing so have we than our own 
understanding? I prefer to say that 
agreement is not proof, that consensus is 
baseless unless it is independently con­
firmed in the experience and insights of 
each person. Our individual "subjective 
impressions" may be all too frail, but 
they are all we have. 

SOLOMON E. ASCH 

Cambridge, Mass. 

Sirs: 
I plead guilty in depriving the fifth 

decimal place in the number pi of one 
unit as it was correctly noticed and versi­
fied by Mr. Theodore Malnechuck ["Let­
ters," SCIENTIFIC AMERICAN, Novem­
ber, 1955]. But my excuse is my notori­
ously bad spelling which had resulted 
once in the past in accusing the editors 
of the "MacMillan Modern Dictionary" 
in missing the word APPLE in the volume. 
As it turned out later, I was looking for 
APPEL which would be more correct and 
besides was used by Anglosaxon writers 
long before Sheckspear. 

In present case my mistake was due 
to spelling french word APPRENDRE with 
one P only. In fact, thinking about num­
ber pi, I always remember a french 
nursery rithm which I have learned as 
a small boy. 

Que; aim Ii faire apprendre 
Un nombre utile aux sages. 
Immortel Archimedes, artist ingeniour 
Qui de ton ;ugement peux priser la 

valeur, 
Pour mots ton probleme 
A les parelles avantages! 

The number pi is obtained by count­
ing the number of letters in the words of 
this verse, and, writing APRENDRE I 
counted eight letters instead of nine. 
C'est terrible! 

G.GAMOW 

Washington, D. C. 

P. S. But, please let nobody use the 
verse for figuring more decimals in 7r 

before consulting french dictionary! 
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NEWEST THING IN 

MOTORING ATTIRE. 

when UOP developed 

• • 

its first refining process 

DUSTERS, GOGGLES AND GAUNTLETS were setting the fashion trend 

for automobile owners of 1915. 

And there was a new trend in petroleum refining in those days. A radical 

improvement in processing methods had just been announced by 

Universal Oil Products Company, and refiners were taking a look at the 

new continuous method for making more and better gasoline. 

It wasn't long before the industry had accepted UOP's thermal cracking 

process as the practical way to improve refining operations. 

For four decades refiners have continued to accept UOP processes 

as the most modern methods for making better gasoline at costs 

consistent with the industry's economic needs. It has been forty years 

of progress for refiners who have depended upon Universal's 

scientific and technical skill to help them make more and 

better products from petroleum. 

uniVERSAL OIL PRODUETS EOmPAnV 
• 3 0  ALGONQUIN ROAD, DES PLAINES, ILLINOIS, U. S. A. 

® 
Forty Years OJ Leadership In Petroleum Refining Technology 

PLATFORMING . • .  originated and developed by 

UOP . . . the industry's first catalytic reforming 

process that pi oneered the use of a platinum. 

bearing cata l y st. No w the lea ding reforming 

process in worldwide use. 

II 
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Minute quantities of an Armeen® stops 

corrosion in leading oil producer's 

equipment-increases throughput 20% 

Corrosion residue, collecting in gasoline 
casing-head condenser tubes was creating 
a severe and costly problem for a West 
Coast oil producer just two years ago. 
Frequent shutdowns for cleaning were 
necessary. The corrosion rate was so high, 
condensers had to be replaced every 18 
months. Then an Armour cationic cor­
rosion inhibitor- one of t h e  m a n y  
Armeens-was put t o  work. Almost im­
mediately, corrosion decreased 97%. 
Throughput increased 20%. Condenser 
life has been lengthened to 10 years. And 
less than one tablespoonful of an Armeen 
per tank wagon of gasoline did the job! 

Armour makes o v e r  100 cationics. 
Corrosion inhibition is just one of their 
1000 known applications. Effective at low 
concentrations, they are increasing pro­
duction and profits for a broad range of 
American industries. 

/' 
,. 

Only 0.2% of an Arquad® fabric 

softener gives textiles an amazingly soft 

hand-fabrics dry quicker, are easier 

to process 

Both natural and synthetic fabrics take 
on anti-static properties and an extra 
smoothness which prevents their twisting 
or bunching on the machines. Fabrics 
also dry quicker and become dirt resistant 
-with no oiliness or discoloration. Tex­
tile manufacturers find that Arquad­
treated fabrics sell quicker, too. Fabrics 
are given an amazingly soft hand -nap 
fluffs up almost magically. And only 0.2% 
of the Arquad added to the final bath 
is required! 

Whether you are looking for a low­
cost way to effectively soften textiles or 
working on cost reduction in some other 
application, you may very well find t�e 
answer in Armour's wide range of canoiliC 
chemicals. They are reducing costS in 
more than 1000 known applications. 
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PRODUCTION PROBLEMS? 

COST PROBLEMS? 
Armour cationics solved both in these two widely 

diverse fields. New applications are constantly being 

developed and added to the hundreds already known. 

Perhaps these unique chemicals can help you. 

Whether your business is rubber processing or 
mineral recovery, paper manufacturing or petroleum 
refining-whether you make germicides, paints, 
plastics or products for many other fields-it will 
pay you to include Armour cationics in your testing 
program. Extremely low concentrations of these 
powerful chemicals are increasing efficiency and 
profits for industries in at least a thousand different 
ways. Today, there are more than 100 different 

Armour cationics. One of them may be the chemical 
you've been looking for. 
Let Armour cationic specialists help speed your 
search. Our research people will recommend 
cationics which have delivered outstanding results 
in your field. Or, they will work with your staff ro 
develop a profitable new cationic application for 
you. Simply write us a description of your problem 
or send the coupon below, today. 

This brief list of proved applications will suggest many areas 

where testing of Armour cationics may prove profitable for you! 

Anti-statics • Emulsifiers • Asphalt Additives • Textile Softeners • Corrosion inhibitors in water systems 

Corrosion inhibitors in oil systems • Pigment wetting • Bactericides • Hard rubber mold release agents 

Algaecides • Buffing compound additives • Vinyl mold release agent • Latex foam sensitizers 

Flotation reagents • Nitrile rubber plasticizers and softeners 

for in/ormafion on any of fhe hundreds of proved uses for Armour cafionics-and for currenf dafa 

on possible new areas of applicafion-fill in fhe coupon below. 

-------------------, 
MAIL THIS COUPON TODAY! 

Please send me information on Armour cationics for the 

following applications: _________ _ 

Name ______________ ___ 

Firm _______________ _ 

Address..s _____________ _ 

City _________ State ____ _ 

Ai.. 
T 

ARMOUR 
CHEMICAL 
DIVISION 

© Armour and Company 
1355 Wesl 31 sl SI • •  Chicago 9, Illinois 

SA 1 
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DFI Engineering Audits 
!mprove your "product future" 

• • •  AND INSURE YOUR "PROFIT FUTURE" 
Sound business procedure calls for periodic outside audits of your 
accounts. Yet the best these can do is "tell you where you've been". 

Surely it is equally vital to assess your product and profitjuture . . •  

to tell you where you'll be one, two or five years from now. 

A DFI ENGINEERING AUDIT will help you do just that. It'� a 
custom-tailored engineering service designed to help you . • •  

1. Improve product quality 

2. Cut production costs 

3. Increase utility and sales appeal 

4. Reduce inventory requirements 

5. Eliminate user or production "headaches" 

6. Forecast future trends 

DFI Engineering Audits are available on a single product ... on 
your complete product line ... or on a long-range product program. 
Available on a continuing basis or on a separate budget basis for 
each project. 

Through more than 20 years of Creative Product Development 
experience in widely varied fields, Designers for Industry is in a 
unique position to help you "insure your company's future" ... in 
terms of forward-looking product design and development. 

Write us on your business letterhead for full information on DFI 
Engineering Audit service. 

<i\ n tl'lGINEERING' 

dJ • 
bo �ndllA1im f � E6UJ�corpor�d 1935 -- . ' AUO:TS j 

2915 Detroit Avenue CLEVELAND 13, OHIO 
Technical Surveys _ Industrial Design • Research and Development 

I 
= ENGINEERING 

Production Engineering • Transition Manufacturing AUDITS 
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50 AND 100 
YEARS AGO 

JANUARY, 1906: "A Parisian auto­
mobile paper recently published a letter 
from the Wright brothers to Capt. Fer­
ber of the French army, in which state­
ments are made that certainly need 
some public substantiation from the 
Wright brothers. In the letter in question 
it is alleged that on September 26 the 
Wright motor-driven aeroplane covered 
a distance of 17.961 kilometers in 18 
minutes and 9 seconds, and that its 
further progress was stopped by lack of 
gasoline. On September 30 the machine 
traveled 16 kilometers in 17 minutes 
and 15 seconds; this time a hot bearing 
prevented further progress. On Octo­
ber 5 an eye-opening record was set 
when a distance of 38.956 kilometers 
was covered in 33 minutes and 3 seconds 
(cause of stoppage, exhaustion of gaso­
line supply) . It seems that these alleged 
experiments were made at Dayton, 
Ohio, a fairly large town, and that the 
newspapers of the United States allowed 
these sensational perfOlmances to escape 
their notice. When it is considered 
that Langley never even successfully 
launched his man-carrying machine, 
that Langley's experimental model never 
flew more than a mile, and that 
Wright's mysterious aeroplane covered 
a reputed distance of 38 kilometers at 
the rate of one kilometer a minute, we 
have the right to exact further informa­
tion before we place reliance on these 
French reports." 

"The Bulletin of the Societe Astrono­
mique states that in an excursion which 
the Russian artist M. BorrissoH made 
lately to the Strait of Matochkin, be­
tween the two islands of Novaya Zemlya, 
he discovered underneath a case a box 
containing two thermometers, one a 
maximum and the other a minimum re­
cording thermometer. It is supposed 
that these instruments belonged to 
Hofer, an Austrian geologist, who made 
an expedition to this spot in 1872. One 
of the thermometers was found to have 
registered 15 deg. C. as a maximum, 
while the second instrument showed 
that the greatest cold had been -70 
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Where voices are 

powered 

by the sun 

A new kind of telephone sys­

tem developed by Bell Telephone 

Laboratories for rural areas is 

being operated experimentally by 

electric current derived from sun­

light. Electric current is generated 

as sunlight falls on the Bell Solar 

Battery, which a lineman IS seen 

adjusting in position. 

The exciting achievement IS 

made possible by two Labora­

tories inventions-the solar bat­

tery and the transistor. The new 

system uses transistors to the com­

plete exclusion of electron tubes. 

Transistors require little power 

and this power can be easily sup­

plied by the solar battery. 

Compact and economical, the 

transistorized system can carry 

several voices simul taneousl y 

wi thou t in terference. It has 

proved its ruggedness by stand­

ing up to heat, cold, rain and 

lightning. It promises more and 

improved telephone service for 

rural areas and it typifies the 

Laboratories' continuing efforts 

to make American telephony still 

better each year. 

BELL TELEPHONE LABORATORIES 

IMPROVING AMERICA'S TELEPHONE SERVICE PROVIDES CAREERS 
FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS 

Lineman mounting solar battery on pole 
near Americus, Ga. The battery supplies 
power directly to the line by day and 
also charges a storage battery for night­
time use. The solar battery contains 432 
specially prepared silicon cells, cush­
ioned in oil and covered by glass. 

In sending and receiving terminals, transis­
tors are used as oscillators, amplifiers and 
regulators, and for signaling. 

One of the transistors (actual size) used in 
the new system. New ideas, new tools. new 
equipment and new methods had to be devel­
oped for this project. 

15 
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helps you select 

the right 

SHAKER 
SYSTEM 

CALIDYNE ASKS QU ESTIONS 

When you inquire about Calidyne Shaker Systems, you're asked 
"What type of vibration testing is required - conventional environ-
mental testing? Fatigue testing? Structural response determina-
tion? Mechanical noise reduction?" Further, "What are your 
present, and anticipated, requirements for force, frequency, and 
stroke?" In this way, Calidyne can recommend the equipment 
which will provide maximum usefulness for your investment, with 
as much flexibility as possible for future needs. 

CALI DYNE DELIVERS 

To meet your requirements, Calidyne offers complete Shaker 
Systems ranging in force output from 25 to 12,500 pounds. Systems 
consist of one or more electrodynamic Shakers, a rotary or elec­
tronic power supply, a control console and various optional 
accessories for monitoring, measuring or automatically cycling 
tests. Calidyne Shakers feature greater useful force output through 
lighter armatures, true linear armature motion, rugged construc­
tion. Certain Calidyne power supply units, also, will operate 
Shakers of widely different force outputs. Any accessory may be 
added to a basic system at any time, without costly revamping 
or modification. 

CALL CALIDYNE 

For competent help in solving your vibration testing problems, or 
technical data on any Calidyne Shaker System, call Calidyne now. 

.CALIDVNE 
============= COM PAN Y 

120 CROSS STR E E T ,  WIN C HES TER, MASSACHU SET TS 

SALES REPRESENTATIVES: 
WALTHAM, MASS. CLEVElAND, OHIO 

Rebert A. Waters, Inc. M. P. Odell Co. 
Waltham 5·6900 Prospect 1-6171 

NEW HAVEN, CONN. 
Robert A. Waters, Inc. 
Fulton 7·6760 

NEW YORK CITY AREA 

DAYTON, OHIO 
M. P. Odell Co. 
Oregon 4441 

��c�r 
E��ob:l 

Associates 
DETROIT, MICHIGAN 

RIDGEWOOD, NEW JERSEY M. P. Odell Co. 

G. C. Engel & Associates Superior 8·5114 
Gilbert 4·0878 

PHILADElPHIA, PA. 
G. C. Engel 
Chestnut Hill 8·0892 

NORTHERN NEW YORK 
Technical Instruments, Inc. 
Waltham, Moss. 
Wolthom 5·8445 
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WASHINGTON, D. C. 
F. R. Jodon, Inc. 
Hobart 2·4300 

SOUTHEAST 
W. A. Brown & Assoc. 
Alexandria, Va. 
Overlook 3·6100 

CHICAGO, IlliNOIS 
Hugh Marsland & Co. 
Ambassodor 2-1555 

SAN FRANCISCO, CALIF. 
G. B. Miller Co. 
Lytell 3·3438 

INDIANAPOLIS, INDIANA 
AL��������ECo

�EW MEXICO 

�1��d�r:r�8�� &. 
Co. 

Albuquerque 5·8606 

MINNEAPOLIS, MINN. 
Hugh Marsland & Co. 
Colfox 7949 

DALLAS, TEXAS 
John A. Green Co. 
Fleetwood 7·7385 

SEATTLE, WASH. 
G. B. Miller Co. 
lander 3320 

CANADA 
Measurement Engineering ltd. 
Arnprior, Ont., Phone 400 
Toronto, Ont., Mayfair 8860 

EXPORT 
HOllYWOOD, CALIFORNIA Rcxke Internotionol Corp. 

G. 8. Miller Co. 13 Eost �Oth St., N. Y. 16, N. Y. 
Hollywood 2·1195 Murroy Hill 9·0200 

deg. C. This value seems to be the ex­
treme cold which has been reached in 
this region for thirty years past." 

"For the purposes of studying the 
causes of soroche or mountain sickness 
and the influence of the temperature and 
climate of high altitudes upon general 
nutrition, two eminent French medical 
authorities, Drs. Guillemard and Moog, 
during last July made a stay at the Mont 
Blanc observatory with the astronomer 
M. Janssen. According to the results of 
their investigations the diminished ten­
sions of the oxygen in the atmosphere 
clogs the processes of oxidation, and this 
sets up an elaboration of toxic sub­
stances, the retention of which causes 
autointoxication and accounts for the 
symptoms of mountain sickness. Accli­
matization, however, results in a few 
days, and the symptoms pass away un­
der circumstances resembling those ac­
companying the passing of the crisis in 
infectious maladies." 

JANUARY, 1856: "At a late meeting 
of the American Geographical Society 
in New York the interest of the proceed­
ings was enhanced by the presence of 
Dr. Kane, the Arctic explorer, who gave 
an outline of some of his discoveries. His 
remarks commenced by allusions to the 
mountain ranges in North Greenland:­
'After leaving New York, we made the 
coast of Greenland at its most southern 
point. We then continued to Smith 
Sound, and then pushed on in our ship 
further to the northward. From this point 
our vessel was forced up to our winter 
harbor. With great difficulty here we 
were enabled to travel by sledges, and 
in this way we reached the latitude of 
80 degs.-the most northern point which 
has yet been reached. At this point our 
parties were compelled to return for the 
winter. In our winter harbor we estab­
lished an observatory, by means of a 
theodolite and a common pocket glass. 
We took magnetic and meteorological 
observations, which are now deposited 
in the office of the Coast Survey. Our 
lowest recorded temperature was be­
tween 70 and 80 degrees below zero. We 
found that Greenland, at this point, un­
expectedly presented a coast running 
almost east and west. Here we discov­
ered a range of mountains that stretched 
out, apparently, far to the north. In the 
latter portion of this travel we found be-
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Rare Earths by Ion Exchange 

a new system which produces" rare" rare earths 

in purities up to 99.99% for research and industrial use 

T
ALK about excitement! Here at 
Lindsay we're as thrilled as a kid 
with a new toy-our new ion ex­

change unit is a big success and already 
the talk of the industry. 

What's it all about? Well, the "rare" 
rare earths, as you know, are so identi­
cal in their atomic structure that sepa­
ration by the common fractional crys­
tallization method is impractical for 
most of them. Yet there has been an in­
creasing number of inquiries from sci­
entists throughout the country for the 
salts of some of these rare earths in 
quantities and purities not available 
commercially. 

Fortunately, two gifted gentlemen, 
Drs. Spedding and Powell of the Ames 
Institute for Atomic Research, had de­
veloped a process for the separation of 
rare earths by ion exchange. Their pilot 
plant work demonstrated that highly 
pure rare earth salts could be produced 
in commercial quantities. 

a report by LINDSAY 

So this was the solution to our prob­
lem! In August we installed a battery 
of ion exchange columns in our West 
Chicago plant. The results were spec­
tacular. We have successfully separated 
commercial quantities of these highly 
gregarious elements: samarium, euro­
pium, gadolinium, terbium, dyspro­
sium, erbium, thulium, ytterbium, 
yttrium, lutetium and holmium. 

Our first ion exchange unit has been 
operating at capacity since the installa­
tion, and we are now adding a second 
unit. 

Lindsay's ion exchange process works 
like this. Monazite ore tailings are dis­
solved in nitric acid and are then 
treated with oxalic acid to remove im­
purities. The rare earths are precipi­
tated out as oxalates which are ignited 
to trivalent oxides. These oxides, dis­
solved in hydrochloric acid, become a 
"charge" for the ion exchange column 
which contains a bed of synthetic resin 

Portion of lindsoy's Ion Exchange Plant 

(sulfonated styrene-divinylbenzene co­
polymer). Positive ions on the active 
points of the resin are exchanged for 
ionized rare earth atoms which are held 
by the resin and become concentrated 
near the top of the column. 

Separation occurs through elution 
with an ammonium salt of ethylenedia­
minetetracetic acid. The least strongly 
held rare earth is released first and 
emerges alone at the bottom of the 
column completely separated from the 
others and in highly pure form. It is 
followed by the next strongly held and 
so on. 

We are proud of this addition to our 
production facilities which marks a 
milestone of progress for us, for science, 
and for industry. We feel sure that 
these highly pure rare earths, now 
available from our ion exchange pro­
duction will have Significant effect on 
the improvement of many industrial 
processes and the advancement of sci­
entific knowledge. 

If you are interested in any of these 
elements for research or industrial use, 
we suggest that you tell us of your re­
quirements. In the meantime, we are 
continuing our regular production of 
other rare earth and thorium chemicals. 

DNDSAY CHEMICAL (9MPANY 
.... H •• I"I 

264 ANN ST., WEST CHICAGO, ILLINOIS 
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6-inch 
Electromagnet 

V,4004 
4·inch 

Electromognet 
with matching 

power supply 

portrait of a magnetic family 
These members of the Varian Electromagnet family are enabling 

scientists and researchers throughout the world to attain another valuable 

laboratory environment . .. the truly precise magnetic field. 

These magnets cover a broad spectrum of laboratory needs, put emphasis 

on exceptional field uniformity and stability. They are available in three 

models, together with matching power supplies and accessories. 

HIGH PRECISION N'M'R TECHNIQUES are used for magnetic field contour 

plotting during critical alignment of the V-4012A and V-4007 magnets, one 

of many important steps in the painstaking task of realizing the 

optimum in field uniformity, 

GET THE FULL STORY ... write today for complete technical data 

on these outstanding Varian electromagnets 

and their associated power supplies. 

THE 
MARK OF 

LEADERSHIP 

SPECIAL PRODUCTS DIVISION 
VA R I A N associates 
PALO ALTO 7, CALifORNIA 

Representatives in all principal cities 
MICROWAVE TUBES " INSTRUMENTS 

fore us a field of ice, and beyond this we 
found open water, which has since been 
called the open Polar Sea.' " 

"The year that is gone has been pro­
lific in invention, discovery, and indus­
trial improvement. No less than 1,946 
patents (not including 49 reissues) were 
granted by our Patent Office from the 
second of January last year, up to the 
date of the current list of patent claims. 
This is the greatest number ever issued 
in one year from the Office-1,902 being 
the number issued in 1854. Our country 
now ranks high for almost every kind of 
machinery, and for some kinds it stands 
without a peer. Only last week two! \ 
English gentlemen, extensively engaged 
in agricultural pursuits in Aush'alia, 
called upon us, and in the course of con­
versation, stated that after witnessing 
some of our implements at the World's 
Fair, in 1851, they had resolved then to 
visit our country at some future time. 
When they arrived here they found that 
the number and excellence of our ma­
chines far exceeded their expectations; 
this led them to prolong their visit, and 
greatly increase their purchases. They 
confessed that for all kinds of agricul­
tural implements and machines, the 
United States were very far in advance 
of every other country on the globe." 

"We learn that M. Boneli, of Turin, 
Italy, has invented a method of tele­
graphing in a railroad train running at 
any speed, He has recently made some 
experiments in France, especially one on 
the St. Cloud and Paris Railroad. Instead 
of the ordinary telegraphic wires, he 
placed a thin half-inch iron band or rib­
bon along the center of the track, be­
tween the two rails, and pinned it to 
insulators about two inches above the 
ground. The telegraph apparatus was 
placed in the locomotive, and by touch­
ing a key, a metal spring was brought 
into contact with the band or conductor 
along the track, and thus closed and 
broke the circuit with the battery, there­
by easily writing messages in the loco­
motive while running. The experiments 
were performed in the presence of the 
French minister of public works, and a 
large number of scientific gentlemen, 
amongst them several Americans. A train 
was first sent on in advance, presently 
followed by a second, which later 
stopped and commenced an interchange 
of signals with the first train, still in 
motion. Bye and bye the first train des­
patched orders to the second to follow 
it and in this position, both trains pro­
ceeding at full speed, a constant ex­
change of signals was kept up." 
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first in a series ... 
HEAT CONDUCTIVITY 

Comparison of heat conductivity through 

9 inches of brick shows water boils turbu­

lently on CARBOFRAX brick, barely gets 

tepid on fireclay. 

Unusual Properties of Refractory Materials 

High heat conductivity - roughly 11 times that of fireclay and 
about 70% that of chrome-nickel steels - is one of the proper­
ties of CARBOFRAX@ silicon carbide refractory brick. It is an 
ideal material for muffles, radiant tubes, retorts and similar 
structures where you need exceptional resistance to direct flame 
pluJ the ability to conduct heat efficiently. At 2200oP, thermal 
conductivity of CARBOFRAX brick is 109BTU/hr., sq. ft. and 
°P/in. of thickness. 

CARBOFRAX refractories typify the many super refractories 
pioneered by Carborundum. Each has a wide range of proper­
ties. One, for example, is formed into precision parts that look 
like cast iron yet resist over 3000oP. Another, a new ceramic 
fiber, filters and insulates at temperatures no existing mineral 
or glass fiber can take. 

Carborundum's new magazine "Refractories" pinpoints many 
practical applications for these unusual products. The forth­
coming issue carries a feature article on "Heat Conductivity". 
Send for your copy today_ 

CARBORUNDUM 
Registered Trade Mark 

VALUABLE INFORMATION FOR USERS OF: 
REFRACTORIES • CASTABLE CEMENTS • POROUS PLATES A N D  TUBES 

CATALYST SUPPORTS • OXIDE, BORIDE, N ITRIDE AND CARBIDE 

HIGH-TEMPERATURE MATERIALS • CERAMIC FIBER 

all in the new magazine "Refractories" 

r--------MAIL THIS COUPON TODAY------

Dept. Q16, Refractories Division 
The Carborundum Co., Perth Amboy, N. J. 

Please send me the forthcoming issue of "Refractories". 

Name ______________ Title _______ _ 

Company' ______________________ _ 

5troot' _____________ ------------

City ___________ Zono __ 5tato ______ _ 
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TRAGEDY 
IN TWO CHAPTERS 

I 

Once there was a happy band of people called 
Proj,ct Enginur5. Mostly human, they had carefree 

spirits and careworn bodies. Among their number 
were many with the magical ability that most 

of liS lost when we passed nine years old. 
In large and small industrial 
plants they could be found, 
dreaming impossible castles 

and making the dreams come 
true. How sadly this happy 

picture was to be shattered, we shall soon see. 

The attack was launched insidiously, 
by The Forces of Darkness, who easily 

captured citadels of mantlgemcl1t �fA by firing 
terms like II specialized knowledge n . 

and 1/ departmental responsibility /I 

Always noted for an open unsuspicious outlook 
where atlimatt objects are concerned, the Project 

Engineers saw no bad omen and did their best 
to cooperate. Specifications of all sorts began 

dropping around them. 
Small thick Military ones 011 white paper; Q 

large limp Departmental ones in purple 
hectograph; and superlarge Wrinkled ones 

on single sheets of blue print. 
The P E.'s struggled to give each its 

due. The result, but for the aforesaid trusting 
natures, should have put them wise. 

Equipment started passing more and more 
specifications, and doing less and less useful work. 

The P. E.'s realized vaguely that all was not 
right in Denmark. They lost their carefree 

spirits and their faces bowed down to match 
their already laboring shoulders. 

The F. of D. chose this as the time for the next 
ploy. "Complexity! ", they chortled . .f' 

"That'S the thing -yuk!" � 
And now equipment blossomed forth ih cancerous 

fashion with thousands and thousands of parts 
in each set. The F. of D. rubbed their hands! 

"With three thousand parts (= chances-to-fail ) , 
we'll have things g - r - r -round to 

a standstill in no time." 

II 

And now comes the real Drama. A small 
gallant few P. E.'s still with some 
old time spirit locked horns � 
with a vicious case of complexity. Mercilessly they 
tortured components piece by piece eliminating 
each one destined to fail early As mercilessly 
they treated finished equipments They beat the 
percentages, and made the equipment work i -
but at what cost! 

They tried to tell others of what they had done, 
in the city of brotherly love. 

But as in any real tragedy. the F. of D. had the 
inexorable vote of destiny They made their final 
overwhelming attack "We must keep these 
insufferable uudoers of our dastardly doings in 
the dark. Insulate them from germinal contact 
with the outside world I Withhold from them the 
wisdom available by playing 
intellectual ping pong with suppliers! Jl�� 
Calise them to wither from within 
by starvation of ideas! /I 

In no time flat a host of New Harpies were 
drawn up in cobwebby cadaverous cacophony 
just out of reach of the Project Engineers 
They had names like "Standards Department"­
"Qualified Products List" -" Vendor History 
File"-"AQL" 

The last employed survivor of the original happy 
band resigned last month to join three cronies 
in a secluded nut hatchery featuring 
do - it - yourself therapy 

For us, all this is a great shame. We are, as usual, out of step. While we should 
have been setting up Q P L's, we have been doing things like finding out if our hot 
new little telegraph relays * would work. (Not pass.) It takes time even on a telegraph 
set to run up half a billion operations. We are now getting back ( as exhibits only! ) 
relays which customers have operated in printers (.06 amp. 110 V D C inductive ) 
that many times and more, .without even availing themselves of the built· in· 
ingeniously - easy -maintainability. 

* 
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If only we had been in time, we might have helped reprieve a few survivors of the 
above unequal struggle. 

SIGMA 
SIGMA INSTRUMENTS, INC. 

40 Pearl Street, So. Braintree, Boston 85, Mass. 

THE AUTHORS 
WILLIAM N. LOCKE ("Translation 

by Machine") is head of the department 
of modern languages at the Massachu­
setts Institute of Technology. A 1949 
memorandum by Warren Weaver of the 
Rockefeller Foundation first lured him 
into the investigation of the possible use 
of computers to translate languages. He 
had studied at the Harvard University 
Graduate School and the Sorbonne, 
taught French at Harvard before World 
War II, and worked on propaganda 
leaflets for the U. S. Army during the 
War. The basic purpose of his research 
at M.LT. on machine translation, he 
says, is "to mechanize routine operations 
so that man can work on a more creative 
level while probing deeper into the 
working of his mind through a better 
understanding of how he creates and 
uses language." 

L. R. O. STOREY ("Whistlers") is an 
English radio physicist who is working 
at present at the Telecommunications 
Establishment of the Defence Research 
Board of Canada. After graduating at 
the University of Cambridge in 1948 
with double first-class honors in natural 
science, he started pursuing radio whis­
tlers while doing postgraduate work at 
the Cavendish Laboratory under J. A. 
Ratcliffe. He left to work for four years 
in the British Radar Research Establish­
ment at Malvern as a way of "occupy­
ing the years of sunspot minimum." Now, 
however, Storey notes that "sunspots are 
active again and the whistler hunting 
season has definitely reopened, so I have 
resumed work on them in preparation for 
the International Geophysical Year." 

WILLIAM R. THOMPSON AND 
RONALD MELZACK ("Early Environ­
ment") are psychologists who worked 
together at McGill UniverSity in Mont­
real. Thompson took his B.A. and M.A. 
at the University of Toronto and his 
Ph.D. at the University of Chicago in 
1951. He was a research associate at 
McGill from 1951 to 1954 and is now at 
Queen's University as a lecturer. He is 
especially interested in the inheritance of 
behavior traits. Melzack did his under­
graduate and graduate work at McGill, 
taking his Ph.D. there in 1954. He is now 
doing research on a Commonwealth 
Fund fellowship at the University of 
Oregon Medical School. He started by 
studying the effect of early painful ex­
periences on animals' fears of strange but 
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Farnsworth • • •  VISION beyond the range of sight . . .  

experience · I In e ectronic television 

MODel 600A 
Consists of a compoct light 
weight comera and portable 
monilor interconnected by 
multiconduclor coble 

for defense and industry . . .  bring you Farnsworth closed circuit television 
that is second to none! Engineered especially 
for industrial, educational and commercial use 
this new, economical medium is saving time, and 
money in countless applications. 

Yours should be one of them ... Get the facts 
from Farnsworth. 

WRITE DEPT. CT-156 FOR COMPLETE DETAILS 

FARNSWORTH ELECTRONICS COMPANY 
a division of International Telephone and Telegraph Corporation 

FORT WAYNE, INDIANA 
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leading 

a dog's 

li'e? 

Well, then, this might be a good time to get out of the dog 
house and on your way to a big career at Fairchild to 
assist in the engineering of several airplane prototypes 
now scheduled. 

Investigate the list of categories below. See where you fit in. 

Aircraft Engineers with supervisory experience in one 
or more of these positions: 

Design Project Engineers 
Design Coordinators 
Design Engineers for Sheet Metal Structure, Hy­

draulic Systems, Landing Gears, Control Systems, 
Equipment and Furnishings, Electrical and Elec­
tronics Installations, Power Plant Installations 

Stress Engineers for both Sheet Metal Structures and 
Mechanical Systems 

Weight Control 

Layout Designers and Draftsmen 
Proled Coordinators and Administrators 
You'll like working at Fairchild, and you'll like living in 
Hagerstown, Maryland - excellent housing, schools, rec­
reational facilities . . . close to urban Baltimore and 
Washington. 

Send your resume today to. Lou Fahnestock, Director 
of Engineering. 

A Division of Fairchild Engine and Airplane Corporation 

• • •  WHERE THE FUTURE IS MEASURED IN LIGHT .. YEARSI 

-- FAIRCHILD 
AIRCRAfT DIVISION ' HAGERSTOWN. MARYlAND 
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harmless objects. He writes: "w. K. 
Livingston's article 'What Is Pain?' in the 
March, 1953, issue of SCIENTIFIC AMER­
ICAN stimulated me to write to him, and 
our correspondence led to my coming to 
his laboratory, where I am working 
nov"." 

PHILIP MORRISON ("The Neutri­
no") is associate professor of physics 
and nuclear studies at Cornell Universi­
ty. He graduated from the Carnegie In­
stitute of Technology in 1936, then did 
graduate work at the University of Cali­
fornia at Berkeley under J. Robert Op­
penheimer, taking a Ph.D. in theoretical 
physics in 1940. After a few years of 
teaching he began a "long and intense 
tour of duty" in the Manhattan District, 
which took him from Chicago to Wash­
ington, Los Alamos, Alamogordo, the 
Marianas and Japan. He has been at 
Cornell since 1946. He reports that he 
is "currently involved in studies on the 
origin of cosmic rays, nuclear structure 
theory and, with no very hopeful prog­
ress, experiments on the nature of in­
formation transfer in cells." 

A. V. WOLF ("Thirst") is chief of the 
renal section at the Institute of Research 
of the Walter Reed Army Medical Cen­
ter in Washington. He was born in New 
York City and took a B.S. at the College 
of the City of New York in 1938. His 
measurements of the urine flow of earth­
worms led him to examine the kidneys 
of mammals. In 1942 he received a Ph.D. 
in physiology from the University of 
Rochester Medical School. He spent that 
summer with a party in the deserts of 
California and Arizona studying thirst 
for the Army. Later he taught physiology 
at Albany Medical College. In his cur­
rent work he is attempting to relate 
thirst, dehydration and urinary function 
to the problems of castaways at sea. 

SYLVIA FRANK ("Carotenoids") , a 

plant biochemist, is assistant professor 
of biology at the Washington Square 
College of New York University. As an 
undergraduate at the University of 
Rochester she studied with the botanist 
David R. Goddard and caught from him 
a "permanent enthusiasm for plants and 
molecules." She took her Ph.D. at Co­
lumbia University, working in the bio­
physics laboratory of the late Selig 
Hecht; she was the only woman among 
Hecht's 10 Ph.D. students. "My eyes," 
she writes, "were one of the pairs used 
in Hecht's classical research showing 
how many quanta are necessary to see 
(only three!). To participate in this 
work I had to spend a good deal of time 
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in design and precision 

there's nothing like a LEICA 

• 
Bright-line frame outlines exact field of view. 
Frame changes automatically with insertion of 
different lenses. Automatic parallax correction 
for all lenses. 

Precision bayonet quick-change mount for com­
plete range of interchangeable lenses, combines 
speed and convenience of bayonet mount with 
safetyand rigidityofthread mount.Thread mount 
LEICA lenses can be used, with proper adapters. 

Shutter speed dial with click stops from 1 to 
l/lOOOth sec. and Bulb. 

Lever for rapid film advance and simultaneous 
cocking of shutter- prevents double exposures. 

Life·size viewfinder and rangefinder combined in one large 
viewing window. 

Two flash outlets (bock of camera) provide full and auto· 
matic synchronization for flash bulbs and electronic flash. 

Exposure meter with extreme sensitivity range couples directly 
to shutter speed dial for quick, automatic settings. 

These are just a few of the many outstanding features of the 
new LEICA M·3. 

NEW 

The 35mm LEICA M-3 is the world's most advanced 
camera. Made by the manufacturers of famous Leitz 

microscopes, it represents a unique achievement in 
camera craftsmanship. Let your LEICA dealer show you 

the many automatic features that make it the world's 
most advanced camera. 

M-3 

lifetime investment in perfect photography 

E. LEITZ. INC., 468 FOURTH AVENUE. NEW YORK 18, N. Y. 

Distributors of the world-famous products of Ernst Leitz, Wetzlar, Germany 

LENSES . CAMERAS . MICROSCOPES · BINOCULARS 
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IMPROVE CONTROL 

OF LIGHT AND COLOR, 

SIMPLIFY DESIGN 

WITH 

BAUSCH & LOMB 

ULTI- ILM 

OPTICAL COATINGS 

in a dark room, being exposed to little 
spots of light. The rest of the time I was 
exposed to the bright spots of Hecht's 
stimulating personality. Now I put 
plants into dark rooms and expose them 
to spots of light." Her husband is Stan­
ley Levey, a reporter on the New York 
Times. 

SIR GEOFFREY KEYNES ("Am­
broise Pare"), the younger brother of 
the famous economist John Maynard 
Keynes, is a surgeon and a writer. Born 
in 1887, he was educated at Rugby 
School, the University of Cambridge and 
St. Bartholomew's Hospital, served as 
an army surgeon in the First World vVar 
and as senior consulting surgeon to the 
Royal Air Force with the rank of Acting 
Air Vice Marshal in World War II. His 
literary work has included assembling 
bibliographies of the works of his favor­
ite authors: William Harvey, Sir Thomas 
Browne, John Ray and various literary 
figures from John Donne to his own 
Rugby classmate Rupert Brooke. Last 
June he was knighted by Queen Eliza­
beth for services to surgery and litera­
ture. During 1956, as the Sims Com­
monwealth Travelling Professor, he 
plans to visit medical centers in Africa 
and Canada. 

JOHN H. RYTHER ("The Sargasso 
Sea") is a marine biologist at the Woods 

• SIMPLIFY PRODUCT DESIGN 

With these compact optical elements 
you can provide desired degrees of 
reflectance and/or transmittance--se­
lectively or non-selectively with re­
spect to wavelength-and still keep 
design simple and practical. Multi­
layer coatings, so thin they are meas­
ured in fractions of a wavelength of 
light, are applied to glass substrates 

to control light and color to exact 
performance needs. 

• REDUCE PRODUCT COST 

- Hole Oceanographic Institution. After 
serving with the Air Force as a pilot 
during World War II, he got his under­
graduate and Ph.D. degrees at Harvard 
University and joined the Woods Hole 

Save by low-cost purchase from the 
most complete selection of standard 
designs, readily adaptable to specific 
needs. Production efficiency of Amer­
ica's major optical supplier will save 
you money on special orders. 

Here are just a le_ typical applications 

Full reflectance mirrors • All optical 
systems where losses must be kept to 
a minimum 
Low pass, band pass, and high pass 

filters · Color separation · Additive 
color and subtractive color (Photo­
graphic) • Television · Printing fil­
ters • Photographic filters. Projec­
tion filters • Aerial cameras 

FREE DATA MANUAL 
For your free copy of Muld-Film Manual 
D·279, and for complete informacion, write. 
wire or phone: Bausch & Lomb Optical Co., 
/5,801 St. Paul Sr., Rochester 2, New York. 
(Phone: LOcust 3000). 

Heat control filters • Projection sys­
tems-reduce heat without light loss 
Conversion filters • Photography­
compensate for emulsion character­
istics under different light conditions 
Neutral beam splitters • Combining 
or separating images • Simultaneous 
visual observation and photographic 
exposure • Interferometry 

America's only complete optical source ... from glass to finished product 
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staff in 1951. He is now working under 
a grant from the National Science Foun­
dation on a study of the basic produc­
tivity of the sea, his main interest being 
the marine algae-"the ultimate source 
of virtually all life in the sea." He works 
in the Sargasso Sea out of the Bermuda 
Biological Station: "One can eat break­
fast at the laboratory, set out on its vessel 
Palinurus and reach the deep waters of 
the Sargasso Sea in a couple of hours." 

CLIFFORD GROBSTEIN, the re­
viewer of John Tyler Bonner's Cells and 
Societies, is a biologist with the U. S. 
Public Health Service. He graduated 
from the College of the City of New 
York in 1936 and did his graduate work 
at the University of California at Los 
Angeles, taking a Ph.D. in zoology in 
1940. After teaching zoology at Oregon 
State College and serving in the Army 
Air Forces, he became a senior research 
fellow at the National Cancer Institute 
in 1946 and joined the Public Health 
Service a year later. 
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Now Anaconda is pouring aluminum-120,OOO,OOO pounds a yea .... 

EXPANDING USES for aluminum have kept 
demand above supply. That is why 
Anaconda, producer of many nonfer­
rous metals, became-on August 15-a 
major producer of primary aluminum. 

Already the first ingots have been 
poured in Anaconda's new plant at 
Columbia Falls, Montana. Soon pro­
duction will hit an annual rate of 
120,000,000 pounds. 
ANACONDA'S CONTRIBUTION: Anaconda 
a p p r o a c h e d  a l u m i n u m  w i t h  t h e  
thoroughness and imagination that 
brought it leadership in copper. 

Anaconda metallurgists and pro-

duction experts scoured the world for 
advanced manufacturing techniques. 
As a result, the great new plant near 
Hungry Horse Dam is turning out 
commercial aluminum of the finest 
grade at a new low rate of power con­
sumption. 
WHERE WILL THE METAL GO? Part will go to 
the Anaconda Wire & Cable Com­
pany, already in production with a 
broad line of aluminum wire and cable 
for electrical purposes. Five strate­
gically located mills make it avail­
able on a nationwide basis. Some will 
go to Anaconda's other subsidiary, 

The American Brass Company, to 
become strips, sheets, tubes, rods, spe­
cial shapes for industry. A big share 
will be sold to other manufacturers. 

In aluminum, Anaconda follows 
the h'aditions of quality and service 
established in copper and its alloys 
for over 60 years. Whatever your 
problem in nonferrous metals, the 
Man from Anaconda can help you. 
See him soon. The Anaconda Com­
pany, 25 Broadway, New York 4, N.Y. 

55219 
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FOR A COPY OF THIS ALL.NIER ILL.USTRATION. SUITABL.IE FOR FRAMING. WAITIE TO 

PUBLIC RIEL.ATlONa OIEPT •• AVCO OIEFIENSIE AND INDUSTRIAL. PRODUCTS. STRATFORD. CONN. 

ENGINEER S WANTED: For top-flight men, 
Lycoming offers unusual opportunities to explore 
new scientific frontiers that lead to outstanding 
and rewording careers. Write to Vice President, 
Engineering, Stratford, Connecticut. 
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You can hear 

America singing 

with the power 

01 Lycoming 

As America goes about her business of flying, building, 

manufacturing, ploughing, pumping, harvesting-her song is 

a surging, roaring chorus of power. And, growingly, 

through this symphony of progress you hear the sure, dependable 

voice of Lycoming power. 

Over the years, engineers and scientists of Avco's Lycoming 

Division have fashioned an endless array of power plants. Power 

to drive marine craft and autos. Power to dominate the 

nation's helicopter and executive aircraft fleets. Power to meet 

a wide variety of industrial needs. 

Today, working to brilliantly foresighted military specifications, 

Lycoming is adding to its already announced 825-horsepower 

T-53 gas turbine, a second gas turbine, which delivers 

substantially greater horsepower. The Lycoming industrial engine 

family, offering dependable power to construction and 

agriculture, is being enlarged. Lycoming super-charged engines 

are driving private aircraft higher and faster than ever. New 

power sources are being explored by Lycoming scientists. 

As America's power needs grow, Lycoming science and its vast 

supporting production facilities are growing to meet them . • •  

working to keep America singing. 

If your plans are linked to power, find out how Lycoming's capabilities 

and knowledge can be brought to bear an your spedfic problems. Wire, phone 
or write to Avco's Lycoming Division, Stratford, Conn. 

f§\'13-1defense and industrial products 
Avco Defense and Industrial Products combine the scientific and engineering skills, and 
production facilities of three great divisions of Avco Manufacturing Corp.: Lycoming; 
Avco Advanced Development; Crosley-to produce power plants, electronics, air­
frame components, and precision parts at installations located as follows: Boston, 
Mass.; Cincinnati, Ohio; Dayton, Ohio; Everett, Mass.; Los Angeles, Calif.; Nashville, 
Tenn.; Richmond, Ind.; Stratford, Conn.; Washington, D. C.; Williamsport, Pa. 

TODAY'S MILITARY SERVICES, WITH THEIR TREMENDOUS TECHNDLOGICAL ADVANCES MADE POSSIBLE THROUGH SCIENCE, OFFER A VITAL REWARDING CAREER 
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Versatile new adhesive makes stronger, 

more heat-resistant sandwich panels 

With D-253N-a new Armstrong adhesive­
you can now turn out honeycomb sandwich 
panels that are stronger and more heat resistant 
than those made with the best thermoplastic 
cements previously available. 

D-253N is virtually .1 new type of adhesive, 
intermediate between thermoplastic and ther­
mosetting cements. At room temperatures, it 
can hold a dead load twice that held by con­
ventional thermoplastics-and hold a useful 
load at temperatures as high as 1800 F. 

This new adhesive is remarkably versatile, 
too. You can use it to bond honeycomb cores to 
almost any skin-plastic, wood, or metal-to 
make ironing boards, shelves, and table tops 
that are lighter and stronger than ever before. 

Because of its high immediate strength, Arm­
strong D-253N is ideal for assembly-line appli-

cations. Spray or roll it on core and skin sheets, 
force dry for one or two minutes, then assemble 
your sandwich. One run through a pinch roll­
and the bond's made. 

Write today for data sheet on D-253N. For 
information on other Armstrong adhesives, 
write for a copy of our new adhesives manual. 
It's free to industrial users. Armstrong Cork 
Company, Industrial Division, 8001 Inland 
Road, Lancaster, Pennsylvania. In Canada, 
please write to Armstrong Cork Canada, Ltd., 
6911 Decarie Boulevard, Montreal, Quebec. 

@mstrong 
ADHESIVES . COATINGS . SEALERS 

... used wherever performance COltnts. 
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SCIENTIFIC 
Established 1845 AME RI CAN January, 1956 Volume 194 Number 1 

Translation by Machine 

Its wide study has been stimulated by the need of scientists to keep 

abreast of publications in several languages. Although a lnechanical 

translator still does not exist, encouraging progress has been lnade 

S
uppose you became interested in 

working in a new field opening up 
in your line of work. Your first step 

would be to get all the background you 
could on the subject. To take a concrete 
example, let us say that the new field 
was the design of electrical switching 
networks. Looking through the litera­
ture, you would certainly find the pio­
neer 1938 paper by Claude Shannon on 
the theory of such networks, and a num­
ber of other, less important, papers. But 
how likely would you be to discover a 
Russian paper entitled IIPH .lIOJREHllE 

MATPWIHOfl: BY.JIEBCROfl: A.JIrEBPbI I{ 

AHA.lIH3Y H CHHTE3Y PE.JIErtHO-IWH­

TARTHbIX CXEM ? And even if you saw 
listed somewhere an English translation 
of its title ("The Application of Boolean 
Matrix Algebra to the Analysis and Syn­
thesis of Relay Contact Networks"), how 
could you know that this article in the 
Russian language was the most impor­
tant contribution to the field next to 
Shannon's original paper? 

The question is not an idle one. 
Groups of people in several companies 
in the U. S. did in fact work for five 
frustrating years on the very pOints 
cleared up by this paper before discover­
ing it. The article, by A. G. Lunts, was 
published in the journal of the U. S. S. R. 
Academy of Sciences in 1950. Even 
though this journal is available in the 
U. S., the article that would have saved 
so much time and work was overlooked 
until 1955, simply because most U. S. 
scientists and engineers cannot read Rus-

by William N. Locke 

sian. Considering the time put in on the 
problems in question by a number of 
first -rate people, we can estimate that 
ignorance of the article cost the compa­
nies involved easily $200,000, not to 
speak of the five-year delay in certain 
switching-circuit developments. 

What I have just cited is but one small 
example of the great cost to mankind of 
the language barrier-just in the fields 
of science and technology. The Russian 
example is not an exceptional case. Even 
in German and French, which theo­
retically a great many Americans can 
read, how many important papers await 
discovery, how many basic ideas have 
never been translated or recognized in 
this country? 

Only 50 per cent of the world's scien-
tific papers are published in Eng­

lish. More and more technical material is 
being published in more and more lan­
guages other than English. How are we 
going to get access even to just the high 
lights of this material? Translation is 
expensive-about $6 per page on the 
average. And good translators are not 
plentiful. Add to that the fact that a 
translator of scientific material must 
first of all know the subject he is 
translating; in order to translate papers 
in phYSics, for example, you practical­
ly have to be a physicist. Finally, even 
if we had plenty of expert translators, 
they would have an extremely difficult 
time choosing the material worth trans­
lating. The head of a government lab-

oratory's translation section put it suc­
cinctly: "Our problem is to know what 
t.o translate." 

There is the picture. What is the solu­
tion? We are practically driven to the 
answer that always suggests itself when 
we are faced with a need for mass pro­
duction: Machines. To translate lan­
guages by machine is a little less easy 
than falling off a log, but the need is so 
great that in less than a decade since it 
was first seriously suggested many 
groups of people have gone to work on 
the problem. 

In 1946 Warren Weaver of the Rocke­
feller Foundation read a sentence in an 
English physicist's report suggesting 
that computing machines might be 
adapted to translate languages. Weaver 
was so intrigued that he went to see the 
paper's author, A. D. Booth, and fol­
lowed up with a letter to Norbert Wiener 
at the Massachusetts Institute of Tech­
nology. vVeaver, having had some expe­
rience in deciphering codes, reasoned 
that languages are codes and should be 
capable of being decoded by a machine. 
Wiener's reply was disappointing: "I 
frankly am afraid that boundaries of 
words in different languages are too 
vague and the emotional and inter­
national connotations are too extensive to 
make any quaSi-mechanical translation 
scheme very hopeful." 

Weaver was not discouraged. In 194.0 
he circulated to some 200 of hIS 

friends a memorandum, entitled "Trans-
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lation," which directly inspired most of 
the work that has since been done in this 
country on machine translation. Projects 
to investigate the possibility were start­
ed, with Rockefeller Foundation sup­
port, in three universities. At the Uni­
versity of Washington Erwin ReiBer 
looked into the basic semantic equiva­
lents of languages. At the University of 
California at Los Angeles Victor A. 
Oswald and Stuart L. Fletcher, Jr., ana­
lyzed German syntax and in 1951 pub­
lished the first paper devoted to machine 
translation: "Proposals for the Mechani­
cal Resolution of German Syntax Pat­
terns." At M.I.T. Yehoshua Bar-Hillel 
began an attempt to identify the univer­
sal grammar elements in various lan­
guages and also gave some thought to 
translating idioms. 

Meanwhile Booth, collaborating with 
D. H. V. Britten at the Institute for Ad­
vanced Study in Princeton and later with 
R. H. Richens (a plant geneticist and 
linguist) in London, was working on a 
scheme of dictionary, or word-for-word, 
translation by a computer. Richens sug­
gested that case and tense endings of 
words should be considered separately. 
Suppose, for example, that the word to 
be translated was heiss. This is the Ger­
man word for "hot," but it is also the 
stem, and imperative singular, of the 

verb heissen, meaning variously "to call, 
to command, to be called, to mean." The 
computer would deliver the various 
meanings stored in its memory for heiss, 
and the reader of the output would 
choose the meaning that made most 
sense in the context. If the word to be 
translated was heissen, the machine 
would also give all the possible meanings 
of the ending -en, and the reader would 
have to select the one that made the 
most sense. 

The multiplicity of possible meanings 
is an obvious weakness of any word-by­
word translation system. Still it is only 
fair to mention that the -en ending is 
one of the most versatile in the German 
language. If we had taken heisst, the -t 
would have been much easier to handle. 
It has been estimated that German stems 
have an average of about one and a half 
meanings each. 

In his famous memorandum Weaver 
put forth the suggestion that a machine 
might select the correct meaning of a 
word by taking into account one or more 
words on each side of it. Examining this 
proposal, Abraham Kaplan of the Rand 
Corporation later found that maximum 
information about the meaning of a word 
comes from the first two words on either 
side of it. 

By 1952 so many people were inter-

ested in machine translation that Bar­
Hillel organized a conference on the sub­
ject at M.LT., financed by the Rocke­
feller Foundation. The Conference itself 
proved to be a study in the difficulties of 
communication. Gradually, however, the 
specialists in different fields-computer 
engineers, linguists, logicians and mathe­
maticians-learned one another's lan­
guage and came to a realistic view of the 
problems to be solved. Few had realized 
the costs involved. I remember the 
stunned silence that followed the state­
ment that a computer such as was need­
ed for translation might rent for around 
$30,000 a month. 

After three days everyone felt that 
further research was certainly worth­
while and that limited objectives could 
be accomplished. It looked as though the 
best approach would be to start with the 
automatic dictionary idea, translating 
text a word at a time. Such translation 
would be crude in the extreme, but many 
scientists believe it would be intelligible 
to specialists in the field of the article. 
This is, of course, just the way most hu­
man beginners go about translating. 

Since the 1952 conference a journal, 
Mechanical Tmnslation, has been found­
ed at M.LT. by Victor H. Yngve and the 
author of this article, and Booth and I 
have edited a book, Machine Tmnslation 

Jl,ol""nw A&aAU"'. BaYK CCCP 
ltilO. TOM LXX, ]n a 

3JlEKTPOTEXHJ1KA 

(APPOOITlOO, Enclosure, Appendix, Application) MA'mIX 

BOOI..E.AN ALGEBRA (TO, Tovards, By, For) ANALYSIS (AND, N) 

S'YNTHESIS RELAY-CONTACT (CIRCUIT, Diagram, Scbeme). 

A. r. JlYHll 
nPHJiOlKEHHE MATPHqHOA BYJiEBCKOA AJirE6PbI K AHAJiH3Y 

H CHHTE3Y PEJiEAHO·KOHTAKTHblX CXEM 
(nptoemDUtlfO QJ(QOt.tfIlJlO.M A. If. Ko,t.lcotOPOlltt.M 30XI /949) 

B nOCJleAHee BpeMSl JVUI aH8JHlJ3 H CHHTe3a peJleRHO'KOHTaKTHhlX 
9.11eKTpHileCKHX cxeM napaJlJleJlbHo·nOCJlell,Os8TeJlbHoro·coeAHHeHHR C ycne­
xo� J.lCnO,lb3yeTcR annapaT 6YJlesCKoA allre6phl P-3). Ho 9roro 3nnapar3 
OKa3h1B8ercg He.llOCTarO'lHO AJlg TeopHH cxe:'.! o6w.ero THna, a TO}(')Ke Jl,JIg 

5 TeopHH NHOrOnO.lllOCHbiX cxeM. B H8CTOl'lw,eA CTaTbe npeAJ1araeTCl'l AJlJI 
HCCJle.llOSalJ1u1 T3I<OrO pOll,a HCnO.llbJOBaTb MaTpH'lllyJO 6YJIeBCKYlO aJlre6py 
H Om-lCIolBaeTCR PJl.ll pe3YJlbT8TOD, nOJly'lelflfbiX B !HOi'tJ H8np8BJ1eHHH. 

§ 1. M a T p H'IlIa R 6 YJle B C K a R  8.11r e 6 p a  

nYCTb !!l ecn HeKOTop8R 6Y.lleaCK3R 3.11re6pa (I). BYAeM paCCMaTpH-
10 B8Tb MaTpHUbi C 9J1eMeHT8MB "3 !!l. KaK H AJlR 06b1'lHblX 148rpHD; (c Me­

MeHT8MH H3 nO,lJ1), ,lVlJI Z,laTpHD; C 9JleMeHTaMH H3 !!l MO)KHO sBeCTH one­
paUHH CJJOIK(:HHH H YMHO)KeHHR, KOTOPble lIbi 6YAeM 3anHCblB8Tb: A + B. 
A X 8. npH 3TOM TaK)I(e 0YAyr HMeTb Mecro aCCOUH8TH!lHble, KOMMyta­
THBHblA (,IlJIR CJJO)KeHHR) H .lI.HCTPH6YTI:IBHblii 38KOHI>I. 

15 BoeAeM nOHRTHe (onpe,!l;eJlHTeJJJI) KS8APaTHOA M8TpHU,bI C 9JJeMeHT8MH 
113 !!l, 'KaK CYMMbI n! CJlarat:MblX, COCT8BJl\!HHblX TaKHM lKe 06pa30M, KaK 
" B Ot5b1'lHOM onpe.lleJJHTeJle n-ro nOpJl,!l;Ka. T8KHe onpeAeJlHTeJlH 0YAyr 
06J18.1l8Tb PRAOM CBoRcTS, aH3./IOrH'IHblX cBoIl:cTS8M 06b1'1HblX onpeAeJlH­
reJleR. 

20 .ami naphl M8TpHU, C 9-1eMeHT8MH H3 !!l Mbi BseAeM ewe onep8UHIO 
.Oy.nescKoro YMHOlKeHHIU, 0003H8'18B ee A·B = C H onpeAeJUIB 3neMeHTbi 
Z,18TpHUbi C '1epe3 9J1eMeHTbI M8TPHU A K B c.ne.a.YlOlllHM OOP830M: 

AnSI Bcex HH,IleKCOS 0: H �. 
25 l{Ba,ltpaTHYKl M8TpHU.Y C .9JleMeHT8MH H3 21, no rJlaBKoR ,ltHarOHaJlH 

)(OTOPOil CTOJ'lT eAHHIfUbI, 6YAe;'oi H33blBaTb (OYJleBc)(oA), a MHO)KeCTBO 
Oy.leacJ<Hx ;'olaTp"u n-ro nOpJ'lAKa C 3J1eMeHT8MH H3 21 0603Ha'laTb 2l� If 
Ha3b1B8Tb MaTplI'lHOA 6YJleSCKOR aJlre6poR. MHOlKeCTBO 2l� K B caMOM 
.Ilene J'lBJISleTCJ'l 6YJJeScI(OA 8,1re6poll OTHOCKTeJlbHO ollepauHR CJJOlKeHBR 

30 H 6YlleBcKoro YNHOlKeHHR. B ,ltaJlbHeliweM TOJlbKO 0 waTpHuax K� 2l� H 
6YAeT KTTH pe'1b. 

§ 2. MH o r o n OJl IOC H H KII 

KaIKAYIO peJleAHo·KoHTaKTRYIO cxeMY (HJlH '18CTb cxeMbI) MO>KHO 
JaJl,3Tb, YJ<a38B HenOCpeJl,CTOeHHYKl nposoAH�IOCTb Me)KAy ee y3J10SblMK 

35 TO'lK8�IH. n03TOMY Ha Hcc.neAyeMoR 3.1eKTpH'1eCKOJ:l cxeMe BblOepeM It 
TO'1<')( (no".ocos) MI' M�, . . •  , Mn H 6y,a.e:.1 113Y'iaTb cxe�ly OTHocneJlbHO 
3THX TO'leK. 060JHa'1HM HenocpeJl,CTBeHHylO npOBOJl,Ii,'JOCTb OT nO,1KlC8 

A UTOMATIC DICTIONARY for the word-for-word translation of 

Russian into English has been investigated by Anthony G. Oettin-

30 

(IN, At, Into, To, For, 00, N) (�T, latter, nev, 

le.test, 10'0lest, vorst) (TIME, tense) FOR ANALYSIS (AND, N) 

SYNTHESIS RE!.AY-COOTACT EI.rel'RlCAL (CIRCUIT, diagram, scheme) 

PARALLEL- (SERIES, successive, consecutive, consistent) {COO-

NECTION, jWlction, combination) (WI'm, from) (SUCCESS, luck) 

(TO BE UTTI.lZE, to be take advantaa:e ot) APPARATtS IlOOLEAN 

ALGEBRA. El1I' nus APPARA1'U3 (TO FDm X-SELF, to turn out, to 

be found, to prove) (INSUFFICImT, inadequate, scanty) FOR 

THEORY (CIRCUIT, diagram, 6cheme) (GENERAL, corrmon) mE, (B11', 

and, yet, if, "'hile) AlSO FOR THEORY MULTIPOLAR (CIRCUIT, dia­

gram, scheme)_ (IN, At, Icto, To, For, Ckl, N) (PRES:mT, 

genuine) (ARTICLE, Hem, cleu6e) (TO BE OFFER, to be propose, 

to be 6uggest) FOR (DNESTIGATIOO, research, analysis, explo-

ration, paper, essay) (SUCH, so, a sort of) (SORT, kind, fam1ly, 

genus, gender) (TO l1l'TI.lZE, to take advantSBe of) MATRIX 

IlOOLEAN ALGEBRA (AND, N) TO BE DESCRIBE (�CW, series) RESULT, 

GOTl'EN (IN, at, into, to, for, on, N) THIS (DIRECTION, trend, 

order, permit)_ 

1. MA'mIX BOOLEAN ALGEBRA 

(LET, Though) a (TO BE, to eat, O.K.) SOME BOOLEAN 

ALGEBRA. TO BE (TO CrnSIDER, to examine, to discuss) MATRIX 

ger of Harvard University. At the left is a Russian scientific paper. 

Second from the left is a wonJ-for-word translation_ Third is a sheet 

-
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of Languages, with essays contributed 
by practically every active worker in the 
field. Besides the book, 56 articles on the 
subject have been published to date. 

N0w that we have quickly reviewed 
the history of this idea from its birth 

in 1946 to the present, let us take a close 
look at the concepts involved in machine 
translation. The process must involve 
five basic steps: (1) feeding the original 
text-written or spoken-into the ma­
chine; (2) transforming this text into 
symbols the machine can handle; (3) 
t�anslating the meaning from one lan­
guage to another; (4) turning the 
translation back into conventional words 
or other units in the new language; and 
(5) presenting the translated text in 

readable or audible form. Various groups 
of workers have concentrated on one or 
another step, and we can conveniently 
consider the steps one at a time. 

Some of those working on step 1 have 
felt that the limitations of machines de­
mand that the text be reduced to a di­
gestible form before it is fed into the 
machine. Translation would be easy if 
authors of scientific papers in all lan­
guages would write in a universal syntax, 
so that only the words needed to be 
translated. But it is more or less generally 
agreed that you simply couldn't force 

Doklady Al',sdelnl 1 tlsul: SSSR 

1950. Tom LXX, No· 3 

A. G. Lunts 

authors all over the world to change their 
style of writing because their work might 
be translated by machine. Various work­
ers, notably Reifler, have suggested in­
stead that pre-editors be employed to 
rewri te or code the texts of articles be­
fore they are fed into the machine. The 
main trouble with this idea is that the 
salary of a pre-editor plus the expense 
per word of the machine would almost 
surely be as costly as a human transla­
tor's services. 

The input problem may, however, be 
made easier by developments in step 2-

the reading of the text by the machine 
itself. 

A number of investigators in the U. S. 
and abroad are working on the problem 
of direct recognition of written or spoken 
text by a machine, not for translation but 
for commercial purposes. At least three 
companies are developing automatic 
check-reading machines for banks, and 
one or more such machines will soon be 
on the market. There is a great financial 
incentive here: a New York bank has es­
timated that it could save more than 
$2 million a year if it could mechanize 
the tabulation and sorting of checks. 

This task involves the reading of num­
bers. Recognition of letters or words by 
a machine is a more complex problem, 
but work is going forward on this too. 

When the feat is accomplished, as it 
should be within a few years, it will be 
possible for a translating machine to read 
text directly from the printed page, with­
out any operator or pre-editor. 

Of course letter recognition will have 
to cope with the many different fonts of 
type, headings, italics and special sym­
bols that are used in printed publica­
tions. But untranslatable symbols, and 
even diagrams and illustrations, can sim­
ply be reproduced unchanged in the out­
put, just as a human translator copies 
them as they appear in the original. 

Translation of the sounds of spoken 
language into a machine code (which is 
closely comparable to a secretary trans­
lating dictation into shorthand) is an­
other active field at present. Millions of 
dollars are being spent by the Bell Tele­
phone Laboratories and others trying to 
build a machine to do this. It may be that 
by analYSis of the meaningful elements 
in spoken language we shall be able to 
write equations to program machine 
translation of speech either into the writ­
ten form of the same language or into the 
written or spoken form of a different lan­
guage. 

This brings us to step 3-the actual 
translation by the computer. It is 

clear that computer components already 

DOKLADY AKADEMII HAUl( SSSR 
1950. Vol. 10, No. 3 

A. G. Lunts 

of 
(�! �. �I APpl:1cation) Matrix 

th' 

THE APPLICATION OF D:'XlLEAN MATRIX ALGEBRA 'l'O THE 
ANALYSIS AND SnmmsIS OF RELAY CONTACT NE'NORllS 

COlII!IWlicated by Academician A. N. Kolmogorov, Nov. 30, 1949. Boolean Algebra (To. �. -¥rt�) Analysis (And!-N-) 
of 

Synthesis Relay-Contact (CircuitS �. �). 

hO$ bqQ.n d.��::;;;:;::;::��_ 
(success,�) (�ut1l el, -t>o e take' ad'ULtage of) 

'h • •  f � 
10 apparatus Boolean algebra. But this apparatus (� 

JI selt, to t.1:.U"El 01;1\, t:o 'be (sand, to prove� (ieelolffie1ect, 

the of 
inadequate, �) for theory (circuit:G d:ta.e�M, se:be:me:) 

of general, �) type, (.wt-, and, ;,et., if) Idle) also 

the of p,Qlta.hI, O.K. 
for tbeory multiPOlar? (circuit; � -&Q.geme-). � 

'-n' 
15 -tI'\, itlh, �, F8P, Qa, Ii) (present,�) (article, 

in which the comprehension of a reader was tested. Fourth is an 

expert translation. These samples appear in Machine Translation 

In recent t1DJes Boolean algebra has been successfully 

employed in the analysis ot relay networks of tbe series· 

parallel type.(1-3) This alaebra 1s inadequate, bovever, for 

a tbeory ot more general oeworks and ro� a tbeory of multi-

terminal networks. The purpose ot the prescnt paper is to 

employ a Boolean matrix algebra for investigations of this 

nature and to describe a series ot results obtained alons: 

this line. 

1. Boolean Matrix Algebra 

Let a be a Boolean algebra. (1) We wll1 examino 

matrices cauposed ot elements tram n. As in the case ot 

ordinary matrices (ms.de up of elements from a field) we may 

define for matrices cOlDPOsed of elements trom a t,he operations 

of addition and IIIlltiplicatlon, which \ole wlll write as: A + B, 

A x B. The associative, cOl!lDUtative (for addition) and d1s-

tributive laws apply in tbis case. 

We introduce the concept ot the determinant of a 

square matrix containing elements from a, as the SUlD of the 

of Languages, published by John Wiley & Sons, Inc., and the 

Technology Press of the Massachusetts Institute of Technology. 
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PUNCHED TAPE was used to program the 

Massachusetts Institute of Technology com­

puter Whirlwind for the demonstration de­

picted on the opposite page. A foreign lan­

guage and instructions for translating it 

might be fed into the machine by the same 

means. Because this would require the cum­

bersome translation of written language into 

tape language, students of machine transla­

lion hope for Ihe development of devices 

which could read from the printed page. 
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existing or under development will be 
able to handle the job of translation once 
the input can be fed in in suitable form. 
General-purpose computers now on the 
market can be programmed to do trans­
lation; in fact, more than one already has 
been. In January, 1954, the IBM 701 
translated a number of Russian sentences 
as a test. It used a 250-word vocabulary 
and five Russian syntax constructions. 
The words were translated and their or­
der was changed automatically to make 
the output acceptable English. At Har­
vard University Anthony Oettinger has 
programmed the Mark IV computer to 
split Russian words into stems and end­
ings and derive the grammatical mean­
ings from the endings. Booth in London 
has done similar work. At Washington 
Reifler has had a small special com­
puter built to test translation procedures. 

One of the most difficuit problems, 
engaging the concentrated efforts of a 
number of investigators, is the inflection 
of words. In an inflected language such 
as Russian or German, practically all the 
important information-bearing words are 
varied in meaning by prefixes, suffixes or 
even infixes. Dictionaries usually list a 
word in one of its inflected forms-the 
nominative singular of a noun, the in­
finitive of a verb. Several workers on the 
machine translation problem have sug­
gested th.at for a machine we shall need 
instead of the ordinary dictionary a dic­
tionary of word stems. These stems (e.g., 
the German heiss) would be listed in the 
machine's memory. A word fed into the 
machine would be identified immediate­
ly if it was the same as a stored stem. If 
it did not match any stored entry, the 
machine would strip off its letters one by 
one until an identifiable stem was found. 
The stripping process would start back­
ward from the last letter of the word, and 
if that did not work, it would begin again 
with the first letter to remove a possible 
prefix. 

Oettinger has carried this approach to 
an elegant conclusion. He employs the 
following procedure. A Russian word is 
fed into the machine. The machine has 
built-in circuits for identifying inflec­
tional endings immediately, and if the 
word has one, it strips the ending off. 
Then the machine looks up the remain­
ing stem in its memory. If it is listed 
there, the machine can give its English 
meaning. Meanwhile, to complete the 
meaning of the word, the machine also 
hunts up in a separate memory the sense 
of the stripped-off inflectional ending. 

Irregular words will be no problem at 
all for the machine, although they give 
a human translator the most trouble. 

They will simply be entered in toto in the 
memory and translated directly. For ex­
ample, the German war and the French 
etait will be translated at once as the 
English "was." 

Some years ago there was consider­
able worry about whether a computer 
could have a large enough memory to 
store all the stems, plus the various end­
ings, plus the irregular words, plus the 
grammar rules, plus the programming 
instructions. But it looks now as though 
computers will soon have plenty of fast 
storage capacity in the form of magnetic 
drums, tape or photographic film. 

When all is said and done, word-by-
word rendition will be only a half­

way house toward satisfactory transla­
tion. To give really usable performance, 
translating machines will have to con­
sider a whole sentence, at least, as a 
unit. This means that it will have to be 
concerned with the structure of words 
in groups. 

Yngve, who is in charge of the ma­
chine translation project at M.I.T.,  has 
developed an original and very prom­
ising approach to this problem. Like 
other workers in the field, he was struck 
by the fact that the words in a sentence 
fall into two general classes: high-fre­
quency words which carry comparative­
ly little meaning (such as "the," "of," 
"by" and so on) and the lower-frequency 
verbs and nouns which convey most of 
the information. The meaning of the lat­
ter can be translated word for word. But 
a sentence makes sense only when they 
are related to one another by the high­
frequency structural words. In other 
words, the high-frequency words of 
comparatively little meaning provide the 
structural framework of a sentence: e.g., 
"By the (law) of (Archimedes) , the 
(weight) of a (submerged object) must 
(equal) the (weight) of the (displaced 
water) ." Following up this idea, Yngve 
and a group of four linguists at M.LT. 
are endeavoring to write rules for mak­
ing the information contained in a lan­
guage's syntax (or sentence structure) 
completely explicit. Combining such 
sets of rules for two languages with word 
dictionaries, we should have the linguis­
tic basis for translation by machine. 

The fourth and fifth steps of the ma­
chine translation process have received 
less attention than the first three, but 
they seem to present no great difficul­
ties. Present computers already print 
their output in forms which appear to be 
satisfactory for our purposes, and un­
doubtedly there will be improvements 
in speed. As for the last step-the polish-
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CATHODE·RAY TUBE displays three Russian words and their 

word·for·word translation. The tube is one output of Whirlwind, 
which was especially programmed to coustruct these symbols. Simi· 

lar programming might be used in the output of a translating ma­

chine. As each set of symbols (which would be smaller and more 

numerous than they are here) appeared they could be photographed. 

ing of the machine's output into the final 
text in the new language-there is a dif­
ference of opinion. Reifler has suggested 
a post-editor to make the text more read­
able. Whether a human editor will enter 
the picture will depend on how badly we 
need him and what he wiII cost. 

H ow good a translation could be pro-
duced by machine? The perfect 

translation would be one in which all the 
ideas (and esthetic values) of the orig­
inal text were reproduced faithfully in 
the new language. How closely it wiII 
be possible to approach that ideal we 
are unable to say at present. The indi­
cations are, from the work of Yngve and 
others, that we shall succeed almost im-

mediately in getting better than a word­
for-word rendition. Even a crude trans­
lation may be good enough to enable 
specialists in the same field, who al­
ready have a considerable common 
background of understanding, to com­
municate with one another. For this rea­
son, as well as the great need, everyone 
interested in machine translation is con­
centrating on scientific and technical 
material. As the quality of the machine 
output improves, the translations will 
become understandable to wider and 
wider circles of readers. Eventually it 
may become possible to advance from 
expository technical writing into narra­
tive and other types of literature. 

Although it is only nine years since 

the idea was born, many people are hard 
at work on specific features of the de­
sign for a translating machine. On the 
"hardware" side, engineers are develop­
ing devices for recognition of written 
characters and the sounds of speech, 
large and rapid computer memories, 
logical circuits, high-speed printers and 
automatic composing machines. On the 
linguistic side, experts are analyzing vo­
cabulary and grammar as they have 
never been analyzed before. 

In answer to the question "When shall 
we see a machine translate?" my best 
guess is, within five years. By that time 
there should be in operation one or more 
models turning out a good deal better 
than a word-by-word translation. 
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WHISTLERS 

They are musical sounds that may be heard in a radio receIver 

tuned to very lo\v frequencies. Originating In the atmosphere, 

they provide a ne\v method for exploring its outlying regIons 

A
Plans go forward for launching the 

first man-made satellites of the 
Earth, we have suddenly become 

confronted with a compelling need to 
know more about the outer reaches of 
our atmosphere. Where does the Earth's 
atmosphere end and space begin? What 
is the upper air composed of? What is 
its temperature, its density, its physical 
condition? 

Up to about 200 miles the atmosphere 
has been thoroughly explored by radio 
sounding [see "The Ionosphere," by 
T. N. Gautier; SCIENTIFIC AMERICAN, 
September]. But beyond that the atmos­
pheric "country" is still largely unknown. 
The ionosphere thins out so that it no 
longer reflects radio waves back to us. 

by L. R. O. Storey 

We have had no other instrument that 
could probe the outer regions. Recently, 
however, it was discovered that Nature 
herself is continually sounding the outer 
atmosphere in a way that we can follow, 
and thereby hangs the tale of this article. 

The tale begins with an accidental ob­
servation on the battlefield during World 
War 1. Behind the German lines the 
physicist Heinrich Barkhausen (discov­
erer of the Barkhausen effect in mag­
netism) was "wire tapping" Allied field 
telephone conversations at a distance 
with some ingeniously simple equip­
ment. Two prods, stuck in the ground 
several hundred yards apart, picked up 
minute electric currents leaking into the 
ground from the Allied telephone wires; 

I 
s 

these Signals were conveyed by cables 
to a sensitive amplifier, and Barkhau::2n 
was able to hear the telephone talk with 
headphones. During his eavesdropping 
he occasionally heard curious whistling 
sounds which completely swamped the 
military chatter. He was sufficiently im­
pressed with the phenomenon to report 
it later in a paper: "A very remarkable 
whistling note is heard in the telephone. 
At the front it was said that one hears 
'the grenades fly.' " 

Barkhausen's first reaction was that 
the whistles probably originated in his 
apparatus, but when all attempts to 
eliminate them failed, he decided that 
they must be coming from the atmos­
phere. He was right. It was to be many 

LIGHTNING causes an atmospheric radio disturbance which is 

. propagated along a magnetic line of force (arrows). A lightning 

stroke in the Southern Hemisphere (lower left) is heard in the 

Northern Hemisphere as a short whistler. A stroke in the Northern 

Hemisphere (upper right) is heard nearby as a long whistler. In 

the case of the long whistler the disturbance has made a round trip. 

34 

© 1955 SCIENTIFIC AMERICAN, INC



years, however, before much further at­
tention was paid to them or anyone really 
understood what they meant. 

In the form of static on the radio from 
a nearby thunderstorm, atmospheric ra­
dio signals are familiar enollgh. But the 
whistles Barkhausen heard were not in 
the ordinary broadcasting wavebands. 
They were low-frequency (long-wave) 
signals below the lowest broadcasting 
frequencies. Radio engineers now know 
that off this end of the broadcast spec­
trum various odd atmospheric signals are 
there for the hearing. Hearing is the 
right word, for the frequencies of these 
waves are so low that they fall within 
the sound range-the range of the human 
ear. To hear them we need only the sim­
plest of apparatus: basically just an 
aerial to pick up the atmospheric elec­
trical oscillations and an audio amplifier 
like the one in a phonograph to convert 
the oscillations directly into sound. 

And what do we hear when we turn 
the amplifier on? Well, most of the time 
just the same clicks as in the broadcast 
bands. But now and again we are fa­
vored with relatively musical noises, 
which have acquired quaint onomato­
poetic names. There is the "tweek" or 
"chink"-a brief, metallic note produced 
by waves bouncing up and down be­
tween the earth and the ionosphere. 
There is the "dawn chorus"-an unex­
plained twittering noise which occurs 
during a magnetic storm. And there are 
Barkhausen's whistlers. 

Starting above the upper limit of 
hearing, the whistling tone falls steadily 
in pitch, at first rapidly, then more slow­
ly at the lo\ver frequencies. The sound 
sweeps down through several octaves in 
a second or two. 

Whistlers were studied to some extent 
in the 1920s and 1930s, notably by 

E. T. Burton and E. M. Boardman at the 
Bell Telephone Laboratories and by 
T. L. Eckersley of the Marconi Wireless 
Telegraph Company in England. These 
workers noted that a whistler often 
(though not always) appeared about a 
second or so after a loud atmospheric 
click. Apparently whistlers were con­
nected in some way with clicks. The 
source of the clicks themselves was in 
doubt at that time, but in any case here 
was a promising lead to investigate. It 
seemed that the whistler might be an 
echo of the click, returning from the ion­
osphere. The question was: How could 
a click be converted into a whistler? 

Barkhausen and Eckersley indepen­
dently conceived an explanation which 
experiments later proved correct. It was 

/(\-" 'A 
> /1\1 --""';"""'/1 !,<,_Wi KJj/1 
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LIGHTNING STROKE (lower left) is heard at a receiving station (loIVer right) as a click 

(rectangular wave form at left center) composed of many different wavelengths (wave forms 

at upper left). In the ionosphere (stippled area) the short wavelengths travel faster than the 

long (upper right), giving rise to the whistler (right center) heard at the same station. 
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DISTURBANCE spreads in all directions b'om the lightning flash. When it encounters the 

ionosphere, some of it is reflected and some refracted. The latter phenomenon concentrates 

the disturbance in a beam (horizontal dotted lines), which follows the Earth's magnetic field. 
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TIME (SECONDSI 

SOUND SPECTROGRAPH used to analyze clicks and whistlers 

is essentially a set of filters (small rectangles at left), each of which 

passes a narrow band of frequencies. Connected to each filter is a 

small neon lamp. Beneath the lamps passes a strip of photographic 

film (right). When a click is heard, all the lamps flash simultane· 

ously and make the vertical row of spots at the left end of the 

record. When the whistler returns, the higher frequencies are de· 

tected first and give rise to the diagonal row of spots at the right. 

clear that a click must be composed of a 
number of different frequencies, for the 
same click could be detected all over 
the broadcast band, and indeed in the 
range of sound waves as well. It was 
also known that radio waves of different 
frequency travel at different speeds 
through the ionosphere. Suppose that, 
as a click moved through the ionosphere, 
its component frequencies were spread 
out, the highest frequency traveling fast­
est and the lower ones strung out behind. 
If the click traveled far enough so that its 
frequencies were well separated, an ob­
server should receive a drawn-out sig­
nal--a whistling tone of steadily falling 
pitch. 

Eckersley proceeded to translate this 
conception into numbers and equations. 
He calculated that a certain type of radio 
wave should pass through the ionosphere 
without being reflected by it, that it 
should be slowed in the ionosphere to 
one twentieth or less of its usual velocity, 
and that its speed should depend on 
several factors: its frequency, its direc­
tion of travel in relation to the Earth's 
magnetic field, the strength of the mag­
netic field and the density of electrons in 
the region through which it was passing. 
Considering frequency alone, the speed 
of waves of this kind through the iono­
sphere should vary in proportion to the 
square root of the frequency: e.g., a 
wave of four times the frequency of an­
other wave should travel with twice the 
speed, other things being equal. Thus in 
the case of a click traversing a given path 
through the ionosphere, the velocities of 
the component frequencies should have 
the simple square-root ratio. This means 
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that the time taken by the various fre­
quencies to cover the course should vary 
inversely with the square root of the fre­
quency. 

To check this prediction, all one needs 
to do is to separate the frequencies in a 
whistler with a frequency analyzer and 
determine whether the several frequen­
cies' times of arrival after the click do 
in fact obey the postulated ratio. Eckers­
ley found that they did almost exactly. 

The next important question was: 
How long is the path traveled by a 
whistler? The answer, of course, lies in 
the amount of dispersion of the frequen­
cies (the length to which the whistling 
tone is drawn out) . But it is impossible 
to make an exact estimate of the travel 
distance from this, because the disper­
sion also depends in part on the average 
electron density and magnetic field 
strength along the route, which are un­
known quantities. However, we can 
compute very roughly the minimum dis­
tance whistlers must travel. Leaving the 
variation of the magnetic field out of ac­
count and assuming the highest possible 
electron density throughout the route 
(equal to that of the densest layer in the 
ionosphere) , one calculates the path 
length for whistlers showing a typical 
amount of dispersion. The answer is the 
astonishing figure of 15,000 miles. Ap­
parently the whistlers go far beyond 
what has previously been thought to be 
the limits of the Earth's atmosphere. 

When I began to look into whistlers 
in the Cavendish Laboratory at 

the University of Cambridge in 1950, 
there seemed to be two problems out-

standing: firstly, what caused the clicks, 
and secondly, where the path went and 
how the waves were reflected at the end 
of it. 

It appeared highly probable by this 
time that the clicks originated in light­
ning. To study them we enlisted the help 
of the British Air Ministry Meteorologi­
cal Office which has a "Sferic" organiza­
tion that monitors ahnospherics to locate 
thunderstorms. Four widely-spaced sta­
tions in the United Kingdom pinpoint 
the sources of atmospheric clicks. We 
arranged to receive a telephone signal 
from these stations the moment the posi­
tion of a click was fixed. We recorded 
these signals, noted whether a whistler 
followed each click, made a map of the 
fixes and later were able to correlate the 
loudness of each whistler with the dis­
tance of the click source from our re­
ceiver. 

These observations and analysis of the 
wave forms left no doubt that the clicks 
were produced by lightning strokes. 
From lightning within 600 miles of us 
we invariably received loud whistlers; 
from points farther away the whistlers 
steadily grew weaker, until, beyond 
1,200 miles, we seldom received any at 
all. That is to say, we could detect no 
echo from a click that originated more 
than 1,200 miles from us. 

This was most curious. One would 
expect waves to spread out widely, yet 
here were waves which traveled at least 
15,000 miles and after journeying that 
great distance returned as an echo to a 
limited area no more than 1,200 miles in 
radius. What mechanism in the atmos­
phere could focus them in this manner? 
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SPECTROGRAPH RECORDS of an experiment by Milleu C. 
MOl'gan and G. McK. Allcock are depicted in this drawing. The 

lower record was made in New Zealand on August 28. At its left is a 

click; at its right is a long whistler and two echoes. The upper rec-

ord was made simultaneously in the Aleutian Islands. It shows a 

short whistler and two echoes from the same click. The numbers 

at left give the frequency in cycles; those at bottom, the time in 

seconds after 17 hours, 42 minutes, 51 seconds Greenwich Mean Time. 

Let us try to trace their journey. When 
a lightning stroke occurs, it sends out 
radio waves in all directions, and some 
go upward to the ionosphere. When the 
radio rays traverse the boundary be­
tween ordinary air and the ionized re­
gion, they are bent, just as a ray of light 
is refracted when it passes from air to 
some other medium. Whatever the angle 
at which the radio waves strike the iono­
sphere, all of them are bent toward the 
vertical. As we have already noted, the 
refractive (slowing) effect of the iono­
sphere on these waves is very pro­
nounced. Consequently the rays coming 
in from all angles are concentrated in a 
narrow vertical beam. 

As it rises into the ionosphere, how­
ever, the beamed pulse of energy does 
not continue in the vertical direction. It 
follows the lines of the Earth's magnetic 
field, because this is the direction in 
which the waves travel fastest. And as it 
goes, the pulse or click is drawn out into 
a whistler. 

If it is indeed true that the whistler 
follows a line of magnetic force, then we 
have some notion where its path will go. 
From the Earth's surface in England a 
line of magnetic force sweeps southward 
around the globe, crosses the magnetic 
equator at a height of about 7,000 miles 
and comes down to Earth again in the 
Southern Hemisphere. A whistler travel­
ing this path might be reflected from the 
ground and return along the same line 
of force to the area in England from 
which it came. 

The thought sends us back imme­
diately to our records and our listening 
posts, and a fresh look at the evidence 

soon confirms this reasoning. Firstly, 
there is the hitherto puzzling fact that 
sometimes a whistler is heard without 
any preceding click. We can guess now 
that such a whistler comes directly from 
the Southern Hemisphere-not an echo 
but a single-trip message from a South­
ern lightning flash. The click itself, 
traveling in the lower atmosphere, is un­
heard because it is absorbed before it 
reaches us. If the whistler has made only 
one journey through the ionosphere, it 
should be only half as drawn out as one 
preceded by a click (which makes the 
round trip). Measurements confirm the 
prediction. 

Secondly, almost from the beginning 
it was noticed that sometimes a single 
click fathers not one but a train of 
whistlers, each weaker and longer drawn 
out than the one before. They follow 
one another at short, regularly-spaced 
intervals. Quite evidently these must 
be reverberations of the same echo, 
bouncing back and forth like a tennis 
ball between the two hemispheres. 
That this is the case has been verified 
by the finding that the lengthening of 
the successive whistlers is proportional 
to the number of trips: when they fol­
low a click, the dispersion ratios are 
2:4: 6:8; when no click is heard, indi­
cating that the signal started in the 
other hemisphere, the ratios are, as ex­
pected, 1: 3: 5: 7. 

Last summer, in a direct test, indi­
vidual whistlers were actually caught 
bouncing back and forth by observers 
who made synchronized recordings at 
the two ends of a line of magnetic force­
one in the Aleutian Islands, the other in 

New Zealand [see illustration above). 
On each successive trip the whistler was 
drawn out further by the predicted 
amount. 

T he big surprise is what whistlers tell 
us about the height of the atmos­

phere. It must extend out to at least 
7,000 miles-several times farther than 
had previously been thought. The atmos­
phere was supposed to end at about 
1,500 miles. But now it appears, from the 
dispersion of whistlers, that 7,000 miles 
out there must still be about 400 elec­
trons per cubic centimeter. 

This may mean various things. If we 
suppose that the electrons come from 
ionization of gases typical of our atmos­
phere (oxygen and nitrogen), then to 
produce this ionization the temperature 
of the outer atmosphere would have to 
be at least 7,000 degrees-a figure far 
too high to be believed. J. W. Dungey 
of the University of Pennsylvania has 
suggested instead that the ions may 
come from outside the atmosphere: that 
in its passage through space the Earth 
picks up ionized hydrogen and holds it 
by the force of its magnetic field. Some 
recent estimates put the hydrogen con­
tent of "empty" space near the Earth's 
orbit as high as 600 particles per cubic 
centimeter, so Dungey'S theory seems 
reasonable. But the issue is far from 
settled. 

The only certain thing is that whistlers 
still have much to tell us. During the 
forthcoming International Geophysical 
Year observers all over the world will be 
listening for these strange messages from 
the outer atmosphere. 
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Early Environment 

How do environmental influences at the beginning of life shape 

the behavior of an animal? Some clues are found by experiments 

in which Scottish terriers are raised in restricted surroundings 

by William R. Thompson and Ronald Melzack 

T
he child, as the poets say, "is 
father of the man," but we still 
know all too little about how the 

child is molded. It is a controversial as 
well as an interesting subject. Is intelli­
gence, for instance, determined solely by 
heredity or can it be modified by the 
child's early environment? Although this 
'luestion has been much studied, the evi­
dence is ambiguous. And our under­
standing of the formation of the child's 
personality and emotional pattern is 
even more uncertain. 

We do have some clear and definite 
information about the development of 
lower animals. While animals do not 
necessarily behave like human beings, 
experimental studies of them can shed 
light on basic reactions of organisms to 
their environment. From them a psy­
chologist hopes to derive ideas which 
will help in studies of human beings. 

The study we shall describe repre­
sents an attempt to find out how an ani­
mal is affected by severe restriction of 
its opportunities for development and 
learning during its first few months of 
life. Our subjects were Scottish terriers. 
We were interested in learning whether 
early upbringing in a barren environ­
ment would have permanent effects up­
on the dogs' intelligence, activity, emo­
tional reactions and social behavior. The 
research was carried out over a period 
of five years in the psychological labora­
tory of McGill University with the help 
of a Rockefeller Foundation grant. 

As soon as each litter of Scotties was 
weaned (at the age of four weeks), it 
was divided into two groups. One group 
was then raised normally as controls: the 
dogs were either farmed out to Montreal 
families or, in a few cases, reared as free 
pups in the laboratory. The members of 
the other group, who served as the ex­
perimental subjects, were all confined 
in cages-one dog to a cage. The cage 
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was closed in with opaque sides and in 
some cases an opaque top, so that the 
dog could not see outside. Each day its 
food was placed in a small adjoining box 
with a sliding door. The door was 
opened from outside to let the dog into 
its "dining" room; then it was closed and 
the cage was cleaned. Thus the dog 
never saw its keepers. 

The experimental animals lived in this 
blank, isolated environment until they 
were between seven and 10 months old. 
At the end of that time they were let 
out and given the same handling and 
daily exercise as the controls, which 
were brought back from their homes to 
the laboratory. The two groups were 
then observed and given various psycho­
logical tests. 

It was immediately obvious even to a 
casual observer that restriction had 

had a profound and surprising effect on 
the experimental Scotties. After their re­
lease these dogs were exceptionally ac­
tive and .playful, showing a puppylike 
exuberance that belied their physical 
maturity. This behavior was almost op­
posite to what one might have expected, 
because it is commonly supposed that 
early separation from contacts with oth­
ers has a depressing effect. Visitors to 
the laboratory, on being asked to pick 
out the restricted dogs from those raised 
normally, almost invariably chose the 
more sedate and subdued normal dogs. 

We designed several tests to measure 
the Scotties' activity level systematical­
ly. In the first, each animal was put into 
a small room and observed for 30 min­
utes to see how much time it spent ex­
ploring the room, as opposed to merely 
sitting or lying down. This test was 
given four times, on four consecutive 
days, to seven normal and 11 restricted 
dogs. The normal dogs soon became 
bored with the monotony of the room 

and quietly relaxed, but those that had 
had a restricted upbringing went on ex­
ploring for a considerably longer time. 

The amount of activity also varied in­
versely with age. Older dogs became 
bored much more readily than younger 
animals. This supports the idea that the 
behavior of the experimentals was a sign 
of immaturity. 

In a second activity test, the experi­
mental and the normal Scotties were 
invited to explore a maze. They were 
observed for four 10-minute sessions. At 
first both groups were equally curious. 
But the novelty of the situation wore off 
much more quickly for the normal ani­
mals, and their exploratory inspection of 
the maze rapidly declined, whereas the 
dogs that had been starved of expe­
rience in their early lives continued to 
run about in it more actively. Even sev­
eral years after they had left their early 
cages, experimental Scotties still showed 
more activity in the tests than normally 
raised dogs of the same age-an indica­
tion that the effects of their early restric­
tion were enduring. 

These findings should not be inter­
preted to mean that maturity or a rich 
early life dulls curiosity. Rather they de­
crease over-curiosity. They produce an 
animal which is just as curious about 
any new situation, but which has the 
means to satisfy its curiosity quickly. In 
other words, the experienced animal ex­
hibits more intelligence. There may be 
something delightful about a child who 
can spend an hour completely absorbed 
in a clothespin, but this is not intelli­
gent, adult behavior. 

We next examined the Scotties' emo-
tional behavior. The severely lim­

ited early upbringing of the experimen­
tal dogs gave us a good opportunity to 
investigate the origin of so-called "irra­
tional" or "spontaneous" fears, which 
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have recently attracted much attention 
from psychologists. 

It used to be thought that all fears of 
objects or stimuli were "conditioned"­
an idea espoused by the behaviorist 
John B. Watson. The association of pain, 
a fall or a loud noise with an object may 
cause a child to fear it thereafter, even 
if the object is harmless. But many psy­
chologists now are convinced that there 
is a type of fear which cannot be ex­
plained in terms of conditioning. Fear 
may be evoked simply by the unusual 
or the unexpected-a leaf suddenly 
swirling past one's face on a dark coun­
try road, a knock on a window at night, 
any mysterious happening or behavior. 
There is a classic case of a three-year­
old girl who was severely frightened by 
her father when he dressed up as an 
elephant, even though she knew it was 
her father. D. O. Hebb of McGill Uni­
versity, investigating this type of fear 
systematically in chimpanzees, has found 
that they often show violent fear at the 
first sight of a strange person, a skull, a 
snake or a death mask of another chim-

panzee. Charles Darwin long ago no­
ticed the same phenomenon in dogs: in 
The Descent of Man he described how 
he had watched his dog avoid an open 
parasol being blown along the lawn by 
a breeze and had speculated on the dog's 
behavior. Darwin thought the dog must 
have reasoned unconsciously to itself 
"that movement without apparent cause 
indicated the presence of some strange 
living agent." It is doubtful that Dar­
win's dog, even after long association 
with a genius, could have reasoned in 
this way. Nonetheless, the significant 
fact Darwin recognized was that an ani­
mal with a highly developed brain may 
fear the mysterious. 

Are such fears "innate" or developed? 
Helen Mahut of McGill University 
tested the reactions of various breeds of 
dogs, all reared normally, to certain 
harmless but emotion-evoking objects, 
and she discovered that each breed re­
sponded to these objects in a character­
istic way. Thus the emotional behavior 
clearly must have some hereditary basis. 
Yet we can hardly assume that an animal 

- - �-

is born with innate fears of specific ob­
jects or people. Obviously the animal's 
experiences determine to a large degree 
what is unusual and what is not. With 
our experimental Scotties, whose early 
experience had been extremely meager, 
we had an excellent opportunity to study 
the interaction of heredity and learning 
in determining emotional behavior. 

About three weeks after the restricted 
dogs had been released from their cages, 
we exposed them to various strange phe­
nomena, such as a human skull, a slowly 
swelling balloon, an opening umbrella 
and so on. Normally-reared young Scot­
ties usually run away from such objects, 
without showing much excitement. But 
the restricted Scotties behaved very dif­
ferently. They became highly agitated, 
jumped back and forth near the object, 
whirled around it, "stalked" it and gen­
erally displayed much excitement but 
little purposeful activity. Their behavior 
may be called "diffuse" or "undifferen­
tiated"-they appeared not to know what 
to do about the object. 

A year later the restricted and normal 

EXPERIMENTAL SCOTTIES were placed after weaning in a 

do ed cage, the front of which is cut away in this drawing. They 

remained in the cage until they had reached an age of seven to 10 
months. The cage has two compartments for feeding and cleaning. 
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MAZE was used to compare the curiosity of normal and restricted 

Scolties. The dogs were released at lower left and encouraged to 

find the food at upper right. The performance of each animal was 

scored by tabulating the number of times it entered an "error zone." 

dogs were again tested with the same 
objects. The normal dogs now added a 
new response to their earlier avoidance: 
they attacked the object with a playful 
aggression-growling, barking, snapping 
and sometimes biting. The restricted 
dogs still showed considerable excite­
ment of a diffuse kind, but they had also 
developed a purposeful pattern of avoid­
ance. That is to say, they had reached a 
stage of response somewhat like that 
which the normal dogs had achieved a 
year earlier. 

The experiment indicated that the 
hereditary pattern of adaptive emotional 
behavior, such as avoidance and aggres­
sion, emerges only after an animal has 
had considerable experience with a 
stimulating environment, acquired over 
a long period. vVithout such experience, 
the animal expends a great deal of un­
directed and ineffectual energy. 

This experiment led to an even more 
interesting question: How will an animal 
deprived of experience respond to a 
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stimulus which is painful rather than 
harmless? Is avoidance of pain a simple 
reflex reaction that comes naturally to 
any animal, as many psychologists have 
long assumed? Further experiments 
showed in the clearest possible fashion 
that it is not. 

In one of these experiments the dogs 
were pursued by a toy car which gave 
them an electric shock when it hit them. 
Normal dogs quickly learned to avoid 
being hit. After six shocks, on the aver­
age, the experimenter no longer was able 
to touch them with the car. Moreover, 
they reacted to the threat calmly and 
deliberately: they sat watching the car, 
flicked aside a leg or the tail to avoid it, 
and jumped up to run away only at the 
last moment when the car came directly 
at them. 

In contrast, the restricted dogs be­
haved wildly and aimlessly. They 
jumped about, galloped in circles and 
actually ran into the car when it was 
held still in their path. It took these 

dogs an average of 25 shocks each to 
learn to avoid the car, and even then 
they became excited whenever they 
saw it. Two of the experimental 
dogs were subjected to the test again 
two years after they had been re­
leased from restriction. They still 
reacted to the electric shock with the 
same wild agitation, and one of them 
learned to avoid the car only after 23 
shocks. 

In this and other tests of their re­

sponses to painful stimuli, some of which 
could have injured them seriously, most 
of the restricted dogs behaved as if they 
were unaware that the source of the pain. 
was in the environment; they might have 
reacted in the same way to a bellyache. 
Whereas nOlmal dogs usually dashed 
away from the pain-causing object, the 
restricted dogs spent considerably more 
time around it after they had been hurt 
than before. To the astonishment of the 
experimenters, these dogs often toyed 
with a painful stimulus and frequently 
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walked into it. For example, they re­
peatedly struck their heads against some 
water pipes along the walls in one of 
the testing rooms: one dog banged his 
head against these pipes more than 30 
times, by actual count, in a single hour. 
The dogs gave no sign of pain when 
they ran into the pipes. 

These experiments support a great 
deal of other recent evidence that pain­
avoidance is by no means the simple 
protective "instinct" it was long thought 
to be. It is not a mere matter of nerve 
stimulation and response. Both the per­
ception of pain and the response to it are 
complex processes, in which the brain 
plays an important part. The appropriate 
response to pain is acquired, at least in 
part, by learning. And if an animal does 
not learn it in infancy, apparently it is 
unlikely ever to achieve the calm, pre­
cise response of a normal adult. 

We made a number of direct tests of 
the restricted dogs' intelligence, or 

problem-solving ability. In one simple 
test the dogs were first trained to get 
food by running along a wall of a room 
from one corner to the next. Then the 
experimenter placed the food in some 
other corner of the room. This was done 
in full sight of the dog, and the experi­
menter called emphatic attention to the 
new position by banging the food pan 
on the floor. A normal dog usually ran 
straight to the new position. But the re­
stricted dogs almost invariably ran pell­
mell toward the old corner; at best they 
might veer off before they reached it and 
get to the correct goal by a roundabout 
route. In a variation of this test, a 
chicken-wire barrier was placed in front 
of the food to see whether the dog would 
be intelligent enough to go around the 
barrier. Again the restricted animals 
showed strikingly unintelligent behavior. 
Normal dogs usually learned to go 
around after one or two trials, but the 
puppylike restricteds repeatedly dashed 
up to the barrier, pawed at it and tried 
to push their muzzles through the mesh 
in a vain and frantic attempt to get at 
the food. 

A more difficult delayed-response test 
measured the Scotties' ability to note and 
remember the location of food. Each dog 
was allowed to watch the experimenter 
put some food in one of a pair of boxes 
and to sniff the food. The dog was taken 
away and then released after a short 
time to test whether he would remem­
ber the correct box. Normal dogs, on the 
average, were able to choose the food 
box consistently after delays of up to 
four minutes. But the restricted dogs, as 
a rule, could not select the correct box 

TOY AUTOMOBILE which could be controlled remotely by the experimenter was fitted 

with prongs through which the Scotties would re<:eive a mild electric shock. The normal dog 

(top) quickly learned to avoid the automobile without excitement. The restricted dog (bot­
tom) took much longer to learn this lesson, and was excited when it saw the automobile. 
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reliably even when they were released 
without any delay at all. 

The final test was a set of 18 different 
maze problems. The Scotties were scored 
on the number of errors they made and 
the time it took them to solve each maze 
and reach the food at the end of it. Two 
features of this series of tests seem to 
us especially noteworthy. In the first 
place, the 18 different mazes tested a 
wide range of abilities. And secondly, all 
the dogs were trained beforehand on 
simpler mazes so that they had practice 
and were proficient in solving the maze 
type of problem. This meant that the 
conditions were analogous to those ob­
taining in human intelligence tests, for 
the persons taking them· have had pre­
vious training in answering questions of 
the sort asked in the test. Just as in test­
ing human intelligence, one can hardly 
expect to appraise an animal's intelli­
gence properly by presenting it with a 
single problem of a kind it has never 
encountered before, as is often done in 
laboratory maze tests. 

As we expected, the restricted Scot­
ties' performance on the 18 maze prob­
lems was substantially inferior to that of 
their normally reared littermates. They 
made about 50 per cent more errors on 

the series of problems. Even dogs 
which had been out of restriction for 
several years scored lower than their 
contemporaries, which seems to indi­
cate that the retardation imposed by 
their early restriction was more or less 
permanent. 

Having examined the effects of a bar­
ren early upbringing on the dogs' ac­
tivity, emotionality and intelligence, we 
were curious to know how it would shape 
their social behavior. The social life of 
dogs is rather elementary compared with 
that of human beings. As any dog-owner 
can testify, the domestic dog is not a 
particularly social animal, as far as as­
sociation with others of its own kind is 
concerned. Yet dogs certainy do interact 
socially when they have the opportunity. 
Their social behavior is determined part­
ly by heredity (some breeds are notori­
ously more aggressive than others) and 
partly by upbringing. 

We first studied the effect of a re­
stricted upbringing on the trait of domi­
nance (or submissiveness). The test 
situation was simple: a restricted dog 
and a normally raised dog were allowed 
to compete for a bone. Almost without 
exception the normal dogs dominated 
the restricted animals in this competi-

IRRATIONAL FEARS of normal and restricted dogs were compared by exposing them to 

an emotion·evoking object such as an opening umbrella. Here again the normal dog (back· 

ground) soon accepted the object, while the restricted dog continued to be frightened by it. 
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tion. Upbringing even overcame the 
powerful factor of seniority, for normal 
animals dominated the restricted ones 
that were considerably older. 

The dogs were also compared on a 
test designed to measure "sociability." 
Each subject was released in a large 
room containing two other dogs, en­
closed in separate chicken-wire pens in 
opposite corners of the room. The sub­
ject's interest in socializing was not diffi­
cult to measure. A sociable subject 
typically would approach one of the 
pens, stare at the animal inside, wag its 
tail and bark. Others ignored the occu­
pants of the pens and sometimes even 
urinated on a pen as if there were no 
one inside. Our measure of sociability 
was the amount of time spent by the 
subject in taking social notice of the 
penned dogs during a 10-minute session. 

In this test the normal Scotties proved 
to be much more sociable than those 
with a restricted upbringing. The latter 
paid little attention to the dogs in the 
pens, especially during the first session, 
and spent most of their time exploring 
the room itself. They were apparently a 
great deal more interested in the inani­
mate physical aspects of the room than 
in its live occupants. This lack of interest 
in companionship persisted years after 
the experimental dogs had been released 
from their early restriction. 

'fhe experiments we have described 
clearly indicate that a rich and stimu­

lating environment in early life is an im­
pOltant condition for normal develop­
ment. Restriction of experience during 
this crucial period can result in enduring 
retardation of an animal in various psy­
chological traits. It must be emphasized 
that our studies of Scotties have little 
specific bearing on human beings, for 
the environmental situations are dras­
tically different. But the experiments 
bring out clearly that any animal needs 
varied sensory stimulation in order to 
develop normally, just as it needs food 
and drink. This is a fact that has fre­
quently been neglected by psychologists. 
It has long been assumed, either explic­
itly or implicitly, that all behavior is 
governed by a basic need to minimize 
tensions and disturbances in order to 
preserve the stability of the organism. 
This is evidently not so. Organisms like 
to be disturbed (as by an exciting novel, 
climbing a mountain and so on). And 
indeed they cannot live normally and 
fully if they are not. Especially during 
the early, plastic period of life, they must 
have a good deal of stimulation in their 
environment. If they do not, they may 
remain forever immature. 
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____ Kodak repor's '0 laboratories on: 
an unusual endoxo structure . • .  a large plus, two medium-sized pluses, and a 

standoff ... riding the new speed vs. sharpness curve 

Even Hippocrates knew 
7-0xabicyclo[2.2 .l]heptane-2 ,3-di­
carboxylic Anhydride (Eastman 
7126) is also known as norcanthari­
din because cantharidin can be 
formalistically regarded as derived 
from it by partial dehydrogenation 
and methylation. 

Q;=CO_ o 0 
CO ........ 

norcontharidin 

CR, 

(li-Io CO
b 

�co / 
CR, 
cantharidin 

This is idle theorizing about a 

compound which even Hippocrates 
knew as the virulent, vesicant 
essence of the 
blood of certain 
species of insects. 
Cantharides i s  
one o f  the few 
drugs the old fel-
l o w  m e n  ti o n s .  lylta vesicatoria 

Today it is little IL.IIConthoddoel 

more than a pathetic but dangerous 
relic of the days of heroic medicine. 

Cantharidin nobody can accuse 
us of selling, but for the benefit of 
any chemist fascinated by its strange 
oxygen bridge across the ring, there 
is now Eastman 7126 at $2 a gram. 

Eastman 7 J 26 has some 3500 bed­
fellows on our stock shelves. They're 
cataloged in our Eastman Organic 
Chemicals List No. 39, which you get 
from Distillation Products Industries, 
Eastman Organic Chemicals Depart­
ment, Rochester 3, N. Y. (Division of 
Eastman Kodak Company). 

The oscillograph paper game 
Various objects fly through the air 
these days in order to provide sig­
nals, either directly or by delayed 
playback from magnetic tape, that 
govern the quiverings of little gal­
vanometer mirrors. The mirrors re­
flect light beams onto moving strips 
of photographic paper. The paper is 
then generally run through ma­
chines called stabilization proces­
sors to emerge with lines on them. 

We have the honor to provide 
some of this photographic paper. 
Now we are soliciting more of this 
business for the new Kodak Lina­
graph 1344 Paper on the following 
grounds: 

1) It comes out of stabilization 
processing without the brownish­
pink stain characteristic of high 
speed photorecording paper. This 
should make it easier on the eyes of 
those who have to look at the traces 
all day long and easier to copy on 
duplicating machines. 

2) It responds to a galvanometer 
light beam sweeping over it as fast 
as 1,000 in./sec. The trace therefore 
does not become uncertain just 
where a fast transient makes it most 
interesting. 

3) There are few blackened silver 
grains over the line from where the 
beam went by. The sharpness justi­
fies the use of optical aid in measur­
ing the exact position of the trace. 

4) At last, we have seen the folly 
of our ways in the matter of paper 
thickness. Now nobody beats us at 
getting the most footage into the 
least roll diameter. Strong paper it 
is too, good enough to reassure the 
last lifted eyebrow in the paper mill 
where we make our own base. 

In order, then-a large plus, two 
medium-sized pluses, and a stand­
off. Where would technology be 
without competition? 

Any photo-oscillographic questions? 
For the answers, write Eastman Kodak 
Company, Graphic Reproduction Di­
vision, Rochester 4, N. Y. 

Enlarging the breakthrough 
Looked back at now, the film emul­
sion-making practices of, say 1953, 
seem unsophisticated. We shall have 
to let the remark stand at that. The 
fact is that there has been an abrupt 
rise in a quasi-quantitative quan­
tity, the product of film speed and 
sharpness. 

About measuring speed there is a 
lot to be said, but we won't say it 
here, except that the Kodak Tri-X 
Film which we introduced a year or 
so ago has significantly expanded 
the scope of photography. 

Sharpness, a subjective impres­
sion, has now likewise had a metric 
imposed on it. There is a mathe­
matical statement-termed acutance 
-of the density variation across 
the photographic image of a knife 
edge. It is quite different from re­
solving power, a quantity related to 
the smallest repetitive detail dis-

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

and services with which the Eastman Kodak Company and 

its divisions are • • •  serving laboratories everywhere 

tinguishably reproducible, whether 
the detail looks sharp or not. 

Riding the new speed vs. sharp­
ness curve, we here announce re­
activation of the name Kodak 
Panatomic-X Film to apply now to 
our sharpest roll film, 35mm and 
other sizes, for general photography. 
Its Exposure Indexes are 25 for day­
light and 20 for tungsten. Its emul­
sion is less than half as thick as 
usual in negative film. This shorten­
ing of the path along which light 
can scatter on its way down is part 
of the reason for the greater sharp­
ness, but only part. The thinness 
also speeds processing. As for re­
solving power, witness the following 
demonstration, as filtered through 
the press that printed this page: 

Kodak Panatomic-X is an ex­
treme, as is Kodak Tri-X. For those 
who have been getting along just 
fine with the speed of Kodak Super­
XX, but want the sharpness benefit 
of the 1954 breakthrough, we rec­
ommend a new 35mm and 70mm 
film we are calling by the old name 
Kodak Plus-X. The noble old name 
Super-XX is being retired, except 
for sheet and aerial film. 

Already both of these new films are 
among the most widely distributed manu­
factllred prodllcts ill the United States. 

Price quoted ;s subject 10 
change without notice. 
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THE DUAL ROLE OF 

DvtEZ 
IN INIJVSTRY � ------------------ ��� @ 

PhOt08 upper, North American AVlahon, 1'1lC • -� 
lower. Burndll Engi1UJerino Co .. Inc. 

a safety factor for fighter pilots 
------------------

key element in 
new casting method 

Your business could 
profit with BOTH 

They're poles apart in service conditions 
... the Super Sabre's solderless electrical 
disconnect panels, and shell molds for 
producing ultrasmooth foundry castings. 
Yet one class of plastics is so versatile 
it's preferred in both ... the Durez phe­
nolics. As molding plastics, Durez phe­
nolics combine light weight with impact 
strength, lustrous surfaces, resistance to 
heat and chemical action, and excellent 
electrical properties. As resins they im­
prove products and processes when used 
to bond, coat, or impregnate. 

For their profitable use in your busi­
ness, see your molder ... or Durez, the 
leader in developing the phenolics, and 
their largest producer. 

Write for our latest general bulletin 
DUREZ PLASTICS DIVISION 

HOOKER ELECTROCHEMICAL COMPANY 

801 Walck Road, North Tonawanda, N. Y. 

"LEADERS IN PHENOLIC PLASTICS" 
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UN Radiation Study 

T
he effects of radiation on man and 
his environment will be studied 
by an international committee set 

up by the United Nations General As­
sembly. The committee will have one 
scientist from each of the following 
countries: Argentina, Australia, Belgium, 
Brazil, Canada, Czechoslovakia, Egypt, 
France, India, Japan, Mexico, Sweden, 
United Kingdom, U. S. and U.S.S.R. 
Their representatives will meet in Wash­
ington January 23 to form the frame­
work of the new agency. 

The resolution establishing the world­
wide radiation study, originally spon­
sored by the U. S. , Canada, Australia 
and the U. K. ,  was passed unanimously 
after amendment by the 59 members of 
the General Assembly's Political Com­
mittee. Two amendments introduced by 
India were defeated by narrow margins. 
One would have authorized the scientific 
group to collect information from all 
sources, including such nonmember na­
tions as Communist China. The other 
would have directed the UN Secretary­
General to furnish its reports to anyone 
who wanted them. 

National Observatory 

The National Science Foundation has 
decided to sponsor a national ob­

servatory whose facilities will be open to 
all properly qualified U. S. astronomers . 
A study is now being conducted by the 
University of Michigan, under a $279,-
000 grant from the Foundation, to de­
termine the best site for the installa,tion . 
It will probably be located in Arizona or 
New Mexico, which have clear atmos-

SCIENCE AND 
pheres and better winter seeing condi­
tions than California. 

Manpower 

T hat drastic measures are needed to 
meet the shortage of scientists and 

engineers in the U.  S. was urged by sev­
eral national figures last month. Lewis 
L. Strauss, chairman of the Atomic En­
ergy Commission, proposed that "every 
engineer and scientist in the country" be 
enlisted as a part-time high-school sci­
ence teacher. In addition, he told a con­
ference on the scientific manpower 
shortage held by the Thomas Alva Edi­
son Foundation, he would have all col­
leges require physics and chemistry for 
entrance, so that students would be 
forced to study these subjects in sec­
ondary school. Dean John R. Dunning 
of Columbia University's School of En­
gineering, who also attended the con­
ference, urged that the natiDnal expendi­
ture for education be doubled, with some 
Federal aid. 

The National Science Foundation last 
month published a monograph entitled 
Scientific Personnel Resources, its first 
attempt at a complete inventory of sci­
entific manpower. According to the re­
port, there were about 200,000 scientists 
and 650,000 engineers in the U. S. in 
1954. Of the scientists, 63 per cent were 
trained in the physical sciences, 12 per 
cent in the earth sciences and 25 per 
cent in biological. Almost �O per cent of 
the physical scientists were chemists; 15 
per cent were physicists and 4 per cent 
mathematicians.. The division among en­
gineers was: 24 per cent civil, 24 per 
cent mechanical, 20 per cent electrical, 
8 per cent industrial, 6 per cent chemi­
cal, 4 per cent mining and metallurgical 
and 14 per cent other. 

The Foundation noted that shortages 
in manpower will become "critical" if 
defense requirements are increased sub­
stantially. Yet the capa.city of the U. S. 
educational system to turn out well­
trained scientists and engineers is de­
creasing rather than increasing. The 
number of college graduates qualified to 
teach science in high schools has de­
clined annually since 1950. In 1954 
some 4,000 graduates were qualified, but 
surveys indicate that little more than 
half of these would become teachers. 
Only about 46 per cent of youngsters 
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THE CITIZEN 
with an LQ. of 130 or over get a college 
education, and only 1.7 per cent take 
Ph.D. degrees. 

An experimental program for improv­
ing science teaching in high schools was 
announced by the National Academy of 
Sciences and National Research Coun­
cil. It is being tried in Arlington, Va. 
Under the plan a scholarship fund will 
be raised by the Parent-Teacher Asso­
ciation and other civic groups to enabie 
Arlington high-school teachers to do 
graduate study at local universities .  The 
N.A.S. is cooperating with these insti­
tutions to develop courses which will 
help the teachers in their classroom 
work and will count toward advanced 
degrees in education or science. A sec­
ond feature of the program is to find 
summer employment for the teachers in 
industrial or government research labo­
ratories. The jobs will provide useful 
training as well as extra income. 

In connection with its manpower cen­
sus, the National Science Foundation 
noted that "certain other countries" are 
rapidly approaching the U. S. in the 
number of technically trained personnel 
and we may soon "be surpassed." Docu­
menting the assertion was a second 
Foundation publication, Soviet Pmfes­
sional Manpower, by Nicholas DeWitt 
of the Russian Research Center at Har­
vard University. The author found that 
the Soviet Union has turned out almost 
twice as many technical specialists as 
the U. S. during the past 25 years: 
682,000 engineers as against 480,000 in 
the U. S. ; 244,000 agricultural special­
ists as against 133,000; 320,000 physi­
cians as against 148,000. There are 
nearly six million college graduates in 
the U. S., only two million in the Soviet 
Union. But the number of Soviet ap­
plied scientists with higher education is 
already equal to or greater than the 
number in the U. S .  

Off to Antarctica 

N ever before in history have the 
Antarctic seas borne such heavy 

traffic. In the month of November alone 
four ships sailed for Antarctica carrying 
men and supplies to set up observation 
stations for the International Geophysi­
cal Year in 1957-1958. 

The 8,600-ton U.S .S .  Glacier, the 
Navy's newest and most powerful ice-

Maintenance Costs Slashed By Silicones 
Today, "materials engineering" is almost as important to maintenance 

men as it is to design engineers. Dow Corning Silicones in many forms are 
greatly reducing maintenance costs in factories of all kinds and in end 

products ranging from electric motors and aircraft to household appliances. 

Since the yearly industrial maintenance bill is about equal to annual dividend 

payments, management men will want to review the silicone applications 
described below. 

Saves $17,876 in one year with SILASTIC' insulated wire. 

Ceramic insulation on lead wires in a chemical company's 
heat transfer boilers withstood over 4000 F temperatures, 
but wouldn't prevent oxidation ... so wires needed replac­
ing 4 times yearly. Cost of materials, labor and downtime 
for replacements totaled $18,400 per year. Wire insulated 
with Silastic, Dow Corning's silicone rubber, was still 
in excellent condition after the first year. Net savings 
estimated at $17,876. No. 10 

Annual repainting cost cut 70% with silicone PAINT. Keeping 
paint on boiler stacks between annual shut .down periods 

--:::,.. posed a costly problem for Cit-Con Oil Refinery. At SU1'­
face temperatures of 3500 to 7000 F, organic finishes 
failed in a few months. A silicone based paint lasted 
through tlVO annual shutdowns without any sign of failure. 
Experience indicates that cost of protecting hot metal 
surfaces for 3 years with silicone paints is comparable 

'10 cost of sand blasting and painting with conventional 

�����.�,���� coatings for one year. No. II 

Silicone GREASE saves $9,500 a year in replacement parts for 

conveyor. "Baked" at 4200 F for 22 hours every day, the 
bearings and pulley wheels of an oven conveyor system 
at Universal Friction Materials Co. needed frequent re­
placement. Total yearly cost for replacement parts and 
long production delays was about $10,000. Then, Uni­
versal switched to Dow Corning 41 Grease. Replacement 
costs dropped to about $500 a year and downtime was 
almost eliminated. No. 12 

Silicone INSULATION saves foundry $6,750 on one motor. In 
ambient temperatures up to 3500 F, driving an induction 
fan in a core oven stack at Lakey Foundry Corp. is a hot 
job for any motor. Original 7Y2 hp Class A motor failed 
every few weeks involving special cranes for removal and 
installation after rewinding. Rebuilt with silicone (Class 
H) insulation, motor lasted 54 times as long; saved $6,750 
in rewind and installation costs alone; permits contin­
uous production. No. 13 
*rM REG. U.S. PAT. OFF. 

Mean Business! 
Send coupon for more information on these and other silicone products 

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

I 
I 
I 
I 

Dow Corning Corporation, Dept. 9801, Midland, Michigan 
Please send me: More information on: 100 110 120 130 
o "What's a Silicone", 32 page illustrated booklet 
o 1956 reference guide to Dow Corning silicone products 

I Name 

I 
I Company 

I Address 

I 
I 
�------------------------� 

ATLANTA CHICAGO CLEVELAND DALLAS DETROIT LOS ANGELES NEW YORK WASHINGTON, D.C. 
CANADA: DOW CORNING SILICONES LTD •• TORONTO GREAT BRITAIN: MIDLAND SILICONES LTD .• LONDON FRANCE: ST. GOBAIN. PARIS 
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Figure 1 shows the microstructure of a steel after it has been quenched at 5000 F. The some 
specimen is shown in Figure 2 after reheating for one hour ot 8000 F. An original automotive 
paint surface is shown in Figure 3; Figure 4. is the some surface after the binder has broken 
down and free pigment particles have appeared, forming a whitish surfoce layer. 

In producing its great line of cars "with the forward look," 

the Chrysler Corporation uses the RCA Electron Microscope 

to inspect many of the materials. These studies cover steel, 

paint finishes, rubber parts, metal powders, brake linings, 

and the extremely fine colloidal particles used for reinforc­

ing fillers in plastics and rubber. 

The investigations, which are headed by Dr. D. M. Teague 

of the Chrysler Physical-Chemical Research Department, 

also have been broadened to include foundry smoke and 

the effect of wear upon metallic parts. 

RADIO CORPORA "'ON 
01 AMERICA 
More and more the use of the RCA Electron Microscope 

is becoming mandatory throughout industry for the 

high magnification and resolution it affords. Find out 

how the Electron Microscope can help you • • •  to 

determine the structure of materials, control quality, 

cut costs, save time, accelerate development 

work. Installation supervision is supplied 

and contract service by the RCA Service 

Company is available, if desired. For 

complete information, write to Dept. 

A-III, Building 15-1, Radio Corporation 

of America, Camden, N. J. In Canada: 

RCA VICTOR Company Ltd., Montreal. 

breaker, is transporting 93 officers, en­
listed men and scientific observers along 
with a remarkable assortment of equip­
ment. In addition to three amphibious 
reconnaissance vehicles, the Glacier car­
ries two "snowcats," two helicopters and 
an airplane equipped with both wheels 
and skis. The icebreaker is towing a 174-
foot harbor oiler filled with 200,000 gal­
lons of aviation fuel . 

The Theron, a Canadian sealing ship, 
left from London with a British Com­
monwealth expedition which will stop 
at New Zealand to pick up Sir Edmund 
Hillary, the climber of Mount Everest. 
A week later the Theron was followed 
by the Tottan', a 540-ton motor vessel 
chartered by Royal Society scientists 
who plan to investigate the aurora and 
other aspects of the atmosphere. 

As the month closed the giant of the 
international Antarctic fleet, the 12,500-
ton Diesel-electric motorship �b, left 
from Kaliningrad with the advance 
guard of the U.S .S .R. expedition. The 
Soviet scientists. will establish three 
bases, one in the center of the continent 
near the South Pole . 

The Deuterium Song 

A new note has been reported in the 
medley of radio waves pouring in 

on the earth from the space outside. Its 
wavelength is 91.6 centimeters and it is 
broadcast by atoms of deuterium (heavy 
hydrogen). 

The hydrogen in interstellar space, jf 
it is like the material found on earth, 
should contain a small amount of the 
heavy isotope . Ever since the 21-centi­
meter radiation from interstellar hydro­
gen was discovered, astronomers have 
realized that there should also be a deu­
terium signal, which calculations showed 
to have a wavelength of 91.6 centi­
meters . It was thought, however, that 
space contains only about one atom of 
deuterium to every 6,000 atoms of nor­
mal hydrogen, in which case the signal 
would be too faint to detect. At a recent 
symposium on radio astronomy at the 
University of Manchester in England a 
delegation from the U.S .S .R. announced 
that Soviet observers had picked up a 
deuterium absorption line in the strong 
radio emission coming from the center 
of the Milky Wa.y. The strength of the 
reported effect indicates that the ratio 
of deuterium to hydrogen in the direc­
tion of the center of our galaxy may be 
as high as one to 400. C. C. Cetmanzev, 
K. S. Stankevitch and V. S. Troitsky 
were credited with the discovery. 

Commenttng on the announcement in 
Sky and Telescope, Harvard University 
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AL Stainless Steels 
lor the Process Industries 

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

VARIOUS TYPES-Generally speak­
ing, stainless steels are divided into 
three groups: chromium, chromium 
nickel, and chromium-manganese-low 
nickel steels. Their corrosion resist­
ance, hardenability, tensile strength, 
etc., varies with the proportion of 
chromium, nickel and other alloying 
elements each type contains. 

The chromium stainless grades are 
divided into two types: martensitic 
steels, which are hardenable; and fer­
ritic non-hardenable steels. Both types 
are magnetic. The chromium nickel 
and chromium-manganese-low nickel 
stainless grades are austenitic steels, 
hardenable only by coldworking, and 
are non-magnetic. 

The principal chromium stainless 
steels of chemical industry significance 
are Types 410,431 and 440A martensi­
tic grades, and Types 405, 430, 442 
and 446 ferritic steels. Chromium nickel 
austenitic steels of principal import­
ance are Types 302, 304, 316, 317, 
347, 309 and 310. In the more recently 
developed chromium-manganese-low 
nickel austenitic group, Type 202 has 
physical and mechanical properties 
closely approximating those of Type 
302-with the advantage of much 
lower nickel content and more ready 
availability in times of nickel shortage. 

PRINCIPAL GRADES-Industry has 
called for quite an extensive range of 
chemical and physical properties in 
stainless steels. To meet these require­
ments, types have been developed 
which are best suited for a particular 
application: such as Types 316 and 317 
for extra corrosion resistance, Types 
309 and 310 for extra high temperature 
service, etc. Knowledge of these stain­
less steel qualities is essential for en. 
gineers and designers to create a prod. 
uct that will best do the work for 
which it was intended. Complete data 
on AL Stainless Steels is available in 
the varicius publications listed below. 

Of all the stainless steels, the grades 
most used in the chemical and allied 
industries are Types 304, 316, 317 and 
347 chromium nickel steels. The first 
three grades are also available in extra 
low carbon varieties ro meet extreme 
conditions of fabrication or service 
which might carry the threat of inter. 
granular corrosion. Designated Types 
304L, 316L and 317L, these low carbon 
stainless steels are practically immune 
to carbide precipitation in the as­
welded condition. Like Type 347, they 

permit the field-welding and stress· 
relieving of material of any thickness, 
for example, without the hazard of 
intergranular corrosion. 

REGULARLY SUPPLIED FORMS 
-Allegheny Ludlum Steel Corpora­
tion is in position to furnish the various 
grades of stainless steel in all of the 
commercial forms required by fabri­
cators of these metals. These include: 
• Plates, including formed heads 
• Sheets, either coiled or straight cut lengths 
• Strip, either coiled or straight cut lengths 
• Bars, rounds ... flats . • .  hexagons ... 

octagons ... squares or special shapes 
• Billets, for forging or upsetting 
• Angles 
• Wire 
• Tubing, seamless or welded 
• Castings and smooth-hammered Forgings 
• Extrusions 
• Clad stainless 

Information as to size ranges and 
mill tolerances are available in litera­
ture devoted to detailed discussions of 
AL Stainless Steels. 

SPECI AL REQUI R EMENTS-When 
selecting a grade of corrosion and heat 
resisting steel for a given application, 
it should always be borne in mind that 
laboratory tests, however carefully per­
formed, can be expected at best to be 
only indicative of field performance. 
Variations in actual service conditions 
are so wide that a special study of the 
case at hand may be necessary at times. 
To that end, Allegheny Ludlum engi­
neers and technical men are available 

'for consultation on unusual problems 
involving stainless applications. 

FABRICATION-AL Stainless Steels 
may be easily fabricated by any of the 
usual processes-welding, drawing, 
blanking, machining, spinning, forg­
ing, riveting, shearing, soldering, etc. 
In some instances, however, care must 
be exercised in handling of the material 
to preserve its corrosion or heat resist­
ing properties. No one should under­
take to fabricate any of the stainless 
steels without a full understanding of 
these handling procedures. Proper 

processing is fully discussed in Alle­
gheny Ludlum literature-available on 
request. 

RESISTANC E TO ATTACK-There 
is a wide range of conditions under 
which AL Stainless Steels operate in 
resisting corrosive attack at normal and 
elevated temperatures. Detailed infor­
mation regarding their resistance to 
various media, heat resistance and 
strength will be sent upon request. 
See the publication list below. 

STAINLESS CLAD STEEL-Allegheny 
Ludlum Stainless Clad is available com­
mercially in the following commodi­
ties: 
• Double Clad-Stainless both surfaces with 

carbon steel core. In plates, sheets and 
'strip. 

• Single Clad-Stainless one side only; plates 
only 3/16" and heavier. 

Special clad matetials on application. 

PUBLICATIONS AVAILABLE 

The following list of technical and 
service literature is freely available on 
request; just ask for the bulletins 
which contain the type of informa­
tion you need. 

Blue Sheets-An individual BlueSheet, 
containing certified laboratory data 
on physical and chemical properties, 
etc. is available on each grade of AL 
Stainless Steel. 
Fabrication of Stainless Steels-Contains 
valuable data for your shop men on 
various methods of handling, forming 
and finishing stainless steel. 
At Stainless Steel in Chemical Process­
ing-36 pages on various applica. 
tions, advantages, etc. of stainless in 
the chemical industry. 
Stainless Steel Handbook-A case· 
bound book of 124 pages, containing 
complete data leading to the proper 
selection and fabricat,ion, etc. of the 
correct grade of stainless for each 
application. 

• Write to Allegheny Ludlum Steel Cor. 
poration, Oliver Bldg., Pittsburgh 22, Pa. 

ADDRESS DEPT. NO. SC-73 

WAO 5787 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

For Stainless Steel in All Forms-call -

Alleghenv Ludlum 
Warehouse stocks carried by all Ryerson Steel plants 
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92,000 hours from now! 

It is difficult to realize that this historic "flying 
machine" is just 92,000 working hours old. 

From that 1910 beginning to today's new multi-jet 

Navy XP6M SeaMaster, Martin has developed and 

produced a new aircraft design every 1500 hours of 
the working calendar. 

On this backlog of experience-unmatched by any 

other aircraft company in the world - one of the 

youngest and most dynamic managements in the 

industry is engineering new methods that are thou­

sands of hours ahead of the aircraft calendar. 

You would do well to find out what's happening at 
Martin - and what the opportunities there in AERO­

DYN AMICS, E LECTRON ICS, STRUCTURES, 

PROPULSION and NUCLEAR POWER might do 

to speed up your own calendar of progress. 

Contact J. M. Hollyday, Dept. S-l, The Martin 

Company, Baltimore 3, Maryland. 

---' ''' 

astronomer Bart J. Bok said the observa­
tion "obviously required checking and 
confirmation, but there is no doubt of its 
great importance, possibly ranking with 
the discovery in 1951 of the 21-centi­
meter line by H. 1. Ewen and E. M. 
Purcell."  

Cosmic Synchrotron 

A gigantic natural synchrotron, pow­
erful enough to account for the ex­

tremely high energies of cosmic rays, has 
been found in the Crab Nebula. 

This nebula, the gaseous remainder of 
a supernova which exploded in the year 
1054 A.D., has long been an object of 
curiosity. Its light is unusual in that it 
forms a continuous spectrum, rather 
than a line spectrum. Recently astrono­
mers in the U.S.S.R. announced the still 
more surprising fact that the light is also 
partly polarized. The discovery has been 
confirmed by the Dutch astronomer Jan 
H.  Oort and by Walter Baade of the 
Mount Wilson and Palomar Observato­
ries. In fact, they found the light from 
some parts of the nebula to be almost 
100 per cent polarized. . 

The only explanation physicists can 
think of for the continuous, polarized 
spectrum is that the light is radiated 
from very high-speed electrons being 
accelerated in a magnetic field. Such ra­
diation, which is predicted by electro­
magnetic theory, can be seen in electron 
synchrotrons. Apparently the supernova 
must have produced a source of high­
energy electrons, and these particles are 
now being bent into curved paths by the 
weak magnetic fields of interstellar 
space. 

If the nebula contains fast electrons, 
it probably also contains fast protons. 
The heavy protons would not radiate 
visible light and so could not be directly 
detected. But if they are there and if 
they are traveling as fast as the electrons, 
they might well reach the earth with the 
energy of primary cosmic rays. 

Sunpower 

k international conference on solar 
energy in Arizona last month drew 

700 scientists from 36 countries. Similar 
meetings two years ago in Wisconsin and 
last year in India had only 30 partici­
pants each. The 1955 conference was 
sponsored jointly by the Stanford Re­
search Institute, the University of Ari­
zona and the Association for Applied 
Solar Energy. 

The consensus of the discussions was 
that small-capacity solar units will soon 
be supplying substantial quantities of 
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Dr. James M. Lafferty, Ph.D. (E.E.), 
University of �1ichigan (1946), joined 
the General Electric Research Labora­
tory in 1942. His work has included de­
velopment of electrometer tubes, micro­
wave reflex oscillators, and color-tele­
vision picture tubes. During World 
'Var II Dr. Lafferty received a Naval 
Ordnance Development Award for con­
tributions to the first VTproximity fuse. 

New stability for cathodes 
General Electric's Dr. �ames M. Lafferty uses metal 
compounds to achieve reliable electron emission 

For as long as they have known how to make vacuum 
tubes, scientists have been seeking cathodes combining 
high emission with low evaporation-materials that 
will give off many electrons, but few atoms. Because of 
their emission efficiency, oxide cathodes always have 
received most of the research attention. Now, however, 
Dr. James M. Lafferty of the General Electric Research 
Laboratory is taking an entirely new look at the prob­
lem. He has developed cathodes made of metallic com­
pounds which are chemically stable and demonstrate 
low evaporation rates at current densities where oxide 
cathodes evaporate too quickly to be useful. These fea­
tures have made Dr. Lafferty's lanthanum boride emitters 
indispensable in the electron guns used for high-energy 

accelerators and other systems where stability is re­
quired under difficult conditions. Using interstitial com­
pounds, scientists can build a cagelike framework 
around the atoms of metals known to be good emitters; 
the framework acts as a "sieve," which lets electrons 
pass through, but holds back evaporation of the atoms 
themselves. Dr. Lafferty's metallic emitters are now 
beginning to approach oxide cathodes in efficiency, 
while surpassing them in long-life reliability. 

"A-ogress Is Oflr Most Imporl-ant PrOt/fief 

GENERAL _ ELECTRIC 
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Senior Aerodynomicist 
An aerodynamics engineer (5 years or more experience) experienced in static and 
dynamic stability of airframes and autopilots. Able to investigate stability and control 
problems in detail with only general guidance. Original ideas and initiative required. 

Senior Aerodynamicist 
F.our to five years experience in performance to do drag analysis. Must be familiar with 

the drag problems of supersonic 
aircraft. 

Dynamics Engineer 
A broad program involving analytical and experimental investigations of the complex 
dynamics problems associated with supersonic aircraft offers a real opportunity for 
young engineers with ability. You will gain invaluable experience under competent super· 
vision to develop a professional background in such areas as servomechanisms, analogue 
computers, control system dynamics, non-linear mechanics and hydraulic system analysis. 
A program of laboratory investigations on actual systems in coniunction with analytical 
work, as well as a coordinated lecture program, offers an outstanding environment 
for rapid professional development. A degree in ME, AE or Physics with good Math 
background is preferred. 

Senior Flight Test Engineer 
Experienced in power plant and performance work. Aeronautical plus thermodynamics 
education preferred. Turbo-jet experience necessary. Unusual opportunity to fill a 
specific responsible vacancy. 

Senior Dynamics Engineer 
Supervisory position open for a capable engineer interested in advanced problems in 
aeroelasticity of supersonic airplanes. Emphasis on experimental and analytical work 
associated with complex airplane vibration problems. Several years experience in 
vibration testing and analysis as welT as flutter analysis required. Chance for advance­
ment good for the rrght man. 

JUI---' 

B.S. or M.S. in aeronautical or civil engineering, with advanced mathematics back­
ground and with a minimum of 3 years' experience in airframe stress analysis, or structural 
methods. 

REPUBLIC'S NEW 2-FOlD RETIREMENT INCOME PlAN 
PAR'!' 1. A basic Retirement Income paid IX Fl:LL by Uepublic. 

PAHT 2. Optional. Engineer makes slllall monthly payment; company �lOB.E 
,),HA� llATC'TfES contribution. 

WHAT IT :\IEA�S: Example: engineer starting .Tan. 1. '56 averaging $8.900 
a year for 15 years. then retiring at 65. receives $225.80 per month, includlllg 
Social Security, (HE WILL HA'"E P.\lD I� OXLY $8.50 per month.) 

OTHER REPT;BLIC BEXEFI'!'S: All-Expense l'aid"B.elocation Plan for engineers 
living outdde Xew York and Long Island. Company-paid Life, Health & Accident 
insurance. Grants covering % cost of collegiate and graduate �LUcly. 

• 

· 
· 
• 
• 
• 

Please forward complete resume, outlining 

details of your technical background, to: 

Assistant Chief Engineer · .-ldlllillis/ralion 
Mr_ R. L. Bortner 

"JE,.IlI61LII; AII'IATILIN 
FARMINGDALE. LONG ISLAND. NEW YORK 

power in hot, sunny regions for such 
purposes as irrigation, refrigeration and 
lighting small villages. 

Among the technical developments 
announced at the meeting: 

H. Tabor of the National Physical 
Laboratory in Israel has designed a glass 
plate which absorbs solar energy so effi­
ciently that it can generate low-pressure 
steam-something no other plate collec­
tor had ever accomplished. One side of 
the plate has semi cylindrical ribs which 
focus the sun's rays into narrow lines at 
the opposite surface. This surface is sil­
vered everywhere except along the focus 
lines. Hence the focused energy gets 
through to the space beneath the glass 
and most of it is trapped there because 
of the silvering over the plate's surface. 

Engineers in the U.S.S.R. have built 
a steam generator with a 33-foot para­
bolic mirror. The boiler produces 107 
pounds of steam per hour at a pressure 
of 110 pounds per square inch and a 
temperature of 367 degrees Fahrenheit. 
Another Soviet paper disclosed plans for 
a much larger unit which will make 13 
tons of steam per hour at a temperature 
of 660 degrees and a pressure of 240 
pounds per square inch. Its mirrors, with 
a total reflecting surface of 215,000 
square feet, will be mounted on railroad 
cars traveling on circular tracks to fol­
low the sun. 

The French delegation, the largest 
foreign group at the conference, de­
scribed work on solar furnaces. Using 
mirrors to concentrate solar energy on 
a small area, the French have devel­
oped temperatures up to 6,300 degrees 
Fahrenheit. They claim a number of 
practical advantages for the solar fur­
nace over the electric arc furnace now 
most commonly used to obtain such 
temperatures. The French researchers 
announced a commercially feasible proc­
ess, using the solar furnace, for produc­
ing 99.5 per cent pure zirconium oxide, 
a refractory material with a melting 
point of 4,900 degrees. 

M etallurgists have borrowed tech-
niques from the paper industry to 

make a new form of metal which is light 
and porous, yet exceptionally strong. 
The process, developed at the Armour 
Research Foundation, is called fiber 
metallurgy. It starts with a sludge of 
metal fibers, pours them on a screen and 
then drains away the liquid, leaving a 

tenacious felt of matted metal strands. 
Pressing or sintering joins the strands 
more firmly and strengthens the felt. 

Fiber metals and their most promising 
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WHY INDUSTRIAL ENGINEERS F A V 0 R 

Trouble-
Free 

elays 
.. . the utmost in 

clepencla&i/ity for 

automation panels 

Four pole, Type BX Universal Relay 

with both normally open and normally 

closed contact connections 

ALLEN·BRADLEY MOT 0 R CONTROLS 

These small but rugged Bulletin 700 relays have only 
one moving part-the solenoid plunger that opens and 
closes the contacts. This simple design guarantees mil. 
lions of trouble·free operations. 

In the Bulletin 700, Type BX, four pole universal 
relay shown below, each pole has botlt normally open 
and normally closed contacts. You can change any indio 
vidual pole from normally open to normally closed or 
vice versa by simply changing connections. It is not 
necessary to disassemble or reassemble any parts. Four, 
six, and eight pole constructions are also available. 

These universal type relays are ideally suited for labo. 
ratory setups and experimental layouts, because you 
can try various contact combinations without stocking 
a large number of relays. Furthermore, they wiII provide 
the long life and consistent repetiti,'e operation needed 
for industrial applications. Write for Bulletin 700 . 

Allen.Bradley Co. 
134 W. Greenfield Ave., Milwaukee 4, Wis. 

In Canada-Allen.Bradley Canada Ltd., Galt, 0111. 

/i/7 ,��� ALLrN-BRA'LEY 
QUALI�\: MOTOR �9 NTROL 

�:;;:> fIl! A LITV ,:,:'--::::: > 

, 
Low Coil Current 

A-C Relay 

Four Pole 

A-C Relay 

The Sign of QUALITY 
Motor Control 
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A �1� 
SYNCHRON IZED ,) ii, 
P I C�U R E��� �roL 
I�AlJJIJLABe�'''Tei� Tv-..... '� ' 

METALAB Equipment synchronizes laboratories by: 
INTEGRATING PERSONNEL MOTION into an 

efficient laboratory layout ... saves job time. 

COMBINING STANDARDIZED UNITS with a cus­

tomized installation . . •  saves planning expendi­
tures. 

COORDINATING MECHANICAL SERVICES with 

maximum utility and economy . • .  saves construct .. 
ion costs. 

Our complete line of Sectional Units designed for inter­

changeability and flexibility assures you a synchronized 

installation which will produce peak laboratory efficiency. 

METALAB C;¥� c�� 
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DIVISION Of NOR8Ul[ CORPORATION 

250 OUFFY AVE •• HICKSVILLE. L. I .• NEW YORK 

NAME . ...... .... ..... .......... .............. . . .................................. TITLE ... . 

ORGANIZATION . ...................... .... . . .................. .... ...... .......................... .......• .. 

ADDRESS ... 

CITY . .... ................................................... LUI.t .............. ) I 

ENGINEERS 
Electronic Mechanicol 

Currently we seek men 
with experience in on.e Q� 
more of the followmg. 
• Network Theory 

• Systems Evaluati�ns 

• Microwave Technique 

• UHF, VHF, or 
SHF Receivers 

• Analog computers . 
• Magnetic Tape Handhng 

• Digital Computers 

• Radar and 
countermeasures. 

• Packaging ElectroniC 
Equipment 

• pulse Circuitry 

• Microwave Filters 

• Flight Simulators 

• Servomecha�is�s 

• submlniatunzat.'on 

• Electro-Mechanical 
Design . 

• Small Mechanisms 

• Quality COl!trol and 
Test Engmeers 

More and more these days you hear top engineers talk about the 
many growth opportunities at Melpar. With an increasing 

number of significant electronic pro;ects, an enlarged staff 
and facilities, Melpar provides many opportunities for 

professional growth and advancement. Our new laboratory 
is an engineer's dream come true; a building conceived 

by and constructed for the ENGINEER - 265.000 
sq. ft. of complete engineering facilities. 

We are located in Fairfax County of northern Virginia where 
housing is reasonable and plentiful-whether you desire 

a private home or an apartment. Although we are in a truly 
suburban atmosphere, we are only 10 miles from the 

natioo's capital with all its recreational and social 
advantages. Here you and your family can grow in an 

environment to match your professional growth. 

Send resume t. Technical Personnel Representative, 

melpar, inc. 
. A subsidiary 0' th. Westinghouse Air Brak. Co. 

3000 Arlington Blvd .• Dept. SA25. Falls Church. Va. 

11 Galen Street. Watertown. Mass • •  99 First St •• Cambridge. Mass. 

applications are described in the current 
issue of Materials and Methods by A. G. 
Metcalfe and C. H. Sump of Armour. 
They point out that fiber metals are easy 
to shape into the most complex forms. 
In this respect they are like metal parts 
pressed from powder. But the "woody" 
structure of the fiber metals is inherently 
much tougher. 

The problems of making parts from 
metal fibers are much like those of mak­
ing paper or cloth from plant fibers. 
Fabricators must take into account such 
properties of the individual fiber as 
length, diameter, kinkiness and surface 
roughness. Barbed fibers, for example, 
tend to interlock mechanically and make 
the finished felt stronger. 

One important application the authors 
foresee is in reinforcing ceramics. The 
refractory materials used in jet-engine 
linings and other high-temperature serv­
ice tend to be brittle. When bonded with 
fiber metal sheets, they have much great­
er impact strength. 

Why Skis Slide 

A report on a study of the physics of 
skiing, with practical suggestions to 

skiers, was published recently by a lead­
ing British expert on friction, F. P. 
Bowden, in Nature. 

Frictional heat generated by the mov­
ing ski, said Bowden, is the chief factor 
in promoting sliding. The ski sticks at 
the start, but once it is moving rapidly 
and melting the snow surface beneath it, 
it  will slide easily over the coldest snow. 

Waxing helps because it makes the ski 
water-repellent and reduces friction with 
the film of water. Bowden has discovered 
that a plastic called polytetraRuorethyl­
ene, much more water-repellent than 
waxed wood, makes skis faster. On one 
gentle 700-foot slope in the Alps a skier 
reduced his time from 61 seconds to 42 
seconds with the new skis. 

The Cause of Fever 

]\II any physiologists suspect that there 
is one basic cause of fever. Injured 

tissue, they postulate, releases a sub­
stance that upsets the temperature-regu­
lating function of the hypothalamus. 
This would account for fever being a 
symptom common to such diverse dis­
orders as infections, wounds, malignan­
cies, allergic reactions and others. 

Although no one has ever found a 
fever-producing substance in the blood­
stream, there is now a good deal of evi­
dence that it exists. An extract of certain 
white blood cells has been found to 
cause fever. And early this year Elisha 
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new 
digital 
magnetic 

tape 
transport 

----7 

the AMPEX FR200 for digital handling provides new pertormance 
standards, new convenience features and an unmatched excellence of design 

NEW EASE OF TAPE CHANGE • • •  

The time saving feature of single loop threading is pro­
vided by a lever which moves the idlers into a straight 
line. This arrangement eliminates chance of 'faulty 
threading by unskilled personnel. 

NEW MACHINE·TO·MACHINE TAPE COMPATIBILITY • . •  

All Ampex FR200 Tape Transports are manufactured 
to exact standards that permit tapes recorded on one to 
be reproduced on any other. Ampex-to-Ampex compati­
bility is guaranteed - and at no extra cost. 

NEW PLUG·IN HEADS TO MATCH OTHER 
TAPE TRANSPORTS • • •  

The Ampex FR200 uses self aligning plug-in head as­
semblies. These can be furnished to match other digital 
or analog tape recorders to permit tape interchange. 
A second head stack for monitoring or "off-tape" parity 
checking can also be added if desired. 

HIGH·SPEED START AND STOP • • •  

On the Ampex FR200 the tape attains full speed or full 
stop within less than 5 milliseconds to provide high in­
formation storage density. A remote control provision is 
provided, as well as pushbuttons on the topplate. 

NEW STANDARD OF EXCELLENCE • • •  

The FR200 brings to digital applications the reliability, 
durability and adherence to specification that have made 
Ampex Tape Recorders the most widely used in instru­
mentation. 

NEW LOW PRICES BEGINNING AT $2675 
The base price of $2675 is for a complete FR207-TB 
tape transport, with 7-track head, for %-inch tape op­
erating at 30 ips tape speed. Prices will be quoted on 
machines with other tape speeds, multiple speeds, other 
tape widths and other heads. 

FULL SPECIFICATIONS ON THE FR200 and description of r---------, 934 CHARTER STRm 

its features and accessories are giuen in descriptiue literature. REDWOOO CITY, 

For your copy, write Dept. 0-2539 CALIFORNIA 

DISTRICT OFFICES: New York; Chicago; Atlanta; Dayton; Redwood City; Silver Spring, Maryland (Washington D.C. Area) 
DIST.lluro.s: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; Southwestern Engineering & Equipment, Dallas 
and Houston; Ampex-American in Canada. 
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- where scientists and engineers, working with 
some of the Western World's finest equipment 
and facilities probe the unknown and seek 
answers to tomorrow's problems. 

The Laboratory's program for pioneering in 
nuclear and thermonuclear power and nuclear 
propulsion,  ranks  in i mportance w i t h  the 
Laboratory's continuing and ever expanding 
achievements in atomic weapons research and 
development. 

To top level scientists and engineers, capable of 
meeting the challenge of independent and 
original research, application and development 
work, the Laboratory-with its air of freedom 
. . .  the exciting presence of new ideas . . .  the 
stimulation of important things happening­
offers unexcelled opportunity. 

Los Alamos itself, nestling among the pines on 
the lower eastern slope of the towering Jemez 
Mountains, is a delightful small city�an ideal 
community and climate in which to live and 
raise a family. 

For more detailed information, direct your in­
quiry and background resume to 

DEPARTMENT 
OF 
SCI ENTI F IC PERSONNEL 
Divis ion 3 1 2  

;alamos  
O F T H E ��!����!�£I F!:�oratory 

LOS ALAMOS, NEW MEXICO 

I Atkins of Yale University and V.l. Barry 
Wood, Jr . ,  of Johns Hopkins University 
showed that typhoid vaccine injections 
released a fever producer in the blood 
of rabbits sensitive to the vaccine . 

Now Atkins and Wood have proved 
that their newly discovered fever pro­
ducer is not a part of the vaccine, but 
rather a substance produced by the body 
in response to vaccination. They report 
their experiments in the current issue of 
The fOtlmal of ExpeTimental Medicine .  

The researchers used two groups of  
rabbits : donors, which got typhoid vac­
cine, and receivers, which got blood 
transfusions from the donors . The vac­
cine made the donors run a fever. When 
blood was taken from a donor as long 
as an hour afterward, after it had become 
free of vaccine, it still made receivers 
feverish, even in the cases where the 
receiver was immune to the vaccine it­
self. From this evidence Atkins and 
\-Vood conclude that the vaccine liber­
ates some fever-producing substance 
which is normally present in the body 
but inactive . 

Polio Vaccine Report 

The mass vaccination of children with 
the Salk polio vaccine last season was 

a definite success, according to a report 
to the American Public Health Associa­
tion in Kansas City last month . Alexan­
der Langmuir, U. S. Public Health 
Service epidemiologist, reported that the 
vaccine had been 75 per cent effective 
in preventing paralytic polio among 
children aged five to nine. He based his 
calculations on figures from 11 states. 

The program might have been even 
more successful had more of the children 
received all of the three shots that are 
prescribed.  Gordon C. Brown of the Uni­
versity of Michigan measured the anti­
bodies in the blood of 119 Michigan 
children who had been vaccinated in 
1954 and had received booster shots last 
summer. Writing in the American fou r­
nal of Ptlblic Health, he reports that the 
polio antibodies declined during the 
year between vaccinations and then in­
creased sharply after the second shots . 
The booster was especially effective for 
children who had not been thoroughly 
immunized bv the first vaccination. 

Equally fa�orable reports came from 
eight other countries which administered 
polio vaccine on a smaller scale .  In 
Canada, where 860,000 young children 
were vaccinated, the paralytic polio rate 
among the immunized dropped from 
5.39 per 100,000 to 1.07 per 100,000. 
Denmark reported no cases among 
425,000 vaccinated children. 

© 1955 SCIENTIFIC AMERICAN, INC



household 
detergent 

goes to cans • • •  

exact measure assured with General Electric 

Level of fill became a problem when 
B. T. Babbitt, Inc., switched its 
household detergent, GUM, from bot-
tles to cans. In their own words, "The Hytafill 
was the only answer to our problem, and we 
are now assured of a desired fill in each can." 

IF you package liquids or free-Rowing solids in opaque 
containers,  you need HYTAFI LL. Unit inspects 

every container that passes along the line for both over 
and under fill . . .  is capable of checking up to 900 con­
tainers a minute. 

Easy-to-insta11 HYT AFILL is compact . . . readily 
adaptable to your existing conveyor lines. It requires no 
special care-sealed tube head and detector can both be 
washed with steam or hot water. Control panel may be 
positioned anywhere within 50 ft of the conveyor line. 

For full details on this modern qual­
ity control unit call your nearest G·E 
X-Ray representative . . . or write 
X-Ray Department, General Electric 
Company, Milwaukee 1, Wisconsin, 
requesting Pub. TI14.  

7>r()greS$ /s Our Mosf Imporlilnl Protlud 

G E N E R A L e E L E C T R I C  
MA N U F A C T U R E R S  O F  T H E  O N LY C O M P L E T E  X-RAY L I N E  
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Giant mill blends raw synthetic rubber and ground cork. Material 
will next be put into molds and vulcanized, then sliced into sheets. 

How to 

· 
I 
• 
· 
· 
I 
• 
• 

Rubber, like water, is incompressible. When 
a rubber block an inch high (indicated by 
dotted line) is put under pressure, it merely 
deflects, or flows. Though now only one­
half-inch high, actual volume is the same. 
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make rubber compressible 

Rubber: you can twist it, stretch it, o r  Hex it 
• • .  but you can't compress it. 

That's a fact that will surprise many people, 
for it's easy to confuse "give" or "squeezeabil­
ity" with compressibility. Actually, when a 
chunk of soft rubber is squeezed, it just 
changes shape. It "Hows," because rubber­
like water-is a hydraulic material. Pressure 
can't reduce its volume. 

Mix ground cork into rubber, however, and 
the picture is completely different. 

That's because cork is one of nature's most 
compressible substances.  It's so compressible, 
in fact, that a block of it can be squeezed to 
less than half its original volume. Cork, like 
air, is a pneumatic material. 

Armstrong research chemists found that 
when you combine the compressible material, 
cork, with the incompressible material, rub­
ber, you get a product that falls between the 
two. That is, when pressure is put on it, the 
new material Hows some - and compresses 
some. How much it compresses depends 
upon how much cork is added. 

But why make rubber compressible at all? 
The answer is, so rubber can do more jobs 

and do them better. For example, synthetic 
rubber alone has desirable properties as a 
gasket. For one thing, it's impervious . . .  
liquids and gases can't pass through it. But 
when an all-rubber gasket is used to seal be­
tween two Hat surfaces, it may "How" or creep 
out of position when the bolts are tightened. 
Result : a leaking joint. 

You don't have that trouble, of course, with 
a gasket made of the right combination of 
cork and rubber. It stops liquids and gases as 
well as a gasket made from the rubber alone. 
Under pressure, however, it merely squeezes 
down; it won't How enough to skid out of posi­
tion. On the other hand, an engineer may 
want some sideways How, to fill in around the 
threads of a bolt, for instance. Again, the 
right combination of cork and rubber will do 
the job. 

If you manufacture products that use gaskets, per­
haps one of the many cork-and-rubber materials 
pioneered by Armstrong can help you solve a sealing 
problem. While you're thinking about gaskets, re­
member, too, that cork-and-rubber is only one part of 
the Armstrong line of resilient materials. Others in­
clude cork composition, synthetic rubber, and Acco­
paC® fiber sheet packing. For information and tech­
nical literature, write Armstrong Cork Company, In­
dustrial Division, 8201 Inland Road, Lancaster, Pa. 

�mstrong I n d u s t r i a l  P ro d u cts 
• • • used wherever performance counts 

a d h esives · cork composit ion • cork-a nd-ru bber • felt pa pers · friction materia ls  

... ... ... ... .. - - - - - - ... _ _  .. ..  - - - - - - . . 

Cork, on the other hand, is a pneumatic 
or compressible substance. An inch-high 
block compressed to one-half inch reduces 
in volume by one half. The secret lies in 
cork's unique 14-sided cells-called tetra-

kaidecahedrons. Photomicrograph of cork 
slice shows how cells are made up of thin 
skins enclosing microscopic bits of air. 
Under pressure, this air is compressed, 
and the cells actually become smaller. 

- - - - - - - - - - - - - - - - - - - _ . .  . . . . 

� � � � � � 1 
� 

A block of cork-and-rubber under pres­
sure both compresses and Hows. By 
changing the ratio of cork to rubber, it can 
be made more cork-like or more rubber­
like in its compressibility-How properties. 

5 7  
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SCINTILLATION COUNTER was used by Frederick Reines, 
Clyde L. Cowan, Jr., and colleagues in an attempt to detect the neu· 
trino. The counter is the cylindrical object at the bottom. It was set 

58 

up near a reactor at the Hanford Works of the Atomic Energy Com· 
mission. Since this experiment was performed, Reines and Cowan 
have designed a new experiment using even larger equipment. 
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THE NEUTRINO 
For 25 years the theoretical structure of physics has assull1ed 

a fundamental particle -which has never actually been detected. 

Its existence may no,y be confirn1ed by a remarkable experilnent 

The full triumph of classical me­
chanics came one clear night in 
the fall of 1846. On that night a 

German astronomer named Johann Galle 
pointed the telescope of the Berlin Ob­
servatory toward a spot in the heavens 
where he had been told to look, and 
there first saw the faint disk of the planet 
we now call Neptune. His discovery was 
the most dramatic possible confirmation 
of Newton's laws of gravitation, and of 
the calculations of the mathematician 
Urbain Leverrier, who had predicted 
from the perturbations in the movement 
of the planet Uranus that a new planet 
must lie where Galle found it. 

Physics today is looking expectantly 
for another such discovery. There is a 
Neptune among its fundamental palti­
cles-a strange particle which is on every 
physicist's list, whose measurements and 
properties are well known, but which 
has not yet been "discovered." The par­
ticle is called the neutrino. Recognizing 
that all physical "facts" of nature are no 
more than inferences, physicists are al­
most as sure of the existence of the neu­
trino as they are of anything, but still we 
will not like to admit that it has really 
been discovered until it signals its pres­
ence by some track or click in our appa­
ratus. 

For Christmas not long ago one of the 
Los Alamos physicists who have been 
laying ingenious plans to trap the neu­
tdno gave his colleagues a present. Un­
der the gift wrapping they came to a 
neatly decorated matchbox, clearly 
labeled: "Guaranteed to contain at least 
100 neutrinos." They looked into it war­
ily, and saw a simple empty box. The 
conceit did not come home until the gift­
giver explained it to his friends. The 
label was literally correct. Such a vol­
ume, any such volume on earth, whether 
a box or your hand or a cupful of water, 

by Philip Morrison 

contains neutrinos. They are moving 
through it, as they always move, in 
straight lines at the speed of light. 

The neutrinos in us and all around us 
come from the deep interior of the sun, 
where they are born in the same nuclear 
reactions that make the sun shine. U n­
like other particles emerging from these 
reactions, the neutrinos go clean through 
the sun's great layers, more transparent 
to them than is the clearest air to the 
golden terrestrial sunlight, and move out 
into space. Perhaps 6 or 8 per cent of 
the total energy released by the sun is 
in this transcendent form, passing with­
out change or effect through star and 
space and planet. Even at night neutri­
nos come streaming to us from the hid­
den sun, traveling right through the 
massy earth as though it were not there. 
The neutrino flux from the sun carries 
40,000 times more energy than moon­
light, and yet we have never seen, heard 
or felt its presence. 

How such a paradox of a particle 
has been pressed for decades upon the 
physicists by hard experience, and how 
it is today proposed to catch it at last, 
are the main topics of this article. 

The Law of Conservation 

The keystone of physics is the law of 
conservation of energy. Yet for three 
decades there has lain within the well­
accepted facts of nuclear physics a care­
fully studied phenomenon which a rig­
orous and candid observer would have 
to cite as a prima facie cont�'adiction to 
the famous law. This scandal lies in a 
strange disappearance of energy when a 
neutron sheds an electron-the phenom­
enon known as beta-decay. 

A wide variety of evidence indicates 
that the uncharged neutron, like its 
charged fellows the proton and the elec-

tron, has a perfectly definite mass. Now 
the neutron, building block though it is, 
is not fully stable. It spontaneously de­
cays into a proton and an electron. The 
neutron's half-life is some 12 minutes, 
which is to say that if 1,000 neutrons are 
kept free from any interaction with the 
outside world, after 12 minutes only 500 
will remain neutrons, and after about 24 
minutes, only 250. 

By the principle of the convertibility 
of mass into energy, the total energy 
content of a stationary neutron is just 
the energy equivalent of its mass. Now 
the products of its decay-proton and 
electron-do not add up in mass to the 
initial mass of the neutron. The missing 
mass has been converted into energy, 
and this appears as kinetic energy of the 
two product particles, which fly apart 
after the neutron's disintegration. 

The law of the conservation of energy 
says that the kinetic energy shared by 
the neutron's decay products ( the lion's 
share goes to the light electron) must be 
precisely equivalent to the lost mass. 
Their kinetic energy has been measured, 
and its maximum value has been deter­
mined to be about 780,000 electron­
volts. But the numerous measurements 
have shown that comparatively seldom 
does the kinetic energy released by a 
neutron's decay reach this value. Some­
times the proton plus electron have a 
total kinetic energy of only a few thou­
sand electron-volts. The decay energies 
observed range over the whole spectrum 
from zero to 780,000 electron-volts. On 
the average, only a fraction of the maxi­
mum expected energy release appears 
when a neutron ( or any radioactive 
atomic nucleus) splits by beta-decay. 

What happens to the missing energy? 
Decades ago nuclear physicists came to 
the plausible conclusion that it must go 
off with some undetected particle. They 
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PROTON·PROTON SEQUENCE is one of two nuclear processes in 

the sun which are assumed to shower the earth with neutrinos. In 
the first reaction of the sequence two protons (nuclei of hydrogen 

1, or HI) collide to yield a deuteron (nucleus of hydrogen 2, or 

H2), a positive electron (e+) and a neutrino (v). In the second 
reaction the deuteron collidc� with a proton to yield a triton (nucle· 

us of hydrogen 3, or H3) and a gamma ray (hv). In the third reo 

action the triton collides with an alpha particle (nucleus of helium 

tried hard to catch the invisible particle 
in their best counters, and in a foot or 
two of lead. But they failed. And in a 
dark year there came the thought that 
perhaps here in the fundamental proc­
esses of the nucleus the conservation 
of energy actually failed. 

After the successes of the quantum 
theory, which no less than classical phys­
ics is based upon energy conservation, 
Wolfgang Pauli first sketched and En­
rico Fermi later worked out in detail 
the properties of the presumed particle 
that must fly off in beta-decay if energy 
was to be conserved. It was easy to see 
what some of these properties must be. 

First, the particle must have no 
charge, for balancing charges ( the posi­
tive proton and negative electron) come 
out of the decaying neutron. Secondly, 
the particle must be practically weight­
less, according to careful measurements 
of the energy and mass relations of the 
various particles involved. For simplic­
ity it is considered to have zerO mass. 
Thirdly, the particle must have angular 
momentum, i.e., spin. The neutron's an­
gular momentum is one half a quantum 
unit; when it decays it produces two 
particles each with one-half unit spin; 
so to conserve angular momentum the in­
visible particle should have one-half unit 
spin. 

Such a particle, with no charge, no 
mass, spin one haJf and birth only in 
beta-decay, was postulated by Pauli and 
by Fermi. It became known as the neu­
trino-"little neutral one" -in the beauti­
ful language of Fermi. 

But now we are on thin ice. Faced 
with a failure of energy conservation, 
physicists refuse to admit it but instead 
postulate an unseen and perhaps unsee­
able particle-a little neutral one so cun­
ningly designed that it has no properties 
other than those which will preserve the 
laws of conservation. How does this dif­
fer from plain failure of the conservation 
laws? 

The Challenge 

The first attempt at an answer was to 
examine carefully the scene of the crime. 
The particles issuing from a decaying 
neutron or atomic nucleus carry momen­
tum as well as energy; hence they should 
recoil from each other, just as the firing 
of a shell causes the cannon to recoil. 
If only a proton and an electron came 
off, conservation of momentum would 
require them to move in opposite direc­
tions along one straight line. But if a 
neutrino carrying momentum also comes 
out, the other pair mWlt recoil from it, 
lind their tracks should form a V. A 
number of elegant experiments record­
ing the beta-decay of various nuclei and 
of the neutron itself have proved that 
this is indeed the form that the tracks 
actually take. 

The critics can still say: Momentum 
and energy are intimately connected, so 
your recoil experiment proves nothing 
except that both energy and momentum 
are lost in a single parcel. Until you can 
somehow trace the missing energy, mo­
mentum and the rest, you are merely 

• o 

balancing the books with a fictitious 
entry. 

There is only one sure answer to the 
criticism. The missing energy, the "little 
neutral one," must be caught. The ener­
gy it carries must be reconverted into 
some measurable form, or the neutrino, 
however universally accepted, remains 
but a sign of the physicist's ignorance. 

Of course the neutrino theory has by 
no means been unfruitful. It has pro­
vided a basis for interpreting various 
measurable features of beta-decay, for 
predicting the approximate lifetimes of 
all beta-decaying nuclei, and so on . We 
could not give up the real triumphs of 
the neutrino postulate without tearing 
the present closely webbed fabric of nu­
clear physics. But still the challenge to 
track down the neutrino itself remains. 

The behavior of physicists in the face 
of this challenge may seem unworthy. 
For a generation we have been satisfied 
to use the neutrino theory and explore 
its manifold ramifications, but slow to 
respond to the challenge to deliver up 
the thing itself as a legitimate member 
of the particle family, not a mere 

'
book­

keeper's evasion. Why have we been so 
laggard in seeking out the neutrino di­
rectly? 

The answer is simple, and yet in some 
ways wondrous. Compared to other nu­
clear events, beta-decay is fantastically 
slow, and therefore rare. It takes a neu­
tron some 18 minutes on the average to 
emit an electron; with the same energy 
available, a gamma ray w0uld come out 
in a millionth of a billionth of a second. 

CARBON CYCLE is the second solar nuclear process which may 
produce neutrinos. In the first reaction of the cycle carbon 12 (CI2) 
collides with a proton to yield nitrogen 13 (NI3) and a gamma ray. 

In the second reaction nitrogen 13 decays spontaneously into car· 
bon 13 (CI3), a positive electron and a neutrino. In the third reac· 
tion carbon 13 collides with a proton to yield nitrogen 14 (N14) 
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4, or He4) to yield beryllium 7 (Be7) and a gamma ray. In the fourth reaction the beryllium 
7 collides with a negative electron (e-) to yield lithium 7 (LF). In the fifth and final re­

action of the sequence lithium 7 collides with a proton to yield two alpha particles. The pro­

tons are represented by the larger black balls; the neutrons, by white balls of the same size. 

The prodigiously slow beta process has 
a far smaller probability than any other 
method of nuclear decay. Beta-decay is 
much rarer, on the nuclear time scale, 
than death by meteorite bombardment 
among men. It is only the chance that 
some nuclei are immortal except for 
beta-decay that allows us to observe this 
event at all. 

Now this slowness of decay implies 
that the opposite process, the capture of 
a passing neutrino by a nucleus, also is 
slow and rare. Gamma rays, which are 
notoriously unlikely to interact with nu­
clei, will travel on the average through 
eight or 10 feet of lead before they do 
so. But a neutrino, to interact with a nu­
cleus, must travel on the average through 
about 50 light-years of solid lead! A 
shielding wall capable of thinning out 
a beam of neutrinos would have to be 
as thick as a hundred million stars. To 
all intents and purposes neutrinos simply 
do not see solid matter at all. Here is the 
nub of the difficulty. The neutrino is al­
most uncapturable. 

The Challenge Accepted 

Deterred by the logic of the matter, 
physicists did not begin to think serious­
ly about hunting neutrinos until great 
masses of radioactive material became 
available in the fission products of ura­
nium reactors. With a truly prodigal ef­
fort, they now seek to catch the almost 
uncatchable neutrino. From the high­
power reactors stream currents of neu­
trinos which rival the sun's beam. They 

+ + hv 

pass through the shielding walls and fly 
in perfectly undeviating straight lines 
from the place of their birth to outer 
space. Patrolling these great beams near 
their source, physicists hope to capture 
an occasional unlucky neutrino. Last 
month a group of workers began the 
vigil by placing their neutrino detectors 
in the beam from the most powerful re­
actors in the world-those at the Savan­
nah River plant of the Atomic Energy 
Commission. 

The more spectacular of two schemes 
for trapping the little neutral ones is 
based on the technique of scintillation 
counting. Tireless photocells will keep a 
continuous surveillance over a large tank 
full of a clear sCintillating liquid, record­
ing the flashes of light that signal ioniza­
tions among the nuclei in the liquid. A 
Geiger counter can record only the ioniz­
ing events occurring in a few milligrams 
of gas; the scintillation tank scheme 
makes it possible to patrol tons of nuclei 
at a time. 

But the capture of the neutrino is a 
rare event indeed, and when one looks 
for the highly improbable, he must be 
prepared to see many other events, prob­
able and improbable, which are irrele­
vant to what he is looking for. The tons 
of scintillator liquid will flash many 
times-from traces of radioactive dirt 
within the liquid, from cosmic rays, from 
escaping particles other than neutrinos 
which may come from the reactor. It is 
not enough simply to look for flashes; it 
is necessary to discriminate between 
those which arise from neutrino capture 

• o 

and those which arise from various other 
rare but much less interesting causes. 

A group of Los Alamos investigators 
led by Clyde L. Cowan, Jr., Francis B. 
Harrison and Frederick Reines invented, 
and is pursuing with true virtuosity, an 
ingenious scheme to perform this feat. 
The reasoning is as follows. Capture of a 
neutrino being the reverse of its emis­
sion, the precise opposite of beta-decay 
must occur: that is to say, a proton plus 
an electron plus a neutrino plus energy 
combine to form a neutron. Now there is 
another type of "beta-decay" reaction in 
which, instead of a negative electron be­
ing absorbed, a positive electron, or posi­
tron, is emitted. Electric charge is con­
served equally well in either case: in the 
second case the positive proton becomes 
a neutral particle not by absorbing a bal­
ancing negative charge but simply by 
releasing its own positive charge in the 
form of a positron. That such reactions 
actually occur has been verified by ex­
periments. And so we can rewrite the 
equation for neutrino capture to say that 
a proton plus a neutrino plus energy may 
combine to yield a neutron and a posi­
tron. The ingenious Los Alamos grol1p 
proposes to detect this event by observ­
ing its products-the neutron and the 
positron. 

A Subtle Detection 

The energy necessary to convert a 
proton into neutron and positron is sup­
plied by the incoming neutrino. Neutri­
nos emerging from the fission products 
in a reactor are estimated to have, as a 
rule, something of the order of one mil­
lion electron-volts more energy than is 
required for this conversion. The excess 
energy goes off as kinetic energy of the 
product neutron and positron-most of it 
in the positron, since it is much lighter. 
The charged positron ionizes atoms in its 
path as it goes, and thereby produces a 
good-sized flash in a scintillating liquid. 
After it has traveled a centimeter or two, 
which takes no more than a hundredth 
of a billionth of a second or so, the posi-

+ + 

and a gamma ray_ In the fourth reaction nitrogen 14 collides with a 
proton to yield oxygen 15 (015) and a gamma ray_ In the fifth re­
action oxygen 15 decays into nitrogen 15 (N15), a positive electron 

and a neutrino_ In the sixth reaction nitrogen 15 collides with a 
proton to yield carbon 12 and an alpha particle. The cycle makes an 

alpha particle, two electrons, three gamma rays and two neutrinos. 

61 

© 1955 SCIENTIFIC AMERICAN, INC



SPECTROMETER is used to measure the energies of bela particles. The apparatus in this 
diagram is placed in a magnetic field, in which the lines of force are perpendicular to the page. 

The particles emitted by the small sample at right describe curved paths and are counted 
at left. Particles of the same energy come to a focus at the same point. Thus the counter may 
be used to scan the various pat·ticle energies by changing the strength of the magnetic field. 

tron comes to rest, having spent all its 
kinetic energy. 

The flash from ionization by the mov­
ing positron is the first visible sign of the 
neutrino's capture, but it is by. no means 
the last: there is more to come. The mo­
ment it comes to rest, the positron com­
bines with an electron (there are plenty 
handy) . When it does, the mass of the 
pair is instantly annihilated and turned 
into energy. The energy flies off as two 
gamma rays, traveling in opposite direc­
tions from the source and each amount­
ing to about one half million electron­
volts. After moving a foot or two, each 
gamma ray gives rise to an ionizing elec­
tron which produces a flash in the coun­
ter. So every neutrino capture that gives 
birth to an energetic positron should be 
�ignaled by three virtuallv simultaneous 
flashes in the SCintillating liquid-a flash 
from ionization by the moving positron 
and a pair of flashes in different spots 
from the gamma rays. 

Meanwhile the newborn neutron itself 
has moved off slowly, with very little 
kinetic energy. There is no flash to mark 
its passage, for the neutral particle can­
not ionize. It wanders about the liquid 
in its usual random walk, slowing down 
to thermal motion as it goes. Eventually 
it is captured by some nucleus. Now the 
canny experimenter may add to his 
liquid scintillator some cadmium, which 
has a pronounced affinity for slowed 
neutrons. The cadmium nucleus seizes a 
neutron so vigorously that a few gamma 
ravs are emitted in the process. In this 
m�ment of capture, therefore, the neu-
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tron signals its presence by a flash, as the 
positron did earlier. The neutron signal 
comes after a considerable delay, be­
cause the particle has traveled a yard or 
two, at a relatively slow speed, before its 
capture. This delay is some 10 or more 
microseconds, and it can be measured 
accurately by electronic techniques. 

The plan of the experiment at the Sa­
vannah River plant is this. A layer of 
liquid containing protons and doped 
with cadmium is placed like a sandwich 
filling between two thick scintillating 
layers sensitive to gamma rays. Photo­
multipliers watch all carefully. When a 
neutrino is captured by a proton, the 
resulting birth of a positron is instantly 
signaled by a flash in the sandwich 
layer. Practically simultaneously, after a 
time too short to measure, there comes 
a flash in each of the two "bread" layers, 
produced by the two gamma rays from 
the annihilation of the pOSitron. A few 
millionths of a second later the capture 
of the wandering neutron by cadmium 
releases gamma rays whose flashes are 
seen in all three layers. In short, every 
neutrino capture is mai'ked by two sets 
of flashes in all three layers, one follow­
ing the other after a precisely stipulated 
interval. Moreover, the energy of the 
positron-annihilation flash helps to iden­
tify the event: it should total about one 
million electron-volts. 

Combinations of events which simu­
late this pattern may occur by accident 
in the counter, but they are too infre­
quent to cause real trouble. Their spuri­
ousness can, and will, be established bv 

control experiments. Cosmic ray pmti­
cles can cause spurious events (and did 

. so seriously in the earliest versions of this 
experiment) . These fast charged parti­
cles may trigger all three layers, and in 
addition liberate a neutron which will 
give a delayed pulse. But the energy they 
give to each layer is large, and the first 
flash will be too bright, and give away 
the spurious character of the event. 

The whole apparatus is of prodigious 
size. Where most experiments of the 
kind use half a dozen photomultiplier 
tubes and their associated amplifiers, the 
neutrino searchers use 500. Where scin­
tillation counters are normally counted 
big if they use a few gallons of liquid, 
this experiment uses 10 or 12 tons. The 
needs of the project have led to a whole 
complex of ingenious and painstaking 
developments. The chemical firm pro­
ducing the scintillating liquid, which 
used to make it in quart amounts, has 
been persuaded to manufacture and pu­
rify it by the ton. A special tank truck 
has been built to transport the precious 
fluid in an inert atmosphere from the 
factory to the scene of the experiment; 
it must be kept minutely clean and oxy­
gen-free throughout the long journey. 
The tank where the experiments are per­
formed must be lined with a special 
glossy-white coating, to lose next to no 
light at all. A chemical must be added 
to the scintillating liquid to give the 
flashes a color which will be reflected 
most efficiently by the gleaming tank 
walls. The flashes that carry all the in­
formation for which the neutrino hunt­
ers are searching are too faint to be seen 
by the naked eye, and no effort must be 
spared to make sure that all of them are 
detected by the sensitive photomultipli­
ers. Hundreds of the latter are required, 
and whole banks of other electronic 
gear. The detector tank itself is encased 
in lead and buried deep in the building 
housing the great Savannah River re­
actor. 

After building and testing all this 
equipment, the experimenters began to 
install it at Savannah River last month. 
There they will count patiently, hour 
after hour, waiting for the evidence 
which they hope will restore the con­
servation of energy to honesty and will 
help them play the Galle to Fermi's 
Leverrier in the phvsics of the 20th cen­
tury. 

The Search by Chemists 

Meanwhile another group pursues the 
search by a very different method. Just 
as the scintillation-counter plan is a tOllr 
de force of modern phvsical techniclue, 
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freedom of design 

with U. S. PDWERGRIP 
��TIMING " BELTS 

FAST 
DELIVERY 
COMPLETE 
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LONGER SERVICE LIFE. GREATER MACHINE EFFICIENCY 
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when he can work with U. S. PowerGrip TIMING® 

. Belts. These split-second power transmitters are 
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lathes, drill presses, electric typewriters, 
floor washing machines, saws. The list grolVs 
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oil-retaining housings- because there is no metal-to-metal contact 
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stretchless. H.P. range is 1/100 to 300 or more. Stock drives go up 
to 50 H.P., but wider belts and pulleys can be made to order in 

standard lengths and diameters . U. S. PowerGrip TIMING Belt 

permits lighter bearings, lighter metals - cuts costs • Immediate 

delivery from coast-to-coast offices. 
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FILTRATION NEWS 

PORO-KLEAN FILTERS for aircraft. Standard 
cell and cylindrical types are at left rear. 

Precision 3-30 micron 
filters for 900°F 

Our technicians at Cuno are always look­
ing for new and better filter materials and 
methods. They find them, too. 

Now they've done it again with Cuno's 
new PORo-KLEAN porous stainless steel. The 
remarkable properties of POR o-KLEAN­
high-strength, corrosion -and temperature­
resistance-allow filtration of 3- to 30-micron 
particles in applications where organic filter 
materials are either partly or totally unsuit­
able. For instance: 

Naphtha at 400°F, 700 psi 
A PORo-KLEAN filter removes elutriated 

catalyst fines from 180 gpm of heavy naph­
tha. The filter operates downstream from a 
hydro-former at 400°F and 700 psi in an 
AS ME-API code vessel. A nitrogen gas blow­
back cleans the filter. Cuno's unit cartridge 
design allows for future 33'}'o increase in 
capacity. 

3000-poise polymer at 550°F 
A plastics plant uses PORo-KLEAN to filter 

a polymer of 3000-poise viscosity at 500 Ibs. 
per hour, 550°F and 2000 psi. Polymerized 
and carbonaceous material is removed from 
the stream. 

PORo-KLEAN is standard in a low-carbon 
316 stainless steel, in cell and cylindrical 
types for standard filter hOUSings. Four 
grades cover the 3- to 30-micron range. 

If you have an application for this new, 
high-strength, high-temperature, corrosion­
resistant filter material, get in touch with 
your local Cuno representative or write 
Cuno Engineering Corporation, 35-1 South 
Vine St., Meriden, Conn. 5-4 

FREE! Send for new PORO-KLEAN 
Catalog No. 058! 

-
AUTO-KlEAN (edge-type) • MICRO-KlEA�,<fibre cartridge) 
FlO-KLEAN (wire-wound) • PORO-KlEAN (porous metal) 
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so there is a related piece of consummate 
skill which belongs to the chemist. The 
trick of identifying the capture of neu­
trinos by detecting products of the re­
action may, it is hoped, be performed by 
chemical means. In this case the targets 
are not protons but nuclei of chlorine 
atoms. The isotope chlorine 37 may cap­
ture a neutrino and turn into an atom 
of the rare gas argon, emitting a nega­
tive electron in the process. The atom so 
produced, argon 37, is itself radioactive. 

Its creation may be detected by a sim­
ple plan. A large tankful of a liquid con­
taining chlorine is swept clean of argon 
(certainly of any radioactive argon) by 
a stream of helium bubbled through it, 
and then the liquid is exposed to neu­
trinos from a reactor. After some days' 
exposure, the tank again is swept with 
helium gas to bring out any argon that 
may have been formed. The argon (of 
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which there must always be at least a 
slight trace) is separated from the heli­
um by well-known techniques of physi­
cal chemistry, and a Geiger counter is 
used to see if there is any radioactive 
argon in the sample. 

This method is based on such a refined 
chemical search for a few atoms in a 
great vat of solvent that it is surely the 
archetype of all needle-in-the-haystack 
endeavors. There are against it two ob­
jections. The first, of course, is that it 
leaves open the question of just what 
did make the active argon. Careful con­
trols might dispose of this question. But 
then there is left a more fundamental, if 
not more serious, objection flowing from 
the theory of fundamental particles. If 
we reverse the neutrino-capture reac­
tion, the theory says that the decay prod­
ucts must be chlorine 37, a neutrino and 
a positron rather than an electron. This 
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ALPHA- AND BETA-DECAY are accompanied by changes in the energy level of the nu­
cleus. The diagram at upper left depicts the energy levels of a typical alpha-emiltl'l1g isotope 
before and after decay. The curve at upper right shows how the energies of particles from 
this isotope are distributed_ The fact that the particles occupy a narrow range of energies 
indicates that the difference between the initial energy of a single nucleus (Ej) and the 
final energy (Ef) is always accounted for by the energy of an alpha particle (arrow). The 

diagram at lower left depicts the energy levels of a typical beta-emitting isotope before and 
after decay. The curve at lower right shows how the energies of particles from this isotope 
are distributed. The fact that the particles occupy a broad range of energies indicates that 
the difference between the initial energy and the final energy is seldom accounted for by a 
beta particle (solid arrow). The missing energy is presumably carried off by a neutrino. 
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MORE COPPER IS COMING 
Never before has peacetime copper output been so great. 

In 1955 alone, free world refined production totalled an 
estimated 2,732,997 tons. Yet even today's record tonnages 
will be exceeded as new copper mines swing into full pro­
duction and existing properties expand operations. 

On the African continent, substantially increased produc­
tion is expected from Bancroft, Chibuluma, and Kilembe. 

In South America, expansion at El Teniente, Chuquica­
mata and La Africana, has been announced. Under devel­
opment are Cuajone, Toquepela, Quellevaco, and Indio 
Muerto. 

In the United States (already the world's largest pro­
ducer), San Manuel, Butte, Tripp, White Pine, Osceola, 

and Pima mines are headed for greater output. 
Canada will add more production at Gaspe, Campbell 

Chibougamau and Opemiska. Many new properties are 
being developed. Substantial future output is expected 
from Brunswick, Geco, Granduc and Canam, to mention 
only a few of these new projects. 

The copper industry has the capacity to produce copper 

faster than ever. 
From known deposits ... from mines now under devel­

opment and from ore bodies now being explored ... more 
copper is on the way. For particulars, write today to 
Copper and Brass Research Association, 420 Lexington 
Avenue, New York 17, New York. 

COPPER & BRASS 
RESEARCH ASSOCIATION 

• . .  AN INDUSTRY SOURCE OF TECHNOLOGICAL AID, INCLUOING A LIBRARY OF TECHNICAL LITERATURE AND ... COUNCIL 0'" ... £CIALIST'. 
CO"III 011 ITS ALLOYS ,.OVIDI THISI ADVANTAOIS. 

••• t condue'., of 
• I.ctrlclty commetclally 

avallabl. 
m�" ... ... Do .. no. rUI' • . •  

- - High cor,o.lon � , •• I.lanc. -

� ••• t h.a' fran"" 
agonl 01 all 

commercial �.tal. 

�� Ea.y 10 machine, ® Wold. ,.adlly • , . .t:;i(/1 J U I't.rm, draw, .tamp, Exc.lI.n' for r� 1\) 
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See TAM* 
for High 
Purity 

TITANIUM 

.·CARBIDE 
... in 
commercial 
quantities 

TITANIUM CARBIDE is an extremely hard 
substance with good oxidation resistance at 
high temperatures. This combination of prop­
erties makes its use advantageous in several 
applications. Among these are f. as a compo­
nent in sintered steel cutting tools, 2. for 
jet engine parts and 3. as a high tempera· 
ture refractory material. 

PROPERTIES 
Structure •• Cubic Hardness •••••• 9 Moh Scale 
Mp ....... 5680°F Mesh Size •• 9S'4 to 98'4-325 

(also finer panicle sizes 10 microns max. 
and � microns max.) 

ANALYSIS of current commercial pro­
duction of TAM' Titanium Carbide shows 
this high purity: 

Combined Carbon •• 19.0'4 Min. Ti •• 79.0 '4 Min. 
Free Carbon •••••••• 0.3'4 Max. Fe •• 0.2'4 Max. 

IF YOU ARE INTERESTED in the pos­
sibilities of Titanium Carbide or would like 
price, delivery or technical information ... 
write our New York City office. 

AS A DEVELOPER of metals, alloys, chem­
icals and compounds of both Titanium and 
Zirconium ... TAM is experienced and equipped 
to serve your needs for these products. 

"TAM IS a registered trademark. 

TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 

Exectltive and S41f� Offices: 
111 Broadway, New York City 

! General Offices, Works 4nd ReSearch LaboraturieJ: 
Niagara. Falls, New York 
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RADIOACTIVE DECAY OF THE NEUTRON also requires the neutrino. If the neutron 
(N) simply decayed into a proton (P) and a negative electron (e- ) ,  the conservation of 

linear momentum would require that the decay particles go off in exactly opposite direc· 
tions (top drawing). Actually they go off at an angle to each other (bottom drawing) . This 
indicates that the missing linear momentum is carried off by a neutrino (broken arrow). 

means that the neutrino is not precisely 
the same as in a normal beta-decay. Con­
sequently the beta-decay neutrinos sent 
out by a reactor may not transmute 
chlorine into argon. However, it is possi­
ble that the two kinds of neutrino are 
actually equivalent in every respect, so 
that the experiment will really work. 

Raymond Davis, Jr., of the Brook­
haven National Laboratory will measure 
the argon activity induced in some four 
tons of carbon tetrachloride in a tank at 
the Savannah pile. It is a happy circum­
stance that both the scintillation counter 
and the chlorine experiments are being 
carried on at the same time and the same 
place, for the two should complement 
each other. 

It would be ungracious not to mention 
that these are not the first experiments 
to seek out the neutrino directly. Quite 
a few brave experimenters have tried 
before, but on too small a scale. The 
chlorine experiment was first planned at 
Chalk River in Canada by Bruno Ponte­
corvo, who may for all we know now be 
completing it near some big reactor in 
the U.S.S.R. The proton-capture experi­
ment in a smaller version was tried by 

the Los Alamos group at Hanford last 
year, and a doubtful positive result ob­
tained. Most physicists will be willing to 
base conclusions only upon the really 
powerful effort now under way. 

A New Astronomy 

The neutrino provides in principle a 
new kind of astronomy. Until now the 
only radiations from outer space that we 
have studied are visible light and micro­
wave radio. The neutrino beam from the 
sun and stars also comes to us bearing 
information about the universe, and we 
shall surely some day read a part of that 
text. The chlorine-capture experiment, 
with an increase of a factor of a hundred 
or so in bulk, and a well-shielded mine 
or the deep sea to work in, might meas­
ure the sun's neutrino flux. Modifications 
in the scintillation scheme also are under 
consideration. It is not too much to hope 
that some day we may directly verify the 
nuclear reactions in the sun's center by 
a study of their neutrino emission. 

But suppose the experiments do not 
work? Suppose no neutrino counts are 
seen? The logical chain is pretty tight; 
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FORD INSTRUMENT 
solved one design problem by 

CASCADING RESOLVERS 
WITHOUT 

ISOLATION AMPLIFIERS 
To get around a problem that arises in almost every resolver application 
Ford engineers recently designed a computer which, among other 
things, employed a chain of cascaded resolvers to solve complex trig­
onometric equations, without the use of isolation. amplifiers. They 
solved such an equation as: 

A sin a cos c + A cos a sin b sin c + B cos b sin c 

This was successfully done, without use of vacuum tubes or amplifiers 
in this circuit: 

. 

A 

Aco.so 

I 
I 
I 

b I 
I 
I 
I 

RES 

A sin a 

AC050sinb 
+ B�co.s b 

-Asinasinc+ 
A (;'050 $1" b cos c + B cos b cos c 

Aslnacosc 
+ A coso sin b sin c + Seos b sin c 

A cos acosb -Ssi" b 

In view of the widespread use of resolvers to generate sine and 
cosine functions iii. modern electro-mechanical analogue computers, it 
is of great practical significance. Resolvers produced by the Ford Instru­
ment Company have now reached such a high degree of precision, that 
it is possible to obtain, from an unloaded resolver (which accommodates 
a single angular quantity only), an accuracy to within less than one 
tenth of one percent. But most computing circuits call for the use of 
several resolvers, and once an ordinary resolver is loaded by another 
resolver, no matter how high its precision, the overall accuracy of the 
resolver cascade is seriously affected. 

The conventional method of avoiding this difficulty is to use an isola­
tion amplifier for each resolver, so that the resolver continues to operate 
under no-load conditions regardless of the size of the cascade. The 
importance of cascading without amplifiers is readily appreciated if we 
realize that the isolation amplifier usually increases the cost of the equip­
ment, more than doubles the size and generates many times more heat 
that must be dissipated to prevent breakdown of the components. Fur­
thermore, the use of vacuum-tube amplifiers always raises the problem 
of tube ruggedness and reliability, and requires an additional source 
of d-c plate voltage. 

Have you problems which the engineers at Ford might solve by 
designing and manufacturing computers, controls or their elements? 
Write for further information. 

85 
FORD INSTRUMENT COMPANY 

Division of Sperry Rond Corporotion 
31·10 Thomson Ave., Long Island City 1, N. Y. 

Ford's capabilities are among 
the finest in the country 

One of the Ford laboratories where a 
particular design project has called for 
careful study of resolvers and resolver 
cascading. Two of the engineers assigned 
to this project are here checking results. 
From this work will come one of the 
new, highly classified weapon systems 
for the armed forces. 

For accuracy and reliability-both vi­
tally necessary in military instruments­
experienced machinists must work to fine 
precision-in the order of .0005 of an 
inch. Here in one section of the shops. 
of Ford Instrument Company, men are 
milling parts for an airborne computer. 

During the past year Ford Instrument 
Company has been busy working on 
many contracts for the U. S. Air Force 
and the U. S. Navy Bureau of Aeronau­
tics, designing and manufacturing com­
plex computers, controls and their 
components. For over forty years, Ford 
Instrument Company has devoted most 
of its efforts in working for the govern­
ment to the many problems of weapon 
controls. 
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BA LL S 
• All Materials 

Tungsten Carbides Magnesium 
Chromium Carbides Pyrex G lass 
Synthetic Sapphire Silver 
Stainless Steels Teflon 
High Speed Steels Carbon 
Titanium Nylon 
Zirconium Ceramics 
Aluminum Cast Iron 

. .  and any other workable materia l 

• All Sizes-
Standard and Special 
from 1/32" to 6" or larger. 

• Any Quantity 
from 10 balls to millions. 

• High Precision-
to .000010" on size and sphericity. 

• Engineering Service 
On request, our Engineerin g  Depa.rt­
ment will a ssist in selecting the ma­
terial and other characteristics required 
for best service on specific applications. 

WRITE FOR quotation and descriptive bulletin. 
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in Aircraft 
Nuclear Propuls ion Field 

Positions o f  r e a l  professional chal­
lenge in a field o f  eXCclltional hn­
portance and interest are now open 
with General Electric in Cincinnati, 
Ohio and Idaho Falls, Idaho. 

C H E M I ST, P H YS I C IST o r  M ET A L ·  
L U R G IST to a nalyze and coordinate 
all data relative to the effect of radia­
tion on materials. You must be a 
Ph. D .  in Chemistry, Physics or l\1etal­
lurgy, with 8 to 10  years experience 
In the study of the effect of neutrons 
and gamma radiation on materials. 

N U C L E A R  E N G I N E E R  familiar with 
existing methods of analyzing re� 
actors and shields, for position in­
yolving responsibility for a pplying 
these methods to nuclear a nalysis of 
nuclea r a ircraft propulsion system. 
Should have, preferably, several years 

;����lr; ;���:r�:���a \�e��rr(':r�i:�·
i:� 

ics, or Nuclear Engineering, and 
familia rity with standard methods of 
mathematical physics. 

Publication of 1'csem'ch 1'CSUltS ill thc 
appropriate classified 01' open litera­
ture u eHco1f1'aged. 

'\l'rite, in confidence, to : 

M r. W. J. K e l ly 
G eneral E l ectr i c  Co_ 
P.  O .  Box 1 32 
C i n c i nnati,  O h i o  

M r. L. A .  M u nther 
G eneral E lectr i c  Co. 
P .  O. Box 535 
I d aho Falls, I d aho 

Airc.raft Nuc.lear Propulsion Dept. 

G E N E R A L e E L E CT R U 

the defeat would mean to many that 
energy conservation had at last really 
failed us, or, almost as bad for our theo­
ries, that a reaction was not accompanied 
by its inverse among the fundamental 
particles. We should be loath to accept 
either of these conclusions. So far I have 
thought of only one way out-a desper­
ate evasion. The neutrino might leave 
the scene of its birth all right, starting 
life as a perfectly proper Fermi neutrino. 
But it might be unstable and decay into 
three other neutrinos ( two is forbidden 
for dynamical reasons ) ,  which could of 

, I I I I I I I 

course not all be Simultaneously caught 
at the other end to invert the reaction, 
because their directions would slightly 
diverge. This possible behavior would 
leave the beta-decay theory intact. But 
it would make the neutrino even more 
evanescent a notion than it now is, and 
would only pass the trouble on to later 
generations of physicists. It will be far 
better if the patient experimenters are 
successful, and if their scintillator clearly 
displays those few oscilloscope traces 
each hour which will mean that the fu­
gitive neutrino has been caught at last. 

�====�=\�\-�����������������:=������==��� - · 1 · --
- _. ___ I __ _ ___ _ I - I  

\ - --\ I \ ----I , 
---- I , I , ­I , I I I I I I I , -I I I I --- I I I I 

�==--_--.\ ���=�======��====:f; \ -
--�===

--- - \-=--- I  I 
1 . ' 

DETECTION OF THE NEUTRINO is planned hy Cowan and Reines on the hasis of the 
events outlined in this diagram. A neutrino (dotted line )  encounters a proton ( 1 ) ,  causing 
it to change into a neutron (zigzag path) and a positive electron. In passing through the 
cadmium salt solution the positive electron causes a pulse of ionization. Then it is annihi· 
lated in an encounter with a negative electron (2 ) .  This gives rise to two gamma rays (wavy 

lines ) , one of which causes a pulse in the top scintillation counter and the other a pulse in 
the hottom scintillation counter. The neutron wanders for several mkroseconds until it is 
absorbed hy a cadmium nucleus ( 3 ) .  This gives rise to three gamma rays. Thus when two 
consecutive pulses, separated by an interval of several microseconds, occur in hoth the cad· 

mium solution and the scintillation counters, a neutrino is assumed to have heen detected. 

© 1955 SCIENTIFIC AMERICAN, INC



CPT Stabil izer Control Actuator 

CPT Structural F i n  Fitting 

CPT Ball-screw Flop Actuator 

*' 
CPT Afterburner Actuator 

-

-.;�------
-->--- -

-----
CPT Rudder Control Actuator 

CPT landing Gear·  

CPT STARS IN  AIRCRAR 

UNBING GEAR ACTUATORS 

ANB STRUCTURAL COMPONENTS 
More aircraft rely on CPT L a n d i n g  
Gears than all other makes combined. 

More v i tal  aircraft  equipment i s  
operated by C P T  ball-screw mecha­
nisms than all other makes combined. 

CPT has a unique combination of 
experiences. Engineering and produc­
tion facilities have led all the top air­
craft builders in bringing their designs 
to CPT. They rely on CPT for finished 
assemblies on schedule. 

You can count on CPT's experience 
as the pioneer in landing gears. And the 

leading producer of all types of ball­

screws. And the outstanding designer 

of actuators. You can also make good 

use of CPT's outstanding facilities for 

large-scale resistance welding, heat 

treatment,  Keller i n g, a n d  s p e c i a l  

machining. Call u s  before you begin 

your project. 

C L E V E L A N  0 P N  E U  M AT I C 
TOOL COMPA NY · Dept. 0 - 1 5 6  • C leveland 5, Ohio 

For additional information write to any of the sales offices listed below: 
Los Angeles; Levittown, L. I.; Fort Worth-Dal las. 

C PT A b i l i t i e s  a n d  Fa c i l i t i e s  Ass u re t h e  f i n est i n  P re c i s i o n  P e rfo rma n c e  
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THIRST 

Exactly ho,Y does the need for ,Yater give rise to this familiar, 

and occasionally excruciating, sensation? The reader is advised 

to begin this article only if he has a cool drink near at hand 

My thirst was the tallest tme in a forest 
of pain. 

-Richard Evelyn Byrd 

S
ometimes it is best not to try to de­

fine the term that stands for the 
phenomenon one is talking about. 

Charles Darwin, working on Chapter 8 
of OTigin of Species-the famous one on 
"Instinct" -appears so to have found it, 
for he remarked: "I will not attempt any 
definition . . . every one understands 
what is meant." So it is with the word 
thirst. Its meaning, as anyone who at­
tends to it soon finds out, shifts about. 
Thirst for water is a desire, an urge, a 
sensation, a drive, a reflex, an appetite, 
a disease. 

The cruel thirst suffered by a wounded 
soldier is legendary. If his liquids are 
rationed for medical reasons, he devel­
ops "great craftiness in prevailing upon 
compassionate neighbors and attendants 
for small sips of any fluid or for pieces 
of ice." He will "quaff heartily from flow­
er vases, emesis basins or urinals, with 
great stealth and cunning." The be­
havior of an individual with diabetes 
insipidus, a relatively rare disease in­
volving the pituitary gland, may be as­
tounding. Here is a description of such 
a case from a communication by Thomas 
Atkinson to a medical journal in 1856: 

"Although a sober man, he was the 
most intemperate drinker I ever knew, 
from fouT to six gallons of water being 
required to keep him comfortable during 
the night, while his daily ration of this, 
to him literal 'aqua vitae,' amounted to 
not less than from eight to 12 gallons. 
He always placed a large tubful near 
his bed, on retiring for the night, which 
often proving insufficient, he was forced 
to hurry to the spring to obtain relief 
from the intense suffering occasioned 
bv the scanty supply. He has frequently 
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by A. V. Wolf 

driven the hogs from mud holes in the 
road, and slaked his thirst with the semi­
liquid element in which they had been 
rolling, himself luxuriating in that which 
had afforded only a moderate degree of 
enjoyment to the swine." 

It was Walter B. Cannon of Harvard 
who was largely responsible for provok-

o 

ing experimental investigation of the 
thirst phenomenon. Many scientists had 
regarded thirst as a "general" sense, like 
hunger and the sexual faculty. In this 
view thirst was the manifestation of a 
general impoverishment of water in the 
whole body. Cannon, however, having 
become convinced that the hunger sen-

FIVE STAGES OF DESERT THIRST were described by W. J. McGee. The first drawing 

illustrates the "clamorous" stage (loss of 3 to 5 per cent of the body water), characterized 

by discomfort. irritability and querulous complaint. The second drawing depicts the "cotton 

mouth" stage (water loss 5 to 10 per cent), in which a lump seems to rise in the throat and 
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sation arose from the "local" stimulus 
of the empty stomach's contractions 
( "pangs"), reasoned accordingly that 
thirst was nothing more than it seemed: 
namely, a local sensation resulting from 
the drying of the mouth and throat. He 
related that atropine, a drug which stops 
the flow of saliva and makes the mouth 
dry, produced in him a sensation indis­
tinguishable from thirst. 

The "dry mouth" theory, as it came 
to be called, had serious defects. Many 
people disagreed with Cannon's reac­
tion, claiming that they were perfectly 
able to distinguish a dry mouth from 
thirst. Moreover, dogs, with little bias in 
the matter, consumed no more than the 
normal daily amount of water when they 
were given atropine. We must be care­
ful, to be sure, not to confuse drinking 
with thirst. Since the sensation of thirst 
is subjective, we can usefully examine 
the sensation only in ourselves. In any 
case the drug pilocarpine, which causes 
a profuse flow of saliva, does not greatly 
lessen a dehydrated person's desire for 
water. The dry-mouth theory also has 

trouble with the fact that an individual 
may become thirsty promptly after 
chewing sweet chocolate or swallowing 
a salty anchovy, even while his mouth 
is "wet." 

If we know anything, we know when 
we are thirsty. But if a dry mouth is not 
the real sign, what is? A burning sensa­
tion in the throat? Extreme thirst is 
often described in terms appropriate to 
a conflagration: we read of people suf­
fering with "burning" or "raging" thirst 
and of how its "fire" is quenched only by 
water. But the throat may "burn" with 
the soreness of a cold, and this sensa­
tion is rarely misconstrued as thirst, nor 
is it relieved by water. 

We know that thirst is usually asso­
ciated with dehydration of the body. 
There are two types of dehydration. 
"Absolute" dehydration is a simple loss 
of water, reducing the level in the 
body to less than normal. Play a game 
of tennis in the hot sun and you will 
be absolutely dehydrated and probably 
thirsty. But you may also suffer a kind 
of dehydration when your body con-

tains more water than is normal. This 
will happen if you eat a great deal of 
salty food which enhances thirst and 
drinking. Certain patients with heart 
disease, if allowed unrestricted access 
to salt, drink more water than they can 
excrete, becoming waterlogged in a 
characteristic way, with swollen legs 
and belly. It appears that thirst depends 
less on the absolute water content of 
the body than on its water content 
relative to certain solid constituents, 
notably salts. A person taking exces­
sive quantities of salt tends to be rela­
tively dehydrated, meaning that the 
salt concentration in his body fluids is 
higher than normal. Barkeepers exploit 
relative dehydration when they set out 
"free" salted pretzels, potato chips or 
popcorn. As a patron consumes the prof­
fered salt, requirement for water (avail­
able as beer on tap) rises in accordance 
with well-known "equations of thirst." 

Relative dehvdration is the basis of a 
modern, sophisticated "beer and 

pretzel" theory of thirst. Some years ago 

o 

the face feels strangely full. The victim may have hallucinations 

and discard some of his clothes. The third drawing shows the 

··shriveled tongue" stage (water loss 10 to 20 per cent), in which 

the eyelids stiffen and the face becomes numb. The sufferer may 

cast off more of his clothes, tear at his scalp, bite his arm. The 

fourth drawing suggests the "blood sweat" stage (water loss more 

than 20 per cent), in which the skin cracks and oozes blood serum. 

The fifth drawing represents the final, or "living death," stage. 
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STRATAGEMS FOR THIRSTY CASTAWAYS are the subject of 

some debate. The man in the background fishes; the French phy­

sician Alain Bombard, who sailed across the Atlantic in a life raft 

without a supply of fresh water, recommends squeezing fish and 

drinking their juice. The man at left wets his shirt in the sea; this 

is advised to retard the evaporation of water from the body. The 

man in the foreground covers his head with a cloth; this also retards 

evaporation by shielding him against some of the sun's radiation. 

E. B. Verney in England was studying 
factors influencing the release of a pitui­
tary hormone which regulates the excre­
tion of water by the kidneys. His inge­
nious techniques showed that some­
where in the brain, in the bed of the 
carotid artery, there were receptors sen­
sitive to slight changes in the osmotic 
pressure of the blood. Stimulation of 
these "osmoreceptors" appeared to lead 
to secretion of the hormone. 

About three years later I encountered 
what seemed to be similar receptors 
while I was using quite different meth­
ods on another problem. I was studying 
the effect on thirst of intravenous in­
jections of solutions of common salt. 
Steady injection of such a solution (e.g., 
5 per cent salt) after a time would cause 
a man to become thirsty fairly suddenly. 
This "thirst threshold" was reached 
when the osmotic pressure of his body 
fluids had risen 1 to 2 per cent, which 
is equivalent to saying that the cells of 
the body had lost that per cent of their 
water. Now this was just about the 
change in pressure that Verney had 
found would stimulate the osmorecep­
tors controlling the secretion of hor-
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mane. The similarity of the thirst 
threshold to the threshold of pituitary 
stimulation led to the suggestion that 
the postulated osmoreceptors might be 
sensory organs of a "thirst reflex" system 
in the body. 

In 1952 B. Andersson in Sweden re­
ported that injection of minute quantities 
of a strong salt solution directly into a 
region in the hypothalamus of goats 
caused them almost immediately to 
drink. The same injection into other 
areas of the brain did not have this 
effect. This and other evidence suggests 
that the hypothalamus is the site of a 
thirst or drinking "center." 

Let us conceive of a primitive thirst 
reflex originating in osmoreceptors in the 
hypothalamus. When these receptors are 
shrunk beyond a certain threshold, be­
cause of loss of water from the body or 
relative dehydration through an excess 
of salt, nerve impulses from the receptors 
pass to higher brain centers, producing 
the sensation of thirst, and also activate 
the drinking response. Now it is known 
that dehydration also tends to reduce 
the flow of saliva in the mouth. A dry 
mouth therefore has become associated 

with thirst. As a result, drying of the 
mouth from any cause, regardless of 
whether osmoreceptors are stimulated, 
may be interpreted as thirst. In this view 
dry-mouth thirst may arise without de­
hydration as a "conditioned reflex." If 
sweet chocolate or a salty anchovy in 
the wet mouth "burns" in the right way, 
this sensation also will be interpreted as 
thirst. Once the material has left the 
mouth, and if not enough is swallowed 
to produce a systemic effect on osmotic 
pressure, the urge to drink passes off, 
because the primitive thirst reflex is not 
activated. 

Among the dozens of theories of thirst, 
the type based on a physiological mech­
anism of this kind has never wanted for 
advocates and is fairly useful. Neverthe­
less, puzzling facts remain. In 1933 
a Dr. Kunstmann in Heidelberg pub­
lished the results of a curious and heroic 
experiment. (The experiment was of a 
sort not likely soon to be repeated: 
among other details, Kunstmann had 
pieces of his breast muscle cut out for 
tissue analysis.) He had forced himself 
to drink an average of 10 quarts of water 
daily for 127 days, taking as much as 18 
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quarts in 24 hours. Strangely, after eight 
days he developed a thirst so compelling 
that he would wake at night to drink 
more. Actually this is not too surprising, 
for Kunstmann was losing salt from his 
body in the large daily urine volume, and 
it is well known that salt deficiency pro­
duces a kind of thirst. It can be relieved, 
however, only by salt. Some physiolo­
gists feel that the existence of this kind 
of thirst weakens the osmoreceptor 
theory. We can, of course, say that it is 
not "true" thirst, because it is not re­
lieved by water, but this involves de­
fining thirst-a matter we shall avoid in 
this article. 

A rat, curiously, may survive longer 
( 13 days) with food and no water 

than with water and no food (8.5 days). 
This is not true generally of larger ani­
mals such as the dog or man. Men have 
gone without food for well over 30 days, 
but they cannot last nearly as long with­
out water. How long one can survive 
depends on the conditions. Antonio Vi­
terbi, a condemned political prisoner of 
the French Restoration who committed 
suicide by denying himself all food and 
drink, lasted 17 days. But a man in a hot 
desert without water may be brought 
within the grasp of death in a few hours. 
Simply walking in the sun, he may 
sweat a quart of water per hour. When 
he has lost 1 per cent of his body weight, 
he begins to feel thirst. After the loss of 
5 to 8 per cent, he is weary and a candi­
date for physical collapse; after 10 per 

ANOTHER STRATAGEM for thirsty cast· 

aways is recommended in case of rain. By 
holding his head over a vessel and allowing 

the rain to stream down his hair, the cast· 

away can increase the water collected. He 

can also spread clothes and wring them out . 

!PEIUIY INGINlJ. 

From the memorable day in 191 I when the first 
gyro-compass went aboard the USS Delaware to 
modern electronic "miracles", Sperry Engineers 
have pioneered the way_ Their achievements have 
made Sperry an institution possessing a broad base 
of engineering "know how" for ventures into new 
and diverse fields. 

ENGINEERS 
ARE INVITED 

to in vestigate open i n g s  on Sperry's 
large. Engineering Staff, offering unusu­
al opportunities for professional devel­
opmeot, expression and recognition. 

please submit resume to J. W. DWYER 
Engineering Employment Supervisor 

or Phone Fieldstone 7-3600 Ext_ 2605 or 8238 
for interview appointment 

{Interviews arranged for Sot. or Wed. Eve.} 

• 

• • • • • • • • • • • • • • • • 

CDAfP4I1Y' 

ON PERIODICAL STORAGE SPACE 

SCIENTIFIC AMERICAN and over seven hundred 

and fifty other leading periodicals are now available 

on microfilm-cost about equal to library binding. 

Microfilms of issues from May, 1948 [first issue of 

new SCIENTIFIC AMERICAN] may be secured. 

Addressing inquiries to us on your organiza­

tion's letter head will help us be of better service 

to you. Write for details to Department S.A. 

II� 
UNIVERSITY 

MICROFILMS 
ANN ARBOR, MICHIGAN 

.. � 
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work steel to malce steel worlc for you 

PERMAGLAS SMOKESTACK FACTS: 

• Two coats of acid-resistant glass inside and 

out . . . fused to V .. -inch steel at 1600° F. 

• Standard diameters - size range up to 8 feet 

in 6-inch increments. 

• Flanged section lengths - to 20 feet. 

Why don't they 
invent a better 

A. O. Smith has! 

Introduces longer life 
Permaglas smokestack 
of glass-protected steel 
Wherever this new smokestack goes up, industry's 
costs come down. No more sending good money up 
in smokestack replacement every few years! 

The new Permaglas smokestack is glass-lined inside 
and out to shrug off ever-present acid condensates 
that quickly corrode and ruin ordinary unlined stacks. 
Glass eliminates costly maintenance. 

Lightweight sections bolt togeth�r easily . • •  cut 
cost of field erection. Furthermore, glass-lining per­
mits steel wall thickness of only % in. maximum. You 
save five to ten inches of other lining material . • .  and 
there's no need for heavier supporting foundations. 

You'll want to know more about the Perma­
glas smokestack-developed by the world's larg­
est producer of glass-protected steel products. 
Write today for free technical report • • •  and for 
booklet which shows how we work 
steel to make steel work for you. 

" .' 
,,, 

Through research . .. '" ... a better way 

A.O.SmitJI 
C O R P O R A T I O N  

MILWAUKEE I, WISCONSIN 
12 plants in New Jersey, Pennsylvania, Ohio, 
Wisconsin, Illinois, Texas and California 

International Division: Milwaukee 1, Wisconsin 
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Electric motors Automobilo 
fromes 

cent, gross physical and mental deteri­
oration begins to set in. It is estimated 
that a man cannot survive when he has 
lost water amounting to 20 per cent of 
his body weight. 

At the turn of the century W. J. Mc­
Gee, a geologist of large experience in 
the deserts of the U. S. and Mexico, de­
scribed five stages of desert thirst. In the 
first (loss of 3 to 5 per cent of the body 
water), a man becomes uncomfortable, 
irritable and complaining; his condition 
excites "hilarity rather than pity" among 
his companions. In the second stage (5 
to 10 per cent) his mouth feels like cot­
ton; his tongue may cling to his teeth; 
he starts endless swallowing motions to 
dislodge an apparent lump in his throat; 
his face feels full because of the shrink­
ing of his skin; he begins to talk to him­
self and have hallucinations. In the third 
stage (10 to 20 per cent) his tongue 
hardens to a numb weight; his eyelids 
stiffen and eyes stare without winking; 
he cannot speak but only moan or bellow 
hoarsely; he may suck his own blood 
(cf. the Ancient Mariner: "I bit my arm, 
I sucked the blood") or even drink his 
own urine. In the last two stages (more 
than 20 per cent loss) his skin cracks; a 
blood sweat oozes from his body; his 
eyes weep tears of blood; he becomes a 
"senseless automaton" digging desper­
ately in the sand; and he passes beyond 
any possible revival by water. 

When the air temperature is higher 
than skin temperature, a man can main­
tain his normal body temperature only 
by dissipating heat through the evapora­
tion of sweat. For every 1,000 kilogram 
calories of heat he must get rid of, he 
has to evaporate nearly two quarts of 
water. This necessity precludes any pos­
sibility of training to get along for a pro­
tracted period on less than the usual 
water requirement, and it also makes 
futile the "rationing" of a scarce supply. 

How a man or animal knows when to 
stop drinking is not now encompassed 
by any theory of "thirst." A dog or a 
burro drinks until it has all the water it 
requires. But a dehydrated man does not 
drink back more than about half of his 
deficit on his first refilling. He may be­
come satiated even before the osmotic 
pressure in his body tissues is lowered. 
This satiety may derive in part from dis­
tention of his stomach, in part from the 
fact that his throat and esophagus meter 
the water as it passes down. In any case, 
he waits until after he has had food and 
rest before completing his drinking. 

T radition and physiology generally ar­
gue against drinking sea water. The 

literature of the sea abounds in tales of 

how this drink leads to sickness, cliar­
rhea, unutterable extremities of thirst 
and madness. Edgar Allan Poe's grue­
some Narrative of Arthur Gordon Pym 
is matched by less fictitious accounts 
such as Wreck of the Dumaru. And the 
U. S. Navy sternly enjoins its men: "Nev­
er drink sea water!" 

The physiologist points to the fact that 
most mammals, including man, cannot 
get rid of salt in the urine at the rate of 
more than about 2 per cent. Average 
"open ocean" water is approximately 3.5 
per cent salt. If a man drank 100 cubic 
centimeters of sea water, he would have 
to excrete 175 cubic centimeters of water 
in urine to eliminate the excess salt by 
that route. 

The general biologiSt's argument is 
even simpler. Seals and other seagoing 
mammals (including mermaids, accord­
ing to some) do not drink sea water; 
ergo, man would be best advised to fol­
low their example. It will do no good to 
cite the bony marine fishes that drink 
sea water, for they are equipped with 
a salt-removing mechanism in the gills; 
nor the kangaroo rat, which could tol­
erate sea water but only because its 
kidneys are capable of producing an ex­
ceptionally salty urine. 

A castaway who imitates the seal, 
eating fish as his sole source of water, 
will be in another kind of trouble. He 
must eliminate a substantial part of the 
nitrogenous material in the fish tissues, 

EXTRAORDINARY THIRST was recorded 

by Thomas Atkinson in 1856. A sufferer 

from the rare disease diabetes insipidus 

drauk eight to 12 gallons of water dl1ring the 

day and four to six gallons dl1ring the night. 
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now has available 

One Long-Range Career Opening in 

OPERA liONS ANALYSIS 

STATISTICIAN-ENGINEER 
Duties include: statistical design and analysis of experiments; appli� 
cation of probability theory and statistical inference to 
production and management problems, ranging, as examples, from 
sales forecasting for production and inventory control to use of 
probabllit:r in setting optimum plant maintenance policies; and 
Operations Research-the mathematical and statistical formulation of 
production, marketing, and financial control problems prior to 
ana lysis by da ta processing systems. Operations are on a 
company-wide basis. 

Desired qualifications: a Ph.D. or equivalent in mathematical sta­
tistics or physical science (including engineering), with 
experience with and interest in practical design of experiment, 
mathematical statistics, or probability theory. 

You are invited to submit a detailed 
resume, i11cl1fdillg details of education 
and experience, to: 

Mr. J. C. Costello, Jr. 
Personnel Rela·tiolls Sectjol£ 
Engilleering Departmellt 

Executives and Engineers 
deserving higher salary 

now can completely, confidential­
ly make arrangements for better 
positions through our unique Job 
Improvement Service. We have 
close contact with leading manu­
facturing and research firms in 
all sections of the country. 

Here's what you do. Send us 
your name, title, company and 
home address. We will forward 
to your home brief forms which 
you fill out and return. We com­
pare your experience and desires 
with our file of specific job open­
ings. You make the decision. No 
obligation to you, no cost what­
soever. Our clients pay us to find 
you. Find out what you're really 
worth-today. Write, phone or 
wire. 

.- DECISION INC. 

Management and 
Recruitment Consultants 
Oliver P. Bwrdes, President 
431 First National Bank Building 
Cincinnati 2, Ohi.o 

NEW MONOCHROMATO R 

GIVES SIMPLE SOURCE OF 

MONOCHROMATIC L IGHT 

Here's a new device 
that eliminates the 
cumbersome arc light 
and prism arrange­
ment! The new CTC 
Monochromator uses 
the rotary power of 
quartz to give a mon­
ochromatic beam of 
higher intensity! 

Compact, portable, 
CTC's Monochromator is excellent as 
a light source for microscopic analysis 
of metals, oils, chemicals and films. I t is 
ideal for most applications requiring vari­
ations of light through the visible spectrum. 

CTC's Monochromator incorporates 
five quartz sections, thus allowing a pass 
band width of 40A to 120A. These five 
quartz sections vary in length from 4 
inches to � inch and the entire unit, with­
out light source measures 10� inches 
long by 3% inches wide by 3 inches high. 
For complete specifications and data on 
prices write direct. 

CAMBRIDGE THERMIONIC 
CORPORATION 

Concord Ave., Cambridge 38, Mass. 

and he can do so only by excreting rela­
tively large volumes of urine. Thus eat­
ing raw fish tends to deplete his body of 
water. The seal can afford to eat fish 
without drinking because, among other 
reasons, it eliminates nitrogen more effi­
ciently in its urine and loses no water by 
sweating. 

The classical admonitions against the 
use of sea water have recently been 
challenged. The French physician Alain 
Bombard, during his 65-day crossing of 
the Atlantic on a life raft, subsisted on 
rain water, sea water and the juice of fish 
obtained by squeezing the flesh in a 
fruit press. Although it is unfortunately 
not possible to judge from his accounts 
the general feasibility of this regimen, it 
does appear that he was able to go for 
a three-week period without a drop of 
fresh water, drinking only fish juice. 
The juice of fish may sustain a man's 
water need if it is relatively free of ni­
trogenous tissue debris. 

William Willis, who crossed the Pa­
cific on a raft from Peru to Samoa, lost 
almost all of his water supply early. 
He recalled that old sailors sometimes 
took sea water as a laxative, and that he 
had drunk some without ill effects. 
Believing he did not have enough fresh 
water for his long journey, he drank 
one and one-half cups of fresh water 
and an almost equal amount of sea 
water each day, until he ran into rain 
much later. He mentions no serious thirst 
and attributed his increasing weakness 
to incessant labor and sleeplessness. Thor 
Heyerdahl, writing of the voyage of the 
Kon-Tiki, also indicated that at times 
sea water mixed with fresh water sur­
prisingly assuaged thirst. 

These reports notwithstanding, men 
who stake their lives at sea must be cau­
tious about accepting conclusions drawn 
from such experiences. Some physiolo­
gists categorically advise that castaways 
never use sea water at all. There is an 
important difference between taking sea 
water when one has luxurious supplies 
of fresh water and taking it when there 
is no extra insurance supply to fall back 
on if a body deficit develops. 

The value of fish juice, and of mix­
ing sea water with fresh water to eke 
it out, are being investigated experi­
mentally. It may turn out that certain 
mixtures of sea and fresh water will work 
in some circumstances; yet the saving of 
fresh water involved may be too small 
to count. We do not yet know. 

"For the thirst there is need of a pow­
erful remedy," wrote Aretaeus of Cappa­
docia. More than 1,700 years have 
passed and we still have no substitute for 
water. 
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At the fingertips of operators in the control room are complete facts 
on functioning of North American Aviation's water boiler reactor. 
ElectroniK instruments record power level and reactor temperatures. 

California's first nuclear reactor 

controlled with 

Designed and built by the Nuclear Engi­
neering and Manufacturing Department of 
North American Aviation, the reactor 
shown here is the first to be operated in 
California. It was built under contract with 

the A.E.C., and is being used as a neutron 
source for various development projects. 

Pool type or water boiler, these relatively 
low-power sources utilize many of the tech­
niques found in more complex high-power 
equipment. Measurement and control play 
an important role in reactor operation . . •  

and for these responsibilities, North Amer­
ican selected ElectroniK instruments .. On 
the main control panel are two ElectroniK 
power recorders with Linear scale, and a 
third power recorder with a logarithmic 
calibration. A fourth ElectroniK instrument 
charts critical temperatures to guide oper­
ators . 

instruments 

On privately built reactors as well as in 
government installations, ElectroniK in­
strumentation is the leading choice for pre­
cise, reliable measurement and control in 
nuclear research. The many versions of this 
versatile instrument . . . Function Plotter, 
Adjustable Span Recorder, Extended Range 
Recorder, Yz-Second Pen Speed Recorder 
and others . . . afford numerous features of 
convenience and utility for the specialized 
requirements of research work. 

Your local Honeywell sales engineer will be 
glad to discuss the measurement problems 
of your specific project ... and he's as near 
as your phone. 

MINNEAPOLIS-HoNEYWELL REGULATOR 
CO., Industrial Division, Wayne and Win­

drim Avenues, Philadelphia 44, Pa.-in 
Canada, Toronto 17, Ontario. 

• REFERENCE DATA: Write for the folder "EleclroniK Instruments to Accelerate Research." 

Honeywell 
13 ROW N I  N S T R U M  E N T 5 
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CELESTIAL NAVIGATION -link Aviation's high-speed, high altitude celestial navigation trainer; only such trainer capable of 
simulating trans-Polar flight. Trains navigators in techniques of guiding planes by the stars. 

Vital 
Controls 

The controls on the world's fastest submarine; the most 
advanced airborne navigation system known to exist; other 
similarly advanced military systems and equally advanced 
industrial equipment and control systems are outstanding 
examples of the work of the producing companies of Gen­
eral Precision Equipment Corporation. More than a dozen 
major industries are served by instrumentation and sys­
tems designed, developed and produced by GPE Com­
panies. 

Ten of the companies in the GPE Group - notably 
Askania, Kearfott, Librascope and Link Aviation-devote 
substantial resources to the development and manufacture 
of instruments, servos and controls. These are used in 
equipment and systems developed by these companies 
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PROCESS CONTROL-Askania controls 
regulate speed of the ten turbines which 
develop compression to maintain gas suc­
tion pressure in Creole Petroleum Corpora­
tion's giant, pile-supported oil drilling 
operation on lake Maracaibo, Venezuela. 

- - ........ 

�.��.A""lfl t!'"�..,.. .. � ��� �, ... At� 

SUBMARINE OPERA T I ON - Controls developed and 
produced by Askania Regulator Company are utilized to 
govern operation of U. S. Navy's modern Guppy type 
submarines. 

MISSILE GUIDANCE -One of the many guided missiles 
equipped with Kearfott basic gyro reference systems, the B-61 
Matador-U. S. Air Force's first successful ground-to-ground 
tactical weapon. 

• Manufacturing ••• Manufacturing, product develooment and research 
•• Manufacturing and product development eMe P ilot manufacturing, product d�velopmen! and research 

... •• 1 •• Dee •• ... .. ... •• .. •• • •• PRECISION MECHANICS, OPTICAL DEVICES, CER AMICS 

... • • 
••• .. ... ... 

•• ... 
• • ... 

... • .. De • 

... • ••• 
I ••• • • De. 
I ••• • •• ••• CAPACITIES 

... De. 
... •• 
••• ... ... 
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themselves, as well as in systems and equipment developed 
and produced by other manufacturers of advanced techno­
logical equipment. 

All GPE Producing Companies work in the advanced 
areas of highly specialized fields and are engaged in the 
design, development, manufacture and sale of equipment 
which is closely related from a technical point of view. It 
is all precision equipment; it derives from similar fields of 
technical competence; it saves labor, increases productivity 
or achieves results which cannot be achieved with even 
limited use of on-the-spot manpower. The chart here shows 
the specialized fields in which the key GPE Producing 
Companies work. 

In addition to specialization in its particular products 

�� �u 
:,: 
§ 

... • •• .. • •• . ... 1 ELECTRICAL EQUIPMENT and COMPONENTS 

... • .. • •• .. ••• 1 ELECTRONICS 

• •• I HYDRAULICS, lIaUIDS PROCESSING, HEAT £XCH ANGE 

• • I T£u:'VISION 
Studio, Theatre, Educational, Business, Industrial 

••• .. • • ••• . ... INSTRUMENTS, SERVOS, CONTROLS 
Hydraulic , Pneumatic, Magnet ic, Electronic 

••• • I •• . ' ... JlULATION AIRCRAFT and MISSILE GUIDANCE, CONTROL, Sit 

••• • •• ... AUTOMATIC COMPUTERS and COMPONENTS 

•• • • RADAR, MICROWAVE, ULTRASONICS 

•• ... ... ... MOTION PICTURE and AUDIO EQUIPMENT 

•• .. . NUCLEAR POWER COMPONENTS and CONTROLS 

... 

ZU �U� 
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SYSTEMS ENGINEERING ••• ... Aeronautical, Na�al, Industrial 
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and fields of technical competence, each of these companies 
has at its command, as required, the facilities and special­
ized techniques of the other GPE Companies in their re­
spective fields. Interrelation of their resources is achieved 
thro.ugh GPE's basic operating policy, GPE Coordinated 
Precision Technology. In all areas in which GPE Compa­
nies work, this coordination has been responsible for a wide 
variety of precision equipment of superior design and per­
formance, embodying new, advanced principles. 

A brochure relative to the work of the GPE Companies 
and GPE Coordinated Precision Technology is available. 
Address your request, or specific inquiries, to: GENERAL 
PRECISION EQUIPMENT CORPORATION - 92 Gold Street, 
New York 38, N. Y. 

--
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Carotenoids 

Carotene, the pigment named after the carrot, belongs to a large 

family of biological molecules. These are found in a spectacular 

assortment of organisms, but their function is little understood 

T
he living world is full of color in 
infinite variety: the vivid red of 
the tomato, the subtle green of the 

avocado, the orange of the carrot, the 
pink of the shrimp, the blue of the goose 
barnacle's gonads, the inky gray of the 
squid's sheltering Buid, the brilliant hues 

by Sylvia Frank 

of the butterBy. Yet all the varieties of 
biological color are composed from a 
palette containing just a few kinds of bio­
chemical pigments. The colors men­
tioned above, for example, are all pro­
duced by a single chemical family of 
pigments called the carotenoids. 

The carotenoids turn up in every ma­
jor class of plants and animals. They are 
found in bacteria and fungi and Bowers, 
in sponges, crustaceans, insects, fishes, 
birds and mammals, in fact in most ani­
mals from protozoa to man (with the 
curious exception of the whale!). Just as 

CHLOROPLAST of a plant contains carotenoids as well as chloro­
phyll. This electron micrograph by J. J. Wolken of the University 
of Pittsburgh shows a small section of the photosynthetic micro­
organism Poteriochromonas stipitata. At right is a chloroplast, its 

layered stru.cture shown in cross section (see drawings on page 84) . 

The large object at the top is the cell nucleus; the smaller bodies 
arouud it are mitochondria, in which the chemical reactions of res­
piration occur. The structures are enlarged some 50,000 diameters. 
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chlorophyll is responsible for much of 
the green in our living world, the carote­
noids account for most of the other col­
ors. (Red hair, however, is due not to a 
carotenoid but to an iron-containing pig­
ment, so technically a redhead should be 
nicknamed "Rusty," not "Carrottop.") 

In short, carotenoids seem to be the 
most ubiquitous of all pigments in na­
ture. There must be something here that 
goes to the root of life itself. How is it 
that the carotenoids have marched all 
the way with evolution and become firm­
ly established throughout the plant and 
animal kingdoms? Surely they must have 
some function other than mere decora­
tion. It is hard to believe that these sub­
stances would have become so woven 
into the fabric of living things if they 
did not perform some service generally 
useful to all classes of organisms. 

And yet if the carotenoids do have 
such a general function, it has not been 
discovered. Biologists view the carote­
noids with esthetic appreciation, baffle­
ment and a certain degree of exaspera­
tion. We know their chemistry, their 
properties, their distribution in plants 
and animals from bottom to top of the 
evolutionary tree; but we have no clue 
to why they are so common. 

This is not to say that investigation 
has turned up no useful carotenoid func­
tions at all. The carotenoids are known, 
or suspected, to play a biological role in 
several specific situations. For example, 
the retina of the eye owes its sensitivity 
to light to the presence of carotenoid 
pigments. From carotenoids in their 
food animals syntheSize vitamin A, 
without which they could not see. It has 
also been suggested, although this is only 
a hypothesis, that carotenoids may play 
a part in sexual reproduction. Concen­
trations of carotenoids are found in re­
productive organs of many plants and 
animals-in pollen and fruits, in eggs and 
the gonad glands. Some animals are well 
known to change color dramatically dur­
ing breeding. In the snail Patella, for 
example, the male gonads turn a brick 
red after spawning, while the female 
gonads lose carotenoids and become 
pale-sexual reproduction in technicolor! 
Still, it may be that carotenoids have 
nothing to do with reproduction but 
merely tend to accumulate in sexual or­
gans because these have considerable 
fat, in which carotenoids are soluble. 

Among the possible functions of the 
ft carotenoids one of the most in­
triguing is their relation to the pho­
tosynthesis of plants. Here we have 
chemical clues which have led to some 

interesting laboratory experiments. In 
photosynthesis the key role is played by 
the green pigment chlorophyll. But sit­
ting alongside chlorophyll in the plant 
cells are yellow carotenoids. Are they 
involved somehow in photosynthesis, 
either as partners of chlorophyll or as 
building blocks? A very striking chemi­
cal coincidence suggested that they 
might be. 

The carotenoid molecule is made of 
eight units, called isoprene units, strung 
in a chain [see diagram in the next col­
umn). All the carotenoids, of which there 
are more than 70 varieties, have the 
same structure and the same 40 carbon 
atoms; they vary-only in the attachment 
of hydrogen or other groups at certain 
positions, these slight variations account­
ing for their differences in color. Now 
the chlorophyll molecule has a tail, 
known as the phytol chain, which is very 
like the carotenoid chain except that it 
is only half as long and has extra hydro­
gen atoms in place of the double bonds 
between carbon atoms. 

It would seem that the similarity be­
tween the carotenoid chain and chloro­
phyll's tail must be more than a coinci­
dence. Plant physiologists at first sup­
posed that carotenoids might be made 
from the phytol tails of chlorophyll, be­
cause they had noticed that large quan­
tities of carotenoids appeai· when chloro­
phyll disappears in ripening fruits. But 
much more carotenoid is made than can 
be accounted for by the amount of phy­
tol released. So we turned this thought 
around and began to investigate the re­
verse possibility: that the phytol part of 
the chlorophyll molecule might be syn­
thesized from carotenoids. 

Young oat seedlings grown in the dark 
manufacture carotenoids but no chloro­
phyll. We found that when such seed­
lings were exposed to light, the amount 
of carotenoids declined just as chloro­
phyll began to be formed. Here was a 
first indication that carotenoids might be 
entering into the making of chlorophyll. 
Then we learned that the dark-grown 
seedlings contained a pale green sub­
stance with light-absorbing powers re­
markably similar to those of chlorophyll. 
It became clear that this substance was 
a precursor of chlorophyll. Later James 
H. C. Smith and his co-workers at 
Stanford University definitely identified 
the same substance (in barley plants) as 
a "protochlorophyll" which lacked only 
hydrogen atoms at two positions on the 
porphyrin ring of being a complete 

'chlorophyll molecule. Meanwhile Sam 
Granick at the Rockefeller Institute for 
Medical Research had been working out 

BETA CAROTENE MOLECULE, like all 
other carotenoid molecules, contains 40 car· 
hon atoms ( C). The molecule is further 

characterized by repeating isoprene units, 

one of which is between the two dotted lines. 
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CHLOROPHYLL MOLECULE consists of 
a porphyrin ring (above) and a phytol 
chain (left). The structure of the phytol 
chain resembles that of the car;'tenoids. It 
is half as long and has extra hydrogens in 
place of the double bonds between carbons. 

the sequence of steps in the synthesis of 
chlorophyll by means of experiments 
with green algae. As he reconstructed 
the scheme, the next to last step in the 
making of chlorophyll by plants was the 
hitching of the phytol tail onto the por­
phyrin head. Thus it appears that the 
final steps in the formation of chlorophyll 
are the attachment of phytol to the mag­
nesium porphyrin ring (a brownish pig­
ment) and then the addition of two 
hydrogens to the ring, this last step re­
quiring the assistance of light. 

Now we were left with the problem 
of connecting the carotenoids more defi­
nitely with the synthesis of chlorophyll. 
This we explored indirectly by examin­
ing the chemical response of oat seed­
lings to light of selected wavelengths, or 
colors. We found that the wavelengths 
most efficient in reducing the amount of 
carotenoid in plant leaves were preCisely 
those which were most efficient in pro­
moting the synthesis of chlorophyll. Fur­
thermore, these were the wavelengths 
known to be absorbed most strongly by 
proto chlorophyll. It looks, then, as if the 
formation of chlorophyll from protochlo­
rophyll brings about the transformation 
of the carotenoids. 

The observed facts suggest that the 
process goes as follows. A plant continu-

ENGINEER 

of high 

abiU.y 

AiResearch is looking for 
your kind of engineer. 

Through the efforts of engineers 
like yourself our company has 

become a leader in many 
outstanding aircraft accessory 

fields. Among them are: 
air·conditioning and 

pressurization, heat transfer, 
pneumatic valves and controls; 

electric and electronic controls, 
and the rapidly expanding 

field of small turbomachinery. 
AiResearch is also applying 

this engineering skill to 
the vitally important missile 

accessory field. 
Our engineers work on tIie very 

frontiers of present day scientific 
knowledge. We need your 

creative talents and offer you 
the opportunity to progress 

by making full use 
of your scientific ability. 

Positions are now open for 
aerodynamicists ... mechanical 

engineers ... physicists ... 
specialists in engineering 

mechanics ... electrical engineers 
... electronics engineers. 

For further information write 
today to Mr. Wayne Clifford, 

THE GARRETT CORPORATION 

9851 S. Sepulveda Blvd., 
Los Angeles 45, California. 

Indicate your preference 
as to location between 

Los Angeles and Phoenix. 

,qiResearch 
Manufacturing 

Divisions 
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COlnplele ,auxiliary povver 

HEART OF THE AIRESEARCH 

AUXILIARY POWER SYSTEM 

This small gas turbine compressor 
power unit supplies both compressed 
air and shaft power, has proven diver­
sity on the ground as well as in the air. 

in one sysle." 
This self-contained power system provides economical and 

efficient operation of vital components on aircraft and missiles. 
Power to start main engines ... power for cabin air 

conditioning on the ground and in flight ... power for 
electronics, electrical and hydraulic applications ... 

emergency power for operating control systems. 
As in other AiResearch aircraft and missile systems, the components 

in this pneumatic power system are designed and manufactured 
to operate with absolute compatibility with one another. 

This insures top performance and ease of maintenance -

a unique advantage because only AiResearch has the broad range 
of development, manufacturing operational, and 

service experience to make it possible. 

• Qualified engineers in the fields listed below are 
needed now. Write for information. 

...HE CORPORA .... ON 

t:li Research Manufacturing Divisions Los Angeles 45, California. Phoenix, Arizona 
Designers and manufacturers 0/ aircraft systems and- components: REFRIGERATION SYSTEMS ' PNEUMATIC VALVES AND CONTROLS ' TEMPERATURE CONTROLS 

CABIN AIR COMPRESSORS ' TURBINE MOTORS ' GAS TURBINE ENGINES · CABIN PRESSURE CONTROLS ' HEAT TRANSFER EQUIPMENT ' ELECTRO-MecHANICAL EQUIPMENT • ELECTRONIC COMPUTERS AND CONTROLS 
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CHLOROPLAST MODEL proposed hy Wolken (see electron micrograph on page 80) 
suggests how chlorophyll and carotenoid molecules are fitted together in this small struc· 
I ure. At the top is a schematic drawing of an entire chloroplast. The white layers in the 
drawing represent protein; the gray layers, lipid (fat). Three of the layers have he en cut 
away to mark off a small area on the top of one protein layer. At the lower left is a simpli. 
fied drawing of the chlorophyll molecule, with the plane of the porphyrin ring at a right 
angle to the phytol chain. At the lower right is a similar drawing of the carotenoid molecule. 
The approximate dimensions are in Angstrom units (A). The middle drawing indicates to 
scale how the molecules may he arranged in the area marked off in the lOp drawing. 
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ally produces yellow carotenoids, which 
serve as a pool for the phytol part of 
chlorophyll. The carotenoid molecule-a 
chain 40 carbon atoms long-splits into 
t\vo· ?O·carbon chains. Each, taking up 
hydrogen atoms at the double bonds, 
becomes a phytol chain. It joins a mag· 
nesium porphyrin ring and forms a pro· 
to chlorophyll molecule. The latter in 
turn absorbs light, takes on tvvo hydro. 
gen atoms and becomes a molecule of 
chlorophyll. As these conversions pro­
ceed and phytol is used up, further 
conversion of carotenoids replenishes 
the phytol pool. If the theory is correct, 
we should expect that the carotenoids 
in a plant will break down into phytol 
only if the supply of phytol is reduced 
by synthesis of chlorophyll. Experiments 
in fact bear this out. When young seed­
lings are grown in light too dim to pro­
duce any measurable amount of chloro­
phyll, the amount of cat'otenoids in the 
plant increases substantially. That is, the 
carotenoids the plant is producing pre­
sumably fail to change into phytol be· 
cause no phytol is being removed for 
synthesis of chlorophyll. 

N0w one may well ask: Why does a 
plant have to keep making chloro­

phyll? The pigment acts only as a cata­
lyst in photosynthesis; that is, it takes 
up the energy of sunlight to help the 
plant make sugar from carbon dioxide 
and water, but the chlorophyll itself is 
not used up in this process. Why, then, 
is chlorophyll continually synthesized in 
a growing plant? We can only answer 
that chlorophyll, like most other sub­
stances in living things, must be con­
stantly breaking down and re-forming­
following the rule of the dynamic, rest­
less processes of life. That it does follow 

. this rule is proved by the fact that when 
a green plant is placed in the dark, it 
soon loses its green color. In the dark the 
plant stops making chlorophyll, and so 
it fails to replace the chlorophyll that is 
constantly being destroyed. 

VVe were interested to find out 
whether during this breakdown chloro­
phyll retraces in reverse the same stages 
by which it is synthesized: i.e., whether 
chlorophyll first changes to protochloro­
phyll, then separates into phytol and the 
porphyrin ring and finally yields carote­
noids. \Ve placed green corn seedlings 
in the dark for a while and then analyzed 
their contents. After 120 hours in the 
dark at a little above normal room tem­
perature, the chlorophyll was completely 
gone. But there was no increase in ca­
rotenoids; in fact, the amount of this 
substance declined. So it seems that the 
destruction of the chlorophyll molecule 

.. 
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NEW G-E Small Particle Detector 
Helps Solve Air Pollution Problems 
Now General Electric offers a simple, reliable means of measuring the 

number and size of airborne condensation nuclei. The G-E Small Particle 
Detector counts all condensation nuclei larger than a selected minimum 
size and indicates directly in nuclei per cubic centimeter. 

LIGHTWEIGHT AND PORT ABLE, the detector weighs only 14 pounds com­

plete with foot-operated vacuum pump. Power is supplied by inexpensive, 
self-contained batteries. 

M ANY APPLIC ATIONS. In industry, municipalities, research laboratories 
and wherever air pollution is a problem, the G-E Small Particle Detector 
is an inexpensive step toward solution. 

LOW IN PRICE, the detector costs only $650.00.* For more information 

call your nearest General Electric Apparatus Sales Office or write for 
bulletin GEA-6429 to Section 585-28, General Electric Co., Schenectady 5, 
New York. *Monufadurer', suggested resole price. 

GENERAL e ELECTRIC 
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I 
AMATEUR 
TELESCOPE 
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Book One 
497 pages, 300 illustrations 

$5.00 postpaid. $5.35 foreign 
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650 pages, 361 illustrations 

$6.00 postpaid. $6.35 foreign 
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644 pages, 320 illustrations 

$7.00 postpaid. $7.35 foreign 
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CORN SEEDLINGS are grown between filter paper and the inside of a beaker in one ca· 
rotenoid experiment. When they are placed in the dark, their chlorophyll gradually disap· 
pears. This disappearance is not accompanied by an increase in carotenoids. This indicates 
that, though chlorophyll is synthesized from carotenoids, the process is not reversible. 

does not go back over the same pathway 
followed in its construction. 

The fabric of fact and theory that we 
have woven together from the work on 
chlorophyll allows us to add one more 
possible function to the list of the ca­
rote no ids' useful activities: namely, they 
may help produce the agent of photosyn­
thesis. As noted earlier, they may be 
involved in sexual reproduction by 

plants and animals. They surely playa 
part in animal vision. And there are 
vague leads to other specific functions. 

But biologists are still hunting for a 
much more general activity of the ca­
rotenoids. They cannot help feeling that 
investigation of these ubiquitous, color­
ful molecules will lead some day to a 

fundamental discovery about the proc­
esses of life at the molecular level. 

CAROTENOIDS ARE ANALYZED in this cell. When a carotenoid solution is put into one 
of the four vessels, and the cell placed in a spectrophotometer, the spectrum of the molecule 
is detected. The amount of carotenoid may also be measured by the amount of absorption. 
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You might wait forever for 
another opportunity 
like this • • •  

Here is a once-in-a lifetime opportnnity for you if you are an ambitious engineer 
or scientist_ Westinghouse has just received additional new contracts to develop, 
design and build atomic power plants to propel naval vessels. That means unusual 
professional openings for a few talented engineers and scientists. If you are inter­
ested in a creative job, solving some of today's most challenging problems • • • a 
chance to use all your training and experience • • •  the opportunity to carve a career 
in today's most dynamic industry ••• and you'll want to investigate Westinghouse 
Atomic Power today. You might wait forever for another opportunity like this_ 

For many 01 these jobs you do not need previous experience in 
atomic power. Can you quali/:r lor one 01 these assignments? 

PHYSICISTS.MATHEMATICIANS Experimenlol Physidsl. lor Research Sludies with 
Nuclear Reaelors; Theorelical Physicists lor General 

Reaelor Theory Developmenl and Dynamics. Molhemolicians-Reseorch in Applied Molhemolics, 
Numerical Analysis, and Digilol Compuling Techniques reloling 10 Nuclear Power Reaelors. 

METALLURGISTS Basic Research In Physical Melollurgy, Corrosion and Radiolion Ellecl. 
on Melals; Applied Research and Developmenl on Molerials and Fobri· 

calion Processes for Reaclo, Fuel Componenls, Power Melollurgy and Melol Working; Non·Deslruc· 
live Tesling. 

MECHANICAL ENGINEERS To Design Power Plonl Components-Heal Exchangers, 
Pumps, Valves, elc.; Experimenlol and Theorelicol Heal 

Transfer and Fluid Flow; Analylical Developmenl in Mechanisms, Applied Mechanics, and 
Slress Analysis. 

NUCLEAR ENGINEERS We Will Train Graduole Mechanical, Eleclrical 
and Chemical Engineers with Analylical and 

Design Talenls 10 Assume Capacilies as Nuclear Engineers. 

RADIO CHEMISTS To Perform and Sup.,.ise Analysis for Fission -
Producls, Transuronic Elemenls and Olher Ac· 

tivities. 

NEW ATOMIC EDUCATION PROGRAM 
1. Alomic Power Fellowship Program in toniunelion with Ihe 
Universily 01 Plllsburgh for seleeled engineers and physicisl. 
permits qualified personnel 10 obloin MS or PhD degrees, whil. 
receiving FULL PAY. 

2. Weslinghouse will also pay one·holl 01 Ihe luilion lor 
port-lim. groduole courses compleled for all lechnicol 
employees. The olher hall will be relunded when on ap· 
proved advanced degree is earned. 

SALARIES OPEN 
Slo,ling salaries depend on you, educolion and experience. 
Ample allraclive housing reasonably priced in mode,n 
suburban community 15 minules from plonl. 

Send Complete Resume Today To: 

MR. A. M. JOHNSTON 
WESTINGHOUSE BETTIS PLANT 

P.O. Box 1468, Pittsburgh 30, Penna. 
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Llefe 
· · · on the 

Chemical Newsfront 

POLY AC RYLONITRILE, ANOTHER NEW 
CHEMICAL, offers some interesting proper­
ties you may find worth-while evaluating. It 
is a white, free-Howing powder of extremely 
fine and uniform particle size, with a molec­
ular weight of 130,000. Relatively heat 
stable, it is hard and is a good insulator. 
Polyacrylonitrile is insoluble in most solvents 
except highly active ones such as dimethyl­
formamide, � -butyrolactone, and ethylene 
carbonate. Although considered inert, poly­
acrylonitrile may be altered by modification 
of the nitrile groups through such reactions 
as hydrolysis or hydrogenation. If you see 
possibilities in polyacrylonitrile, let us send 
you a sample. (New Product Development De· 
partment, Section A) 

Chemistry makes news in Cosmetics 

NEW SHAMPOO FORMULATIONS that clean without depleting 
the scalp and hair of their natural oils can be compounded with 
Cyanamid's new AEROSOL@ 22 Surface Active Agent. Detergency 
tests of AEROSOL 22 on wool show high removal of soil and low 
removal of oil. Additions of up to 20% of AEROSOL 22 to liquid 
detergents, such as triethanolamine lauryl sulfate and nonyl 
phenolethylene oxide condensates, reduce their drying or defatting 
action on the skin. A new bulletin on AEROSOL 22, containing 
suggested formulations and describing other applications, will be 
sent on request. (Industrial Chemicals Division, Dept. A) 

THE FIRST PLASTIC AEROSOL DISPENSER is making news in the 
toiletries industry. Developed by Colt's Manufacturing Company, 
Hartford, Conn., in collaboration with Cyanamid, it is molded of 
Melamine Molding Compound 1077. Melamine allows precision 
molding to close tolerances with the necessary stability to hold its 
dimensions under pressure. The spray package is rigid, break 
resistant, corrosion resistant, light, convenient to fill and ship. It 
offers unusual design possibilities in any color. Only nonplastic 
component is a stainless steel spring activating the collet. (Plastics 
and Resins Division) 
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FEEDING OF AUREOMYCIN® Chlortetracycline to lambs 
and beef cattle from start to market helps prevent dis­
ease, produces healthier animals and promotes faster 
weight gains. Five years of extensive research at experi­
mental stations shows that AUREOMYCIN Chlortetracy­
cline lowers the incidence of disease, as well as mortality 
and morbidity. Two new AUROFAC® feed supplements, 
containing 1.8 milligrams of AUREOMYCIN Chlortetracy­
cline, are being introduced through feed manufacturers 
to improve feeding programs. (Fine Chemicals Division) 

GOOD PLASTICITY IS ACHIEVED in natural rubber with 
PEPTON® 65 Plasticizer, which permits mastication at 
low temperature. This newest addition to Cyanamid's 
extensive line of rubber chemicals allows a reduction of 
as much as 30% in the milling cycle while still imparting 
the desired plasticity. And where the milling cycle is 
held constant, the viscosity of the rubber is substantially 
reduced-an important performance feature in process­
ing soft rubber for products such as blown sponge. 
(Organic Chemicals Division) 

THIRTY-FIVE HOURS IN THE LIFE of two gasoline refining catalysts, tested 
at 1500' F under 1 atmosphere of steam, are charted above. The graph 
shows the greater thermal and steam stability of Cyanamid's new Hi PV' 
Catalysts (upper curve) over a catalyst in current use (lower curve). By 
increasing pore volume, in careful balance with pore diameter and specific 
surface, Cyanamid has given AEROCAT® Fluid Cracking Catalysts activ­
ity that stays high longer under conditions of refinery operation. Activity 
maintenance means high efficiency in gasoline production. Extensive experi­
ence with Hi PV Catalyst in refining units has demonstrated commercially 
these performance characteristics. (Industrial Chemicals Division, Dept. A) 

Building for the Future 
Through Chemistry 

Additional information may be  
obtained regarding these prod­
ucts by writing on your business 
letterhead to the Division of 
American Cyanamid Company, 
30 Rockefeller Plaza, New York 
20, N. Y., indicated in the captions. 

*Trade·mark 
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TORTURED HUMAN FIGURE appears in a 1617 English transla· 

tion of Pare entitled The Method 01 Curing W ol/nds made by Gun· 
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Ihot. ALIa by Arrowes and Darts, with their Accide1lts. The figure 

was nsed to describe varions battle injuries discussed in the text. 
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Ambroise Pare 

This 16th-century Frenchman was one of the founders ofn10dern surgery. 

He spent most of his professional l�fe on military campaigns, where he 

de()eloped many of his humane skills in the treatment of gunshot wounds 

T
he extent to which an individual 
can influence the course of history 
has often been questioned, and it 

may be that in world affairs it is apt to 
be exaggerated. But in narrower spheres 
the importance of individuals is difficult 
to deny. In the history of surgery it is 
possible to pOint to a number of pioneers 
who shaped events literally with their 
hands. Outstanding among these is the 
figure of the 16th-century Frenchman 
Ambroise Pare. In the century of giants 
such as Raphael and Titian, Luther and 
Erasmus, Paracelsus and Vesalius, Pare 
was equally famous as the foremost 
surgeon of his time. He was the surgeon 
of kings and an idol of the common peo­
ple. He was also one of the founders of 
civilized surgery-an innovator who 
introduced many practices which are in 
common use today. 

His career reads rather more like that 
of a soldier than of a man of medicine. 
Pare was a military surgeon, a pm·tici­
pant in the many wars between the kings 
of France and the Holy Roman Empire 
of Charles V, and most of his inventions 
in surgery were made on the battlefield. 
But he took care to record his adven­
tures and discoveries in a series of books, 
and so his work became a part of the 
history of medicine. 

Pare rose from a humbler origin than 
most of the other great figures of the 
Renaissance. Born in 1510 in a village of 
northwestern France, he was the son of 
a valet and barber. Following the exam­
ple of an older brother and a brother-in­
law, young Ambroise decided to become 
a barber-surgeon. This was the lowest 
grade of the medical hierarchy in 16th­
century France, but it was the despised 
barber-surgeons who performed nearly 
all surgery, for the higher ranks of 
"surgeons" and physicians thought it de­
grading to use their hands. Lacking 

by Sir Geoffrey Keynes 

Latin and Greek, Pare could not aspire 
to admission to the medical profession, 
that is, election to the Faculty of Physi­
cians of Paris or the Surgeons of the 
College of St. Come. He therefore went 
to work, at the age of 22 or 23, as ap­
prentice to a barber-surgeon in Paris, 
learning bloodletting, cupping and 
operations for cataract, hernia and gall­
stones. 

His common sense and remarkable 
powers of observation soon won him an 
appointment as resident surgeon at the 
only public hospital in Paris, the Hotel­
Dietl. After three years he somehow at­
tracted the attention of the Mareschal de 
Montejan, a colonel general of the army. 
Although Pare was still only an ap­
prentice, de Montejan made him his staff 
surgeon. In those days there was no 
organized army medical service, the 
only doctors in the field being those at­
tached to the person of a leading officer. 

I t was de Montejan's luck or foresight 
to create an opening for a young man 

who was to become one of the greatest 
military surgeons of all time. Pare soon 
realized that the accepted methods of 
treating the wounded were inhuman and 
inefficient, and he proceeded to intro­
duce his own improvements. 

It was generally believed that gun­
shot wounds were poisoned or infected 
by the gunpowder, and doctors cus­
tomarily cauterized the wounds with "oil 
of elders scalding hot, with a little 
treacle mixed therewith." Aside from be­
ing extremely painful, the hot oil must 
have caused the death of tissues, thus 
helping to bring on the very complica­
tions it sought to avoid. Pare at first used 
the conventional treatment. One day, 
running out of oil, he substituted an un­
heated dressing made up of "digestive of 
the yoke of an egg, oil of roses and tur-

pentine." "That night," he later related, 
"I was unable to sleep in peace. I 
thought that for lack of cauterization I 
would find the wounded poisoned to 
death, which made me rise in the very 
early morning to visit them." To his de­
light, he found the patients in much bet­
ter shape than those who had been 
treated with hot oil. 

Pare's "digestive mixture" was clearly 
not antiseptic in the modern sense, but it 
at least formed a protective layer and led 
only to a mild formation of pus instead of 
the acute inflammation which followed 
the application of scalding oil. It was the 
beginning of the rational treatment of 
gunshot wounds. Pare experimented 
with other dressings and later described 
his discovery in his first book, The 
Method of Curing Wounds Made by 
Gunshot. 

Pare's successful innovation, together 
with his humane attitude toward the 
sufferings of the soldiers, established his 
reputation as a military surgeon, and his 
services were in great demand. But when 
de Montejan died not long afterward, 
Pare was so overcome with grief at the 
loss of his commander that he left the 
army and returned to Paris. He resumed 
the study of anatomy so that he might 
at length pass the examination for admis­
sion as a qualified barber-surgeon. This 
he achieved in 1541, at the age of 31. He 
practiced surgery in Paris, married 
Jeanne Mazelin, a woman of the people, 
and acquired some property on the left 
bank of the Seine and in the country at 
Meudon. 

Yet Pare did not stay settled in Paris. 
He shortly joined the Vicomte de Rohan 
in the siege of Perpignan, and for the 
next 30 years he pursued his career as a 
military surgeon, taking part in a series 
of campaigns which brought him ever 
increasing credit as a surgeon and a rep-
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utation for outstanding courage, com­
mon sense and honesty. During this time 
he was surgeon to four successive French 
kings-Henry II, Francis II, Charles IX 
and Henry III. Pare's adventures are re­
corded in a remarkably entertaining and 
historically valuable autobiography. He 
wrote it to reply to a jealous physician 
who had attacked his novel surgical 
methods; fortunately his enthusiasm so 
carried him away that the reply became 
a long account of his experiences, which 
he titled Apology and Tl'eatise Contain­
ing the Journeys to Diverse Places. 

At Perpignan Pare distinguished him­
self by removing from the shoulder of 
the Grand Master of Artillery a bullet 
which had baffled other surgeons. His 
method of locating the course of a bullet 
in the body was to place the limb in the 
exact pOSition it had occupied at the 

time the victim was shot. It was during 
another campaign with the Vicomte de 
Rohan that Pare applied a history-mak­
ing innovation in surgery which has ever 
since been associated with his name. To 
prevent bleeding after an amputation, 
surgeons usually applied a hot cautery 
to the cut ends of the main blood vessels, 
inducing the blood to clot. Any mild 
surface infection at the site of the 
wound, however, would loosen the clot, 
and many amputated patients bled to 
death from the reopened ends of the ves­
sels. Pare adopted the simple device of 
tying off the ends of the vessels with 
linen thread-what is now known as a 
ligature. 

Shortly after this campaign he was 
appointed a surgeon-in-ordinary to King 
Henry II. An appeal for his help soon 
came from the besieged city of Metz, 

ENGRA VED PORTRAIT shows Pare at 72. Born in 1510, he became a military surgeon in 

his twenties. In 1567 he was appointed PremierChirurgien du Roy \ first surgeon of the king). 
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where a French garrison was surround­
ed by a Spanish army. Nearly all the 
wounded in the city died, and it was 
thought that the medicaments being 
used to treat them might be poisoned. 
Pare made his way into the city through 
the Spanish lines with the help of a 
Spanish-speaking servant. After survey­
ing the situation he concluded that the 
cause of the high mortality was the 
severity of the wounded's injuries, abet­
ted by the extreme cold. He succeeded in 
saving many lives with skillful dressing 
of wounds and common-sense treatment. 

The following year Pare was captured 
by the Spaniards at Hesdin in Picardy. 
He avoided being put to death on the 
battlefield by attaching himself, dis­
guised as a servant, to a French noble­
man who was considered an important 
prisoner by the Spaniards. The noble­
man had suffered a bullet wound 
through the lungs. Pare knew that his 
patient was dying and feared that he 
would be blamed, so he was delighted 
when he was ordered to hand over the 
treatment of his charge to a Spani�h 
charlatan. vVhen the nobleman died, 
Pare was asked to embalm the bodv. He 
did this with such skill and so shr�wd a 
display of anatomical knowledge that he 
was asked to enter the Spaniards' service 
under the Duke of Savoy. This he had 
the courage to refuse. Ultimately Pare 
regained his liberty by saving the life of 
another wounded nobleman. 

During his service under Charles IX 
of France, Pare performed one of his less 
creditable experiments. A substance 
known as "bezoar stone" -a calcium 
growth which sometimes forms in the in­
testines of goats and other ruminant 
animals-was supposed at the time to be 
an almost magical antidote to all poisons. 
Pare, who refused to believe this, was 
challenged to prove that bezoar stone 
was ineffective. He accepted the chal­
lenge and chose as the subject of his ex­
periment an unfortunate cook who was 
to be hanged for the theft of two silver 
plates. The cook was given corrosive 
sublimate, followed by the useless 
bezoar, and died in great agony. Pare 
performed a triumphant post-mortem 
examination which proved that the 
bezoar had failed to counteract the ef­
fects of corrosive sublimate. 

Between military campaigns Pare pur-
sued his studies of anatomy in Paris. 

For these he used the body of an ex­
�cuted criminal, of which he dissected 
only one side. He claimed to have kept 
this half-dissected corpse for more than 
27 years, but gave no details of his 
method of preservation. Working with 
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SCIENCE AND ENGINEERING 
AT IAOCKHEED MISSILE SYSTE'MS DIVI S ION 

" l'HE OPERATIONAL APPROACH TO RELIABILITY 

Reliability is the root. oj operational effectiveness, seeking out 
and solving failure before it occurs. The end result of Reliability 
is a missile system able to perform its mission successfully at 
a time dictated by military necessity. 

To achieve that high standard, scientists and engineers at Lockheed 
Missile Systems Division apply an operational approach to Reliability in 
all phases of missile systems research, development and operation. 

Under the Lockheed philosophy of Reliability, scientists and engineers 
combine their talents to study: 

Human factors; training; design and operational safety; ground 
,support and maintenance systems; airborne systems reliability; statistical 
methods; components application, including electronic, electrical, 
electromechanical and mechanical systems and environmental conditions. 

Those possessing a high order of ability applicable to these 
areas of endeavor are invited to write: 

I 
! 

Dr. Richard R. Carhart, Carl D. 
Lindberg, Reliability Staff Dept. 
Engineer, and Dr. O. B. Moan 
evaluate the functional and 
operational reliability effects of 
proposed revisions in the electrical 
power supply of a missile .

. 

----

MISSILE SYSTEMS DIVI S I ON 

research and engineering staff 

LOCKHEED AIRCRAFT CORPORATION 

VAN NUYS, CAL�FORNIA 

d 
Ii 

11� ____ . __ .. �_._._.w_ .. �_ 

© 1955 SCIENTIFIC AMERICAN, INC



SURGICAL INSTRUMENTS were depicted in Pare's many hooks. The long device at the 

top, called a "crane's beak," was used to remove bullets. Superimposed on it are two views 

of a "swan's beak," through which it was inserted. Second from the top and at bottom are 

tools for the removal of larger projectiles. Between them are curettes to scrape blood clots. 

94 

his friend, Thierry de Hery, Pare pub­
lished a small treatise on anatomy in 
1549, six years after his great contem­
porary Vesalius had published the 
famous Fabrica. Pare's treatise could not 
have owed much to the Fabrica, since 
the barber-surgeon was ignorant of 
Latin. The most important section of his 
book was an appendix on obstetrics and 
gynecology. It is plain to any medical 
reader of this section today that Pare 
must have based it on a great deal of 
firsthand experience and observation. 

In the course of a chapter on surgical 
extraction of a child from the womb 
"whether dead or alive," Pare almost 
casually reported an obstetrical discov­
ocy of the first importance. He described 
a procedure for turning the fetus by 
drawing down the feet so that it can be 
extracted without injury to the mother. 
This maneuver, now known as "podalic 
version," is one of Pare's greatest contri­
butions to medical practice. 

Pare's reputation in Europe eventual­
ly became so outstanding that the physi­
cians and surgeons of Paris elected him 
to their faculties without the usual ex­
aminations or fees, in spite of his lack of 
Latin and Greek. He went on publishing 
books, of which his most important was 
Five Books of Surgery, retired from mili­
tary campaigns, and spent most of his 
time working in Paris, with the title of 
"premier surgeon of the King." Pare was 
encouraged by this title to attempt to 
gain personal control over all the sur­
geons working in France, but this met 
with defeat. 

In 1573 Pare's wife died. She had 
borne him three children, only one of 
whom, a daughter, survived to adult 
years. Though now 64, Pare soon mar­
ried again, and his second wife, Jacque­
line Rousselet, bore him six more chil­
dren. Two of them were boys, but both 
died in infancy. 

In 1575 he brought together all his 
writings and published them in a single 
volume, the Collected Works. The 
learned physicians and surgeons of Paris, 
still jealous of him though they had elect­
ed him to their company, saw an oppor­
tunity to attack in the fact that the 
Oeuvres were not written in Latin; Pare 
replied briefly in a published note that 
Hippocrates, the father of medicine, also 
had written in his own language. Not 
handicapped by false modesty, the great 
surgeon knew that his book was the most 
enlightened surgical work ever pub­
lished up to that time. During his life­
time three more editions of his work 
were published, and it was translated 
into Dutch, German and Latin. His 
splendid book was so full of improve-
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Here is one of a series 

of adv erti sements we 

are running in FORTUNE 

and BUSINESS WEEK to 

acquaint company man­

a�ements with our inter­

est and our experience 

in the field of automation 

and data-processing. 

We believe we are 

making good progress 

in developing activities 

that should ultimately 

give us a strong posi­

tion in the tremendously 

important and rapidly 

growing field of auto­

mation. 

Positions are available 
for scientists and 

engineers in these fields 
of current activity: 

Business1Jata Systems 
Development 

Digital Computer Research and 
Development 

Radar and Control System 
Development 

Communication Systems 
Development 

Guided Missile Research and 
Development 

The· . 
Ramo-Wooldridge 

Corporation 
8 820 BELl.ANCA AVENU E 
l.OS A NGE l.ES 45. CALIF. 

BUSINESS AUTOMATION 

and MILITARY ELECTRONICS 

The problem confronting many company managements today in deciding 
what course to follow in applying the new techniques of automation and 
data processing is similar to the problem faced in recent years by the 
leaders of our military organizations in arranging for efficient application 
of the same powerful tools of electronics to the art of war. 

At Ramo-Wooldridge the difficult demands of major military systems 
responsibility have been met successfully by the placing of heavy depend­
ence upon teams of unusually well-qualified, mature and experienced 
scientists, operational procedures experts, and engineers. These teams deal 
with the technical and non-technical portions of a project as inseparable 
and interrelated aspects of a single problem. 

Similarly, work has been done in the last two years by this company 
on systems problems of non-military clients from such diverse fields as 
manufacturing, banking, transportation and public utility. The results 
strongly support the conclusion that many of the difficult problems in 
automation that face business and industry today can be economically 
solved by teams that include a breadth of technical and non-technical 
competence which permits them to conduct a highly objective, scientific 
analysis of a client's operations and requirements: 

One important advantage to the client of such a broad and objective 
approach to his problems is the possibility of recommendations that realis­
tic operational needs can be met without the necessity for investment in 
any additional machines or equipment. Nevertheless, the technical strength 
of The Ramo-Wooldridge Corporation, provided by its hundreds of scien­
tists and engineers, is such that it can also undertake successfully the 
development of entirely new equipment and techniques, if required. As 
an example, major programs are currently under way on the development 
of an advanced type of digital computer and control system, and on the 
automation of large-scale data processing activities. 

To a surprisingly great extent, military electro­
nics experience has charted the course for non­
military automation. A major objective of The 
Ramo-Wooldridge Corporation is to assist busi­
ness and industry in moving rapidly, yet realisti­
cally and economically, to take advantage of the 
great benefits of the new techniques. 

The Ramo-Wooldridge Corporation 
ee�o IIELLANCA AVENUE . LOS ANGELES 4:5 • CALIF. 

PACIFIC SEMICONDUC· 
TORS, INC., a subsidiary 
devoted to the develop­
ment and manufacture 
of advanced types of 
semiconductor devices 
such as d iodes and 
transistors • . .  of great 
i m p o r t a n c e  in the 
futuTe appaTatus of 
automation. 

95 

© 1955 SCIENTIFIC AMERICAN, INC



ART IN 

SCIENCE 

Still available-a limited number of copies 
of ART IN SCIENCE, a portfolio of paint­
ings, drawings and photographs first pub­
lished in SCIENTIFIC AMERICAN during the 
past six years. 

The collection is representative of this 
magazine's usc of the graphic arts in the 
communication of science. 

Bernarda Bryson, Antonio Frasconi, Ru­
dolph Freund, John Langley Howard, 
Joseph Lo\\', Dm'id Stone Martin, Stanley 
Meltzoff, Eric Mose, \\Talter Murch and 
Ben Shahn are among the distinguished 
artists whose work is presented. 

Included in the 32 plates are 22 SCIEN­

TIFIC AMERICAN cm'ers in full color. 
Handsomely boxed, printed on heavy 

coated stock 11 by 13 inches, the plates are 
suitable for framing. 

An essay by Cyorgy Kepes, Professor of 
Visual Design at Massachusetts Institute of 
Technologv, introduces the collection. 

If you hm'e not yet ordered a copy for 
yourself or \yould like to have one sent as 
a gift, this may be your last opportunity. 

Please fill out the coupon below. 

-------- ORDER YOUR COPY 

SCIENTIFIC AMERICAN 
Dept. 5, 2 West 45th Street 
New York 36, N. Y. 

Please send me the portfolio, ART IN SCIENCE, published by 
Simon and Schuster. 

I am enclosing $6.00 for each copy. 

Name' ________________________________ __ __ 

Address; ________________________________ _ 

Cily ________________ ---'-Zone-Slale· ________ _ 

(New York City residents please add 3% Sales Tax) 
I 
I 

---------- -- - - -- -------------------- � 
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OF 32 
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ments in the theory and practice of sur­
gery that it remained the leading author­
ity on the subject throughout Europe for 
many years. 

Pare's contributions were not connned 
to surgery. He invented instruments for 
extracting bullets and arrowheads from 
wounds, for holding open the mouth of 
a person suffering from lockjaw so that 
he could be fed, for extracting teeth. He 
was the first to suggest the reimplanta­
tion of teeth knocked out of the jaws. He 
introduced the use of artificial limbs and 
popularized the use of trusses for hernia. 
He presented original medical descrip­
tions of congenital "monsters," such as 
Siamese twins. He was even responsible 
for the first important work on medical 
jurisprudence. 

pare passed the last 15 years of his life 
living quietly in Paris. But at the age 

of 80 he emerged from seclusion for one 
final act on behalf of the common people 
from whom he had sprung. The city, in 
rebellion against the King of Navarre, 
was being besieged and its citizens were 
dying of famine. They wished to sur­
render, but the city's commander, the 
Archbishop of Lyons, answered their de­
mands with bloodshed. Pare rose to pro­
test against the commander's cruelty. 
Because of his great prestige, his plea for 
a peaceful settlement prevailed. Pare 
died soon afterward, on December 20, 
1590, and he was buried in the Church 
of Saint Andre des Arts. 

FETUS in the uterus was depicted by Pare. 

He devised a procedure, still in use today, 

by which the fetus could be turned and ex­

tracted without serious injury to the mol her. 
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Launching Tomorrow's Satellite 
When the first man-made satellite is 
launched on its orbit around the earth, 
it will owe its existence to the thou­
sands of missiles which have preceded 
it, and to the careful analysis of their 
patterns of flight. The Univac Scientific 
of Remington Rand has speeded this 
effort immeasurably, handling flight 
analyses for the nation's guided missile 
program. 

Each missile firing, each analysis, in­
volves enOlmous amounts of in-flight 

data, with manual computations nor­
mally requiring from 250 to 500 hours. 
This staggering work load is accom­
plished by the Univac Scientific Elec­
tronic Computer in approximately 4 to 
8 minutes. 

Because of its ability to reduce large 
volumes of data at tremendous speeds, 
the Univac Scientific System easily 
handles even the most difficult research 
problems. Its speed is matched by 
many other outstanding characteristics, 

including: superb operating efficiency, 
obtained through large storage capacity 
... great programming versatility ... 
the ability to operate simultaneously 
with a wide variety of input-output de­
vices ... and far greater reliability than 
any computer of its type. 

For more information about the 
Univac Scientific System or for infor­
mation about how you might apply the 
system to your particular problems, 
write on your business letterhead to ... 

ROOM 1117,315 FOURTHAVE.,NEWYORK10 �7Iond..� 
DIVISION OF SPERRY RAND CORPORATION 
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The Sargasso Sea 

It is comntonly supposed that this area of the Atlantic is so thick 

with seaweed that ships cannot penetrate it. Although it is indeed 

strewn with floating Sargassum, it is actually a biological desert 

For more than four centuries the 
Sargasso Sea has been wrapped in 
a legend which has frightened 

mariners and still fascinates armchair 
travelers. The seaweed to which the sea 
owes its name has always given it an 
aura of uniqueness and mystery. Early 
voyagers in it pictured the sea as a vast, 
impenetrable mass of floating vegetation 
in which hapless ships might become 
imprisoned with no hope of ever escap­
ing. The legend still lives. As recently as 
1952 Alain Bombard, the French physi­
cian who crossed the Atlantic alone in a 
life raft, carefully plotted his course to 
avoid the Sargasso Sea, because, as he 
said: "The whole area has always been 
a major navigational hazard, a terrible 
trap, where plant filaments and seaweed 
grip vessels in an unbreakable net." 

Ship captains who regularly cruise to 
Bermuda, which lies in the middle of this 
sea, must smile at such accounts. Yet the 
Sargasso Sea remains an intensely inter­
esting body of water, in many ways more 
interesting than the romantic but mis­
taken legends about it. Generations of 
scientists have sailed forth to study it, 
and the Sea has rewarded them with 
many unexpected discoveries. Most un­
expected of all is the paradox that the 
Sargasso's masses of seaweed hide a bio­
logical wasteland. Contrary to what the 
floating vegetation might suggest, the 
Sargasso Sea is not a jungle teeming 
with life but one of the great oceanic 
deserts of the earth. 

Christopher Columbus noticed the un­
usual plant life of these western waters 
on his first voyage across the Atlantic in 
1492. He began to encounter floating 
seaweed not far west of the Azores, and 
by the time he reached mid-ocean there 
was "such an abundance of weeds that 
the ocean seemed to be covered with 
them." When the ship was becalmed for 
three days, his men grew alarmed, for 
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they feared that the masses of vegeta­
tion covered coastal waters with sub­
merged rocks and reefs-little realizing 
that the ocean bottom lay nearly three 
miles below them. 

Columbus described the weeds in 
some detail in his log, and later explor­
ers brought back further tales of these 
strange waters. Portuguese sailors gave 
the sea its name: air bladders on the 
floating seaweed reminded them of small 
grapes at home which they knew as 
"salgazo." Through the centuries the 
legend grew, as ship captains traveling 
between the Old World and the New 
reported encounters with the greatest 
accumulations of weeds they had ever 
seen. The legend became so firmly estab­
lished that in 1897 the Sargasso Sea was 
described by the Chambers' Journal for 
Populm' Literature, Science and Alts in 
these terms: "It seems doubtful whether 
a sailing vessel would be able to cut her 
way into the thick network of weeds 
even with a strong wind behind her. 
With regard to a steamer, no prudent 
skipper is ever likely to make the at­
tempt, for it certainly will not be long 
before the tangling weeds would alto­
gether choke up his screw arid render it 
useless." 

When William Beebe sailed on the 
much-heralded expedition of the 

Arcturus in 1925, the reading public was 
keyed up by lurid predictions of sea 
monsters that would be found in the 
great weed beds of the Sargasso. The 
expedition was an unbelievable disap­
pointment. Not only was there a total 
absence of sea monsters, but in all the 
area of the Sargasso Sea over which he 
voyaged Beebe could find no patches of 
seaweed larger than a man's head! 

Beebe was unlucky. The Sargasso Sea 
is rarely as barren as he found it along 
his route. Nonetheless scientists have 

known for a century that its reputation 
is greatly exaggerated. It is doubtful that 
the Sargasso's weed masses are ever 
dense enough to impede the progress of 
even the smallest vessel. And indeed the 
floating Sargassum, though intriguing 
enough in its own right, is no more than 
a surface outcrop of a great oceanic phe­
nomenon. 

What exactly is the Sargasso Sea? The 
scientific study of this huge sea without 
shores began with attempts to define its 
borders by charting the extent of the sea­
weed. In 188 1 the German scientist 
O. Krummel analyzed the reports of Ger­
man sea captains, who for many years 
had been required to record their ob­
servations of drifting weeds in the At­
lantic. He concluded that the Sargasso 
Sea covered an area of some 1,720,000 
square miles-an area elliptical in shape 
and extending from the mid-Atlantic to 
near the North American coast. 

In 1923 a Danish botanist, O. Winge, 
made a second attempt at the same prob­
lem. He had the advantage of informa­
tion on regular collections of seaweed 
made with net tows by Danish ships 
plying the AtlantiC, which gave more 
systematic data than the estimates of the 
German sea captains. Winge decided 
that the Sargasso Sea was considerably 
bigger than Krummel had pictured it. He 
placed its eastern boundary near the 
Azores (at exactly the point where Co­
lumbus had located the first weed 
masses) and its southern boundary 
somewhere near the West Indies. The 
western and northern borders of the 
weed area, he found, shifted consider­
ably from season to season; this he at­
tributed to changing weather conditions. 

In the 1930s and 1940s oceanographers 
made an altogether different ap­

proach to defining the Sargasso Sea. 
Columbus O'Donnell Iselin, then direc-
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tor of the Woods Hole Oceanographic 
Institution, pointed out that the circular 
system of currents in the North Atlantic 
Ocean would outline the boundaries of 
the Sargasso Sea more definitely than 
drifting seaweed could. These currents 
are the Gulf Stream and North Atlantic 
Current on the western and northern 
sides, the Canaries Current on the east­
ern side, and on the south the slow move­
ment of water parallel to the equator 
which is known as the North Equatorial 
Drift. This ring of currents encloses a 
great eddy, some two million square 
miles in area, which rotates slowly clock­
wise under the influence of the earth's 
rotation. Detailed studies have now 
made clear that this eddy of surface wa­
ter is the Sargasso Sea. 

Because of variations in the currents, 
the borders of the Sea are not constant 
or sharply defined. The Gulf Stream 
shifts and meanders, hence it is small 

40 so 

30 

20 

o 
eo 70 

wonder that Winge found the weed 
boundaries shifting in this region. On 
the south the equatorial drift also 
changes position from season to season. 
And on the east the Canaries Current is 
so weak and diffuse that it can barely be 
detected, much less provide a barrier to 
the movement of water or seaweed. 

We must therefore look below the 
surface to get a clearer picture of the 
Sargasso Sea. When we do, we find that 
temperature measurements mark out a 
distinct, clearly defined body of water. 
The Sargasso Sea is a huge lens of warm 
water, separated from the colder layers 
below by a zone of sharply changing 
temperature. 

It is lens-shaped because the rotation 
of the eddy piles up water at the center 
(where the sea surface is about two feet 
higher than at the outer edges). At its 
deepest the layer that defines the Sar­
gasso Sea goes down no more than about 
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3,000 feet. In other words, the Sea 
proper is a shallow body of fairly homo­
geneous water lying upon an ocean 
whose total depth is roughly five times 
as great as this layer. Tracing the borders 
of the lens by temperature measure­
ments, oceanographers find it is bounded 
on the west and north by the Gulf 
Stream and North Atlantic Current, on 
the south by the equatorial drift and on 
the east roughly by a line which runs 
along the submerged mountain ridge in 
the middle Atlantic. The Sargasso's sea­
weed drifts almost 1,000 miles farther 
east, but from a hydrographic point of 
view the lens of water that defines the 
Sea ends here. 

What makes the Sea's weeds collect 
in masses? Most commonly they lie in 
long parallel bands, sometimes stretch­
ing as far as the eye can see. Some of 
these formations undoubtedly are due 
to the major current systems, piling 
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CIRCULAR SYSTEM of currents in the North Atlantic outline 

the Sargasso Sea. The darker shading represents the Sea as charted 

by O. Kriimmel on the distribntion of Sargassum. The lighter 

shading indicates a similar attempt made by the botanist O. Winge. 
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bands of weeds along the lines where 
water masses of different densities con­
verge. But winds also can produce them. 
Winge reasoned that such bands might 
grow by accumulation as weeds sailed 
before the wind, picking up more and 
more weeds in their wake. However, the 
physicist Irving Langmuir, on a voyage 
across the Atlantic in 1927, noticed that 
when the wind veered about at right 

angles to its former direction, the sea­
weed bands re-formed in the new di­
rec�ion within 20 minutes. Since mere 
cohesion could not explain this rapid re­
orientation of weed streamers, Langmuir 
suggested that shifts in the flow of water, 
rather than the wind itself, must be re­
sponsible for the formation of the bands. 
He later demonstrated experimentally 
that the action of wind over open fetches 

of water produces counter-rotating ed­
dies, and that between such eddies there 
are bands of sinking water where float­
ing weeds would collect. 

T he Sarg�sso w�eds thems�lves raise 
many mterestmg questIOns. The 

most intensive study of them was carried 
out between 1932 and 1935 by Albert E. 
Parr, then director of the Bingham 

SARGASSUM FLUITANS, one of perhaps eight species of the 

weed, was collected in Ihe Sargasso Sea by Albert E. Parr, then 

at the Bingham Oceanographic Laboralory at Yale University 

and now director of the American Museum of Natural Hislory. 
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BUSINESS IN MOTION 

Copper tube is used for hot and cold water lines, 
radiant panel heating, drainage lines, and to carry 
fuel or lubricants in automobiles and machine tools. 
Those are some of the conventional applications. How­
ever, during the last few years a new market has 
developed for this tube. You might like to hear about 
it. It is in pneumatic or hydraulic recording and con­
trol systems. One end of the tube'is located at the 
point where temperature or pressure must be ob­
served, and the other end is connected with a dial, a 
recording device, or an automatic controller. The tube 
may be filled with air, an inert gas such as nitrogen, 
or a fluid. The tube has the 
great advantage that it carries 
no electricity, and thus can be 
installed in places where a spark 
might cause an explosion, as in 
a plant handling combustible 
gases or chemicals. 

Originally the idea of using 
copper tube for this purpose 
was carried out by running sep­
arate lengths of bare tube from 
the originating points to the 
panel board. This meant con­
siderable care in installation, 
and it was also necessary to run 
the tube where it would not be subject to mechanical 
damage, or to protect it otherwise. Then a new devel­
opment appeared: cabled tube. A way was found to 
put as many as 19 quarter-inch copper tubes in a 
single armored cable, so that instead of rigging 19 
separate runs of tube, just one cable is run, the tubes 
being fanned out at each end as required. Installation 
time is cut markedly, and the armor provides self­
protection. Cable runs as long as 1,000 feet are pos­
sible without joints. The tubes are color-coded. 

Just to give you an idea of the usefulness of tubes 
in cables, here are a few of the applications in the 

plant of just one public utility: boiler temperatures, 
main and reheat steam pressure, boiler feed and con­
densate pump pressure, condensate temperature, fuel 
oil and gas pressures, liquid levels, tide level, boiler 
drum water level, control of fuel feed, draft dampers, 
and numerous other controls. 

This is a fast-growing use for copper tube, and 
while it will not match the demand for tube in com­
mercial structures and private homes, nevertheless it 
is an important subject for industry and instrumenta­
tion engineers. In fact, a couple of years ago we 
thought that cabled tube had enough news interest 

to justify running an advertise­
ment about it. Revere does not 
make cabled tube, but a Revere 
customer does, so we reported 
the matter as a service to in­
dustry. Mail began to arrive 
immediately, asking for further 
information. It is still pouring 
in, as the result of a second ad­
vertisement on the subject, ap­
pearing less than a year ago. 
American business certainly 
watches the advertisements for 
news it can use. 

This is an example of imagina­
tion applied to a product that literally is as old as 
the pyramids. We have said in the past that "copper 
is the metal of invention," because it is so adaptable 
to man's genius. But there are many other materials, 
not merely metals, but such substances as glass, 
wood, plastics, fabrics and fibres, that also respond 
to an inspired touch. Why not get in touch with your 
suppliers, and let them know your problems? Perhaps 
they can arrive at a new way to use an old product, 
or even develop something new to solve an old prob­
lem. Just let it be known what you need, and watch 
people respond 1 

REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 

Executive Offices: 230 Park Avenue, New York 17, N. Y. 
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LANES OF SARGASSUM (dark gray bands) are believed to form 

as shown in this diagram. The drag of the wind (arrow at upper 
left) on the surface of the water set. up counter·rotating horizontal 

eddies (white arrows). The weed collects where the water sinks. 

Oceanographic Laboratory at Yale Uni­
versity. In three cruises on the Woods 
Hole research ship Atlantis, covering 
7,000 miles, he collected nearly 5,000 
pounds of drifting Sargassum. More 
than 90 per cent of the weeds by bulk 
were of two floating species which are 
never found attached to the ocean bot­
tom and lack organs for sexual reproduc­
tion. The question therefore arises: 
Where do the weeds come from, and 
how do they grow and reproduce? 

Columbus theorized that the drifting 

weeds were torn loose from great sub­
merged beds of plants near the Azores, 
and his theory was later shared by Alex­
ander von Humboldt and other natural­
ists. But no such beds have ever been 
found, either near the Azores or Ber­
muda. Some botanists consequently have 
proposed that the weeds come from 
banks in the West Indies or the Gulf of 
Mexico. This theory too has been proved 
unlikely. From his sampling of the Sar­
gasso Sea, Parr estimated that the Sea 
has an average standing crop of some 
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seven million tons of weeds. No more 
than a small fraction of this crop could 
be supplied by all the available sites for 
beds along the entire Caribbean and 
Atlantic Coasts, even assuming that such 
beds exist. Moreover, it would probably 
take several years for weeds torn loose 
from the West Indies to drift far enough 
to span the whole Sargasso Sea, and 
weeds uprooted from their beds could 
not live more than a few months. 

The floating Sargassum gives every 
evidence of growing, reproducing and 

CHESAPEAKE BAY GULF STREAM BERMUDA MID·ATLANTIC RIDGE 

TEMPERATURE of the Atlantic is analyzed in this cross section 

along a line running due east from Chesapeake Bay. The contours, 
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in degrees centigrade, indicate that the Sargasso Sea is a lens·shaped 

body of warm water. The vertical dimension is greatly exaggerated. 

© 1955 SCIENTIFIC AMERICAN, INC



Hughes-equipped T·29 ""
flying 

laboratory" for systems evaluation. 

Flight evaluation of advanced interceptor electronic system uses unique approach. 

T-29 

��INTERCEPTOR" 

THE DEVELOPMENT OF AIRBORNE 

ELECTRONIC SYSTEMS REQUIRES 

THOROUGH FLIGHT EVALUATION OF 

BREADBOARD AND PROTOTYPE EQUIPMENT 

PRIOR TO FINAL DESIGN. AT HUGHES, 

SYSTEMS FOR INTERCEPTORS ARE FIRST 

"rESTED IN "FLYING LABORATORIES" IN 

WHICH THE EQUIPMENT IS READILY 

ACCESSIBLE TO SYSTEMS TEST ENGINEERS. 

One interesting problem recently confront­
ing Hughes engineers was that of evaluating 
the requirements imposed upon the pilot of 
a high-speed one-man interceptor. This arose 
in the development of a new integrated elec­
tronic system to control several phases of an 
all-weather interceptor's flight. Because of 
the great importance of providing the pilot 
with the optimum design and arrangement 
of displays and controls, it became necessary 
to determine accurately the pilot's work load 
during flight, and the human factors that 
affect his ability to carry out his task. 

The solution was to install a complete 
mock-up of the actual interceptor cockpit in 
a large T -29 aircraft in which a breadboard 
model of the system was being tested. From 
this cockpit a test pilot can simultaneously 
operate the electronic system and fly the 
T -29, performing all the functions of an in­
terceptor pilot. Systems test engineers and 
psychologists analyze his problems and his 
performance, and adapt the cockpit design 
to the natural abilities of the human pilot. 
The result will be a much better "fit" of pilot 
and electronic system prior to final flight 
testing in the tactical interceptor. 

SYSTEMS ENGINEERS 

Required are engineers with a basic interest 
in the system concept, who have the ability 
to develop new evaluation techniques and 
conduct highly controlled tests. They should 
be able to resolve complex circuitry prob­
lems, and have sufficient resourcefulness and 
follow-through to carry a difficult program 
to its ultimate goal. 

Convair F·I02 

Scientific Staff Relations 

HUGHES 
RESEARCH AND DEVELOPMENT LABORATORIES 

Culver City, Los Angeles County, California 
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How To Get Things Done 
Better And Faster 

BOARD MASTER VISUAL CONTROL 
* Gives Graphic Picture-Saves Time, Saves 

Money, Prevents Errors 
* Simple to operate-Type or Write on 

Cards, Snap in Grooves 
* Ideal for Production, Traffic, Inventory, 

Scheduling, Sales, Etc. 
* Made of Metal Compact and Attractive. 

Over 60,000 in Use. 

Ful! price $ 49 so with cards 

I FREE I 24-PAGE BOOKLET NO. C-300 

Without Obligation 

Write for Your Copy Today 

GRAPHIC SYSTEMS 
55 West 42nd Street _ New York 36. N. Y. 

Here/s why 
RULON solves 

bearing problems 
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RULON is a unique new oil-free 
bearing material for light loads. 
Developed through original basic 
research on friction, Rulon never 
requires lubrication because very 
low friction coefficient is inherent. 
Excellent abrasion resistance. 
Chemically inert, extremely resist­
ant to chemical corrosion. Zero 
water absorption. Operates without 
distortion submerged in water and 
most acid or alkali solutions. Ex­
ceptional anti·hesiveness, cannot 
accumulate dust, dirt, air-borne 
sediment. Readily sterilized, resists 
temperature extremes - 1000P to 
over 400oP. Special electrical prop­
erties adapt it to electro-mechani­
cal applications. Supplied in any 
form, completely finished or for 
machining in your own plant. Al­
ready used in widely varied appli­
cations, but potential largely un­
tapped - Rulon may solve your 
problem. 20 Data Sheets available 
giving special properties, case his­
tories, all details. Request without 
obligation. 

DIXON CORPORATION 
Bristol, Rhode Island 

Advertisement 

PLAN VIEW of the same Atlantic temperature structure again outlines the Sargasso Sea. 

Here the contours represent the depth in meters at which 10 degrees C. is encountered. 

living 'an independent life in the Sea 
where it is found. It has a healthy color 
and shows new leaves and vigorous 
young shoots. For this reason and be­
cause of the absence of sexual fruiting 
bodies in the prevailing species, many 
oceanographers now favor the theory 
that the great bulk of the seaweed in the 
Sargasso Sea is native to the Sea itself. 
Its forebears may originally have come 
from beds on the bottom, but it has now 
evolved the ability to live a free, floating 
existence on the surface of the Sea. It 
can reproduce vegetatively-that is to 
say, by putting forth shoots which even­
tually break off as new plants. 

Seaweed is not the only plant life in 
the Sargasso Sea. Like other seas it 

contains a subsurface floating popula­
tion of the microscopic plants known as 
plankton. This material bulks much 
larger than the seaweed: estimates of 
the plankton production in the Sargasso 
range from 10 million to 100 million tons 
per day. Such a figure may seem huge, 
but it is small when one considers the 
vastness of the Sargasso. It amounts to 
something of the order of five hun-

dredths of a gram of organic carbon per 
day for each square yard of the Sea's 
surface. 

The Danish botanist Einer Steemann 
Nielsen, during a recent cruise of the re­
search ship Galathea, made sample 
measurements of the plankton produc­
tion in all the major oceans of the world. 
He found that the Sargasso Sea had the 
poorest production rate of all-only 
about one third of the average. 

Here is the odd paradox. In spite of 
its show of life on the surface, the Sar­
gasso Sea is in reality the most barren 
of waters. Alain Bombard was not far 
wrong when he wrote of the Sargasso 
as "a great dead expanse." The best evi­
dence of its low biological content is the 
extreme clarity of its dark-blue waters. 

There is a possibility that below the 
top 100 feet these clear waters, where 
sunlight can penetrate for an unusual 
distance, may contain more plant life 
than appears near the surface. But even 
allowing for this possibility, there can be 
no doubt that volume for volume the 
Sargasso Sea is the clearest, purest and 
biologically poorest ocean water ever 
studied, 
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C-123 TURBO-JET 
COMBINATION 
PROVES OUTSTANDING 

MISSION: Combat Test Problem 

WEIGHT: 13,000 Ibs. Overload 

TAKEOFF CONDITION: Power Failure 

RESULTS: Successful 

In a recent test for the U. S. Air Force, the Fairchild C-123 
proved the value of thrust assist in meeting emergency single 
engine conditions! 

A C-123 was equipped with two Fairchild J-44 jet engines 
and loaded to achieve gross weight of 66,742 pounds-
13,000 pounds overload. 

During takeoff and climb, both jets were operated to pro­
vide 2,000 pounds continuous thrust in addition to the 
two piston engines. At 2,708 feet, wheels were off the 
ground, and a moment later at a speed of 122 knots, one 
'propeller was feathered! 

From this takeoff position, the C-123 climbed out at 500 
feet per minute - proving again its big job capability and 

assault versatility, heightened by jet augmentation to give 
extra power and extra safety in any emergency. 

A Division of Fairchild Engine and Airplane Corporation 

H-ILD 
RSTOWN, MARYLAND 
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A colorful need . . . a colorful 
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plastic 

When the need is for color - any conceivable color -

you'll always find Tenite plastics among the first materials 

considered. 

For example, Tenite Butyrate is useo. for the new color 

telephones being made by Western Electric Company for 

the Bell Telephone System. 

This Eastman plastic offers all the properties needed. In 

Tenite, an unlimited range of colors is available - durable 

colors that won't chip, peel or wear off. And tough Tenite 

Butyrate more than meets the mechanical requirements 

for strength, impact resistance and dimensional stability. 

One of the lightest of plastics, Tenite Butyrate means a 

telephone that is almost featherweight, while its low heat 

conductivity makes it pleasantly warm to the touch. 

Tenite Butyrate stands up well in use, too. It is practically 

unbreakable and does not corrode. 

Use of this Tenite plastic also means important produc­

tion economies. These telephones are molded at exception­

ally fast speeds. The Tenite Butyrate parts come from the 

molds with smooth, hard surfaces and natural high luster. 

Does this use of Tenite Butyrate suggest a solution to one of your own 

material selection problems? We will be glad to help you or your molder 

evaluate Tenite Acetate, Tenite Butyrate or Tenite Polyethylene. These 

versatile, colorful Eastman plastics may improve the appearance, the per­

formance, or the life of some product you make, while cutting its cost. For 

more information, write EASTMAN CHEMICAL PRODUCTS, INC., subsidiary 

of Eastman Kodak Company, KINGSPORT, TENNESSEE. 

ACETATE · BUTYRATE ' POLYETHYLENE 
plastics by Eastman 

© 1955 SCIENTIFIC AMERICAN, INC



co/k�� r/ y/� 
Invjtes You To Receive As a Membership Gift Any One of These Extraordinary Two-Volume Sets 

.", .. * 
Because these sets may be so Important to 

the work and thinking of readers of Scientific 
American, the LIBRARY OF SCIENCE wilrsend 

you as a gift the set'you choose, as a concrete 

demonstration of tile benefits of membership. 

24 months-out of approximately 30 fine volumes 

available. Reduced member's prices and free books of 
your choice with every fourth Selection taken 
effect savings up to forty per cent. 

The LIBRARY OF SCIENCE is playing an increasingly 
valuable role in the work of many of your 

colleagues who receive, at substantial savings, 

You are invited to enroll in the LIBRARY OF SCIENCE 
and choose your first Selection below. With it 
you receive entirely free the two-volume set 
of your choice-as much as· $16.00 worth 

the books of enduring value refiecting the 
unity of all the sciences. 

of books for as little as $3.95. 
You may discontinue membership at any 

Members need take as few as 

3 more Selections in the next 
time after taking your first 
four selections. 

INTERNATIONAL ENCYCLOPEDIA 

OF UNIFIED SCIENCE 

Thirteen of the most distinguished 
scientific figures of our time demon­
strate the logical structure common 
to all the sciences and integrate 
scientific knowledge and methodol­
ogy. Among the contributors: Niels 
Bohr, Bertrand Russell, Rudolf Car­
nap, Ernest Nagel, Philipp Frank, 
Egon Brunswik, Felix Mainx. 

PUBLISHED AT $11.00 

George Polya's two-volume set 

MATHEMATICS AND PLAUSIBLE REASONING 

The latest work of one Of the world's fore­
most research mathematicians, analyzing 
the methods of mathematical problem­
solving, showing their application to other 
fields of scientific inquiry, developing a log­
ic of plausibility, examining the strengths 
and weaknesses of scientific evidence. 

PUBLISHED AT $9.00 

Two volumes by Louis de Broglie 

PHYSICS AND MICROPHYSICS 

THE REVOLUTION IN PHYSICS 

A comprehensive survey and inter­
pretation of the development of 
physical theory, from classical me­
chanics to the latest advances in 
molecular physics. Contents include: 
Theory of Relativity; Wave Mechan­
ics; Quantum Mechanics; Probabil­
ity Interpretation; Radioelectricity; 
etc. 

PUBLISHED AT $9.00 

Choose your first Membership Selection from these outstanding volumes in the LIBRARY OF SCIENCE 

TWO MAJOR WORKS 
by J. Robert Oppenheimer" 
The Open Mind (just published) and 
Science and the Common Understanding 
-embodying Oppenheimer's view of the 
educational, social and ethical problems 
posed by the rapid advances in atomic 
physics and atomic armaments. 

List price $5.50, Member'. price $4.50 
-Two volumes count as one Selection 

A HISTORY OF SCIENCE 
by George Sarton 

The panorama of ancient science from 
the beginnings of writing to the flower­
'ing of Greek mathematics, astronomy, 
medicine, biology, geography, engineer­
ing. "Remarkably readable ... a work 
of the greatest scholarship." Yale Review 

List price $10.00, Member'. price $6.95 

r-------.------------, SCIENTIFIC AMERICAN READER 

LIBRARY OF SCIENCE 379 By the edit01's of Scientific American 

59 Fourth Avenue, New York 3, N. Y. 
Please enroll me as a member and send 
the books indicated below, one without 
charge as my free GIFT BOOK and the 
other as my initial Selection to be billed 
at the special Member's Price plus a few 
cen ts charge for postage. I agree to take 
as few as 3 more Selectiods in the next 24 
months, and may cancel membership any 
time after taking my .first 4 Selections. 

FREE BOOK 

FIRST SELECTION 

NAME&-________________________ __ 

CITY ZONE-STATE"-__ _ 
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. The· frontiers of scientific exploraUon 
today, by over 50 noted scientists. Links 
the latest research in atomic energy, 
biochemistry, astrophysics, genetics, 
sensation and perception, virology, zool­
ogy, geology, animal behavior. 

List price $6.00,Member'. price $4.95 

PATTERNS OF SEXUAL BEHAVIOR 
By Clellan S. Ford" Frank A. Beach 

An anthropologist and a psychologist 
present the most complete study avail­
able of sexual behavior in humans and 
animals. "I know of no other place 

in which so much or so accurate in­
formation on sexual behavior has 
been brought together." Ralph Linton 

List price $5.00, Member'. price $4.25 

FRONTIERS OF ASTRONOMY 
by F"ed Hoyle 

"New ideas about the structure of 
the earth, cause of the Ice ages, for­
mation of the moon's craters, the 
origins of the planets (and) direc­
tions in which thought is -leading on 
the frontiers of astronomy." 

-The London Times 
List price $5,00, Member'. price $3.95 

READINGS IN THE 
PHILOSOPHY OF SCIENCE 
Edited by Feigl and Brodbeck 

The structure and meaning of sci­
ence is analyzed by 33 leading think­
ers, who show the method of concept­
formation basic to all sciences. H. 
Poincaire, M. Schlick, A. Einstein, 
H. Reichenbach, K. W. Spence, G. 
Bergmann, others. 

List price $6.00, Member'. price $4.95 
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by Clifford Grobstein 

CELLS· AND SOCIETIES, by John Tyler 
Bonner. Princeton University Press 
( $4.50 ) . 

J
ohn Bonner's pleasant little account of 

the living world takes as its text the 
common denominators that charac­

terize all organisms. Every living system 
-single-celled or many-celled, solitary 
or social-takes in energy, reproduces 
and shows coordination and integration 
of behavior. Bonner's is a simple text, 
comfortable as an old shoe to most biol­
ogists, but he gives it a twist and a charm 
which make an enjoyable winter's eve­
ning even for the jaded professional. 

Bonner does not deal with his subject 
in abstraction. Having laid out the basic 
skeleton, he quickly reclothes the bare 
bones by turning to the description and 
analysis of living organisms in their na­
tive habitat. We begin near the end, and 
close to human interest, with mamma­
lian societies. These opening chapters 
are among the best in the book-the 
product of an analytical eye coupled 
with the pen of a naturalist and impres­
sionist. If the description of what tran­
spires among the beasts below man 
sometimes seems too loud and redolent 
for your maiden aunt, it is, nonetheless, 
good biology. And it suffers no whit in 
the telling by a narrator who unabashed­
ly admits that, when he spends an after­
noon at the zoo watching the scandalous 
goings-on among the baboons, he sees 
"my own emotions, my own desires and 
aversions ." Our author, besides being a 
naturalist and an impressionist, is a cu­
rious kind of romantic. 

He takes us to the deep forest of Barro 
Colorado Island in Panama, where at 
dawn "the sodden stillness of the air is 
broken by a long low guttural roaring 
wail way off in the jungle"-the sign and 
sound of bands of howling monkeys be­
ginning their day. We clamber over the 
cold Pribilof Islands in the Bering Sea, 
"exposed and harsh and nude" to man, 
but for the fur seals "a friendly gather-

BOOKS 
About the analogy between the social 

organization of cells and of animals 

ing place" to which they return year 
after year to court, to breed and to raise 
their young. In northwest Scotland we 
stalk the red deer-a delicate enterprise, 
for we may be scented while a half-mile 
away, must be garmented in Harris 
tweeds lest our clothes be heard scraping 
on the rocks and must keep our eyes 
motionless when deer are within 70 
yards because they may be frightened off 
by the flashing whites of our eyes. In 
North America we visit the notoriously 
shy beavers and watch them busily 
changing their environment to suit their 
way of life-a propensity they share with 
man. 

In this visiting about in several kinds 
of mammalian society we not only satis­
fy our natural curiosity about how others 
really live but begin to feel something of 
the fabric of Iivingness. The evolutionary 
advantages of community life are dis­
played.  Interactions between individuals 
emerge as significant both in satisfying 
the needs of the individual and in pro­
moting the survival and propagation of 
the group. Food-gathering, sexual repro­
duction, communication are seen as 
group processes-and yet penetrating 
down into individuals in the form of 
perception, neuro-muscular activity, di­
gestion, excretion and metabolism. We 
see how the scope of biology ranges from 
the chemistry of the cell through rudi­
mentary language and mother-infant re­
lations to the behavior of full-scale ani­
mal societies. In these days of specializa­
tion it is good to be reminded frequently 
of this broader fabric. 

From the mammals Bonner takes us 
to the social insects . ( He skips-reluc­
tantly, I am sure-the rich material pro­
vided by the birds ; you can fill that gap 
if you wish by reading Niko Tinbergen's 
The Herring Gull's W01·Zd.) With the 
insects, interestingly enough, we seem 
to enter a more familiar world, thanks to 
the wide circulation of the writings of 
naturalists like William Morton Wheeler, 
Jean Henri Fabre and Karl von Frisch. 
Here are the rigidly patterned but aston­
ishingly resourceful societies of the ant, 
the termite and the bee. Bonner gives us 
some insight into the limitations and ac-

complishments of the short-range tactile 
and chemical mechanisms by which 
these societies are integrated. As Theo­
dore C. Schneirla's studies of the army 
ant have shown, the cyclic reproductive 
behavior of one individual-the queen­
shapes the behavior of the whole colony, 
with communication depending largely 
upon recognition of odor and the chem­
ical sense. The termites, it is postulated, 
may have a system of "social hormones": 
the breeding "king" and "queen" appar­
ently secrete substances which inhibit 
all other members of the colony from 
becoming breeders, for if the king and 
queen are removed, "secondary repro­
ductives" appear among the workers at 
the next molt. Thus the regulation of 
caste within a colony of insects may in­
volve mechanisms-and possibly even 
substances-similar to those that regulate 
the differentiation of cells and tissues in­
to "castes" in an individual animal. 

Pessimists have suggested that insect 
societies are the prototypes of "1984"­
that dismal time when human beings 
may be encased in social restraints as the 
insects are encased in their exoskeletons . 
Fortunately mammalian societies differ 
from insect societies in many fundamen­
tal ways. For one thing, individuals in 
mammalian societies are biologically 
equivalent to one another ( except for 
the dichotomy hailed in Vive Za differ­
ence!), while in insect societies they are 
sharply differentiated and specialized. 
Worker ants and termite soldiers cannot 
breed, and the male gallants that breed 
can neither work nor fight. The so­
called queen is a monstrosity-a com­
plete travesty on romantic notions of 
royalty. She is "but one huge egg fac­
tory": a fat, kept creature needing little 
more than mouth, gut, ovary and her 
special aroma. Individuals in an insect 
society, though physically separated, are 
not independent units: they cannot cope 
with the general environment alone . 
They are dependent parts of an organi­
zation in which otherwise incompetent 
males and females are the propagators 
and keepers of genetic continuity while 
non breeding vegetators bear the brunt 
of selection and the wear and tear of 
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CLASSICS 
OF 

BIOLOGY 
by AUGUST PI SUNER 

Authorized English Translation by 

Charles M. Stern 

This Survey of the Study of Life, 
told by one of the foremost living 
biologists, illuminates the high-points 
of progress in this science by fascinat­
ing glimpses into philosophical theo­
ries throughout the ages until reach­
ing our present-day observational 
method. 

Famous Controversies are discussed 
and extensive textual extracts from 
outstanding works lead ever along 
paths of forward-surging discovery, 
generating in the reader a desire to 
delve still deeper into the most in­
teresting subject within the compass 
of Man's Mind-Himself! 

The general reader and the serious 
student as well as their teachers, not 
only in Biology, but also in Philoso­
phy and Linguistics will find in this 
book much of value for discussion 
and development. Among more than 
three-score writers discussed with the 
wisdom of a lifetime devoted to the 
science, our author introduces us to 
thinkers of the finest calibre, whose 
fame is more widely witnessed out­
side the English-speaking world. 

The "single-clue" index is com­
pendious and permits effortless ref­
erence to the name and extract in 
which the reader is interested. 

The author is a former President 

of the Academy of Medicine in Barcelona. 

CONTENTS 
Matter and Energy in Life-Cell The­
ory-Stimulus and Excitation-Bio­
catalysts-Metabolism-Growth and 
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daily living. Clearly the situation has 
similarities with multicellular organisms, 
in which the sexual cells are shut off 
from direct contact with the environ­
ment and selective processes operate 
primarily through the body. 

Bonner next considers the animals 
known technically as the coelenterates­
collections of cells which are united by a 
single digestive system. There is no more 
fascinating group in the animal kingdom 
than this assemblage, embracing the 
giant polyps, the diaphanous jellyfish, 
the corals, the Portuguese man-of-war 
and the inconspicuous hydra of elemen­
tary textbook fame. This is the group 
which first, among animals, realized the 
full potential of multicellularity. 

In a succinct chapter Bonner gives the 
essence of the story. Center stage is the 
polyp: a tube of tissue closed at one end 
and perforated at the other. The per­
foration, surrounded by tentacles, serves 
for both intake and output-a situation 
which has caused the polyp to be toasted 
for its versatility in limericks composed 
by generations of biologists. Hydra is a 
polyp which lives as a solitary individual. 
Though obviously a fairly early design, 
it has mastered most of the fundamental 
engineering of multicellularity. It may 
reproduce sexually or by budding like a 
plant. When it buds, the product sepa­
rates off, giving rise to a new individual 
which takes up independent existence. 
There are forms closely related to the 
hydra, however, in which the products 
of budding fail to separate ; they remain 
joined together by a common stem like 
multiple Siamese twins. This aggrega­
tion of individuals ( polyps ) usually is 
referred 'to as a colony. In some species 
the individuals become speCialized and 
biologically incomplete. In the case of 
the Portuguese man-of-war, the differen­
tiation and specialization have gone so 
far that the animal as a whole appears 
to be a single individual, although it is 
composed of a mass of polyps. For ex­
ample, the air bladder that supports it at 
the surface of the water is a specialized 
polyp, as are the wicked stinging tenta­
cles that dangle below. 

Is the Portuguese man-of-war a col­
lection of individuals, a colony, a society 
or an individual? This is an unhappy 
question which I can never resist putting 
to myself, and to which I react with the 
same discomfort engendered by an am­
biguous geometrical figure. No matter 
how I strain to see it and hold it in one 
�nterpretation or the other, I end up by 
concluding that it is they. 

We are not through with the embar­
rassment. Bonner now takes us down to 
colonies of cells, where multicellularity 

is assumed to have begun. �le are intro­
duced to the ciliates, £agellates, amoe­
bae and bacteria. Most of these are con­
tent to live in isolation, but look, for ex­
ample, at that group of algae with eu­
phonious names: Gonium, Pandorina, 
Eudorina and Volvox. These are packets 
of £agellate-like individuals. Each suc­
cessive member of the series is composed 
of a greater number of units with more 
interdependence and specialization . 
Again we must ask: At what point does 
a colony become an organism? 

Or take the slime molds [see "The 
Social Amoebae," by John Tyler Bonner; 
SCIENTIFIC AMERICAN, June, 1949]. 
Here are perfectly respectable individual 
amoebae, feeding, dividing, leading 
well-adjusted solitary lives . But when 
cell density becomes high and food sup­
ply low, they suddenly develop a yen for 
community life, stream together into 
masses and form an integrated body or 
plasmodium. This moves about in all re­
spects like an organism, and eventually 
produces an amazing fruiting structure 
in which various amoebae ( cells?) spe­
cialize in different directions in precise 
and coordinated fashion. Then out of the 
fruiting body come spores which in good 
time give rise again to individual, free­
living amoebae. In other words, the life 
cycle of the creatures regularly alter­
nates between single-celled and multi­
celled phases. 

It has been known for many years that 
the lowly sponges can be made to be­
have in a manner very like slime molds . 
Forced through a sieve, they emerge as 
a thick suspension of individual cells and 
small cell clusters . The units thus liber­
ated have little taste, however, for soli­
tary life. They quickly reaggregate to 
make larger and larger masses, and from 
these grow brand-new sponges complete 
in every detail. 

What happens to the individual cells 
if they are prevented from reaggregat­
ing? They apparently will not survive in 
ordinary sea water, but are there condi­
tions under which they could survive? 
Maurice Sussman of Northwestern Uni­
versity has recently discovered a heredi­
tary variant of the slime-mold amoeba 
which loses interest in social contact and 
remains bravely individual. Would long­
isolated sponge cells develop the same 
tendency? 

These problems are not limited to the 
forms at the bottom of the evolutionary 
tree. The complex architecture and func­
tions of higher animals rest upon capac­
ities of cells sometimes to aggregate and 
sometimes to separate and stay apart. 
Confusion between these two tendencies 
may have serious consequences, as when 
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Let us senel you-without charge-these two 33113 rpm high fidelity recordings of 

The most sublime music 
ever composed! 

,n pm. Superbly performed in full symphonic high fidelity­
plus a majestic chorus of glorious voices! 

BEETHOYEN'S 
SUPREME ACHIEVEMENT - THE IMMORTAL 

9th SYMPHONY 
The Cramophone 8aY8: "The be8t LP ver8ion available. MU8ically and 
technically excellent. Thi8 i8' al80 a 'human' interpretation played by the Philharmonic Orche8tra under Abendroth. Some 01 the finest solo­
i8t8 - Edith Laux. Diana EU8tratie. Ludwig Suthau8. and Karl Paul­
give their vwy be8t." 

An Exciting Way to Own the Best-Loved Symphonies, Concertos, Musical Comedies-AT AN UNUSUALLY LOW COST! 
A Few of the More Than 100 
Works You Will be Oftered 
During the Coming Year 

IEETHOVEN: "Emperor" Con,er'o 
SCHUBERT: "Unfinished" Symphony 
STRAUSS, Johann: Arlisl's Life; Blue 

Danube; Wine, Women and Song 
SAINT ·SAlNS: Danse Ma,abre 
IIZET: L'Arlesienne Suil. 
TCHAIKOVSKY: "Pa.helique" Symph. 
TCHAIKOVSKY: Hulcra,ker Suite 
RAVEL: lolero 
MOZART: Symphony Ho. 40 in G Minor 
tfAYDN: "Surprise"/Symphony Ho. 94 
RIMSKY -KORSAKOV: S,heherazad. 
IACH: Irandenburg Concertos 
SIBELlUS: Finlandia 
BRAHMS: Hungarian Dances 
GRIEG: PHr Gynl Suites Ho. 1 and 2 
DEBUSSY: Afternoon of a Faun 
STRAUSS, Richard: Tyl Eulenspiege' 
MENDELSSOHN: A Midsummer 

Highl·s Drlam 
DVORAK: "HI. World" Symphony 
SMETANA: Iorlerld Irid. Omlull 
DEBUSSY: La Mer 
GRIEG: Piano Conmlo 
CHOPIN: les Sylphidls 
RACHMANINOFF: Piano Con'irto 
WAGNER: OYerlulls 
PROKOFIEFF: Lo .. For Three Oranges 
RICHARD RODGERS: Soulh Pacifi •• 

Oklahoma, "". 
JEROME KERN: .Showboat 
VICTOR HERBERT: Symphoni. Suit. 
SCHUMANN: "Ihenish" Symphon, 

M AIL the coupon now and you will receive FREE 
-Beethoven's 9th Symphony complete on two 

pure vinyl, long-playing high-fidelity records. 

Under this planned program called MUSIC 
TREASURES OF THE WORLD you can now en­
joy in your own home a complete library of the 
world's great music ... beautifully recorded on the 
latest high-fidelity ·electronic equipment, with the 
full range of sound the human ear is capable of 
hearing (30-15,000 cycles per second) I Because 
assured distribution to members eliminates the us­
ual expense of unsold records-and because of the 
development of mass production high-fidelity record 
pressing equipment-we can offer our members 12" 
long-playing high-fidelity records, most containing 
at least two complete works - for only $2.981 

WHAT DOES THIS MUSIC PROGRAM INCLUDE? 

All over the world - in Paris. Vienna, New York, 
Berlin, Milan - the engineers are recording and 
mastering the best-loved works of all the greatest 
composers. both serious and light. And these selec­
tions are all thrilling brand-new performances 
played by world-famous symphony orchestras un­
der such eminent conductors as Walter Hendl, Her, 
man Abendroth, Hans Swarowsky. Max Schoenherr, 
Kurt Graunke, Richard Kempe. Felix Prohaska, 
William Strickland. George Sebastian. 

FREE - MUSIC APPRECIATION COURSE 
By accepting this offer DOW ',you will also be enrolled in 
our home study Music Appreciation Course - FREE. 
With each Music Treasures selection you accept you will 
receive, free. a new issue of our course. Prepared by 
Joseph Machlis. Aaaoc. Prof. of Music, Queens College 
of N.Y.C. - this course enables you to understand the 
fine points of music and listen to it as do the· critics and 
composers themselves I 

HOW THIS UNIQUE MUSIC PROGRAM WORKS 
Your acceptance of tbe Beethoven 9th Symphony does 
not obligate you to buy additional Music Treasures rec­
ords_verI However. we win extend to you the courtesy 
of an Associate Membersblp • • •  and each month, 70U 

will be offered a new 12" long-playing record at the spe­
cial member's price of only $2.98 (plus a few cents for 
U.S. tax and shipping). If. you do not wish to purchase 
any particular record. you merely return the form pro­
vided for that purpose. 

This great work is too long to be recorded properly on 
one 12" HI-Fi record. (more than an hour of listening 
pleasure). It has therefore been BPecially transcribed on 
TWO 10" records. The current selection which will ac­
company the gift records, and all future records, will be 
recorded on 12" discs - and sold exclusively to members 
for only $2.98 plus a few cents U.S. tax and shipping. 
This current selection is on approval; beeause we want 
to demonstrate the great value only members of Musics 
Treasures enjoy. Mail the coupon NOW. 

r�������m������-7A�l 
100 Slxlh Ave., New York 13, N. Y. 

YOURS-FREE 
Beethoven: 9th Symphony 

Please enroll me as & Trial Member and send me 
FREE, Beethoven's immortal 8th Symphony on two ·10" 
long-playing. High Fidelity recorda, together with your 
current record selection. I am not oblll'ated to take any 
speclftc number of records. and I am to r.eceive an 
advance description of your future releases. I w111 receive 
a free section of your Music Appreciation Course with 
every record I accept. Also I may reject any record before 
or after I receive it and I may cancel my membenhlp 
whenever I wish. 
For each of your regular 12" monthly selections I decide 
to purchase. I w111 send you only $2.98 plus a few cents 
tax and shIppIng. 

M.mlt.nhip limit •• t •• n. p.nln OYe, 21 in any h.usth.14 

Ham .......................................... _ .............. _ ......................................... ... 
(pl .... print) 

A44r .................................................................................................... _ 

(i.y .............................................................. 1." ......... 5t.t ................. _ L IN CANADA: 11.4 C",Uelle/<I Ave., Toron'" 10, Onto 

-----------------MUSIC TREASURES OF THE WORLD 
100 Sixth Ave., New York 13, N.Y. 
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Give your imagination a liter­

ary holiday_ ASTOUNDING 

Science Fiction offers serious 

thought provoking adult stories 

of the world of tomorrow on our 

own planet and amid the stars of 

outer space. At the 1955 Nation­

al Science Convention in Cleve­

land, ASTOUNDING Science 

Fiction won every science fiction 

magazine award-Best Maga­

zine, Best Novelette, Best Short 

Story, Best Novel and Best Art 

Work. 

Its stimulating articles on logic, 

semantics, thinking machines, 

philosophy, cybernetics, and 

many other subjects have been 

reprinted in journals all over the 

world, ranging from the Science 

Digest to Islamic Review. 

ASTOUNDING 
SCIENCE 
FICTION 
JANUARY ISSUE 

NOW ON SALE AT 

LARGER NEWSSTANDS 

STREET & SMITH 
PUBLICATIONS, INC. 
575 Madison Ave. 
New York 22, N. Y. 
SUBSCRIPTION PRICES 
2 YEARS $6.00 
1 YEAR $3.50 

blood cells clump and plug a vessel, or 
when cancerous tissues fragment and 
seed the body with metastases. 

The second half of Bonner's little vol­
ume is a quick survey of the structure 
and functioning of plants and animals. 
His treatment of these subjects is ortho­
dox, and it fails to provide a culmination 
for the thesis so beautifully introduced 
in the first half of the book. But there are 
several understandable reasons. One lies 
in the fact that the book is not a treatise 
on organization but arose out of experi­
mentation with a course in general bi­
ology given by Bonner at Princeton 
University. No one who has had any 
experience with elementary biology 
courses-as producer or consumer-can 
fail to concur in the need for experimen­
tation. However, Bonner himself has re­
lated elsewhere an anecdote which is 
apropos. After he had completed lec­
tures on the social mammals and insects, 
he turned to the polyps. At the end of 
the lecture a student came up and com­
plained about the shift, saying bitterly: 
"After all, sir, who gives a damn about a 
polyp?" The student was wrong; he cer­
tainly missed the point. But I would 
have stood shoulder to shoulder with 
him several lectures later if he had come 
up and said: "After all, sir, after treating 
us to the fascination of interrelations 
among cells, individuals and societies ,  
who gives a damn about excretion?" 

The fact is, of course, that the subject 
of biological organization itself has re­
mained in an introductory stage. It has 
long been a favorite theme for speeches 
on ceremonial occasions and has evoked 
a good deal of fuzzy-minded and some­
times socially dangerous thinking. It has 
been given serious thought only by a few 
theoretically oriented biologists ; experi­
mental study of the subject has been 
limited and factual knowledge fragmen­
tary. Fortunately the gaps in knowledge 
are now beginning to be filled. It may 
not be too long before there are enough 
answers to specific questions to indicate 
some common denominators in the ag­
gregation and interaction of living units 
-denominators pOSSibly as fundamental 
in biology as mass and energy are in 
physics. 

Short Reviews 

GREAT EXPERIMENTS IN BIOLOGY, 

edited by Mordecai L. Gabriel and 
Seymour Fogel. Prentice-Hall, Inc. 
($3.75 ) .  This is an unusually interesting 
collection of some of the classics of bio­
logical literature. They are the original 
memoirs of biologists, some famous and 
some not so famous, announcing major 

discoveries in cell theory, general phys­
iology, microbiology, plant physiology, 
embryology, genetics and evolution. 
Among the selections are Robert Hooke's 
account "Of the Schematisme or Texture 
of Cork, and of the Cells and Pores of 
Some other such Frothy Bodies ;" An­
toine Lavoisier's and Pierre Simon de 
Laplace's celebrated memoir on animal 
heat; Claude Bernard's paper on the 
mechanism of formation of sugar in the 
liver; Louis Pasteur's brilliantly clear, 
polemical memoir on spontaneous gen­
eration; a letter of Gregor Mendel sum­
marizing much of his epochal work on 
peas ; G. H. Hardy's beautifully simple 
communication to Science suggesting an 
elementary algebraic formulation of the 
principle of genetic equilibrium. 

CONCEPTS OF SPACE, by Max Jammer. 
Harvard University Press ($3.75 ) .  

Dr. Jammer, lecturer on physics and the 
history of science at the Hebrew Uni­
versity in Jerusalem, traces the evolution 
of the concept of space from ancient 
times through the field theories of mod­
ern physics. The path of this evolution, 
as Jammer shows, is a strange and some­
what circular affair. In Greek philosophy 
and science, mainly under Aristotle's in­
fluence, space was conceived as finite, 
not uniform in all directions and carved 
out, so to speak, by matter. All elemental 
substances had a "natural tendency to 
move toward their own special places," 
and space itself consisted of the sum 
total of all "places" formed by the inner 
boundaries of matp,rial bodies. It took a 
long time before Aristotle's conception 
was discarded. After presenting in some 
detail Judeo-Christian ideas of space and 
the wonderful metaphysical and theo­
logical gymnastics of the Middle Ages, 
the author describes Newton's concept 
of absolute space and time, of inertia and 
motion and of space as the "container of 
all material objects." Even during the 
reign of classical physics not all philoso­
phers accepted Newton's views ; Leib­
nitz, for example, held that space is 
merely a system of relations dependent 
on the position of bodies ; that it pos­
sesses no independent reality or exist­
ence. The field physics ushered in by the 
work of Faraday and Maxwell, and cli­
maxed by Einstein's theories, may be 
said to have reinstated certain of Aris­
totle's curious notions and to have vindi­
cated Leibnitz' profound intuition. For 
now the concept of absolute space is 
once more in disfavor, and in place of the 
inertial system and gross material ob­
jects , the whole of physical reality is en­
visaged "as a field whose components 
depend on four space-time parameters ." 
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Boeing engineers are insiders on top-secret work 

Engineers are doing vital work on signifi­
cant new developments at Boeing. For 
example, the Boeing BOMARC IM-99 
pilotless interceptor. Its predecessor, the 
Boeing GAP A, is shown here, because 
photographs of BOMARC are highly 
classified. BOMARC is a supersonic 
long-range missile that spearheads an en­
tirely new weapons system. It is a key 
weapon in America's defense planning. 

BOMARC, as well as other "years 
ahead" Boeing projects, which cannot be 
discussed here, are complex challenges to 
all kinds of engineers. These men find 
real creative interest in the problems of 
very high speed flight: heat, compressi­
bility, vibration, rocket, jet and nuclear 
power, miniaturization, electronic control, 
and others. Their goal is to design struc-

tures and components that will "weigh 
nothing and take no space," yet with­
stand extreme velocities and altitudes. 

The prestige of Boeing engineers is 
second to none. They have created such 
recent aviation milestones as the B-S2 
global jet bomber, the 707 jet transport, 
and the B-47. There are superb facilities 
at Boeing: the multi-million-dollar new 
Flight Test Center, the world's most ver­
satile privately owned wind tunnel, the 
latest electronic computers, and more. 

Boeing engineers enjoy exceptional op­
portunities for career stability and growth. 
There are more than twice as many engi­
neers with the firm now as at the peak 
of World War II. Living is pleasant in 
the progressive, comfortable-size commu­
nities of Seattle and Wichita. 

There is room for top engineering tal­
ent on Boeing research, design and pro­
duction teams. If you feel that you belong 
with aviation's leader, it will pay you 
to fill out the coupon below. 

• JOHN C. SANDERS, Staff Engineer-Personnel 
• Boeing Airplane Co., Dept. B·47, Seattle 14, Wash. 

: R. J. B. HOFFMAN; Administrative Engineer 
• Boeing Airplane Co., Dept. B·47, Wichita, Kansas 

• If you are interested in the advantages of a 
• career with Boeing, please send coupon to either 
• of the above addresses. 

• Name ____________________________ _ 

• College(s) ___________ Degree(s)_year(s)_ 

• Address __________________________ __ 

City _____________ Zon e_ State ______ _ 

• Telephone num ber ____________________ _ 

BOEING 
Aviation leadership since 1916 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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LEARNS by 
Lingu311hone 
"I enjoyed 
learning Ger­
m a n AT 
HOM E by 
L i n gua ­
phone's Con­
versatio n a l  

Method. It 
enabled me to 

• GERMAN 
JAPANESE. RUSSIAN 

MODERN GREEK 
any of 34 languages 

available for 

10 DAY FREE TRIAL 
'''itll LINGUAPHONE-'.rhe 
"'orId's Standard Conversational 
!\Jethod-You Start to SPEAK an� 
other language TOMORROW-or 
IT COSTS YOU NOTHING! 

r e a d, w rite Only Linguaphone brings the world's 
and talk with best nati\'c language teachers into 
G e r m ans in your home. You LISTEN to modern, 
t h e  i r ow n life-like recordings and LEA R� 
language."- another language in the same easy. 

Mr. A. Reger, natural \\ay rou learned English 
Claridge, Pa. long before lOU went to school. 

No Textbook Can Teach You to Speak 
AT HOME YOli hear 8 to 12 outstanding natil'e authori­
ties, both men and women, speak about c\"crydaY 
matters with a 1956 vocabulary. It's like living in 
another land-you listen-you understand-YOU 
SP.EAK correctly, easily, natural!:\,. You read and 
write. You can learn in 20 minutes a day. 

That's why Linguaphone is used round the world by 
scientists, educators, governments and business firms 
for personnel training. More than a million }lome· 
study Rtudents of all ages. 

-- 10 DAY FREE TRIAL --

����lIa���t
e �o�d �1��� )��k���y 

t��iai�el�s c8��! 
l'LE'!'E COllrsc·unit in the h'l 11:>ge you choose for 
10 DAY .FHEE TIUAL. 

LINGUAPHONE INSTITII,� 
T-3016 Rock. Plaza, New York 20, N. Y. 
Please send me your FHEE nook about Linguaphone 
plus details of 10 DAY Fll.EE TRIAL. Xo obligation, 
of course. 

:'Iry language interest is ... 

Name .... 

Address ....... 

City... . .. ...... Zone ....... State ..... 

World's Standard Conversational Method For Over Half a L Cpnturv. -oJ 

Out Of Babel-into 

MT When Warren Weaver 
wrote his memorandum, 
Translation, seven years 

ago, he set fire to an idea that has chal­
lenged scholars for generations. Let four­
teen mathematicians, computer specialists, 
scientists, and linguists tell you about this 
fascinating new field-in 

MACHINE TRANSLATION 

OF LANGUAGES 
Edited by WILLIAM N. LOCKE, M.LT., 
and A. DONALD BOOTH, Birkbeck College 
Computation Laboratory, London. 

This is the first book to document MT, 
to tell you how it began, what's happening 
now, and where research may lead. In 
these fourteen essays you'll see the sur­
face cracking and get the pulse of a sci­
ence in the making. Learn about "word 
storage", methods of mechanical transla­
tion, the design of an automatic Russian­
English technical dictionary, and many 
other topics-covered by the top men in 
the field. 

"It does not seem rash to assert that 
mechanical translation is not only possible 
but feasible and that it is fraught with 
profound implications for the future." 

-Jerome Rothstein in Science 
A Technology Press book, M_I.T. 

1955. 243 pages. $6_00. 

Order your copy on approyal today. 

JOHN WILEY & SONS, Inc. 
440 Fourth Ave_, New York 16 
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Thus there is no empty space, nor is 
space uniform or continuous. Matter it­
self has vanished, or at least has been 
dissolved into the field, and in Einstein's 
words, "that which constitutes the spa­
tial character of reality is simply the fom­
dimensionality of the field." Jammer has 
written an absorbing study. 

THE SANE SOCIETY, by Erich Fromm. 
Rinehart and Company, Inc. ($5.00 ) . 

Dr. Fromm is esteemed as one of the 
most thoughtful and original students of 
psychiatry, psychoanalysis and social 
psychology today. His writings, which 
have attracted a wide audience, have 
been concerned mainly with the effects 
of social forces on behavior. His Escape 
From Freedom examined the circum­
stances that lead men to flee what they 
profess most to cherish-freedom-and to 
embrace what they profess most to ab­
hor-authoritarianism. His new book 
elaborates this theme. Its central argn­
ment is that society-the U. S. being 
a prime example-conflicts with and 
thwarts the fulfillment of man's basic 
needs: to express his individuality, to 
exercise creative imagination and reason, 
to develop feelings of human solidarity 
and "relatedness," to love and be loved. 
Instead of providing man with the op­
portunity to use his human gifts and un­
fold his powers, society has turned 
means and ends topsy-tmvy. M an is 
taught to strive for things and causes 
rather than for his own growth; he is 
subordinated to economic and political 
activities instead of controlling them as 
instruments for his advantage. In short, 
society clamps him in a press. If he tries 
to break out, he is considered a misfit 
and must suffer the consequences;  if he 
submits, he is more apt to emerge a 
stamping than a human being. Fromm 
draws a distressing picture of a sick so­
ciety which produces "a socially pat­
terned defect" common to all its mem­
bers. It is not easy, however, to put a 
society on the couch. The therapy 
Fromm offers is scarcely more than a 
sermon on the benefits of love, self-re­
spect and cooperation. While the world 
undoubtedly could use a great deal more 
of each, philosophers and religious lead­
ers have been advocating the same 
panacea for centmies. If Fromm's book 
does not tell us how to get out of the 
mess we are in, he at least makes us see 
many things which may hitherto have 
escaped our notice. 

MONoGRAPHS ON TOPICS OF MODERN 

MATHEMATICS, edited by J. W. A. 
Young. Dover Publications, Inc. ($3.95 ) . 

� One of the most stimulating approaches 

A user's guide to 

Transistors 
and Other 

Crystal Valves 
by T. R. SCOTT 

Managing and Research Director. 

Standard Telecommunication Laboratories 

Intended for the user of crystal 
valves, rather than for development 
or design engineers, this volume of­
fers a practical guide to the potenti­
alities and limitations of transistors. 
The author discusses the part played 
by crystal imperfections in determin­
ing the characteristics of crystal 
valves, the basic unit into which crys­
tal valves can be broken down-the 
p-n junction-and such related topics 
as point-contact devices, operating 
temperatures, output and life, appli­
cations and testing of transistors, and 
the choice of suitable semiconductors_ 

270 pages' 65 illustrations 

$7 _20 at your bookstore 

ESSENTIAL BOOKS, Inc. 
16-00 Pollitt Drive, Fair Lawn, N. J. 

Make your own baby genius computers 
GENIACS 

Scientific-Entertaining-Instructive-Safe 
through our construction course including all parts: 

COURSE C 20: GENIACS-SMALL ELECTRIC BRAIN MA­
CHINES-AND HOW TO MAKE THEM: Includes a complete set of over 400 parts including 6 multiple switches of a new desib>'TI, a 64·page manual of construction plans and explanations (publ. P 30, separat.e.ly $3.) •. a 250·page. book. cOUl'se directions, and personal Instruction and guidance for eight months. for making over 30 arithmetical, logical. reasoning, eompullng. puzzle· solving. and game-playi�g machines. Each Geniae displays intelligent behavior. runs on one flashlight battery. requires no soldering (�ll con­nections with nuts and bolts). Demonstrates In eaS ily put· 
������r�,;;ogi���lt�� J�����a}�neg 1��r����gO�V��������g . a�� 
�v;�kO?or(irulll{.·e���d· (U �O�;��l���rr�nr�turnable in one 

Some of the possible GEN lACS: Logi.c Machines: Com-

���on 
�g1:her�1�g �it-T�:,,�h�:,

e; 
N

lt:;,� 111T�'t��e1f�di 
es: (both decimal and binary): Adder, Subtracter, 
ier, Divider, Arithmetical Carrying. CT1{tographic 
e8: Secret Coder, Secret Decoder, Combination Locks. 

������;, �t��
h
��fe%

s
%'le�Su;?v��;g ����ine-'!�tfhn;a�i�a�iI

S�i�rn:fr� 
lock; the Fox, Hen, Corn, and Hired Man; Douglas Mac� 
donald's Will; the Uranium Shipment and the Space Pirates. 

GEN lACS are an outcome of 5 years of our design and de· velopment work With small robots: Buy from the origina· tor! 
PUBL. P 6: CONSTRUCTING ELECTRIC BRAINS: Ex­plains simply how an automatic digital computer is con­structed: how to make it add. subtract, multiply, divide, 

�.?odni�o��ge�rg;>l�ni�r acr!��:!�c'(!�hta��lnA;a��lal:an��leeie2r 
circuits ............ . .. .. ....... . ..... . . . ............ $2.20 

\Ve are Edmund C. Berkeley and Associates, instructors, publishers (the monthly "Computers and Automation". P 2. 
�� :88 j aei���,rjw���:s,cg::��������. O�aL�:;���o��;�it�rsl �f small robots (Simon, miniature mechanical brain, construc­tion plans, P I, $5.50: SQuee, electronic robot squirrel. construction plans, P 3, $4.00, etc.), \Ve offer over 30 courses by mail: we have students in 50 states and terri­tories. 24 foreigon countries. \Ve offer over 25 other pub­lications (including reprint of "Symbolic Logic" by Lewis Carroll. pub!. P 32, $2.50). Ask us for more Information. 
----- MAIL THIS CO U POH-----, 
I Edmund C. Berkeley and Associates, I 
I 815 Washington St., R139, Newtonville 60, Mass. I 
I t ' l6eas� �bnd W� ite�S2 cir�er6 PI P 3 P 32 I 
I t:!cr������ .. :O�·:�:/:�nffil

i��1:����:iW:(i�dlSf()�to;�r I 
I 2. Please send free announcement of 0 publications I 
I and 0 co�;se�ame and address are attached. I 
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to mathematics is the reexamination of 
elementary topics from an advanced 
standpoint. When precise and powerful 
methods are brought to bear on what 
were long considered settled matters, 
they often become unsettled, new in­
sights are gained and creative thought is 
quickened. The best known modern re­
appraisal in this vein is F elix Klein's 
famous book Elementary Mathematics 
from an Advanced Standpoint. Young's 
volume, first published in 1 9 1 1  and now 
reprinted, is a similar undertaking, also 
of high merit. It consists of nine mono­
graphs by leading mathematicians. Os­
wald Veblen presents a modern axiom at­
ization of Euclidean geometry ; Thomas 
Holgate shows how the latter can be ex­
tended by "purely geometric or synthetic 
methods as opposed to the algebraic 
methods of Descartes and Fermat;" 
Frederick S .  Woods describes the revo­
lutionary development of non-Euclidean 
geometry ; Edward V. Huntington dis­
cusses the logical basis of the real and 
complex number systems, proffering a 
set of axioms from which all the 
theorems of algebra and analysis can be 
derived. Other articles deal with the 
evolution of the algebraic equation, the 
function concept and the fundamental 
notions of the calculus ; the theory of 
numbers ; the 2,500-year-old problems of 
squaring the circle, duplicating the cube 
and trisecting the angle, and the history 
of the most celebrated of all numbers, 7r, 
whose true nature was not established 
until the end of the 19th century. Morris 
Kline has written an interesting new in­
troduction reviewing the literature that 
has appeared since the first publication 
of the book. 

EVEREST Is CLIMBED, by Wilfrid 
Noyce and Richard Taylor. Penguin 

Books Ltd. ( 50 cents ) . Among the many 
accounts of the ascent of Everest this 
Puffin Picture Book holds a high and 
special place. The simple, clear text by 
Noyce, a member of the victorious expe­
dition, gives a brief historical resume of 
earlier attempts and an unusually vivid 
description of all major phases of the 
Hunt undertaking from preliminaries to 
the final triumph. Taylor provides bril­
liant pictures which far surpass the illus­
trations in Hunt's own book. Some are in 
color; there are admirable relief maps, 
scenes of the great crevasse, the icefall 
and the various camps, diagrammatic 
charts, sketches of the equipment used. 

)tL THE SEXES, by George W. Henry. 
Rinehart and Company,  Inc. 

( $7.50 ) .  Dr. Henry, a leading psychia­
trist, reports his findings and conclusions 

THE OPERA SOCIETY 
I N V I T E S  Y O U T O  A C C E P T 

ANY ONE of these recorded OPERAS 

LA T RAV IATA 
Violetta Valery . . . . . . . . • . . • .  Margit Opawsky 
Alfred Germon t .  . . . . . . . . . . . . . . . . .  Leo Larsen 
Georges Germant . . . . . . . . . . • .  , Henk Driessen 
AnninO' . . . . . . . . . . . . . . . . . . .  Cathacina Hessels 

Clnd other outstonding artists 

, 
• 

CARM EN 
Carmen . . . . . . . . . . . . . . . . . . Cora Canne Meyer 
Don Jose . . . . . . . . . . . . . . . . . . . Leo Larsen 
Escamilla . . . . . . . . . . . . . . . . . . Gerard Holthaus 
Micaela . . . . . . . . . . . . . . . . . Corry van Beckum 

and other outstanding ortists 

THE MARRIAGE OF 

rr il @ � m ®  
Figaro . . . . . . . . . . . . . . . . . . . .  , Siemen Jongsma 
Susanna , , . . . . . . . . . . . .  Anneke van der Graaf 
I I  Conte Almaviva . . . . . . .  ' . . .  Henk Driessen 
La Confesso . . .  . , Margi( Opawsky 

and other outsttlnding ortisfs 

Certainly The Most Generous Offer You Wil l  Ever Encounter 
To PROVE TO YOU the remarkable qual- record listening. Your FREE selection will in­

ity and the amazing high- fidelity of the troduce yo� - W.ITH9VT OBLIGATION .­Opera Society's recordings - we offer you any to the glorIOUS hstenIng p�easure offered m 
one of these magnificent opera performances ALL of the twenty operas hsted below. Hear, 
of CARMEN, LA TRAVIATA or THE MARRIAGE OF in your own home, all th.e great music of each 
FIGARO-aS a FREE GIFT. There is absolutely opera - �v�ry famous arIa. duet. chorus. over­
no requirement to buy a record from the Soci- tur� - brIlhantly re-created by world renow."ed 
ety ever! artists and orches!ras. Spectacular productIOns 

• • up to two hours In length ; recorded on long-
Why Do We Make ThIS AstoundIng Of�� r ?  playing high-fidelity discs encompassing the 
We want to demonstrate to you the excI ting entire tonal range of human hearing . . . from 
enjoyment of opera performances planned for 50 to 1.5,000 cycles. 

Save Over 50% Off Usual Cost 20 GLORIOUS OPERAS FOR YOUR ENJOYMENT You may have any or all of these operas de-
* LA TRAVIATA (Verdi) : * ORFEO ANO EUR ID ICE livered t o  your home - free o f  charge - at the 

���W;e
k
�or�O��Wt .;,��: w:��nt :;

e
��;�'�<;i����: rate of one a month. Only if you decide to 
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Driessen, bass ; Nether- South German Radio. heart's content, and never pay a cent unless 
lands Phll . •  Goehr. condo Hans MUlIer-Kray. condo you keep a recording. The FREE INTRO-
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us. Ackermann. condo Gaehwl l l e r .  soprano ;  GIOVANNI Mozart 9 . RIGDLETTO VerdI 10. DBERON Weber ik* THE PEARLFISHERS Helbling. mezzo-soprano; 1 1 1 .  FAUST Gounod 12. GYPSY BARON Strauss 13 . BDRIS 
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GODOUNOV Mussorgsky 14. MESSIAH Handel 15. THE 
Chorus. Leibowitz. condo ** LA BELLE HELENE 1 PEARLflSHERS Bizet 16. IL TROVATDRE Verdi 1 7 .  ABDUCTION 
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book contains about 140 pages of tech­

nical data, presenting condensed, ac­

curate and essential material for the stu­

dent, engineer, technical worker and 

business man. 
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on sexual variations, based upon exten­
sive study of problems of psychosexual 
adjustment and many years of clinical 
observation. The author considers the 
role of constitutional deficiencies and the 
influence o

'
f family patterns and other 

environmental factors on sexual develop­
ment, supporting his opinions by many 
verbatim excerpts from patient inter­
views and other firsthand data. A num­
ber of statistical tables on the occupa­
tional distribution of sex variants add to 
the value of this enlightened treatment 
of a problem which is a conspicuous vic­
tim of sensationalism and ignorance. 

MATHEMATICS IN ACTION, by O. G. 
- Sutton. G. Bell and Sons, Ltd. ( 16 

shillings ) .  Of the mathematician's end­
less fancies o nly a few are immediately 
applicable to what G. H. Hardy called 
this "stupidly constructed" universe in 
which we live. Yet somehow, by the 
formal juggling of symbols of our own 
creation according to rules we ourselves 
have invented, an enormous amount is 
learned about the physical world and 
even how to control it. In this unpreten­
tious, attractively written book a leading 
British mathematical physicist explains 
how the abstract concepts of mathe­
matics are turned into tools for extend­
ing the observations of the physicist and 
other experimental workers . He illus­
trates the process by examples from bal­
listics , meteorology, aerodynamics, elec­
tromagnetic theory, nuclear physics, 
statistics, astronomy. Sutton gives a 
rapid review of fundamentals-complex 
numbers, the calculus, differential equa­
tions-so that anyone who has had even 
a smattering of advanced mathematics 
can refresh himself sufficiently to follow 
other parts of the account . There are 
many simple, helpful diagrams. At an 
intermediate level this is one of the 
clearest and best surveys of its kind pub­
lished in many years ; indeed one must 
turn back half a century to Mellor's clas­
sic Higher Mathematics for Students of 
Physics and Chemistry to find a work of 
comparable lucidity. 

Notes 

MICROWAVE SPECTROSCOPY, by C .  H. 
Townes and A.  L .  Schawlow. McGraw­
Hill Book Company, Inc. ( $ 12.50 ) . An 
advanced monograph. It is concerned 
primarily with the "furiously active" 
field of microwave spectroscopy of gases. 

HANDBOOK OF FOOD AND AGRICUL­

TURE, edited by Fred C. Blanck. Rein­
hold Publishing Corp. ( $ 12 .50 ) . A 
1 ,000-page manual on the applications 

NOW- a " plain English" 

explanation of the complex 

Atomic Energy Act of 1 954 
_ _ • by a former General 
Counsel of the Atomic Energy 
Commission and a former 
member of its legal staff 

FRAMEWORK 
for 

ATO M IC 
I NDU STRY 

A Commentary on the 
Atomic Energy Act of 1 954 

by Herbert S. Marks and George F. Trowbridge 

If you are interested in the peacetime d evel­
opment of atomic energy-a s business m a n .  in­
d ustri a l ist. l awyer. sci entist, tech nic ian ,  g overn­
ment officia l .  investor-this comprehensive 
commentary on  the l a n d mark  Atomic Energy 
Act of 1 954 i s  " m u st" read i n g  for you. 

For it provid es indispensable found ation 
knowl e d g e  of the history, p urposes,  a nd pro­
visions of the  new atomic law . • .  background 
knowl e d g e  without which it i s  im possi b le  to 
evaluate either the law itself or  current Ato mic 
Energy Commission pol ic ies  a n d  a ctivities  • . •  

a n d  it i s  the on ly  source of such information 
ava i lab le  a nywhere! 

framework lor Atomic Industry spe l l s  out 
exactly what i s  involved in  pa rtici pation i n  the 
pea cetim e  atomic i n d u stry. I t  exp la ins  what the 
l a w  permits a n d  forbids.  what q u e stions of in­
terpretation a re l ike ly to a rise.  what is  the 
scope of the Ato mic Energy Com mission 's  d is­
cretion i n  interpreti n g  and a p plying the law.  
what enforcement measures  are avai lable ,  what 
a d m in istrative proce d u res a re required.  

The new system of contro l .  l icensi n g .  and 
regu lation is  thoro u g h l y  a n a lyze d ,  a n d  fu l l  ex­
pla nations are provided of d ecla ssifi cation a n d  
c leara nce requirements,  patent pol icy, power 
pol icy, req uirements for Govern ment aid. a n d  
permissible fore ign  comm erce in  atomic fa ci l i­
ties a n d  m aterials .  

Use the coupon below to ord e r  framework 
lor Atomic Industry-today !  

Partial  Contents : 
Background of law-Facilities control-Materials 
control-Information control-Patent policy­
Power policy-Government aid-International ac· 
tivities-Joint Committee functions-AEC organi­
zation-Licensing and regulation-Administrative 
procedure. 

Price $ 1 2 .50 

BNA Incorporated 
1 2 3 1  24th Street, N.W., Washington 7, D. C. 

Please send me . . . . . . . . . . . .  copies of Framework for 
Atomic Industry at $ 1 2 . 5 0  per copy. I under­
stand that if  the book does not meet my 
needs I may return it within 1 0  days for full  
cancellation of charges. 

o Check enclosed 
Name . . .  

Company 

Address . .  

City . .  

o Bill m e  later 

. . .  State . 
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of science and technology to aspects 
from fertilizers to food packaging . 

PRINCIPLES OF NUCLEAH REACTOH 

ENGINEEHING, by Samuel Glasstone. 
D.  Van Nostrand Company, Inc. 
( $7 .95 ) .  By a consultant to the Atomic 
Energy Commission with the assistance 
of 10 staff members of the Oak Ridge 
National Laboratory. 

STHA TIGRAPHICAL PALAEONTOLOGY, 

by E. Neaverson. Oxford University 
Press ( $ 16.80 ) .  Second edition of a 
technical monograph on the habitats of 
ancient animals . 

THE OPEN MIND, by J. Robert Oppen­
heimer. Simon and Schuster ( $2 .75 ) . A 
collection of eight addresses, four on the 
social aspects of atomic energy and four 
on science and scientists in the contem­
porary world. 

RADIOCAHBON DATIl\'G, by Willard F. 

Libby. University of Chicago Press 
( $4.50 ) .  A second edition, describing 
improvements in measurement tech­
nique and hundreds of additional dates 
determined in Libby's laboratory. 

HIGHEH MATHEMATICS FOH STUDENTS 

OF CHEMISTRY AND PHYSICS, by J. W. 
Mellor. Dover Publications, Inc. ( $3.95 ) . 
A clearly written review of differential 
equations, probability theory, infinite 
series, the calculus of variations and re­
lated topics. 

LOGIC AND NATURE, by Marie Collins 
Swabey. New York University Press 
( $3.75 ) .  A defense of logic as the most 
dependable apparatus for interpreting 
the world, and a protest against "the be­
trayal of reason to conventionalism and 
pragmatic empiricism." Revised edition. 

MOSQUITOES OF NOHTH AMERICA, by 
Stanley J. Carpenter and Walter J. La 
Casse. University of California Press 
( $ 10 .00 ) .  This handsome, richly illus­
trated monograph presents the results of 
18 years of research. A worthy tribute to 
a formidable pest. 

FUNDAMENTAL FOHMULAS OF PHYS­

ICS, edited by Donald H. Menzel. Pren­
tice-Hall, Inc. ( $ 13.50 ) . A cooperative 
compilation of mathematical formulas 
in many fields of physics . 

DIELECTRIC BEHA VIOH AND STRUC­

TUHE, by Charles Phelps Smyth. Mc­
Graw-Hill Book Company, Inc. ( $9 .00 ) .  
On dielectric constants and losses, dipole 
moments and their relations to molecular 
structure, induced polarization, methods 

- - - - - - - - - - --- - - - - - - - - - - - -I 
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Antiquity 

A Q U A R T E R L Y  R E V I E W  O F  A R C H A E O L O G Y 

Edited by O. G. S. Crawford, C.B.E. , F.B.A. 

A N T I Q  U I T Y  is a popular but authoritative journal of archae­
ology. It was founded in 1927 by its present editor to serve as a 
link between specialists and the general public. All the articles 
are by writers with first-hand knowledge about the cxciting 
new discoveries that are continually bcing made in all parts of 
the world. They are written in a non-technical style and illus­
trated by numerous photographs and plans. 

A popular feature of A N T I Q U I T Y  is the Editorial comment 
on current cvents . 

A N T I Q  U I T Y  is published four times a year, and each number 
contains 64 pages of articles , notes and book-revicws. It has 
always represented the modern outlook in archaeology which 
is now becoming world wide. It has itself influenced the devel­
opmcnt of archaeological method in the past, and will continue 
to do so by maintaining a high standard of publication and by 
its constructive criticism of current work. 

A N T I Q U I T Y  is self-supporting and independent, and is not 
thc organ of any society. It can only do its job propcrly if its 
circulation is maintained and increased. 

You can help A N T I Q U I T Y  to do this by becoming a sub­
scriber (if not one already ) .  The annual subscription is five 
dollars, covering postage to all parts of the world. 

Why not become a subscriben You only have to send the 
money and your name and address to the publisher of 

Antiquity, A S H M O R E  G R E E N, N E W B U R Y,  B E R K S . ,  E N G L A N D  

DO IT NO W! 

of measurement, dielectric properties of 
glasses, high polymers and ferro-elec­
trics, and related topiCS. 

STOCHASTIC M ODELS FOR LEARNING, 

by Robert R. Bush and Frederick Mos­
teller. John Wiley and Sons, Inc. 
( $9 .00 ) .  For experimental psychologists 
who remember their calculus and statis­
tics and are not averse to learning a little 
matrix algebra and set theory. The 
authors promulgate the theory that 
learning is probabilistic or stochastic­
"that events change the probabilities of 
the various responses." 

QUANTUM THEORY OF SOLIDS, by 
R. E .  Peierls. Oxford University Press 
( $4 .80 ) .  The electron theory of metals, 
the dynamics of crystals and other fun­
damental aspects of the subject. 

BASIC PROCESSES OF GASEOUS E LEC­

TRONICS, by Leonard B. Loeb. University 
of California Press ( $ 13 .50 ) .  This is a 
major elaboration and reworking of part 
of Professor Loeb's well-known book 
Fundamental Processes of Electrical 
Discharge in Gases. 

SOUTHERN AFRICA : A GEOGRAPHICAL 

STUDY, VOL . II, by John H. Wellington .  
Cambridge University Press ( $6.50 ) .  
The second volume of Professor Welling­
ton's large-scale study investigates the 
economic and human geography of 
South Africa. Illustrations and maps. 

RAILROADING AROUND THE WORLD, by 
S. Kip Farrington, Jr. Coward-McCann, 
Inc. ( $ 10 .00 ) . This author's seventh 
book on railroads is a scrappy and dis­
organized affair so far as the text is con­
cerned, but the main thing is the nu­
merous photographs of trains and tracks 
all over the world, many of which are 
first rate . 

A HISTORY OF FLYING, by C. H. Gibbs­
Smith. Frederick A. Praeger ( $4 .95 ) . A 
well-written, attractively illustrated ac­
count of the history of flying from the 
earliest times to 1918 ,  with a brief post­
script carrying the chronicle to the 
present day. 

ELEMENTARY MATHEMATICS FROM 

AN ADVANCED STANDPOINT, by Felix 
Klein. Dover Publications, Inc. ( $3 .25 ) .  
A reissue in English of the noted lectures 
Felix Klein gave almost half a century 
ago to German secondary-school teach­
ers of mathematics . His purpose was to 
spur independent thought and enliven 
their methods of instruction by tracing 
the historical development of concepts . 
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THE AMATEUR SCIENTIST 

B
esides bringing good music to the 

home, the high-fidelity reproduc­
tion of sound has introduced some 

devotees to a new hobby. In installing a 
hi-fi system, you must adjust and tinker 
to bring the system to its best perform­
ance, and during this process it is easy 
to develop an interest in the machinery 
as well as the music it reproduces. In the 
course of adjusting the tone controls, 
finding the best location in the room for 
the speaker, damping the speaker with 
rock wool, modifying the amplifiers, reg­
ulating the needle pressure, looking into 
volume expanders and so on, you are 
likely to discover the fascinating science 
of acoustics. Pursuing this further, you 

30" drill rod 
coa.ted with 
"05;0 and 
stroked with 
II rosined 
chdmoi:'> 

About experilnents with sound 

for the high-fideli�y enthusiast 

may find that you can use your sound 
system as an acoustic telescope, a micro­
scope, a kind of X-ray machine and a 
general utility ins.trument. 

A sound system does not have to be 
particularly "hi-fi" to serve for investi­
gating the sound a fly makes when it 
walks upside down. You need a fairly 
sensitive system, however, to hear ter­
mites munching inside a wooden beam. 
Only the best equipment, carefully 
groomed for the job, will enable you to 
hear the so-called "dawn chorus," the 
mysteriOUS "tweeks," "bonks" and "swish­
es" that appear to come from the iono­
sphere at sunrise [see article on page 34J. 

Many aspects of sound can be studied 
without any amplifying system at all. A 
simple apparatus built from common 
materials will serve to measure the speed 
of sound, study the pure tones that make 

rubber djdphra�m 
5trctched ove .. end 
of tube and tied 

up complex sounds, observe harmonic 
vibrations and perform many other ex­
periments in what, until recently, was a 
long-neglected branch of science. 

It seems strange that acoustics has so 
long played the role of Cinderella among 
the physical sciences. Many people who 
know a good deal about the work of the 
pioneers in optics, mechanics, heat, elec­
tricity, magnetism and nuclear physics 
cannot even name their counterparts in 
acoustics. Yet the science has had a num­
ber of gifted workers. As a matter of fact, 
the wave nature of sound was explained 
long before an equally solid theoretical 
footing was established for the study of 
optics. 

The first important name in acoustics 
was Marcus Vitruvius Pollio-who is 
also revered by architects. In his remark­
able treatise De architectura, which ap-

�:1:-��\ ._ _ � corkdu.tor � lycopodium powder \ 

120 

� 40 watt fluorescent 
lamp with ends. cut off 

and phosphor removed 

cdrd board horn 

Kundt lI[Jparatus for measuring the velocity of sound 
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peared during the reign of the Roman 
emperor Augustus Caesar, Vitruvius 
wrote: "Now the sound of the voice is 
transmitted by a progressive motion in 
the air which can be perceived by the 
sense of hearing. It is propagated in the 
form of a countless series of concentric 
circles as when a stone is thrown into 
standi�g water. Innumerable circular 
waves form and grow as they recede 
from the center of the disturbance until 
they reach some obstruction. When op­
posed, the first waves recoil and inter­
fere with succeeding waves." After dis­
coursing upon reverberation and wave 
interference, Vitruvius concluded: "Ac­
cordingly, the ancient architects con­
structed tiers of steps in theatres in har­
mony with clues they found by studying 
the facts about the voice." 

After Vitruvius the study of facts 
about acoustics was pursued only spas­
modically over the centuries. It has be­
gun to come into its own only during the 
past quarter century, with the advent of 
electronics and especially under the 
stimulus of World War II. Today 
acoustical research is being applied in 
such fields as architecture, sound rein­
forcement, noise abatement and ultra­
sonics, which is rapidly making a place 
for itself in industry. 

A hi-fi addict who wishes to explore 
the scientific aspects of sound can make 
a good start with the classic Chladni 
plate, invented by the 18th-century 
German physicist Ernst Chladni to 
study the nature of harmonic vibrations. 
Chladni's plate behaves much like the 
paper cone in a loud-speaker. Here is his 
account of the apparatus: 

"As an amateur in music, the rudi­
ments of which I had begun to study at 
the rather late age of 19, I noted that the 
theory of sound was more neglected than 
several other branches of physics. In 
1785 I had observed that a plate of glass 
or metal, if clamped at the center, gave 
different sounds when struck at different 
places. But I found nowhere any ac­
count of these different modes of vibra­
tion. The journals had given at that 
time some notices about a musical in­
strument made in Italy by Abbe Maz­
zochi, consisting of bells to which he ap­
plied violin bows. When I applied a bow 
to a round plate of brass fixed at its cen­
ter, it emitted different tones, but the 
nature of the motions to which these 
sounds corresponded was still unknown 
to me. The experiments on electric fig­
ures that form on a resin plate dusted 
with powder led me to surmise that the 
different vibratory motions of a sonorous 
plate might also present a different ap-

finger touched 
lightly dt 
nodal 

point 

wooden bow 

bundk. of 
silk 

' .  

Chladni apparatus for demonstrating modes of vibration 

pearance if I sprinkled on the surface a 
little sand. 

"u pon applying this device, the first 
·figure that presented itself to my eyes 
on the round plate resembled a star with 
12 points. Just imagine my astonishment 
and delight upon beholding this sight 
which no one had ever seen before!" 

A version of Chladni's plate is shown 
in the drawing above. It is made of hard 
aluminum sheet, but any good "bell" 
material will work. An old violin bow 
will spare you the labor of making the 
one shown. You sprinkle a layer of white 
sand evenly on the plate and then draw 
the bow over the edge. The sand grains 
collect in bands in the zones of least mo­
tion, and you can see the whole vibrat-

. 

ing system. It is interesting to experi­
ment with plates of various shapes: 
square, triangular, elliptical and so on. 
The edge of the plate should be free of 
grease, and the bowing action will be 
improved if you rub the strings with 
rosin. While bowing one point on the 
edge, touch your finger lightly to ot'her 
points. You will get various interesting 
sand patterns, each corresponding to a 
different arrangement of standing waves 
in the plate and to a different tone. 

The cone of a loud-speaker will show 
similar patterns if you coat it with a thin 

layer of powdered sulfur, lycopodium or 
similar material, using a small camel's­
hair brush to apply the powder. The 
ideal speaker cone would vibrate as a 
whole at every frequency instead of 
separating into zones, but paper cones 
rarely approach the ideal. As the fre­
quency increases, movement is confined 
more and more to the central portion of 
the cone, although rays of vibration oc­
casionally extend to the edge. The pat­
tern depends on the thickness and com­
position of the material and the method 
of suspension at the center and the edge. 
Hi-fi students who make this experiment 
may be astonished to learn that many 
speakers assumed to have an effective 
diameter of 12 or 15 inches do a lot of 
their work within an acoustical diameter 
of less than three inches, with the re­
maining zones perfOlming a bewildering 
series of gyrations which have little to do 
with the "facts of the voice." 

Another simple and beautiful experi­
ment, devised in 1876 by August Kundt 
of Germany, measures the velocity of 
sound. Kundt used a common wooden 
whistle as his source of sound, but in a 
modern laboratory version of his ap­
paratus a vibrating steel rod is substi­
tuted for the whistle. The apparatus is 
illustrated on the opposite page. The 
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the new how-to-do-it Magazine of 
Home Sound Reproduction ... by 
the publishers of Hi". JideW" 

More technical than HIGH FIDELITY, 
AUDIOCRAFT is for the alert experimenter 
interested in home sound reproduction in 
all its phases. . 

Each monthly issue gives you practical, 
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glass tube shown is a 40-watt fluorescent 
lamp with its ends cut off. (In cleaning 
out the tube be careful not to breathe in 
any of the material that comes out, be­
cause the phosphors and gas used in 
some of these lamps are poisonous.) You 
place inside the tube a small amount of 
lycopodium powder, powdered cork or 
precipitated silica, which will serve as 
the vibration indicator. One end of the 
tube is stopped with a movable piston, 
which will regulate the tube length. You 
cover the other end with a thin, stretched 
rubber or cellophane diaphragm, and 
against this diaphragm, making light 
contact with it, you place the end of a 
steel rod. The rod is supported and 
clamped at its mid-point as shown. 

Now you stroke the outer end of the 

rod with a rosined chamois, making it 
vibrate. With a little practice you can 
make the rod "sing" in a strong mono­
tone. The vibration of the rod against the 
diaphragm causes the powder inside the 
glass tube to fly around. You slowly 
move the piston at the other end of the 
tube until the length of the air column 
in the tube is tuned to "resonance" with 
the rod tone; that is, until standing waves 
are formed in the tube. You will recog­
nize this event by a sudden increase in 
loudness of the sound. Now the flying 
powder inside the tube will settle and 
collect in little piles at "nodal" points 
where the air is not vibrating. There 
will be one node at the piston, one near 
the diaphragm and perhaps others be­
tween. The distance from one node to 

t"ubbe,. 
didphr(l�m.5 

plywood grooved 
to ti1ke inlet tube 

---...... 
gas gene.ra tor 

dt"y icc for CO2, 
fTl(lyblc chips dnd 
H CI fo,. hydt'ogen 

Construction details of an acoustic lens of the gas type 
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what helps a 
scientist grow? 

Here are four factors given by 
distinguished Avco scientists. They reflect 
both the thinking and opportunity 
at Avco Advanced Development Division. 

"Top-level associates" 
says Dr. Arthur Kantrowitz, 
noted authority in gas dynam­
ics, member of Avco Ad­
vanced Development, and 
professor, Cornell University. 

«A scientist's effectiveness de­
pends on mental stimulation 
provided by able associates. 
It's important at all levels 
and it is essential to a young 
scientist." ---

"Technical sophistication" 

says Dr. E. R. Piore, former 
chief Scientist and Deputy 
Chief of the Office of Naval 
Research, now Avco V.P. and 
Chairman of its Committee on 
Advanced Research. 

"The more advanced, more 
challenging, the more techni­
cally sophisticated his work­
the better a talented scientist 
will respond." 

"An atmosphere of inquiry" 
says Eaton H. Draper, noted 
nuclear weapons systems expert 
and Engineering Manager of 
Avco Advanced Development 
Division. 

"Provide a climate which en­
courages a healthy questioning 
of the known, as well as the 
unknown, and a scientist or en­
gineer will perform at his peak 
... and even beyond." 

WANTED: 

"Freedom from routine" 
says Dr. Mac C. Adams, noted 
a e r o d y n a m i c i s t ,  author of 
papers on aerodynamiCS and 
gas dynamics, and Director of 
tbe Avco Research Laboratory. 

"A scientist is most effective 
when he is free to du-ect his 
f u l l  e ne r g y  a g a i n s t  m aior 
problems. Adequate technical 
assistance releases him from 
time-consuming routine." 

Helping talented scientists and engineers-at all levels-become 
more effective is the best way we, at Avco Advanced Development, 

know of helping our own growth. For that reason, we offer them 
assignments worthy of their abilities, stimulating associates, and 

the fullest technical support possible. Add to these factors the unique 
combination of small-company flexibility and large-company 

stability-and you have an environment ideally suited to growth. 

Leaders in the explOitation of new areas of Science 

For outstanding men, Avco's long-range expansion-in missiles 
and in all the physical sciences-offers unprecedented opportunity. 

Write Dr. E. R. Piore, Vice-President in Charge of Research, 
Room 405, Avco Advanced Development Division, 

Stratford, Conn., or Phone Bridgeport, Conn., DRexel 8-0431. 

Physical Scientists 
Advanced degree preferred - in Physics • 

Aerodynamics • Electronics • Metallurgy • 

Physical Chemistry • Mathematics 

Engineers 
Electronic • Mechanical • 

Aeronautical • Chemical 

I avco I advanced development division 
MFG. CORP. avco defense and industrial products 

combine the scientific skills. ond production facilities of 3 great Avco divisions of 

Avco Manufacturing Corp.: Avco Advanced Development; Crosley; Lycoming which 

currently produce power plants, electronics, air-frame components, and precision parts. 
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BARRINGTON, NEW JERSEY 

We specialize 

in the production 

of high precision 
optics of the more 

difficult nature. 

mkLQ[S, inferf .  rQmetric 
systems, and others_ 

Ferson Optical 

Company, Inc., 

Ocean Springs, 

Mississippi. 

hydrog�n 
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-----
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stlZ:thoscop& for 

All experimellt employing acoustic lenses 

the next is half the wavelength of the 
sound tone, and so you can measure the 
wavelength with a ruler. 

The wavelength times the frequency 
of the wave gives the velocity of the 
sound in the tube, To determine the 
velocity, therefore, you need to know 
the frequency. You could arrange this 
simply by feeding a tone of known fre­
quency into the tube, using, instead of 
a steel rod, a small horn [see lower part 
of illustration] hooked to a recording of 
a pure tone-the Westminster DRB hi-fi 
demonstration record is a good one for 
the purpose. But you can measure the 
frequency of the steel-rod vibrations 
yourself by matching it with a home­
made siren, Take a lO-inch disk, per­
forate a series of quarter-inch holes 
around it near its rim at regularly spaced 
intervals, spin the disk with a direct­
current motor and blow at the spinning 
holes with a soda straw. Each passage of 
air through a hole is a sound-making 
vibration, and blowing through the suc­
cession of holes will produce a typical 
siren tone, whose frequency is measured 
by the number of revolutions of the disk 
per second multiplied by the number of 
holes, Now you adjust the speed of the 
motor until the siren tone matches the 
tone from your steel rod in the Kundt 
apparatus. The calculation just described 
(assisted by a revolution counter to 

measure the speed of the motor) gives 
you the frequency of this tone, 

With the Kundt tube you can measure 
the velocity of sound in gases other than 
air. If the gas in the tube is carbon diox­
ide, the nodes will fall closer together; 
in other words, in this gas a tone of a 
given frequency produces vibrations of 
shorter wavelength. This means that the 
velocity of sound in carbon dioxide is 
less than in air. In hydrogen, on the 
other hand, sound will travel faster than 
in air. 

You can also measure the speed of 
sound in the steel rod, The distance from 
the point at which the rod is clamped 
(not vibrating) to the end of the rod 
(where it vibrates most strongly) is half 
the distance between nodes, or one 
quarter of a wavelength. The ratio be­
tween the wavelength of sound in the 
rod to its wavelength in the air of the 
tube measures the ratio of the speed of 
sound in steel to the speed in air. Con­
sequently, having determined the wave­
length in the tube, you can easily calcu­
late the velocity of sound in the rod. 

The fact that the speed of sound var­
ies with the material through which it 
travels implies that a beam of sound 
waves will be refracted when passing 
from one material to another. It should 
be possible, therefore, to make "lenses" 
or "prisms" which will have the same ef-
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Douglas announces opportunities 
for MISSILES ENGINEERS 
at Santa Monica 
This is your invitation to join the 
nation's most experienced team of missiles 
engineers with 14 years' background 
in successful design and construction of 
missiles for the armed forces. 

Enlarging previous activities, 
a new and independent Missiles 
Engineering Department adjacent to 
Missiles Manufacturing has recently been 
set up at Douglas in view of the 
increasing importance of missiles in the 
nation's defense. This new department 
looks ahead to rapidly expanding 
growth in a challenging field. 

For engineers who like "frontier" 
work in creative design, this new Douglas 
department will have unusual appeal -
with no ceiling on advancement. 

To look into the immediate and the long 
range advantages this opportunity 
offers you, contact E. C. Kaliher, 
Engineering Personnel Manager, Missiles; 
Douglas Aircraft Company, 
Santa Monica, California. 

\ . .  

Missiles by DOUGLAS 

8 long-term projects 
Now in progress at Douglas 
are 8 major missiles projects 
under contracts from the 
Air Force, Army and Navy. 
Among them are 3 missiles 
now in production - Honest 
John (above), Nike 
and Sparrow 1. 

��IIIi;;;;;;;;;;;I Fh'st in Aviation 
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fect on sound as a glass lens has on light. 
Physicists at the Bell Telephone Labora­
tories have designed various such de­
vices. One of them is illustrated on page 
122. The lens consists of carbon dioxide 
gas in a lens-shaped volume enclosed by 
two rubber diaphragms. The dimensions 
are not critical. Care should be taken to 
make a tight jOint at the edge of the 
rubber sheeting and at the point where 
the inlet tube enters the lens. It helps if 
you are generous with rubber cement. 
The so-called "rubber dam" sheeting 
carried by dealers in dental supplies is 
convenient to use and works well. 

As in optics, the dimensions of an 
acoustic lens must be substantially great­
er than the wavelength of the sound if 
it is to bend the waves into sharp focus. 
For long sound waves in the lower range 
of hearing the lens would have to be 
much too large. But a fairly high-pitched 
sound such as one of 8,600 cycles per 
second, whose waves are about an inch 
and a half long, can be focused to a sharp 
"image" with a gas lens 12 inches in 
diameter inflated with carbon dioxide to 
a thickness of five inches. You can pick 
up the "image" with a stethoscope [see 
drawing on page 124]. 

An acoustical lens of this type has one 
great advantage over its optical counter­
parts: its focal length can be varied sim­
ply by inflating or deflating it. Indeed, 
you can even focus sound rays with a 
toy balloon. Blow up a balloon (prefer­
ably with carbon dioxide) and put your 
ear close to one side while holding your 
wrist watch close to the other. The ticks 
will come through much louder than you 
can hear them with the unaided ear. 

A more useful form of the acoustical 
lens is shown in the drawing on page 

128. Here a barrier of slats refracts the 
sound waves, in effect, by increasing the 
length of their path to the place where 
they are heard. The amount of refraction 
varies directly with the width of the slats 
and inversely with the spacing between 
them. The structure must be large in 
proportion to the wavelength and the 
spacing of the slats small. The lens illus­
trated here is of the dispersing or "nega­
tive" type: it is designed to spread the 
beam of a loud-speaker into the fan­
shaped pattern desired for good listening 
in all parts of a living room. Its two-inch 
spacing limits this lens to frequencies 
below 8,000 cycles; for higher frequen­
cies the spacing must be reduced and 
more slats added. 

You do not need lenses to take up 
acoustic microscopy. A microphone 
which is not too noisy will pick up 
sounds far below the threshold of human 
hearing. You simply hook it to the input 
circuit of the sound system where the 
phone pickup is normally connected, 
and turn up the volume for as much 
acoustic magnification as you need. In 
making these experiments, be careful not 
to let sounds from the loud-speaker reach 
the microphone, for the resulting feed­
back may produce "sing" loud enough 
to wreck the speaker. It is safer to do 
your listening with headphones. 

Microphones of the condenser type 
work well in experiments of this kind. 
They are costly, but for a few cents you 
can make a crude one which will pick 
up the footsteps of insects. Sandwich 
a sheet of cleansing tissue about four 
inches square between two sheets of 
aluminum foil. The cleansing tissue acts 
as a springy insulator. The weight of an 
insect walking across one of the foil 

double pole 
r---------<>-...... .1.-" double throw 

tqggle 
switch 

sheets compresses the tissue, changing 
the distance between the plates and 
hence altering their capacity to hold 
electrical charge. If the condenser is 
charged, the variations in capacity will 
produce alternating currents which can 
be picked up and made audible by your 
amplifier. Use a 180-volt battery to sup­
ply the charge, connecting it in series 
with a 30-megohm resistor. The resistor 
in turn should be connected across the 
phono-input of the sound system 
through a tenth-microfarad capacitor. 
The capacitor is inserted in the un­
grounded lead of the phono-input. The 
capacitor insulates the battery from the 
amplifier. To prevent unwanted n{)ises 
from entering the system, put the insect, 
the microphone, battery, resistor and 
capacitor in a closed wooden box 
wrapped in a one-inch-thick blanket of 
rock wool and then pack the whole busi­
ness into a metal box which will serve 
as an electrical shield. Connect the mi­
crophone assembly to the amplifier with 
a length of coaxial cable, grounding the 
outer conductor to the metal box and the 
chassis of the amplifier. The completed 
"microscope" is sensitive enough to make 
the hopping of a flea sound like a can­
nonade! 

If you enjoy weird sounds of this sort, 
you will not want to miss the "dawn 
chorus." You can listen to it most easily 
by picking up a copy of the remarkable 
recording Out Of This World, prepared 
by the Cook Laboratories of Stamford, 
Conn. To hear it directly, you hook a 
300-foot length of wire to the unground­
ed terminal of your amplifier's phono­
input. You must also install a filter 
which discriminates against 60 and 120 
cycles plus all odd harmonics through 

t---------(/�----� 
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Lockheed diversification 
in action ••• 

At right: engineers and scientists work on some 
of the 46 major projects in progress at Lockheed Operations Research discussion 

on continental defense 

Operations Research openings 
Electronics Specialists 

Fire Control and Guidance 
Specialists 

Aerodynamics Engineers 
Physicists 

Fatigue test on 
Super Constellation skin 

Structural Engineering openings 
Research Specialists 
Structures Engineers 

Stress Analysts 
Weight Engineers 

Why Lockheed offers Engineers better careers 

There are three main reasons�' 

1. More opportunity for promotion 

because there are more supervisory positions to 

be filled with 46 major projects underway, 

including 13 models of aircraft on assembly lines. 

2. More career security 

because Lockheed activities cover virtually the 

entire spectrum of aeronautical endeavor. 

3. Life in Southern California 

Scenic beauty, unmatched climate, wide 

recreational opportunities enhance life in 

the San Fernando Valley. 

To Engineers who lack aircraft experience 

Aircraft experience is not necessary to join Lockheed. 

It's your engineering training and experience that count. 

Lockheed trains you for aircraft engineering-at full pay. 

Coupon below is for your convenience in requesting 

application form and more information on how 

Lockheed's expanding program can advance your career. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • J. 

E. W. Des Lauriers, Dept. C-12-J 

LO<::KHEED AIRCRAFT CORPORATION 
CALIFORNIA DIVISION' BURBANK, CALIFORNIA 

Please send me a brochure describing life and work 

at Lockheed and an application form. 

Name 

Field of Engineering 

Street Address 

Home Phone 

City and State 

Design study on hydraulic 
requirements of new transport 

Design openings 
Design positions are open 

at all levels in controls, 
electrical, hydraulics, 

mechanical, power plant and 
structures fields. 

I n·flight test on air 
speed performance 

Flight Test Engineering openings 
Flight Test Engineers 
Flight Test Analysts 

Instrumentation Engineers 
Electrical Research Engineers 

LOCKHEED 

IBM 701 applied to iet 
transport flutter problem 

Math. Analysis openings 
Math. Engineers 
Math. Specialists 

Math. Analysts 

Aerodynamic meeting on 
high·speed fighter 

Aerodynamics openings 
Aerodynamics Engineers 

Aerodynamicists 
Dynamics Engineers 

Wind Tunnel Test Engineers 

AIRCRAFT CORPORATION 

California Division 
BURBANK CALIFORNIA 
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the 13th, and another to keep out fre­
quencies of 19 kilocycles and above. 
Millett C. Morgan of the Thayer School 
of Engineering at Dartmouth College, 
who has made extensive observations of 
ionospheric sounds, recommends that 
the antenna slant upward, with the outer 
end supported as high as possible. He 
also suggests that the experiment be 
made in the country as far as possible 
from power lines and that you use bat­
teries for power-in short, minimize elec­
trical noise as much as possible. In effect 
your audio amplifier is substituted for a 
radio set. 

Hi-fi fans who are interested mainly 
in the reproduction of music may enjoy 
constructing the simple instrument 
shown on page 126. It is a power output 
meter. With it-and a recording of the 
frequencies between 40 and 15,000 cy­
cles-you can measure and chart the 
electrical response of your entire system, 
from pickup to loud-speaker. In addi­
tion, you can calibrate the volume con­
trol of the amplifier and make quanti­
tative records of the level at which each 
recording sounds best. 

To check the electrical characteristics 
of the system, you connect the input 
terminals of the meter across the voice 
coil of the loud-speaker, start the record­
ing and, when the first frequency comes 

128 

on, adjust the 2,000-ohm variable re­
sistor until the pointer of the milliamme­
ter registers close to the mid-point of the 
scale. If the response of the system is 
"Rat," subsequent frequencies will pro­
duce identical meter readings. If your 
system is properly adjusted, however, 
the response will not be Rat. It should 
conform with one of the standard curves 
adopted by the recording companies. 

Operating the toggle switch will cut 
in the network of resistors and drop the 
meter reading three decibels. This loss 
can be compensated by increasing the 
volume control of the amplifier. The in­
terval through which the control must 
be turned represents a three-decibel 
step. This can be marked on the dial. 
The attenuating network is then 
switched out of the circuit and the sensi­
tivity of the meter lowered by adjusting 
the 2,000-ohm resistor until the pointer 
is again centered. This cycle is repeated 
until the volume control is fully cali­
brated. The load represented by the 
loud-speaker varies with frequency, de­
pending upon the speaker's character­
istics, and will influence the accuracy of 
the calibration. You can eliminate this 
variable by substituting a "dummy" load 
for the speaker-a fixed resistor of the 
same resistance value and power-dis­
sipating capacity as the speaker. 
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COMPANy ............................ . 

Agency: Comstock & Company 

CLEVELAND PNEUMATIC TOOL COMPANY 69 
Agency! Meldrum & Fewsmith. Inc. 

CONTINENTAL FELT COMPANY, INC. 86 
Agency: Ritter. Sanford & Price, Inc. 

COPPER AND BRASS RESEARCH ASSOCIA-
TION 65 

Agency: J. f\!I. Hickerson Inc. 

CORTINA ACADEMY .. 116 
Agencr: Schwab and Beatty, Inc. 

CUNO ENGINEERING CORPORATION .. ......... 64 
Agency: James Thomas Chirurg Company 
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D EC I S I Q N  I N C  . . . . . . .  76 
Agen c y : Farson, H lI ff  & Northlich 

D ES I G N E R S  F O R  I N D USTRY I N C O R P O RATED 14 
Agenc y :  Fuller & Smith & R oss I n c .  

D I X O N  C O R P O RAT I O N  . .  104 
Agen c y : George T. )'letcaif C o .  

D O U G LAS A I R C R A FT C O M P A N Y ,  I N C . .  125 
Agenc r : J .  Walter Thompson Company 

DOW C O R N I N G  C O R P O R AT I O N . . .  45 
Agency : Church a n J  C u i scwitc AJ\'crt i s i n g ,  I n c  

D U  P O N T ,  E.  I . ,  D E  N E M O U RS & C O . ,  I N C . . 76 
Agenc y : Deutsch & Shea, I n c .  

D U R EZ PLASTICS D I V I S I O N ,  H O O K E R  E L EC· 
TROCH E M I C A L  C O M P A N Y . . . .  44 

Agenc y : Comstock � Company 
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EAST M A N  KODAK C O M P A N Y  . . .  4 3  
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E D M U N D  SC I EN T I F I C  C O R P  . . .  124 
Agenc y : Walter S. C h i t t i c k  COlllpany 

ESS E N T I A L  BOOKS, I N C . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 14 
Agen c y : Denhard & Stewart,  I n c .  
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P O RAT l O N ,  A I R C R A FT D I V I S I O N  . . . . . . . . . . . .  22,  105 

Agenc y : Gaynor Colman Prentis  & Varley, I n c .  

FA R N S W O RTH E L ECT R O N I C S  C O M P A N Y ,  A 
D I V I S I O N  OF I NT E R N AT I O N A L  T E L E· 
P H O N E A N D  T E L E G R A P H  C O R P O RAT I O N  2 1  

Agenc y : Ctlambcrl i n ·Junk .-\ dvertising, I n (' ,  

F E R S O N  O P T I C A L  CO M PA N Y ,  I N C . . .  124 
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FORD I N ST R U M E N T  C O M P A N Y ,  D I V I S I O N  O F  
S P E R RY R A N D  C O R P O R AT I O N . . 67 

Agen c y : C. 1\:1. Basford Company 

G A R R ETT C O R P O RAT I O N ,  THE,  A I RESEARCH 
M A N U FACTU R I N G  D I V I S I O N S  . . . . . . . . . . . . . . . . . . .  82 , 83 

Agen c y : J .  Walter Thompson Company 

G E N E R A L  A M E R I C A N  T R A N S P O RTAT I O N  
C O R P O R AT I O N ,  KA N I G E N  D I V I S I O N  . . .  

Agenc y :  Weiss a n d  Geller,  I n c .  

G E N E R A L  E L ECTR I C  C O M P A N Y . . . .  49 
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Agen c y : Deutsch & Shea, I n c .  
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Agenc y : Geer, DuBois & Company,  IllC.  

G R A P H I C  SYST E M S  . .  104 
Agency : D i e n e r  & Dors k i n d  I n c orpprated 
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H EW L ETT· P A C K A R D  C O M P A N Y  . .  l ns i d e  Bac k Cover 
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I N D U S T R I A L  TECTO N I C S ,  I N C.  . . . . . . . . . .  68 
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T H E  U N I V E RS I TY O F  CA L I FO R N I A . . .  54 
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N E E R I N G  P R O D UCTS D EP A RT M E N T. . .  46 
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Agen c y : Meissner & Culver, I n c .  
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Agen c y : The Phil l ips·l{amsey Company. 

S P E RRY G Y R O S C O P E  CO M PA N Y ,  D I Y I S I O N  
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of SCIENTIFIC 
AMERICAN 

a: A choice of a handsome and durable library file-or 

binder-for your copies of SCIENTIFIC AMERICAN. 

a: Both styles bound in dark green library fabric stamp­

ed in gold leaf. 

Index for entire year in December issue. * 

FILE 

Holds 12 issues. 

Single copies easily accessible. 

Price: $2.35 (U.S.A. only). 

Address your order, enclos­

ing check or money order for 

each file, to: 

Department F 

I 
I 

BINDER 

Holds 6 issues. 

Copies open flat. 

Price: $2.50 (U.S.A. only). 

Address your order, enclos­

ing check or money order for 
each binder, to: 

Department A 

*Supply of back copies of SCIENTIFIC AMERICAN is limited. To replace 

missing copies, mail request with your order for file or binder. 

SCIENTIFIC AMERICAN, 2 West 45th Street, New York 36, N.Y. 

issue may find the lists below helpful. 

TRANSLATION BY MACHINE 

MACHINE TRANSLATION OF LANGUAGES. 

Edited by William N. Locke and A. 

Donald Booth. John Wiley & Sons, 
Inc., 1955. 

WHISTLERS 

AN INVESTIGATION OF WHISTLING AT­

MOSPHERICS. L. R. O. Storey in Philo­
sophical Transactions of the Royal So­
ciety of London, Series A, Vol. 246, 
No. 908, pages 113-141; July 9, 1953. 

MUSICAL ATMOSPI-illRICS. T. S. Eckersley 
in Nature, Vol. 135, No. 3403, pages 
104-105; January 19, 1935. 

WHISTLING TONES FROM THE EARTH. 

H. Barkhausen in Proceedings of the 
Institute of Radio Engineers, Vol. 18, 
No. 7, pages 1155-1159; July, 1930. 

EARLY ENVIRONMENT 

EFFECTS OF EARLY EXPERillNCE UPON 

THE BEHAVIOR OF ANIMALS. Frank A. 

Beach and Julian Jaynes in Psycholog­
ical Bulletin, Vol. 51, No. 3, pages 
239-263; May, 1954. 

THE EFFECTS OF EARLY RESTRICTION ON 

ACTIVITY IN DOGS. W. R. Thompson 
and W. Heron in ]oumal of Compara­
tive and Physiological Psychology, 
Vol. 47, No. 1, pages 77-82; Febru­
ary, 1954. 

THE GENESIS OF EMOTIONAL BEHAVIOR: 

AN EXPEHIMENTAL STUDY OF THE 

DOG. R. Melzack in ]oumal of Com­
parative and Physiological Psychol­
ogy, Vol. 47, No. 2, pages 166-168; 
April, 1954. 

THE NEUTRINO 

DETECTION OF THE FREE NEUTRINO. 

F. Reines and C. L. Cowan, Jr., in 
The Physical Review, Vol. 92, No. 3, 
pages 830-831; November 1, 1953. 

INTRODUCTORY NUCLEAR PHYSICS. David 
Halliday. John Wiley & Sons, Inc., 
1955. 

THIRST 

PHYSIOLOGY OF MAN IN THE DESERT. 

E. F. Adolph and others. Interscience 
Publishers, Inc., 1947. 

SHIPWRECK SURVIVORS: A MEDICAL 
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He brought snow 

to New Guinea 

DECEMBER 24, 1944. The captured, re­
built airstrips bake under a blazing 

sun. No breeze stirs the kunai grass. The 
dim, weather-stained notice clinging to the 
mail·room door tells you Jap subs sank the 
ship carrying Christmas packages. 

If you punch two buttons on the walkie­
talkie at the same time, you can tune in the 
Jungle Network. The song you hear is a 
favorite all over the Pacific. It seems to bring 
you home. 

"I'm dreaming of a white Christmas . . . "* 
The man who wrote that song is an expert 

at cheering up troops. In 1918, Private Irv­
ing Berlin wrote his first all-soldier show, in 
1942 his second: "This Is The Army," with 
which he toured almost every theater of war. 

Berlin is also an expert at coming up the 
hard way. Immigrant to America at 5, on his 
own at 19, his first song earned just thirty­
three cents. But Berlin kept trying; never 
lost faith in himself or his opportunities. 

His hard-working, confident drive is a 
trait Americans set great store by. And 
Americans have a lot of it. Which helps ac­
count for the fact that our country's Savings 
Bonds are one of the finest investments in 
the world. 

For the drive of 165 million Americans 
stands behind these Bonds. 

That's why it's such a sound idea for every 
American-for you-to invest regularly in 
United States Series E Savings Bonds, and 
hold on to them. 

·Copyright 1942, Irving Berlin. 

* * * 

It's actually easy to save money - when you buy 
Series E Savings Bonds through the automatic 
Payroll Savings Plan where you work! You just 
sign an application at your pay office; after that 
your saving is done for you. The Bonds you receive 
will pay you interest at the rate of 3% per year, 
compounded semiannually, when held to maturity. 
And after maturity they go on earning 10 years 
more. loin the Plan today. Or invest in Bonds reg­
ularly where you bank. 

Safe as America -Us. Savings Bonds 

1 
.� 

j 
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ENGINEERS and SCIENTISTS 
are needed to develop Industry's FIRST 

HOMOGENEOUS REACTOR 

Powerplant for the Electric Utility Industry. 

Experience in any of the following fields desirable: 
• Chemistry of Uranium Solutions and slurries 

• Homogeneous Reactor Technology 

• Reactor design and analysis 

• Instrumentation and control 

• Mechanical Design and Analysis 

• Heat Transfer and Fluid Mechanics 

• Mechanisms and Servos 

Westinghouse COMMERCIAL ATOMIC POWER 
FOREST HILLS • BOX 355 • PITTSBURGH 30, PA. 

Can you think faster 
than this Machine? 

Control Panel of GENIAC set up to do a problem 
in check valve research. 

Be careful before you answer. GENIAC the first electrical 
hrain construction kit is equipped to play tic-t.'\c-toe, cipher 
lind encipher codes. COllyert frOln binary to decimal. reason 

�\I�r:SJ:t�i���b����:h::e���;n�l::!�'t��l��La�:8�!�� 
the components. Connections are solderless and are com­
pletely explaincd with templates in the manual. This covers 33 circuit!:! and shows how new ones can be designed. 

You will find building and using GENIACS a wonderful 
experience: one kit user wrote us: "this kit has opened UP 

a new world of thinking to me." You actually sec how 
computing. problcm solving. and gamc play (Tic-tac-toe. 
nim. etc., can be analyzed with Boolean Algebra and the 
algebrHic solutions transformed directly into Circuit dia­
grams. You crCHte from over 400 specially designed and 
manufactured components a machine that solves I>roblems 
faster than you can express them. 

Schools and colleges. teachers of science or math. 
engineering, philosophy or psycholog�' will find these ex­
cellent demonstrators of circuitry, solutions in symbolic 
logic. theory of numbers, cybernetics. and automation. 

Note: Teachers takc advantage of our 100/0 discount to 
educational institutions and for group purchases. 

SEKO for your GENIAC kit now. Only 519.95 with over 
four hundred components and parts. fully Illustrated manual 
and wiring diagrams. \Ve guarantee that if you do not want 
to keep GEl'\IAC after two weeks you can return it for full 
refund plus shipping costs. 

-----·MAIL THIS COUPON-------
SCIENCE KITS. Department SA I. 
Oliver Garftetd Comllany 

126 Lexington Avenue 

New York 16. N. Y. 

Please send me: 

1 GENIAC Electric Brain Construction Kit and Manual. 

$19.95 (East of Mississippi) 
$20.95 (Elsewhere in United States) 

$21.95 (Outside the United States) 

Returnable in seven days for full refund if not satisfied 
I enclose $... in full payment. 

My name and address are attached. 
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GIANT" 3" inch TELESCOPE 

eJ-��:--�-::::---::� .. -:·- 5;::0 
postpaid $57.50 

NEWfl JUST OFF ASSE:\[BLY LINEt!-Never before 
has anything like this been offered at so Iow a price. Here is 
another example of American IngenuitY. Big 3" diameter 
Achromatic Coated Objective, which will gl\'e needle·:.harp 
clear images. Focusing is a delight with the Micrometer 
Spiral Focusing Draw Tube. Light weight aluminum con­
struction throughout. black crackle finish, length open 22", 
closed 15Y2", Telescope gives an lIPright image. 'rhe ideal 
telescope. WONDERFUL for astronomy. SUPEH.B, for long 
distances. EXCELLENT spotting scope. 

MOUNTED AIR SPACED OBJECTIVES 
'Ye offer the lowest priced air spaced hand-cor­
rected American made a�tronoll1ical objertiycs 
Mounted in Black Anodized Aluminum Cells. 
DIA. F.L. PRICE 
3V4" 48" Not Coated... . ..... $28.00 
3V4" 48" Coated........ 32.00 
4y;''' 62" Not Coated... . 60.00 
4Vs' 62" Coated... . 69.00 
We can supply ALUMINUM TUBING for the abo'o'e lenses. 

"BIG" LENSES 
Our selection of diameters and focal lengths is the 
largest in the United States available for immediate 
delh·ery. Perfect magnesium fluoride coated and 
cemented achromatic telescope objectives. 

Diameter 
54m/m (2Vs") 
54m/m (2Vs") 
54m/m (2Vs") 
54m/m (2Vs") 
78m/m (3h") 
8lm/m (3t1r") 
83m/m (3'4,") 

IIOm/m (4%"," 
IIOm/m (4%") 
128m/m (5h")" 
128m/m (5h") 
"'Not Coated 

Focal Length Each 
254m/m (10�,) .... .$12.50 
390m/m (15.356") .......... $ 9.75 
622m/m (24%") ...... $12.50 

I016m/m (40", .. ...... . .... $12.50 
381 m/m (15") . .. ............ . $21.00 
622m/m (24%") . ....... $22.50 

I016m/m (40") . ............... $30.00 
1069m/m (42h") .. ....... $60.00 
I069m/m (42,.,") ... $67.00 

628m/m (2434") ............. $75.00 
628m/m (24'),, ") . ...... $85.00 

Free Catalogue "MILLIONS" of Lenses. etc. 

We pay the POSTAGE-C.O.D.'s you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 

STUDY. Macdonald Critchley_ J. A. 
Churchill, Ltd., 1943. 

THE URINARY FUNCTION OF THE KIDNEY. 

A. V. Wolf. Grune & Stratton, Inc., 
1950. 

THE VOYAGE OF THE HERlhIQUE. Alain 
Bombard. Simon & Schuster, Inc., 
1954. 

CAROTENOIDS 

ANIMAL BIOCHROMES AND STRUCTURAL 

COLOURS. D. L. Fox. Cambridge Uni­
versity Press, 1953. 

CAROTENOIDS. P. Karrer and E. Jucker. 
Elsevier Press, Inc., 1950. 

THE COMPARATIVE BIOCHEMISTRY OF 

THE CAROTENOIDS. T. W. Goodwin . 
Chapman & Hall, Ltd., 1952 . 

THE PHOTORECEPTOR FUNCTION OF THE 

CAROTENOIDS AND VITAMIN A. George 
Wald in Vitamins and Hormones, Vol. 
1, pages 195-225; 1943 . 

AMBROISE PARE 

AMBROISE PARE AND HIS TIMES, 1510-
1590. Stephen Paget. G. P. Putnam's 
Sons, 1897. 

THE ApOLOGIE AND TREATISE OF AM­

BROISE PARE. Edited by Geoffrey 
Keynes. University of Chicago Press, 
1952. 

LIFE AND TIMES OF AMBROISE PARE. 

Francis R. Packard. P. B. Hoeber, 
1921. 

SELECTIONS FROM THE WORKS OF AM­

BROISE PARE. Edited by D. W. Singer. 
J. Bale Sons & Danielson, Ltd., 1924. 

THE SARGASSO SEA 

THE SARGASSO SEA. G. E. R. Deacon in 
The Geographical Journal, Vol. 99, 
No. 1, pages 16-28; January, 1942. 

SARGASSO SEA MERRy-Go-RoUND. My­
ron Gordon in The Scientific Monthly, 
Vol. 53, No. 6, pages 542-549; De­
cember, 1941. 

A STUDY OF THE CIRCULATION OF THE 

WESTERN NORTH ATLANTIC. C. O'D. 
Iselin. Papers in Physical Oceanogra­
phy and Meteorology published by 
Massachusetts Institute of Technology 
and Woods Hole Oceanographic In­
stitution; Vol. 4, No. 4; 1936. 

THE AMATEUR SCIENTIST 

ELEMENTS OF ACOUSTICAL ENGINEER­

ING. Harry F. Olson. D. Van Nostrand 
Company, Inc., 1947. 

HIGH FIDELITY TECHNIQUES. John H. 
Newitt. Rinehart Books, Inc., 1953. 

PHYSICS. N. C. Little. D. C. Heath & 
Company, 1953. 
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This new instrument is a low cost solution to 

industrial control and overspeed problems 

h� 
Q 

WORLD LEADER IN ELECTRONIC 

MEASURING EQUIPMENT 

Automatic speed control is a vital part of modern manufacturing. 

The ingenious new Hewlett-Packard 500B Frequency Meter provides a 

sure, simple electronic way to control machinery speed, guard against 

overspeed or underspeed, and facilitate speed recording. The instrument 

will also count or control many other quantities such as random 

events, temperature, pressure and weight, which can be converted to 

electrical impulses. Operation does not require technical training. 

Mode1500B, priced at $285, is one of over 250 major precision instruments 

Hewlett-Packard manufactures for science, the military, and industry. 

Engineers in principal areas throughout the U. S. and Free World 

HEWLETT-PACKARD COMPANY 
275 PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A. 

CABLE "HEWPACK" • DAvenport 5-4451 
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NEW DE PARTURES OF TOMORROW 

TOMORROW: You dictate! The machine types and hustles your letters to the mail. Electronics does it all. 

TODAY: In dictating instruments, New Departure 

boll bearings contribute to compactness of design 

and operating efficiency. They hold moving ports in 

alignment-reduce wear-require no upkeep. 

Think of dashing through your correspondence with this imaginary 
scribe! It converts your voice into electronic impulses which type, 

micro-record, fold, insert, seal, address and stamp leHers almost 

as fast as you can dictate! 

It's just a notion now! But when some foresighted engineer works it 

out, you can bet New Departure will be called in to design the right 

ball bearings to keep these intricate parts working smoothly. New 

Departure works with engineers right from the planning stage to 

develop the exact bearing for even the newest departure in design. 

NEW DEPARTURE • DIVISION OF GENERAL MOTORS • BRISTOL, CONNECTICUT 

EPAATUAE 

BALL BEARINGS 

N OTHIN G ROLLS LIK E '" B ALL 
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