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Photographed with the cooperation of Columbus Coated Fabrics Corp., Columbus, Ohio 

Lasting and lustrous-because it's made of PLIOVIC! 

Surprising as it may seem, you're looking at a fabric 

supported vinyl upholstery. It's called Milano and, for 

the first time, combines the soft shimmer of moire 

silk with the washability, wearability and general 

durability of vinyl. 

There's no single reason for the distinctive eye- and 

touch-appeal of this upholstery. It results from a com

bination of fine skills and materials. But among these 

materials, PLIOVIC, the basic vinyl resin used, plays 

a key role. 

The primary advantages of using PLIOVIC are: 1. It 

� 
vinyl resin 

blends readily, fuses at low temperatures, is generally 

easy to process. 2. It embosses easily and faithfully. 

3. It helps assure lasting adhesion to the knitted fabric 

backing. Other benefits: Excellent heat- and light

stability plus good over-all physical properties. 

Improving the appearance and performance of 

supported upholstery sheeting is but one of many pos

sible uses for PLIOVIC. How can it help your product? 

For the answer plus full details on PLIOVIC write: 

Goodyear, Chemical Division, Dept. N-9457, Akron 

16, Ohio. 

CHEMICAL DIVISION 
Pliovic-T. M. The Goodyear Tire & Rubber Company, Akron, OhiO Mllan...-T. M. Columbus Coated Fabrics Corporation, Columbus, Ohio 
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Basic Research at Honeywell 

Dr. Finn Larsen 
Vice President for Research, Honeywell 

Thermoelectricity� Electrical Resistance 
and Electron Scattering in Metal Alloys 

How does the scattering of electrons affect the thermo
electric behavior and the conduction of electricity in 
metals? Physicists at Honeywell have been able to success
fully predict certain features of this behavior on the basis 
of a simple mathematical model. 

Everyone is familiar with the fact that 
metals are good conductors of electricity 
and also good conductors of heat. All of 
the electrical current and most of the heat 
is carried ordinarily by the electrons in a 
metal. The flow of electricity is intimately 
associated with the flow of heat or energy, 
and we can say that the heat flow "inter
acts" with the electrical current flow. 
Whatever gives rise to one of these flows 
will also give rise to the other. Thus if we 
connect a wire across a battery we get a 
flow of energy (heat) as well as a flow of 
electricity; conversely, if we place one 
end of a copper wire in a flame, heat will 
pass down the wire and at the same time 
an electrical current will flow momentarily 
so as to "readapt" the electrons to the new 
situation in the wire-one end of the 
wire is now hotter than the other. The 
electrical current flow is only momentary 
because there is no "return path" by 
which the electrons can flow around in a 
closed circuit. 

If we connect an iron wire to the copper 
wire at the hot end, and connect the two 
free ends to a sensitive voltmeter, there 
will be a flow of heat (energy) in both 
wires, of course, and there will also be a 
flow of electrons in both wires. But now, 
since the electrons are free to traverse a 
closed loop (through the voltmeter), the 
electrical current flow is sustained as long 
as we keep the hot junction in the flame. 

The experimental facts that heat flow 
in a pair of wires (called a thermocouple) 
can cause electricity to flow has been 
known for over a century and is called 
the Seebeck Effect; the reverse phenom
enon, that electrical current flow through 
a junction of dissimilar metals will cause 
heat to flow toward or away from the 

junction, depending upon the direction of 
the current, has been known for nearly a 
century and is called the Peltier Effect. 
The Seebeck Effect is used in thermo
couples to measure temperature, to detect 
radiation (which simply heats the junco 
tion), to generate electricity from heat, 
and for many other related applications 
which involve the conversion of heat into 
electrical current flow. The Peltier Effect 
has only recently come into prominence 
in thermoelectric refrigerators, and in 
these applications as. well as in thermo
electric generators it has been found that 
semiconductors are often more suitable 
than metals. 

Although the general connection be· 
tween heat flow and electrical current flow 
is now well known, the detailed mecha
nisms of electrical and heat conduction in 
metals is only poorly understood. The 
extent to which a particular metal con
ducts electricity or heat is determined in 
part by the number of electrons which 
can contribute to the conduction process, 
and in part by the opposition or "resist
ance" which these electrons meet as they 
move along the wire. This resistance re
sults from the presence of various kinds 
of "obstacles" or "irregularities" in the 
wire and can be treated as a scattering of 
the electrons from their normal forward 
motion along the wire. For example, a 

"perfect" crystal lattice consisting of only 
copper atoms at fixed positions would pre
sent no resistance to the flow of electrons; 
but at any temperature above absolute 
zero the copper atoms vibrate about their 
normal positions and behave as "obstacles:' 
to the conduction electrons. 

A very effective kind of obstacle or 
scatterer is an atom of a kind different 

from that of which the crystal itself is 
made. Thus if we place a gold atom in a 
copper lattice, the electrons are con
fronted with an "oddity" in the otherwise 
"pure" copper lattice and are thereby 
scattered: the more gold atoms, the larger 
the total scattering and the larger the 
electrical resistivity. Also, some atoms are 
more effective scatterers than others; thus 
iron atoms in copper are nearly twenty 
times more effective than gold atoms. 
Finally, the scattering ability of a given 
atom usually depends upon the tempera
ture of the crystal. 

Our understanding of the facts just 
described is at best only qualitative, and 
the specific interactions between heat flow 
and electrical flow which give rise to the 
Seebeck and Peltier thermoelectric effects 
are even more of a mystery! Neverthe· 
less, we have been successful in predicting 
the thermoelectric behavior of ternary 
alloys on the basis of empirical informa
tion on binary alloys. We have thus con· 
tributed some small amount of order into 
a technological field (metal thermocouples) 
which for a century has been within the 
exclusive domain of alchemy. 

But our motivation in this work has 
not been primarily the development of 
"bigger and better" resistance and ther· 
mocouple materials-rather it has been 
a desire to understand specifically how 
electrons interact with various kinds of 
imperfections in a crystal. Together with 
physioists, chemists and metallurgists in 
other laboratories throughout the world, 
we look forward to a more thorough under
standing of this very small facet in the 
fascinating study of matter. 

If you wish to have more details of our 
work in the field of thermoelectricity in 
metal alloys, we will be happy to provide 
them. Simply write to Honeywell Re
search, Minneapolis 8, Minnesota. 

Honeywell 

[M] .. :f.!?5 � � 
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Business end of the Titan-by Avco-The nose cone for the Air Force's Titan-designed to 

withstand the scorching heat and incredible shock of atmospheric re-entry-is a product of Avco 

research. Now, with the successful flight of this ICBM, the Air Force has assigned two new and 

important projects to Avco: an advanced design nose cone for the Titan and the nose cone for the 

third generation of intercontinental missiles-the mighty, solid-fueled Minuteman. 
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AVCO MAKES THINGS BETTER FOR AMERICA I AVCO CORPORATION I 750 THIRD AVENUE, NEW YORK 17. N. Y. 

2 

© 1960 SCIENTIFIC AMERICAN, INC



SCIENTIFIC 
Established 1845 .AMERICAN" February, 1960 Volume 202 Number 2 

ARTICLES 

37 THE ENDURING J1�DIAN, by Oliver La Farge 

Long called the vanishing American, he stubbornly maintains his tribal identity. 

46 THE SYNTHESIS OF FAT, by David E. Green 

The body builds up fat molecules differently from the way it breaks them down. 

52 THE MAGNETISM OF THE SUN, by Horace W. Babcock 

Ingenious instruments map changes in both local and general solar magnetic fields. 

76 OPEN-HEART SURGERY, by C. Walton Lillehei and Leonard Engel 

The heart-lung machine allows repair of defects while the heart is disengaged. 

94 FRACTURE IN SOLIDS, by 10hn J. Gilman 

Imperfect atomic structures explain why solids are weaker than they should be. 

108 INSECTS AND THE LENGTH OF THE DAY, by Stanley D. Beck 

Insect hibernation is due not to temperature but to the cycle of light and darkness. 

123 COSMIC SPHERULES AND METEORITIC DUST, by Hans Pettel'ssoll 

Minute fragments of meteorites may help elucidate the history of the solar system. 

136 YEASTS, by Anthony H. Rose 

They are important to fermentation industries and the study of cell physiology. 

DEPARTMENTS 

10 LETTERS 

16 50 AND 100 YEARS AGO 

26 THE AUTHORS 

64 SCIENCE AND THE CITIZEN 

150 MA THEMA TICAL GAMES 

157 THE AMATEUR SCIENTIST 

169 BOOKS 

184 BIBLIOGRAPHY 

BOARD OF EDITORS Gerard Piel (Publisher), Dennis Flanagan (Editor), James R. Newman, E. P. Rosenbaum, 

ART DIRECTOR 

GENERAL MANAGER 

ADVERTISING MANAGER 

C. L. Stong, Esther A. Weiss 

James Grunbaum 

Donald H. Miller, Jr. 

�Iartin M. Davidson 

PUBLISHED MONTHLY BY SCIENTIFIC AMERICAN, INC., �15 MADISON AVENUE, NEW YORK 17, N. Y. COpy· 

RIGHT © IqbO BY SCIENTIFIC AMERICAN, INC. ALL RIGHTS RESERVEO. SECOND CLASS POSTAGE PAID AT 

NEW YORK, N. y" AND AT ADDITIONAL MAILING OFFICES. SUBSCRIPTION RATE $6 PER YEAR. 

3 

© 1960 SCIENTIFIC AMERICAN, INC



I pioneered the ultrasonic industry. 
Two well known ultrasonic companies 
were founded by me. Now, my new 
organization, Ultrasonic Industries, 

Inc. is mass producing and selling ultrasonic 
equipment. No middleman's profit in this fac· 
tory-direct·to·consumer deal. Tremendous sav· 
ings are passed on to you. Ultrasonic cleaners 
are now within the range of everybody's budget. 
My products stand out because of their unbeliev· 
ably low money·back·guaranteed prices, free five 
year service contract, and consistent trouble· 
free performance under the most gruelling con· 
ditions. This is possible because my generators 
and transducers incorporate the latest advances 
in ultrasonic technology. 

DI SON TE�Y�T�}F?e�® ULTRASONIC CLEANER 
THE LOWES T PRICE D ULTRASONIC 
CLEANER EVER SOLD! Buy one or 100 and 
save! Rugged, Efficient, Versatile, Fast 
... Cleans in Seconds· Simple One Knob 
Control Compact. Saves Time and Money! 

CLEANS Radioactive Lab Appa· 
ratus, glassware, medical in
struments, fo ss ils, r elays, 
semi·conductors, switches, po
tentiometers, optical parts, tim-
ers, gear trains, printed circuit 
boards. 

FABULOUS 
INTRODUCTORY 
OFFER $99 Money refunded (less 9S shipping charges) if 

n ot com pletely sat· 
isfied. 

Unprecedented 5 
year service contract 
The DiSONtegrator
System 40 is available 
from stock for imme· 
diate delivery' in un· 
limited quantities. In cluding tank, con

necting cable, and in
struction manual (ex
port model: 220V·50 
cycles: $7.50 add'I.). 
We will pay all ship· 
ping charges to any 
point within the U.S. 
(ex ce pt Alaska and 
Hawaii) if you enclose 
check with order. 

FOR THE FIRST TIME 
A choice of 6 beauti· 
ful colors for office or 
laboratory decor: Ivory, 
Wheat yellow, Tur
quoise, Desert sand, 
Pale green, and soft ����. 

o
�!e�Fni;: color 

SEND CHECK WITH ORDER NOW 

� u.ltrason.ic 

� in.du.stries INC 

I TO: Ultrasonic Industries, Inc., Dept. 7·SA·2 • 141 Albertson Avenue, Albertsan, L. I., N. Y. I Gentlemen: Please ship __ DISONtegrator® • 
System Forty Unlt(s) @ $99.95 ea.: • I 0 Ivory 0 Pale green 

I 0 Desert sand 0 Turquoise • o Wheat yellow 0 Soft gray 

I to: • 
1 ------- . 
I I understand that my money will be refunded • 

If not completely satisfied after 5 day trial. • • 0 check enclosed (freight prepaid) 0 C.O.D. • 0 bill me (rated firms only) • o Please put us on your mailing list 
L _________ ..I 
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THE COVER 

The painting on the cover depicts an experiment in fracture (see page 94). 
Bolted into the jaws (top and bottom) of a special test apparatus at the 
Naval Research Laboratory in vVashington, D.C., an eighth-inch aluminum 
plate has cracked under a tension of 200,000 pounds. Before the tension 
had been applied, a hole with a slot to its left and right had been made in 
the plate. Under the tension the crack slowly grew out from the slots; then 
the plate suddenly fractured. The dial at lower right shows that a tension 
of 15,000 pounds remained when the slow cracking had ended; the timer 
at upper right, the time in seconds during the extension of the crack. 
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Brunswick technology leads the way 

in three critical space-age components 

PRESSURE VESSELS AND MOTOR CASES, fabricated 
by Brunswick's exclusive Strickland "B" Process, now have 
the highest streng th-to-weight ratio ever obtained in 
filament-wound components. Brunswick is now producing 
these virtually leak-proof pressure vessels. Brunswick also 
fabricates motor cases capable of withstanding extremely 
high pressures and temperatures. 

HONEYCOMB ASSEMBLIES, now developed by Bruns
wick can support two million times their own weight. 
Brunswick research has created honeycomb assemblies of 
paper, fiber glass, aluminum and stainless steel as well as 
conventional forms. Using the most advanced adhesive sys
tems, these assemblies can be formed in compound curva
tures with extremely close tolerances. 

RADOMES AND NOSE CONES, created by Brunswick's 
outstanding research and development efforts and filament 
Winding process, are being used on supersonic aircraft such 
as the advanced Convair F-I06 and McDonnell F4H, as well 
as on missiles such as the Boeing Bomarc, Lockheed Q5 
and similar missiles. And, of course, Brunswick capabili
ties include complete electronic design and test facilities. 

RESEARCH, DEVELOPMENT AND TESTING-carried 
on by Brunswick teams have contributed heavily to space
age technology . . . most notably in solving problems of 
increasingly high operating temperatures (6000-4,OOO°F.) 
for critical components and new heights in strength- to
weight ratios. For full information on how this leadership 
can help you, write or call Brunswick today! 

C> 

C> 

BRUNSWICK 
DEFENSE PRODUCTS DIVISION • 1700 MESSLER STREET • MUSKEGON, MICHIGAN 
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What you should know about 

Analog Computers 

Judging from the literature, most dis
cussion of analog computers turns 

on form rather than function. 

Every computer manufacturer, includ
ing Donner, is ready to tell you all 
about their designs, right down to the 
last microvolt. Few spend their liter
ary effort in telling you how to use 
them and what kind of problems are 
amenable to analog computer solution. 
Not too strangely, this is what you, the 
prospective user, wanted to find out in 
the first place. 

HOW AN ELECTRONIC ANALOG 
COMPUTER SOLVES PROBLEMS 

A mathematical expression which de
fines the dynamic behavior of a par
ticular physical system also describes 
the behavior of all other analogous sys
tems. A general purpose analog com� 
puter can be programmed to behave as 
one of these analogous systems. So pro
grammed, it can be used to explore 
the characteristics of the system or to 
"solve" the describing equations. Typi
cal problems range all the way from 
explaining the laws of classical and 
modem physics to the physiological re
lations of life itself. Here are some of 
the fields where analog computers are 
in use: antenna design, medical re
search, cybernetics, electron trajec
tories, nuclear reactor design, fluid me-

Assembly of Donner 3100 series high accuracy medi· 
um size analog computers in quantity lots provides 
the user with more value at lower cost. Complete 
Donner 3100 Computer Consoles start at just un
der $11,000. 

6 

The Donner 3400 Desk-top Computer functions as a compact, versatile electrical model of a dynamic system. 

chanics, heat transfer analysis, aerody
namics, meteorology, classical and 
nuclear physics, chemical kinetics, pe
troleum, engineering, servo system an
alysis, auto- and cross-correlation, and 
economic forecasting. 

Basic computing elements in an elec
tronic analog computer are dc ampli
fiers, precision components (resistors, 
capacitors, and potentiometers), and 
non-linear accessories (multipliers, 
function generators, and transport de
lay simulators). 

By interconnecting the computing ele
ments at a patchboard, varying voltage 
amplitudes can be integrated, summed, 
differentiated, multiplied, divided, al
tered in non-linear fashion, and other
wise operated on as directed by a math
ematical equation. The answer, which 
appears as a varying voltage, can be 
visually observed on a voltmeter or an 
oscilloscope and permanently recorded 
by any one of several plotting devices. 

The analog computer user can take an 
equation, change the coefficients at 
will, and get whole sets of solutions 
with amazing ease and speed. He can 
get these results to accuracies of 0.1% 
or better for a very modest investment. 
Small Donner computers begin at just 
over $1,000. 

ANALOG OR DIGITAL 

The chief advantages of the analog 
technique are speed, economy, and 
flexibility. With the analog computer, 
you get a genuine insight into the 
response of the system to both inter
nal and external stimuli. No other ap-

proach can bring the investigator into 
such intimate contact with the system. 

Digital computers sometimes provide 
more accurate results, but they seldom 
give the user the same knowledge be
cause they are at best only machines 
that compound arithmetic information. 
Unlike digital computers, analog com
puters actually behave just like the 
simulated systems. 

TWO NEW PUBLICATIONS 
PROVIDE MORE INFORMATION 

If you are interested in learning more 
about the application of analog com
puters, copies of Donner Tech Notes 
# 1 and #2 are available from your 
nearby Donner engineering represen
tative or directly from the factory. Tech 
Note #1 is titled "How to Simulate a 
Non-Linear Control System with an 
Analog Computer;" Tech Note #2, 
"How to Use and Program Analog 
Computers." 

Donner Scientific specializes in the 
manufacture of accurate fixed and gen
eral purpose analog systems designed 
to analyze, measure, and control.dy
namic inputs. Complete technical in
formation and informed applications 
assistance can be obtained from your 
nearby Donner engineering represen
tative or writing Dept. 70. 

O 0 n n f R 
SCIENTIFIC 

COMPANY 

888 Galindo • CONCORD, CALIFORNIA 
Phone: MU Iberry 2-6161 
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ANNOUNCING A NEW 

OXIDATION RESISTANT 

GRAPHITAR® 
(CARBON-GRAPHITE) 

fOR HIGH 
TEMPERATURE 
APPLICATIONS 

Culminating five years of intensive research, engineers of The United 
States Graphite Company have developed a new oxidation resistant 
GRAPHITAR. In exhaustive tests, GRAPHITAR parts were exposed 
in an oxidizing atmosphere (air) at 1200 degrees F and after 200 hours, 
the GRAPHITAR showed a weight loss of less than six percent! 

GRAPHITAR, which is available in many grades, is a versatile engi
neering material with unusual and outstanding properties that make 
it ideal for tough applications. It is non-metallic, resists chemical 
attack, has self-lubricating properties and a low coefficient of friction. 
It is mechanically strong, lighter than magnesium and is the perfect 
material for packing rings, pressure joint seals, clutch release bearings, 
fluid coupling seals, piston rings, pump liners and vanes. 

For more information on this new oxidation resistant GRAPHITAR 
and its applications, write the GRAPHITAR product manager on 
your company letterhead. 

R-279-1 

THE UNITED STATES GRAPHITE COMPANY 
DIVISION OF THE WICKES CORPORATION, SAGINAW 6, MICHIGAN 

GRAPHITAR® CARBON-GRAPHITE • GRAMIX® POWDER METALLURGY • MEXICAN® GRAPHITE PRODUCTS • USG® BRUSHES 
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4 bright ideas ... 
WITH SYLVANIA PANELESCENT® LAMPS 

Here's imagination to challenge your own-the first 

new light source in fifty years. 

Without bulbs - without tubes - without fixtures

Sylvania research brings you light from sheets of 

coated steel that can be fabricated in virtually any 

shape. Totally new light from Panelescent lamps. 

Cold. Uniform. Shadowless. 

Today you can create easier-to-read dials for clocks, 

radios and other appliances. You can design glow

lighted dashboards for automobiles, and stairs and 

yours! 

halls for homes and hotels that are safer at night. 

Tomorrow you may be designing walls and ceilings 

that come alive with gentle radiance. Soft whites, 

refreshing greens, cool blues, and warm yellows. 

Do you feel an idea coming on? Would you like 

more information to spark your thinking? If so, write 

to Sylvania Lighting Products, a Division of Sylvania 
Electric Products Inc., Dept. 51, 60 Boston Street, 

Salem, Mass. In Canada: Sylvania Electric (Canada) 

Ltd., P.O. Box 1190, Station "0," Montreal 9. 

Subsidiary of' GENERAL TELEPHONE &ELECTRONIC8 GffiL 
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Coating of a TFE-fluorocarbon resin is used on filler barrel of the Parker 61 pen, a product of CP The Parker Pen Co., Janesville, Wisconsin 

THE INSIDE STORY: How a finish put an end to an inky problem 

The inner barrel of the new Parker Pen is 
dipped into ink and fills by capillary action. 
Puzzling to the designers at first was how 
to make it easy to clean the wet barrel. 
Solution: A coating of the TFE resin sheds 
the ink so well, that it is not necessary to 
wipe the cell case. 

Unless special techniques are used, 
nothing sticks with any strength to a TFE
fluorocarbon resin surface. Moreover, TFE 
resins resist heat to 500°F., are unaffected 
by almost all chemicals, and have lower 
coefficients of friction than any other solid 
material. 

Special techniques can however be used 

<® POtID !�O�C�O�E�· 
REG.U.S.PAT,Qff 

BETTER THINGS FOR BETTER LIVING • • •  THROUGH CHEMISTRY 

to bond TFE resins. Sheets of TFE resins 
are often applied via these techniques to 
hoppers, conveyors and chemical vats. The 
exposed surfaces of the resins remain slip
pery and "anti-adhesive". 

We've just issued a 20-page illustrated 
booklet entitled "TEFLON TFE-Fluoro
carbon Resins in Mechanical Applications", 
packed with facts on uses of TFE resins. 
Send for your copy today. E. I. du Pont de 
Nemours & Co. (Inc.), Polychemicals De
partment, Room T.392,Du Pont Building, 
Wilmington 98, Delaware. 

In Canada: Du Pont of Canada Limited, P.O. 
Box 660, Montreal, Quebec. 

TEFLON is Du Ponfs registered trademark fOT its 
fluorocarbon resins, including the TFE (tetraflUoTo
ethylene) resins discussed herein. 
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The taming 

B&L INTERFERENCE FILTERS transmit 
light of specific wavelengths. Wide 
standard stock, from near ultra
violet (340mI') to near infra·re<l 
(1200mJL). 

Do you need pure light of single wave- • 

lengths? More and more people do. In 

science and technology. In applications 

from cancer research to irradiation to 

missile guidance. Here are three ways 

Bausch & Lomb optical competence is 

filling the need. 

• B&L CERTIFIED-PRECISION GRATINGS 
split light into all its component 
wavelengths. You get clearer sep
aration between speCtral lines than 
by any other means. 

r--------------------------------------, • B&L GRATING MONOCHROMATORS let 
you dial pure intense light of any 
wavelength you want. Easy as tun
ing your radio! 

I BAUSCH & LOMB OPTICAL CO. 
69402 Bausch St., Rochester 2, N. Y. 

Please send 

o Interference Filter Catalog D·248 
o Gratings Catalog D·261 
o Monochromator Catalog D·259 

Name ............................................................... . 

Title .................................................................. . 

Professional Address 

_____ .. __ ..... .. __ . __ . __ ..... __ . .  _ .•.•••• I 
I 
I I 
I 

L ______ ________________________________ J 
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LETTERS 
Sirs: 

In the brief review of Isaac Asimov's 
Words of Science, and the History be
hind Them ["Books," SCIENTIFIC AMER
ICAN, December, 1959] we read that the 
word "ellipse," coming from the Greek 
for "defect," indicated a defective circle. 
This is not at all the origin of the word. 
In the Conics of Apollonius, the origina
tor of the name in this connection, the 
words "ellipse" (defect), "parabola" 
(equality) and "hyperbola" ( excess) 
were applied to the three curves now 
known by these names because of the 
relationships y2 < px, y2 = px and y2 > 
px, respectively, where p is the pat'ame
ter (latus rectum) of the curve which is 
so placed upon a coordinate system that 
a vertex is at the origin, and the axis of 
the curve lies along the axis of abscissas. 
One sees that Apollonius applied the 
name "ellipse" to indicate not a defective 
circle but a defective parabola. 

Brooklyn College 
Brooklyn, N. Y. 

Sirs: 
In the article "Molecular Motions," by 

B. J. Alder and Thomas E. Wainwright 
[SCIENTIFIC AMERICAN, October, 1959], 
you reproduced a photograph that W. E. 

Scientific American, February, 1960; Vol. 202, 
No. 2. Published monthly by Scientific American, 
Inc., 415 Madison Avenue. New York 17. N. Y.; 
Gerard Piel, president; Dennis Flanagan. vice 
president: Donald H. Miller, Jr., vice president 
and treasurer. 

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

Advertising correspondence should be addressed 
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wherever 
there's 

electronics .... 
there's Transitron 

Thrust thousands of miles with astonishing speed, from 

land, air, sea - and even beneath the sea - countless mis

siles of versatile and varying types shield the United States 

against attackers and provide devastating weapons in case 

of attack. Transitron's tiny semiconductors playa major 

role in the super-accurate guidance of these missiles. At 
Transitron, over 4000 skilled employees work exclusively 

to develop super-reliable silicon and germanium semicon

ductors. In missiles and rockets, as in radar, computers, 

atomic subs, medicine, jets and thousands of other military 

and commercial applications - wherever there's elec

tronics, there's Transitron, leading the field in advanced 
semiconductor reliability. 
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The 
most mass 

in the 
least 

space 

The high end of the spectrum of metal densities may 
hold answers to some of your research questions. 
Such as getting more inertia in miniature gyros. Or 
finding ways to dampen vibration in aircraft struc
tures. Or balancing delicate instrument components. 

We can probably lend you a hand, for heavy metals 
are one of our specialties. We have a material called 
Mallory 1000, a machineable, sintered powder alloy 
of tungsten, that has average density of 16.96 . . .  
half again as heavy as lead . . .  and has twice the ten
sile strength of mild steel. Even heavier is Mallory 
2000-average density 18. We can supply both to you 
in pressed shapes from a fraction of an ounce up to 
nearly a ton. Another formulation of this alloy, 
called Gyromet, is especially suited for extreme
speed gyro rotors. 

If you'd like high density metal that you can pour 
like beads, we can supply either of these materials in 
spherical shape. Recently, we developed Mallory 
3000, a bendable version, in sheets, rods or bars that 
you can readily form to shape instead of machining. 
These materials have excellent gamma radiation 
shielding properties and can be made to stand tem
peratures up to 800°C. 

Right now, we're investigating interesting new types 
of alloys which will give you densities around 20 
grams per cc. 

Would you like to join us in exploring the challen
ging possibilities of heavy metals? Write to us about 
your specific problems. 

Mallory Metallurgical Company 

Indianapolis 6, Indiana 

a division of 

P. R. MAL LORY a. CO. Inc. 

Morrell and I had published in 1936 of 
a model designed to represent the dis
tribution of molecules in a liquid. In 
referring to it, the text states: "They 
suspended gelatin balls in a tank of 
liquid whose density was equal to that 
of the gelatin, so that the gravitational 
force was canceled by buoyancy." 

Omitted from that statement was an 
additional essential factor: The suspend
ing liquid must have the same refractive 
index as the gelatin balls. Both condi
tions were achieved by using as the sus
pending-phase liquid a gelatin solution 
that had been boiled to prevent gelling. 

JOEL H. HILDEBRAND 

University of California 
Berkeley, Calif. 

Sirs: 
I have just taken up the October issue 

of Scientific American and have read 
with great interest the brief autobiogra
phical remarks of George Wald in your 
section "The Authors." It is such a beau
tiful statement that I read it out loud to 
my wife, and then I was reminded of 
what others have said. 

Wald says: "I think this is the way it 
always goes in science, because science 
is all one." Then we have what Rene 
Descartes says in his Regulae ad Direc
tionem lngenii ( 1629): 

"Hence we must believe that all the 
sciences are so interconnected, that it is 
much easier to study them altogether 
than to isolate one from all the others. 
Therefore, if anyone wishes to search 
out the truth of things in earnest, he 
should not select any one speCial sci
ence; for all the sciences are conjoined 
with each other and interdependent." 

And then, too, we have the words of 
Herbert Spencer in The Genesis of Sci
ence ( 1854): 

"Without further argument it will, we 
think, be admitted that the sciences are 
none of them separately evolved-are 
none of them independent either logic
ally or historically; but that all of them 
have, in a greater or less degree, re
quired aid and reciprocated it. Indeed, 
it needs but to throw aside hypotheses, 
and contemplate the mixed character of 
surrounding phenomena, to see at once 
that these notions of division and succes
sion in the kinds of knowledge are sim
ply scientific fictions." 

,JULIUS SUMNER MILLER 

El Camino College 
El Camino, Calif. 
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IBM 1620 data processing system 

... the most powerful engineering computer in its low price class 

The new IBM 1620 is a desk-size engineering computer that offers you more 

computing ability per dollar than any system in its price class. 

Transistorized throughout, the IBM 1620 has a 20,000-digit magnetic core 

memory with variable field length and immediate accessibility. Its input

output notation, on paper tape and console typewriter, is in convenient 

decimal arithmetic. It can perform more than 100,000 calculations a minute 

and is easily adapted to your engineering problems. 

Easy to learn, easy to operate, easy to communicate with, the low-cost 1620 

helps free your engineering talent for more creative work. And in keeping 

with our concept of Balanced Data Processing, the IBM 1620 is supported 

by extensive services. This includes a comprehensive library of mathematical 

routines and specific industry programs to permit you to put the 1620 to 

work without unnecessary delay. 

Ask your IBM representative about the unique advantages of the IBM 1620. 

Like all IBM equipment, it may be purchased or leased. 

balanced data processing 

o 
IBlf1 
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The binary combinations of ones and zeros 
stored in computers are called "bits" .... and 
there are 160,000 of them stored in RECOMP. 

RECOMP'S exclusive readout panel converts 
these "bits" into arabic numerals ... providing 
fast, easy readout of any word or number in the 
magnetic disk memory. RECOMP communicates 
in your language. Under computer control or 
at the push of a button, the unique readout dis
plays in a choice of three formats: decimal, 
octal, or command. 

The all-transistorized, general purpose 
RECOMP has built·in floating point and square 
root arithmetic ... high-speed photoelectric 
tape reader (400 characters per second) ... 
4,096-word memory, including 16 words placed 
in high-speed loops, and a storage capacity of 
over 8,000 instructions. 

RECOMP provides fast and accurate answers 
to problems of engineering, science and indus
try. It's available now for sale or lease ... and 
there's no extra equipment to buy or cost of 
installation. For information on how RECOMP 

can solve your special problems, please write 
Autonetics Industrial Products, Dept. 102, 
3584 Wilshire Blvd., Los Angeles 5, California. 

A DIVISION OF NORTH AMERICAN AVIATION, INC. Othe, off tees, Chlcogo, Newyo,k, Woshlngton, D.C. 
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SYNCHRONOUS D.C. MOTOR 
Globe Industries has developed a control circuit for our d.c. permanent 

magnet motors which causes the motor to run synchronously with a reference 

frequency while getting full power from a d.c. source. Thus now you can 

have, in one package, the high torque per weight and size advantage of our 

d.c. motors combined with precise speed regulation. The system does not 

disturb the speed·torque performance of the motor even during starting. 

The control is fully transistorized. No contacts or other moving parts are 

used, so that long reliable speed regulation is assured. 

One version of this control, in a two cubic·inch package, provides speed 

regulation of +.1 %/ -.5% over load and/or voltage variations. (The motor 

runs in exact synch with the built·in reference frequency but the frequency 

generator also has a .1 % error over the range -20°C to 50°C.) 

Speed regulation with accuracy measured in parts per million is being 

approached through development of a very stable separate frequency gen· 

erator to be fitted into a five cubic·inch package. 

We are ready to discuss your application problems. Our wide experience 

in making motors for literally thousands of military applications -involving 

the fullest range of environmental requirements-assures you of a quick 

solution to specific problems. Globe Industries, Inc., 1784 Stanley Avenue, 

Dayton 4, Ohio, Telephone BAldwin 2·3741. 

GLOBE INDUSTRIES, INC. 
PRECISION M INIATURE A.C. a D.C. MOTORS. ACTUATORS, 
TJMERS, STEPPERS. BLOWERS 8: fANS. MOTORIZED DEVICES 
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400,OOO-VOLT 

VaD .de Graoii® 
POSITIVE-ION 
ACCELERATOR 

••• yields 1010 neutrons per second in continuous 
operation with new tritium target (0-T reaction). 

High output, in pulsed and continuous operation, 

is a feature of the Model PN-400 positive-ion 
accelerator. 

Versatile, low-cost, and safe in operation, the Model 

PN-400 is especially useful in teaching nuclear 

physics and reactor engineering. 

Useful applications include: studies of neutron scat
tering, neutron-induced nuclear reactions, tran

sient and steady-state effects in subcritical reactor 
assemblies, radiation damage, activation analysis, 

and biological effects of neutrons. 

IIdvflHtflges 
High output 

400,000 volts; continuous 
beam current controllable 
from 10 to 150 (La; pulsed 
current, 100 (La. 

Small size 

111 inches overall, including 
48-inch tube extension. 

Safety 

Entire high-potential system 
enclosed; target at ground. 

Proved design 

Based on 12 years experience 
in building Van de Graaff 
particle accelerators. 

Bulletin PN 
gives details of performance. 
Write our 
Technical Sales Department 
for your copy. 

50 AND 100 
YEARS AGO 

MERI£AN 

FEBRUARY, 1910: "The first spec
troscopic observations of Halley's comet, 
made at Meudon by Deslandres and 
Bernard, reveal clearly marked discon
tinuities in the spectrum of the comet. 
The faint continuous spectrum is crossed 
by distinctly stronger lines, especially in 
the ultraviolet region. On December 6th 
the comet showed a nearly circular nu
cleus from which extended two curved 
rays of feeble brilliancy, resembling the 
antennae of an insect. The direction of 
these rays was such that it appeared 
scarcely possible to attribute them solely 
to the repulsive force of the sun. These 
first observations show that the comet is 
already self-luminous and that its light 
is due partly to incandescent gases." 

"The infectious nature of poliomye
litis has been assumed rather than 
proved; it would now seem that com
plete demonstration of infectivity will 
presently be forthcoming. Early in 1909 
two German experimenters, Landsteiner 
and Popper, successfully inoculated two 
monkeys with spinal cord taken from two 
fatal human cases of poliomyelitis. In 
both the monkeys lesions of the spinal 
cord were found similar to those in man. 
In September of 1909 Dr. Simon Flexner 
and his colleague, Dr. Paul A. Lewis, of 
the Rockefeller Institute in New York 
City, similarly inoculated monkeys with 
emulsions of human spinal cord and 
later with emulsions of the cords of mon
keys that had developed paralysis after 
injection of the first emulsion. In one 
series, seven monkeys were each suc
cessively inoculated with the virus from 
the cord or cortex of its predecessor, 
the disease regularly resulting. Flexner 
and Lewis have found that the virus of 
infantile paralysis is of the same nature 
as that of smallpox; it belongs to the 
class of the minute and filterable viruses. 
There should be no reason in science 
why a vaccine or an immunizing agent 
against poliomyelitis should not in good 
time be forthcoming." 

"In recognition of the culmination of 
his life work in the discovery of the 
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THE 
WIZARD 

OF 
ODDS He solved a telephone traffic problem two centuries ago 

Jacques Bernoulli, the great Swiss mathematician, pon
dered a question early in the 18th century_ Can you mathe
matically predict what will happen when events of chance 
take place, as in throwing dice? 

His answer was the classical Bernoulli binomial distri
bution-a basic formula in the mathematics of probability 
(published in 1713) _ The laws of probability say, for in
stance, that if you roll 150 icosahedrons (the 20-faced 
solid shown above), 15 or more of them will come to rest 
with side "A" on top only about once in a hundred times_ 

Identical laws of probability govern the calls coming 
into your local Bell Telephone exchange. Suppose you are 
one of a group of 150 telephone subscribers, each of whom 
makes a three-minute call during the busiest hour of the 
day. Since three minutes is one-twentieth of an hour, the 

probability that you or any other subscriber will be busy 
is 1 in 20, the same as the probability that side "A" of an 
icosahedron will be on top. The odds against 15 or more 
of you talking at once are again about 100 to L Thus it 
would be extravagant to supply your group with 150 trunk 
circuits when 15 are sufficient for good service. 

Telephone engineers discovered at the turn of the cen
tury that telephone users obey Bernoulli's formula. At Bell 
Telephone Laboratories, mathematicians have developed 
the mathematics of probability into a tool of tremendous 
economic value. All over the Bell System, the mathematical 
approach helps provide the world's finest telephone service 
using the least possible equipment. The achievements of 
these mathematicians again illustrate how Bell Labora
tories works to improve your telephone service. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 

17 
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Did you know that perfect telescopes like Questar will show you tiny 

lines some nine times smaller than their theoretical resolving power? 

We hesitate to put a figure on it since the miraculous living tissue of 

the eye is the final lens of any visual optical system. This extraordinary 

phenomenon often makes terrestrial observing dramatic and exciting. 

No telescopic photograph of these old timbers taken from more than a 

third of a mile away could show the tiny grain and hairline cracks that 

were so plainly visible through Questar. This interesting preference 

of the human eye for linear detail explains why we can sometimes see 

impossibly minute hairs on distant animals or too much detail in feathers. 

It also holds when we turn Questar's full astronomical powers on things 

only a few feet away and use it as the first long.distance microscope to 

reveal a whole new world to our astonished eyes. 

The superfine Questar, with its normally erect images and the fingertip 

controls of its convertible mounting, is expressly made for such work. 

It is sold only direct from the factory and costs $995 complete in its fitted 

English leather case. Send for 32·page booklet. Terms are available. 

'Que star 
BOX 20 NEW HOPE PENNSYLVANIA 

North Pole, the Senate has passed a bill 
making Commander Robert E. Peary a 

Rear Admiral on the retired list. This 
signal recognition of the explorer fol
lowed closely upon the recent gather
ing, presided over by the Governor of 
the State of New York, at which Peary 
received a gift of $10,000, which, by the 
way, he immediately contributed to the 
proposed U. S. expedition for the dis
covery of the South Pole." 

"On the 10th instant Wilbur and Or
ville Wright were presented with the 
Langley medals of the Smithsonian Insti
tution by Chief Justice Fuller at Wash
ington. Dr. Alexander Graham Bell and 
Senator Henry Cabot Lodge made brief 
addresses. Wilbur Wright announced 
that as soon as he and his brother get 
their American company under way, 
they expect to devote their time to re
search work in aviation. The two gold 
medals were designed by J. C. Cham
plain, a member of the French Academy, 
the reverse being from the seal of the 
Institution, which was designed by St. 
Gaudens." 

"Madame Curie has obtained a tenth 
of a grain of polonium and has been ex
perimenting with it. Polonium is a radio
active element discovered by Madame 
Curie as early as 1898, but not obtained 
before in sufficient quantities for elab
orate experimentation. From the brief 
reports which have been received, it 
would seem that polonium in its earlier 
stages is more radio-active than radium, 
but it loses its power very much more 
rapidly. It seems reasonably certain that 
polonium is identical with radium F, 
one of the series of metals produced by 
the decomposing of radium." 

"The Aeronautic Show held in Me
chanics Hall, Boston, Mass., from the 
16th to the 23rd instant, although fair
ly representative of the different experi
menters, was somewhat of a disappoint
ment in that none of the motor-driven 
heavier-than-air machines exhibited has 
actually flown, and half were shown 
without motors. Upon entering the hall 
the visitor saw the Bleriot and Antoinette 
type monoplanes of the Scientific Aero
plane and Airship Company. The former 
of these machines has lately been ex
perimented with upon ice by Mr. Stan
ley Y. Beach and is in a fair way of mak
ing a flight in the near future. Opposite 
these two machines were two Wright
type biplanes, one of which had mova
ble flaps upon the rear edges of the 
wings instead of the warping arrange
ment used by the Wrights. The finest 
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LI B RAS C 0 PETO the moon and back and wherever missiles fly, Librascope com-
puters deliver ready answers for in-flight control .... guidance, opti
mum trajectories, impact prediction, data reduction and analysis. 

M I S S I LE Throughout flight.. .. Librascope missile computers are uninterrupted by envi
ronmental extremes .... and they will automatically and continuously check their 

CO M PUlERS ::�o::��-�: :;c��::��o::e ;i::�
a
:�:;:�e:

in
��v�

m
e:��d

h\;:; 
important roles in our conquest of space. For information on how 

Librascope's advanced computer capabilities can answer your 
write Librascope, Inc . . 808 Western Ave., Glendale, California. 

A Division of General Precision , Inc .• 

'------f-----' on career opportunities, write Glen Seltzer, 

particu lar needs, 
Librascope , Inc., 
For informat ion 
Employment Mgr. 

computers that pace man's expanding mind 

__ ... IIIi LIO.l 
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LJ:NCOLN 

LABORATORY 

invites inquiries frolll. persons 

with superior qualifications. 

SOLID STATE Physics, Chemistry, and Metallurgy 

RADIO PHYSICS and ASTRONOMY 

NEW RADAR TECHNIQUES 

COMMUNICATIONS: 

Techniques 

Psychology 

Theory 

INFORMATION PROCESSING 

SYSTEMS: 

Space Surveillance 

ICBM Detection and Tracking 

Strategic Communications 

Integrated Data Networks 

SYSTEM ANALYSIS 

Research and Development 

LINCOLN LABORATORY 
Massachusetts Institute of Technology 

BOX 1B 

LEXING T O N  73, MASSACHUSET TS 

piece of construction on exhibition was 
the Herring machine built by the Star
ling Burgess Company, a well-known 
boatbuilding concern. This machine, in 
general appearance resembling the Cur
tiss biplane, was mounted upon three 
round skids, no wheels being used. The 
machine, complete with a Curtiss mo
tor, weighed less than 400 pounds. There 
were also several gliders on view, and a 
large number of models of all kinds, most 
of which were built by boys." 

FEBRUARY, 1860: "Colonel Colt has 
invented a revolving shot gun. It is said 
that upon a late trial of this valuable gun, 
at a distance of 30 yards, it put 175 pel
lets in a circle of 12 inches diameter, 
penetrating 75 sheets of ordinary brown 
paper. The gun is a five-shooter." 

"To see Yale College stepping out 
from among the mists of antiquity and 
the graves of dead languages, and 'tak
ing up the shovel and the hoe,' is cer
tainly one of the signs of the times. She 
made her debut on this new stage on the 
1st day of February, having secured the 
services of 25 leading agriculturists to 
sustain her in this first effort. These gen
tlemen are to take up all possible subjects 
connected with agriculture for the bene
fit of fanners and gardeners, young and 
old, and for their own material enlight
enment. There are to be three lectures a 
day for the space of a month, each lec
ture to be followed by a discussion." 

"A very distinguished English inven
tor has recently gone the way of all the 
earth, and under circumstances which 
call forth our sympathies. This man was 
James Boydell, the inventor of the steam 
traction engine for common roads. He 
was in the very prime of life, and had 
made an appointment with some of the 
government snobs to test his engine in 
the Woolwich marshes, and was kept 
waiting in vain for their attendance dur
ing a severely inclement day in Decem
ber, by which he caught a severe cold, 
from the effects of which he never re
covered. His peculiar locomotives are 
not adapted for quick traveling, but for 
drawing heavy loads, such as would re
quire 10, 12 and even 20 horses. They 
are invaluable, and will yet come into 
more general use. English papers com
plain that James Boydell was murdered 
by government routine." 
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TELECOMMUNICATIONS 
Signal fires flaming across a network of some nine stations over a distance of sixty miles 

flashed the news of the fall of Troy to Agamemnon's palace at Mycenae. Tele in Greek means 
distance, and this-in 1194 B.C.-was telecommunications. 

The newest and most advanced technique in telecommunications is the tropospheric 
scatter method using ultra high frequency signals which travel beyond the horizon, leap-frogging 

mountains, oceans, and other geographical barriers. 

Pioneering in the development of tropo scatter communications has been Radio Engineering 
Laboratories, which is responsible for the design and construction of the radio equipment for 

eight out of nine of the major tropo networks. 

REL welcomes the opportunity to use this experience in solving your commercial 
and military telecommunications problems. 

Radio Engineering Laboratories -Inc 
A subsidiary of Dynamics Corporation of America 

Dept. 5 • 29-01 Borden Ave ' Long Island City 1, NY 

Creative careers at REL await a few exceptional engineers. Address resumes to James W. Kelly, Personnel Director. 
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The creative chemistry 

that brings 

colorful symmetry 

to telephones ... ... also produces the pipe 

that protects 

a city's water supply! 

Cycolac®-a tough, hard, rigid plastic material developed 
and made by Borg-Warner's Marbon Chemical Division
combines excellent moldability, superior strength and 
high gloss finish with wide range of colors. That's why 
9 out of 10 color phones are now made of Cycolac. 

Through easily installed rigid pipe made of Cycolac 
plastic, water flows from main-to-house-unharmed by 
soil acids, unhindered by friction. Among many other 
Cycolac-molded products: auto dash panels, football 
helmets, fire extinguisher and vacuum cleaner parts. 

back of both 

The 7 Hats of Borg-Warner 
. • •  national defense; oil, steel 
and chemicals; agriculture; 
industrial machinery; aviation; 
the automotive industry; home 
equipment. 

BORG-WARNER 
Products made by Borg-Warner number well into the hundreds. On the Jist are 
our own famous consumer lines-Norge and York among them-yet they 
don't, by any means, illustrate the extent of our influence on modern living. 
More than likely, the engine in your car is timed by a Morse Silent Chain. 
Reflectal's Alfol aluminum foil insulation lines walls of homes and buildings 
across the country. Commercial aircraft contain such Weston Hydraulics' prod
ucts as nose wheel steering assemblies. Perhaps a bridge in your town was built 
with concrete reinforcing bars made by Calumet Steel Division. So ever-present 
are Borg-Warner products, in fact, that they contribute to your every activity
like parts in the presses that printed the magazine you're now reading. 

IT'S A BETTER PRODUCT WHEN BORG-WARNER MAKES IT 
Borg-Warner Corporation. 200 South Michigan Avenue. Chicago 4, Illinois 
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NO. I OF A SERIES • • •  BOMAC LOOKS AT RADAR THROUGH THE AGES 

'tHE 
BlRT#' 
O� 
R�AR 

According to an old Croatian fable, the first experimental 
radar station was illStalied 102,000 years ago last Thursday by 
a tribe of Cro-Magnons. BIIt no sooner had the statioll beel/ 
erected than a dillosaur appeared 011 the scene alld gulped dOI!11l 
everyone in sight -everyone but one badly frightened survivor. 

"Tell the truth, man," the dil10saur said, "or I'll make 
Filet Cro-Magnon out of yotl. What is this mess of bOlles 

. and stones YOII have here?" . 
"Ra-ra-radar," was the weak reply. 
", Tell /lie at/other one, " the dinosaur sllorted. "If this is radar, 

I'm a ring-tailed brontosauTlls. Does it use Bomac tubes?*" 
"No . . . but ... " 

"That does it ," the dil/osaur said. "Whoever heard of a 

radar set without Bomac tubes?" He opel1ed !tis lIlouth wide. 
"Whoever heard of a talkillg dinosaur?" the mall asked. 

But he was too far inside the dinosaur to hear the answer. 

'" BomllC makes the finest microwave tubes and co� 

ponents since Ihe birth of. radar. 

TR, ATR. PRE·TR TUBES· SHUTTERS· REFERENCE CAVITIES 
SILICON DIODES· MAGNETRONS· KLYSTRONS· DUPLEXERS 
.PRESSURIZING WINDOWS· SURGE PROTECTORS, SPARK GAP TUBES, 

BOMAC laboratories, inc. 

REPRESENTATIVES IN PRINCIPLE CITIES 
SALEM ROAD BEVERLY. MASSACHUSETTS 
It. $ U e SJ O I A Jt Y  O f  " A. I I A N  A S S O C I " ' t: S  

© 1960 SCIENTIFIC AMERICAN, INC



working 

second by second 
Because of Aero's all encompassing interest in controls, 
its engineers have for years been working in the area of 
human factors engineering. The speed and complexity 
of space age machines demand an optimum interaction 
(within parameters of reliability, weight, cost) between 
man and the machine. One of several techniques for 
measuring the optimum man-machine relationship is 
SSOA (Second-by Second Operational Analysis) ... an 
analysis of perceptual inputs and motor outputs for each 
second of a mission; a basis for later workload analysis. 

Techniques such as SSOA and achievements such as 
electrically suspended gyros, adaptive flight control sys
tems, guidance and control systems for space vehicles 
are examples of Aero's interest in airborne controls. Their 
competence has been demonstrated by contributions to 
Mercury, Scout, X-15, Sergeant, Thor, Atlas, Titan, 
and others. 

Current expansion has created openings for senior and 
junior engineers and scientists in these and similar pro
grams. Your inquiry will get prompt and confidential 
attention. 
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living 

season by season 

Honeywell engineers and their families experience wide variations in climate
and their activities vary as much as the climate. Some spend winter in hiber
nation-type activities such as reading by the fireplace. More enterprising souls 
enjoy outdoor activities like skating, skiing, ice fishing, ice boating, sleigh
riding. Griping about the weather seems to be a universal pastime, and 
Minnesotans are no exception. Yet, ask a Minnesotan who has moved away 
what he misses most-he'll tell you it's the seasonal changes. The foot-and-a
half snowfalls, the melting springs when everything begins to turn green 
again, the warm, pleasant summers, the colorful autumns. Such pronounced 
changes seem to stimulate mental as well as physical activities. It's a good place 
to live and a good place to raise a family. And it's part of the living that 
Honeywell engineers and their families enjoy. 

For further information on working at Honeywell Aero-and living in Minneapolis, 
please send a resume to Bruce Wood, Dept. 366. 

AERONAUTICAL DIVISION 
1433 Stinson Blvd. N.E., Minneapolis 13, Minnesota 

To exp'lore professional opportunities in other 
Honeywell operations coast to coast, send your 
application in confidence to H. K. Eckstrom, 
Honeywell, Minneapolis 8, Minnesota. 
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T ubexperience in action 

Superior Tubing Survives Rigors 

of Preparation for Outer Space 

Thin-wall nickel tubing, used in the 
fabrication of thrust chambers for the 
Atlas, Thor and Jupiter missiles, meets 
exacting design requirements and 
survives extremely severe fabrication, 

test and operational conditions 

The thrust chambers of the Rocketdyne 
engines that propel the Atlas, Thor and 
Jupiter missiles into outer space are 
composed of over 200 pieces of Superior 
tubing formed and shaped into the thrust 
chamber configuration. Grade "A" 
Nickel tubing satisfies all requirements 
for its important mission. The tubing 
must be amenable to the most exacting 
and intricate forming and fabrication 
practices. The finished parts are sub
jected to tests that must insure the 
required reliability. The following will 
give some indication of the unusually 
extreme conditions to which this tubing 
is exposed in preparation for its final 
spatial use. 

• Each tubing length, in several design 
configurations, is placed in the cavity of a 
die in a special press, and the press is closed 
under pressures up to 600 psi. The tube, 
now held securely in the die, is then 
stretched to fill the die cavity by intro
ducing hydraulic pressure (up to 20,000 
psi) into the tube. Over the length of the 
tube the cross-section shape varies from 
round through rectangular to octagonal. 
Following years of collaboration with 
Rocketdyne, Superior has so standardized 
its routine of manufacture that the re
jection rate after this severe forming is 
less than 1 %. 

• After forming tubes are placed side by 
side in a jig that duplicates the internal 
shape of the finished chamber. They are 
then subjected to as many as 15 heating 
and cooling cycles at approximately I 200°F 
during brazing operations. 

• Each finishe·d chamber is test fired for 
durations far in excess of its required tacti
cal maximum. During these tests, the only 
material between the coolant in the tubes 
and the combustion gases (approximately 
5000°F at high pressures) is a very thin 
wall of Superior tubing. 

Only the highest quality tubing, pro
duced and fabricated with master skills, 
can be good enough for the thrust 
chambers in which Superior tubing 
serves. That is why Rocketdyne Division 
of North American Aviation, Inc., de
pends on Superior for much of its tubing 
needs. Superior had the honor of supply
ing the tubing for the first tubular wall 
thrust chamber engine made by this 
organization and has continued to sup
ply quality tubing for subsequent 
Rocketdyne engines having thrust rat
ings from 5000 lb. to more than 300,000 
lb.  A recent contract awarded to 
Rocketdyne for the development of a 
single chamber rocket engine o f  
1,500,000 lb. thrust will require even 
more stringent controls on tubing qual
ity, but nevertheless within the produc
tion capabilities of Superior. 

The tubing sizes regularly used by 
Rocketdyne Division in the fabrication 
of the thrust chambers are as follows: 
.450 in. OD x .012 in. wall, .350 in. 
OD x .012 in. wall, .250 in. OD x .012 
in. wall, .312 in. OD x .010 in. wall and 
.187 in. OD x .015 in. wall. 

Superior's experience in the nuclear and 
missile tubing field is extensive. As a 
result, more than 120 analyses in a wide 
range of ID, OD and wall thicknesses 
are now available. The various analyses 
and their characteristics, with produc
tion sizes, are given in Bulletin 41. Write 
for a copy today. And if there is some 
tubing problem with which we could 
possibly help, tell us about it and let's 
see what we can do. Superior Tube 
Company, 2052 Germantown Ave., 
Norristown, Pa. 

"A" Nickel is a registered trademark of International Nickel Co. 

S�6'r��"�4e 
The big name in small tubing 

NORRISTOWN, PA. 

All analyses .010 in. to Ys in. OD-certain analyses in light walls liP to 21/2 in. OD 

West Coast: Pacific Tube Company, Los Angeles, California. FIRST STEEL TUBE MILL IN THE WEST 
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THE AUTHORS 

OLIVER LA FARGE ("The Endur
ing Indian") is an author, anthropologist 
and archaeologist who is currently presi
dent of the Association on American In
dian Affairs. He was born in New York 
City in 1901 and took his B.A. and M.A. 
degrees in anthropology at Harvard Uni
versity. He went on a total of six archae
ological expeditions to Arizona, Mexico 
and Guatemala for Harvard, for Tulane 
University and for Columbia University. 
He left anthropology and archaeology in 
order to write, and he has published nu
merous novels, as well as many works of 
nonfiction. One of his novels of Indian 
life, Laughing Boy, won the Pulitzer 
prize. He has held two Guggenheim fel
lowships in writing. 

DAVID E. GREEN ("The Synthesis 
of Fat") is professor of enzyme chemis
try and co-director of the Institute for 
Enzyme Research at the University of 
Wisconsin. A native of New York City, 
he graduated from New York University 
in 1930 and took his Ph.D. at the Uni
versity of Cambridge. He stayed there 
as a research fellow for seven years, re
turning to the U. S. in 1940. He spent a 
year in research at the Harvard Medical 
School and then became head of the en
zyme laboratory of the College of Physi
cians and Surgeons of Columbia Uni
versity. In 1948 he went to Wisconsin. 

HORACE W. BABCOCK ("The 
Magnetism of the Sun") is Assistant Di
rector of the Mount Wilson and Palomar 
Observatories. Even while he was an 
undergraduate at the California Institute 
of Technology, which together with the 
Carnegie Institution of Washington op
erates the Observatories, he spent his 
summers as a volunteer assistant in their 
optical shop and on Mount Wilson. After 
his graduation from Cal Tech in 1934, 
he went on to the University of Califor
nia, where in 1938 he acquired his Ph.D. 
Subsequently he worked at the Lick, 
McDonald and Yerkes observatories, and 
during World War II he did research on 
radar at the Radiation Laboratory of the 
Massachusetts Institute of Technology 
and on rockets at Cal Tech. In 1946 he 
officially joined the staff of Mount Wil
son and Palomar, where he has investi
gated variable stars, the rotation of spiral 
galaxies, the light of the night sky and, 
most notably, the magnetism of the sun 
and other stars. Babcock has also had a 
keen interest in the instrumentation of 
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Baby's first breath had better be a good one . . .  after that we can 

help. In the early hours of life, if he happens to be premature, he will need a Beckman 

oxygen ana Iyzer with his hospita I i ncu bator to prevent retrolenta I fi broplasia - a disease 

that ca n resu It in bl i nd ness .• Hel pi ng to control the air he breathes wi II a Iways be a pa rt 

of our job - in factories, in atom-powered submarines or in what used to be the great 

outdoors. He won't like smog ... and we're working on that problem too . • His food will 

be fresher and tastier because a Beckman pH meter played a part in its growing and 

processing. The clothes he wears will look better, last longer because of Beckman 

I nstru mentation. No matter how far he goes or how high he fl ies, we'll be there 

with him ... with everything from events-per-unit-time meters for measuring engine 

speeds, to servomotors for his automatic pilot. .There's scarcely a life that isn't touched 

by Beckman research, development, manufacture and service. We'll help baby all right. 

And we know how. 

1935·1960 

Beckman OUR 

25TH YEAR 

BECKMAN INSTRUMENTS, INC. ELECTRONIC COMPONENTS,INSTRUMENTS,SYSTEMS ... FOR ANALYSIS, MEASUREMENT, COUNTING AND CONTROL 

EXECUTIVE OFFICES: FU LLERTON, CALIFORN IA I DIVISIONS: BERKELEY· HEll POT· INTERNATIONAL· SCIENTIFIC & PROCESS INSTRUMENTS· SPI NCO· 

SYSTEMS I SU BSI DIARI ES: SHOCKLEY TRANSISTOR CORp· BECKMAN INSTRU MENTS, G.m. b. H., GERMANY· BECKMAN I NSTRU M ENTS, L TO., SCOTLAND 

© 1960 B. 1.1. Be 60089 
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COPYING MACHINES 

give you dry copies 

4 seconds FAST 
You're hurrying to get to that meeting . . . suddenly you 
need extra copies. That's no problem with a "Thermo-Fax" 
Copying Machine in your office. In just seconds you have 
dry copies in your brief case. 

Using no chemicals these machines turn out a perfectly 
dry, clean copy in just 4 seconds-electrically. And copies 
can be made on white, bond-weight paper-or on any of 6 
other distinctive colors. 

"Thermo-Fax" Copying Machines copy just about every
thing, quickly and easily. Such routines as billing, account
ing and addressing are speeded. To see one of these time
savers at work, call your dealer now. Or mail the coupon. 

On(1f T/lI'l'mo-Fax· Copying Machines 
do so man.1f jobs ... so quickly, 

so easily.joI'SliC/z low cost! 

" Machines that mean business" 

THE TERM "THERMO-fAX"I$ A REGISTERED 
TR.l.OEMARK OF MINNESOTA MINING 

AND MANUFACTURING COMPANY 

M,innesota Mining anSI Manufacturing Company 
Dept. DCT·20. St. Paul 6. Minnesota 

Name ____________ �------------ --__ 

Company ______________________ ____ __ 

Address, ____ � ____________________ ___ 

City ________ Zone __ State ____ _ 

MINNESOTA MINING AND MANUFACTURING COMPANY 
• • .  WHERE RESEARCH 15 THE KEY TO TOMORROW 

astronomy. He supervises the ruling of 
optical diffraction gratings at Mount 
Wilson and Palomar, where many of the 
world's finest gratings have been made. 
He has developed a precise automatic 
guider for the 200-inch Hale telescope, 
and integrating exposure meters for 
spectroscopy. Babcock became inter
ested in astronomy through his father, 
Harold D. Babcock, a physicist on the 
Mount Wilson (later Mount Wilson and 
Palomar) staff from 1909 to 1948. Al
though the elder Babcock is officially re
tired, he is still active; father and son 
have collaborated on the development 
and use of the solar magneto graph, 
which produced the new results on solar 
magnetic fields described in this issue. 

C. WALTON LILLEHEI and LEON
ARD ENGEL ("Open-Heart Surgery") 
are respectively a noted heart surgeon 
and a science writer. Lillehei was born 
in Minneapolis in 1918, and received his 
M.D. from the University of Minnesota 
Medical School in 1942. For three years 
thereafter he was an Army doctor; he 
won a Bronze Star for his work under 
fire at the Anzio beachhead. He returned 
to Minneapolis in 1946 to take a four
year academic residency in surgery un
der Owen H. Wangensteen, and during 
this period he also earned a Ph.D. Car
diac surgery has been a major interest in 
Wangensteen's department for two dec
ades, and Lillehei entered the field in 
1951. He now heads the first team to 
achieve consistent success in this fron
tier of surgery. Engel met Lillehei while 
working on a book about recent devel
opments in surgery. One of the coun
try's leading science writers, Engel is an 
alumnus of Columbia University and the 
University of Chicago. His articles have 
appeared in some 40 publications, in
cluding Harper's, The New York Times 
Magazine and SCIENTIFIC AMERICAN. 

JOHN J. GILMAN ("Fracture in 
Solids") is a metallurgist with the Gen
eral Electric Research Laboratory in 
Schenectady. He was born in Saint Paul, 
Minn., in 1925 and took his B.S. and 
M.S. degrees at the Illinois Institute of 
Technology. He acquired his Ph.D. at 
Columbia University in 1952. He has 
taught at Illinois Tech and at Rensselaer 
Polytechnic Institute, and was with the 
Crucible Steel Company before working 
at the General Electric Research Labo
ratory. He has won several high awards 
from the American Institute of Mining, 
Metallurgical and Petroleum Engineers, 
the latest being the 1959 Mathewson 
Gold Medal for the outstanding cOl'l.tri
bution to metallurgy for the preced-
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One of a series 

On the riddle of rolling friction 

It doesn't take much to roll a hard ball across a hard, 

smooth, level surface - actually only about 0.00001 times the 

normal force acting vertically on the ball. But by careful 

measurement of this tiny rolling force, scientists at 

the General Motors Research Laboratories 

are helping to unravel the riddle of rolling friction. 

An important relationship recently uncovered 

in this fundamental study: the rolling force is proportional 

to the volume of material that is stressed above 

a certain level. As a result, a GM Research group have not only 

confirmed the hypothesis of how a rolling ball loses energy 

(Answer: elastic hysteresis) but also have learned where 

this lost energy is dissipated (Answer: in the interior of the material, 

not on the surface). Mathematical analyses have indicated 

the exact shape of the elastically stressed volume 

in which all the significant frictional loss takes place. 

The purpose of friction research at the GM Research Laboratories 

is to learn more about the elastic and inelastic behavior 

of materials. This knowledge - of academic interest now - .will 

eventually give GM engineers greater control of energy lost through 

friction. This is but one more example of how General Motors 

lives up to its promise of "More and better things for more people." 

General Motors Research Laboratories 
Warren, Michigan 
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SCIENTIFICALLY ORIENTED toward prag-
matic solutions to the problems of ... large com-
puter-communications s�stems ... economical 
programming in real-time information and con
trol s�stems ... objective s�stem anal�sis and design 
for command coordination and controL 

THE G. C. DEWEY CORPORATION 
202 East 44th Street, N. Y. C. 17 

30 

pb�sicistsl matbematicians anti engineers �vjtb advanced degrees/write 
for information on professiol1al career opportunities to Dept. D-10. 

ing three years. He has also been hon
ored with the A. H. Geisler Award of 
the American Society for Metals. 

STANLEY D. BECK ("Insects and 
the Length of the Day") is associate pro
fessor of entomology at the University 
of Wisconsin. He obtained his B.S. de
gree in entomology at the State College 
of Washington in 1942, and his M. S. 
and Ph.D. in zoology at the University 
of Wisconsin. Since 1948 he has been 
teaching and doing research in insect 
physiology at vVisconsin. His main avo
cation is writing, and his book, The 
Simplicity of Science, was published last 
year. Beck is editor of the annual Trans
actions of the Wisconsin Academy of 
Sciences, Arts and Letters. 

HANS PETTERSSON ("Cosmic 
Spherules and Meteoritic Dust") is pro
fessor of oceanography at the University 
of Goteborg in Sweden, and from 1939 
to 1956 was director of the University's 
Oceano graph Institute and of the Borno 
Oceanographic Station (which was 
founded by his father) . He studied phys
ics in Uppsala under Knut Angstrom 
and at University College London under 
Sir William Ramsay. He graduated from 
the University of Stockholm and joined 
the Goteborg faculty in 1914. One of 
his early research projects involved the 
study of the radium content in the deep
sea sediments gathered by the voyages 
of the Challenger and the Prince of 
Monaco. From 1923 to 1930 he was 
head of a team at the Radium Institute 
of Vienna studying artificial atomic dis
integration by alpha particles. He re
turned to a professorship in oceanogra
phy at Goteborg, and in 1947 and 1948 
he led the Swedish Deep-Sea Expedition 
around the world. He edited all the re
ports of the expedition. In 1957 he was 
visiting professor of geophysics at the 
University of Hawaii, and while there he 
undertook the studies that are reported 
in this issue. 

ANTHONY H. ROSE ("Yeasts") lec
tures on microbiology at Heriot-Watt 
College in Edinburgh. In 1950 he took 
a degree in industrial fermentation at 
the University of Birmingham. He ac
quired his Ph.D. there in 1954 in ap
plied biochemistry, and received a King 
George VI Fellowship of the English
Speaking Union to study at the Institute 
of Microbiology at Rutgers University. 
He has also held a fellowship in fennen
tation in the National Research Council 
of Canada. He was the author of the 
article entitled "Beer" in the June, 1959, 
issue of this magazine. 
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Not for talking through 
WHEREVER YOU GO in New York State today, you'll hear 

talk that makes sense ... to people interested in new 

and better job opportunities, to executives interested 

in greater opportunities for industrial growth. It's the 

kind of direct, "hard-hat" talk you'd expect from Gov

ernor Nelson Rockefeller's new team of business and 

professional men in government. 

You'll hear about the new survey of business needs 

... the new attitude of government at all levels toward 

improving facilities and public services for industry ... 

labor's enviable record in keeping the state's strike

time-lost average 50% below the national figure ... a 

new look at the tax structure affecting business . . •  

and about many other important new developments. 

If you agree that your company could grow in this 

hard-hat businessman's climate, why not get in touch 
with the Commissioner of Commerce, Keith S. Mc

Hugh? Former head of the New York Telephone Com

pany, he can discuss your plant-location needs with 

the understanding of long business experience. 

Mr. McHugh will provide you with free, up-to-date 

reports on sites, labor, transportation, markets, raw 

materials, water. The reports are confidential, and 

tailored to your needs. Write Keith S. McHugh, New 

York State Department of Commerce, Room 362, 
112 State St., Albany, N. Y., or phone ALbany 5-7521. 
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Answer: All but this one. 

Here is a medium-scale general purpose digital computer, and 

the only small-scale thing about it is the price. It's the low-price 

Bendix G-15. 

Part of the remarkable success of the G-15 is due to that low 

price. One user writes, " ... the nearest competitor to the G-15 
costs five times as much." 

There are many other reasons why hundreds of computer experts 
have chosen the G-15. Versatility is one. The G-15 is well-equipped 

to handle all phases of business data processing as well as highly 
complex scientific and engineering calculations. Also, simplified pro
gramming methods allow your present personnel to solve their own 
probleJIls on the computer. 

A broad line of accessories means the G-15 is expandable. As 

the work increases, you can add magnetic tape units, punched 

card equipment, and other accessories. Don't forget, however, 

that the basic G-15, with its photoelectric paper tape reader

punch and electric typewriter, is more than adequate for most 

problems. 

Other features you will like are: true alphanumeric input-output, 

high internal speed, buffering, large program library and user's 

exchange group, and fast nation-wide service. 

Complete details will be sent upon request. Mention specific problems 
where the G-15 may be helpful, and we will be glad to advise you. 

DIVISION, DEPT. C-14. LOS ANGELES 4S, CALIFORNIA 

Experienced programmers, sales ana service personnel • • •  

share our growth. Contact O. P. Staderman, Director of Marketing. 
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Thxus is one of the world's largest producers of 

synthetic rubber. Most of the rubber in this boy's 

sneakers is TEXUS rubber. In fact, more than two

thirds of all the rubber used by consumers and 

industry today is man-made. 

Since the days when synthetic rubber was a 

war-dictated substitute, research has made it 

stronger, more useful and more economical in 

many cases than nature's own rubber. 

he's got 

TEXUS 
in his 

walk 

But the successful use of synthetic rubber de

pends heavily on the strictness and accuracy of the 

quality safeguards taken before, during and after 

processing. That's why it's an important fact that 

TEXUS SYNPOL@ (the trade name of our synthetic 

rubber) is made under a complete, modern quality 

testing program. 

Write TEXUS now (address below) for complete 

technical information. 

Pace setter in synthetic rubber technology 

TEXAS-U.S. CHEMICAL COMPANY, 260 Madison Avenue, New York 16, N. Y. • MUrray Hill 9-3322 
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CHEMICALS INDUSTRIAL, AGRICULTURAL 

ENERGY. FUELS, COMMERCIAL EXPLOSIVES 

METALS ALUMINUM, BRASS 

PACKAGING CELLOPHANE, PAPER PRODUCTS 

SQUIBB MEDICINALS, VITAMINS 

WINCHESTER-WESTERN SPORTING ARMS, AMMUNITION 

...... DEPENDABILITY 

THROUGH INTEGRATION 

FROM RAW MATERIAL 

TO FINISHED PRODUCT 

This is the work of 

OLIN MATHIESON 

Through the integration of production to 

a degree rare in industry, Olin Mathieson 

is able to exercise unusual control oyer 

the quality of its products, This control 

begins with Corporate interest in world

wide sources of raw material and extends 

from research and planning facilities to 

finished product plants. In producing 

aluminum, for example, Olin Mathieson 

is engaged in every step of production

from bauxite to end product. Similarly, in 

making packaging materials, production 

begins with the scientific reforestation 

of Olin Mathieson timberlands. In each 

of the six major fields in which the Corpo

ration serves industry and the public 

this depth integration assures higher 

product quality, strict adherence to cus

tomer specifications and dependability 

of delivery. Olin Mathieson Chemical 

Corporation, 460 Park Avenue, New York. 
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George Sarton ... on JreaDlers 

"Men understand the world in different ways. The main 
difference lies in this. that some men are more abstract
minded. and they naturally think first of unity and of 
God. of wholeness. of infinity and other such concepts. 
while the minds of other men are concrete and they 
cogitate about health and disease. profit and loss. They 
invent gadgets and remedies; they are less interested in 
knowing anything than in applying whatever knowledge 
they may already have to practical problems; they try to 
make things work and pay. to heal and teach. The first are 

called dreamers (if worse names are not given to them); 
the second kind are recognized as practical and useful. 
History has often proved the shortsightedness of the 
practical men and vindicated the "lazy" dreamers; it has 
also proved that the dreamers are often mistaken. The 
historian of science deals with both kinds with equal 
love. for both are needed; yet he is not willing to subor
dinate principles to applications. nor to sacrifice the 
so-called dreamers to the engineers. the teachers. or the 
healers." ,..... A History 0/ Science. 1952 

THE RAN D COR PO RAT ION, SAN TA M 0 N I C A, CAL I FOR N I A 
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A nonprofit organization engaged in a program of research in the physical sciences. economics. mathematics. and the social sciences. 
These diverse skills are joined in the analysis and solution of complex problems related to national security and the public interest. 
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The Enduring Indian 
A111ericans of European descent hav� always believed that the original 

A111ericans would somehow vanish. But despite slaughter, asshnilation, 

disease and dislocation, Indians continue to maintain their identif1i J 

In 1954 a group of anthropologists, 
two of them American Indians, held 
a conference in Chicago. Their topic 

of discussion was the American Indian 
of today, and they considered in particu
lar the idea (as they put it) "that assimi
lation of the American Indian into the 
normal stream of American life is inevi
table, and that Indian tribes and com
munities will disappear." 

On the basis of current and historical 
evidence they concluded: "This predic
tion is unwarranted. Most Indian groups 
in the United States, after more than 100 
years of Euro-American contact and in 
spite of strong external pressures, both 
direct and fortuitous, have not become 
assimilated in the sense of the loss of 
community identity and the full accept
ance of American habits of thought and 
conduct. Nor can one expect such group 
assimilation within any predictable time 
period, say one to four generations. The 
urge to retain tribal identity is strong 
and operates powerfully for many In
dian groups." 

The vanishing Indian, in other words, 
is not vanishing. 

The general adherence to the contrary 
view has several motives. One is simple 
good will-the belief that there is no bet
ter fate for any group than to be melted 
down and totally fused into the general 
community, and that Indians must de
sire and eventually follow the same 
course as the Irish or the Italians. An
other is wish-fulRllment. The white men 
who conquered what is now the U.S., 
with the exception of the Spanish of the 

by Oliver La [<,arge 

Southwest, came here to settle, to oc
cupy and use the country for all it was 
worth. They found an alien, primitive, 
sparse population holding the land. That 
population had to be evicted. It still 
holds land. It owns good pasture in areas 
where pasture is scarce, valuable timber, 
minerals and water. There are still large 
numbers of white men who desire this 
property and accordingly are inclined to 
believe that the Indians will, or must be 
made to, vanish. 

More important in the thinking of the 
majority of Americans is the actual his
tory of the decline in Indian population. 
In 1600 the Indian population of the 
area now embraced by the 49 states of 
the continental U.S. was, according to 
the best estimate, between 900,000 and 
one million. At its lowest ebb, around 
1920, the Indian population was per
haps S50,000. This shrinkage was caused 
by European diseases, by conflict and, to 
a small degree, by assimilation. 

The first European settlers on the At
lantic Coast, in New England and Vir
ginia, needed and sought the Indians' 
friendship. Their racial attitude was tol
erant; stable marriages between whites 
and Indians could occur, the most fa
mous of which was that of John Rolfe 
and Pocahontas. But new settlers were 
constantly arriving, and the settlements 
were expanding. Pocahontas's father, 
Powhatan, found his people being 
crowded from their land. He attacked, 
but too late. The English counter
attacked, and the Powhatan confederacy 
was shattered. In New England, Meta-

comet, commonly called King Philip, son 
of the Pilgrims' loyal friend M assasoit, 
organized a still more powerful attack, 
in the conviction that there was no hope 
for his people unless the white men were 
driven out. He too was defeated, after 
heavy fighting. He had tried for total 
war; the white men did the same. In a 
large region that was mostly wilderness, 
actual genocide was not possible. The 
Yankees nonetheless had a good try at it. 

.N.. settlement increased, the Indians be-
came involved in the imperial wars 

between the European nations, the most 
important of which were between the 
French and the English. vVarfare between 
tribes had usually been sporadic and to 
some extent a sporting proposition; now 
it became constant and deadly. Tribes 
on the losing side suffered heavily; some 
were wiped out. Throughout the Colo
nial period, moreover, colonists attacked 
individual Indian villages, often wan
tonly, killing everyone they could find. 

War and disease eliminated a number 
of the Eastern tribes. In the North sim
ple intermarriage helped the process 
along. In the South, however, the impor
tation of Negro slaves raised the shibbo
leth of racial purity and brought the as
similation of Indians to a stop. An inter
esting indication of the change can be 
seen in the laws of Virginia, which forbid 
miscegenation between whites and In
dians, and define an Indian by a propor
tion of Indian descent that, at the time 
the law was enacted, was just large 
enough not to include those who claimed 
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INDIANS OF FOUR TRIBES appear in these photographs made by 

Helen M. Post. At the far left is a young Navaho woman in tribal cos· 

tume. Second from the left a member of the Crow tribe addresses 

a tribal fair. Third from the left is an old man of the Blackfeet 

descent from Pocahontas. In many New 
England communities there are white 
men who are proud to claim an Indian 
ancestor; in the South there are separate 
communities of "Indians," for example, 
the Lumbees of North Carolina, w,ho re
cently became famous for shooting up 
the Ku Klux Klan. 

The once-powerful Narragansetts of 
Rhode Island no longer exist as a tribe; 
the Wampanoags are extinct; of the 
Pequots and Mohicans there remains a 
tiny handful in Connecticut. The Nat
chez nation of Mississippi and Louisiana 
is entirely gone. Still, when you call the 
roll of Eastern tribes, the surprising 
thing is that traces of so many of them 
still exist, some in situ, more of them 
west of the Mississippi. 

These latter Indians were among the 
subjects of the "Indian removals," by 
which, in the first half of the 19th cen
tury, the young republic set out to clear 
the Indians from all the country east of 
the great river. Tribe after tribe was 
dumped across the river, or removed it
self westward. A large concentration of 
them landed in what is now Oklahoma, 
to the surprise and distress of the In
dians then occupying that region. West 
of the Mississippi, from Wisconsin to 
Texas, can be found what is left of one 
Eastern tribe after another, and in Okla
homa itself are some of the tribes that 
moved out of the very states in which 
these others were settled. 
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The Indian removals were accompa
nied by naked force, brutality and fraud. 
Before the Revolution the British Crown 
endeavored to honor the treaties and 
alliances it had made. But after the Rev
olution its Indian allies found themselves 
abandoned, their lands wanted by fron
tiersmen against whom they had fought 
all too well. Both Washington and Jeffer
son strove to check the frontiersmen, 
who were already going on the slogan 
that the only good Indian was a dead 
one, and for many years the Federal 
Government maintained at least the ap
pearances of decency. The West moved 
ever farther from the seat of government 
and became ever more powerful politi
cally. Getting Indians to sign treaties 
when blind drunk was standard prac
tice; so was it to set up sham chiefs, sign 
treaties with them, and use these as an 
excuse for applying force. A rough and 
hardy people had to have that territory 
to expand into and intended to get it by 
whatever means. 

The great pressure at that time was to 
clear the South of the powerful "Five 
Civilized Trib@s": the Cherokees, Choc
taws, Creeks, Chickasaws and Semi
noles. The finding of some gold in 
Cherokee territory in Georgia intensified 
the drive. The Cherokees sought legal 
redress, leading to a famous decision by 
Chief Justice John Marshall in the case 
of Worcester v. Georgia. This decision, 
which found solidly for the Indians, was 

the cornerstone of later Indian law. But 
Andrew Jackson, himself a frontiersman 
and Indian fighter, was President. He 
said: "Marshall has made his decision; 
let him enforce it." The President com
manded the troops; the troops marched 
in and moved the Cherokees, and after 
them the rest. Thousands died in the 
course of these removals; not a few were 
killed trying to defend their homes, or 
simply to encourage the others to hurry. 

T he intent was to settle all Indians on 
land white men would not want. But 

the white man kept moving westward, 
wanting new land. The Delawares, for 
instance, moved from the coast to the 
interior of Pennsylvania, then to Ohio. 
From there some wandered as far as 
Texas, hoping for better faith from the 
Spanish Government, then returned. In 
1835 the main body was settled in Kan
sas on a reservation purchased with 
money paid for lands they had given up 
farther east. They were Christians. They 
fenced the land, built houses and a 
church, raised cattle and planted. But 
Kansas, it turned out, was fertile; in 
1867 the Delawares were removed to 
Oklahoma and much poorer soil. 

During the 1840's the white men's 
westward movement jumped over the 
"Great American Desert" to the West 
Coast, in the south gold-bearing, in the 
north richly fertile, in places both. There 
history repeated itself, with local varia-
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tribe. At far right is a young woman of the Cheyenne tribe. The 

Navaho reservation is in New Mexico, Arizona and Utah; the 

Crow, in southern Montana; the Blackfeet, in northern Montana; 

the Cheyenne, in southern Montana (see map on next two pages). 

tions, and with the important difference 
that it was becoming more and more im
practicable to try to settle all Indians in 
Oklahoma. Instead there developed the 
practice of giving them reservations in 
their native territories. 

After the Civil War white men began 
to settle the Great Plains and the moun
tain country. As they closed in on the 
tribes of these regions they outdid them, 
on the whole, in treacheries and out
rages. But it was no longer possible to be 
as openly ruthless with the Indians as it 
had been with the tribes that had been 
broken earlier. When gold was found in 
the Black Hills of South Dakota, counh'y 
pledged to the Sioux by treaty, the Army 
honestly tried for a while to keep gold
seekers from going in. Removals to Okla
homa did occur, as in the case of the 
Cheyennes of Montana, but the majority 
of the Western tribes received reserva
tions where they had always lived. 

In Arizona and New Mexico there 
were special circumstances. That region 
had been conquered by the Spanish. 
The Spanish did not come to colonize, to 
till the soil, but for imperial conquest in 
the grand manner. They did not break 
treaties, because they did not make them. 
They looked upon the Indians as their 
labor force and as souls to be won to 
God; they did not want to exterminate 
them, but needed them to make their 
empire pay. The Spanish Crown gave 
definite rights and protections to its In-

dian subjects. These were fully recog
nized by the Mexican Republic, and 
when the U. S. annexed the region after 
the Mexican War, they were written into 
the Treaty of Guadalupe-Hidalgo. Thus 
many of the sedentary, farming tribes of 
the Southwest are protected, especially 
in title to their land and in rights of self
government, by an international treaty. 

The wilder, hunting tribes of that re
gion occupied semidesert, or country 
that seemed hopelessly remote. Many of 
these, such as the Navahos and Apaches, 
had a high nuisance value, as did the 
strong Plains tribes, at a time when the 
East was beginning to balk at the cost of 
Indian wars. The demand for land in the 
Southwest was relatively weak until re
cently. As a result of all these factors the 
Indians of the Southwest received fairly 
ample reservations in their native terri
tories. 

By 1880 the major Indian wars were 
over, and most tribes were located on 
the reservations where they are now. 
There were hostilities after that. Some 
tribes were moved; some had yet to re
ceive reservations, but the big job was 
done. The reservation and along with it 
the status of the Indian have changed 
considerably since 1880, but the essen
tial terms of this arrangement still play 
a part in the lives of Indians today. 

A reservation is a tract of land-part 
of a tribe's original territory or given 
in exchange therefor-set aside for the 

exclusive use of a tribe or group of In
dians, and held in trust for them by 
the Federal Government. At first white 
men also conceived of reservations as 
areas within which a dangerous, hostile 
people could be confined. Most Indians 
were not citizens of the U. S.; as "In
dians not taxed" they were excluded 
from the provisions of the Fourteenth 
Amendment to the Constitution. What
ever their theoretical rights may have 
been, they were de facto wards and sub
ject to astonishing arbitrary controls 
over their personal and public lives. 
They could be, and occasionally were, 
punished for leaving their reservations; 
to this extent these areas could be con
sidered as concentration camps of a very 
roomy kind, but even that is a past con
dition. 

A long series of court decisions, going 
back to Chief Justice Marshall's 

Cherokee deciSion, has firmly established 
that, within the boundaries of the reser
vations, civil and criminal jurisdiction be
long to the Federal Government and the 
tribe, with the states and territories ex
cluded. Citizenship was extended to In
dians gradually until 1924, when in rec
ognition of their services in World War I 
Congress made all of them citizens. 
Since then it has been amply proven in 
the courts that there are no more "In
dians not taxed," and that the Four
teenth Amendment applies to them all. 
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The courts have established that Indians 
are not wards, that they are American 
citizens endowed with all the rights de
riving from their status as the original 
occupants of this country, including lo
cal self-government under Federal juris
diction and Federal responsibility for 

their health and education while they 
reside in what is legally termed "Indian 
country." This combination of Federal 
and autonomous jurisdiction the Indians 
hold to be their most valuable and neces
sary right. When an Indian leaves "In
dian country," his status is theoretically 

the same as anyone else's. But some states 
or local units frankly refuse to extend 
normal services to the Indian. Unless he 
goes far from home he usually encoun
ters the prejudice, the discrimination, the 
unequal justice before the law that help 
explain why Indians have feared recur-

ORIGINAL AND PRESENT LOCATIONS of the principal Amer

ican Indian tribes are shown in this map of the U.S. The general 

original location of the tribes is indicated by the large type; the 

present location (or locations) is given in small type. Indian reser-
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rent moves to turn them over to state 
governments. 

Indian trust-land cannot be alienated 
or rented without the consent of both 
the trustee and the beneficiary. It is tax
exempt, and so is income derived from 
it by its Indian owners, an enormous ad-

vantage. It is also called "restricted 
land," because it is inherent in the na
ture of the trust that the owners are not 
perfectly free to do as they like with it, 
beginning with losing it to satisfy debts. 
The trustee (the Government) is re
sponsible for the proper use of the land 

vations are denoted by areas or points in gray. Hatched area in Oklahoma was once reser· 

vation. Many Indians now live there with certain rights guaranteed by special legislation. 

and its conservation, which is no easy 
responsibility. There has been one case 
in which a tribe persuaded the Bureau 
of Indian Affairs to approve an arrange
ment it wanted for the sale of its timber. 
The arrangement was bad, and the tribe 
lost a great deal of money, whereupon 
it turned around and successfully sued 
its trustee for more than $1 million in 
damages. 

A ll that has been said so far makes 
ft reservations and the status of a fed
erally recognized Indian sound highly 
desirable, and in fact there are few such 
Indians who do not want to see their 
reservations and their Indian status con
tinued. The restrictions, however, can 
be burdensome. The trustee is not an 
individual but a large bureaucracy that 
changes policy with almost every change 
of administration. The Government is 
trustee of a large part of Indian funds 
as well as of property. Its officials are 
educated, experienced; the beneficiaries 
are ignorant, inexperienced. Most In
dians, although theoretically literate, are 
unable to handle the papers of quite 
simple business transactions without 
help. It is easy for the trustee, for tech
nical reasons, to withhold funds, to block 
or promote Indian enterprises, to refuse 
assistance. Thus the Indians' legal situ
ation has been partly negated by the 
realities. 

As of 1880 the Indians owned 155 
million acres of land, mostly guaranteed 
by treaties. As the West filled up, this 
land was coveted. The allotment system, 
culminating in the Allotment Act of 
1887, became the device for subtracting 
land from the Indians' domain. Under 
this system tribes were high-pressured 
into surrendering title to their reserva
tions, accepting instead individual allot
ments of land and ceding the "surplus" 
to the U. S. for a song. The trust periods 
on the individual allotments were lim
ited, and when trust was removed, those 
tracts too could be obtained by non
Indians. The humanitarians of the time 
supported this system in the belief that 
individual ownership would break up 
the tribes and lead to assimilation. Out
side the Southwest, between 1887 and 
1933, when the process was temporarily 
halted, the Indians lost 93 million acres, 
with economically disastrous results in 
many places. 

Allotment vests still further power in 
the trustee; it can extend or refuse to 
extend the trust period when it is due 
to expire. Once an allotment goes out of 
trust it becomes subject to taxation, and 
experience shows that it soon passes into 
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NAVAHO FAMILY is photographed at its home on Navaho Moun· 

tain, iu a remote part of the Navaho reservation. At the left is the 

NAVAHO SCHOLARSHIP COMMITTEE interviews Emily Roan. 

horse, who wishes to obtain schooling outside the reservation. The 

4 2  

entrauce t o  the family's hogan, a structure built of wood and earth. 

This photograph is reproduced through courtesy of Farm Quarterly. 

tribe has a trust fund of $5 million for this purpose, and each year 

sends some 200 students to colleges, universities and trade schools. 
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white ownership. There is also the mat
ter of "key allotments," that is, tracts of 
land whose ownership controls the use 
of surrounding tracts. The key piece of 
land may have the only water in a large 
area of grazing land, or it may be the 
only means of access to a stand of tim
ber. When a non-Indian gets hold of a 
key allotment, there is little the sur
rounding Indian owners can do but sell 
or lease to him at his price. For many 
years prior to 1953 Indian Bureau regu
lations established special safeguards 
over such parcels of land. Under the 
present administration, however, the 
field officials concerned were instructed 
to ignore the "key" consideration entire
ly when land was in line to be sold. This 
harsh injunction has recently been some
what softened. 

Indians sell their lands for various rea
sons. Many allotments are owned by 
persons, usually of mixed blood, who 
have permanently left their reservation 
and no longer care what happens to the 
tribe. They receive lease money, but pre
fer to get a lump sum in cash and have 
done with it. Many try to sell their land 
in order to obtain at least temporary re
lief from destitution, or because the 
states in which they live will not give 
old-age payments or other relief to per
sons owning property. Perhaps the prin
cipal cause is heirship: an allotment may 
now be owned by the numerous grand
children and even great-grandchildren 
of the original allottee. There are actual 
cases of heirs who receive only one cent 
per annum in lease money. The natural 
tendency of the trustee and of the heirs 
is to get rid of the mess by selling the 
land outright. 

� the land base dwindled, so did the 
Indian population, tactfully fulfill

ing white expectations. In this there 
were two principal factors. One was dis
ease, fortified by malnutrition, entire 
lack of sanitation, and little or no medi
cal or public-health service. The other 
was plain hopelessness, reflected in a 
declining birth rate. After the 1920 na
dir, when the Indian population (includ
ing a few thousand Eskimos and Aleuts) 
had fallen to 350,000, the Indians began 
to increase. No improvement in their 
condition explains this development. 
One can only speculate that a new gen
eration had come along that had made 
at least a partial adjustment to its 
wretched mode of life and was there
fore less despondent and more inclined 
to reproduce than its predecessors had 
been. 

The upturn was followed by develop-

ments that favored it. A major overhaul 
in the Indian health service was under
taken in 1926 under President Coolidge 
and was reinforced during the Hoover 
administration. During the Eisenhower 
administration Indian health was made 
the responsibility of the Public Health 
Service, and that transfer, with certain 
other innovations, leads to the hope that 
before too long health services to In
dians will be comparable to those re
ceived by other Americans. 

The Hoover administration also initi
ated reforms in education. Most educa
tion for Indians had been vocational; 
Indians were expected to be farmers, 
herders, manual workers and domestic 
servants, and they were schooled ac
cordingly. Indian schools were places of 
virtual imprisonment, of harsh disci
pline, hard labor, hunger and a minimum 
of learning. Under President Hoover the 
schools actually became schools. To 
mention just one item, the provision of 
sufficient food for the children-initially 
by raising the allowance in 1931 from 
11 to 28 cents a day-has meant a change 
in the physical potential of an entire 
generation. Further improvements have 
been introduced by succeeding adminis
trations. The picture is still not perfect; 
there are still too many Indians who 
never get to school at all. But it is no 
longer surprising to find Indians in col
lege, and one can detect the spread of a 
new self-confidence and new compe
tence, still beginning, still uncertain, 
among the Indian people. 

In the grievous problem of trust lands 
the Hoover administration adopted the 
policy of automatically renewing the 
trust periods as they expired. Under the 
administration of Franklin D. Roosevelt 
the Indian Reorganization Act offered 
all tribes authority to form recognized 
local governments with clearly defined 
powers and, if they wished, to become 
corporations under Federal charter, with 
financing available in a $10 million re
volving loan fund. Further allotment of 
land was stopped; tribes were given all 
possible encouragement to buy land 
coming up for sale and to recapture 
ceded lands that had never been occu
pied. For the first time in history the 
total Indian estate increased, from 47 
million to slightly more than 50 million 
acres. There was a distinct upturn in the 
Indian economy, and a quite dramatic 
increase in the number of Indians in pro
fessional positions, both in the Indian 
Bureau which administers their affairs 
and in private life. By and large the Fed
eral Government seemed to accept the 
idea that Indian communities would 

continue, had a right to continue and 
that Indian progress should be based 
upon them. 

I n the second Truman administration 
Indian policy swung around abrupt

ly, both in the Executive Branch and in 
Congress. Once again the Federal trus
tee set out to diminish the Indian land 
base, which one major official, speaking 
of an irritatingly perSistent tribe, said 
was "a millstone around those Indians' 
necks." Once again it was hoped that the 
tribes, divested of their land, would dis
perse and that the individuals would 
disappear into the general population. 
The drive reached its peak during the 
first Eisenhower administration. But 
throughout this period one could see 
that the white men were uncertain. 
Thousands of acres of lands in various 
categories were added to a number of 
reservations by Congressional action, 
while administrative action caused dis
astrous thousands of acres to be lost to 
others. 

Dispersal of the tribes was further 
promoted during this period by the de
vice of "termination," in essence the 
passing of an act of Congress declaring 
that a given group of Indians is no long
er Indian. All trust land then goes out 
of trust; local jurisdiction, self-govern
ment, all Indian rights are ended; and 
the early dissipation of the tribe is com
fortably sure. Actually only a few tribes 
were terminated before Congress, re
verSing itself again, balked at the proc
ess. The most important of the termin
ated tribes are the Klamaths of Oregon 
and Menominees of Wisconsin, both of 
which were owners of large tracts of 
valuable timber. 

In 1958 Secretary of the Interior 
Frederick A. Seaton announced what 
amounts to at least a three-quarter return 
to the policies of the Roosevelt period. 
Since then the Department of the In
terior has given many tribes substantial 
help in holding their land and starting 
sound programs for self-advancement. 
The subordinate Indian Bureau, how
ever, has not clearly identified itself with 
the new turn in policy. In the field one 
finds the superintendent and the tribal 
council on one reservation happily work
ing out an effective program for retention 
and consolidation of land and for eco
nomic development, while on the next 
reservation the superintendent is facili
tating the loss of land and blocking ef
forts to stop this loss. All in all, it must 
be rather bewildering to be an Indian. 

Despite everything, the tribes are still 
here. The Indian population now num-
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bel's close to half a million, and is in
creasing by nearly 5 per cent per annum. 
In this half million I include an esti
mated 50,000 people east of the Appa
lachians who are not recognized as In
dians by the Federal Government, but 
are so recognized by the states in which 
they live. By and large, the Indians are 
extremely poor. They live in scattered 
communities, few of which exceed 50,-
000 and many of which number less than 
1,000. Their health is worse than that of 
any other racial group in the country
the average life-expectancy of the Papa
go Indians of Arizona, in a most salu
brious climate, is 17 years. Yet the In
dians and most of their communities are 
going to continue into the future. 

This retention of identity is not rigid, 
nor is it necessarily antiprogressive. Ex
cept for a small and ever diminishing 
number of extremists who somehow 
dreamily hope to wave the white men 
away, Indians desire functional equality 
with other Americans. They are selective 
about the Indian cultural items to be re
tained; they want education; they want 
to progress as individuals and as com
munities. There is a constant movement 
of individuals out into the general socie
ty, as indicated by the presence of the 
two Indian anthropologists at the con
ference to which I have referred. On the 
other hand, prejudice in the white com
munity is an important factor, often ig
nored, in fostering Indian identity. In 
most parts of the country where there 
are considerable concentrations of In
dians, they suffer from discrimination 
that ranges from mild to violent. In 
many communities far from the South, 
Indians are flatly segregated, and even 
in the past 10 years white men have 
killed Indians with impunity. 

present Indian culture could be repre-
sented by a parallelogram of forces, 

in which the current attitudes, emotions, 
and ways of responding to situations are 
the product of the action upon each 
other of the aboriginal culture and the 
culture that the white man has brought 
or imposed. The Indians' old way of life 
differed enormously from that of the 
present. It was a rhythmic alternation of 
activities-hunting, fighting, planting, 
cultivating, harvesting, performance of 
ceremonies-with intervals of leisure. 
What they did went by the seasons, the 
positions of the sun, the occurrence of 
need. Those ways have been shattered, 
and little has been available to replace 
them. With some exceptions, especially 
in the Southwest, the outward manifes
tations of their cultures have been aban
doned except as reminiscent public fune-
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tions, assertions of identity, such as the 
pasteurized sun dances staged annually 
by many Plains tribes. Deep down the 
cultural stream runs strong and, it seems, 
cannot be choked off. An educated mod
ern Sioux tribal official may tell you con
fidentially that some of the old men say 
he is wakan-touched by the influence 
of God-and that sometimes he wonders 
if this is not so. In the old days many 
tribes were contemptuous of the accu
mulation of property and of individual 
self-assertion; this pattern still inhibits 
Indians in competition for jobs and pro
motion, or in reciting and asking ques
tions in college classrooms. When white 
advisers have had the sense to work with 
tllls trait, instead of fighting it, they find 
that it leads to strength in community 
endeavors and progress. 

One effect of the Indians' historical 
experience has been a development of 
frustration, resentment and dependen
cy-qualities that can too often be ob
served in modern Indians. At that con
ference of anthropologists the partici
pants agreed that most Indians concur in 
these assumptions about their situation: 
"that Indians can expect no long-term 
consistency in policies affecting them; 
that the interests of the dominant society 
will take precedence over their own in 
any policy decisions; that Indians can do 
little to affect decisions concerning them
selves; that the turning over of Indian 
affairs to the states is inevitable; and that 
state administration is more likely to be 
hostile to Indians than is the Federal 
administration. " 

These assumptions, although pessi
mistic, are realistic; in them I find a 
quality of despair. The Indians have 
been pusht:d around for anywhere from 
one to two centuries; they are despised 
and discriminated against; they are baf
fled, angry, frustrated. The last time 
they had something like an even break 
was in King Philip's War. 

Yet the Indians have not given up. 
They strive for the right to be them
selves. Unlike any other American mi
nority, they did not come here seeking 
freedom and a good life; they were here 
and had both until white men arrived 
and took these from them. They are our 
ultimate aristocrats, and as a whole have 
no more intention of losing their identity 
than have the members of the Daughters 
of the American Revolution. They re
main surprisingly good-natured and 
have extraordinarily little of the mono
lithic prejudice toward white men that 
white Americans commonly feel toward 
the dark races. They want tolerance, 
time and reasonable opportunity, and 
they absolutelv refuse to vanish. 

LICE REEVES is one of three northern Cal

ifornia Indians whose statns is depicted in 

BILL FRAZIER is also a resident of Ronnd 

Valley. Younger than Lige Reeves, he has 

ERNIE MARSHALL is a member of the 

Hoopa tribe, which lives 200 miles north of 
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these photographs by John Col

lier. Reeves's home (left) is in 

been able to develop his land 

into a thriving stock farm (left) . 

Round Valley. The Hoopa land, 

unlike that of the Indians of 

Round Valley, into which remnants of seven tribes were driven. At right he sits with a daughter and 

a grandchild. Too old to do heavy farming, he. lives mainly on relief. His allotted land is tax-free_ 

He and his wife (right) , like other Indian residents of the valley, worry that their government-allotted 

land will be "terminated." This would force Indians who were unable to pay taxes to sell their land. 

Round Valley, has not been allotted to individuals but is owned by tribe. Rich in timber, it provides 

a good living to tribe members. At left is Marshall's home; at right he sits with son and grandson. 
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The Synthesis of Fat 
When the way in which fat molecules are broken down was worked out, 

it was assumed that they are built up by the same steps in reverse. 

No w it has been found that the synthetic process is quite different 

F at, along with sugar, is the body's 
fuel. How the body burns the 
carbon chains of fat and sugar to 

yield carbon dioxide, water and energy 
is now well understood; these were, in 
fact, the first biochemical processes to 
have been worked out in their many
staged entirety. But the body also manu
factures fat: as is well known, men and 
animals may fatten on a starchy diet. 
The different kinds of fat molecules syn
thesized in the cells of the body serve a 
variety of functions more sophisticated 
and no less fundamental than that of 
fuel. One measure of the importance of 
fat in these functions is the fact that the 
leading causes of death in our society
arteriosclerosis and degeneration of the 
heart-are identified with faulty fat me
tabolism. As biochemists have investi
gated the combustion of fat, they have 
been no less concerned to understand its 
synthesis. The process is not yet com
pletely understood, but it is now possible 
to describe in general terms how the fat 
molecule is put together in the body. 

The architectural plan of the molecule 
is simple enough. The characteristic 
structural unit is a fatty acid: a straight 
chain of carbon atoms, usually 16 or 18 
in number; it is shaped like a matchstick, 
with a carboxyl group (COOH ) as the 
head. To form a fat molecule the fatty 
acid is attached to an alcohol. Together 
a fatty acid and an alcohol make an 
"ester," a kind of organic salt in which 
the "acidic" carboxyl group has reacted 
with the "basic" hydroxyl (OH ) group 
of the alcohol to throw off a molecule of 
water and establish an oxygen or ester 
bond. There are many possible combina
tions of alcohols and fatty acids; most 
of them have been exploited in the 
make-up of the fats-or, as the biochem
ist terms them, lipids-found in nature. 

In plants as well as in animals glycerol 
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by David E. Green 

is the most important fat-building alco
hol; it has three hydroxyl bonds for at
tachment to three fatty acids, or to two 
fatty acids and a third group of another 
sort that gives the fat in question its 
chemical identity. In animals choles
terol is an alcohol around which certain 
important fat molecules are built. No 
matter how diverse or complicated the 
structures of the innumerable fat mole
cules, all are variations on the same basic 
theme. The synthesis of lipids in the 
body therefore comes down to two ques
tions: the build-up of fatty-acid chains 
and the assembly of these chains around 
an alcohol. 

Fatty acids of natural ongm almost 
invariably have an even number-from 
four to 22-of carbon atoms in their 
chains. The odd-numbered chain is a 
biochemical freak that can be ignored. 
It does not require great mathematical 
insight to recognize in this situation a 
clue to the synthesis of fatty acids: the 
only simple way to build up an even
numbered chain is by the addition of 
successive two-membered units. In 1926 
Ida Smedley-Maclean of the Lister In
stitute in London demonstrated that the 
building stone of fat in yeast is the two
carbon unit of-acetic acid (CHaCOOH ) . 
Later, with the help of radioactive car-
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ACETYL CoA 
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CARBON DIOXIDE �-; ®--0R : MALONYL CoA 

CARBON FATTY ACIDS BUILD UP from acetic 

acid units which are made reactive by com-
NITROGEN bining first with coenzyme A to form 

acetyl-CoA (top left) and then with carbon 
SULFUR dioxide to form the CoA ester of malonic 
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bon, a group of investigators at Colum
bia University's College of Physicians 
and Surgeons established with certainty 
that all of the carbon atoms in a long
chain fatty acid come exclusively from 
acetic acid. They proved further that the 
chain is hooked together in just one way: 
by the joining of the carboxyl head of 
one acetic acid to the methyl (CHa) tail 
of another. The fatty-acid chain may 
thus be regarded as a polymer in which 
the repeating unit is acetic acid. 

This understanding explains how it is 
that the consumption of fats, carbo

hydrates and even proteins can give rise 
to fat in the body. In the assimilation 
process all three classes of foodstuff may 
be broken down to the same ultimate 
common denominator: the two-carbon 
unit of acetic acid. 

A crucial step in the unraveling of the 
combustion of fat in the body was the 
discovery, two decades ago, that fat is 
oxidized or degraded two carbon atoms 
at a time and that in the process a sub
stance equivalent to, if not identical 
with, acetic acid is peeled off. Now if 
acetic acid is not only the starting mate
rial but also the breakdown product of 
fatty acids, does this mean that synthesis 
represents merely the reversal of the 
breakdown process? It was tempting to 
think so in the days before either process 
was well understood. In the early 1930's, 

• 0 r ••••• ------ ... 

•· • • �®0! 
• L. _________ . ; + 

moreover, this idea gained support from 
the discovery that the biochemical ma
chinery of a certain species of bacterium 
could either break fatty acids down to 
acetic acid or build them up from acetic 
acid. This organism, Clostl'idium kluy
verii, a mud-Hat relative of the deadly 
bacterium that causes botulism, grows in 
the absence of air and derives its energy 
by oxidizing ethyl alcohol to acetic acid. 
It uses some of this energy to combine 
acetic acid molecules into short-chain 
fatty acids made up of four or six carbon 
atoms. In the laboratory of Horace A. 
Barker of the University of California it 
was found that in the presence of oxygen 
this organism, or extracts from it, could 
degrade the four- or six-carbon fatty 
acids back to acetic acid. 

A few investigators insisted, however, 
that there is an important difference be
tween the process in the bacterium and 
that observed in higher animals. The 
bacterial system deals only with short
chain fatty acids, but animal systems in
volve long-chain fatty acids. Further
more, it was pointed out, such animal 
systems as isolated liver-cells can syn
thesize and degrade fatty acids at one 
and the same time. If the processes were 
merely the reverse of each other, one 
or the other, but not both, could be ex
pected to go on under a given set of con
ditions. The existing data could not settle 
the question, and significant progress 

10'01 I. ..... __ �_. ___ .J 
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toward the resolution of synthesis had 
to await the elucidation of the break
down process. 

At last, in 1953, two groups of investi
gators, one in the laboratory of Feodor 
Lynen at the University of Munich and 
the other in our laboratory at the Insti
tute for Enzyme Research of the Uni
versity of Wisconsin, worked out the 
details of the mechanism by which fatty 
acids are degraded [see "The Metabo
lism of Fats," by David E. Green; SCI
ENTIFIC AMERICAN, January, 1954]. The 
most striking feature of this process is 
that the free fatty.acid is not oxidized 
as such. It is first converted to a more 
reactive form by combination with co
enzyme A (CoA), the mediator of a 
number of Significant reactions in all 
living cells. The reactive part of the co
enzyme is a "thio" group (SH), which 
resembles the hydroxyl group but has a 
sulfur atom instead of an oxygen. Like 
the hydroxyl group, the thio group can 
join with a carboxyl to link two mole
cules into a so-called thiol ester. Coen
zyme A thus activates the fatty acid, 
forming a thiol ester with it. At a later 
stage in the process additional coenzyme 
A then degrades the coenzyme-A ester 
of an oxidized form of the fatty acid (the 
beta-ketoacyl CoA ester), chopping off 
two carbon atoms at a time to produce 
molecules of acetyl-CoA, the coenzyme
A ester of acetic acid. Each chop in-

• 

+ 6 + C? 
acid (bottom left). Malonyl.CoA and acetyl-CoA can condense (top 

right) into an intermediate compound. Further reactions not yet 

fully explained then reduce the intermediate to the CoA ester of 

a four-carbon fatty acid (bottom right). This, like acetyl-CoA, 

can condense with a molecule of malonyl-CoA, ultimately giviug 

the ester of the six-carbon fatty acid; the chain thus lengthens by 

successive steps. The molecules always join head (lighter colored 

rectallgles) to tail (darker colored rectallgles), the carboxyl head 

of the fatty acid joining the methyl tail of the malonyl-CoA. The let

ter R symbolizes the 82 atoms in coenzyme A other than sulfur. 
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volves a series of four consecutive reac
tions, two of which are oxidations. It was 
found that in addition to coenzyme A the 
oxidation of fatty acids required various 
other factors, such as certain pyridine 
nucleotides, groups of enzymes and ade
nosine triphosphate. This last substance, 

----,0-· + ADENOSINE 

GLYCEROL 

better known as ATP, is the universal 
transducer of chemical energy in cells. 

I t was now possible to decide whether 
the process of synthesis did or did 

not proceed by the reversal of the deg
radation pathway. At the outset the 

ATP 

identification of the essential biochemi
cal agents of degradation-in particular 
coenzyme A, ATP and the pyridine nu
cleo tides-virtually convinced the bio
chemical world that the two processes 
are identical. The same agents had been 
found at work in the synthesis of fatty 

ADENOSINE 

FIRST STEP IN ASSEMBLING A LECITHIN is the joining of a 

phosphoric acid group from ATP (adenosine triphosphate) to one 

of the hydroxyl (OH) groups of the alcohol glycerol, leaving 

ADP (adenosine diphosphate) as a residue. The alcohol and acid 
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SECOND STEP IN ASSEMBLING A LECITHIN links two fatty

acid groups to glycerol by means of ester bonds; the phosphoric 

acid group drops off. The fatty acids used must be in the form of 

esters of coenzyme A (broken rectangle). Lecithins may have vari-
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i 13 ADDITIONAL i ! CH2 GROUPS 

H_HD 
L ___________________ J 

r--- ----------------, 
i 13 ADDITIONAL ! ! CH2 GROUPS .�� .... 
L ____________________ .l 

LAST STEP IN ASSEMBLING A LECITHIN requires the aid of 

the coenzyme cytidine diphosphocholine to deliver the combina-
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CYTIDINE DIPHOSPHOCHOLINE 

tion of phosphoric acid and choline to the vacant hydroxyl group. 

The phosphoric acid is linked to glycerol and to choline by ester 

© 1960 SCIENTIFIC AMERICAN, INC



ADP 

acids. Such difficulties as were experi
enced in attempts to achieve synthesis 
by the reversal of oxidation were at
tributed to simple technical deficiencies 
in the experiments. But the deduction 
still stood unproven. 

In 1955 our group at the Institute for 

are j oined to gether by an oxygen, a kind 

o f  linkage that is known as a n  ester bond. 

ous  combinations of fatty a c ids, but all are 

put together i n  the sanle way a s  this one.  

bonds.  Cytidine mono phosphate, the coen·  

zyme remnant, i s  not shown i n  the equation.  

Enzyme Research decided to put aside 
all assumptions about the relation of 
fatty-acid synthesis to other processes 
and to set out to isolate the system of 
enzymes, coenzymes and accessory fac
tors involved. Samuel Gurin and his 
colleagues at the University of Pennsyl
vania School of Medicine had already 
carried out pioneer investigations on a 
cell-free preparation from pigeon liver 
that converted acetic acid into long
chain fatty acids. We used their system 
as the starting point for our studies. 

It is difficult enough to isolate a single 
enzyme or coenzyme from crude mate
rial, but the isolation of a system with a 
dozen or more enzymes and co factors is  
a brutal research experience. A team of 
five workers (D. M. Gibson, Salih 
Wakil, A. Tietz, J. Porter and E. B. Tich
ener ) gave three years of intensive work 
to eliminating the extraneous factors 
and identifying the necessary ones. They 
finally determined that two enzyme com
plexes and four cofactors-adenosine tri
phosphate, manganese ions, reduced tri
phosphopyridine nucleotide and carbon 
dioxide-are the rock-bottom require
ment for synthesizing fatty acids. If any 
one of these six factors is missing, the 
system fails to work. 

Even in advance of a full elucidation 
of the steps in the process, this listing 
of the factors involved showed that syn
thesis is something more than a simple 
reversal of oxidation. It is true that acetic 
acid, as the starting material, enters the 
cycle in the same coenzyme-A ester form 
in which it comes from the degradation 
process. The cofactor requirements also 
bear some resemblance to those for oxi
dation. But there are major differences. 
The oxidative process requires magne
sium ions and reduced diphosphopyri
dine nucleotide; in synthesis these are 
replaced by manganese ions and reduced 
triphosphopyridine nucleotide. Carbon 
dioxide is essential to synthesis; it has 
no place in oxidation. To complete the 
contrast, our two highly purified enzyme 
preparations do not contain appreciable 
amounts of any of the oxidative en
zymes. Synthesis was therefore a differ
ent process. The next step was to de
termine how it proceeds. 

The requirement for carbon dioxide in 
synthesis was baffling at first; it was dif
ficult to imagine what role this substance 
could play. Since all the carbon in the 
fatty-acid chain was known to come 
from acetyl-CoA, it was clear that the 
carbon of carbon dioxide could not ac
tually be incorporated into the chain. 
Did carbon dioxide perhaps serve as a 
catalyst? A relatively simple experiment 
answered the question. When acetyl-

CoA was mixed with one of our two 
enzyme preparations, together with 
ATP, manganese ions and carbon diox
ide, the carbon dioxide was trapped in 
the resulting compound. This com
pound was then added to the second 
enzyme preparation, together with 
the cofactor triphosphopyridine nucleo
tide; it was thereupon converted to a 
long-chain fatty acid, and the carbon 
dioxide was released. Evidently carbon 
dioxide, as part of an intermediate com
pound, does serve a catalytic function. 

T he intermediate compound itself 
proved to have an interesting iden

tity. Wakil, now at Duke University, 
found it to be malonyl-CoA, the coen
zyme-A ester of malonic acid. Organic 
chemists discovered more than 100 years 
ago that malonic acid is a lively sub
stance, and they now use it as the basis 
for a vast number of syntheses. It is like 
an acetic acid molecule with an extra 
carboxyl group added to its tail. The 
middle carbon atom, being situated be
tween two carboxyl groups, is highly 
reactive. 

The formation of malonyl-CoA by the 
addition of carbon dioxide to acetyl-CoA 
is a rather improbable reaction; it is 
mediated by still another remarkable 
catalyst. This catalyst is biotin, one of 
the B-vitamins. Gibson and Wakil ob
served that the first enzyme preparation 
which brought about the incorporation 
of carbon dioxide in malonyl-CoA was 
ricH in biotin, and that its activity in fact 
ran parallel to the biotin content. The 
activity, moreover, disappeared upon 
addition of avidin, an enzyme found in 
egg white that specifically combines with 
and inactivates biotin. This proved con
clUSively that biotin, firmly bound to the 
enzyme, supplies the catalytic activity. 

The fact that adenosine triphosphate 
is necessary to this reaction gave us a 
clue to its character, because the many 
biosynthetic reactions that are energized 
by A TP tend to follow the same pattern . 
By analogy we may assume that the 
malonyl-CoA synthesis takes place as 
follows : The A TP provides the energy 
or driving force by transferring its ter- · 
minal phosphate to biotin, making phos
phoryl biotin. Carbon dioxide then re
places the phosphoryl group to produce 
carbonyl biotin, which is essentially an 
activated form of carbon dioxide. In this 
state the carbon dioxide combines with 
acetyl-CoA and forms the second car
boxyl group of what is now malonyl
CoA. Some recent studies by Lynen on 
the mode of action of an analogous bio
tin-containing enzyme involved in the 
carboxylation of isopentenyl CoA sug-
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BREAKDOWN O F  FATTY ACID i s  a n  oxidative process, that is, hydrogens are removed 

by the actions of enzymes (dehydrogenases) . The fatty acid ( here caproic acid, which has 

a chain of six carbon units) is not broken down in its free form but in the form of an 

ester of coenzyme A (top) . After oxidation and hydration (first three steps) , two carbon 

units split off from the chain in the form of acetyl CoA ( last step) . The remaining chain, 

still in the form of a CoA fatty.acid ester (here the ester of the four·carbon chain, butyric 

acid ) can go through the whole process again for further degradation. Thus a fatty acid 

of any length can be disassembled two units at a time until it is all reduced to acetyl CoA. 
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gest that the intermediate may be ade· 
nosine diphosphoryl biotin rather than 
phosphoryl biotin. 

Up to this point, in explaining the 
synthesis of malonyl.CoA, our work had 
shown how just one carbon atom is 
added to the original two carbons of 
acetic acid. From here on it was clear 
that the build·up of the fatty·acid chain 
must involve three main processes. First, 
additional carbon units must be fastened 
to the chain; second, the carbon dioxide 
must be eliminated; third, the oxygen or 
ester link in the intermediate compound 
must be eliminated by hydrogenation. 

At the outset it seemed possible that 
the chain might build up by polymeri· 
zation of malonyl·CoA. In line with this 
idea one would expect two units of 
malonyl· Co A to join together to form a 
six· carbon intermediate. Upon hydro. 

genation and elimination of carbon di· 
oxide, the intermediate would give a 
five·carbon product; this product would 
combine with another unit of malonyl. 
CoA and so on. Fatty acids or intermedi· 
ates with odd numbers of carbon atoms 
would thus dominate the process, and 
fatty acids with an even number of car· 
bon atoms would appear only at the end. 
It turned out, however, that the chain 
builds up in quite a different way. Ma· 
10nyl·CoA condenses not with another 
molecule of its kind but with acetyl·CoA. 
It thus forms an intermediate with five 
carbon atoms. This is transformed, by 
the addition of hydrogen and the elim· 
ination of carbon dioxide, to a four· 
carbon fatty·acid coenzyme·A ester. The 
four·carbon product reacts with a mal· 
onyl·CoA to form a seven·carbon com· 
pound, which in turn yields a six·carbon 
coenzyme·A ester, the process repeating 
itself until a 16-carbon fatty acid is 
reached. 

Malonyl.CoA is thus in effect the 
source of the two·carbon units. It 

combines only with the even·numbered 
fatty·acid coenzyme·A esters, and these 
are generated after each addition by the 
processes of hydrogenation and elimina· 
tion of carbon. dioxide. The details of the 
processes have not yet been worked out. 
There are apparently two hydrogenating 
steps for which the cofactor, reduced 
triphosphopyridine nucleotide, provides 
hydrogen (or electrons) . Carbon dioxide 
is probably eliminated after the hydro· 
genation, but the evidence is still incom· 
plete. 

Although our analysis of fatty· acid 
synthesis was based on the process found 
in pigeon liver, this is not the only tissue 
that synthesizes fatty acids through the 
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malonyl-CoA pathway. Indeed, it ap
pears that this method is used univer
sally in oxygen-respiring cells, whether 
of animals, plants, insects or microor
ganisms. Clostridium kluyverii belongs 
among the anaerobic organisms ( i .e . ,  
those that grow in the absence of air) 
and hence is the exception and not the 
rule. As luck would have it, the excep
tion set the mode of speculation and 
hypothesis for more than a decade and 
postponed recognition of the differences 
between the mechanisms of oxidation 
and synthesis. Evidence is multiplying 
that life processes almost never follow 
the same pathway in building up and in 
degrading a complex molecule. Readily 
reversible processes are rarely suitable 
for synthesis; the trick is to pick reac
tions that go almost exclusively in one 
direction. 

One of the most intriguing aspects of 
fatty-acid synthesis is the fact that in 
practically all cells synthesis stops sharp
ly at the stage of the 16-carbon acid. 
Only traces of the 14- or 12-carbon acids 
and literally none of the IS-carbon acids 
form. It is not yet possible to account 
for this strong bias in favor of the 16-
carbon acid, and to explain how it is es
tablished with such a complete cutoff of 
the IS-carbon acid and with negligible 
spillage of the 14- and 12-carbon chains. 
Clearly the specificity of enzymes must 
permit a continuous process to break off 
sharply in a way that the organic chem
ist could only dream of duplicating. 

We have not yet separated our two 
purified enzyme preparations into their 
individual enzymes. At a conservative 
estimate fatty-acid synthesis must in
volve at least a half-dozen different en
zymes and four coenzymes. In the cell 
these are probably arranged in a sort of 
molecular assembly line to permit the 
orderly build-up of the fatty-acid chain. 
One may imagine that the reactive co
enzyme-A esters of malonic and acetic 
acid come in at one end and palmitic 
acid (the 16-carbon fatty acid) comes 
out at the other. 

In what part of the cell are fatty acids 
synthesized? All the available evidence 

- indicates that .the system is not in the 
mitochondria, where the enzymes for de
grading fatty acids are located. Instead 
the synthetic process appears to be asso
ciated with the much smaller particles 
broadly designated as cytoplasmic mem
branes or microsomes. Thus the two sys
tems for oxidation a!1d synthesis are 
physically separated. Such compartmen
talization permits both processes to go 
on simultaneously in the same cell with
out mutual interference. 

The process of synthesizing the fatty
acid chain is, however, just one of sev
eral operations in the construction of 
fat molecules. The fatty-acid chains must 
be linked to an alcohol and to other ac
cessory groups in the various combina
tions of this rich family of substances. 
It appears that the mitochondria in the 
cell have the major role in the final as
sembly of the component parts of the 
lipid molecule, even though they play 
no role in fatty-acid synthesis. 

There are some dozens or more of lip-
ids, each with its distinctive chemical 

pattern. One of the most important is the 
lecithins, which are built around a glyc
erol molecule. Two of the hydroxyl 
prongs of the glycerol are occupied by 
fatty-aCid chains; the third forms its 
ester linkage with a phosphoric-acid 
choline group. In what order are these 
units put together? The enzymatic strat
egy underlying the synthesis of lecithin 
was discovered by Eugene P. Kennedy 
of the University of Chicago in the 
course of a brilliant series of investiga
tions. First a hopped-up phosphate 
group transferred from ATP pre-empts 
one of the three hydroxyl groups on the 
glycerol. The "phosphoglycerol" now re
acts with two fatty-acid molecules in the 
form of their coenzyme-A esters, and 
two ester bonds are established, filling 
the remaining two prongs on the glyc
erol. But then the unexpected happens : 
the phosphate group is kicked off, leav
ing one glycerol prong free. Meanwhile 

a phosphoric-acid choline combination 
has formed from choline and ATP with 
the aid of an enzyme. Fitting this piece 
into place is, chemically speaking, a 
sticky operation, but it is nonetheless 
effected by one of the cell's typical cata
lytic stratagems. The phosphoric-acid 
choline group is picked up by a special 
coenzyme called cytidine diphospho
choline, which delivers it to the vacant 
glycerol hydroxyl, completing the leci
thin molecule. 

The synthesis of lecithin is represen
tative of the processes that put together 
other types of lipid. Most of them were 
understood before the syntheSis of the 
seemingly Simpler fatty-acid chain was 
worked out. 

With the major questions of fat syn
thesis settled, biochemists are shifting 
their attention to the fascinating medical 
and biological problems connected with 
the function of fat molecules in the cell 
and organism. Some of the most funda
mental activities of life are inextricably 
entwined with the properties and struc
ture of the lipids. The red-blood-cell 
membrane which regulates the inflow 
and release of sugar, salt and other small 
molecules; the nerve-cell membrane 
which controls the transmission of nerve 
impulses; the mitochondrion which pro
vides the power for the cell; the plant 
chloroplast which fixes radiant energy in 
the form of chemical energy-these are 
only a few examples of living systems in 
which lipids are the warp and woof of 
function. 

MITOCHONDRIA AND MICROSOMES can be seen in this electron micrograph of liver 
cells made by George E. Palade of the Rockefeller Institute. The microsomal panicles ( paral

lel strands ) are probably the sites of fatty·acid synthesis; the mitochondria ( small oval 

structures ) are the sites of both fatty·acid breakdown and of assembly of alcohols and fatty 

acids into fats. Lipid droplets { dark blobs } lie adjacent to mitochondria at upper right. 
Fats are also present as functional parts of mitochondrial membranes and cell walls (whitish 

boundaries at top and right center ) .  Structures are magnified some 5,700 diameters. 
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SOLAR DISK is viewed in four different ways, demonstrating 
correlation between visible features and magnetic fields. Ordinary 
photograph (top left) contains sunspots. "Spectroheliograms" made 
with the light of the hydrogen.alpha spectral line (top right) and 

52 

a violet spectral line of ionized calcium (bottom left) show, respec· 
tively, dark filaments of cool hydrogen and bright regions called 

faculae. "Magneto gram" (bottom right) is a record of surface 

magnetism, with brighter regions indicating greater field strengths. 
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THE MAGNETISM OF THE SUN 

Changing magnetic fields, local and general, play continuously 

across the solar surface. They account for many of its visible 

features and furnish a hint of the motions in the sun's interior 

T
he four pictures on the opposite 
page are all representations of the 
sun. Three of them were made by 

exposing photographic plates to solar 
light of different wavelengths. The 
fourth, at the lower right, is a "magneto
gram"-a record (on a cathode-ray tube) 
of the magnetic fields at the surface of 
the sun. 

As a glance at the pictures will show, 
the magnetic pattern has a close con
nection with the visible details of the 
solar surface. This is not surprising; the 
new discipline of magnetohydrody
namics tells us that the highly ionized 
gaseous material of the sun must be in
timately coupled to the magnetic fields 
within and around it. When the ionized 
material moves, the fields tend to move 
with it, and vice versa. Hence from the 
variations of the magnetic fields at the 
surface of the sun we can deduce the 
patterns of Buid motions and thus per
ceive what lies behind the sun's ever 
changing visible features. In addition, 
magnetic studies provide clues to the na
ture of the turbulent activity of the sun's 
interior. 

Magnetic fields are of course invisible, 
and lines of force are purely imaginary 
constructs. How can we "see" them on 
the sun? The answer lies in their effect, 
discovered by the Dutch physicist Pieter 
Zeeman, on the interaction of light 
waves and atoms in a gas. 

In the absence of a magnetic field 
every kind of atom emi ts (and absorbs) 
light at a number of distinct wave
lengths. The wavelengths can be sepa
rated by the spectroscope into a series of 
lines characteristic of the element that is 
emitting or absorbing the light. Zeeman 
showed that when atoms are placed in 
a magnetic field, their spectral lines are 
split. In other words, each single line 

by Horace W. Babcock 

becomes a group of lines with slightly 
different wavelengths. Furthermore, the 
light at each of these wavelengths is 
polarized. The amount of splitting, that 
is, the spread between the longest and 
shortest wavelength in a group, depends 
predictably on the strength of the field. 
The directions of polarization depend on 
the direction of the field. 

Quantum theory explains the Zeeman 
effect in terms of the behavior of atoms 
in magnetic fields. Each line in the ordi
nary spectrum of an atom represents a 
transition between two of its possible en
ergy levels. In a magnetic field these lev
els are themselves split. The atom is a 
tiny magnet which, according to quan
tum theory, can take only certain distinct 
positions in relation to an external field. 
These positions differ in energy. Hence 
every energy level takes on two or more 
values, corresponding to the various pos
sible orientations of the atom in the field. 

Within a few years of its discovery 
in the laboratory the Zeeman effect was 
demonstrated in astronomy by George 
Ellery Hale at the Mount Wilson Ob
servatory. In 1908 he showed that 
spectral lines in the light from sunspots 

are split and that the light is polarized. 
Thus at one stroke he had for the first 
time detected and measured an extrater
restrial magnetic field and had related it 
to a visible phenomenon. 

Hale immediately recognized the im
portance in the sun of what we now 
call magnetohydrodynamic phenomena, 
and he prepared to study them thor
oughly. He saw to the building on 
Mount Wilson of a 150-foot tower tele
scope equipped with a large diffraction
grating spectrograph. Realizing the in
adequacy of existing gratings, he set the 
instrument shop to developing machines 
of extreme precision to produce bigger 
and better ones. Instruments were built 
to record solar features such as promi
nences, Bares and faculae (regions that 
appear bright in the light of the main 
emission-line of calcium) and to estab
lish their connection with magnetic 
fields. 

A systematic investigation of sunspots 
soon disclosed that they invariably 

have strong magnetic fields, ranging 
from a few hundred to about 3,800 gauss. 
(The earth's field is approximately .6 

SUNSPOT SPECTRUM shows Zeeman effect, or splitting of the spectral lines. The photo
graph was made through an analyzer that passes right-circularly polarized and left-circu

larly polarized light in alternate narrow strips. Spectral lines arising in sunspot regions are 

seen to consist of two components, both oppositely displaced and oppositely polarized. 

53 

© 1960 SCIENTIFIC AMERICAN, INC



o 

t 

o 
I 

J 

> 

ZEEMAN EFFECT is illustrated diagrammatically. Curve at top represents a spectral abo 

sorption line from atoms in a region of no magnetic field. Lower curves show splitting of the 

line by field pe .. pendiwlar to line of sight (middle) and along line of sight (bottom). Two· 

headed a .... ows on cu .. ves indicate directions of polarization; colo .. ed a .... ows at right, the 

di .. ection in which light is traveling; black alTOWS, the directions of the magnetic fields. 
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QUARTER-WAVE 
PLATE 

POLARIZATION OF LIGHT can be circula .. , as in uppe .. beam, or plane, as in lower. 

Ellipses a .. e c .. oss sections through the beams, with straight dotted lines indicating the direc· 

tion of vibration of the electric field in the light wave. In circularly polarized light the 

direction twists as the wave advances, as indicated by helical line around upper beam. When 

such a beam passes through a quarte .. ·wave plate, it is converted to plane.polarized light. 
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gauss.) As time went on a number of 
other important facts emerged. 

It had long been known that sunspots 
usually appear in pairs or groups. Now 
it developed that the leading and trail
ing members of a group, in the sense of 
their apparent motion across the solar 
disk as the sun rotates, have opposite 
magnetic polarity. (A region where the 
lines of force come out of the surface is 
said to have positive polarity; one where 
the lines go in, negative.) 

Perhaps the most familiar character
istic of sunspots is the cyclic variation in 
their number, which has so fascinated 
some students of business cycles and 
other human ups and downs. Restricting 
ourselves to purely solar matters, we can 
say that the number of spots (and of 
other features of surface activity) rises 
and falls fairly regularly, in a cycle of 
roughly 11 years. Moreover, the average 
position of the spots shifts during the pe
riod: the zone of activity moves from the 
intermediate latitudes at the start to the 
equatorial regions at the end. 

There are indications that, from the 
physical point of view, 11 years make up 
not a full cycle but a half-cycle. For one 
thing, the total number of spots is sys
tematically larger and smaller in alter
nate 1 1-year periods. For another, the 
rate at which individual spots migrate 
from higher to lower solar latitudes 
seems to be alternately faster and slow
er. But magnetic data-Hale's laws of 
sunspot polarity-have provided the 
most striking evidence. During the half
cycles beginning in 19 13, 1933 and 
1954 the leading spots in the groups in 
the northern solar hemisphere had pos
itive polarity; the trailing spots, nega
tive. On the southern hemisphere the 
leading spots were negative; the trailing, 
positive. During the alternate half-cycles 
the situation was reversed! 

As we shall see later, these observa
tions fit into a consistent, though still 
very sketchy, dynamical model of the 
sun. However, they are only the begin
ning of the story. In addition to the 
strong magnetiC fields associated with 
sunspots there are weaker fields covering 
vast areas and a faint general field that 
behaves in a quite unexpected way. 

The search for weak solar magnetism 
was started by Hale in 19 12. He was 
particularly interested in finding out 
whether the sun has an over-all magnetic 
field, a matter that had been the subject 
of speculation for some time. The form 
of streamers in the sun's corona, seen 
during total eclipses, suggested that the 
sun might have a dipole field like that 
of the earth. Hale and his colleagues 
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looked for this field with every means at 
their command. They were unable to ob
tain clear and convincing data, although 
they did detect some weak, sporadic ef
fects that they thought might be con
nected with the general field. It now 
seems probable that these were transi
tory local phenomena. 

Efforts to detect weak fields and to 
record them systematically have con
tinued without interruption at Mount 
Wilson. Since the middle 1930's the 
work has been largely carried on by 
Harold D. Babcock (the father of the 
author) . Only in the past 10 years have 
instruments and techniques become 
equal to the job. Large, high-quality 
diffraction gratings, the fruition of Hale's 
early plans, and an ultrasensitive tech
nique for measuring Zeeman splitting 
have at last brought success. 

The central problem that had to be 
overcome was that the Zeeman effect 

is essentially very difficult to detect. The 
range of wavelengths in the visible 
spectrum is from 3,900 to 7,500 angstrom 
units, and to split a line in the spectrum 
by one angstrom unit requires a mag
netic field of most 100,000 gauss. Thus 
the strongest sunspot field produces a 
separation of only a few hundredths of 
an angstrom. If such a small displace
ment is to be measured accurately, the 
spectrum must be greatly dispersed, or 
fanned out, and the details must be ren
dered very sharply, or with high resolu
tion. The present grating in the Mount 
Wilson magnetograph gives a dispersion 
of 11 millimeters per angstrom. On this 
scale the entire visible spectrum would 
be spread over a distance of 35 yards. 

But mere dispersion, no matter how 
great, cannot provide the sensitivity 
needed for really fine measurements. In 
solar studies we deal with magnetic 
fields as weak as a fraction of a gauss. 
The corresponding Zeeman separation 
is a hundred thousandth of an angstrom. 
But each line in the un split spectrum is 
itself about a tenth of an angstrom wide. 
Thus the parts into which a line is split 
almost c0ll?:l;lJ��� overlap. 

. The ntagri�fl1'aph distinguishes the 
overlapping /

'm:1es and measures their 
tiny separation by virtue of the fact that 
their light is polarized. To understand 
how the apparatus works we must say a 
little more about polarization in the Zee
man effect. When the light from the 
atoms in a magnetic field is observed 
from a direction perpendicular to that of 
the field, the spectral lines are split (in 
the Simplest case) into three components. 
Each component is plane-polarized, that 
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is, the electric vibrations of the light 
waves are restricted to a single direc
tion. The middle component of a given 
line is polarized parallel to the field; the 
components to either side of it are polar
ized perpendicular to the field [see top 
illustration on page 54]. 

When the direction of observation is 
parallel to the magnetic field, the line 
is split into two parts, each exhibiting 
what is known as circular polarization. 
In a circularly polarized beam the di
rection of the electric vibration rotates 
as the wave advances [see bottom illus
tration on page 54]. The two parts of the 
split line are polarized in opposite direc
tions: the rotation is clockwise ("right 
circular") for one and counterclockwise 
("left circular") for the other. It is these 
circularly polarized beams that are de
tected by the magneto graph, so that the 
instrument measures the component of 
the magnetic field that is parallel to the 
line of sight. 

To analyze circularly polarized light 
it is first converted into plane-polarized 
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light; this is done by passing it through 
a device known as a quarter-wave plate. 
Then the direction of vibration can be 
determined in the ordinary way, for 
example with a Polaroid filter. 

In the magnetograph this principle is 
applied in a special manner to provide 
high sensitivity [see illustration below]. 
Serving as a quarter-wave plate is a crys
tal of ammonium dihydrogen phosphate; 
when a v

'
oltage is applied to this sub

stance, it becomes in effect a quarter
wave plate for either right- or left-circu
larly polarized light, depending on the 
direction of the voltage. With an alter
nating voltage the crystal passes the 
right-circular beam and suppresses the 
left-circular beam on one half-cycle, and 
reverses on the other. 

1'hus the magnetograph separates the 
two overlapping components of a 

split line by viewing them one at a time 
and alternately. The image of the line 
therefore oscillates back and forth over a 
tiny distance, the displacement depend-
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ing on the strength of the magnetic field 
that produced the splitting. The rela
tion between the direction of the jump 
and the polarity of the crystal depends 
on the direction of the field-whether it 
points toward or away from the ob
server. 

The oscillating image of the line falls 
on a screen perforated with two parallel 
slits. As the image moves back and forth 
it sends more light first through one slit 
and then through the other. A separate 
photomultiplier tube picks up the light 
from each slit, converting it into a vary
ing electric current. The difference be
tween these signals is amplified and con
verted to a single direct current whose 
size varies with the strength of the de
tected magnetic field and whose direc
tion 'reflects the polarity of the field. 

Information contained in the electri
cal output is translated into a visible 
record on a cathode-ray tube. As the sun's 
image is scanned by the turning of the 
main mirror of the magneto graph, the 
electron beam of the cathode-ray tube 
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SOLAR MAGNETOGRAPH, depicted schematically, produces a 

magnetic map hy scanning the sun's surface. At left light rays (col· 
ored arrow) from solar image pass through crystal which is suh· 

jected to an alternating voltage and alternately transmits right-cir
cularly and left-circularly polarized light. Beam passes single slit 

to diffraction grating. At right dispersed light from grating forms 

a spectrum, with one of its lines centered on double slit in a screen. 
Light from slits passes to separate phototuhes, which convert it into 

electric currents that vary as line oscillates. These currents are 

used \0 vary the brightness of the trace on a recording oscilloscope_ 
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sweeps across the tube-face in a series of 
horizontal lines. In the original version 
of the instrument the photomultiplier 
output was applied to deHect the beam 
vertically from its scanning path, giving 
a series of curves that represents the 
magnetic field [see illustrations at right J. 
In the present recording setup the cur
rent modifies the intensity of the beam, 
making the trace brighter for greater 
field strength. The scanning beam does 
not form a spot on the tube, but a short 
vertical line. For fields of positive polar
ity the line is made to slant upward to 
the right, and for those of negative polar
ity it is made to slant upward to the left. 
When the field strength exceeds a chosen 
quantity, the scanning segment collapses 
to a spot and the trace becomes a hori
zontal line. Thus the magneto grams con
sist of parallelograms of varying bright
ness, with horizontal lines where the 
field is strongest. 

The magnetograph at Mount Wilson 
scans the whole of the sun's disk once an 
hour, with a resolution of 23 seconds of 
arc (an 80th of the sun's diameter) . 
The usual working range is one to 50 
gauss or more, although magnetic fields 
as weak as .3 gauss can be measured. It 
is also possible to scan a small region of 
the disk with higher resolution. The fine
scanning arrangement covers a square 
five minutes of arc on a side ( 140,000 
miles at the sun's surface) , with a resolu
tion of five seconcls of arc, in a period of 
15 minutes. 

Fine-scanning is useful in studying 
localized, rapidly developing effects 
such as solar Hares. (These features have 
become especially interesting since 
John R. Winckler of the University of 
Minnesota found that they emit low
energy cosmic rays in such copious 
amounts as to constitute a serious threat 
to space travel.) By studying the 
changes in the magnetic-field patterns 
during the progress of Hares it may be 
possible to discover the source of their 
energy. The first astronomer to carry 
out such an investigation was A. B. Se
verny of the Crimean Astrophysical Ob
servatory in the U. S. S.R., where there 
is a magnetograph like the one at Mount 
Wilson. 

Recently a photographic technique 
that supplements the magneto graph has 
been developed by Robert B. Leighton 
of the California Institute of Technol
ogy. He makes two monochromatic pho
tographs of the sun: one in right-circular
ly polarized light and the other in left. 
The wavelength selected by the slit of 
his spectrograph is just on the edge of 
a spectral line. When the line splits, one 

GENERAL POLOIDAL FIELD on successive days in 1953 appears near top and bottom of 
these magneto grams. Field strength is indicated by distance of Curves from horizontal lines; 

positive polarity by npward displacement; negative polarity, by downward displacement. 
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BIPOLAR MAGNETIC REGION appears just above the horizontal center line in magneto

gram (top) _ Left-hand, or leading, portion has positive polarity; right-hand, negative, as 
shown by traces slanting up to right and left respectively_ Bright horizontal lines indicate 

strongest fields_ Photograph at bottom shows sunspots contained in this bipolar region_ 
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component moves farther into the slit; 
the other, farther away. Thus the density 
of the two photographs differs in mag
netic areas. By superimposing a negative 
of one photograph on a positive of the 
other, Leighton obtains a picture in 
which magnetic fields show up as bright 
or dark regions, depending on their po
larity [see top illustration all page 60]. 
The method gives excellent resolution 
but it cannot detect fields weaker than 
about 20 gauss. 

What has the magneto graph revealed 
about the sun's magnetism? One of 

the earliest findings was that there are 
usually numerous extended regions on 
the solar disk wherc fields can be de
tected, with intensities ranging from a 

fraction of a gauss to several tens of 
gauss or more. The fine details of these 
patterns change appreciably from day 
to day. Larger features vary more slow
ly, and with more regularity and under
lying symmetry. The changes result 
from the hydromagnetic Bow of material 
coupled to the magnetic lines of force. 
On the small scale the motions reBect 
convection and turbulence; on the larger 
scale they are related to the rotation of 
the sun and to an over-all pattern of slow 
circulation or oscillation. 

A great majority of the magnetic 
regions are bipolar: they are divided in
to two parts, usually contiguous, of op
posite polarity. The same laws that 
govern the polarity of leading and trail
ing sunspots apply to the parts of 
bipolar-magnetic regions. Some regions 
are more complex and are better termed 
multipolar. 

Although they vary greatly in size, 
field intensity and details of life history, 
bipolar regions follow the same general 
line of development. At first they are 
quite compact. Then they expand grad
ually, and for a time their total magnetic 
fluxjncreases. Eventually the flux reaches 
a maximum, but the region continues to 
expand, so that the intensity of the field 
grows weaker. So long as a region is well 
defined, the outgoing flux from the pos
itive part of the field appears to equal 
the ingoing flux in the negative. Since 
magnetic lines of force are continuous, 
we envision them as forming arches that 
loop upward into the solar atmosphere. 
The feet of the arches are anchored in 
the two parts of the bipolar region, with 
the lines of force passing through the 
surface more or less perpendicularly. 

When their maximum field-intensity 
is less than about 20 gauss, bipolar 
regions are not accompanied.by any ob
vious visual changes on the sun's disk. 
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Above 20 gauss they produce faculae, 
or brightening of the light emitted by 
ionized calcium atoms in the region. Still 
stronger and more concentrated regions 
often produce sunspots while they are 
young. Indeed, every sunspot is a part 
of a bipolar or multipolar region where 
the lines of force are crowded especially 
close together. 

For the two or three years ( 1953-55) 
of minimum activity during the present 
sunspot cycle the bipolar regions were 
weak and usually small. Even then, how
ever, there were only a few days when 
no such regions could be found on the 
sun's surface. 

A very much rarer type of solar mag
netic area is the so-called unipolar-mag
netic region. Only three examples have 
been unambiguously identified, all in 
the declining years of the last sunspot 
cycle. The strongest unipolar region, 
which had positive polarity, appeared in 
1953. It lasted through some six rota
tions of the sun, its average field-inten
sity never rising above three gauss. 

Where do the magnetic lines of a 
unipolar region go? We can only assume 
that they extend up from the surface 
more or less radially, perhaps to great 
distances, and eventually return to the 
sun diffusely in areas that have not been 
identified. 

None of the unipolar regions so far 
identified produced faculae or other sur
face disturbances. However, each time 
the strongest one crossed the center of 
the sun's disk, cosmic-ray counters regiS
tered increased activity, and, about three 
days later, there followed a disturbance 
in the earth's magnetic field. Magnetic 
storms that repeat after 27 -day intervals 
have been known for a long time, and 
have been attributed to streams of ion
ized hydrogen ejected from the sun. But 
the source of these streams had not been 
identified. Now it appears that they may 
come from unipolar magnetic regions 
that are carried around by the rotation 
of the sun. For confirmation of this idea 
we shall have to wait for the declining 
years of the current sunspot cycle, when 
the 27 -day storms should show up again 
and the sun's magnetic pattern may 
fluiet down enough so that unipolar 
regions can form and be identified with 
certainty. 

'[he localized magnetic features men-
tioned thus far are generally confined 

to latitudes within 40 or 50 degrees of 
the solar equator. Nearer the sun's poles 
there are sometimes no fields at all. But 
in 1953 the magnetograph detected a 
widespread weak magnetism that may 

be termed the poloidal field of the sun. 
This is the elllsive "general field" that 
Hale looked for so assiduously. It turns 
out to be much weaker than he suspect
ed, differently distributed and remark
ably variable. Not only does its intensity 
change and its distribution shift; its 
polarity even reverses! 

Magnetograms made in 1953 clearly 
indicated a positive field in the high 
northern latitudes of the sun and a nega
tive field in the far southern latitudes 
[see illustrations on page 57]. The in
tenSity of the fields was one or two gauss. 
In the next few years the fields grew 
weaker and eventually could not be de
tected. Then, in 1957, the field of the 
southern polar region reappeared with 
reversed polarity. For nearly a year 
there were weak positive fields near both 
poles. Finally, in November, 1958, the 

northern field also reversed. Prior to 
1957 the poloidal fields were restricted 
to very high latitudes. Since the re
versals they have been most evident in 
zones closer to the 50th and 60th solar 
parallels. Currently we can detect hard
ly any fields in the extremely high lati
tudes, and the southern poloidal field 
seems to be weakening again. 

The reversals of the poloidal field oc
curred near the time of maximum activi
ty of the sunspot cycle. It seems quite 
likely that this phenomenon is another 
aspect of the 22-year magnetic cycle. 

From all the evidence it now appears 
that the general magnetic field of the 
sun has two components. One is the 
poloidal field; the other is a submerged 
toroidal (ring-shaped) field running 
parallel to the equator in the northern 
and southern hemispheres [see illustra-

UNIPOLAR MAGNETIC REGION of positive polarity, which persisted for more than six 
months in 1953, appeal'S in this magnetogram as a series of upward·displaced traces near the 
center of the solar disk. No neighboring downward displacements indicate a negative pole. 
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PHOTOGRAPHIC METHOD, described in the text, shows solar magnetic fields as light or 

dark areas (depending on polarity) against a nuiform background (top). Same region of 

sun is photographed in ordinary light (center) and in light of calcium emission (bottom). 
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tion on next page J. This toroidal com
ponent presumably accounts for most 
of the localized surface magnetic effects 
and their accompanying visible features 
as well as for arching lines of force that 
loop far out above the surface. 

To understand the role that the 
toroidal field plays, recall that the high
ly conducting material of the sun can 
slide easily along lines of magnetic force 
but cannot move readily across them. If 
a convection current carrying gas from 
the interior to the surface crosses the 
ring of magnetic lines, it will carry those 
lines with it. When the field reaches the 
surface, some of the lines can break 
away from the associated matter and 
arch up into the sun's atmosphere. Thus 
is born a bipolar magnetic region. The 
ring may undulate like a sea serpent, 
looping up through the surface at several 
places and forming a number of bipolar 
regions at the same latitude. 

Assuming that the field directions are 
opposite in the northern and southern 
rings, the reverse polarity of leading and 
trailing regions in the two hemispheres 
is explained. Moreover, we envisage a 
new pair of rings forming in the higher 
mid-latitudes at the beginning of each 
ll-year half-cycle. They therr migrate 
slowly toward the equator and disappear 
at the end of the period. 

Once the toroidal fields break through 
the surface, their interaction with mat
ter can produce a variety of visible ef
fects. Sunspots are formed when the 
nearly vertical lines of force leaving or 
re-entering the surface are tightly 
crowded together. The small, roughly 
circular convection currents that carry 
hot gases toward the surface and cooler 
gases back to the interior are inhibited. 
They can move vertically up or down, 
but not horizontally across the lines to 
complete the circuit. Hence the transfer 
of heat toward the surface is reduced 
and the area cools and darkens, produc
ing a sunspot. 

P rominences, the peculiar c10udlike 
formations of relatively cool hydro

gen gas observed high above the surface, 
must owe their support to the magnetic 
fields that arch above bipolar regions. 
Long, thin, relatively stable promi
nences have been found to lie along the 
imaginary line that runs at right angles 
to the lines of force and divides a bipolar 
region into two parts of opposite polarity. 
Apparently the gas has collected and 
cooled near the tops of the magnetic 
arches and pushed them down into a 

sagging or hammock-like shape. Thus 
precariously supported, the prominence 

© 1960 SCIENTIFIC AMERICAN, INC



may exist for days or weeks, perhaps 
eventually to be propelled outward at 
high speed by an increase in the field. 

The bright calcium clouds, or faculae, 
just above the photosphere are also a 
product of the magnetic fields. Accord
ing to magnetohydrodynamic theory, 
turbulent motion in the material around 
the bottom of the arches continually jos
tles and crowds the magnetic lines of 
force. This generates transverse hydro
magnetic waves that travel upward along 
the lines of force, increasing in ampli
tude as they rise owing to the decreasing 
density. The magnetic oscillations in the 
waves act on charged particles, causing 
them to vibrate. And the energy of the 
vibrations is converted to thermal energy 
when the charged particles collide with 
neutral atoms in the gas. The heating 
excites various special radiations, par
ticularly those of ionized calcium, that 
characterize faculae. 

There is empirical evidence that pro
tons and electrons are also accelerated 
upward along magnetic lines of force, 
and probably attain moderately high 

energies. This process is thought to occur 
wherever lines of force emerge: in bi
polar and unipolar regions and near the 
poles of rotation. Above bipolar regions 
particles coming up on both sides of the 
arching lines of force would collide at 
the top. It is generally believed that such 
collisions, in the presence of a magnetic 
field, would generate radio noise. And 
indeed radio telescopes have picked up 
increased levels of radio noise in the 
direction of bipolar regions. 

Finally let us consider briefly the 
physical conditions that underlie the 
sun's magnetism. What maintains the 
fields? What governs their intensity and 
controls their changes? How are the 
toroidal and the poloidal fields connect
ed? What, in fact, causes the 22-year 
solar magnetic cycle, and how can we 
explain the migration of the toroidal 
fields and the reversal of the poloidal 
field? These questions constitute one of 
the great problems of solar physics. At 
present the theoretical picture is little 
better than fragmentary. However, some 
of the principles that have been devel-

N 

oped for explaining the earth's magnetic 
field in terms of a self-sustaining "dy
namo" can probably be applied to the 
sun. There are two essentials in this pic
ture: rotation and the rise and fall of 
fluid material through convection [see 
"The Earth as a Dynamo," by Walter M. 
Elsasser; SCIENTIFIC AMERICAN, May, 
1958]. 

The sun does not spin uniformly as 
does a solid body. The polar regions 
complete a rotation once every 34 days, 
while the equatorial zone requires only 
about 25 days. Under the influence of 
this differential rotation, an initial poloi
dal field (very probably primeval) could 
be drawn out so that the lines of force 
are nearly parallel to the equator, and 
are amplified as the rotation continues. 
Thus we can visualize a possible origin 
of the toroidal fields. 

Superimposed on the differential rota
tion there is probably a very slow tor
sional oscillation. If the rotation were 
removed, a great equatorial belt would 
be seen to twist forward and back with 
respect to the remainder of the sun, 

TOROIDAL MAGNETIC FIELD is thought to lie beneath the 

surface of the sun in both northern and southern solar hemispheres. 

When the northern ring, shown here, has the magnetic direction 

indicated by the arrows, southern ring has opposite direction. 

61 

© 1960 SCIENTIFIC AMERICAN, INC



swinging around its north-south axis 
through an angle of about 340 degrees 
once every 22 years. vVhen combined 
with the spinning motion, the effect is to 
cause a small, cyclic change in the rate 
of rotation. Such a change is too small 
to observe directly, but Robert S. Rich-

ardson and Martin Schwarzschild have 
shown at the Mount Wilson and Palomar 
Observatories that the torsional oscilla
tion would explain the different rates at 
which sunspots migrate toward the 
equator in alternate ll-year cycles. 

w 

Obviously the magnetohydrodynamic 
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processes of the sun are extremely com
plex, and our understanding of them is 
meager. The development of an ade
quate theory will almost surely require 
a body of data that can be obtained only 
through long-term, continued observa
tion of the sun's magnetism. 

E 

SUN 'S MAGNETIC·FIELD PATTERNS are diagrammed sche· 

matically. Curved lines at top and bottom represent the general 
or poloidal field. Northern hemisphere has two bipolar regions, 

one with a sunspot (left), the other supporting a cloud of cool 
hydrogen. Unipolar region is shown in southern hemisphere. Uni· 

polar regions are rare; bipolar regions are almost always found. 
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___ Kodak reports on: 
a simple-minded stunt with a little honest fudging ••• a little something 

for the taxpayers ... what the big wheels do 

A tough window for the infrared 

Here represented is a nice piece of in
frared technology. We take pride in it, 
even though they tell us it will never 
replace the foot-soldier. 

Our simple-minded stunt photo 
demonstrates that a 3-inch flat of the 
new Kodak Irtran Optics, Type AB-J 
can be fused so securely into a stain
less steel mounting that plunging it at 
200°C into tap water generates steam 
but does no harm. 

We have developed this Irtran ma
terial for transmitting in structurally 
adequate thickness more than 90% of 
impinging energy from 3 to 6p.. Not 
only does it withstand thermal shock, 
weathering, humidity, and abrasion, 
but, defeating the emissivity of "hot 
windows," it retains its high transmit
tance at SOO°C and, possessing a re
fractive index less than 1.4, requires no 
coating to cut reflection losses. 

The only fudging was a bit of de
tergent in the water. We justify this on 
the grounds that dividing the steam 
among a cloud of bubbles made the 
test more severe by increasing the 
cooling rate. 

For the dope on what we can make in 
Kodak Irtran lenses, domes, prisms, flats, 
and substrates for interference filters, write 
Eastman Kodak Company, Special Prod
lIcts Division, Rochester 4, N. Y. 

Microelectronics 
Ever hear of the Diamond Ordnance 
Fuze Laboratories? It's a Department 
of the Army agency in Washington. To 
support DOFL, the average citizen 
shells out the federal tax on, let us say, 
several gallons of gasoline a year or a 
little tobacco. Since a fuze is a device 

which times an explosion to blow up 
his enemy, he probably wouldn't mind 
the expense if it were explained to 
him. But, mirabile dictu and happy 
day, prospects brighten that the pid
dling investment will pay off beyond 
the dreams of avarice! 

DOFL has spawned "microelec
tronics," the shrinking of electronic 
assemblies to 1/100 normal size. DOFL 
became involved through the proxim
ity fuze program, which requires very 
small and exceedingly rugged com
ponents. We are involved through cer
tain light-sensitive products for the 
microfabrication of conductive, semi
conductive, and dielectric materials. 

Send to Eastman Kodak Company, Spe
cial Sensitized Products Division, Rochester 
4, N. Y.,for a reprint of "The DOFL Mi
croelectronics Program." Thus we nudge 
you toward great undertakings. 

A kind word for triacetate tape 
The time has come for a few care
fully framed remarks from us about 
recording tape, a product which we do 
not offer in the United States, even 
though Kodak Pathe has done well 
with tape in France for about a decade. 
In this country we do make base for 
magnetic tape. This we sell to several 
competent organizations who practice 
their respective rival methods of de
positing iron oxide on it. 

Our base is cellulose triacetate, the 
same as in Kodak Aerographic Films 
for precision mapping from aloft. We 
cast it from solution on the nigh mi
raculously smooth peripheries of IS-

foot wheels like this one. In the 330° of 
rotation allotted for preliminary evap
oration of the solvents before stripping 

This is another advertisement where Eastman Kodak Company 

probes at random for mutual interests and occasionally a little 

revenue from those whose work has something to do with science 

off as sheet, the thickness-along with 
any thickness errors-shrinks by 4/5. 
This situation favors the maintenance 
of thickness with great uniformity. Ex
cept for infrequent replating, these 
prodigious wheels have been rotating 
with stately unbroken angular mo
mentum night and day, winter and 
summer, week ends and workdays for 
a full generation of mortal man. 

Not only do our tape-making cus
tomers rival each other in excellence of 
deposition, but our cellulose triacetate 
has a rival of its own in polyethylene 
terephthalate, which is known as poly
ester. Because of the slightly higher 
price of polyester tape, it has often 
been assumed on all counts superior. 
This misconception hurts us. * The 
price difference at least partially stems 
from the higher salable yield that the 
tape manufacturer gets from cellulose 
triacetate. He has to reject less tape for 
deformation or "skew" and has the 
inherent thickness uniformity of the 
solvent-evaporation method to thank. 

Though most of the tape being 
bought today is our beloved cellulose 
triacetate, there is a place for polyester. 
That we admit. It's very good for hu
midity amplitude and devilishly strong. 

Cellulose triacetate, on the other 
hand, has only 15 % ultimate residual 
elongation, not 45 %. It does not go on 
stretching and stretching when over
loaded by apparatus design that leans 
too heavily on strength of the tape 
base. ]n many applications a stretch of 
large and unknown magnitude could 
have a sneaky effect on the results. 

One other factor puts cellulose tri
acetate high with the man to whom 
the word "dropout" is an expression 
of horror. A dropout is caused by an 
inhomogeneity. Our cellulose triacetate, 
by the nature of its manufacture, is 
not likely to contribute inhomogeneity. 
Believe us. 

Don't write to us about the foregoing U/l
less you just happen to be in a mood for 
correspondence. All we ask is that you bear 
our assertions in mind when the occasioll 
arises to specify magnetic recording tape. 

* Another thing that disturbs us is inclusion of cellu
lose triacetate under the generic term "acetate." 
Fortunately, cellulose diacetate is fast disappearing 
from the tape market. 
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Agreement on Space 

The cohesive impulse that produced 
the International Geophysical Year 
appears to retain its force. Having 

recently agreed to join together in ant
arctic research, the nations of the world 
have now made a start toward a similar 
understanding on space. The General 
Assembly of the United Nations has 
aaopted unanimously a resolution set
ting up a permanent 24-nation commit
tee to organize international cooperation 
in space research. The resolution, drafted 
jointly by the U. S. and the U.S.S.R., 
also authorizes an international scientific 
conference "for the exchange of experi
ence" in space matters, to be held this 
year or next. Western countries are to oc
cupy 12 of the 24 committee seats, with 
seven going to members of the Soviet 
bloc and five to neutral nations. 

Disagreement on Testing 

The problem of distinguishing under-
ground explosions from earthquakes 

continues to obstruct progress in the 
Geneva talks on outlawing nuclear
weapons tests. What level of uncertainty 
would necessitate on-the-spot inspec
tions to determine the source of doubt
ful "seismic events"? How many doubt
ful cases would arise through the use of 
the ISO-station seismic-detection net
work proposed by a committee of ex
perts in 1955? 

A second committee of experts from 
Great Britain, the U. S. and the U.S.S.R., 
convened late last year to consider these 
and related questions, has left matters 
where it found them-with the U. S. and 

SCIENCE AND 
the U.S.S.R. at loggerheads. The group's 
report was classified shortly after its sub
mission. From published excerpts and 
official comments it was difficult to de
termine how much the experts had dis
agreed on the political consequences of 
technical data and how much on the 
data themselves. 

"The Soviets agreed on all things that 
make the control system look better and 
on nothing that makes the system look 
worse," said James B. Fisk of Bell Tele
phone Laboratories, leader of the U. S. 
delegation. President Eisenhower spoke 
of "the recent unwillingness on the part 
of the politically guided Soviet experts 
to give serious scientific consideration to 
the effectiveness of seismic techniques 
for the detection of underground nuclear 
explosives." "Indeed," he added, "the at
mosphere of the talks has been clouded 
by the intemperate and technically un
supportable Soviet annex to the report 
of the technical experts." 

This annex accused the U. S. scientists 
of being "on the brink of absurdity" in 
proposing inspection criteria that would 
"leave under suspicion the overwhelm
ing majority of the earthquakes regis
tered by the control system." It "cat
egorically repudiated" U. S. interpreta
tions of data from the "Hardtack" series 
of underground nuclear tests in 1955. 
According to these interpretations the 
ability of the ISO-station network to rec
ognize nuclear detonations would be 
much less than originally supposed. The 
Soviet experts, however, maintain that 
criteria can be established that would 
"unquestionably insure the detection of 
truly suspicious events, on which the 
control system's futnre activity will be 
concentrated." "Shortcomings" in the 
U. S. data, said the annex, cannot be re
garded "as resulting from carelessness or 
coincidence;" and the Soviet experts 
"have come to the conclusion that there 
has been tendentious use of one-sidedly 
developed material for the purpose of 
undermining confidence in the control 
system, whose basic characteristics were 
determined by the 1955 Geneva confer
ence of experts." 

In addition to the Hardtack results the 
U. S. presented theoretical studies indi
cating that underground explosions can 
be very largely muffled by "seismic de
coupling," i.e., setting them off in very 
large, hollow chambers. The theory, dis-
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THE CITIZEN 
missed by the Soviet group as unproved 
and of no practical importance, was dis
cussed in some detail at the winter meet
ing of the American Physical Society in 
Pasadena, Calif. A panel of physicists 
and seismologists reported that the dis
turbance set up in the solid earth by a 
subterranean explosion might be re
duced 300 times by a sufficiently large 
chamber. To muffle an explosion equiva
lent to 100,000 tons of TNT would re
quire a spherical hole some 3,000 feet 
deep and 800 feet in diameter. Assum
ing that such an enormous excavation 
could be made (it would involve scoop
ing out a 20th as much earth and rock 
as was removed in digging the Panama 
Canal) and the factor of 300 could actu
ally be realized, one physicist asserted, 
a 100,000-ton explosion "would not even 
be detected and located by the proposed 
Geneva network." 

Negotiations are continuing at Ge
neva, but "no satisfactory agreement is 
yet in sight," President Eisenhower de
clared. As of the beginning of 1960 the 
U. S. feels "free to resume nuclear 
weapons testing," he added, but ad
vance notice will be given of any such 
resumption. 

Smashing Success 

T ate last year, several months ahead of 
L schedule, workers at CERN, the 
European Organization for Nuclear Re
search in Geneva, brought the biggest of 
all atom smashers up to its full design
energy of 24 billion electron volts (Bev) . 
Even more remarkable than the enor
mous voltage was the intensity of the 
beam extracted from the brand-new ma
chine: a pulse of 10 billion protons 28 
times a minute. "A breathtaking, histori
cal achievement," said a U. S. physicist. 
By comparison the Bevatron at the Uni
versity of California delivers a six-Bev 
pulse containing 20 billion protons once 
every six minutes. The 10-Bev accel
erator in the U.S.S.R. , after two years of 
tinkering by its designers, still gives only 
a billion protons per pulse. 

Like the others, the CERN machine 
is a synchrotron. It employs a varying 
magnetic field to hold the accelerating 
particles in a fixed circular orbit as they 
are boosted to higher and higher ener
gies. But the break-through to 24 Bev 
was achieved with the help of the addi-
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We don't recommend slicing up the family's fine Limoge China, but this 
does illustrate the precisely controlled cutting action of the S. S. White 
Airbrasive Unit. Note how clean the edge is, and how the delicate ceramic 
decoration is unharmed. 

The secret of the Airbrasive is an accurate stream of non-toxic abrasive, gas
propelled through a small, easy-to-use nozzle. The result is a completely cool 
and shockless cutting or abrading of even the most fragile hard materials. 

Airbrasive has amazing flexibility of operation in the lab or on an automated 
production line. Use the same tool to frost a large area or to make a cut as 
fine as .008"! . .. printed circuits ... shaping and drilling of germanium and 
other crystals ... deburring fine needles ... cleaning off oxide coatings ... wire-
stripping potentiometers ... engraving glass, minerals, ceramics. Jobs that 
were previously thought impossible are now being done. 
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New dual Model D! 
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tional principle of strong focusing. Alter
nate sections of the ring-shaped magnet 
spread and concentrate the circling pro
tons, with the net result of a narrower 
beam, and hence a thinner magnet. The 
magnet iron in the CERN accelerator 
weighs 3,200 tons; in the Bevatron 
10,000 tons; in the Soviet accelerator, 
35,000 tons. 

The circular track of the new synchro
tron is 100 meters in diameter. Protons: 
enter it from a linear accelerator at an 
energy of 50 million electron volts_ 
Thereafter they gain 54,000 electron 
volts on each turn, reaching their full 
energy after 500,000 circuits. The power 
required to produce each pulse is 38,000 
kilowatts. 

A team of Western European physi
cists led by John Adams of England de
signed and built the CERN accelerator. 
Through their efforts leadership in ex
perimental high-energy physics has re
turned, at least temporarily, to the 
neighborhood in which it started. 

The A.A.A.S. Meeting 

A Federal department of science to 
establish and administer a national 

program of basic research was proposed 
by Wallace R. Brode, retiring president 
of the American Association for the Ad
vancement of Science, at the annual 
meeting of the A.A.A.S. in Chicago. 
Brode, who is science advisor to the Sec
retary of State, pointed out that military 
and quasi-military agencies now exert 
purse-string control over 85 per cent of 
U. S. basic research and thus largely de
termine its direction. He recommended 
that the science department grant re
search funds directly to universities, 
rather than to investigators with specific 
projects (as the military now does) and 
that the new department take over such 
contract-operated laboratories as those 
at Brookhaven, Los Alamos and Oak 
Ridge, at the same time improving the 
status of scientists working for the Gov
ernment. The department would co
ordinate the scientific activities that 
would remain with the military and. 
other agencies. 

Thomas Park, professor of zoology at
the University of Chicago, was chosen 
president-elect of the A.A.A.S., to serve 
in 1961. Chauncey D. Leake, assistant 
dean of the Ohio State University Col. 
lege of Medicine, is president during 
1960. 

At a symposium on the solar system. 
Frank D. Drake of the National Radio 
Astronomy Observatory reported that 
Jupiter may have a magnetic field at 
least 10 times stronger than that of the 

© 1960 SCIENTIFIC AMERICAN, INC
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depend upon patented PHI LeO 

PRECISION-ETCH 
TRANSISTORS 

ENLARGED APPROXLMATElY 5 TLMES 

Photograph shows the Philco Precision-Etch process 
in actual operation on the world's first fully automatic 
transistor production lines, designed and built by 
Philco. Electro-chemical jet stream (1) etches tiny de
pression on surface of germanium blank (2) with toler
ance so critical it must be controlled by infrared rays to 
the accuracy of 1/150 the thickness of a human hair. 

PRECISION-ETCH is an exclusive Phil co manufacturing' 
technique which makes possible the mass production of 
high-frequency transistors with extreme accuracy 
and uniformity. Infrared control provides the exact electrical 
characteristics required for specific applications. As a result 
of this revolutionary fully-automated manufacturing and 
control process, Philco Precision-Etch Transistors have earned 
wide recognition as the "world's most reliable transistors". 

A recent report by the Department of Defense shows that, 
in the significant types, more than one out of every 
three transistors needed for military applications in the 
next 5 years will be made by Philco and its licensees. 

Philco Transistors have contributed greatly to the success 
of hundreds of far-reaching electronic achievements ... 
such as data processing, communications, control systems 
and entertainment products. 

For utmost reliability, specify Philco Transistors 

in all electronic equipment you buy • • •  or build. 

To obtain application data or assistance, consult 

. PHILCO/LANSDALE DIVISION, Lansdale, Pa. 
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earth. Such a field could trap enough 
electrons in a Van-Allen-type radiation 
belt to account for the three billion watts 
of apparently nonthermal radiation that 
the planet continuously emits. 

New techniques for finding, dating 
and analyzing ancient objects were de
scribed at another symposium. George 
C. Kennedy and Leon Knopoff of the 
University of California at Los Angeles 
reported that pottery and other heat
treated artifacts up to 500,000 years old 
can be accurately dated by means of 
thermoluminescence. Radioactive atoms 
in a piece of pottery or glass produce 
electrons that are trapped in the material 
at ordinary temperatures, but are re
leased on heating with the emission of 
a special glow. An analysis of this glow 
shows how much time has elapsed be
tween the heating in the laboratory and 
in the fire where the article was made. 
L. S. Birks of the Naval Research Lab
oratory described an analytical tech
nique in which X-rays generated within 
an object reveal its chemical composi
tion without damaging it. 

In another paper J. P. Scott of the 
Roscoe B. Jackson Memorial Laboratory 
in Bar Harbor, Me. , told of studies in
dicating that destructive fighting seldom 
occurs in animal societies unless they are 
deliberately or accidentally disorganized, 
"as when a group of strange adults are 
confined together in a laboratory or zoo." 
Fang-and-claw behavior, he said, results 
from abnormal conditions and is not nat
ural or inevitable. Scott suggested that 
juvenile delinquency, and perhaps even 
war, results from human social disor
ganization. 

Research Money 

The U. 
·
S. is currently spending $12 

billion per year on research and de
velopment, according to an estimate 
published by the National Science Foun
dation. This is one billion higher than 
last year's rate, and more than double 
the level of expenditure of five years ago. 

The Federal Government is footing 
most of the bill, budgeting $7.9 billion 
for research and development in 1959 
and about $8.1 billion in 1960. Develop
ment costs account for 80 per cent of the 
Federal funds, and only 6 to 7 per cent 
is earmarked for basic research. Physical 
and engineering sciences consume 67 
per cent of the total, life sciences 30 per 
cent and social sciences 4 per cent. The 
Department of Defense, the Atomic En
ergy Commission and the National Aero
nautics and Space Administration will 
disburse 93 per cent of the money. 

The extent to which dollar amounts 
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He smashed the 
sound- in-water 

barrier 

Because its energy passes only 
through air, radar can pick up tar
gets hundreds of miles away. The 
ocean isn't so cooperative: water 
rapidly absorbs all types of energy. 
How do you breach this barrier to 
produce a really long-range under
water surveillance system? 

This AMF Anti-Submarine War
fare Specialist set his underwater 
sights on a range far over 100 times 
that of sonar. A conventional instal
lation able to accomplish this would 
be prohibitively big and expensive. 
So, he came up with a completely 
new method. A 6' x 12' unit puts a 
megawatt of power into the water 
with 100 times the weight efficiency 
of existing techniques and at a frac
tion of the cost. The name of this 
new system is AMFAR, for which a 
proposal has now been submitted to 
the Navy for consideration. 

Single Command Concept 
This contribution to the free 

world's defense is one more example 
of AMF's resourcefulness. 

AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro
duction capabilities. Its purpose: to 
accept assignments at any stage 
from concept through development, 
production, and service training ... 
and to complete them faster ... in 

• Ground Support Equipment 
• Weapon Systems 
• Undersea Warfare 
• Radar 
• Automatic Handling & Processing 
• Range Instrumentation 
• Space Environment Equipment 
• Nuclear Research & Development 

GOVERNMENT PRODUCTS GROUP, 
AMF Building,261 Madison Avenue, 
New York 16, N. Y. 

In engineering and manufacturing AMF has ingenuity you can use . . .  , AMERICAN MACHINE & FOUNDRY COMPANY 
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Psychlo-switch* 

A multiple - strand precious metal 

brush fixed to a rotating arm ... 

engaging a flush printed circuit with 

nickel-rhodium plated conductors 

... is a proven switching method. 

Joined to the fast and durable Sigma 

Cyclonome ® Stepping Motor ... 

results (obviously) in a fast and durable stepping 

switch, imaginatively entitled the Cyclo -switch. 

Since the principal component is the Cyclonome 

motor, all its characteristics apply to the Cyclo

switch: operation on magnetic reversals ( no re

ciprocating parts ) , with each reversal producing 

exactly 18° of shaft rotation. The Cycloswitch 

will seek out and stop at any one of its 10 and/ or 

20 positions on command. It will run at either 

constant or random rates, up to 240 steps/sec. 

Power required varies from 1 to 10 watts, de

pending on speed and the number of brushes. 

Brushes and switch segments will carry 1.5 amps in 250 VDC circuits; applications 

controlling Sigma relays with 20 - 40 rna from 120 VDC, with proper arc suppression, 

have given long, trouble -free service. Life up to 75,000,000 revolutions with light 

loads is possible. 

All sorts of combinations of decks, arms, wipers, brushes and delivery schedules 

are possible. The simple one - deck two -brush model shown lists for $95; in produc

tion quantities the price drops down to about $50. By now we hope you're interested 

in inquiring further about the Sigma Series 9C /I Cycloswitch./1 

• for pSY>lcbopat,d switching 

SIGMA 
70 

SIGMA INSTRUMENTS, INC. 

40 Pearl St., So. Braintree 85, Mass. 
AN AFFILIATE OF THE FISHER-PIERCE co. (Since 1939) 

reflect the true level of scien tific research 
and development activity has been ques
tioned by David Novick of the Rand 
Corporation. Writing in the Illinois Busi
ness Review he points out that the "new 
respectability which R&D has attained" 
may be causing industrial firms to list 
under this heading expenses formerly 
classified under others. One large com
pany, the author reports, broke down its 
$185 million research and development 
budget for 1959 as follows: 2 per cent 
for long-range research not connected 
with current products, 19 per cent for 
product development, 79 per cent for 
"development of equipment to custom
ers' orders." 

Thermoplastic Recording 

A new method of putting information 
on tape, developed by W. E. Glenn 

of the General Electric Company, pro
duces a record that combines many of 
the advantages of motion-picture film 
and magnetic tape. Thermoplastic tape, 
as it is called, is like magnetic tape in that 
it requires no chemical processing, can 
be played back immediately and can be 
erased and used again. Like motion-pic
ture film, it forms a visible image that 
can be projected on a screen, it has high 
resolving power and it can easily be 
copied. 

The recording system, described by 
Glenn in Journal of Applied Physics, 
consists of a fine electron-beam that 
sweeps across a strip of moving tape, 
leaving a series of parallel trails of nega
tive charge on its surface layer. This lay
er is made of a thermoplastic material 
that can melt and solidify repeatedly. 
I3elo:v it is a heat-resistant layer that is 
positively charged. After passing under 
the writing beam, the tape moves through 
an induction heater that melts the top 
layer. The electrostatic attraction be
tween the charges on the two layers pulls 
the molten material into a series of 
grooves similar to those on a long-play
ing record, but much narrower. The tape 
is then cooled, freezing the pattern into 
place. Since the whole process takes no 
more than a hundredth of a second, the 
tape can be viewed, scanned or edited 
as it is being made. 

Input to the recorder-audio or video 
signals, or digital information from a 
computer-is translated int,) a voltage 
that varies the intensity of the writing 
beam, thus changing the amount of 
charge it deposits and the depth of the 
resulting grooves. Depending on their 
depth, the grooves transmit more or less 
light. When projected on a screen, the 
record forms a black-and-white image 

• 
" 
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Wherever reliability IS vital ... 

you'll find BARDEN PRECISION ball bearings 

Barden Precision 
"
ball bearings are basic components in the 

instruments and mechanisms that meet today's toughest re
quirements for systems reliability. You'll find them in navi
gation and flight instruments ... in guidance and control sys
terns ... in computers, turbo-driven equipment and ground 
support instrumentation ... wherever reliability is vital. 

When you need top bearing performance, Barden provides 

it with functionally tested bearings of uniform quality-

standard or special-for prototypes or extended production 

runs. Because Barden is exclusively a producer of highest 

precision ball bearings, you get the full benefit of its special

ized design, manufacturing and application experience. 

The complete Barden line includes bearing sizes from .0469" 
bore to over 3" O.D., all produced to Barden Precision 

standards of dimensional accuracy, uniformity and reliabil

ity. Write for catalog and bearing selection guide. 

forreliabilify ... specify BAR DEN PRECISION BALL BEARINGS 
THE BARDEN CORPORATION, 216 Park Ave., Danbury, Connecticut 

Western office: 3850 Wilshire Boulevard, Los Angeles 5, California. 
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The Battery Thai's Used in Guided Missiles Now 
Released as Government Surplus 

For Photography, $195 0 •• 
Aircraft, Models, Post-
Searchlights, paid 
Radios, etc. 

Sintered-plate Nickel-Cadmium 
alkaline storage batteries de
signed for "NI KE" Missile and 
now surplus due to design 
change. A lifetime battery with 
no known limit of service (over 
5000 recharges on test without 
loss of capacity). Other fea-

tures: Virtually indestructible, compact & 
lightweight, withstands heavy shock and vibra
tion. Flat voltage curve during discharge retains 
charge year or more, high discharge rate up to 
50 amps. for this cell, no corrosive fumes to 
harm clothing or equipment, spill-proof con
struction, discharge in any position, indefinite 
storage without deterioration, operates in tem
peratures _bO° F. to +2000 F. Each cell is 
approx. b ampere hour capacity. Nominal volt
age per cell is 1.2 volts. (A b V. battery 
requires 5 cells.) Cell size b" H. x 2" W. x 112" 
T. Wt. b oz. ea. Uses Potassium-Hydroxide 
(30%) electrolyte. Negligible loss during life
time service. Add only distilled water once a 
year. A fraction of Government cost. 

Used Test Cells .................. 1.95 ea. Postpaid 
Brand New Cells ................ 2.95 ea. Postpaid 
24V. Battery (20 cells) 

in metal case .... used $40.00 New $60.00 
All cells guaranteed to your satisfaction or 
money refunded (less postage). 

Plastic battery cases may have slight cracks
repaired easily with household cement or you 
may add 25¢ to price to insure un cracked case. 

ESSE RADIO COMPANY, Dept. l·A 
42 W. South Street Indianapolis 25, Indiana 

like the image on a television picture
tube. 

To record an image in color the writ
ing beam is split into closely spaced 
parts, and each line becomes a series of 
multiple grooves that make a tiny dif
fraction grating. Colors from the spec
tra formed in the projector by these grat
ings are selected by appropriately placed 
slots and transmitted to the screen. 

Because the thermoplastic-tape sys
tem, unlike ordinary video tape, can' be 
synchronized with a television camera, it 
can be combined with live action to pro
vide special cinematic effects. As a stor
age system for computer information its 
high resolution makes possible a much 
denser packing of information than with 
magnetic tape. This would not only save 
space, but also reduce the time required 
for a computer to search its memory for 
desired bits of information. 

Age of the Elements 

H ow old are the chemical elements 
that make up the matter of the solar 

system? Evidence discovered recently in 
a stony meteorite indicates that their 
manufacture was finished 4.95 billion 
years ago. 

Using a highly sensitive mass spec
trometer, John H. Reynolds of the Uni
versity of California has detected traces 
of xenon 129 in a meteoritic sample. This 
isotope is the daughter element formed 
in the decay of iodine 129, a radioactive 
material. Having a half-life of 17 million 
years, the iodine 129 formed in the be
ginning has long since turned into its 
daughter product, which is therefore a 
sort of "fossil" iodine. The presence of 
the latter substance in the sample is evi
dence that some of its radioactive parent 
must still have been present when the 
meteorite was formed. 

To determine how long a time had 
elapsed since the manufacture of the 
element it was necessary to know what 
fraction of the iodine 129 remained at 
the time of formation. On the assump
tion that iodine 129 was originally as 
abundant as its nonradioactive isotope 
iodine 127, Reynolds compared the con
centrations of iodine 127 and xenon 129 
in the meteorite. From this ratio he con
cluded that it was formed approximately 
350 million years after the iodine was 
m·ade. Since the meteorite itself is 4.6 
billion years old (as shown by uranium
lead and potassium-argon dating), this 
means that the iodine is about 4.95 bil
lion years old. 

According to current theories all the 
elements in the solar system were manu-
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In development test • • •  

This directly-recorded Visicorder chart shows a 
canceller test of a number of letters through a 
new mail-handling machine developed by Emer
son Research Laboratories for the U.S. Post Office 
Department. The Visicorder test took only 3 
hours to solve a 3-week problem: Why letters 
changed speed as they went through the machine. 
Constant speed is necessary to register cancella
tion on the stamp every time. Motor speed varia
tions, belt slippage, and letter slippage in the 
drive rollers were responsible. A synchronous 
drive motor, a timing-belt drive, and a better 
grade of rubber in the drive rollers were added 
to solve the problem at a vast saving in engineer
ing time. The Emerson machine is designed to 
cancel 30,000 non-uniform letters per hour. It is 
under evaluation tests in the Post Office Depart
ment Laboratory, Washington, D.C. 

i1i J. "'...:1 II' 
1.,8 

r 

I these are rec o rds 01 leadership 

In production . • •  

This comparison test of a production gyroscope 
was directly-recorded on a Model 906A Visi
corder oscillograph by the test department of 
Whittaker Gyro, Van Nuys, Calif. Whittaker is a 
division of Telecomputing Corporation. The 
record shows how the Visicorder compares con
trolled angular velocities as a reference base to 
simultaneously-recorded variables, and how a 
dual static reference trace galvanometer simul
taneously establishes a base line and a calibra
tion line on the chart. In these and in hundreds 
of other scientific and industrial applications, 
Visicorders 'are bringing about new advances in 
product design, computing, control, rocketry, 
nucleonics and production. 

For injormation on how to apply the unlimited me
jlliness oj the Visicorder to YOllr specific problems, 
phone YOllr nearest Honeywell Industrial Sales Office. 

The Honeywell Visicorder 

provides instantly-readable. 

high-sensitivity data alfreqllencies 

from DC 10 5000 CPS. 
There are models with 8, 14, 
or 36-channel capacities. 

Reference Data: Write for Visicorder Bulletins 906A and 1012. 

Visicorder records 2/3 aC/llal size. 

Honeywell 

���'P�� 

I 
c 

Minneapolis-Honeywell Regulator Co., Industrial Products Grollp, Heiland Divis;011, 5200 E. Eva11S Ave., Denver 22, Colorado 
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Human Factors Sci e ntists and Engi eers 

THE MAN
MACHINE *'"' 

I NTERI=ACE . . . a broad systems challenge at 

General Electric's Ordnance Department 

The growing sophistication and complexity of such weapon systems as the 
'TIllos, Mk. 44 Torpedo and Polaris require that engineering design must 
consider the parameters imposed by man's abilities, reactions and moti
vations. Utilizing existing knowledge drawn from such fields as psychol
ogy, physiology, anthropology and medicine, Ordnance Department 
Human Factors Scientists have the responsibility of optimizing machine 
effectiveness and system operation by ensuring the compatibility and 
integration of the many and varied man-machine interactions and inter
dependencies. 

Immediate openings are available for highly talented men who possess 
previous experience in human factors applicable to the design, develop
ment and manufacture of advanced equipments and systems. 

Pittsfield is located in the heart of the Berkshires. Half way between New 
York and Boston, the Berkshires is one of the country's great cultural, 
sport and recreational centers. 

Please forward your inquiries, including salary requirements to: 

-'��. ORDNANCE DEPARTMENT � Mr. R. G. O'Brien, Rm. 59MB 

��. - OF THE DEFENSE ELECTRONICS DIVISION 

GEN ERAL . ELECTRIC 
100 PLASTICS AVENUE. PITTSFIELD, MASSACHUSETTS 

factured over (';e same period in a single 
batch. Therefore, Reynolds concludes, 
they must all have finished evolving 4.95 
billion years ago. 

The meteorite used in the study feli 
in Richardton, N. D., 41 years ago and 
is now part of the Nininger Collection at 
the Meteorite Museum in Sedona, Ariz. 
A third of this collection was recen tl y 

sold to the British Museum. Reynolds is 
fearful that the rest of this "national 
treasure" may be exported. "It seems 
shameful," he said, "that this priceless 
collection should be allowed to leave 
the country." 

Celtic Hoard 

A cache of silver objects unearthed in 
1958 on the Isle of St. Ninian (in 

the Shetland Islands) has recently been 
described as "the most importan t single 
discovery in Scottish archaeology," and, 
except for the treasure-laden ship dug 
up at Sutton Hoo in 1939, "the most in
teresting single assemblage of Dark Age 
metalwork found in the British Isles." 

Writing in Antiquity, a group of Brit
ish archaeologists including R. L. S. 
Bruce-Mitford, Keeper of British and 
Medieval Antiquities of the British Mu
seum, state that the hoard was apparent
ly buried during the eighth century A.D. 
It includes seven bowls, three unidenti
fied conical objects (thought to be orna
ments for scabbard straps), the finest 
sword pommel of its period, the only 
complete hanging-bowl datable to the 
eighth century, 12 cast brooches, a 
unique one-pronged implement, and 
two scabbard ornaments, one carrying 
an important inscription. The inscription 
apparently contains the Pictish name of 
the owner, translated into Latin and 
written in "Insular majuscule," a large
lettered script devel9ped in Britain in 
the seventh century. 

It had been generally supposed that 
the Shetland Islands were virtually un
inhabited during the eighth century. 
The finding of the valuables suggests 
that this view may be mistaken. The 
hoard was unearthed beneath the ruins 
of a 12th-century church. Perhaps, the 
authors suggest, an earlier church also 
occupied the site, and the objects repre
sent wealth buried in a time of danger. 
If so, what became of the other objects in 
the church, such as the sacramental chal
ice and plate? Bruce-Mitford believes 
they may have been buried separately, 
"or else captured by the raiders whose 
attack led to the burial of the hoard and 
must have been effective enough to wipe 
out the knowledge that would have led 
to its recovery after the raid." 
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lIIustratian shaws haw satellite is used as relay station for two-way radio messages between Air Force station on earth and bomber in flight_ 

SATELLITE RELAY - "PONY EXPRESS OF THE SPACE AGE" 
-MARKS NEW ERA IN MODERN COMMUNICATIONS 

Pony Express riders began an Ameri
can tradition for the reliable relay 
of messages over long distances. 

Today, under Proje ct STEER, 
Bendix® has the prime responsibility 
for developing the communications 
for a new world-wide radio system. It 
will use satellites orbiting above the 
earth as relay stations in space to 
transmit two-way messages between 
Air Force ground stations in the 
United States and Strategic Air 
Command bombers on global missions. 

The system will be free from fading 
and interference problems previously 
inherent in long-range radio trans
mission. While the first use of the 
system will provide reliable com
munication for the military, the 
project also marks the beginning of a 

new era in world-wide civilian com
munications. 

This is but one of Bendix' impor
tant contributions to the space pro
gram. Others include Minitrack and 
SPASUR systems, both built and 
operated by Bendix, for tracking 
satellites. A network of Minitrack 
Stations, which reaches from the 
United States to the tip of South 
America, was built to Navy specifi
cations and is now operated for the 
N a t i o n a l  A e r o n a u t i c s  & S p a c e  
Administration. I t  has tracked all of 
the satellites placed in orbit which 

A thousand diversified products 

emitted radio signals. 
A network of SPASUR stations 

tracks "dark satellites" -those whose 
transmitters have stopped operating 
or which may be intended to be 
undetected. 

Another ingenious Bendix control 
has been used successfully on the 
Discoverer series of satellites to 
position and steer them in space, 
while Bendix telemetering systems 
transmit 500 channels of information 
from missiles or satellites to ground 
stations. 

Infrared reconnaissance, and a 
device which was rocketed high above 
the earth's atmosphere to obtain the 
most accurate measurements to date 
of the sun's more powerful radiations, 
are among other Bendix space projects. 
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OPEN·HEART OPERATION at the University of Minnesota Hos· 
pital employs a helix·reservoir heart.lung machine (upper right) 

to sustain the circulation of a patient during surgery within the 
heart. Surgeons (lower left) are inserting catheter into the femoral 
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artery to return oxygenated blood to patient from heart.lung rna· 
chine. C. Walton Lillehei, senior surgeon in group, wears headlight. 
Behind the curtain at the patient's head (left center) are an anes· 
thesiologist and instruments to monitor the patient's condition. 
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OPEN - HEART SURGERY 

In the past five years surgeons have made large strides in correcting 

cardiac defect and damage. The key to this progress is the heart-lung 

machine, ,vhich makes it possible to by-pass the heart for some hours 

by C. Walton Lillehei and Leonard Engel 

S
urgery, during the past decade, has 

penetrated its last anatomical fron
tier: the human hemt. The surgeon 

today is able to open up the heart, empty 
it entirely of blood and, under direct vi
sion, make unhurried repair of the valves 
and chambers inside. For this purpose 
he disengages the heart from its vital 
function in the body, sometimes for two 
hours or more; when necessary he stops 
its beating. "Open-heart" surgery has 
changed the outlook for a great many 
patients. Surgeons are correcting former
ly hopeless congenital defects of the 
heart which have condemned one out of 
100 children born in the U. S. to pre
mature death. In an ever increasing 
number of cases surgeons are successful
ly repairing the injuries done by such 
diseases as rheumatic fever which have 
crippled and shortened the lives of a 
considerably larger number of people. 
There is promise that even the damage 
done by coronary disease (that is, the 
breakdown of the heart's own circula
tion, the major disease of the heart) may 
become subject to surgical relief. 

The key to this historic advance in the 
capability of medicine is the heart-lung 
machine. In order to disengage the heart, 
surgeons have also had to find a way to 
by-pass the lungs. The heart-lung ma
chine not only does the pumping for the 
heart but also conducts the pulmonary 
exchange of oxygen and carbon dioxide; 
it withdraws carbon-dioxide-Iaden ve
nous blood and returns oxygenated blood 
to the body, supplying the heart itself 
with "arterial" blood as needed during 
the period of disengagement. Without a 
reliable machine of this kind, interrup
tion of the function of the heart and 
lungs for even a brief interval would ex
pose to irreversible destruction such 
oxygen-sensitive tissues as the central 
nervous syst�m and the kidneys. 

The heart tolerates the invasion by 
surgery well. This is in keeping with the 
enormous capacity for work and the for
midable reserves of strength that cardiac 
muscle displays under stress and injury. 
The normal adult heart is about the size 
of a fist and weighs about three quarters 
of a pound. Yet it pumps something 
more than a million gallons of blood per 
year, at the steady rate of two ounces per 
stroke, 60 to 70 strokes per minute dur
ing rest and faster during periods of 
physical exertion; and it can continue to 
function with as much as a third of its 
muscle mass destroyed by coronary dis
ease. The heart also has great power to 
recuperate from surgery. But care must 
of course be taken to avoid injury to its 
circulatory system, and the surgery must 
otherwise be skillfully managed. Experi
ence has shown that postoperative care. 
of the highest quality is also essential, 
particularly during the critical hours im
mediately after surgery, when respira
tory and other complications are apt 
to overwhelm the patient's weakened 
heart without warning. Conversely, ef
fective surgery on the heart would not 
be possible without such diagnostic tools 
as cardiac catheterization and the re
vealing X-ray pictures that catheteriza
tion has made possible [see illustratiol1s 
011 page 88]. 

Defects in the Pump 

\Vhat the surgeon is now able to re
pair are leaks and constructions that de
range and hamper the flow of blood 
through the heart. Mechanically speak
ing the heart is a double pump, one side 
pumping blood through the general cir
culatory system, the other pumping blood 
thr

'
ough the shorter pulmonary circula

tory system. Each side must deliver an 
equal volume of blood at each stroke 

under quite different pressure condi
tions. The right atrium, the receiving 
chamber of the right side of the heart, 
receives venous blood from the general 
circulation of the body; the right ventri
cle, or pumping chamber, drives this 

. blood at a pressure of 20 millimeters of 
mercury into the pulmonary circulatory 
system. From the lungs, arterialized 
blood returns to the atrium on the left 
side of the heart; the left ventricle drives 
this blood at the much higher pressure 
of 120 millimeters of mercury into the 
general circulatory system. It is appar
ent that the two pumps must be well bal
anced to maintain their equal outputs 
and well insulated from each other to 
maintain their different pressures, and 
that the forward flow of blood must be 
smoothly sustained from chamber to 
chamber and out into the great vessels 
leading from the heart. 

In the normal heart the two pumping 
chambers (the ventricles) are complete
ly separated by the thick, muscular cen
tral partition of the ventricular septum. 
A similar, though much thinner, septum 
between the two atria prevents mixing 
of the "used" venous blood and the "pu
rified" arterial blood. In the beating cy
cle the ventricular septum muscle tends 
to contract first; thus it provides a stiff 
member against which the surrounding 
ventricular muscles contract to squeeze 
the blood out of the ventricles. Simple 
flap valves, passively actuated by pres
sure change, permit the forward flow 
and prevent the backflow of blood 
throughout the cycle. The valves be
tween the atria and the ventricles open 
downward to fill the ventricle with blood 
during the relaxation phase of the beat. 
In the contraction phase the leaves of 
these valves are brought together by 
the upward surge of pressure in the ven
tricles. As protection against the high 
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LEFT 

---C£f�--'r-ATRIUM 

LEFT 

VENTRICLE 

PULMONARY VALVE 

MITRAL OR BICUSPID VALVE 

PRINCIPAL DEFECTS OF THE HEART are outlined in color on 
these views of the normal heart. Two defects are located in the 
drawing at top left: patent ductus arteriosus (short circuit between 

aorta and pulmonary artery) and the tetralogy of Fallot (group of 

defects within heart). Two other defects are located in the drawing 

78 

PULMONARY 

LEFT 
VENTRICLE. 

AORTIC VALVE 

TRICUSPID VALVE 

RIGHT 

VENTRiClE 

at top right: coarctation {constriction} of the aorta and atrial de· 

feet, that is, a leak through the septum between the atria {auricles}. 
At bottom the heart is shown from the top with its large vessels and 
atria cut away to expose its valves, the sites of defects (suggested 

by colored lines) that are caused principally by infectious disease. 
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pressure in the ventricles, especially in 
the left ventricle, the atrial-ventricular 
valves are restrained from everting back
ward into the atria by the chordae tendin
eae, the "heart strings," which tie them 
from underneath to the ventricle walls. 
The pressure surge in the ventricles 
forces the blood out through the three
leaved valves of the pulmonary artery 
and the aorta, and out into the pulmo
nary and general circulatory systems 
respectively. These valves in turn snap 
shut when the pumping chambers relax, 
and the pressure in the vessels beyond 
the valves exceeds the pressure in the 
ventricles. It is the forcible closing of 
these two pairs of valves that makes the 
audible thump of the heartbeat. 

Among the most serious congenital de
fects of the heart are leaks across the 
septum between the left and right sides 
of the heart, especially between the left 
and right ventricles. Ventricular septal 
defects expose the pulmonary circula
tory system, with its normally lower 
pressure, to the high pressure generated 
by the left ventricle. The high pressure 
leads to arteriosclerosis and ultimate 
breakdown in the pulmonary circulatory 
system, to heart failure and to increased 
susceptibility to lethal infections. With
out corrective surgery only one child in 
20 suffering from ventricular defects sur
vives to be a teenager. In the so-called 
blue-baby disease, known medically as 
the tetralogy of Fallot, the ventricular 
defect is combined with a constriction of 
the passage from the right ventricle to 
the pulmonary artery. The constriction 
protects the child's pulmonary circula
tory system from the high-pressure flow 
through the ventricular defect but puts 
the child on short oxygen rations; hence 
the victim is cyanotic, or blue. 

The defects caused by rheumatic dis
ease center principally around the valves. 
As an aftermath of rheumatic fever-a 
disease that may strike young adults as 
well as children-one or more of the 
valves may be reduced in its capacity 
either to permit forward flow or to pre
vent backflow. On the one hand the 
diameter of the valve may be narrowed 
and the leaves stiffened and calcified so 
that the flow of blood is severely re
stricted; sometimes adhesions cause the 
leaves to fuse. On the other hand the 
diameter of the valve may become en
larged and the leaves may fail to close 
completely, permitting leakage and 
backflow. In either case the derange
ment of the heart's hydraulics causes dis
order to its structure and function. A 
leaky mitral valve (the atrial-ventricular 

valve on the left side of the heart) , for 
example, causes the ventricle to become 
enlarged in the effort to offset the back
flow losses, but enlargement of the ven
tricle may further impair the valve. As 
the vicious cycle continues, the ventricle 
may be enlarged to the point where the 
muscle is stretched beyond its elastic 
limit. Pumping efficiency then falls off 
drastically, and this sets in motion a 
complex series of reactions in many body 
functions, eventually leading to death. 

Early Surgical Efforts 

Such amictions remained far beyond 
the reach of surgery until recent years. 
Operations on and around the heart, 
however, were attempted from time to 
time before then. In 1896 Louis Rehn of 
Frankfurt successfully sutured a stab 
wound in the right ventricle. In 1925 Sir 
Henry Souttar, who is still living in Lon
don, inserted a finger into the heart of a 
living patient to explore the mitral valve. 
A few years later Elliott Cutler and vari
ous associates at the Harvard Medical 
School attempted operations for the re
lief of mitral stenosis (narrowing of 
the mitral valve) in seven patients; six 
of the seven died and the seventh was 
unimproved. 

Logically the accomplishment that 
initiated modern cardiac surgery was 
not an operation on the final fortress, the 
heart itself, but on the great blood ves
sels. During the 1930's a few physicians 
began to realize that serious inborn ana
tomical defects of the heart were not at 
all uncommon. One that particularly at
tracted notice was "patent ductus arteri
osus." In this amiction a fetal blood 
channel that shunts blood from the pul
monary artery into the aorta, thus by
passing the lungs before birth, fails to 
close after birth. As a result a consider
able volume of high-pressure blood is 
shunted from the aorta into the pulmo
nary artery; since aortic blood is under 
high pressure, the pulmonary vessels are 
damaged in much the same way as in 
ventricular defect. Progress in chest sur
gery encouraged the hope that this de
fect might be corrected. The successful 
attempt was finally made in August of 
1938 by Robert E. Gross of Harvard, 
who tied off the patent ductus of a seven
year-old child at Children's Hospital in 
Boston. The child lived and so did others 
on whom Gross performed the same or 
similar operations. 

This success awakened interest in sur
gery for other congenital cardiac defects. 
In 1944 Gross and Clarence Crafoord of 

Stockholm independently succeeded in 
correcting coarctation of the aorta, a 
constriction of the aorta that deprives 
the lower part of the body of a normal 
blood supply. A year later Alfred Blalock 
and Helen Taussig of the Johns Hopkins 
Medical School introduced their widely 
known "blue baby" operation. They in
creased the flow of blood through the 
lungs and partially relieved the cyanosis, 
for some years at least, by connecting a 

branch of the aorta-the subclavian ar
tery-to the pulmonary artery, in effect 
creating an artificial patent ductus. This 
operation did not, of course, correct the 
underlying defects that lie in the interior 
of the heart; indeed, it added a new 
abnormality. But it did palliate the ef
fects of the amiction in a significant per
centage of these severely handicapped 
children. 

The first regularly successful opera
tions within the heart were performed in 
1948 by Charles P. Bailey of the Hahne
mann Medical College in Philadelphia 
and Dwight E. Harken of Harvard, and 
had as their object the relief of mitral 
stenosis. Both surgeons employed the 
finger-in-heart procedure originated by 
Souttar. Through an opening in the left 
atrium just large enough to admit the 
finger, the mitral valve is reopened by 
splitting the valve leaflets with the finger 
or by cutting them apart with a special 
knife attached to the fingertip. The fin
ger and the knife are guided entirely by 
sense of touch. This ingenious procedure 
has been employed successfully by many 
surgeons in several tens of thousands of 
cases throughout the world. But it has 
been effective only because mitral 
stenosis is often relatively uncomplicat
ed and because the mitral valve is located 
within convenient reach of the exploring 
finger. The "blind" or "closed" approach 
is not successful if the valve is leaky or 
its tissue is heavily scarred or calcified. 

Even while such closed-heart opera
tions were being developed, investiga
tors in several centers were seeking ways 
to operate upon the open heart under 
direct vision. One hopeful approach was 
suggested in 1950 by the work of W. G. 
Bigelow of the University of Toronto 
Medical School, who showed that the 
circulation of the blood might be suc
cessfully interrupted for a short time 
without damage to the central nervous 
system if the body temperature were 
lowered and the qxygen demand of the 
brain and other tissues were thereby re
duced [see "Hypothermia," by Raymond 
J. Hock and Benjamin G. Covino; SCI
ENTIFIC AMERICAN, March, 1958]. F. 
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John Lewis and his associates at the Uni
versity of Minnesota Medical School took 
advantage of Bigelow's finding to per
form, in 1952, the first successful opera
tion under direct vision inside the heart: 
the repair of a leak through the atrial 
septum in the heart of a five-year-old 
girl. With the patient's body tempera
ture cooled to 82 degrees Fahrenheit, 
the chest was opened and the veins lead
ing into the heart were clamped off. The 
heart continued to beat, and so emptied 
itself in a few beats. The right atrium 
was then opened, the defect sutured and 
the atrium reclosed with another set of 
stitches. The flow of blood into the heart 
-which had been cut off for a total of 
five and a half minutes-was restarted 
and the child rewarmed by immersion in 
a tub of hot water. 

Variants of this procedure have been 
employed successfully in many hundreds 
of cardiac operations. At temperatures 
that are not hazardous to the patient, 
however, the surgeon is allowed only 
five or six minutes in the heart. This is 

not enough time to deal with complex 
defects or unexpected difficulties. More
over, especially if operations upon or 
within the ventricles are attempted, 
cooling of the heart brings the risk of 
ventricular fibrillation, a disorganization 
of the heartbeat that reduces the heart to 
a mass of squirming muscle, utterly in
effectual as a pump. 

The Heart-Lung Machine 

Meanwhile a number of investigators, 
beginning in the 1930's, had been work
ing on the development of a mechanical 
substitute for the heart. They concluded 
early in their effOlt that the machine 
would have to assume the function of 
the lungs as well; otherwise it would 
have to be a double pump like the heart 
itself and would have to be connected to 
the entrance and exit vessels of both 
sides of the heart. Apart from the in
herent difficulty of incising and later re
pairing that many vessels-some of them 
singularly difficult to mend-the sur-

DEBUBBLER 

BLOOD 

MIXING 
CHAMBER 

HEliX 
RESERVOIR 

PUMP OXYGEN 

FILTER 

PUMP 

geon's VISIOn and freedom of action 
would be hampered by the mass of tub· 
ing. A heart-lung machine would need 
only three connections to the patient's 
circulatory system-to the superior and 
inferior venae cavae, which bring venous. 
blood to the heart, and to the aorta or a 

branch of the aorta. 
Research experience in dogs indicated 

that several existing types of pump met 
the requirements for heart-lung machine 
use. The principal task for the develop
ers of the machine was the design and 
constlUction of a device to perform the 
function of the lungs. In the lungs the 
exchange of oxygen and carbon dioxide 
takes place across the thin membranes of 
the myriad microscopic air sacs that 
bring air into close proximity with the 
blood. In an adult of average size the 
exchange process delivers half a pint or 
more of oxygen per minute to the blood
stream during normal waking activity; 
carbon dioxide leaves the bloodstream at 
an equivalent rate. But the surface area 
required for the exchange is large. The 

CIRCUIT OF HELIX·RESERVOIR MACHINE conducts blood 
from two catheters inserted in venae cavae to bottom of mixing 
chamber. Bubbles of oxygen rising through the chamber are re
moved in the debubbler. Thence the blood flows into the helix res
ervoir and is pumped back into the femoral artery of the patient_ 

The machine can also be used to stop the heartbeat by chilling the 
heart. This is done by passing part of the blood through a cooling 
coil and returning it directly to the coronary artery. Blood flowing 
from the coronary circulation into the chambers of the heart is 
aspirated and returned to the heart-lung machine for reoxygenation. 
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lungs of the 150-pound adult provide 
some 600 square feet of surface for the 
two-way traffic in respiratory gases. Arti
ficial oxygenators must likewise furnish 
relatively large areas of surface for the 
exchange of the two respiratory gases. 
One of the most difficult problems was 
that of how to expose the blood over such 
large surfaces outside the body without 
irreparably damaging the delicate blood 
cells. 

The oxygenation of blood outside the 
body was finally accomplished in sev
eral ways. In the system developed by 
one of the earliest workers in the field, 
John H. Gibbon of the Jefferson Medical 
College in Philadelphia, blood is oxy
genated by filming over stainless-steel 
screens in an atmosphere of oxygen. In 
machines based on the scheme of V. O. 
Bjork of Stockholm, blood is picked up 
from a shallow trough and filmed on ro
tating disks in an atmosphere of oxygen. 
The machine developed at the Universi
ty of Minnesota Medical School achieves 
the exchange of gases across the surface 
provided by oxygen bubbles rising with 
the blood in a vertical tube. All three 
types of oxygenator have now served 
successfully in the operating room. 

Surgeons were discouraged, however, 
in their first efforts to employ the heart
lung machine in open-heart operations. 
Gibbon, in 1953, succeeded in repairing 
a large defect in the atrial septum of 
an 18-year-old girl, with the patient 
maintained by his machine. But all fur
ther attempts at that time failed. As a 
consequence the opinion began to spread 
that heart-lung machines, however ef
fective in the laboratory, were bound to 
fail in surgery on humans. The difficulty 
was held to lie with the patient, not the 
machine. It was asserted that patients 
could not tolerate the triple burden of 
subjection to extra-corporeal circulation, 
the opening of the heart wall and exten
sive repair procedures within the heart. 

This pessimism was not shared by the 
members of the surgery department at 
Minnesota. Theil' confidence in the ulti
mate feaSibility of heart-lung by-pass 
was predicated upon the finding, in ex
periments on dogs, that circulation could 
be reduced to 10 or 15 per cent of normal 
for substantial periods of time without 
injury to the animal. This finding, made 
independently at Minnesota and by a 
group of British investigators in 1952, 
put the heart-lung machine in a new 
light. Until then it had been assumed 
that such a machine must provide the 
patient with normal or substantially nor
mal blood-Bow. If human patients could 
also survive on a considerably smaller 
blood-Bow, the requirements to be met 

OPEN HEART (center) is aspirated of blood by tube held in hand of assistant. Two cathe
ters in venae cavae at left of open incisiou conduct venous blood to heart-lung machine_ 

PLASTIC PATCH, shaped to fit ventricular defect, is strung on sutures and held in forceps 
as surgeons prepare to anchor it. Sutures extend across the aspirator and down to the left_ 
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by a heart-lung substitute would be 
eased. The "low-flow" principle made it 
possible to consider a wider range of 
schemes and to place emphasis on sim
plicity and infallibility in any system for 
by-passing the heart and lungs of a pa
tient during surgery. 

One such scheme germinated from a 
remark by a member of the Minnesota 
group. In the laboratory one day Herbert 
E. Warden wished out loud that "pa
tients could be plugged into an oxygen 
supply the way a fetus is plugged into 
its mother." The group at once set out 
to develop the possibility of connecting 
the circulation of the pat"ient to the cir
culation of a donor who would "breathe" 
for him. Such a procedure had been em
ployed before for a variety of purposes, 
chiefly in animal research. At Minnesota 
many successive pairs of dogs were now 
cross-circulated, at flow rates up to 30 
per cent of normal, with no detectable 
harm to donor or animal patient; in ad
dition, experimental open-heart opera
tions were successfully carried out on 
the animals. The results fully warranted 
a trial of cross-circulation in man for 
surgical repair of those lethal intracar
diac defects which could not be cor
rected in any other way. 

The first patient, operated on in 
March, 1954, was a year-old child with 
a ventricular septal defect, and the donor 
was the child's father. The participating 
surgeons, Warden, Richard L. Varco, the 
senior author of this article (Lillehei) 
and Morley Cohen, had all taken part in 
the laboratory studies. The patient sur
vived, but died of pneumonia 11 days 
after the operation. During the following 
week two other children with ventricu
lar septal defects were operated on by 
the same method with complete success. 
Thereafter 42 additional open-heart op
erations were carried out with the aid 
of cross-circulation, all for defects that 
greatly shorten life. Post-operative stud
ies of the 19 who survived these first 
open-heart operations for ventricular 
septal defect showed that virtually all 
now had effective correction of their 
defects. 

In retrospect cross-circulation played 
a critical role in demonstrating beyond 
any doubt the feasibility of heart-lung 
by-pass and of unhurried, direct-vision 
surgery in any region of the heart. En
couraged by this knowledge, the Minne
sota group intensified the search for 
other methods of by-passing the heart 
and lungs. Several infants were success-

fully perfused from a reservoir of ar
terialized venous blood, that is, venous 
blood with nearly the oxygen content of 
arterial blood, obtained by drawing 
blood from an arm previously immersed 
in very hot water. This procedure was 
feasible because infants require a blood 
flow of no more than a few hundred cu
bic centimeters per minute. 

In 15 operations the lung of a dog, dis
sected free of its host, served as a blood 
oxygenator with a mechanical pumping 
system carrying the blood to and from 
the patient. Surprising as it may seem, 
thoroughly washed, carefully prepared 
animal lungs can be utilized to oxygenate 
human blood without deleterious effects 
on the blood. But the ultimate fruit of 
this development program was a fully 
mechanical heart-lung machine, the so
called helix-reservoir system that has 
served in virtually all open-heart opera
tions at Minnesota since its introduction 
in 1955. 

The Helix-Reservoir Machine 

The helix-reservoir machine embodies 
simple and reliable solutions to the va
riety of critical specifications that are set 
by the purpose it serves [see illustration 

CLOSURE OF VENTRICULAR DEFECT by plastic patch is dia
grammed. The defect is a round hole in the septum between the left 

and right ventricles (drawing at left). Sutures are placed around 

the margin of the defect and are run through the edge of the patch 
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on page 80j. Like other heart-lung ma
chines it is connected to the patient's 
venous circulation, after the chest has 
been opened, by the insertion of two 
catheters into the venae cavae, the two 
large veins that empty blood from the 
general circulatory system into the right 
atrium. The blood runs by gravity to the 
bottom of the oxygenator tube, 18 to 24 
inches below the level of the patient's 
heart. Entering the vertical tube through 
a disk that also admits oxygen through 
holes large enough to form large bubbles, 
the blood is lifted gently by the flow of 
oxygen to the top. Exchange of oxygen 
and carbon dioxide takes place at the 
blood-and-gas interface on the surface of 
the bubbles, as the blood-gas mixture 
rises through the tube. Thus the oxygen 
itself, without the help of screens or 
disks, supplies the huge surface area 
necessary for gas exchange. . 

The excess gas must now be complete
ly removed to prevent embolism when 
the blood is returned to the patient. This 
is the function of the debubbler chamber 
atop the oxygenator tube. As the blood 
flows through the debubbler, it passes 
over stainless-steel sponges coated with 
a special antifoam silicone that lowers 
the surface tension of the blood and 

breaks up the bubbles, permitting the 
gas (which now contains carbon dioxide 
as well as oxygen) to escape through a 
screened vent in the top of the chamber. 
The sponges also serve as a filter to re
move any clots that may have formed. 

The blood then passes by gravity from 
the debubbler to the top of the helix 
reservoir, a coil of plastic tubing from 
which the machine gets its name. Here 
an added safeguard is provided by sim
ple physical forces. If any bubbles of gas 
should still remain in the blood, they are 
forced to the surface and are held in the 
top turn of the coil by the denser, bub
ble-free blood flowing by gravity down 
through the helix. Enough turns are pro
vided in the helix to hold a one-minute 
supply of oxygenated blood, in the event 
of unexpected difficulties in the flow be
tween patient and machine. A thermo
statically controlled water bath sur
rounding the helix-reservoir maintains 
the blood at body temperature. From the 
helix-reservoir the blood runs to a "fin
ger" pump that squeezes the blood along 
a tube with cam-actuated metal fingers. 
This pump delivers the blood to the pa
tient's arterial system via a catheter in
serted into the large femoral artery, in 
the inner side of the thigh, or into the 

(drawing in center). Sutures then secure the patch in place (right). Opening in wall of the 
heart in the drawings is not the incision made by the surgeon but a schematic cutaway. 

subclavian artery, which courses up 
through the chest to supply the arm. 
Through either of these major arteries 
the arterialized blood from the heart
lung machine perfuses the entire sys
temic circulatory system and returns to 
the heart in the venae cavae, where it is 
intercepted by the catheters and deliv
ered anew to the machine. 

Unless it is deliberately halted, the 
heart continues to beat, although its con
tractions are smaller than usual because 
its chambers are empty save for the small 
amount of venous blood entering from 
the heart muscle itself. The blood, essen
tial to maintenance of the heart muscle, 
flows in through the coronary arteries, 
which branch off from the aorta just out
side the heart proper, above the aortic 
valve. It makes its exit from the coronary 
circulatory system in the normal way, 
mostly through the coronary sinus into 
the right atrium, but to some extent di
rectly into other chambers as well. This 
coronary-return blood is gently aspirated 
by a low vacuum and drawn into the 
heart-lung machine for reprocessing. 

The helix-reservoir system may be set 
up to deliver any desired flow up to 
5,000 cubic centimeters per minute. This 
is more than enough for safe open-heart 
surgery, even in the largest patients. In 
fact, it is now our practice to have the 
heart-lung machine pump an amount es
timated to be equal to what the normal 
heart would be pumping. The knowl
edge derived from early experience with 
the oxygenation of low flows has effec
tively solved the problems formerly as
sociated with the processing of larger 
quantities of blood. The achievement of 
normal flow has considerably lengthened 
. the time that patients can be maintained 
on heart-lung by-pass and so has permit
ted more prolonged operations to correct 
more complex conditions. Before use the 
machine must be primed with two to 
four 500-c.c. units of fresh venous blood, 
obtained from compatible donors and 
treated with the anticlotting agent hepa
rin. The oxygenator brings the blood up 
to between 95 and 98 per cent oxygen 
saturation. When the machine is proper
ly operated, damage to the red cells, as 
measured by the concentration of free 
hemoglobin in the plasma at the end of 
the pump run, is small and not signifi
cant. A fundamental advantage of the 
helix-reservoit machine is that practical
ly all of the parts of the machine that 
come in contact with the blood, princi
pally plastic tubing, may be discarded 
after use. The only parts that are re
tained are the stainless-steel connectors 
and adapters. These are highly polished 
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inside and out, easily cleaned and steril
ized, and are designed to eliminate sharp 
shoulders that, by causing turbulence, 
might damage the cellular elements of 
the blood. 

The Results 

The cardiac surgery group at Minne
sota has now performed nearly 1,000 
open-heart operations with the aid of the 
heart-lung machine or other methods of 
by-pass. At first mortality rates for some 
operations were high, in part because the 
patients initially accepted for surgery 
were uniformly very ill, in part because 
on-the-spot improvisations were fre-

quently necessary for dealing with mal
formations never before seen in living 
patients and with situations that could 
not be anticipated in the laboratory. But 
mortality rates showed a gratifying drop 
as experience was gained. Moreover, 
the variety of operations has widened 
constantly. 

In the last several years the mortality 
in operations for defects in the ventricu
lar septum has averaged but 2 per cent 
in good-risk cases, that is, patients over 
two years of age and without marked 
pulmonary blood-vessel damage. The 
defect in these cases may now be secure
ly closed by suturing a patch of plastic 
material into the gap in the septum. 

The plastics used for this and similar 
repairs are specially prepared sponges or 
felts. These materials provide myriads of 
interstices which are rapidly invaded 
with fibrous tissue once they are in place. 
Since the plastic thus serves only as a 

framework for final healing by the 
heart's own tissue, later reopening or re
jection of the plastic patch is impossible. 

Even in patients who have suffered 
severe pulmonary damage from ventric
ular defects, mortality has been reduced 
to 5 per cent. The problem here is that 
the damage to the pulmonary circulatory 
system raises the working pressure on 
the right side of the heart. A septal patch 
with a safety valve that gradually shuts 

REPAIR OF AORTIC VALVE that leaks because of loss of leaflet 
tissue (drawing at left) involves stitching two of the leaflets togeth. 
er, with the stitches secured through pledgets of plastic sponge 

(drawing in center) . In effect the valve now has two leaflets. The 
gap remaining between the leaflets is eliminated by the attachment 
of a shaped plastic strip to the third leaflet (drawing at right). 

REPAIR OF MITRAL VALVE to prevent leakage can be carried 
out in either of two ways, depending on the nature of the damage. 
Leak in the valve at top left, caused by the loss of leaflet tissue, is 
repaired by the insertion of a plastic "spindle" (top left center) se· 
cured with the aid of a plastic cushion (cross section at top right 
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center) to prevent cutting·out of sutures. Leak in the valve at bottom 
left is caused by stretching of the fibrous ring to which the leaflets 

are attached. Shortening of the circumference by sutures tied across 

one end of the valve ( bottom center) reduces the valve open· 
ing and permits remaining leaflet tissue to close (bottom right). 
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Bendix electrically excited shock tube 
can be photographed by illumination 
from hot gases. 

PLASMA PRODUCTION 
... for magnetohydrodynamic investigations 

Hypersonic flight can generate ionized shock layers with 
free electron densities as great as 1012 particles per cc. 
Temperature near the stagnation point can be as high as 
7000°C. This is the self-generated environment of a 
missile or aircraft traveling at Mach 20 in the uoper 
atmosphere. 

To create these conditions in the h. 
magneto hydrodynamic and electromagnetic • 

investigations requires a hypersonic wind tun"", . ... He 

Bendix electrically excited shock tube is such a research 
tool. Discharge of a capacitor bank into a conical region 
at one end of the tube instantly creates a shock wave 
which is driven down the length of the tunnel past the 
test body. Flow velocities up to 75,000 fps and tem
peratures of 20,000°C can be generated. 

By passing electric and magnetic fields through the 
plasma in the shock tube, Bendix engineers can measure 
the attenuation of radio transmission through the ionized 
layer surrounding hypersonic vehicles. They can also 
investigate the acceleration of conducting gases for space 
propulsion, and the feasibility of direct conversion of 
thermal energy to electrical energy. 

Plasma production is one of the projects being carried 
out at Bendix Systems Division to solve the technical 
problems which are the keys to the systems of the future. 
Other investigations include satellite communications 
systems, navigation satellites, advanced infrared recon
naissance, and the EAGLE Air-to-Air Missile System. 
Inquiries are invited from better engineers also looking 
to the future. 

Bendix Systems Division 7eno'� 
ANN ARBOR, MICHIGAN AVIATIONCORPGRATION 
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off relieves this pressure and thereby re
duces stress on the right ventricle while 
the ventricle is healing from surgery and 
the pulmonary circulatory system is re
turning to more normal pressure. 

In operations for the tetralogy of Fal
lot, which call for closure of a septal de
fect and for freeing of the obstruction in 
the passage from the right ventricle, re
sults have been equally gratifying. At 
the outset the operative mortality was 40 
per cent. This was high, but no higher 
than the over-all failure rate for the 
palliative operation, which averaged an 
immediate mortality of about 10 per cent 
and another 25 to 35 per cent ultimate 
mortality or failure to obtain any benefit 
from operation. The operative mortality 
for the open-heart operation is now 
down to 10 to 12 per cent, and there 
should be no significant late mortality 
because the operation achieves an essen
tially normal circulation. One of the most 
important factors in securing complete 

correction even in cases of severe defect 
has been the introduction of an "artificial 
roof," a piece of plastic sewn into the 
outer wall of the heart, to widen the out
flow junction of the right ventricle and 
the pulmonary artery. 

With the heart-lung machine afford
ing ample time and enabling the surgeon 
to see what he is doing as he works in 
the open heart, it has been possible to 
develop routinely effective operations for 
many other forms of congenital malfor
mation. Among them are congenital 
stenosis (narrowing) of the pulmonary 
artery and various heart valves; mis
placement of the pulmonary veins; and 
even the complex defect called A-V 
canal (a communication between the 
right and left sides of the heart at the 
juncture of the atria and ventricles) . 
Corrective procedures are awaited for 
only a few bizarre malformations, such 
as transposition of the great vessels, that 
is, the attachment of the pulmonary ar-

tery to the left ventricle and the aorta to 
the right ventricle, which completely de
ranges the circulation. 

The same boons of time and direct 
vision have made it possible to develop 
solutions for many acquired defects that 
result from disease and chest injury, es
peCially defects of the valves. The valves 
most often damaged are the mitral and 
aortic. Just how the surgeon proceeds 
depends on which valve is involved and 
the nature of the damage. Incompetent 
valves that permit the backflow of blood 
may be repaired by narrowing the di
ameter of the valve, by stitching together 
two of three leaves to make a three
leafed valve into a two-leafed valve and 
by extending a leaflet with a pledget of 
plastic material sewn along its lip. In the 
opposite condition of stenosis, or con
striction of the valve, the finger-in-the
heart operation can still deal fairly well 
with the less complicated situations in
volving the mitral valve. But complex 

PLASTIC PATCHES AND VALVES are proving effective in reo 

placing missing or damaged tissues in the heart. At top left are 
"roofs" for repair of outflow channel from right atrium in the 
tetralogy of Fallot; at top right, "spindles" for repair of leaks in 

mitral valve. At bottom left is a plastic leaflet for insertion in the 
mitral valve. The three complete one·way valves at lower right are 
used for repair of ventricular septal defect (left) and for replace. 
ment of the aortic valve (center) and the mitral valve (right). 
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STATIC 
HYDROGEN 

LOAD 

STATIC 
OXYGEN 
OR AIR 

OPERATING PRINCIPLE of General Electric's fuel cell is based on 
hydrogen-oxygen reaction that releases useful energy • • .  electricity. 
Schematic cross�section shows relationship and function of the two 

electrodes and solid ion-membrane electrolyte. Simple, compact and 
rugged, a single fuel cell is only one-quarter inch thick. They can be 
stacked in series or parallel to form fuel cell "bcitteries." 

Story of General Electric's 
Ion-membrane Fuel Cell 

IT'S SIMPLE, RELIABLE AND EFFICIENT! 

The quarter-inch thick wafer you 
see above is one of General Electric's 
new ion-membrane fuel cells. It is 
silent. It has no liquid electrolyte. It 
has high fuel efficiency. We'd like to 
tell you about it; but before we do, 
let's start at the beginning ... 

WHAT ARE FUEL CELLS? 
A fuel cell is an electrochemical de
vice in which energy, derived from a 
chemical reaction maintained by the 
continuous supply of chemical re
actants, is converted directly to elec
tricity. This means that, like a 
common battery, a fuel cell converts 
chemical to electrical energy. But, 
the fuel cell has two major differ
ences: 

(1) The fuel is obtained from out
side the cell, and only as needed to 
meet load demands. It is not stored 
within the cell. 
(2) The products of the reaction 
are dissipated and the cell, therefore, 
remains invariant. That is, no change 
takes place in the electrodes and the 
membrane-electrolyte. 

Most low-temperature fuel cells are 
based on a hydrogen-oxygen reaction. 
Our ion-membrane cell operates on 
this principle . . . but with a differ
ence. It is self-regulating . . . no 
external controls are required. 

GENERAL ELECTRIC'S FUEL CELL 
Hydrogen and oxygen (or air) are 
supplied to opposite sides of the cell 
and are separated by a solid plastic 
membrane. Hydrogen ionizes at the 
anode, forming ions that enter the 
membrane-electrolyte. The ions mi
grate through the membrane to the 
oxygen electrode. Simultaneously, 
electrons travel the external circuit 
to the cathode where they reduce the 
oxygen. Over-all result: the controlled 
chemical combining of hydrogen and 
oxygen to form water, and the re
lease of useful electrical energy. 

WHA T IT WILL DO 
Open circuit voltages as high as 1.08 
have been obtained. Large prototype 
cells have produced 42.5 amps per 
square foot (800w /ft3) when gener
ating maximum power. Thermal 

'1hJgress Is Ovr Most Imporf;mf 'Prot/vel 

GENERAL e ElECTRIC 

efficiency under typical load is about 
60 percent, and improves under light 
loads. Demonstrator cells (like the 
one shown above) have been oper
ated for extended periods on an 
experimental basis . . . one around 
the clock for more than 300 days. 

General Electric's cell is safe, 
compact, rugged. It is also reversible. 
That is, it can be used to electrolyze 
water, producing hydrogen and 
oxygen. Thus, it can also be used to 
store energy . . . from a solar gener
ator, for example. 

There is no limit to fuel cell size, 
or the applications for it. Right now, 
we are producing limited quantities 
of practical-sized cells daily. We are 
also developing prototype hardware 
. . . a portable power pack for the 
U. S. Marine Corps that will put 
out 200 watts of 22-28 volts doc. 
A hydrogen generator weighing about 
5 lbs provides 14-hour operation. 

For more information about fuel 
cells produced by G.E.'s Aircraft 
Accessory Turbine Dept., write for 
free booklet. 

r------------· 
General Electric Company, Section C231.32, 

Schenectady 5, N. Y. 

Yes, please send me "Some Plain Talk 
About Fuel Cells" (GED-7041). 

For immediate project 0 
For reference 0 

Name ________ Tltle _____ _ 

Company ______________ _ 

Addr ... , ______________ _ 
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MITRAL·V AL VE REPAIR is demonstrated in these X.ray pictnres 
in which heart chambers are made visible by X.ray.opaqne dye in· 
troduced by catheter, the thin light line arching from the right in 

each picture. Upper part of large light area in picture at left indio 

cates backflow of blood through leaking mitral valve into left atri· 
urn. Darkness in this area in picture at right shows leak is stopped. 

forms of mitral stenosis are best treated 
by open-heart surgery, and it is quite 
likely that all mitral stenosis operations 
will eventually be performed open. 

Stenosis of the aortic valve-an im
portant contributor to mortality from 
heart disease-can be corrected only by 
open-heart surgery. In the days before 
the heart-lung machine many attempts 
were made to relieve aortic-valve con
strictions by separating the valve leaflets 
with an instrument inserted blindly into 
the aorta and guided by the sense of 
touch. Results were poor, and aortic 
stenosis was thought for a time to be all 
but uncorrectible. The difficulty was that 
the damaged aortic valve is usually 
heavily calcified and cannot function 
properly even when reopened. The sur
geon working blind had no way to cor
rect the calcification. Today, under di
rect-vision surgery, it is possible not only 
to reopen the valve but also, in many 
cases, to cut away the calcium deposits 
or insert new valve leaflets of plastic. 

Aside from the great problem of coro
nary disease, the most challenging task 
currently before cardiac surgeons is the 
development of complete artificial valves 
to take the place of valves so totally de
stroyed by disease that repair is likely to 
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fail. What is especially needed is a valve 
that can be easily secured at the natural 
site of the aortic or the mitral valve. Here 
the surgeon must fit the artificial valve 
into a quarter-inch long segment of the 
aorta between the aorta's exit from the 
heart and the opening of the coronary 
arteries. Effective prosthetic valves have 
already been inserted successfully in a 
small number of patients. One patient 
treated at Minnesota is alive and well 15 
months after replacement of her aortic 
valve with a plastic one. 

Stopping and Starting the Heart 

Under certain conditions it is desir
able to stop the beating of the heart. 
An arrested and all-but-bloodless heart 
makes for more accurate repair of some 
defects, especially in parts of the heart 
that are hard to reach. Arrest may be 
achieved by injecting potassium citrate 
or acetylcholine into the coronary circu
lation, and it has been employed with 
success in a large enough number of 
cases to establish the advantages of elec
tive arrest for the correction of many 
types of heart defect. During the inter
val when the heart is held motionless by 
these drugs, the coronary circulation 

must be completely shut off; as a result 
the heart muscle itself receives no oxy
gen. Such agents are therefore danger
ous both ' to patients with advanced de
p'ees of congenital heart disease and to 
virtually all patients with acquired heart 
disease. The heart muscle in such pa
tients has usually been severely impaired 
and thus is extremely sensitive to lack of 
oxygen. If oxygen deprivation goes be
yond the limit of tolerance, the heart 
may fail to restart at all, or may resume 
its beating only to stop in the post
operative period. During potassium cit· 
rate arrest the oxygen requirement of the 
heart tissue drops to quite a low level 
because the heart is doing very little 
work, but not to such a low level that it 
is safe to halt the flow of blood through 
the coronaries and so achieve one of the 
main purposes of elective arrest: a blood
less heart. 

An alternative way to achieve arrest 
with no risk of depriving the heart mus
cle of oxygen has recently been devel
oped at Minnesota. A small amount of 
cold blood is circulated through the cor
onary arteries, while the rest of the pa
tient's body is kept at normal tempera
ture. The heart is quickly and easily 
cooled to about 65 degrees F. At this 
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ANOTHER WAY RCA 
SERVES I NDUSTRY 

THROUGH 
ELECTRO NICS 

M A S T E R I N G  T H E  M O L E C U L E  • • •  W I T H  E L E C T R O N M I C R O S C O P Y  

R CA E l e ctro n M i c ro s c o p e  h e l ps East m a n  K o d ak 

keep t h e  p ro m i s e  of "savi n g  a l l  the fu n in p i ct u res ! "  

The quality of even the best snapshots or professional photographs can only be as 
good as the cameras and films they're made with, and the chemicals in which they 
are developed. That's why at the Kodak Research Laboratories, one of the impor
tant uses of the RCA Electron Microscope is research in connection with photo
graphic theory. This includes investigations into the characteristics of photographic 
emulsions and studies of the nature of the photographic image. It's all part of the 
painstaking effort that assures continuing progress in picture-taking, and in the 
many other applications of photography. 

This application of the RCA Electron Microscope by the Eastman Kodak Company 
is typical of the advanced research in which over 1000 of these instruments are 
now being used throughout the world. The E M U-3 is recognized by scientists as 
the "work-horse" of the laboratory because it provides extremely high electron 
image magnifications of up to 200,000X as well as unsurpassed ease of operation, 
reliability and dependable performance. Of particular value to chemical and 
metallurgical researchers is a new Diffraction Chamber which permits EMU 
microscopes to do transmission and reflection electron diffraction. 

Also of importance in research and development work are the world's most 
versatile x-ray diffraction and spectroscopy instruments now offered by RCA. 
Installation supervision and contract service are available through the RCA 
Service Company. 

In the a bove electron microg raph,  the 

light hexagonal  a rea is the i m p rint left 

in the gel atin when a l a r g e  silver h a l i d e  

crysta l f r o m  a n  experim enta l photo

gra phic emulsion was d issolved. Devel

opment centers a re shown to be a l l  

along o n e  e d g e  of t h e  gra in. 

-
For full particulars, write to RCA, Dept. D-ll1, Building 15-1 , 
Camden, N.J. In Canada: RCA VICTOR Company Limited, Montreal. 

�mk($l ® RADIO CORPORA TION of AMERICA 
CAMDEN, N.J. 
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CREATIVE 
I MAG I N AT I O N  

Ve� 
PAPE 

vVestern Union thought so. Knowlton 
Brothers helped prove it could. Although 
others had failed, Knowlton produced a 
high - quality base for electro - sensitive 
paper used in the Western Union Telefax 
system. 

ONE OF MAN Y  SPECIAL-PURPOSE 
INDUSTRIAL PAPERS 

Knowlton Brothers have the scientific and 
technical manpower, the research facili
ties, the pilot-plant machinery . . . and 
above all, the creative imagination to de
velop, or make to rigorously maintained 
specifications, industrial papers for appli
cations where paper was never used before. 
Chances are, the car you drive, the plane 
you fly in, has a Knowlton-developed 
paper in a vital engine part. 

Don�t Wonder Any Longer; Ask Knowlton Brothers 
Maybe the relative lightness of paper in
terests you . . . or the economy . . . the 
availability . . .  the uniformity. But don't 
wonder. Just ask Knowlton Brothers. 

A Few Conventional Uses of Knowlton Pa pers: 
To • • •  

Conduct 
Laminate 
Copy 
Contain 

Dialyze 
Shape 
Insulate 
Record 

Cushion 
Rupture 
Shield 
Synthesize 

Development Possibilities are Unlimited. 
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WRITE for free copy of 
the helpful book, "Crea
tive Imagination in the 
Development of Technical 
and Industrial Papers," 
PHONE or WIRE for a 
sales engineer to call. 

temperature the oxygen demand of heart 
muscle is so reduced that the amount of 
oxygen supplied by the cold blood pro
vides effective protection against the 
consequences of oxygen deprivation. 
The heart is subject to the hazard of ven
tricular fibrillation as it comes out of 
cold arrest, but the well-oxygenated 
heart recovers from fibrillation easily and 
usually spontaneously. Cold arrest has 
permitted successful operations upon 
many patients who could certainly not 
have survived cardiac surgery without it, 
and at Minnesota has completely re
placed arrest by drugs. 

However, certain surgical problems 
call for the opposite of arrest, that is, for 
allowing the heart to continue beating 
and sometimes to fill with blood. In re
pairing a leaky mitral valve, for instance, 
the surgeon can observe the perform
ance of the valve and see whether he has 
in fact stopped the leak. The blood 
comes from the coronary circulation, 
which receives blood from the heart-lung 
machine via the aorta and empties it into 
the right atrium and, in smaller amounts, 
directly into the other chambers. 

Another development that has sub
stantially increased the nnmber of sur
vivors is the direct hookup of an electric 
pacemaker through a wire implanted in 
the heart muscle. This was devised to 
deal with a problem that arose soon after 
the first operations to close defects in the 
ventricular septum. In suturing the 
patch of plastic into the defect it some
times happens that the suture needle 
strikes the tract of neuromuscular fibers 
carrying the heart impulse from the 
heart's own pacemaker to the ventricles. 
As a result the impulse no longer reaches 
the ventricles, and the atria and ventri
cles begin beating out of synchroniza
tion. Complete heart block, as this con
dition is known, can be rapidly fatal. 
After such injury the heart is apt to 
come to a complete standstill at any 
time, because the ventricles do not beat 
dependably on their own. This has been 
a cruel outcome on occasion, when post
mortem examination of the heart has 
shown an otherwise completely success
ful correction of the original defect. 

Laboratory investigation showed that 
the heart could be stimulated to main
tain an absolutely regular beat at any 
desired rate by a repetitive electric stim
ulus of as little as two to three volts at 
one to 40 milliamperes, delivered 
through a fine wire implanted directly in 
the ventricular muscle, and that such a 
wire could be left in place for protracted 
periods without harm. When the heart 
resumes a normal rhythm under the con
trol of its own pacemaker, the wire is 

easily pulled out. The heart-wire pace
maker combination has been used in 
scores of patients, since heart block oc
curs in 10 to 15 per cent of operations 
for ventricular defect and tetralogy of 
Fallot. The wire is left in place until, as 
usually happens, healing restores the 
patient's ability to maintain a normal 
beat, or until the patient can be accom
modated to a heart rate he can main
tain. The pacemaker that supplies the 
pulses of current has now been reduced 
to a transistorized, battery-powered unit 
about the size of a cigarette package, 
and deaths from heart block have been 
reduced virtually to zero. More recently 
this device has been dramatically suc
cessful in the treatment of a small group 
of nonsurgical patients with heart block 
from such causes as coronary disease, in
fections and drug toxicity. 

The Future of Heart Surgery 

When operations around and within 
the heart first began to be performed, 
young surgeons were frequently advised 
to avoid the new field because a handful 
of surgical specialists in the largest med
ical centers would be more than enough 
to take care of the few patients needing 
cardiac surgery. Today cardiac opera
tions are performed in almost all large 
hospitals, and open-heart surgery is be
ing performed in scores of centers. 

ConSidering that cardiovascular dis
eases are the largest single cause of 
death, the future for cardiac surgery 
would appear to be without limit. The 
one area in which progress to date may 
not be viewed with satisfaction is coro
nary heart disease. Historically surgery 
has been at its best in removing obstruc
tions in various channels and vessels of 
the body. However, patients who have 
the severest symptoms of coronary dis
ease, and who therefore are most in need 
of help, generally have widespread ob
structions involving many small coro
nary vessels. These arterial vessels are 
singularly difficult for the surgeon to 
work upon effectively by presently avail
able techniques. The effectiveness of 
other approaches, such as procedures for 
opening up new blood channels into the 
heart muscle, are under investigation. 

Although much will probably be ac
complished in the future toward the con
trol of coronary disease by nonsurgical 
means, there will inevitably be many pa
tients who will need further help. One 
can predict with certainty that a way 
will be found to improve their treatment 
by surgery. Numerous problems of per
haps even greater difficulty have been 
solved in carrying surgery into the heart. 
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TA K E  A G I A N T  ST E P  

. . .  i n to yo u r  f u t u re a n d  s e e k  o u t  t h e  p rofess i o n a l o p p o rt u n it i e s  a w a i t i n g  c re at i v e  e n g i n e e rs a n d  

s c i e n t i sts at M a rti n - D e n v e r  . . .  F o r  h e re e x i sts t h e  m o st c h a l l e n g i n g  p ro b l e m s  i n  s p ac e a n d h u m a n  

e n g i n e e r i n g .  J o i n  w i t h  u s  a n d  c o m m u n i c ate w i t h  N .  M .  P ag a n ,  D i recto r o f  T e c h n i c a l  a n d  S c i e nt if i c 

Staffi n g  ( D e pt. G-9) , T h e  M a rt i n  C o m p a n y ,  P. O .  B o x  1 79, D e n v e r  1 ,  C o l o ra d o .  
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The eight divisions of the Marlin Company are Activation, Baltimore, Cocoa, Denver, Nuclear, Orlando, RIAS, and Space Flight. 
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Cou l d  a pre-fi n i shed 

m ateria l  cut  you r  

man ufactu ri ng costs ? 

Th i n k  of you r  p roduct be ing "fi n ished" before it's sta rted

req u i ri n g  l itt le or no fi n ish i ng  after formi ng !  That's  what  you 

can get from Viny l -on - Meta l ,  v i ny l  p last ic fused to steel ,  

a l u m i n u m ,  o r  other bases.  S heets of th i s  n ew prefi n ished 

materi a l  ca n be d i rectly substituted for  u nfi n i shed  metal

fab ricated in a l l  the same ways , i n c l u d i ng weld i n g ! 

Vi ny l - on -M eta l is tough . I t  reduces rejects caused by a ssembly 

l i n e  scratches.  I t  resists scuffs a nd sta i ns ,  sh rugs off attack  by 

acids  a n d  a l ka l i es .  The colorfu l fi n ishes ca n be resi l i e n t  or 
ha rd ,  th ick o r  th i n ,  g lossy o r  matte , smooth o r  textu red

whatever i m p roves perfo rma nce or a p pea ra nce . 

I nvestigate V iny l -o n - M eta l today .  Low i n  cost, it 's a l ready 

be ing  commerc ia lly used for TV a n d  rad io  cab i n ets , a i rp l a n e  

a n d  ca r i n ter iors ,  l uggage ,  typewriter cases, c a r d  ta b les  a n d  

c ha i rs ,  and  i nter ior a n d  exter ior  pa rtiti ons .  For a booklet o n  

t h i s  exc it i ng n ew materia l ,  prepa red by Monsanto ,  developer o f  

Opa lon® a n d  U l tron® v iny ls  used i n  mak i ng  V iny l -on - M eta l ,  

write Monsa nto Chemica l  Company,  P last ics D iv is io n ,  

Room 71 2 ,  Spr i ngfi e l d  2 ,  Massachusetts . 

IYI O N SANTO FO R E  CAST E R  I N  PLASTICS 

Monsanto Opalon� and Ultron� 
vinyls are the basic materials 
for superior vinyl finishes on 
metal, wood, paper, and alass. 
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DISTRIBUTION OF STRESSES in a piece of plastic under in· 

creasing tension is shown in this series of polarized·light photo· 

graphs. The dial at left gives the applied force in pounds. In the 

center of the piece is a hole, to the left and right of which is a 

simulated crack. The fact that the color fringes are concentrated 

at the ends of the crack indicates that the stress is greatest there. 

At hottom right piece has cracked completely. The experiment 

was made by George R. Irwin of Naval Research Laboratory. 
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Fracture in Solids 

A solid lS held together by the bonds between its atoms; why does it 

fracture under a stress that lS insufficient to break the bonds? The 

answer lies In imperfections in the orderly arrangement of tlLP atoms 

E
very solid material, from the frail

est eggshell china to the toughest 
steel, has its breaking point. It 

resists stress up to that pOint, perhaps 
yielding and stretching somewhat, and 
then suddenly it is broken by fracture. 
Fracture can be catastrophic: a cable 
snaps, whipping dangerously into its sur
roundings; a mile-long length of pipeline 
splits like a sausage skin; a pressurized 
aircraft fuselage bursts in flight. But 
fracture can also serve a useful purpose: 
it is easier to split things than to saw 
them, whether they are logs, granite 
or diamond. At times the event seems all 
out of proportion to its cause: the dia
mond cutter places his chisel and taps 
smartly with his hammer, a sharp crack
ing sound is heard and the solid, hard 
diamond cleaves into two pieces along 
an almost petfectly flat surface. 

What happens in the instant of frac
ture? The speed and finality of the proc
ess seem to have discouraged investiga
tion of it in the past. A great deal more 
is known about other responses of mate
rials to stress, such as elasticity and plas
tic flow. For the engineer, fracture was 
simply the calamity to be avoided by 
means of careful deSign. The fracturing 
of entire ship hulls during World War II, 
however, brought the subject under con
certed investigation at a number of re
search centers. It is now possible to de
scribe the mechanisms of fracture at the 
atomic level and to begin the definition 
of their general laws. 

The key to an understanding of frac
ture was provided some 35 years ago by 
a British engineer, Alan A. Griffith. He 
postulated that most solid materials con
tain small, often invisible cracks and that 
these cracks are extremely efficient levers 
for prying atoms apart [see bottom illus
tration on next page]. He calculated the 
amount of leverage that a crack exerts, 

by John J. Gilman 

and confirmed his calculations in a series 
of elegant experiments. On glass globes 
of a standard size and thickness he in
cised scratches of various measured 
lengths and converted these scratches 
into cracks by gentle tapping. Then, hav
ing coated the inner surface of a globe 

with a thin film to make it airtight, he 
gradually increased the pressure inside 
until it burst. The pressure requi red to 
burst each globe decreased with increas
ing crack length in a precise way. Grif
fith was thus able to show that a crack, 
like the arm of a lever, multiplies an ap-

CRACK IN STEEL PLATE (polished, etched and enlarged 12 diameters) follows weak 

cleavage planes in randomly oriented crystals. Crystals of same shade of gray have same 

orientation. Thin parallel bands within crystals are "twins" caused by stresses at tip of 

moving crack. Photograph was made by J. R. Low of General Electric Research Laboratory. 
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CRACK IN TRANSPARENT CRYSTAL of lithium fluoride is 

traced by pattern of interference fringes. Crack lies within crystal, 

parallel to the plane of the page. Tip of crack is marked by bound· 

ary between the darker.gray area at left and the lighter.gray area 

to its right. Width of crack is indicated by distance between 

fringes; crack opening is widest where rings are closest together. 

plied force by an amount that increases 
with the crack length. A crack, more
over, focuses the stress onto the atomic 
bonds at the vertex of the crack. This 
concentration of stress is handsomely 
demonstrated by the double-refraction 
patterns observed in some plastics sub-

jected to stress and viewed with polar
ized light. With applied stress being 
multiplied by a leverage factor, the con
centrated stress soon reaches a high 
enough value to break atomic bonds and 
thus produce fracture. 

be visible to the naked eye, or it may 
originate in a surface scratch, or a mi
nute fissure between crystal grains, or a 
defect in the atomic lattice of a crystal 
grain of a kind that allows it to flow 
plastically. Since materials in common 
use have such imperfections, fracture is The crack that starts a fracture may 

TTTTTTTTTTT 

11111111111 
LEVER EFFECT OF CRACK helps explain fracture mechanism. 

Forces applied to top and bottom of steel plate are transmitted to 

vertex of crack through schematically depicted lever arms (colored 
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11111111111 
areas). As crack grows (right), the effective length of lever arms 

increases, multiplying effective force acting at crack vertex. Lines 

across vertices indicate stretched bonds which are about to rupture. 
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LUJUI 

Missile fueling tanks cleaned automatically 
(Saving 95% of usual time) 

Controls by Allen-Bradley, of course 
For missiles to be operational, it is vital that the liquid oxygen 
containers are cleaned and back in service without delay. And this 
blower-which cuts cleaning time from a period of hours to mere 
minutes-is an important part of the ground support equipment. 
It must be reliable, so naturally the controls are Allen-Bradley. 

When hazardous locations such as this require bolted enclosures, 
Allen-Bradley solenoid starters eliminate the time-consuming job 
of cover removal for inspection and maintenance. Their famous 
solenoid design-with only ONE moving part-and maintenance 
free silver alloy contacts assure long periods of trouble free opera
tion-with no attention whatever! 

Insist on Allen-Bradley-the motor control that gives you bonus 
life and reliability with minimum maintenance. 

ALLEN - BRADLEY I 
Member of NEMA 

This heated air blower, made by West-Air Fan & Blower 
Co. for evaporating the chemical purge solution from 
liquid oxygen cylinders, is equipped with three standard 
Allen-Bradley starters in NEMA Type 7 enclosures. 

Quality Motor Control 

Allen-Bradley Co., 134 W. Greenfield Ave., Milwaukee 4, Wis . • In Canada: Allen-Bradley Canada Ltd., Galt, Onto 
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incipient in all of them. This explains 
why the strength of ordinary materials is 
so much less than the theoretical ideal 
suggested by the strength of their inter
atomic bonds. A tumbler made of ideal 
glass, only a 64th of an inch thick and 
lying on its side, could support the 
weight of a 200-pound man. Made of 
ordinary glass, the tumbler walls would 
have to be 16 times thicker (that is, a 
quarter of an inch thick) to sustain the 
same stress. The ideal material would 
withstand a stress of about a million 
pounds per square inch; the real mate
rial fractures under a stress of a bou t 
2,000 pounds per square inch. 

The characteristics of ideal materials 
are now being approximated in crys

tals prepared by modern techniques. 
Many nearly perfect crystals have been 
obtained only in the form of fine fibers or 
"whiskers," but some, such as germanium 
and silicon, have been made in substan
tial sizes, as thick as a thumb. These 
crystals approach the ideal in strength 
because of the perfection of their atomic 

structure. As can be seen under the 
microscope, they have remarkably 
smooth surfaces. Internally their atoms 
are arranged in a perfectly orderly, re
petitive array. When such a structure is 
subjected to an external force, the in
ternal stress is distributed uniformly to 
all of the bonds in the lattice. No crack is 
present to concentrate the stress in a 
small area, and a crack cannot form until 
all of the bonds are stretched nearly to 
the breaking point. 

Even though most metallic crystals, 
and some nonmetallic crystals, may have 
no cracks initially, they often contain de
fects called dislocations which allow 
them to flow plastically. This makes 
these crystals vulnerable to crack forma
tion through the simple mechanism illus
trated on page 100. Crystals deform 
plastically by the sliding of one part of a 
crystal over the rest; rather like the slid
ing of the cards in a deck over one an
other. If the sliding occurs freely, the 
result is just a change in the shape of a 
crystal. However, if the sliding is 
blocked by a hard particle inside a crys-

tal, or at the boundary between crystals, 
then a high concentration of stress col
lects at the place where the sliding is 
blocked. The atomic bonds at this loca
tion, now under great stress, stretch be
yond their limit and rupture, forming a 
tiny crack. 

Once a crack is well started it takes 
very little force to carry it through to a 
complete fracture. Since the force de
pends on the length of the crack, a spe
cific case must be examined in order to 
state how much force is involved. For 
example, consider a plate of steel that is 
six inches wide and a quarter of an inch 
thick. Suppose that it has a two-inch 
crack running into one side. Then the 
force required to make the crack run the 
remaining four inches would be only 
about 400 pounds. Without the aid of 
the crack it would require a force of 
500,000 pounds to pull the plate apart 
if it were made of the best commercial
ly available steel, and a force of about 
10 million pounds if it were made of 
ideal steel. It is a large leverage effect 
like this that makes it possible for a rela-

ENHANCED CRACK GROWTH may result when foreign atoms 

(colored disks) react with the atoms on newly exposed wall sur

faces of a growing crack. In the reaction the interatomic bonds 

of the surface atoms break and new molecules (linked colored 
and gray disks) are formed_ When new molecules are bulkier than 

atoms of solid, they push farther apart the walls at crack vertex_ 
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news of advanced systems and 

instruments from Perkin - Elmer 
NEW PORTABLE INSTRUMENT DETECTS HYDROCARBON � 

TRACES IN ATMOSPHERES AND GASES ' 

Traces of hydrocarbons and many other organic vapors 
in the atmosphere or in gases can be detected rapidly and 
easily with a new instrument costing less than one-third 
that of conventional equipment. This Hydrocarbon 
Detector, developed by Perkin-Elmer, is a self-contained 
portable unit. It is suitable for monitoring air pollution 
or lower explosive limits of atmospheres, and can also 
serve as a leak or impurity detector in lab, field or proc
essing systems. 

Such organic compounds as hydrocarbons, aldehydes, 
ketones, amines and alcohols are determined when pres
ent in concentrations as low as 0.1 parts per million. 
There is no interference from common backgrounds
water vapor, oxygen, nitrogen, CO� and rare gases. 
Response time is less than two seconds. 

Heart of the novel device is the Flame Ionization 
Detector, recently incorporated in Perkin-Elmer's gas 
chromatographic instruments. Its principle: A metered 
quantity of sample is exposed to a hydrogen flame in 
an enclosed chamber. Combustibles are ionized to effect 
changes in current flow in a surrounding electrical field. 
These changes are proportional to the sample's total 
organic carbon content. Results are read out on Detec
tor's meter or an attached milliamp or millivolt recorder. 

� MERCURY ASTRONAUT WILL CALCULATE POSITION 
� WITH UNIQUE PERISCOPE SYSTEM 

The Mercury space capsule will bear man around the 
world in some 90 minutes - a far cry from Jules Verne's 
80 days. To solve the difficult problem of determining 
his position quickly and accurately, the Astronaut will 
have a unique periscope system designed and built by 
Perkin-Elmer for the McDonnell Aircraft Corporation, 
prime contractor for the National Aeronautics and Space 
Administration's Project Mercury, Manned Orbital 
Space Flight Capsule. 

The system will present its information on an 8" 
screen showing, at orbital altitude, a 1,700-mile-diam
eter area of the earth. An optional altimeter which 
measures this diameter as displayed on the screen will 
give the Astronaut his altitude. 

For navigational purposes, other indices will measure 
the angle made by the sun or moon with the longitudinal 
axis of the capsule, its position above the earth's surface, 
capsule attitude and drift angle. Thus, if the automatic 
reentry control system malfunctions, the Astronaut can 
use the periscope to determine when to fire retrograde 
rockets to slow the capsule to safe reentry speed. 

Perkin-Elmer has professional openings in analytical 
instrumentation, infrared, reconnaissance and electro
optical systems. Write Mr. Russ Byles, Perkin-Elmer 
Corp., 915b Main Avenue, Norwalk, Connecticut. 

ANALYTICAL INSTRUMENTS MILITARY SYSTEMS 
FINE OPTICS PRECISION ELECTRONIC COMPONENTS 
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tively small force to crack an entire ship 
in two. 

Although plastic flow can be detrimen-
tal to the strength of a material if it 

is blocked and thus leads to crack forma
.tion, it can also be beneficial. By reliev
ing the stress concentration at the tip of 
a crack, plastic flow can greatly increase 
the force required to make a crack run. 
But this benefit is dependent upon tem
perature: as the temperature decreases, 
the tendency to flow also decreases. 
When plastic flow is inhibited, unre
lieved stress builds up at the vertex of 
the crack and more readily stretches the 
atomic bonds there to the breaking 
point. Thus as resistance to flow in
creases, resistance to cracking decreases 
[see illustration on next pagel. Some 
materials, such as ordinary steel, are 
normally resistant to cracking, but be
come highly susceptible to it at low 
temperatures. This temperature effect 
caused most of the trouble with wartime 
ships. In southerly waters there was no 
problem, but during the winter in north
ern waters the hulls often cracked under 
shocks from heavy seas. Sometimes a 
crack ran instantly through the plates of 
a ship; at other times a crack remained 
dormant and caused serious damage 
later. 

Fracture usually occurs so rapidly 
that the unaided eye cannot observe it. 
A skilled glazier, however, can make a 
crack creep slowly through a piece of 
glass by applying just the right force. If 
he increases the force only slightly, the 
crack quickly accelerates to a high ve
locity. During the cleaving of a dia
mond, five million to 50 million atomic 
bonds may be ruptured in a millionth of 
a second. One way of measuring the 
high velocities at which cracks can 
travel is to photograph them with a high
speed motion-picture camera; the dis-

PLASTIC SHEARING in crystal lattice is 

frequent source of fracture. Illustrations a, 

band c on opposite page show successive 

displacement of atom rows induced by an 

applied force (arrow) and facilitated by a 

dislocation: an extra half.plane of atoms in 

the lattice (black disks). Broken lines indio 

cate successively ruptured bonds. Illustra· 

tions d, e and f show same events blocked 

by strongly bonded group of impurity 

atoms (gray disks) in the crystal lattice. 

Blocking causes concentration of stresses 

which may open crack (colored area in e). 

Second shearing event (f) enlarges crack 

by pushing another dislocation against the 

obstacle. Complete fracture soon follows. 

FIRST FULLY OPERATIONAL ELECTRONIC 

AIR· DEFENSE SYSTEM 

Write for Bulletin 8600-S. 

RCA LABORATORIES 

reseorcher wears 

MAGNI·FOCUSER 

to work on new 

RCA Semi·Conductors 

for Transistors. 

• 

Engineers, 
Scientists, 
Technicians, 
Researchers 

WORK BETTER 
when they 

"SEE BETTER'! 
Just as many people with 20-20 vision 
depend on MAGNI-FOCUSER as those 
with lesser vision. Because this new 
3-D Binocular magnifier with matched 
prismatic lenses, provides needle-sharp 
seeing, greatly magnified in third di
mension. The most miniscule job comes 
alive, assuring you greater accuracy, 
increased production, reducing chances 
for errors and accidents. Stops squinting. 
Light in weight, leaves both hands free, 
can be worn with or without eyeglasses. 
Normal vision resumed by simply rais
ing your head. 

Immediate delivery. 10-day trial without 
obligation-satisfaction guaranteed. 
Only $10.50. Free descriptive folder 
on request. 

EDROY PRODUCTS CO. 
Dept. S, 480 Lexington Ave., New York 17, N.Y. 
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Opportunities fol' 
Engineers 

sta-bil/i-ty 
Poised in recovery or skimming straight and level - in 
any attitude - stability augmentation from American
Standard* steadies the Kaman H-43B Huskie. This 
USAF rescue helicopter adds one more high performance 
vehicle to the growing list of applications for our 
subminiature inertial components. In a1'rcraft - the 
F-106, in missiles - the Terrier and Tartar, and in 
submarines - the Polaris class, American-Standard, 
Military Products Division supplies gyros fundamental to 
accurate positioning and control. 

Company sponsored development in the Military Products 
Division has produced a family of gyroscopes, 
accelerometers and m1'niature components whose quality, 
performance and reliability make them unique in the 
field of navigation and stabiUzation systems. 

Winning this degree of acceptance has created new 
career opportunities in advanced design, production and 
ap'plications engineering. American-Standard, Military 
Products Division, Norwood, Massachusetts. 

• A .. £RICAN·.$.andard and .$'andard® art trademarks or 
American Radiator 8. Standard Sanitary Corporation. 
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tance the crack travels in the interval 
between pictures gives its velocity. A 
second method is to make the crack itself 
trip timing devices. The'test material is 
painted or plated with a grid of very 
thin metallic strips, each of which is part 
of the circuit of an electronic stop watch. 
As the lengthening crack successively 
breaks the metallic strips, interrupting 
the stop-watch circuits, the velocity of 
the crack is recorded. 

Cracks have been clocked at velocities 
approaching that of sound: about 15,000 
feet per second in solids such as glass 
and steel. The speed of sound is, in fact, 
the theoretical limit of the speed at 
which a crack can run, for this is the 
maximum speed at which the applied 
force can be transmitted to the crack. 
The velocities at which sound travels 
and an applied force is transmitted in a 
material are both limited by the elastic
ity of the interatomic bonds-not, as 
might be expected, by the magnitude of 
the force or the loudness of the sound. If 
a crack is already moving at the speed of 
sound, its velocity cannot be increased 
by a sudden increase in the applied 
force, because the increase in the force, 
transmitted at the same maximum speed, 
cannot overtake the crack. The crack 
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thus never "learns" that the force has 
been increased, and so it cannot be 
driven faster than sound. 

" Sudden" and seemingly inexplicable 
fractures are often the culmination 

of long series of discrete steps. A sheet 
of glass, for example, may support a 
load for a long time without apparent 
damage and then break without warn
ing. In many such instances corrosion 
abets the fracture mechanism. The load 
does not exert sufficient stress to fracture 
the glass outright, but only exerts enough 
to open the invisible cracks in its surface. 
Then atmospheric water-vapor lays a 
thin film of moisture on the glass. The 
smooth surface resists penetration, but 
as the water reacts with silicon-oxygen 
bonds within a crack, it breaks those 
bonds and forms reaction products that 
have a larger volume than the glass. The 
reaction products act as a wedge, spread
ing the crack-faces apart. This stretches 
the bonds at the vertex of the crack fur
ther, encouraging the next reaction event 
to occur. Hence the process is both self
sustaining and self-accelerating. In time 
the combined effect of applied stress and 
increasing crack-leverage allows propa
gation of the crack without the aid of the 
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TEMPERATURE (DEGREES K.) 

TEMPERATURE INCREASES FRACTURE RESISTANCE (colored curve) of steel hy 

allowing plastic flow (black curve) to take place more readily, By relieving the stresses 

concentrated at the leading ends of cracks, plastic flow inhibits further lengthening of cracks. 

A note for talented engineers: 

Stability at American-Standard* 
is the result of dynamic action 
and can mean a lot in terms 
of professional growth at the 
expanding Military Products 
Division. 

The logical growth from the 
projects already in the house 
extends a tremendous challenge. 
And, the "off-site" advantages 
are as stimulating as the 
in-plant creative environment. 

To repeat them just for the record; 
Residential Boston suburb, excellent 
benefits, reloca�ion assistance, company
sponsored education, and the wide cultural 
and recreational attractions of the area. 

Footnote: Excellent salaries 
for qualified engineers 
in both our Systems and 
Components Departments. 

Please submit resume to 

Mr. J. A. Reardon, 
Employment Manager, 
American -Standard 
Military Products Division, 
Norwood, Massachusetts 

·AM •• ICAII·.$tan •• r. and .$tan .... ® are trademark. of 
American Radiator &:. Standard Sanitary Corporation. 
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Versatile A+ felts serve an almost 
infinite variety of purposes . . . 
muffling the roar of a jet ... cushion
ing the vibration of a punch press. 

They can be made soft and resilient 
-or tough and unyielding. They 
offer practical answers to thousands 
of design problems. Whatever your 
design need, in absorption, sealing, 
insulating, f iltering, cushioning, 
polishing, or special fashion effects, 
A+ felts can help you meet it. 

Send us your problem; our engineers 
will follow through promptly. 

202 Glenville Road, Glenville, Conn. 

Among our famous trademarks: 
VISTEx-fiber-reinforced gaskets and 
seals; WINDSOR FELT-nonwoven 
bonded fabrics; HUSHALoN-dec
orative and acoustical wall covering. 
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wedging effect of the chemical reaction. 
The crack, which has been advancing a 
few atom-diameters at a time, now 
surges forward at a speed approaching 
that of sound, and complete fracture is 
the result. The same sequence of events 
underlies the so-called static fatigue 

fractures that occur in other materials. 
From such understanding of what 

makes cracks start in materials and move 
through them it may soon be possible to 
develop materials with greater resistance 
to fracture. This will be a rich return on 
a few years of fundamental research. 

TEXTURE OF A CRACK WALL changes as crack crosses the boundary between two crys· 

tals of an iron·silicon alloy magnified 1,000 diameters in this photomicrograph by J. R. Low. 

Following cleavage plane of crystal at left, crack leaves a relatively smooth path. Unable 

to follow cleavage plane of differently oriented crystal at right, it leaves a jagged path. 
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CREW EDUCATION in operational procedure includes 
rundown on Navigation Control Console and NAVDAC
Sperry computer which cross-checks a dozen systems, 
compares references, records speeds, integrates all data 
for precise positioning of submarine. 

POSSIBLE LAUNCH-SITE: UNDER THE ARCTIC ICE
PACK. Nuclear subs will be able to stay submerged, navi
gate for months without refueling, launch Polaris under 
water. Range places new demands on navigational 
resources and capabilities. 

FULL-SCALE SUB SIMULATOR duplicates complex navigational equipment that will guide 
actual Polaris submarines. To fit systems in restricted space, everything from cabling to 
62-ton Gyroscopic Stabilizer must be "engineered" into the hull. 

UDry Run" For The Missile-Launching Subs 
Aiming the 1200 - mile Polaris missile trom a submerged nuclear sub will pose a delicate 

navigation problem. Engineers are solving it in a unique "underseas" laboratory. 

ONE OF A SERIES r 

TH E STORY BEHIND THE STORY 
of Sperry Marine DiviSi on 

The Navy's goal of "Seapower for 

Peace" is nearer with each step towards 

operational capability of the new missile

carrying submarines. When armed with 

Polaris missiles, these subs will repre

sent an unprecedented counter-punch 
capable of reaching targets 1200 miles 

away, from anywhere in the world's 

oceans. 

The Polaris concept places critical 

demands on the art of navigation. A sin
gle degree of error can result in a 17-mile 
error in a thousand-mile range.To Sperry's 

Marine Division-appointed by the Navy 

to Navigation Systems Management of 

the newest class of Polaris submarines
is assigned the job of assuring highest 

possible system accuracy. 

Working with the Navy's Polaris 

experts, Sperry enginr.ers are installing, 

operating and evaluating instruments 

and systems for the Polaris at Sperry's 

"N avigation Island" - a shore-based 

replica of the navigation center in the 

Polaris submarines. Here installation and 

operating problems and techniques, 

maneuvers, emergencies, even the stars 
for celestial navigation, are "shot" under 

realistic conditions. 

One system is Sperry's NAVDAC (Navi

gation Data Assimilation Center) - a 

computer which analyzes information 
fed to it from the navigation equipment 

that will eventually position the Polaris 

subs for missile firing. Basic to a number 

of the subs is Sperry SINS (Ship's Inertial 

Navigation System) equipment. These 

and other advanced systems are being 

evaluated and refined. 

With the Navy's foresight in "inter

locking" all aspects of the Polaris pro

gram ... and with the cooperation of the 

many leading industries which are con

tributing . . .  the Polaris subs will soon 
be operational. Marine Division, Sperry 

Gyroscope Company, Division of Sperry 

Rand Corp., Syosset, New York. 
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... accurate within + 0.1% of reading 

... pinboard programming for maximum flexibility' 

Here's a standard, all-purpose 120-point logger
scanner system with features formerly found only 

in more expensive, custom-designed equipment ... 
the first of several packaged logger-scanners being 
introduced by Honeywell. It offers the ultimate in 
accuracy, flexibility, dependability and simplicity 

of maintenance. Wide ambient temperature oper
ating limit�-60 to 120°F -eliminate the need for 
special air conditioning equipment. 

The S�ries 3120 accepts signals from primary 
measuring instrurnents-thermocouples, flow, pres
sure or other transducers. It measures these sig
nals, digitizes them, and prints their values in 
immediately usable form. A thermocouple refer
ence oven can be supplied to accommodate three 
types of thermocouple inputs-types T, J, and K
which are automatically linearized over their entire 

range to within 0.1 % accuracy. 

ERING THE FUTURe: 
YEA.R 

TWO TYPEWRITERS permit a single line log 
allowing columnar comparisons. Separate alarm 
printer records all off-normal variables. 

The operator can select either automatically or 
manually initiated logging cycles. He can set the 
system to log all variables automatically at preset 
intervals, or manually energize the system to 
operate on demand, between logging cycles . 

Between logging cycles, the system can scan off
normal alarm points-high, low or both-at a rate 
of 7 points per second. Upon detecting an off
normal point, the system sounds an alarm, lights 
a point-identification light, and prints the time, 
point number and off-normal value on adding 
machine tape. During log cycles, off-normal points 
are printed in red on the log sheet. 

Get complete details from your nearby Honeywell 
field engineer. Call him today ... he's as near as 
your phone. MINNEAPOLIS-HoNEYWELL, Wayne 
and Windrim Avenues, Philadelphia 44, Pa. 

BoneyftTell 
H �t�� 
HOIIEYWEU 5 INC E 1 B e 5 

STANDARD MODULAR COMPONENTS are 
assembled on chassis mounted as individual 
drawers in relay racks. All drawers are can· 
nected by plugs for easy servicing. 
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EFFECT OF ARTIFICIAL DAYS on the life cycles of insects 

can be determined by rearing them in an incubator like this one 

in the author's laboratory at the University of Wisconsin. Here 

108 

a generation of corn borers (in glass vials) develops in a con· 

stant-temperature environment. Day length is controlled by the 

timer at top left, and fluorescent lamps provide the illumination. 
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Insects and the Length of the Day 

How is it that many insects prepare for winter well before the end of 

summer? They do so not primarily in response to temperature change 

but to the seasonal variation in the cycle of daylight and darkness 

O
n the barren branches of trees and 

shrubs, or under the litter of fal
len leaves and withered ground

plants that cover the frozen soil, thou
sands of insect species hibernate through 
the winter in a dormant state called dia
pause. They begin to settle into this state, 
interrupting their busy feeding and re
productive activities, long before the end 
of summer. Since the weather at that 
time is still warm, diapause is not a re
action to unfavorable temperature. What 
mechanism explains this biological an
ticipation of the oncoming winter? Since 
the middle 1930's biologists have been 
accumulating evidence that diapause is a 
response to change in the length of the 
day as the summer wears on. 

Day length, or photoperiod, affects 
the physiology of both animals and 
plants. It controls the diurnal change in 
the shell color of the fiddler crab and 
the seasonal variation in the fur color 
of the snowshoe hare. It sets the sched
ules of reproduction and migration in 
birds. Botanists have long recognized its 
important effect on plant life and speak 
of "long-day" and "short-day" plants; 
commercial florists commonly produce 
flowers out of season by forcing them 
with artificial light. 

The gradual change in the photope
riod throughout the year forms the most 
precise basis known for the timing of 
biological events. At any given point on 
the earth·s surface the length of the day 
depends upon the latitude, or distance 
from the Equator, and the time of year. 
It thus provides an organism with exact 
information on the advance of the sea
sons. But this information cannot by it
self explain the response of animals and 
plants to photoperiod. Some sort of bio
logical clock must be built into the or
ganism itself. Photoperiod merely sets 
the clock. 

by Stanley D. Beck 

For the study of photoperiod and in
ternal biological clocks, insects are ex
cellent subjects. They have exploited the 
possibilities of this arrangement to the 
full in the course of their evolution. They 
are small, numerous, fast-growing and, 
most important, dramatically sensitive to 
differences in day length. Research on 
insects has disclosed a number of prom
ising clues to the mysterious relationship 
between the length of the day and the 
processes of growth. 

The present status of investigation in 
this field can be illustrated by experi
ments on three insects: a silkworm in 
Japan, an aphid in England and a cater
pillar in a Wisconsin cornfield. The silk
worm is an example of a short-day in
sect. It passes the winter as an egg, 
which hatches into a larva in the spring, 
when the days are relatively short. The 
larva metamorphoses into a pupa and 
then into an adult moth, which lays eggs 
that hatch in the early summer, when 
the days are longest. The moths from 
these eggs lay eggs in the fall. But the 
late-summer eggs do not hatch imme
diately; they pass the winter in diapause 
and hatch in spring, perpetuating the 
cycle [see illustration on next two pages]. 

In a classic study in 1933 Makita Ko-
gure of Kyushu University showed 

that the cycle could be reproduced in the 
laboratory by varying the photoperiods 
under which the insects were raised. 
Kogure found that silkworms reared in 
darkness or in short-day periods (about 
12 hours of light per day) grow into 
moth�, the eggs of which developed 
without interruption. So long as the eggs 
and larvae were. kept under short-day 
conditions, the moths reproduced gener
ation after generation without diapause. 
On the other hand, when he reared a 
generation of eggs and larvae under long 

photoperiods, the adult moths produced 
eggs that went into diapause, as in na
ture. Embryonic development began in 
these eggs but ceased abruptly when the 
embryos reached a particular stage of 
growth. The eggs can remain in this 
state of suspended development indefi
nitely. They resume growth and go on to 
hatch only if they are chilled to near the 
freezing point for about 40 days before 
being placed in an incubator. Thus the 
photoperiod to which the eggs and 
young larvae are exposed determines 
whether or not the eggs of the next gen
eration will go into diapause. Photo
period seems to have no influence on 
the larger larvae and the moths. 

When silkworm larvae are reared un
der long photoperiods, an imperceptible 
physiological change apparently takes 
place in the young females. The change 
asserts itself when they approach ma
turity and begin to form egg cells. At 
that time some subtle influence is trans
ferred from parent to egg, which causes 
the egg to go into diapause. A series of 
ingenious experiments by a group of 
Japanese biologists at Nagoya City Uni
versity showed that the subtle influence 
is a hormone produced by a nerve gan
glion in the head of the female silkworm 
larva. Because the hormone leads to an 
arrest of embryonic development, they 
called it the diapause hormone. While it 
seems to have no effect on the growth of 
the larva or the adult moth, its influence 
is passed on to the eggs. 

The idea that a hormone transmits 
photoperiod information received fur
ther support from the studies of A. D. 
Lees at the University of Cambridge. 
Lees investigated the effects of photo
period on the development and repro
duction of a plant louse called the vetch 
aphid. Like the silkworm, the vetch 
aphid survives the winter as an egg. The 
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eggs hatch early in the spring, develop
ing into adults that produce many gen
erations of young during the late spring 
and summer. But the young summer 
aphids do not hatch from eggs; they are 
produced asexually and are born alive. 
Nearly all of them are females that never 
mate, but each gives birth to 100 or so 
offspring. The offspring mature quickly 
and in turn give birth to 100 or more 
aphids, also asexually. This prolific mul-
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tiplication continues until early fall, 
when, under the influence of photope
riod, it generation of sexual aphids is 
born. These aphids mate and lay eggs 
that remain in diapause until spring, 
when they hatch and begin the asexual 
breeding cycle anew [see illustration 
below]. 

The aphid's reproductive cycle is that 
of a long-day insect. Lees found that 
so long as he kept the aphid colonies 

SPRING 

under long photoperiods (16 hours of 
light per day) they reproduced asexually 
and continued to do so indefinitely; but 
when he shortened the photoperiod to 
about 12 hours of light per day, an egg
laying sexual generation was born. 

Apparently the aphid's response to 
photoperiod is determined early in the 
embryonic stages of growth. The re
sponse is already fixed in newborn 
aphids. This can be strikingly demon-

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

DAY LENGTH AFFECTS BREEDING CYCLES of three insects 

in different ways. The vetch aphid (A) hatches in the spring and 

reproduces asexually during the summer. When the days get short· 

er, an egg·laying sexual generation is horn. The silkworm (B) also 

hatches in the spring, grows fat, spins a cocoon and metamorpho· 

ses into an adult moth. The moth lays eggs that develop immedi· 
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strated by transferring some of them 
from a 16-hour photoperiod to a 12-hour 
one. These aphids will not mature into 
sexual adults, but will become asexual 
forms that produce living offspring. The 
explanation for this effect lies in the fact 
that when an aphid is born, the embryos 
of the next generation are already de
veloping within it. The offspring of the 
aphids transferred to the 12-hour cycle 
thus develop into the egg-laying sexual 

--

SUMMER 

form. The sensitivity of the embryo to 
the photoperiod to which its parent is 
exposed can be further demonstrated by 
performing the same experiment on half
grown aphids. When these aphids ma
ture, their first few dozen young will be 
of the asexual type, while their later off
spring will be sexual forms. This effect 
shows clearly that the developmental 
pattern of the aphid is fixed only in the 
early stages of embryonic growth and 
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cannot be modified by later changes in 
photoperiod. 

Such results raise the question of 
whether photoperiod influences the em
bryo directly, or whether, as in the 
silkworm, the effect is to stimulate the 
production of a hormone in the maternal 
aphid. Lees answered this question by 
exposing aphids to an intermediate pho
toperiod of 14.5 hours. He expected that 
a photoperiod of this length would re-

. 
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ately; the larvae hatched from these eggs become motbs whose 

eggs do not hatch until spring. The European corn borer (C) hiber· 

nates through the winter as a mature larva; in the spring it enters 

the pupal stage and becomes an egg·laying moth. In early summer 

the moths lay eggs that develop without interruption; eggs laid in 

late summer, however, become larvae that hibernate until spring. 

III 
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suIt in the birth of a random generation 
in which about half the aphids would be 
the sexual form and half the asexual 
form. Although this occurred, the sex 
distribution was far from random: all of 
the offspring of any given aphid were 
either one form or the other. This result 
demonstrated quite clearly that photo
period exerts its effect not on the embryo 
but upon the reproductive physiology 

of the maternal aphid. The outcome of 
the experiment also tends to support the 
hormone idea. 

The survival value of the diapause 
hormones is obvious, for in both the silk
worm and the aphid they stimulate the 
production of an �gg that enables the 
species to endure the winter. The two 
insects, however, have opposite re
sponses to photoperiod: the silkworm 

produces its hormone in response to long 
photoperiods, while the aphid produces 
its hormone in response to short ones. 
We do not yet know whether the two 
hormones are similar, but the fact that 
the reproductive organs are affected in 
both cases suggests that they are. 

Temperature is a factor that is known 
to modify the photoperiod response. In 
my laboratory at the University of Wis-

LIFE CYCLE OF THE SILKWORM shows the effect of day length on a "short·day" insect. Eggs 

laid in the fall by adult moths will not hatch until spring, but those laid in early summer (top left) 

\ hatch immediately. The newly hatched silkworms (top right) eat continuously and grow to 12,000 

times their original weight (bottom 

left). The giant worms then spin 

a cocoon and enter the pupal 
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consin we have studied the effect of tem
perature on the hibernation of the Euro
pean corn borer, a species of moth that 
passes the winter not as an egg, but as 
a mature larva. The corn borer is a long
day insect. We can rear generation 
after generation in the laboratory if we 
maintain the cultures under any of three 
different conditions: (1) 16 hours of 
light per day, (2) continuous darkness 

stage (bottom right) from which they will 

later emerge as adult moths. The four photo· 

graphs are not reproduced to the same scale. 

A New Role for The 
Mature Scientist 
... in a unique Military Systems Organization 
created by RCA The fundamental mission of RCA's 
newly organized Advanced Military Systems Depart
ment is to develop new systems concepts that will sat
isfy military operational requirements in the period 
beginning five years in the future. In the establishment 
of this new department, all problems-e.g. organi
zation, personnel, support, operating practices, and 
relations with other RCA departments-have been 
approached and solved with the firm objective of 
optimizing the ability of Advanced Military Systems 
to fulfill its mission. The result is, we believe, a 
unique organization operating in a uniquely creative 
environment. 

Members of the Technical Staff are mature scien
tists and engineers who operate either independently 
or in loosely organized teams. They have no respon
sibility for administrative details, but rather are kept 
unencumbered for either purely creative work or 
giving guidance to program implementation. They 
have, of course, full access to all available information 
-military, academic, and industrial. Investigations in 
support of their studies may be requested of appro
priate RCA departments. In a word, they are provided 
with every opportunity and facility-all the resources 
of the vast RCA organization-to use their creative 
and analytical skills to maximum advantage and at 
the highest level. 

In its wholly stimulating and challenging work, 
the Department operates at the very frontiers of knowl
edge in the physical sciences, mathematics, engineer
ing, and military science, to develop advanced system 
concepts applicable to such military areas as 

AICBM UNDERSEA WARFARE 
LIMITED WARFARE SPACE 

At the present time, there are a few openings for 
mature scientists, engineers, and mathematicians who 
have already attained recognition in their fields. If 
you have at least 15 years of education and defense 
systems experience beyond a bachelor's degree, in elec
tronics, vehicle dynamics, physics, or operations re
search; if you are creative and interested primarily 
in working with pencil, paper, and imagination, we 
should like to hear from you. Please write to : 

Dr. N. I. Korman, Director 
Advanced Military Systems, Dept. AM-SB 
RADIO CORPORATION OF AMERICA 
Princeton, New Jersey 

�Q\l�; �II 
.;: AllOualifi..t It 

o.o��'\'" 

(. RADIO CORPORATION 

� 0' AMERICA 
® 
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or (3) continuous light. In the absence 
of photoperiod-that is, in continuous 
light or darkness-temperature has only 
a slight effect on the incidence of hiber
nation. Similarly, if a batch of borer 
larvae are exposed to short photoperiods 
of from 10.5 to 13.5 hours of light per 

day, they will all go into diapause re
gardless of the temperature at which 
they are reared. At photoperiods of from 
eight to 10 hours and from 14 to 15.5 
hours, however, temperature exerts a 
powerful influence on the incidence of 
hibernation: high temperatures tend to 

prevent it and low temperatures to in
crease it [see illustration on page 116}. 

This sensitivity to temperature is im
portant in the life cycle of the borer. It 
explains why two generations of them 
are produced each season in southern 
corn-growing areas, while only one gen-

CORN BORER is a "long·day" insect. Eggs laid during the long 

days of early summer produce tiny larvae (like the one shown with 

eggs at top left) that grow to maturity (top right), enter the pupal 

stage (bottom left) and emerge as adult moths (bottom right) in a 

single season. Larvae hatched in late summer, however, must hiber· 

nate through the winter before entering the pupal stage. The pho· 

tographs are not made to the same scale; for comparison, mature 

larva and adult moth are about 3/4 inch long, pupa 5/8 inch. 
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Philco has designed and built the 

world's largest 3·axis tracking antenna 

The world's largest 3-axis tracking antenna was recently completed at the Philco 
Western Development Laboratories in Palo Alto. It will be used at one of the world
wide satellite tracking stations to receive vast amounts of scientific information from 
outer space. By employing the unique design feature of tri-axial mounting, this 
extremely accurate and complex instrument, designed and built by Philco, has com
plete flexibility of movement and can provide continuous coverage of telemetered 
information and data from satellites and missiles during any phase of flight. 

At Philco you will find the skills that come from close association with the involved 
problems of planning, developing and implementing advanced space communica
tions programs ... experience that includes the design and construction of antennas 
of many types. Each fully meets the stringent specifications of the military and 
various scientific research organiza tions. Philco stands ready to fill your specific needs. 

PHI LCO CORPORATION/GOVERNMENT AND INDUSTRIAL GROUP 
Philadelphia 44, Pennsylvania 

Communications and Weapons Systems Dlvision 

Computer Division . Sierra Electronic Division 

Western Development Laboratories 

PHILCQ 
c7� In (J� me Jf/c>t& Cc;a 
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No. 10 of a series 

Eastman 910 Adhesive 
solves another 

production bottleneck 
ASCOP Division of Electro-Mechanical 
Research, Inc., Princeton, N. J., makes 
an unique digital encoder which con� 
verts any shaft position directly into a 

binary code output. Operating up to 
10,000 r.p.m., the tiny instrument is a 

masterpiece of compact design. 
Space limitations require a flush con� 

nection between a vinyl plastic sleeve 
containing the output wires and an 
aluminum cover plate. Eastman 910 
Adhesive plus imaginative thinking 
solved the problem. 

In production, the end of the sleeve 
is inserted through a hole in the cover 
plate, adhesive is applied around the 
hole and a flaring tool forces the end of 
the tubing back against the plate. A 
permanent bond forms in 2-3 minutes. 

Eastman 910 Adhesive is making 
possible faster, more economical as· 
sembly line operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting is 
important, or where design require
ments involve joining small surfaces, 
complex mechanical fasteners or heat
sensitive elements. 
. Eastman 910 Adhesive is simple to 
use. No mixing, heat or pressure is re
quired. Upon spreading into a thin film 
between two surfaces, setting begins 
immediately. With most materials, 
strong bonds are made in minutes. 

What production or design problem 
can this unique adhesive solve for you? 

Eastman 
910 

Adhesive 

Bonds Almost Instantly 
. • .  Without Heat, 
Pressure or Catalyst 

For a trial quantity (V3-oz.) send five dol
lars to Armstrong Cork Co., Industrial 
Adhesives Div., 9102 Inland Road, Lan
caster, Pa., or to Eastman Chemical Prod
ucts, Inc., Chemicals Div., Dept. 5-2, 
Kingsport, Tenn. (Not for drug use) 

See Sweet's 1960 Prod. Des. File, 7/E 
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eration is produced in northern areas. If 
photoperiod were the only factor gov
erning their reproduction, we would ex
pect the opposite effect, because on any 
given summer day the period of daylight 
is shorter in the south than in the north. 
However, the higher temperatures of the 
earlier southern growing-season more 
than compensate for the shorter days. 

In contrast to the silkworm and the 
aphid, which are sensitive to photope
riod only in the early stages of develop
ment, the borer remains responsive for 
a longer time. Present evidence indicates 
that it becomes sensitive in the later 
larval stages or is uniformly sensitive 
throughout the entire period of growth. 

It should also be noted that photo
period affects the members of the grow
ing generation of corn borers, not their 
progeny. There is no carry-over to the 
next generation, as in the silkworm and 
the aphid. In the corn borer the earliest 
detectable symptom of impending dia
pause is a failure of the reproductive 
organs to develop. At a stage when the 
sex cells are rapidly maturing in borers 
reared under long photoperiod, these 
cells have ceased to develop in larvae 
reared under short photoperiods. The 
short-period borers still feed and grow 
rapidly, but the growth of their repro-

ductive organs is arrested. Similar gona
dal arrest has been observed in a num
ber of other species of hibernating in
sects, including such diverse types as 
boll weevils and Colorado potato beetles. 

I n insects, as in higher animals, growth 
and gonadal development are con

trolled by hormones. Largely through 
the brilliant work of V. B. Wigglesworth 
of the University of Cambridge and Car
roll M. Williams of Harvard University, 
the insect growth-hormone has been 
identified as ecdysone, which is pro
duced by tiny glands in the insect's 
thoracic tissue. Insec"ts in diapause con
tain no detectable amounts of ecdysone, 
but if they are injected with it, they soon 
snap out of diapause and resume normal 
development. It appears that the change 
in photoperiod somehow shuts down the 
production of ecdysone. How this shut
down is brought about is the question 
at issue. Perhaps a diapause hormone is 
responsible, espeCially in forms like the 
aphid and the silkworm. But if so, the 
insects must be sensitive to the hormone 
only at certain times during their lives. 

Another unresolved issue is the na
ture of the timing mechanism that en
ables an insect to distinguish between a 
16-hour photoperiod and one of, say, 
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TEMPERATURE modifies the corn borer's response to day length. The numbers at left

and top indicate the length of six artificial "days" to which the borers were exposed. With 

days of from 14 to 15.5 hours (top four curves) an increase in temperature tended to prevent 

diapause. In continuous light or darkness (zero day length) temperature had little effect. 
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Another 

AMERICAN 

ELECTRONICS 

FIRST 

AMERICAN ELECTRONICS, through its 

American Concertone Division, puts the finest in profes

sional quality sound reproduction equipment within the 

means of the average audio enthusiast. In addition to the 

Model 505 Stereo Tape Recorder, the division offers a line 

of products ranging from portable, battery-operated recorders 

to broadcast tape recording equipment and instrumentation 

recorders for industrial applications. 

The American Concertone Division is one of the nine divi

sions which make up the corporate family of American 

Electronics. These nine divisions are a carefully planned 

alignment of components and systems manufacturers. The 

result is a balanced team of specialists in the electronics, 

mechanical and nuclear fields-providing over 50 product 

THE CONCERTONE SOB 
STEREO TAPE RECORDER 

Another first-in sound reproduction I 

A m e r i c a n  C o n c e r t o n e  D ivision of 

American Electronics introduces a distin

guished addition to its line of professional 

quality sound components-the Concertone 

505 Stereo Tape Recorder. Acting as the heart 

of a sound system, the precision-engineered 

Concertone 505 is a stereo recorder designed to 

win the admiration of any professional. Though it 

boasts the most advanced technological improve

ments, American prices it at a dramatic low-at a cost 

considerably below stereo recorders of comparable 

quality. The Model 505 allows instant selection of 2-track 

or 4-track playback, utilizing separate heads. For details 

on the Concertone 505, write to American Concertone Division, 

9449 West Jefferson Boulevard, Culver C ity, California. 

lines and services for consumer. industry. and military use. 

An American Electronics Sales Engineer stands ready to call 

or send information on any of the
' 
products or services listed. 

Simply address inquiries to the Corporation at the address 

shown below. Products and services include • ACTUATORS • 

ELECTRO-MECHANICAL ASSEMBLIES • ELECTRO-MECHANICAL ROTARY COM. 

PONENTS • GROUND SUPPORT EQUIPMENT. LEAK DETECTION EQUIPMENT. LEAK 

DETECTION SERVICE _ MAGNETIC TAPE RECORDERS - MEASURING AND READOUT 

EQUIPMENT . PERIPHERAL DATA PROCESSING . PRECISION BORING MACHINES 

RELIABILITY AND ENVIRONMENTAL TESTING SERVICE · REVENUE AND TRAFFIC 

CONTROL SYSTEMS. ROTARY POWER EQUIPMENT. SERVO ASSEMBLIES. SERVO 

ROTARY COMPONENTS - SPECIAL MECHANICAL AND ELECTRO.MECHANICAI. 

ASSEMBLIES . STATIC AND SOLID STATE EQUIPMENT_ 

AMERICAN ELECTRONICS, INC. 
1725 WEST SIXTH STREET. LOS ANGELES 17. CALIFORNIA 

MANUFACTURING AND SERVICE PLANTS IN LOS ANGELES. CULVER CITY. EL MONTE 

AND F ULLERTON. CALIF ORNIA; BROOKLYN. NEW YORK. AND NORWOOD. MASS. 

TECHNICAL REPRESENTATIVES LOCATED THROUGHOUT THE UNITED STATES. 
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Buflpup 

ONLY OPERATIONAL NAVY AIR-TO-SURFACE 
GUIDED MISSILE 

New Gateway to Achievement 
in Astronautics and Aeronautics 

Republic Aviation's 
New Research & Development Center 
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Engineers and scientists whose minds are challenged by unsolved 
problems across the entire spectrum of technologies concerned with 
space exploration and upper atmosphere flight, are invited to inquire 
about the exceptional facilities for both theoretical and experimental 
investigations provided by Republic's new Research and Development 
Center (scheduled to open Spring 1960). 

Senior Level Openings for highly experienced and 
capable professionals exist in the following areas: 

Space Electronics (Guidance, Navigation, Communications) / Hydromagnetics / 
Advanced Computer Technology / Applied Mathematics / Nuclear Power Packages 
/ Space Environmental Studies (Life Science) / Celestial Mechanics / Hypersonics / 
Electronic Theory / Plasma Physics / Radiation Studies / Re·entry Techniques 
/ Materials Research & Development / Fluid Mechanics 

Please forward resumes to: Mr. George R. Hickman 

• Technical Employment Manager, Dept. 8E 

12 or 13 hours. Obviously a light-re
ceptor is required, because the insect 
must discriminate between light and 
dark to respond to photoperiod at all. 
Apparently the eyes are not involved, as 
has been demonstrated by some experi
ments on the Colorado potato beetle. 
Nor has the shielding of different parts of 
the insect's body located any other or
gan or nerve ending that is specially sen
sitive to photoperiod. All parts of the 
insect body seem equally sensitive. It 
now seems likely that the receptors are 
either numerous cells scattered over the 
body surface, or that they are the cells of 
the integument itself. 

Apparently the quantity of light in
volved also has little to do with the pho
toperiod reaction, so long as the intensity 
is greater than a very low threshold 
value-usually less than one foot-candle. 
This suggests that no photochemical re
action is involved, for the rate of most 
photochemical processes increases with 
greater light intensity. It is possible, how
ever, that a small-scale photochemical re
action may act as a trigger; in that case 
the most important cause of the photo
period response would not be the pres
ence or absence of light, but rather the 
stimulus produced by the change from 
light to dark, and vice versa. Each 24-
hour day involves one change from light 
to dark and one change from dark to 
light, but these changes can provide no 
more than a series of stimuli that flip 
some sort of biological switch. Because 
different day lengths induce different re
sponses, the switch presumably activates 
the biological clock. The clock measures 
the changing interval between stimuli 
and regulates the physiology of the in
sect accordingly. 

The existence of such a clock can 
easily be demonstrated in the European 
corn borer. When we rear a batch of 
borers under photoperiods of 12 hours 
of light and 12 hours of darkness, all of 
them go into hibernation. The ratio 
of light to dark in this case is one to one. 
When we create an artificial 12-hour 
day, with a one-to-one ratio of six hours 
of light and six hours of darkness, none 
of the borers hibernates. A "day" of at 
least eight hours is apparently required 
to induce hibernation. We are now try
ing to identify the physiological mech
anism that times this day. 

Although day length exerts pronounced 
effects on the biology of insects as well 
as on other forms of life, it is not yet pos
sible to trace a thread of coherence 
through the tangle of observations. But 
it is clear that the riddle of photoperiod 
conceals important clues to the physiolo
gy of insect growth. 
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Somewhere east of Laramie, on one of Wyoming's plains, you'll 

find the strangest government housing project ever built. Six concrete 

a nd steel buildings are being constructed to house Atlas missiles. 

The site is one of the operationa I interconti nental missile bases to be 

operated by the Strategic Air Command. This base is being constructed 

on the surface. Follow-on bases will burrow deep into the earth. In 

all these systems, the Air Force puts much emphasis into ground 

support equipment.  Virtually all steels required can be pur· 

chased from one firm - United States Steel. Whether it's carbon 

The U. S. Army Corps of Engineers is This is the inside of the blast pit of one of the launcher 

constructing this operational interconti- buildings. In all six of these buildings there are 1,040 

nental missile base in Wyoming. In from tons of structural steel,1,950 tons of reinforcing steel, 

of the partially completed Launch and over 48,000 tons of concrete aggregate, blocks and 

Service Buildings are Col.  Sidn e y  T. cement, and 8,040 tons of mechanical steel items. 

Martin, in charge of construction, and 

Maurice K. Graber, a construction engi-

neer for the Corps. 

Fuel lines and process piping are Stainless Steel 

and operate at pressures up to 15,000 psi. The pipes are 

kept almost surgically clean to prevent contamination 

of fuel and subsequent malfunction. Vapor degreasing 

and chemical cleaning processes are used on the pipes. 
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steel, high-strength low-alloy steel, 

ultra high-strength alloy steels, Stain-

less Steel, steel fence, electrical cable, 

cement or wire rope, United States 

Steel maintains the technical services 

to assist in solving any problem on 

materials for ground support. When 

a ground support program goes to 

the drawing board, consult with 

@ United St�!!.�,.��!!! 

The Atlas is powered by a cluster of liquid propellant rocket engines that 

burn liquid oxygen and RP-1, a kerosene-like hydrocarbon fuel. 192 pressure 

tanks fabricated from alloy or Stainless Steel plate at this site store liquid 

and gases-liquid oxygen and nitrogen and helium gases which are used to 

inject the fuels into the missiles. 
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STEPS IN TH E RACE TO OUTER SPACE 

Atomic Pulse Rocket 
This is the Atomic Pulse Rocket, a pot

bellied space ship nearly the size of the 

Empire State Building, propelled by a 

series of atomic blasts. 

The enormous rocket (weighing 75,000 
tons fully loaded) is designed to leave 

Earth with a thrust of 100,000 tons. Al

together a thousand atomic blasts-each 

equal to 1,000 tons of TNT-are fired 

from a low velocity gun into a heavy steel 

rocket engine at a rate of one per second 

until the vehicle leaves Earth's atmos

phere. Then steam and vaporized steel 

maintain the thrust. After transit speed 

is reached, and the propulsion system 
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shut off, power is provided by solar bat

teries plating the wing and body surfaces. 

Inside the rocket, living quarters are 

situated in the rim of a pressurized wheel

like cabin which revolves to provide arti

ficial gravity. Radio and radar antennae 

revolve with it. Tubular hydroponic 

"gardens" on either side of the rim grow 

algae to produce oxygen and high pro

tein food. 

The Atomic Pulse Rocket could trans

port payload to the Moon at $6.7 4 per lb., 

less than one quarter the prevailing air 

freight charges over equivalent distance_ 

A similar project is past the pilot

study stage in the Defense Department. 

AR"'A, now providing the inertial 

guidance system for the ATLAS ICBM 

and engaged in advanced research and 

development, is in the vanguard of the 

race to outer space. For this effort, 

AR"'A needs scientists and engineers 

experienced in astronautics. AR-"'A, 
Garden City, New York. A Division of 

American Bosch Arma Corporation_ 

AIWERICAN BOSCH ARIWA CORPORATION 
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COSMIC SPHERULES AND METEORITIC DUST 

Each year perhaps five million tons of these metallic particles are 

released in the air by the burning of 111eteorites. Their occurrence 

in ocean sediments 111ay be a clue to the history of the solar system 

T
he recent extension of geophysical 
investigations into nearby space 
has given emphasis to the fact that 

life on earth is shielded by the earth's 
atmosphere. It seems doubtful that life 
could exist here at all were it not for the 
atmospheric absorption of harsh radia
tions from space. The present concern 
with radiation has, however, obscured 
a cosmic hazard of a more familiar kind. 
Every second thousands of solid projec
tiles, traveling at velocities of tens of 
kilometers per second, enter the earth's 
atmosphere. These bullets from the cos
mos are meteorites, most of them stony 

by Hans Pettersson 

but many composed of iron with an ad
mixture of nickel. The great majority 
are smaller than a pinhead and weigh 
less than a milligram. But even a tiny 
meteorite could severely injure or kill a 
man if it reached the earth's surface with 
undiminished velocity. Death from 
"meteoritic stroke" might be a not-un
common coroner's verdict if the protec
tive canopy of the atmosphere were not 
spread above our heads. 

Friction with the molecules of the at
mosphere transforms the kinetic energy 
of a meteor to heat, light and mechanical 
work, and disperses its substance in a 

fine dust that settles slowly on the earth. 
A few meteorites, ranging in weight from 
grams to tons, are sufficiently massive to 
penetrate the atmosphere and plunge 
with impressive force into the ground. 
Atmospheric friction heats them only 
superficially. In the case of iron meteor
ites the surface-heating boils droplets of 
molten metal into the surrounding air. 
Instantly cooled and solidified, these 
droplets form tiny "cosmic spherules" 
that settle to the earth along with the 
dust of the lesser meteors. 

The frequency of meteors, established 
by visual and radio observation, indi-

MAGNETIC MATERIAL FROM OCEAN SEDIMENT is enlarged 

ISO diameters. The author collected these particles from a deep· 

ocean deposit of "red clay," brought up in a long "core." Meehan;· 

cal sieves are employed to separate such particles by size, and then 

microscopic examination of each particle is necessary to determine 

which are of extraterrestrial origin and which of terrestrial origin. 
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RELATIVELY LARGE METEORITES that have reached the 

ground before burning up are of two kinds: iron (left) and stony 

COSMIC SPHERULES appear to be droplets that have boiled out 

of burning meteorites. These spherules, enlarged 300 diameters, 
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(right). Top of iron meteorite has been cut, polished and etched. 

Specimens are from the American Museum of Natural Historv. 

were brought up from sediments in mid·Atlantic by an expedi. 

tion of Lamont Geological Observatory of Columbia University. 
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cates that they add a respectable ton
nage of extraterrestrial matter to the 
total mass of the earth in the course of 
a year. A meteorite as small as a pin
head makes a "shooting star," and a few 
such evanescent streaks of light may be 
seen in the sky each hour on almost any 
clear moonless night. Shooting stars are 
especially numerous when the earth 
crosses the orbits of the several swarms 
of meteorites that circle the sun, notably 
the Perseids in the second week of 
August, the Orion ids in late October, the 
Leonids around mid-November and the 
Geminids in the early part of December. 
Meteor showers vary in intensity from 
year to year as well as from month to 
month. In November, 1833, the Leonid 
shower produced a blizzard of shooting 
stars that terrified uninformed observers. 

Just how much extraterrestrial mate
rial the meteor-falls contribute to the 
earth cannot be estimated with certainty 
from purely astronomical data. The at
mosphere so effectively reduces this sub
stantial quantity of matter to impalpable 
dust that only a tiny fraction of it, rep
resented by the larger meteorites, has 
been available for scientific study. The 
meteoritic dust, especially that of the 
stony meteorites, cannot be easily dis
tinguished from terrestrial dust. Even 
the larger meteorites become lost in the 
turnover of material on the earth's sur
face; there are no "fossil" meteorites, that 
is, none more than 25,000 years old. 

D uring the past 13 years I have been 
engaged in efforts to secure direct 

measurements of the meteoritic fallout. 
My samples of meteoritic dust and cos
mic spherules have come from the tops 
of high mountains remote from indus
trial civilization, and from the bottom 
of the ocean. Though the study is by no 
means complete, the data now show that 
meteoritic material comes down to earth 
in much larger quantity (about five mil
lion tons per year) than earlier esti
mates, based on astronomical informa
tion, had indicated. Moreover, it ap
pears that the rate of fall has varied dur
ing the past 10 or 15 million years. These 
findings have relevance to a range of 
questions in geophysics and solar-system 
astronomy, from the origin of meteorites 
to the rate of sedimentation in the deep 
ocean. 

It was the British oceanographer John 
Murray who discovered the existence of 
cosmic spherules and correctly deduced 
their origin. Upon his return in 1876 
from the round-the-world cruise of 
H.M.S. Challenger he stirred a quart of 
"red clay," a chocolate-colored sediment 
from the great ocean depths, with a 

FORCE OPERATIONAL 
GUIDED ISSILE 
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SCHULER 

Enlarged research and develop

ment of precision mechanisms 

used in Inertial Guidance have 

enlarged our staff  openings for 

engineers, scientists and mathe

maticians with 3 to 5 years of expe

rience in this field. Write to Mr. 

C. T. Petrie, Manager, Research & 
Engineering Staff. 

J . w . 
4.. 
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rn LITTON INDUSTRIES Electronic Equipments Division 

Beverly Hills, California 
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TYPICAL RED-CLAY SEDIMENT was brought up from 5,350 

meters in the mid-Atlantic during a research cruise from the Woods 

Hole Oceanographic institution. The label and ruler below it show 

that this section starts (left) 1.5 meters from the top of the sediment. 

hand magnet. The magnet picked up 
some 20 to 30 tiny pellets, each with a 
diameter of a quarter of a millimeter or 
less. They closely resembled iron 
meteorites, being pocked by atmospher
ic erosion. When he viewed them under 
a microscope, Murray decided that they 
were solidified drops of molten metal 
squirted from meteors. He suggested 
that only the extremely slow rate of ac
cumulation of deep-sea sediments-one 
to two millimeters in 1,000 years-per
mitted these rare particles to collect in 
numbers sufficient to make extraction 
profitable. His view has been confirmed 
by the discovery that the spherules are 
much less numerous (sometimes appar
ently entirely missing) in ocean sedi
ments that accumulate more rapidly 

than red clay. It is impractical even to 
attempt to find the spherules in con
tinental sediments, where each one 
would be embedded in an enormous 
quantity of terrestrial material. 

Cosmic spherules were so scarce and 
oceanographic expeditions so few that 
for 70 years after the voyage of the Chal
lenger these meteoritic particles were 
scarcely studied at all. I had Murray's 
discovery in mind, however, during the 
planning of the Swedish oceanographic 
expedition of 1947 and 1948 [see "Ex
ploring the Ocean Floor," by Hans Pet
tersson; SCIENTIFIC AMERICAN, August, 
1950]. I particularly wanted to study 
the number of spherules in sediments 
of increasing age, or depth below the 
sediment surface. Using the piston-corer 

designed by Borje Kullenberg, we raised 
cores as long as 15 meters, and a few 
even longer, from great depths. The 
longest cores previously raised measured 
about three meters. Since red clay is de
posited in the central Pacific at the rate 
of one to two millimeters in 10 centuries, 
every meter the corer sinks into this sedi
ment brings us layers deposited 500,000 
to a million years earlier. The lowest part 
of a 15-meter core contains sediments 
7.5 million to 15 million years old. 

To extract as many spherules as pos
sible from the sediments, Kurt Fredriks
son and I improved on Murray's hand 
magnet with an extractor that has layers 
of soft-iron sieves surrounding an elec
tromagnet. Tests with a counted number 
of tiny artificial iron pellets placed in a 

ELECTROMAGNFrTlC APPARATUS is used by author to collect 
cosmic spherules. At left is suspension of sediment, which is poured 

into apparatus next to it. In use the apparatus contains the electro-

magnet just to the right of it. Some dougbnut-shaped filters are 

mounted on magnet; others are spread out at right. Behind them 

is filter setup tbat divides spherules according to their size_ 
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To assure a new order 

of reliability 

• 

EQUIPMENT 

The micro-module is a new dimension in mili
tary electronics. It offers answers to the urgent 
and growing need for equipment which is 
smaller, lighter, more reliable and easier to 
maintain. Large scale automatic assembly will 
bring down the high cost of complex, military 
electronic equipment. Looking into the immedi
ate future, we see a tactical digital computer 
occupying a space of less than two cubic feet. 
It will be capable of translating range, wind 

velocity, target position, barometric pressure, 
and other data into information for surface to 
surface missile firings. The soldier-technician 
monitoring the exchange of computer data will 
have modularized communications with the 
other elements of his tactical organization. RCA 
is the leader contractor of this important United 
States Army Signal Corps program and is work
ing in close harmony with the electronic com
ponents industry . 

• ,. RADIO CORPORATION of AMERICA 
DEFENSE ELECTRONIC PRODUCTS 

CAMDEN, NEW JERSEY 
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clay suspension indicated that the ex
tractor removed 95 per cent of all mag
netic particles. We stirred a weighed 
quantity of sediment into water and 
passed the resulting suspension three 
times through the magnetic sieves with 
the current on. Then we turned off the 
current and removed the trapped pm'ti
cles. Using mechanical sieves of differ
ent meshes, we separated the particles 
into groups with diameters of more than 
250 microns, 250 to 60 microns, 60 to 30 
microns (the group into which most of 
the spherules fell) and less than 30 
microns. (A micron is a thousandth of a 
millimeter.) Another colleague, Mari
anne Nilsson, examined the particles un
der the microscope for shape and surface 
structure and counted only those of un
doubted cosmic origin. 

Our findings to date may be general-
ized in the statement that the spher

ule count varies from point to point on 
the ocean floor and from one time period 
to another down the length of a given 
core. In one core of homogeneous red 
clay raised from a depth of 5,000 meters 
in the central Pacific, the count varies 
from 1,400 spherules per kilogram close 
to the surface of the sediment, down to 
100 at five meters below the surface and 
then up to 600 at 10 meters below the 
surface. In a similar core the number of 

_ spherules falls from 1,000 per kilogram 
at the top end down to 200 at three 
meters below the surface [see top illus
tration at left J. A larger number of 
spherules was extracted from a shorter 
and thicker core raised from 5,000 
meters in the western Pacific, where the 
sediment is not so homogeneous as in the 
more easterly parts of the ocean. The 
upper layers of this core contained from 
3,000 to 5,000 spherules per kilogram, 
whereas in levels below 1.5 meters from 
the surface the number of spherules was 
much smaller [see bottom illustration at 
left J. Cores from other oceans, where the 
rate of sedimentation is higher than in 
the central Pacific, usually contained no 
more than a couple of hundred spherules 
per kilogram; these cores, however, 

1,000 2,000 3,000 4,000 5,000 6,000 showed the same trend in spherule count 
SPHERULES PER KILOGRAM 

NUMBER OF SPHERULES VARIES WIDELY from top to bottom of a core, as indicated 

in these diagrams. Top diagram shows that a long core raised from 5,000 meters in the 

central Pacific (represented by solid curve) has 1,400 spherules per kilogram of red clay 

near the sediment sudace, down to 100 and then back up to 600 at the bottom of the core. A 
shorter core from same area (broken curve) shows similar variations. Bottom diagram shows 

quantity of spherules found in a five·meter·long core from the western Pacific. Almost all 

cores contain a much higher number of spherules near the sudace than they do lower down. 

128 

as those taken from the bottom of the 
Pacific: a higher count in the upper, 
more recent sediments and a lower count 
in the ancient sediments at the bottom. 

In general the cosmic spherules from 
the ocean floor indicate a higher rate of 
meteor-fall in recent times. The diver
gence of the count in different parts of 
the ocean, however, does not yet permit 
the computation of dependable averages 
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THE AIRESEARC H 
CONSTANT SPEED 

DRIVE STARTER 
is a combined generator, constant 
speed generator drive and pneu
matic starter which will provide 
turbine-powered aircraft with main 
engine starting and full electrical 
power both on the ground and in 
flight 
Advantages are: 
1. Combines in one lightweight unit 
pneumatic starting and electrical 
power. Utilizes starter turbine 
(which is normally considered as 

THE 

in-flight "dead weight") for con
stan t speed trim. 
2. Provides full electrical power 
on ground without operating main 
engines by using a source of com
pressed air. 
3. Provides full electrical power in 
flight with a minimum use of bleed 
air for speed correction. Full elec
trical power can be maintained on 
a nonoperating engine by cross
bleeding air from operating engine. 
4. T h e  u n i t  c a n  be m a d e  s e l f 
contained o n  the ground o r  i n  the 
air by installing an AiResearch gas 
turbine into the aircraft This closed 
system within the aircraft fulfills 

COR .. ORA .... ON 

the three conditions listed above. 
Other features: Extremely 

light weight ... low oil heat rejec
tion ... self-contained, self-cooling 
lubricating system ... high tempera-
ture operation ... constant speed 
output pad available for additional 
accessories ... up to 120 KVA. 

A high degree of dependability 
has been achieved by using a tur
bine, gear train and control system 
similar to that employed in pro
duction air turbine starters and air 
turbine motors built by AiResearch 
which have accumulated thousands 
of hours of successful operation. 

Your inquiries are invited. 

�hResearch Manufacturing Divisions 
Los Angeles 45, California' Phoenix, Arizona 

Systems, Packages and Components lor: AIR CRAFT, MISSILE, ELECTRONIC. NU CLEAR AND INDUSTRIAL APPLICATIONS 
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-only small 
organ with 
two full 
61-note key .. 
boards and 22 stops. 
Requires only 2')(3'2" floor 
space! Com
mercial value 
approximate .. Iy 51600 
or more. 

IS SUPERB 
ORGAN 

FROM SIMPlE KITS 
ani saVlOVI,50% 

Give Your Family A Lifetime 
of Musical Joy With A Magnificent 

Schober Electronic Organ! 

Now you can build the brilliant, full
range Schober C ONSOLETTE or the 
larger CONCERT MODEL with simple 
hand tools! No skills are needed; no wood
working necessary. JUst assemble clearly 
marked electronic parts guided by step
by-step instructions. You build from kits, 
as fast or as slowly as you please ... at 
home, in your spare time - with a small 
table serving as your entire work shop. 

Pay As You Build! 
Start building your organ at once, invest
ing just $18.94! The superb instrument 
you assemble is as fine, and technically 
perfect, as a commercial organ ... yet 
you save over 50% on quality electronic 
parts, high-priced labor, usual store 
mark-up! 

Free Booklet 
Send for 16-page booklet in full color 
describing Schober organs you may build 
for home, church or school - plus articles 
on how easy it is to build 
your own organ and how 
pleasant it is to learn to 
play. Also available is 
10" LP demonstration 
record (price $2.00 - re
fundable on first order) . 
Send for literature. No 
obligation and no sales
man will call. 

THE GREAT 
CONCERT 

MODEL 
meets 

specifications of 
American 
Guild of 

Organists 

Mail This Coupon For FREE Schober literature 
And Hi-Fi Demonstration Record TODAY! 

----------- -. 
The Schober Organ Corp., Dept. SA·1 I 2248 Broadway, New York 24, N. Y. 
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that would fix the variation over time. 
Such a curve, established by examina
tion of a large number of different cores, 
might in turn furnish a time-scale for 
measuring the rate of sedimentation in 
parts of the ocean bottom yet to be ex
plored. Deeper cores, reaching back into 
more remote periods of time, would also 
yield valuable information. Judging 
from the visible effects of cosmic bom
bardment on the face of the moon, there 
may be an extremely large number of 
cosmic spherules and other meteor frag
ments in the very deepest and oldest lay
ers of ocean sediments. If the "Mohole" 
is drilled through the deep-ocean bed 
into the earth's mantle, sediments de
posited since the birth of the oceans will 
be brought up. A count of spherules in 
them would produce a full record of 
meteoric activity through the ages. 

The spherule count, even from the 
present shallow cores, has conclusively 
settled one debate. Arguing from the 
absence of fossil meteorites, the German 
geologist Robert von Schwinner ad
vanced the idea that meteors came from 
outside the solar system and that they 
represent a sampling of interstellar de-
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bris swept into the sun's gravitational 
field about 25,000 years ago. Apart from 
the rather weak negative proof on which 
this hypothesis rested, astronomical ob
servations had indicated that all meteors 
originate in the solar system [see "The 
Origin of Meteorites," by S. Fred Sing
er; SCIENTIFIC AMERICAN, November, 
1954]. With von Schwinner's idea in 
mind, we carefully tested sections from 
the bottom end of five cores from 10 to 
14 meters long. They produced from 77 
to 194 spherules per kilogram of sedi
ment. Since these particular sections 
must have been several million years old, 
the discovery of spherules in them 
erases any possibility that meteorites are 
of recent origin. 

I t has occurred to a number of investi-
gators that the spherules presently 

drifting downward through the atmos
phere might be trapped and counted by 
collectors exposed to rainfall and winds. 
From such a study one group of work
ers in the U. S. has estimated that sev
eral million metric tons of spherules fall 
annually on the earth. This estimate, 
however, seems improbably high. Their 

0·3,700 4,000·9,000 7.000·20,000 3,000.18�OOO' 10,000·25,000 0-200,000 
TIME (YEARS) 

SPHERULE COUNTS FROM SEVERAL DEPTHS IN TWO OCEANS are quite different . 

Cores from the Mediterranean (shown in color) indicate that during the past 3,700 years 

3,300 tons of sphernles were deposited on the entire earth each year. Sediments deposited 

in Mediterranean 4,000 to 9,000 years ago indicate that the annual average for the earth in 

that period was 700 tons of spherules. Cores from Pacific (gray) give other figures. 
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DU PONT IMPROVES 

® 

SYNTHETIC RUBBER 

Gt NOW GIVES TWICE THE SERVICE LIFE AT 600°F. 

• OFFERS GREATER RESISTANCE TO CHEMICALS AND SOLVENTS 

VITON'S remarkable resistance to heat and fluids has al
ready improved performance of components for appliances, 
autos, aircraft and many types of industrial equipment. 
Now the ability of this new synthetic rubber to withstand 
heat and chemical exposure has been extended to even 
greater limits_ Here are some of the properties of the new 
high-performance grade, now commercially available in a 
wide range of products_ 

Improved resistance to heat aging-When oven-aged in 
air at 4000 F. or less, VITON vulcanizates now remain use
fully elastic for indefinite periods. At higher temperatures, 
they can be expected to remain usefully elastic for more than: 

3000 HOURS @ 4500 F. 
1000 HOURS @ 5000 F. 

240 HOURS @ 5500 F. 
48 HOURS @ 6000 F. 

Improved resistance to fluid exposure-VITON now has 
better resistance to nitric acid, glacial acetic acid and 

hydrochloric acid, as well as to certain aromatics and 
diester lubrican ts. Its proven resistance to a wide variety 
of oils, solvents, fuels and chemicals remains unequalled 
among synthetic rubbers. 

Complete information-Learn more about VITON, and 
how it can improve the products you make and use. Tech
nical literature just published will give you all the facts. 
Write to E. I. du Pont de Nemours & Co. (Inc.), Elastomer 
Chemicals Dept. SA-2, Wilmington 98, Del. 

C[QPOtID SYNTHETIC RUBBER 
NEOPRENE HYPALON® VITON® ADIPRENE® 

Ru;, u. s. ,,,T. orr. 

Better Things for Better Living . . .  through Chemistry 

OTHER IMPORTANT PROPERTIES OF VITON 
Hardness: 60 to 95 durometer on the Shore A scale. 

Tensile strength: 2000 to 3000 psi. at room temperature, 
with elongation from 100% to 400%, depending on hard-

- ness; at 3000 F., tensiles of 300 to 1000 psi., with elon

gation from 80% to 200%. 

Compression set: VITON vulcanizates recover to within 
90% to 97% of original dimensions when compressed 
25% and held at 2500 F. for 70 hours. 

Low temperatures: Specimens 0.075 in. thick have a 
Young's modulus of 10,000 psi. at -200 F. and a brittle 

point of -4r F. A 0.010 in. thick coating of VITON on 
wire did not crack at -900 F., when bent around a man
drel 10 times the diameter of the wire. 

Ozone and weather: VITON has withstood 28 days in 100 
ppm of ozone, without a crack! After twelve months' ex
posure to direct Florida sunlight, it still remained in 
perfect condition. 

Electrical: Typical values-DC resistivity of 1.4 x 1014 
ohm-cm; specific inductive capacity of 8.53; power factor 
of 2.5%; dielectric strength of 412 volts/mil. 
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samples may have been contaminated 
with man-made spherules originating in 
industrial centers; pellets from welding 
plants, for example, can be carried by 
winds over great distances. Critical 
studies in western Germany and in 
Sweden have given much lower figures. 
My own studies on this line, made on 
various Pacific islands, where the risk of 
contamination is extremely low, show 
only a minute fraction of the count re
ported by the U. S. workers. 

At present it seems more profitable to 
collect meteoritic dust, rather than 
spherules, from the air. Since relative
ly few meteorites are metallic and 
even fewer are large enough to yield 
spherules, the overwhelming mass of 
meteoritic material, whether stony or 
metallic, comes down as dust. In 1957, 
when I held the chair of geophysics at 
the University of Hawaii, I undertook 
what appears to be the first attempt to 
determine just how much cosmic dust is 
presently falling on our planet. To gath
er dust from the air I was fortunate 
enough to secure the use of the most 
advanced type of electrical air-pump, 
designed for sampling smog. One unit 
was installed at an altitude of 1 1,000 
feet near the suml;1it of Mauna Loa on 
the island of Hawaii. Another was set 
up at an observatory at 10,000 feet on 
Haleakala, a mountain on the island of 
Maui. Occasionally winds stir up lava 
dust from the slopes of these extinct vol
canoes, but normally the air is of an al
most ideal transparency, remarkably 
free of contamination by terrestrial dust. 

It was nonetheless apparent that the 
dust collected in the filters would come 
preponderantly from terrestrial sources. 
To distinguish the portion contributed 
from space, my scheme was to rely upon 
the high nickel-content of meteorites. 
Analysis of larger meteorites had shown 
that the "irons" characteristically contain 
7.5 per cent nickel and that even the 
"stones" have 1 per cent. According to 
Fletcher G. Watson of Harvard Uni
versity, the average nickel-content of 
meteorites of all kinds is 2.08 to 2.8 per 
cent. Since nickel is a rare element in 
terrestrial dust, it was reasonable to ex
pect that any nickel found in dust 
samples came from meteoritic sources. 
Taking 2.5 per cent as a fair average of 
Watson's estimates, I needed only to 
multiply the weight of the nickel by 40 
to find the total weight of the dust from 
meteoritic sources. 

Because my work was financed by the 
U. S. Atomic Energy Commission in 
connection with its study of radioactive 
fallout, the dust samples went first to 
New York, where they were tested for 

the presence of strontium 89 and 90 
(with positive results) . The material 
then went on to Vienna, where it was 
analyzed for iron, nickel and cobalt by 
Friedrich Hecht, an authority on micro
analysis, Hans Korkisch and others. 

M ost of the samples contained small 
but measurable quantities of nickel 

along with a large amount of iron. The 
average for 30 filters was 14.3 micro
grams of nickel from each 1,000 cubic 
meters of air. This would mean that each 
1,000 cubic meters of air contains .6 
milligram of meteoritic dust. If meteorit
ic dust descends at the same rate as the 
dust created by the explosion of the 
Indonesian volcano Krakatoa in 1883, 
then my data indicate that the amount 
of meteoritic dust landing on the earth 
every year is 14 million tons. From the 
observed frequency of meteors and from 
other data vVatson calculates the total 
weight of meteoritic matter reaching the 
earth to be between 365,000 and 3,650,-
000 tons a year. His higher estimate is 
thus about a fourth of my estimate, 
based upon the Hawaiian studies. To be 
on the safe side, especially in view of the 
uncertainty as to how long it takes me
teoritic dust to descend, I am inclined to 
find five million tons per year plausible. 

The five-million-ton estimate also 
squares nicely with the nickel content of 
deep-ocean sediments. In 1950 Henri 
Rotschi of Paris and I analyzed 77 sam
ples of cores raised from the Pacific dur
ing the Swedish expedition. They held 
an average of .044 per cent nickel. The 
highest nickel content in any sample was 
.07 per cent. This, compared to the aver
age .008-per-cent nickel content of con
tinental igneous rocks, clearly indicates 
a substantial contribution of nickel from 
meteoritic dust and spherules. 

If five million tons of meteoritic dust 
fall to the earth each year, of which 2.5 
per cent is nickel, the amount of nickel 
added to each square centimeter of 
ocean bottom would be .000000025 
gram per year, or .017 per cent of the 
total red-clay sediment deposited in a 
year. This is well within the .044-per
cent nickel content of the deep-sea sedi
ments and makes the five-million-ton fig
ure seem conservative. 

In order to arrive at a more reliable 
estimate, I am continuing the collection 
of samples in Hawaii. Collecting appara
tus has also been installed at an observa
tory high on the Jungfraujoch in the 
Swiss Alps. Within the next few years 
the samples should be extensive enough 
to begin to produce a fairly firm indica
tion of the total amount of meteoritic 
dust actually falling to the earth. 
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DEAL 
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ca's top leaders in production and 

industrial growth. A great labor 

pool, capable of learning new skills, 
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expansion. 
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for Astronauts 

COlubiuing the features of a space ship, 

guided missile and a conventional airplane, the new 
Space Ferry was designed by Hughes-Lockheed Proj
ect teams to shuttle men and materials between earth 
and outer space. 

The Space Ferry would carry a pilot and 3 commuters. 
Payload would be about 14,000 pounds; cargo could 
vary from flight to flight. 

Taking off from earth the Space Ferry would orbit at 
300 to 500 miles, rendezvous with other space craft, 
transfer passengers and cargo, and return to earth ... 
all on a routine schedule. 

The Hughes-designed Navigation and Guidance Sys
tem would utilize an inertial platform and a digital 
computer. It would automatically control boost to 
orbit, bringing the Ferry to within 20 to 50 miles of 
its destination. 

The Hughes Attitude and Flight Path Control System 
would incorporate several novel features: A space 
attitude and translation control system, based on ve
locity feedbacks, would give the pilot easy control for 

"Vest Pocket Air Defense System" - Hughes 

mobile digital computer and display unit, linked to a 
Hughes 3-D scanning radar antenna, assigns enemy 
targets to missile batteries. 

"Paramp" (parametric amplifier) developed by 
Hughes research engineers and scientists, can double 
effective range of today's radar units. 

rendezvous and final soft contact with the platform. 
For re-entry and flight in atmosphere, the system 
would use structural temperature as a signal for auto
matic control during the critical heating phase. The 
resulting maneuver eliminates the characteristic 
skipping oscillations of uncontrolled re-entries. Either 
pitch or bank (or both) maneuvers would be selected 
with elevons as primary controls. 

The new Space Ferry reflects the many stimulating 
outlets available to Hughes engineers. Other projects 
include nuclear electronics, spatial communications 
systems, advanced airborne electronics systems, three
dimensional radar systems, new semiconductor 
materials, electron storage tubes ... and many others. 

A diversity of advanced projects, a history of contin
ued growth, technically oriented company philosphy 
- these factors make Hughes the ideal environment 
for engineers interested in building a rewarding future. 

Newly instituted programs at Hughes have created immediate 

openings for engineers experienced in the following areas: 

Electrolum i nesce nce 

Infra-red 

Plasma PhYSics 

Digital Computers 

Reliability & Quality Assurance 

Systems Design & Analysis 

Equipment Engineering 

Microwave & Storage Tubes 

Communications Systems 

Micro Electronics 

Engineering Writing 

Circuit Design & Evaluation 

Write in con/idence to Mr. R. A. Martin 

Hughes General Offices. Bldg_ 6-F2. Culver City. Calif. 

the West's leader in advanced ELECTRONICS ,----------------------------l 
I I 
I I 
: HUGHES : 
I I 
I I L ____________________________ � 

@ 1960. H. A. c. 
HUGHES AIRCRAFT COMPANY 
Culver City, EI Segundo, Fullerton, Newport Beach, Malibu, 

Santa Barbara, Oceanside and Los Angeles, California 

Tucson, Arizona 
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YEASTS 

These single-celled fungi, essential In the n1aking of bread and 

alcoholic beverages, produce enzyn1es and vitan1ins as ,veIl. They 

have also helped to thro,v light on many areas of cell physiology 

Y
easts have been called the oldest 
cultivated plants. Men may have 
employed these microscopic sin

gle-celled organisms to ferment wild 
grains even before they learned to culti
vate the grains themselves. That the arts 
of brewing and baking were already well 
advanced in the early days of civilization 
can be gathered from the exquisitely 
preserved models of a brewery and a 
bakery found in a 4,OOO-year-old tomb 
at Thebes on the Nile [see illustmtion 
below J. The Book of Exodus, in its 
vivid account of the privations of the 
Jews on their flight from Egypt, takes 
special notice of the fact that they had 
to subsist on unleavened bread, having 
fled without yeast balm. 

It was less than a century ago, how
ever, that a living organism, the tiny 

by Anthony H. Rose 

yeast cell, was recognized as the agent 
of the fermentation process that yields 
alcohol for the brewer and carbon diox
ide for the baker. The controversy that 
settled this question established the sci
ence of bacteriology. With the question 
restated to ask just how the yeast cells 
carry on fermentation, it was the discov
ery of the yeast enzymes that founded 
the science of biochemistry. As scientific 
understanding of yeasts has deepened, 
the technological role of these organisms 
has broadened. Along with bread and al
coholic beverages they now produce 
vitamins for human consumption and 
enzymes and alcohol for industry. Cer
tain species of yeast, possessing the ca
pacity to synthesize proteins from indus
trial wastes, may provide substantial re
lief for the world's food shortage. But 

EARLY USES OF YEAST are shown in this ancient Egyptian model of a bakery and brew

ery. The model, found in a tomb at Thebes, dates from around 2000 B.C.; man began using 

yeast even earlier. The baking and brewing industries are still the largest consumers of yeast. 
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the new intimacy in this ancient ac
quaintanceship has by no means less
ened the interest that yeasts hold for the 
investigator. As perhaps the best known 
as well as the most useful microorgan
isms, yeasts provide the ideal laboratory 
subject for investigation of many funda
mental questions in cell physiology. 

Yeasts are fungi-plants that lack 
chlorophyll and so are obliged to live a 
parasitic or a scavenging existence. But 
the word "yeast" does not have the bo
tanical significance that is attached to 
such terms as bacterium or alga. In the 
over-all classification of fungi, yeasts ap
pear nowhere as a separate subdivision. 
Rather, yeasts are fungi in a particular 
morphological state: the single-celled or 
yeast state. The true yeasts almost al
ways occur in this state, and they include 
representatives of all but one of the main 
groups of fungi. Other fungi, including 
several pathogenic species, occur as mul
ticelled, usually filamentary plants and 
are found in the yeast state only when 
they are forced into it by environmental 
circumstance. 

The individual yeast plant is usually 
a spherical or ovoid cell; it measures 
roughly four ten thousandths of an inch 
in diameter (about the size of a human 
red-blood ceU and somewhat larger than 
most bacteria) and weighs about a ten 
billionth of a gram. Structurally it re
sembles other plant cells. A thick ceU 
wall encloses a mass of protoplasm that 
in mature cells contains granules of vari
ous shapes and sizes. Staining with an 
appropriate dye reveals minute particles 
resembling the mitochondria, which are 
the centers of the energy-generating oxi
dative reactions in most cells. In the yeast 
cell these mitochondrial particles play an 
important role in the fermentation proc
ess. Near the large central vacuole are 
one or two nuclear bodies that transmit 
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DIFFERENT TYPES OF YEAST reflect their varied uses. Brew· 

ers' and bakers' yeasts are both strains of the species Saccharomyces 

cerevisiae (top left) ; wine yeast (top right) is a variety of the same 

species. Candida utilis (bottom left) has been used for food; it con-

verts sugars from wood-pulp wastes into protein. The species Ash

bya gossypii (bottom right) is employed in the commercial produc

tion of riboflavin (vitamin B2) ; the sausage.shaped cell near the 

center of the photograph contains an oblong crystal of the vitamin. 
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BUDDING OF A YEAST CELL is shown in this series of photo. 

micrographs made at intervals of 30 seconds. The process begins 

with a "blowout" in the wall of the cell (top right) through which 

cell material pours to form the bud. In the next two rows the bud 
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gradually enlarges and its wall thickens. In photomicrographs at 
bottom, made after a lapse of 15 minutes, bud has further enlarged 

and wall of the parent cell has been rebuilt. The bud will Boon 
break away from its parent to begin an independent existence. 
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the hereditary characteristics of the cell
for example the efficiency with which it 
conducts fermentation-to its daughter 
cells. 

yeasts are widely distributed in nature, 
being found in the soil, in the sea and 

even on human skin. Most species, how
ever, grow best in sugary habitats, such 
as the juices of damaged plants, the nec
tar of flowers and the skins of sweet 
fruits such as grapes and apples, on 
which they form the familiar white film, 
or "bloom." Some yeasts can grow in 
jellies and syrups containing up to 60 
per cent sugar, a concentration sufficient 
to inhibit the growth of most other mi
croorganisms. 

The preference of most yeasts for 
sugar is dictated by their metabolism. 
They obtain energy by breaking down 
sugars into simpler compounds. If oxy
gen is available, they convert the sugar 
into carbon dioxide and water. In the 
absence of oxygen they ferment sugar 
into alcohol and carbon dioxide. From 
the metabolic point of view fermentation 
must be regarded as an incomplete and 
inefficient process, for most of the ener
gy originally available in the sugar re
mains locked up in the alcohol. It is this 
inefficiency, however, that makes the 
yeast plant useful to the brewing and 
baking industries, which are still the 
largest consumers of yeast. The brew
master is interested mainly in the alco
hol, which he obtains by fermentation of 
the sugars in malt wort, an infusion of 
germinated barley and other cereals [see 
"Beer," by Anthony H. Rose; SCIENTIFIC 
AMERICAN, June, 1959]. The baker, by 
contrast, is concerned only with the car
bon dioxide, which softens and "raises" 
the dough, making it more palatable and 
digestible when it is baked. The alcohol, 
of course, evaporates during baking. 
Brewers' and bakers' yeasts both belong 
to the species Saccharomyces cerevisiae 
and differ but slightly. Indeed, only 
during the last century has yeast been 
manufactured espeCially for baking; 
bakers used to get their Yeast from the 
brewery. 

The wine-makers' yeasts belong to a 
different branch of the same species and 
are distinguished from the brewers' and 
bakers' yeasts by the ellipsoidal shape 
of their cells. Strains of this yeast pre
dominate in the mixture of microbes that 
makes up the bloom on grapes. The 
European vintner still relies on the nat
ural fermentation brought about by the 
bloom when the grapes are crushed. In
deed, he claims with some justification 
that the individual bouquet of a wine 
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Corrosion and wear come 
in many combinations 

so does 

KENNAMETAr 
Components like those shown below are 
made from Kennametal to withstand 
varying combinations of corrosion and 
wear as well as erosion, impact, heat and 
abrasion. To solve such problems effec
tively, yet most economically, Kenna
metal is made in many different grades. 

For example, when corrosion is too 
severe for "standard" tungsten carbide 
compositions, new Kennametal Grade 
K701 may provide the answer ... at little 
more cost than the standard grades. If 
not, another new grade, K601 has still 
greater resistance. And, for maximum re
sistance to corrosion and abrasion, Ken
nametal K501 is available. In use more 
than 10 years, this platinum bonded hard 
tungsten alloy has established outstand
ing service records . . . has succeeded 
where all other materials failed. 

Or, for strength at extremely high (to 
2200°F) temperatures, try Kentanium.** 

If you have corrosion-wear problems 
.. . including high or sub-zero tempera
ture conditions . . . chances are one of 

• the many Kennametal compositions can 
provide an economical solution. For more 
information, send for booklets B-ll1-A, 
"Characteristics of Kennametal," and 
B-444-A on "Kentanium." Or, we will 
gladly help you select the composition 
that has the required properties at the 
most economical price. KENNAMETAL 
INC., Dept. SA, Latrobe, Pa. 
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*Trademark of a series of 
hard carbide alloys of 
tungs te n, tungsten
titanium and tantalum. 

**Trademark of a series of 
hard ti tanium carbide 
alloys. 

Successful applications 

of Kennametal and 

Kentanium compositions 

include: 

spray nozzles, sea I 
rings, missile and 

aircraft parts, bushings, 

pulverizing hammers, 

parts for chemical 

equipment, compacting 

dies, non·lubricated 

guides, gripping jaws, 

valving parts, gas 

turbine sensing 

elements, flame burner 

nozzles, wear rings, 

slitter knives. 
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from a particular vineyard is largely at
tributable to this mixed bag of microbes. 
Only during bad years, when the bloom 
is dominated by the wrong kind of fun
gi, which the vintner calls "mold," does 
he resort to the use of a pure strain of 
wine yeast. North American wines, how
ever, are invariably fermented with pure 
yeasts. After the grapes are crushed, the 
unfermented juice, or "must," is treated 
with sulfur dioxide to kill off the mi
crobes in the bloom and is then inocu
lated with a selected yeast strain. Al
though this process gives the vintner 
greater control over the quality of his 
product, it makes the production of true 
vintage wines virtually impossible. 

Spirits (whisky, rum, brandy, gin, 
etc.) are distilled from various juices 
and cereal infusions that have been fer
mented with yeast. Distillers also em
ploy strains of SacchaTOmyces cerevisiae, 
but they select their strains for the abil
ity to tolerate fairly high concentrations 
of sugar and alcohol. This tolerance en
ables the yeast to produce a higher-proof 
ferment for distillation. Similar strains 

ferment molasses and other sugary wastes 
in the manufacture of ethyl alcohol in 
bulk for use as an industrial solvent. The 
industrial demand for alcohol, however, 
is increasingly being met by the cheaper 
synthetic product made from ethylene, a 
petroleum by-product. 

The first man to see a yeast cell was 
Anton van Leeuwenhoek, the found

er of microscopy. It was inevitable that 
he should turn one of his crude lenses on 
a drop of fermenting beer. But his obser
vation did not establish that the cells 
carry on the fermentation process. This 
remained to be demonstrated by Louis 
Pasteur in 1875, when he showed be
yond all doubt that alcoholic fermenta
tion does not arise spontaneously but is 
the work of living cells. Pasteur's discov
ery raised a new question: Was the 
sugar molecule decomposed inside the 
cell, or did the cell somehow transfer its 
decomposing activity to the sugar mole
cule? The brothers Hans and Eduard 
Buchner answered this question some 60 
years ago in Germany. They were at-

PATHOGENIC YEAST Cryptococcus ne% rmans is one of several species of yeasts and 

yeastlike fungi that cause disease in man. This organism attacks the central nervous system, 

causing a dangerous form of meningitis. The cells are enclosed in thick, gelatinous capsules. 
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tempting to prepare cell-free extracts of 
yeast for medical experimentation by 
grinding up yeast cells with fuller's earth 
and squeezing out the juice. As a preserv
ative they added sugar to the cell-free 
juice and were startled to find that the 
juice began to bubble and froth. Clearly 
the machinery for alcoholic fermenta
tion was originally housed inside the cell; 
the organic catalysts that comprise this 
machinery came to be known as enzymes 
(from the Greek for "in yeast") . 

This chance demonstration of cell
free fermentation was the first in a whole 
series of studies that ultimately, over the 
next 40 years, elucidated the entire chain 
of a dozen or so enzyme reactions by 
which the yeast organism transforms 
glucose into alcohol and carbon dioxide. 
Several eminent biochemists, including 
Sir Arthur Harden in England and Carl 
Neuberg and Otto Meyerhof in Ger
many, devoted the major part of their 
working lives to the effort. Their work 
acquired still greater significance with 
the discovery that the same series of re
actions occurs in many different types of 
living matter, and that it represents a 
basic process for releasing the energy 
locked up in the glucose molecule. 

Industrial and scientific interest in the 
fermentation process tends to obscure 
the fact that yeasts produce a great many 
useful substances other than alcohol and 
carbon dioxide. As one might expect, 
yeasts are a primary source of. enzymes. 
Confectioners, for example, employ the 
yeast enzyme invertase to produce 
cream-centered chocolates. When the 
centers are molded and coated with 
chocolate, they contain a solid, crystal
line sugar (sucrose) . Invertase mixed 
into the sugar then slowly converts it 
into a creamy mixture of glucose and 
fructose. Another yeast enzyme, lactase, 
breaks down milk sugar (lactose) ; this 
enzyme is added to ice cream to prevent 
the lactose from crystallizing out. These 
enzymes come principally from brewers' 
yeast. On the other hand, most riboflavin 
(vitamin B2) for human and animal con
sumption comes from three quite differ
ent species of yeast which, under the 
proper nutritional conditions, excrete 
large quantities of this substance. 

Probably the most interesting recent 
development in yeast husbandry is the 
use of yeasts as a food for men and 
fodder for animals. Fungi are not, of 
course, a new food. Mushrooms and 
truffies, which are simply the spore-pro
ducing organs of certain microscopic 
fungi, have had their place in high and 
low cuisines for centuries. The idea of 
using yeasts as a food is credited to the 
German microbiologist M. Delbruck, 

The new Ramo-Wooldridge Laboratories in Canoga Park, Cali
fornia, will provide an excellent environment for scientists and 
engineers engaged in technological research and development. 
Because of the high degree of scientific and engineering effort 
involved in Ramo-Wooldridge programs, technically trained 
people are assigned a more dominant role in the management of 
the organization than is customary. 

The ninety-acre landscaped site, with modern buildings 
grouped around a central mall, contributes to the academic envi
ronment necessary for creative work. The new Laboratories will 
be the West Coast headquarters of Thompson Ramo Wooldridge 
Inc. as well as house the Ramo-Wooldridge division of TRW. 

The Ramo-Wooldridge Laboratories are engaged in the broad 
fields of electronic systems technology, computers, and data proc
essing. Outstanding opportunities exist for scientists and engineers. 

For specific information on current openings write to Mr. D. L. 
Pyke. 
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CHANGES IN YEAST CELL WALL during budding are depicted schematically. The wall 

(top) consists of straight fibers of a substance resembling cellulose; these are cemented to

gether by particles of a similar but more intricately structured material. Both substances are 

associated with proteins containing sulfur atoms (color) ; bonds between these atoms are 

believed to hold the cell wall together (center) . When the cell buds (bottom) , an enzyme 

transfers hydrogen (black rectangles) to the sulfur atoms, breaking the bonds and thus weak

ening the cell wall. Internal pressure then causes the "blowout" shown on page 138. 
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who in 1910 delivered a lecture entitled 
"Yeast, a Refined Fungus." Delbriick 
emphasizeq the high-protein content of 
yeasts and the ease with which they can 
be manufactured from inexpensive raw 
materials. During World War II large 
quantities of food yeast were consumed 
in Germany, mainly in soups and sau
sages. Although brewers' yeast has been 
used in this way, the most useful food 
yeast is Candida utilis, an adaptable 
species that can convert into protein cer
tain nutritionally worthless sugars pro
duced as by-products in the cellulose 
and wood-pulp industries. 

Yeasts are particularly valuable as 
supplements to diets low in animal pro
teins. Vegetable proteins are conspicu
ously deficient in the essential amino acid 
lysine. Though yeasts lack some other 
amino acids, they contain much lysine, 
and thus may provide a ready and in
expensive way to upgrade the diets of 
many African, Asian and Central Ameri
can communities. The principal obstacle 
at present is that the various yeasts do 
not make a particularly palatable food. 

Though the chemical activities of 
yeast are by and large well understood 
and have been put to good use, there are 
some yeasts that cause disease in man 
and stubbornly resist efforts to bring 
them under control. The yeast Candida 
albicans produces troublesome infections 
(moniliasis) of the fingernails and mu
cous membranes. A less common but 
more dangerous species, Cryptococcus 
neoformans, can induce a chronic and 
often fatal form of meningitis. Certain 
yeastlike fungi are responsible for histo
plasmosis, a lung infection, and North 
American blastomycosis, an unsightly 
and debilitating skin disease. These mi
crobes are "part time" yeasts that lead a 
single-celled existence in the body but 
form multicelled filaments in laboratory 
cultures. 

As yet there is no effective therapy 
against these diseases. Treatment with 
antibiotics often aggravates them, appar
ently because the antibiotics kill off bac
teria that normally compete with the 
yeast for nutrients. In fact, some public
health authorities believe that the wide
spread use of antibiotics has produced a 
significant increase in yeast infections. 
Fortunately several recently discovered 
antibiotics appear to be effective against 
fungi, including yeasts. 

On balance and despite these few 
noxious exceptions, yeasts remain 

more allies than adversaries of research 
scientists. Since the days of Pasteur and 
the Buchners, they have provided prolific 
and easily cultured experimental organ-
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Construction of additional building in progress at RCA Moorestown-to be completed Spring, 1960 

SENIOR RADAR 

ENGINEERS: 

GROW AT A GROWING 

RCA MOORESTOWN 

For information concerning the projects and 
positions currently at RCA Moorestown, 
please send a resume to: 

Mr. W. J. Henry 
Box V-ll B 
RCA Moorestown, New Jersey 
(20 minutes from Philadelphia) 

RADIO CORPORATION 0' AMERICA 
MISSILE AND SURFACE RADAR DIVISION 
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isms for use in the investigation of a host 
of fundamental questions. One signifi
cant research enterprise which they are 
now helping is the uncovering of the 
molecular events that take place during 
cell division. 

When a growing cell, whether it is in 
a microbial culture or in living tissue, has 
taken up sufficient nutrient from its sur
roundings and has reached a certain size, 
a series of metabolic reactions normally 
comes into play that causes the cell to 
divide. Hardly anythiug is known about 
how these reactions are brought into op
eration. Among the many groups of in
vestigators working on this question the 
one led by Walter J. Nickerson at the In
stitute of Microbiology at Rutgers Uni
versity has been making impressive 
progress with the help of a yeast. 

Most single-celled organisms, as well 
as the individual cells of multicelled or
ganisms, reproduce by fission, a process 
in which the cell divides into approxi
mately equal halves. Yeasts, however, 
reproduce by budding. Under the micro
scope a fully grown yeast cell is seen to 
develop a protuberance that gradually 
enlarges and within a few hours breaks 

NORMAL 

DIPLOID CELL 

ASEXUAL 

REPRODUCTION 

away from the mother cell. Photomicro
graphs have revealed that the bud begins 
with a "blowout" in the wall of the cell, 
through which part of the interior mate
rial pushes to form the bud [see illustra
tions 011 page 138]. 

Nickerson and his associates sought to 
discover the cause of this blowout, using 
as their experimental organism the patho
genic yeast Candida albicalls. Although 
this species normally buds, it has a 
mutant strain that cannot bud but in
stead grows into long filaments. Clearly 
some of the reactions that bring about 
cell division were not operating in the 
mutant. However, the first attempts to 
discover metabolic differences between 
the mutant and normal strains were not 
encouraging. Nutritional requirements, 
growth rate, fermentation rate and 
chemical composition all appeared to be 
identical. Finally it was discovered that 
growing cells of the mutant, but not the 
normal strain, could reduce a dye called 
red tetrazolium, that is, alter the struc
ture of the substance by filling key bonds 
with hydrogen atoms. This reaction sug
gested that the budding process in the 
mutrrnt :�:.d h:>lted at a point at which a 

ASEXUAL 

REPRODUCTION 

reducing substance was formed. For 
some reason this substance could not 
reduce the cell component that is its 
natural "target," though it could re
duce the dye. In collaboration with Giu
seppe Falcone, a visiting investigator 
from the University of Naples, Nicker
son set about searching for the target 
component. 

Since the first sign of cell division is 
the blowout in the cell wall, it seemed 
logical to look in the structure of the cell 
wall for this component. Nickerson and 
Falcone discovered that the wall is com
posed of two materials: glucan, a long
chain molecule made up of glucose 
units, and glucomannan, a more complex 
long-chain molecule composed of glucose 
units and those of the similar sugar 
mannose. Both of these polysaccharides 
are closely associated with proteins that 
somewhat resemble keratin, the kind of 
protein found in hair and fingernail. 
When keratin proteins are treated with 
reducing agents, they are known to be
come pliable. It would seem, therefore, 
that reduction of the cell-wall proteins 
temporarily softens a portion of the wall, 
whereupon internal pressure within the 

ASEXUAL 

REPRODUCTION 

SPORE CELL 

ABNORMAL 

SPORE CELL 

REPRODUCTIVE CYCLE IN BREWERS' YEAST indicates that 

asexual reproduction (budding) is not controlled by the nucleus of 

the cell. All yeasts multiply asexually; some species also reproduce 
sexually. A normal cell divides into spores of different "sexes" with 

nuclei containing half the normal amount of chromosomal mate· 

rial; the spores may multiply into haploid cells. Haploid cells of 

different sexes join to form a normal cell that can reproduce both 

asexually and sexually. If haploid cells of the same sex join, 

the resulting cell cannot reproduce sexually. However, its abnor

mal nucleus does not prevent it f!"Om budding in the usual way. 
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EXPANDING! 
An ever increasing demand for electrical-electronic engineers 

with advanced degrees now exists in Boeing Wichita's 
tremendously expanded long-range new Product Design program. 

Antenna Design Engineers to conduct research leading to miniaturization 
of antennas by use of loading dielectrics and/or ferrites ... 

Configuration Designers to create military and civilian 
vehicle designs based on general missions parameters ... 

Dynamic Loads Engineers to conduct research in existing and future air/space loads . . .  

Operations and Weapons System Analysts to estimate operational 
utilities of various devices under study by Advanced Design. 

For these and many other challenging assignments, contact 
Melvin Vobach, Boeing Airplane Company, Wichita, Kansas, Dept. SAA 

LlIIEI/v& - II&'ICIIITA 
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PHYSICISTS 
Opportunities in advanced reactor development at The Knolls 

Atomic Power Laboratory. The new groups being formed around 

key members of KAPL's professional staff afford physicists who 

join us now, unusual opportunities to work in close liaison with 

acknowledged leaders in reactor technology. Experimental facilities 

for nuclear investigations at KAPL rank with the finest in the nation 

and include seven reactor critical assemblies, one of which permits 

study of core configurations at power reactor temperatures and 

pressures. You are invited to inquire about the following openings: 

Experimental Physicists to plan, conduct and interpret results of 

reactor physics experiments. Develop new critical experiments, 

techniques and analytical methods of solving experimental reactor 

physics problems. Assist in the formulation and direction of critical 

experimentation. Should have MS or PhD in Physics. Analytical 
Physicists to interpret physics data and its application to design. 

Develop theory, analyze phenomena and predict nuclear perform· 

ance and characteristics of reactors. Should have MS or PhD in 

Nuclear Engineering or Physics. Nuclear Analysts to evaluate 

reactor nuclear designs, using analytical and machine computational 

techniques. Predict nuclear performance of reactors. Develop and 

improve analytical techniques for the solution of nuclear design 

problems. Qualifications should include MS in Engineering or Physics 

with experience in nuclear analysis of reactors. Also Openings in 

these areas: Advanced Mathematics / Computer Programming / Controls Devel· 

opment / Coolant Chemistry & Engineering / Electrical Design / Facilities & 

Construction / Shielding Design / Heat Transfer, Fluid Flow / Instrumentation 

Development / Mass Spectrometry / Materials Application / Mechanical 

Design / PhYSical Metallurgy / Powerplant Equipment / Pressure vessel Design / 

Radiochemistry / Radiological Engineering / Reactor Plant Operation / Solid 

State Physics / Stress Analysis / Systems Analysis / Welding & Fabrication / 

X·Ray Diffraction. ADVANCED DEGREE PROGRAM KAPL is now considering recent graduates in ME. 
Met, Met E. ChE, Physics, EE, Nuclear and Marine E for its advanced degree pro
gram in nuclear engineering in conjunction with Rensselaer Polytechnic Institute. 
Applicants should have strong interest in nuclear f�eld and must have graduated 
in upper 10% of their class. Selection of candidates will be completed by April 1; 
classes begin September, 1960. Write for further details. 
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Please forward your resume in confidence, including salary require· 
ment, to Mr. A. J. Scipione, Dept. 59·MB. u.s. Citizenship Required 

K�A�E��yL� 

GENERAL f) ELECTRIC 
SCHENECTADY. N. Y, 

cell produces the blowout and subse
quent bud. 

This hypothetical scheme is now well 
supported by experimental results. Elec
tron micrographs indicate that the cell 
wall consists of a feltlike mat of fibers 
composed of the glucan-protein com
plex. The fibers are cemented together 
by globules of the glucomannan-protein 
complex. Both of the proteins are rich in 
sulfur-containing amino acids, and bonds 
between sulfur atoms in the two sub
stances hold the cell wall together. Dur
ing budding, an enzyme reduces the 
sulfur atoms, thereby breaking the bond 
between them and weakening the cell 
waIL The blowout that starts the bud then 
takes place. In the mutant cell, however, 
the enzyme is apparently synthesized in
correctly, so that it cannot reduce the 
sulfur atom. This is the first such re
action in cell division to be worked out 
in biochemical detaiL 

I t remains to be seen whether the same 
or similar reactions operate in other 

cells. The budding process is of general 
interest, however, because it appears to 
be one of the important cellular activi
ties that is not directly controlled by the 
nucleus. Although almost all yeasts re
produce by budding, certain species also 
reproduce sexually. A cell of brewers' or 
bakers' yeast, for example, will sometimes 
divide into spores, each with a nucleus 
containing half the normal quantity of 
chromosomal materiaL The spores can 
be loosely described as male or female, 
depending on which portion of the 
chromosomes they have acquired. The 
fusion of a "male" and a "female" spore 
produces a normal cell that can bud and, 
under appropriate circumstances, repro
duce sexually. Two spores of the same 
sex, "male" or "female," can also jOin, 
but the resulting cell cannot reproduce 
sexually. Nonetheless, its abnormal 
chromosomal equipment does not pre
vent it from budding in the ordinary 
way. Experiments with other organisms 
have confirmed the conclusion that ab
normalities in the nucleus are no bar to 
cell division. Some cells, indeed, con
tinue to divide even when the nucleus 
has been removed. Further investigation 
of budding in yeast promises to throw 
light on the universal process of cell 
division. 

Thus man's ability to harness the ac
tivities of yeasts has given him not only 
food and drink but deeper insight into 
the chemical basis of his

' 
own existence. 

These microscopic organisms surely rank 
among the most fruitful and versatile of 
the domesticated plants. 
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WORK WHERE YOU WANT TO LIVE 

Engineers have discovered the fun 
of fishing, water skiing, boating, 
and swimming in the 54 lakes in
side Orlando's city limits. They 
cook out more, spend more time 
with their families out-of-doors, and 
play more golf every month of the 
year than ever before. 

FOR OUR FREE BOOKLET, write 
Mr. John F. Wallace, Director of 
Employment, The Martin Company, 
Orlando 20, Florida 

UNUSUAL ENGINEERING SUCCESS 

can be achieved in the creative climate 
at Martin Orlando. Talented young 
engineers and scientists carry big 
assignments in challenging electronics 
and missile programs. New projects 
and an expanding engineering depart
ment present rewarding opportunities 
to men who can manage and staff im
portant new assignments. 

SKILLED ENGINEERS, 

scientists, and produc
tion men moved into 
a new facility in Or
lando, F l o r i d a, just 
two years ago. Work
ing in the stimulating 
environment of a new 
$21-million plant, these 
men have written a 
most unusual growth 
record for five major 
electronic and missile 
projects and several 
advanced research pro
grams at Martin Or
lando. The professional 
advancement of t h e  
men who manage and 
staff ambitious new 
programs h a s  kept 
pace with this rapid 
progress. Investigate 
new programs in Com
munications, Guidance 
and Control, Reliability 
and Quality, Radar Sys
tems and Operations 
Analysis. Yo u may 
move into a ground
floor position by send
ing your resume now. 

.IIV 

The Eight Divisions of The Martin Company Are 
ACTIVATION ' BALTIMORE '  COC6A . DENVER 

NUCL.EAR • ORLANDO ' RIAS • SPACE FI.IGHT 
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AFSR 
A fast neutron source 

reactor for fundamental research 
in reactor physics 

EBR-I 
A fast breeder reactor 

for advanced experiments 

ZPR-III 
A versatile critical 

assembly for studies of the 
physics of fast reactors 

Prototype of a fast breeder reactor 
complete with integrated power plant 

and a facility for reprocessing fuel 

NATIONAL REACTOR . 
TESTING STATION 

TREAT 
A reactor to study 

the behavior of 
fuel elements under 
transient conditions 

BORAX-V 
A flexible facility for 

investigating boiling and 
nuclear superheat 
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The Idaho Division of Argonne National Laboratory has a distinguished 

record of contribution toward realization of our nation's objective of economic 

nuclear power. Included in the proud chronicle of its historical accomplish

ments toward peaceful applications of the atom are: 

The first generation of useful amounts of electricity from the atom, (EBR-I, 1951); 

The first demonstration of breeding of nuclear fuel, proving the feasibility of producing 
in a reactor more fuel than is consumed during operation, (EBR-I, 1953); 

The first boiling reactor, verifying the practicability of using nuclear-created steam 
directly in a turbogenerator system to produce electricity, (BORAX-I, 1953); 

he first use of atomic power to light a town (Arco, Idaho, by BORAX-III, June, 1955). 

Concepts today that are 

programming America�s future 

Ambitious plans are still in the making at Argonne's Idaho Division. This 
unique proving ground, operated in close cooperation with the other divisions 
of Argonne National Laboratory, provides an unsurpassed variety of reactors 
and associated research programs to challenge the creative scientist and engineer. 

With four reactors in operation and two more under construction, many oppor
tunities have been created for physicists, mathematicians, chemists, chemical 
engineers, electrical engineers, mechanical engineers, metallurgical engineers, 
and nuclear engineers. 

Interesting, specialized problems exist for the pure theoretician. There is also 
opportunity for those who wish to participate in applied projects from concep
tion through design, construction, and test phases. 

Organization and administration aim both for individual productivity and 
interdisciplinary cooperation. Basic and applied research are promoted at the 
professional level as full-time assignments. 

Argonne families enjoy the dry, sunny and healthful climate of the Idaho Falls 
area, where Western-style family living is at its best. Outdoor attractions such 
as Yellowstone Park, the Grand Tetons, and Sun Valley, are close at hand for 
enjoyment by the whole family. 

PLEASE WRITE TO: 

Meyer Novick, Director 
Idaho Division 

Arg onne National Laboratory 
P. O. Box 2528-IA1 

Idaho Falls, Idaho 

/f-jonne 
(:'-IONA.L LA.ElORA.TORV lY Operated by the University of Chicago under a 
contract with the United States Atomic Energy Commission 

Many openings exist for similarly 
qualified scientists and engineers 

at the Lemont site in sUburban Chicago. 
ParticuIar interest in opportunities 

there should be directed to: 

Louis A. Turner, Deputy Director 
P. O. Box 299-IA1 

Lemont, Illino is 
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KILOVOLT 
MAGIC 

Sorensen is a maker of power supplies and 
doesn't make any of the "end-use" equip
ment mentioned below. Yet, some of these 
applications of Sorensen equipment by our 
customers are so novel that they may be of 
interest to you. Maybe they'll spark an idea: 

Open Sesame. Selection of sesame seeds 
for use in the manufacture of halvah-a fa
vorite confection of New York's lower East 
Side - was the job of kilovolts from one 
Sorensen Series 200 supply. Same principle 
can purify other grains and cereals, tobacco, 
and low-grade ores. 

Gold From Air. Gold spun off into thin air 
from a grinding or buffing wheel can quickly 
cause cash to vanish. Ditto with platinum or 
other precious metals. Clever Sorensen cus
tomers are putting this pay dirt back into 
the pay roll with an electrostatic recovery 
system-powered, of course, with a Sorensen 
h-v supply. 

Ignition damper. Everybody's heard about 
the high-voltage spark that sets off an ex
plosion. A new h-v system prevents explo
sions. High-voltage-from a Sorensen 9000 
Series -precipitates a sample of potentially 
explosive dusts; an alarm is given long be
fore the concentration becomes dangerous. 

Vanishing Volt.Amps. Dielectric testing 
with a-c is more or less standard. (Sorensen 
offers a complete line of h-v a-c testers, con
forming to ASTM standards.) However, 
where the test load has high capacitance, d-c 
testing can often effect substantial savings. 
In a typical problem, a 250-watt, d-c tester 
replaced a 25 kva a-c tester with equal re
sults, one-fourth the cost, and a 100: 1 reduc
tion in light bills. 

High-voltage or low, you'll find that Soren
sen has the answer to your controlled power 
problems. In addition to high-voltage equip
ment, the Sorensen line includes: regulated 
and unregulated d-c supplies, a-c line-voltage 
regulators, frequency changers, inverters, 
and converters. Contact your Sorensen rep
resentative, or write: Sorensen & Company, 
Richards Ave., South Norwalk, Conn. 9.64 

CONTROLLED 

S� POWER 

PRODUCTS 

... the widest line lets you make the wisest choice 

ISO. 

MATHEMATICAL GAMES 
A fifth collection 

of "brain-teasers" 

by Martin Gardner 

E
very eight months or so this de

partment presents an assortment 
of short problems drawn from 

various mathematical fields. This is the 
fifth such collection. The answers to the 
problems will be given here next month. 
I welcome letters from readers who find 
fault with an answer, solve a problem 
more elegantly, or generalize a problem 
in some interesting way. In the past I 
have tried to avoid puzzles that play 
verbal pranks on the reader, so I think 
it only fair to say that several of this 
month's "brain-teasers" are touched with 
whimsy. They must be read with care; 
otherwise you may find the road to a 
solution blocked by an unwarranted as
sumption. 

1. 

Mel Stover of Winnipeg was the first 
to send this amusing problem-amusing 
because of the ease with which even the 
best of geometers may fail to approach 
it properly. Given a triangle with one 
obtuse angle, is it possible to cut the 
'triangle into smaller triangles, all of 
them acute? (An acute triangle is a 
triangle with three acute angles. A right 
angle is of course neither acute nor ob
tuse.) If this cannot be done, give a 
proof of impossibility. If it can 'be done, 
what is the smallest number of acute 
triangles into which any obtuse triangle 
can be dissected? 

The illustration at right shows a typi
cal attempt that leads nowhere. The tri
angle has been divided into three acute 
triangles, but the fourth is obtuse, so 
nothing has been gained by the pre
ceding cuts. 

This delightful problem led me to ask 
myself: "What is the smallest number of 
acute triangles into which a square can 
be dissected?" For days I was convinced 
that nine was the answer; then suddenly 
I saw how to reduce it to eight. I won
der how many readers can discover an 

eight-triangle solution, or perhaps an 
even better one. I am unable to prove 
that eight is the minimum, though I 
strongly suspect that it is. 

2. 

In H. G. Wells's novel The First Men 
in the Moon our natural satellite is found 
to be inhabited by intelligent insect 
creatures who live in caverns below the 
surface. These creatures, let us assume, 
have a unit of distance that we shall call 
a "lunar." It was adopted because the 
moon's surface area, if expressed in 
square lunars, exactly equals the moon's 
volume in cubic lunars. The moon's di
ameter is 2,160. miles. How many miles 
long is a lunar? 

3. 
In 1958 John H. Fox, Jr., of the Min

neapolis-Honeywell Regulator Co., and 
L. Gerald Mamie of the Massachusetts 
Institute of Technology devised an un
usual betting game which they call Goo
gol. It is played as follows: Ask someone 
to take as many slips of paper as he 
pleases, and on each slip write a different 
positive number. The numbers may 
range from small fractions of one to a 
number the size of a "googol" (1 fol
lowed by a hundred zeros) or even 
larger. These slips are turned face-down 
and shuffled over the top of a table. One 
at a time you turn the slips face-up. The 
aim is to stop turning when you come to 
the number that you guess to be the 
largest of the series, You cannot go back 
and pick a previously turned slip. If 
you turn over all the slips, then of course 
you must pick the last one turned. 

Most people will suppose the odds 

Can this triangle be cut into acute ones? 
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This common game is a sequential machine. Its input is the way you move the numbered tiles. Output is the arrangement of numbers you produce. 
_. - -

States in a Sequential Machine 

A "sequential machine" is any device pro
ducing prescribed sequences of outputs in 
response to given sequences of inputs. The 
theoretical problem of designing a machine, 
satisfying certain specifications with the 
fewest possible number of states, is now 
under study by IBM scientists. 

The operation of a sequential machine is 
not necessarily completely specified. Some 
states may have no specified transitions for 
certain inputs, and some states may have no 

assigned outputs. For this general case, a 
technique has been developed for reducing 
a given machine to an equivalent machine 
with a minimum number of states. The pro
cedure is to construct a state diagram of the 
machine which describes input and output 
sequences. Then through the use of a tran
sition-matrix representation, a minimum
state diagram is obtained, which is equiv
alent to the original machine in the sense 
that it will produce the same sequences of 

outputs for the given sequence of inputs. 
Earlier reduCtion procedures have been 

applicable only to state-diagrams having 
known transitions for each input at each 
state. The extension of the procedure is im
portant since many practical sequential 
machines (such as computers) require a 
specified operation for only a certain set of 
sequences of inputs. 

IBM®RESEARCH 
Investigate the many career opportunities available in exciting new fields at IBM. 

International Business Machines Corporation, Dept . 659N, 590 Madison Avenue, New York 22, New York 
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General Motors pledges 

AC QUESTMANSHIP 

AC Seeks and Solves the Significant-AC Design and Development is moving far ahead in new technology

the result of GM's commitment to make ever larger contributions to the defense establishment. AC 

plans to resolve problems even more advanced than AChiever inertial guidance for Titan I This is AC 

QUESTMANSHI P. It's a scientific quest for the development of significant new components and systems 

.. . to advance AC's many projects in guidance, navigation, control and detection I Dr. James H. Bell, 

AC's Director of Navigation and Guidance, sees this as a "creative challenge". His group takes new 

concepts and designs them into producible hardware having performance, reliability and long life. He 

strongly supports the fact that an AC future offers scientists and engineers "a great opportunity to 

progress with a successful and aggressive organization" I If you have a B.S., M.S., or Ph.D. in the 

electronics, scientific, electrical or mechanical fields, plus related experience, you may qualify for our 

specially selected staff. If you are a "Seeker and Solver", write the Director of Scientific and Professional 

Employment, Mr. Robert Allen, Oak Creek Plant, Box 746, South Milwaukee, Wisconsin. 

GUIDA NCE/ NAVIGATION/ CONTROL/ DETEC TION/ A C SPA RK PL UG .gg, The Electronics Division of General Motors 
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H ow far does the dog trot? 

against your finding the highest number 
to be at least five to one. Actually if you 
adopt the best strategy, your chances 
are a little better than one in three. Two 
questions arise. First, what is the best 
strategy? (Note that this is not the same 
as asking for a strategy that will maxi
mize the value of the selected number.) 
Second, if you follow this strategy, how 
can you calculate your chances of win
ning? 

When there are only two slips, your 
chance of winning is obviously 112, re
gardless of which slip you pick. As the 
slips increase in number, the probability 
of winning (assuming that you use the 
best strategy) decreases, but the curve 
flattens quickly, and there is very little 
change beyond 10 slips. The probability 
never drops below 113. Many players 
will suppose that they can make the task 
more difficult by choosing very large 
numbers, but a little reflection will show 
that the sizes of the numbers are irrele
vant. It is only necessary that the slips 
bear numbers that can be arranged in 
increasing order. 

The game has many interesting appli
cations. For example, a bachelor girl de
cides to marry before the end of the 
year. She estimates that she will meet 
10 men who can be persuaded to pro
pose, but once she has rejected a pro
posal, the man will not try again. What 
strategy should she follow to maximize 
her chances of accepting the top man of 
the 10, and what is the probability that 
she will succeed? 

The strategy consists of rejecting a 
certain number of slips of paper (or 
proposals) , then picking the next num
ber that exceeds the highest number 
among the rejected slips. What is needed 
is a formula for determining how many 
slips to reject, depending on the total 
number of slips. This is not an easy 
problem, but readers who find it too dif
ficult may enjoy playing the game with, 

say, 10 slips to see how close they can 
come by trial and error to guessing the 
number of slips that should be rejected 
to maximize the chances of success. 

4. 
A square formation of Army cadets, 

50 feet on the side, is marching forward 
at a constant pace [see illustration on 
this page J. The company mascot, a small 
terrier, starts at the center of the rear 
rank [position A in the illustration], trots 
forward in a straight line to the center 
of the front rank [position B], then trots 
back again in a straight line to the cen
ter of the rear. At the instant he returns 
to position A, the cadets have advanced 
exactly 50 feet. Assuming that the dog 
trots at a constant speed and loses no 
time in turning, how many feet does he 
travel? 

If you solve this problem, which calls 
for no more than a knowledge of ele
mentary algebra, you may wish to tackle 
a much more difficult version proposed 
by the famous puzzlist Sam Loyd. In
stead of moving forward and back 
through the marching cadets, the mascot 
trots with constant speed around the 
outside of the square, keeping as close 
as possible to the square at all times. 
(For the problem we assume that he 
trots along the perimeter of the square.) 
As before, the formation has marched 50 
feet by the time the dog returns to point 
A. How long is the dog's path? I know 
of no way to solve Loyd's version with
out getting tangled in fifth-degree equa
tions. The method of solution is so 
lengthy to describe that next month I 
shall give only the answer. I shall return 
to the problem, however, if any reader 
discovers a simple method of solving it. 

5. 

Stephen Barr of Woodstock, N.Y., 
writes that his dressing gown has a long 
cloth belt, the ends of which are cut at 
45-degree angles as shown in the illus
tration on the next page. When he packs 
the belt for a trip, he likes to roll it up as 
neatly as possible, beginning at one end, 
but the slanting ends disturb his sense 
of symmetry. On the other hand, if he 
folds over an end to make it square off, 
then the uneven thicknesses of cloth put 
lumps in the roll. He experimented with 
more complicated folds, but try as he 
would, he could not achieve a rectangle 
of- uniform thickness. For example, the 
fold shown in the illustration produces a 
rectangle with three thicknesses in sec
tion A and two in section B. 

"Nothing is perfect," says one of the 

NEW 
IPRlECllSllON 

for your films 

NEW 

EEl C) 1... E::><: 
H-16 REFLEX! 

New Variable Shutter Adds 
Exposure Control to 16mm Movies 

CONTROL EXPOSURE more precisely 
than ever before-cut down glare . . . 
sharpen fast-action subjects ... and wash 
out unwanted backgrounds. Makes possi
ble perfect fades and lap dissolves. 

SHOWN ON CAl\IERA is the REXO
FADER, a fading 

Clrl:=::�:l<nrrr-1 device that automat
ically times fades for 
pre-set number of 
frames. Optional at 
$37.50. 

WITH THE BOLEX REFLEX SYSTEl\f, 
you view and focus through the shooting 
lens. No parallax, no figuring distance. 
Insures exact centering of subject in mac
rophotography-field scenes without a 
doubt about focus. 

OTHER H-16 REX FEATURES: gov
erned speeds from 12 to 64 fps, footage and 
frame indicators,time exposure setting, 
plus over 10 other professional extras as 
standard equipment. Priced from $400.00 
with Lytar I" F/1.S lens. Lenses shown 
are optional at extra cost. Available on 
convenient terms; write today for litera
ture and the name of your Bolex dealer. 

All prices include Federal Excise Tax where 
applicable. 

PAILLARD Incorporated 

100 Sixth Avenue, New York 13, N.Y. 
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Formulation of design crite
ria for a Tropospheric Scatter 
a n d  L i n e-of-S i g h t  Ra dio 
Multi-Channel Network for 
NATO nations is only one 
of the projects for which 
Hermes Electronics Co. has 
been selected. Others include: 
Consulting Services to the 
U. K. of Libya, the Govern
ment of Norway, and to 
S H AP E on Project Hot 
Line; and the design of com
munication systems for Min
uteman ICBM program and 
Weather Observing and Fore
casting System 433L. 
If your background includes 
antenna design, wave propa
g a t i o n ,  m o d u l a t i o n  t e c h 
niques, radio and wire trans
m i s s i o n ,  b r o a d c a s t i n g  or 

. radio-navigation, Hermes 
Electronics Co. can offer you 
an unusual career opportun
ity. 
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Hermes Electronics Co. is a 
unique organization where 
responsibility and initiative 
are encouraged. Here you 
will also find the stimulation 
and environment of a young 
and growing company. Your 
association will be with staff 
members who are in the van
guard of many of today's 
rapidly expanding technical 
frontiers. 
Salaries and other benefits 
are comparable to those of 
major research and develop
ment organizations. The com
pany's location in Cambridge, 
Mass. affords unequaled cul
tural, living, and recreation 
facilities. Liberal educational 
benefits are allowed for grad
uate study at leading univer
sities in this area. 

Interested scientists and en
gineers are invited to address 
inquiries to: Mr. E. E. Lan
defeld, Personnel Director. 

IIerIIl.es 
Electronics Co. 

75 CAMBRIDGE PARKWAY 

CAMBRIDGE 42. MASSACHUSETTS 

Philosophers in James Stephens's The 
Crock of Gold. "There are lumps in it." 
Nonetheless Barr finally managed to fold 
his belt so that each end was straight 
across and part of a rectangle of uniform 
thickness throughout. The belt could 
then be folded into a neat roll, free of 
lumps. How did Barr fold his belt? A 
long strip of paper, properly cut at the 
ends, can be used for working on the 
problem. 

6. 
Professor Merle White of the mathe

matics department, Professor Leslie 
Black of philosophy, and Jean Brown, a 

young stenographer who worked in the 
university's office of admissions, were 
lunching together. 

"Isn't it remarkable," observed the 
lady, "that our last names are Black, 
Brown and White and that one of us has 
black hair, one brown hair and one 
white." 

"It is indeed," replied the person with 
black hair, "and have you noticed that 
not one of us has hair that matches his 
or her name?" 

"By golly, you're right!," exclaimed 
Professor White. 

If the lady's hair isn't brown, what 
color is it? 

7. 

An airplane, traveling with a constant 
engine speed, makes a large and perfect 

circle parallel to the ground. There is 
no wind. Will it complete the same cir
cle in greater, less or the same time if 
there is a wind of constant speed and di
rection, assuming that the plane travels 
with the same constant engine speed 
that it had before? 

8. 

The owner of a pet shop bought a cer
tain number of hamsters and half that 
many pairs of parakeets. He paid $2 
each for the hamsters and $1 for each 
parakeet. On every pet he placed a re
tail price that was an advance of 10 
per cent over what he paid for it. 

After all but seven of the creatures 
had been sold, the owner found that he 
had taken in for them an amount of 
money exactly equal to what he had orig
inally paid for all of them. His profit, 
therefore, was represented by the com
bined retail value of the seven remain
ing animals. 'What was this value? 

T 
he two numerology problems posed 
last month by Dr. Matrix are an

swered as follows: 
( 1) The letters OTTFFSSENT are 

the initials of the names of the cardinal 
numbers from one to 10. 

(2) FORTY 
+ TEN 
+ TEN 

SIXTY 

29786 
850 
850 

31486 

Barr's belt (top) and an unsatisfactory way to fold il (bottom) 
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IMPORTANT DEVELOPMENTS·AT JPL 

GAS LUBRICATION 

Research in gas lubrication and on perform
ance and application of gas bearings is an 
important current activity at Jet Propulsion 
Laboratory. 

The photographs shown are actual visualiza
tions of gas flow patterns (obtained by an ultra
violet fluorescence technique) on a shaft under 
varying loads. Those on the left show pattern on 
an unloaded bearing - those on the right when 

bearing is loaded under 80 Ibs. at 40 psig 
supply pressure. 

These research experiments relate directly to 
the use of frictionless bearings in space vehicle 
components. 

This is another example of the variety of sup
porting research and development being carried 
on at J PL to advance the national space explora· 
tion program . 

• 
CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
A Research Facility operated for the Notional Aeronautics and Space Administration 

PASADENA. CALIFORNI A  

Employment opportunities for Engineers and Scientists interested i n  basic and applied research in  these fields: 

INFRA-RED · OPTICS . MICROWAVE ' SERVOMECHANISMS · COMPUTERS . LIQUID AND SOLID PROPULSION 

• STRUCTURES · CHEMISTRY . INSTRUMENTATION · MATHEMATICS . AND SOLID STATE PHYSICS · 

Send professional resume, with full qualifications and experience, for our immediate consideration 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

W
alker Van Riper of Den:.rer, 
Colo., is surely one of 'the most 
active amateur zoologists in the 

U. S. In the 14 years since his retirement 
from the investment-banking business he 
has concerned himself with, among other 
things, the way in which rattlesnakes 
strike (they do not bite; they stab) and 
many aspects of the behavior of hum
mingbirds. Accounts of his work with 
these animals, which has featured some 
remarkable high-speed photography, 
have appeared in SCIENTIFIC AMERICAN. 
Recently Van Riper has turned his at
tention to the question of how the hum
mingbird finds its way to the nectar on 
which it feeds; specifically, does it do 
so by means of the sense of smell? He 
writes: 

"The avian sense of smell has received 
some notice from ornithologists, the 
classic experiment being one by John 
James Audubon on the turkey vulture. 
Audubon set out a stuffed deer; the vul
tures found it, pecked at its glass eyes 
and tore its skin, apparently ignoring the 
fact that it did not smell like food. When 
Audubon painted a dead deer on a large 
canvas and spread the canvas on the 
ground, the birds again sought it out. 
Then he hid a dead and putrid animal 
in a ravine over which the vultures regu
larly Hew. They were not attracted to 
the bait. He concluded that these birds 
found their food by sight alone. 

"The experiment was of considerable 
importance to Audubon; he reported it 
in Edinburgh in his maiden speech be
fore a scientific audience. When he re
turned to the U. S. , he found that his 
observations were questioned. He re
peated the experiment before a group 
of educators and scientists, who there
upon certified that vultures used the 
sense of sight, and not that of smell, to 
find their food. 

An amateur asks: Does a hummingbird find 
its way to nectar through its sense of smell? 

"A century later Victor Coles, a grad
uate student at Cornell University, re
peated the experiment, with essentially 
the same result. In 1929 Frank M. Chap
man, then the leading U. S. ornitholo
gist, repeated one of Coles's experiments 
on Barra Colorado Island in the Canal 
Zone. Chapman hid foul-smelling food 
in various places; when this was found 
by vultures, he concluded that they must 
have responded to the odor. It has been 
noted, however, that Chapman's experi
ment is open to question because he did 
not exclude such visual clues as blow
Hies, beetles and similar insects that are 
known to find their food by smell. These 
could have led the keen-sighted vultures 
to the bait. 

"A few experiments have been made 
on the sense of smell in other birds. Vari
ous odors have been tried as condition
ing stimuli for pigeons, ducks and para
keets, mostly with negative results. In 
one series of experiments it was found 
that pigeons could not even distinguish 
water from a strong ammonia solution, 
except by dipping their beaks into the 
liquid. 

"Similarly, in the course of extensive 
observations in Arizona on the behavior 
of the black-chinned hummingbird, the 
naturalist Frank Bene hid food bottles 
carrying an orange-scented honey solu
tion in a Hower bed. In no observed case 
did the birds find the food by means of 
its scent. 

"A considerable amount of work has 
been done on the anatomy of the olfac
tory organs of birds by E. H. Craigie, 
R. M. Strong, C. L. Turner and others. 
Their findings indicate that most birds 
appear to have the apparatus necessary 
for smelling, and that it is more fully 
developed in some species than in others. 

"The experiments so far mentioned 
throw some light on the question of 
whether or not the bird makes use of the 
sense of smell. But failure to observe the 
use of this sense under a given set of 
experimental conditions does not justify 
the conclusion that the sense is not used. 
N or does the mere possession of olfac
tory equipment prove that an animal can 
or does make use of it. Considerations 

such as these mark important distinc
tions between the modern interpretation 
of animal behavior and older views. It 
must also be borne in mind that the be
havior of birds differs from species to 
species. Pronounced variations occur 
even within strains of the same species. 
Chapman's vultures, for example, were 
forest-ranging birds to which the use of 
a sense of smell might well be more ad
vantageous (and hence a more likely 
adaptation) than to the strain that in
habits open country. 

"As modern students of animal be
havior have made clear, what an animal 
ean do does not necessarily throw light 
on what it does do. In this connection 
N. Tinbergen of the University of Ox
ford points out the following feature of 
instinctive behavior: An animal does not 
react to all the stimuli that its sense or
gans can perceive, but only to a sl;Ilall 
part of them. This applies to instinctive 
behavior, but not necessarily to learned 
behavior. The instinctive behavior for a 
given situation is thought of as a fixed, 
unlearned pattem of responses, the same 
for all individuals of the species, which 
is triggered or 'released' by certain defi
nite stimuli received from the environ
ment or induced by internal physiologi
cal changes. It is important to bear in 
mind that the triggering stimuli are 
definite, generally few in number and 
limited to only a small portion of the 
perceptions received by the animal. 

"The carnivorous water beetle Dytis
eus, for example, has highly developed 
compound eyes and can be trained to 
respond to visual stimuli. It does not re
a�t to the mere sight of moving prey 
such as a tadpole. When moving prey 
enclosed in a glass tube is displayed to 
Dytiscus, no pattem of behavior is re
leased. Experiments show that the bee
tIe's feeding response is never set off by 
the sense of sight but only by tactile and 
chemical stimuli. A dilute meat extract 
dripped into the water will induce the 
beetle to attack every solid object it 
touches. 

"Similarly it has been found that a 
hen coming to the rescue of a chick in 
distress is reacting to the sound of the 
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Business in Washington? 

Plan to stay at 

�Qrriott 
Motor Hotels 
Convenient to everything - Only a 
minute from the Pentagon • • 
closest to National Airport 

Whether you need an attractive 
private room, a suite for entertain
ing, exhibit space, or a large meet· 
ing and banquet room, it will be 
our pleasure to serve you. Full hotel 
service available, with the conven
ience and easy informality of a 
motor hotel. 
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New "Mechanical Educator" to 
IMPROVE MEMORY 

Inauility to recall names, places, facts quickly is a 
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distress call, and not to the chick's move
ments. In one experiment the chick was 
tied behind a screen so that it could not 
be seen by the hen; the mother came to 
the rescue when she heard the chick's 
cry. But when the chick was subsequent
ly put under a glass bell so that the hen 
could see it struggling but could not 
hear it, she remained entirely indiffer
ent to its distress. 

"The British ornithologist David Lack 
discovered that a territory-holding male 
robin would threaten a mere bunch of 
red feathers more readily than it would 
a complete mounted bird that showed all 
the characteristics of the mature male 
except the red breast, thus indicating 
the effective stimulus to be the red breast 
and not the complete bird. In my pre
vious report on hummingbirds ["The 
Amateur Scientist," March, 1957] I 
showed a picture of a male broadtail 
furiously attacking only the head and 
gorget of a dead bird. 

"The interesting phenomenon known 

as 'imprinting' is another example of the 
working of instinctive behavior and its 
releasers. The Austrian naturalist Kon
rad Z. Lorenz took half a clutch of eggs 
away from a duck and hatched them in 
an incubator. Subsequently he learned 
that if he made certain definite sounds 
and movements within a sharply limited 
period after the incubator ducklings 
hatched, they would adopt him as. the 
mother and from then on follow him and 
react to him as their siblings did toward 
the real mother [see "'Imprinting' in 
Animals," by Eckhard H. Hess; SCIEN
TIFIC AMERICAN, March, 1958] . 

"When an egg falls out of the nest of a 
herring gull, it triggers in the brooding 
gull a series of maneuvers that results in 
the egg being moved back into the nest. 
Not so, however, with pigeons. I have 
observed them ignore eggs in plain view 
near the nest. 

"For some years I have maintained a 
hummingbird feeding station in an area 
of rough pine and scrub oak on Cherokee 

A homemade food and scent dispenser for testing the sense of smell in hltnuningbirds 
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Expanding a capability � • •  

EXCELLENCE 
IN ELECTRONICS 

Raytheon's Airborne Electronic Subdivision this month occupies a new 
multi-million dollar research and development laboratory. 

Creative effort within this new facility will be directed at featherweight 
transistoriz�d Doppler radars; altimetry and terrain clearance techniques; 

satellite weather radar studies; airborne early warning radars; missile boost, 
flight and terminal guidance problems; radiometry; and other areas. 

Like the B-58's sophisticated search and Doppler radars, the systems, 

subsystems or equipments developed will find application in manned aircraft, 

missiles, drones, and a variety of space carriers. · 

To engineers and scientists with particular interest in this work, the new 
laboratory offers complete professional satisfaction in an academic environment. 
For immediate information on select staff appointments, write Mr. Donald H. 
Sweet, Engineering & Executive Placement, Raytheon, 624 N Worcester Road, 
Framingham, Mass. (suburban Boston) . 
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The rotary feeding slation used in the experiments 

Ranch, 20 miles south of Denver. The 
remarkable experiments of the Austrian 
zoologist Karl von Frisch on the senses 
and behavior of honeybees suggested a 
test of the sense of smell in humming
birds. This sense has been shown to be 
useful to the bees, which, like hummers, 
feed on the nectar of flowers. Probably 
no other wild bird is so amenable to ex
periments of this sort as the humming
bird. Their indifference to the presence 
of man, together with the fact that a 
considerable number of them can be 
kept in a small area once they have 
learned to use artificial feeders, make 
them ideal subjects. 

"The food dispenser I am now using 
is shown in the accompanying photo
graph [page 158]. It is made of a bottle 
inverted over a plastic container. At
tached to the lid of the container is a 
wire perch. The birds feed through four 
lI8-inch holes in the lid. This arrange
ment excludes honeybees, wasps and 
other insects, as well as other birds. The 
outgo of the sugar-water solution is easily 
measured and recorded. For this experi
ment I installed a new set of feeders, 
taking pains to make them exactly alike 
in every detail. An inverted half-ounce 
vial stuffed with cotton was attached to 
the side of each bottle to dispense vari
ous scents. 

"On May 12 the first birds were seen, 
all males. Seven feeders were distrib
uted over an area a_bout half a mile long 
and 100 yards wide. Several drops of a 
strong flower scent, rose-geranium, were 

added to the scent vial of each feeder. 
This scent, renewed from time to time, 
was always associated with the feeders 
containing syrup. By May 25 the females 
had arrived; the consumption of syrup 
indicated that some 35 birds were using 
the feeders. 

"On May 28 I removed all the feeders. 
Then I hung, on the lower branches of a 
large pine, six feeders, three made with 
syrup and scent and three with plain 
water and no scent. Observation gave no 
indication that the birds had learned to 
associate syrup and scent. The seven 
regular feeders were now replaced in 
their original locations for four days. 
Then, on June 2, I put up a feeder filled 
with plain water and bearing no scent 
10 feet away from each of the regular 
feeders. The positions of these pairs were 
interchanged every other day. 

"At this point a special testing rack 
was installed. It was made from parts of 
a television antenna and consists of four 
five-foot anTIS fastened at right angles to 
the top of a one-foot tube. The tube slips 
over and is supported by the top of a six
foot 3/8-inch pipe set in the ground as 
shown in the accompanying photograph 
[above]. A feeder was attached to the 
end of each arm. The feeder positions 
could be changed by pulling a rope tied 
to one arm. This rack and its associated 
feeders was substituted for all other 
feeders in the area. Two syrup-filled, 
scented feeders were hung on opposite 
arms of the rack and two water
filled, nonscented feeders on the other 
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Projects illustrations up to 3" x 
3 'h" and enlarges them to 4 ft. 
wide. No film or negatives 
needed. Projects charts, dia
grams, pictures, photos, letter
ing in full color or black-and

white. Operates on 115 volt, A.C. current, 6-ft. ex
tension cord and plug included. Operates on 60 watt 
bulb, not included. Size 12" x8" x4%" wide. Weight 
1 lb., 2 oz. Plastic case with built-in handle. 
Stock No. 70.199-S .......................•.... $7.95 Postpaid 

American Made
Over 50% Saving 

STEREO MICROSCOPE 
Years In development. Equals $300 to 
$400 instrument. Precision American 
made. Used for checking, inspecting. 
small assembly work. Up to 3" work
ing distance. Clear, sharp, erect 
image. Wide, 3 dimensional field. 2 
sets of objectives on rotating turret. 
23X and 40X. 10 Day Free Trial. 

Stock No. 85.056-S ......•... $99.50 
f.o.b. Barrington, N.J. 

Low Power 8upplementary Lens Attachment for above Stereo 
-provides 15X down to SX with clear. extra large Ph" 
field at SX. 

Stock No. 30.276-S ....•...•................................... $7_50 

NEWBINOCULAR-TO-CAMERA HOLDER 
For Exciting Telephoto Pictures 

Will Fit Any Camera. 

Bring distant objects 7 times 
nearer with a 35 mm. camera, 
7x50 binocular and our NEW 
BINOCULAR - TO - CAMERA 
HOLDER. Ideal for long
range shots of wlld life, ships, 
planes, people, etc. Camera 

and binoculars attach easily. Use any binocular or monOCll
lar-any camera, still or movie. Take color or black and 
white. Full directions for taking telephotos. 

Stock No. 70.223-5 ........................ $11.50 postpaid 

N E W !  STAT IC E LE CT R ICITY 
. , GE N E R ATOR 
III.. 1 Educational and Lots of F un! 

See a thrilling spark display as you 
set off a miniature bolt of light
ning. Absolutely safe and harmless. 
Sturdily made-it stands 14" high. 
TUrn the handle and two 9" plastic 
discs rotate in opposite directions. 
Metal collector brushes pick up the 
static electricity, store it in the 
Leyden jar type condenser until dis
charged by the jumping spark. 
Countless tricks and experiments. 
24 page instruction booklet included. 

70.070·5 .................... $12.95 Postpaid 

24" GOOSENECK MAGNIFIER 
WITH CLAMP-ON BASE 

A 3" diameter magnifier 
mounted on a 24" long fiexible 
gooseneck. Clamp it on ma
chines, desks, workbenches, 
etc. Clamp opens to 110/16". 

Stock No. 70.235-5 .......................... $8.95 Postpaid 

INSTRUCTION BOOKLETS 
Stock Price 
N o. Pstpd. 

How to BuIld Projectors ........................... 9014-S 30t 
Homebuilt Telescopes ........ 900S-8 40¢ 

Photography With Your Telescope ......... 9058-8 25¢ 

ALL ABOUT TELEPHOTO LENSES 9036-S 60¢ 

ULTRA CLOSE· UP Photography ... ........ 9042-8 60¢ 

�'he Camera Lucida... . ... . ........ ...... .... 9059-8 20t 

Infra-red Light and Its Uses ... ................ 9040-8 75¢ 

Homemade Stereo-Adapters .................... 9032-8 30t 
Homemade Stereo-Viewers... . .. 9034-8 30¢ 

"Building a Condenser Enlarger" .. .... 9038-S 40¢ 

Time in Astronomy ................................... 9054-8 SO¢ 

FUN WITH OPTICS... . ... 9050-S 50¢ 

HOW TO USE YOUR TELESCOPE ..... 9055-S 60¢ 

(Includes directions on how to take 

See the Stars. Moon. Planets Close Up! 

3" ASTRONOMICAL REFlECTING TElESCOPE 
60 10 180 Power-An Unusual Buy! 

Famous Mt. Palomar Type 

You'll see the Rings of Saturn, the fascinating planet Mars. 
huge craters on the Moon, Star Cluslers, Moons of Jupiler In 
detail, Galaxies! Equatorial mount with lock on both axes. 
Aluminized and overcoated 3N diameter high-speed f /10 mirror. 
Telescope comes equipped with a 60X eyepiece and a mounted 
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wood, portable tripod. 

Photographers! This Is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 17-year·old student. 

FREE with Scope:-Valuable STAR CHART plus 272 page "HANDa 
BOOK OF HEAVENS" plus "HOW TO USE YOUR TELESCOPE" BOOK 

Stock No. 85.050-5 .........•.............•••.....•.... $29.95 Postpaid 

BUILD A SOLAR ENERGY FURNACE � Easy! Inexpensive! � \Ve furnish Instruc-
; tions. This sun 

'. powered furnace 
will generate ter
rific heat-2000· 

\ to 3000·. Build with 
'. your scrap wood 

and our Fresnel 
Lens-14%," diameter ... f.1.14". 
Stock No. 70.130-S Stock No. 85.006-S .............................................. $74.50 f.o.b_ 
Fresnel Lens .................. $6.00 Pstpd. Same Telescope as above but equipped with Electric Clock Drive-

Stock No. 85-094aS ........................ $111.S0 F.O.B. Barrington, N. J. 

WAR SURPLUS I-INFRARED SNOOPERSCOPE 
Govt. Cost $90G-Bargain at $39.EO 
Converts infrared to visible light. 
8ee in total darkness without being 
seen. Use in lab, factory, classroom, 
etc. Completely portable. Operates 
on two fiashlight batteries (not in
cluded). Image is Quite good, may 
be made even better by careful fo� 
cusing. 8ize 11 t,6" x 8". Weight 
with carrying case 12 lbs. No infra

red light source is furnished. (8ee below). 

Stock No. 85.098·5 ............................ $39.50 f.o.b. 
Barrington, N.J. INFRARED LIGHT SOURCE AVAILABILITY! You will 

need a 6·volt transformer or 6 V auto battery to operate. 
Stock No. 80.035-5...... . ................ $10.00 postpaid 

D-STIX Construction Kits 
Shape You< Ideas Fast! 

Scientists. executlves, planners, de
signers-all find O-STIX Simplify vis
ualization and demonstration of complex 
ideas. O-STIX-colored wood sticks J,S'" 
thick and "easy-on" rubber joints ap
prox. 3/1S" diam.-help you work (;ut 
molecular structures, geometric figures, 
structural membeN, shapes, models or 
scientific apparatus. Used by profession

al men, educators, hobbyists. Big basic kit contains 230 or 
370 pieces. Additional parts in supplementary kit. Far 
superior to kits o! wood or metal. Money-back guarantee. 

Stock No. 70.209-S 1230 pcsl. ........... $3.00 ppd. 
Stock No_ 70.210-S 1370 pcsl.. .......... $5.00 ppd. 
Stock No. 70.211-S 1452 pcsJ.. .......... $7.00 ppd. 

MAKE YOUR OWN POWE RFUL 
ASTRONOMICAL TE LE SCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 
Kits contain mirror blank, tool, abrasives, diag
onal mirror and eyepiece lenses. You build instru
ments ranging in value from $15.00 to thousands 
of doUars. 
Stock No. 

70,003-5 
70,004-5 
70,005-5 
70,006-5 
70,007-5 

Dia. Mirror Thickness Price 
4'/.' 3,4" S 7.50 postpaid 
6" 1" 11.95 postpaid 
8" P/," 19.50 postpaid 

10" 1',4" 30.75 postpaid 12" 2'/," 54.75 postpaid 

NOTICE: EDMUND IS NOW HEADQUARTERS FOR MATH 
LEARNING AND TEACHING AIDS! SEE DOZENS OF OFFER
INGS !N OUR FREE CATALOG-"S" 

NEW! CIRCULAR SLIDE R ULE ! 
Pocket Size-fast-Easy to Use! 

Be a :Math Whiz! New Circular 
Slide Rule multiplies, divides, 
figures fractions, percentages, 
3Quares, cubes, roots, proportions. 
c i r c u m f e r e n c e s ,  areas, retail 
prices, fuel consumption. Elimi
nates the confusions of ordinary 
slide rules. Directions included . 

• u , ••• o-.•........................ $4.95 postpaid 

Ideal for school use. Can be used 
with transmission diffraction grat
ing replica (a piece is supplied) 
or with prism. It has a rotating 
prism table with scale. The tele
SCOlle ann extends through 1200• 

lOX eyepiece is standard microscope size with reticle. 
Slit is adjustable. Optical system includes two achro
matic 25mm diam. I22mm f.1. lenses. Arms extend 
from 5" to 8" for focusing. Diameter of base is SN. 
overall height 4" and overall width approx. 14". 
Instructions included. 

Stock No. 70.229-5 ...................... $39.50 Postpaid 

Horseshoe shape. Tremendous A · · 

GIANT MAGNETS I TERRIFIC BARGAINS! 
\Var surplus-Alnico V type! �.;.. -"r 
lifting power. 5 lb. size. Dimen- '. ' ' . ' � 
sions: A-31,4"; B-2%"; c- · . " ... · r I 
40/16"; D-11,4"; E-ll,4"; F- . .. \ .� 
��:�s. ����f1m o�er ���

u�bS� 'OOO We:::L .. "'-
Stock No. 70.183-S ..... 5 lb. 0Iz ••••• $8.50 Postpaid 

15-0/4 l b. size. Approximately 5,OOO-S.000 Gauss rating. 
Wil l  lift OYer 250 Ibs. 

Stock No. 85.088-S ... . 153/. lb. 0Iz •.••. 522.50 F.O.B_ 
Shipping wt. 22 Ibs. Barrington, N. J. 

RE P LICA G RATING-Low, Low Cost 
Tak. Unusual Colo, Photos At Nightl 

It's here-after decades or effort. Replica 
Grating-on film-at very low price. 
Breaks up white lIght into full spectrum 
colors. An exciting display. 13,400 lines 
per Inch. Diffraction Grating has been 
used to answer more Questions about the -'=�.u..L_ structure of the material world and the 
uni verse than any other single device. 

Use it for making spectroscopes. for expcriments, as a 
fascinating novelty. First time available such large siz6-
so cheaply-comes in clear plastic protector. 
Stock No. 50.202-S-includes 2 pes. 8" x 5%"-1 
transmission type, 1 refiecting type. $2.00 pstpd. 

WRITE 
FOR FREE CATALOG·S 

128 Pages! Over 1000 Ba rga ins! Optics 
for the Space Era! Huge selection of lenses. 
prisms, war surplus optical instruments. parts 
and accessories. Telescopes. 
Mi,croscopes, S a t e l l i te 
Scopes, Binoculars. Infrared 
Sniperscopes. science ex
periment items. math learn
ing and teaching aids. Re
quest Catalog-S. 
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High Temperature 

• Melting Crucibles • Tubing 
• Boats • Custom Shapes 

• Flame Spray Rod & Tubing 

Consider this list of LECO pure 
oxide ceramic materials (no binder 
to lower melting point), their chemi
cal composition and top usable tem
perature in an oxidizing atmosphere. 

Alumina AI203 19500C 
Calcium 

Zirconate CaO.Zr02 2100° C 
Magnesia MgO 24000C 
Mullite 3A1203.2Si02 18000C 
Spinel MgO.A1203 19000C 
Thoria Th02 27000C 
Zircon Zr02.Si02 18700C 
Zirconia Zr02 25000C 

For further information write: 
LABORATORY EQUIPMENT CORP. 

4022 Hilltop Road, St. Joseph, Michigan 

Can you think faster 
than this Machine? 

Control Panel of GENIAC® set up to do a problem 

Be careful before you answer. GENIAC@ the first elec
trical brain construction kit is equipped to play tic-tac
loe, cipher and encipher codes, convert from binary to 
decimal, reason (1n syllogisms) as well as add, sub
ll'act. multiply and divide. Specific problems in a 
\'ariety of fields-actuarial. policy claim settiement, 

��K����·. b\�n�fi�,�e a�'!t 
S':,Yd��I�S�O��� ;��t�O��l�r��y 

explained with templates tn the manual. This covers 125 circuits and shows how new ones can be designed. 

You will find building and using GENIACS a wonder. 
fut experience: one kit user wrote us: "this kit has 
opened up a new world of thinking to me." You actu-

��!ry 
sr.fic'!r��_t���PI�itl��g, er:,�bli� ��VI�;:�I:Z�� I\��� 

Boolean Algebra and the algebraic solutions trans
formed directly into circuit diagrams. You create from 
o\'er 400 specially designed and manufactured com· 
ponents a machine that solves problems faster than 
you can express them. 

Schools and colleges. teachers of science or math. 
engineering, philosophy or psychology will find these 

�f�lf��i�.
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matlon. 

SEND for your GENIAC kit now. Only $19.95 with 
over four hundred components and I>arts, 7 fully illus
trated manuals and wiring diagrams, ,Ve guarantee that 
if you do not want to keep GENIAC after seven days 
you can return it for full refund plus shipping costs . 

••••••• MAIL THIS COUPON ••• __ •• 

SCIENCE KITS, Department SA20 
Oliver Garfield Company 
108 E. 16 St. , N. Y. 3, N. Y. 
Please send me: 

GENIAC Electric Brain Construction Kit and 
:\lanual. 

$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. 
1 enclose $ ...... .... .. ........ in full payment. 

My name and address are attached. 
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anns. Observations were made every 
other day, on the average, usually for a 
two-hour period. 

"For each bird that visited the rack 
three things were recorded: (1) sex, (2) 
type of bottle visited first and (3) be· 
havior with respect to the nonfood bot
tles. Birds that proceeded directly to 
food bottles were allowed to feed, but 
not to satisfy their hunger fully. After an 
estimated half-feeding, the bird was dis
turbed by revolving the rack, and a non
food bottle was located where the food 
bottle had been. Most birds returned to 
the rack immediately. Their behavior 
could thus be recorded a second time . 

"Because all the feeders were identi
cal, the apparatus gave the birds no 
visual clue to the dispensers that con
tained syrup. Positional clues were elim
inated by frequent movements of the 
rack. Bees and wasps do not frequent the 
area because it provides no natural food 
for them; hence the experiment was not 
hampered by insect clues. The only dif
ferences between food and nonfood bot-

ties were those detectable either by smell 
or by taste. 

"The first question I had sought to 
answer by these experiments was: Did 
the birds learn to go directly to food 
bottles by scent alone? The answer was 
provided during the training period 
from May 12 to June 8, and it was 'no.' 
Visits to food and nonfood bottles were 
about equal in number. 

"It became apparent with the first ob
servations that a bird coming in search 
of food would normally light on the first 
feeder in its line of flight. When it 
chanced to select a feeder bearing syrup 
and scent, it inserted its bill in the dis
penser and fed. What took place when 
it lit on a feeder containing no food? 1£ 
it immediately left the feeder without 
tasting, or hovered near the feeder with
out perching and flew to one of the syrup 
and scent-carrying feeders and fed, this 
behavior could be interpreted as being 
directed by the sense of smell. If, on the 
other hand, the bird perched on a non
food bottle, inserted its bill in the feed-

Repetitive flash photograph shows a hummingbird feed (left) and back away (l·jght) 

I 
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( 
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1'HE PROMISING FU1'URE 
OF HAr'OHA' M'CRO-EHCAPSU'Ar'ON 

The powder that burns like gasoline. above, is dry to the touch, but is actually 90% 
gasoline, encased in tiny gelatin capsules! NCR pioneered this micro-encapsula
tion, a process which surrounds fine liquid droplets or solid particles with a thin 
gelatin layer- Possibilities are many and promising-as in the safeguarding of sen
sitive liquid fuek Perhaps you can hitch a promising career to this process _ . . or 
to other challenging NCR projects ... 
CHEMISTRY 

Plastics and polymers, micro· encapsulation (of liquids or reactive solids), photo
chromic materials (compounds which can be alternated between two distinct color states), 
magnetic coatings. 

DATA PROCESSING 
Computer theory and component development, programming studies, high·speed non· 

mechanical printing and multi-copy methods, direct character recognition, systems design. 

SOLID STATE PHYSICS 
Electro, chemical, and vacuum deposited magnetic films, ferrites and ferromagnetics, 

advanced magnetic tape studies, electroluminescence-photoconductor investigations. 

ADVANCED ENGINEERING DEVELOPMENT 
High·speed switching circuits, random access memory systems, circuit design (con· 

ventional, printed, etched), advanced electron beam type storage. 

The location of the new NCR Research and Development Center is progressive, energetic 
Dayton, Ohio. Facilities are extensive--veritable "city within a city". 

TH E NATIONAL CASH REGISTER COMPANY, DAYTON 9, OHIO 

ONE OF THE WORLD'S MOST SUCCESSFUL CORPORATIONS 
76 YEARS OF HELPING BUSINESS SAVE MONEY 

COMPLETE INFORMATION is yours 

by sending your resume to Mr. T. F. IT' ade, 

Technical Placement Section F·B, The Na
tional Cash Register Company, Dayton 9, 

Ohio. All correspondence will be kept 
strictly confidential. 
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NONFOOD BOTTLES 

TASTE 

MALE 

TASTE NO TASTE NO TASTE 

FEMALE 

WATER AND SACCHARIN 

JUNE 13 

16 

18 

20 

22 

23 

26 

28 

30 

2 

7 

9 

3 

4 

4 

IODOFORM 

2 

3 

9 

1 1  

1 

2 

KEROSENE 

30 2 

JULY 4 0 

4 

6 

8 

15 

20 

AMMONIA 

0 

1 

4 

3 

1 

BUTYRIC ACID 

7 

10 

17 

5 

20 

14 

13 

1 1  

1 1  

10 

16 

14 

37 

2 1  

8 

18 

9 

8 

1 

27 12 16 

AUGUST 4 2 

MALE FEMALE 

3 0 

7 0 

6 0 

1 0 

3 0 

1 1 

5 9 

7 1 

2 0 

0 0 

0 0 

0 0 

o 2 

o 

0 1 

0 0 

0 1 

2 1 

2 0 

o o 

o o 

FOUR BUTYRIC ACID BOTTLES ON RACK 

(NO SYRUP) 

11 15 I 16 0 0 

TOTALS 

97 283 39 17 

FOOD BOTTLES 

TASTE 

MALE 

TASTE 

FEMALE 

SYRUP AND SCENT 

5 5 

8 10 

9 10 

5 5 

9 13 

4 5 

SYRUP AND SCENT 

4 1 1  

5 4 

8 10 

4 10 

30 

0 14 

SYRUP AND SCENT 

3 43 

2 15 

SYRUP AND SCENT 

0 8 

7 30 

5 4 

2 4 

0 

SYRUP AND SCENT 

5 25 

3 0 

TOTALS 

90 256 

Table summarizing the reaction of hummingbirds to various foods and nonfoods 
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ing hole, tasted and then flew away, it 
would appear reasonable to conclude 
that taste alone, and not smell, had been 
the determining factor. 

"Throughout the experiment, syrup 
was always fed from the same dispensers 
and always carried the rose-geranium 
flower scent. The scent was quite strong 
and was renewed from time to time. A 
variety of scents and nonfood substances 
was offered in the remaining dispensers. 
The general scheme was to pair each 
syrup dispenser with a nonfood dis
penser nearby, the positions being inter
changed periodically. The several test 
combinations were observed for varying 
periods according to the following 
schedule. 

"May 12 to May 28: Syrup bottles 
with the scent attached were available 
alone. No nonfood bottles. 

"May 28 to June 4: Plain water was 
dispensed in nonfood bottles with no 
scent. 

"June 8: Two tablets of saccharin 
were added to each nonfood bottle (a 
previous experiment having shown this 

. solution to be unacceptable to the 
birds) . Observations were made on June 
13, June 16, June 18 and June 20. 

"June 23: An eye-dropper of iodo
form in alcohol was added to nonfood 
scent vials and the reaction of the birds 
observed on June 23, June 26 and June 
28. On June 28 iodoform was also added 
to the water. 

"June 30: Kerosene was placed in the 
feeding cups of nonfood bottles. Obser
vations were made June 30 and July 4. 

"July 4: Household ammonia was 
placed in nonfood bottles and scent vials. 
Observations were made on July 4, July 
6, July 8, July 15 and July 20. 

"At this pOint the question of whether 
the birds make use of the sense of smell 
in distinguishing between food and non
food dispensers was clearly answered. 
The behavior of birds alighting on dis
pensers that carried water, saccharin, 
iodoform, kerosene or ammonia was 
characteristic. The bird tasted what was 
in the cup, promptly pulled away with 
a little shudder and flew in search of a 
syrup dispenser. 

"The uniformity with which the birds 
reacted to the situation indicated plainly 
that they were responding to an instinc
tive or inborn behavior pattern and that 
any stimuli being received by the sense 
of smell were excluded. In my opinion 
this conclusion is clear-cut and sound. 
However, neither this response, nor the 
other examples of instinctive behavior 
cited, mean that all animals showing in
stinctive behavior patterns are mere au
tomatons-that their lives are governed 

© 1960 SCIENTIFIC AMERICAN, INC



omputer 
Programmers : 

Seen any new horizons 

lately? 

D o  you sometimes feel that you're ad rift i n  a 
sea of sameness . . .  that beyond your present 
horizon is  another just like it ? If  so, it's important 
that you know what's going on in computer 
programming at System Development 
Corporation. 

In addition to developi ng large com puterized 
control systems for SAGE, SAC, and other 
important operations - SDC is engaged i n  a 
number of long-range research projects. They 
include : automatic coding and problem-oriented 
l anguage s ;  development of a language to 
automate transition from one computer to 
another ;  study of the organization of large 
system s ;  i nvestigation of computer design from 
a standpoint of programability rather than 
engineering;  information retrieval and medical 
data processing. 

POSITIONS NOW OPEN AT ALL LEVELS 
(at Santa Monica, Cali/ornia and Lodi, New Jersey) 
The extension of SDC's programming activities 
into new areas has created openings for 
Programmers at various levels of experience, 
including senior status. Please send your 
inquiry to Mr. E. A. Shaw, SOC, 2420 Colorado 
Avenue , Santa Monica, California.  

"Project CLIP -The Design of a Compiler and 
Language for Information Processing," a paper 
by Harvey Bratmari of SDC's Data Processing 
Research staff, is available upon request. Send 
request to Mr. Bratman at SOC. 

SYSTE M DEVE LOPMENT 
CORPORATION 

Santa Monica, California · Lodi, New Jersey 
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How To Get Things Done 
Better And Faster 

BOARD MASTER VISUAL CONTROL 

'* Gives Graphic  Pictu re-Saves T i m e ,  Saves 
Money, Prevents Errors 

'* Simple to ope rate-Type or Write on Cards, 
Snap in Grooves 

'* Ideal  for Production, Traffic, I n ventory, 
Sched u l i n g, Sales, Etc. 

'* Made of Meta l .  Compact and Attra ctive. 
Over 500,000 i n  Use 

Full  price $4950 with cards 

I F R E E l 24- PAG E  BOO K L ET N O. C-200 

Without Obligation 

Write for Your Copy Toda y  

GRAP H I C  SYSTE M S  
Yanceyvil le.  North Carolina 

SPANISH ( o�;u
e:�:::n ) • FRE N C H  

ITALlAN.GERMAN. RUSSIAN .JAPANESE 

ICELANDIC • MODERN GREEK 

-any o f  34  languages available AT HOME 
W i t h  LI N G UA P H O NE The World's  Standard Conversa
t ional Method-You Start to S P EA K  another lang uage 
TO M O R R O W  or IT COSTS YO U NO THING ! 
I n  j u s t  20 m i n utes a day. you and your family can 
learn another language w h i l e  relaxed AT HOl\1E
the same easy, natural \Va:. ,YOU learned to spen), 
English long before you went to school. 
O n ly L I N G U A P H O N E  brings 8 to 12 of the world's 
best native language teachers into your hom.e. You 
hear both men and women COllverse about L1ll-to
date, everyday matters in their nath'e tongue. YOU 
listen-YOlJ understand-YOU SPEAK correctly 
as they do. It's like living in another land. 
T h at's  why L i n g u a p h o n e  is used 'round the world 
by scientists, educators, governments and business 
firms. Orer a million home-study students of aU 
ages ha,'e learned to speat;: another language this 
ideal, c o n versat i o n a l  way . 
Free boo k l et " Passpo rt To A N e w  World , "  fu l l y  de
scribes the Conve rsational  M ethod : a l so gives  d etail s  
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entirely by inborn mechanisms. Learn
ing, insight and intelligence also influ
ence an animal's total behavior. 

"Having reached the conclusion that 
my birds were not making use of a sense 
of smell, I next tackled a more difficult 
and fundamental question: Do hum
mingbirds have any sense of smell? I 
was experimenting with wild birds that 
were feeding on nectar and insects, their 
natural foods, in addition to my offer
ings. I did not think that there was much 
chance of inducing them to change their 
ways. But I decided to try to demon
strate the presence or absence of the 
olfactory sense by using another repel
lent odor in fixed locations for a longer 
period. 

"On July 27 a solution of butyric acid 
and water (to the human nose the most 
repellent of the substances I used) was 
put in all nonfood bottles. Six of these 
bottles were paired with regular food 
bottles and left in place for nearly a 
month, the idea being that the birds 
might learn to avoid the bad odor in a 
longer training period. Observations 
were made on July 27, August 4 and 
August 11, with negative results. At this 
time I became busy with a photographic 
project that required the removal of all 
food bottles except one for attracting 
birds to be photographed. 

"The butyric acid bottles were left in 
place, however, until August 20. It was 
interesting to observe that, although 
these dispensers had been in place for 
nearly a month, birds looking for food 
would light on them and invariably take 
the tell-tale taste. 

"The results are summarized in the 
accompanying table [page 164]. The 
two columns of the table headed Taste 
under Nonfood Bottles and Food Bottles 
list the visits by males and females 
that behaved in the normal manner, 
that is, lighting on the bottle and tasting. 
The columns under No Taste list visits 
of birds that hovered near the nonfood 
bottles and flew away without lighting 
or tasting-a pattern of behavior that 
might possibly indicate the use of the 
sense of smell. As shown by the table, 
these instances of apparently significant 
behavior were more frequent in the 
earlier tests than later. With continued 
observation an alternate explanation of 
'No-Taste' behavior became obvious: 
'spooking' by a guarding male. As soon as 
all the bottles except those on the test
ing rack were taken down, a male (not 
always the same one) would take charge 
of the territory and chase away or try 
to chase away all other birds that came 
to feed. The intensity of this behavior 
varied greatly. Sometimes a guarding 

male would leave the job, giving all vis
itors a chance to feed. Then a new guard
ian would take over. With close guard
ing, a bird coming in was easily spooked 
or frightened by the dominant bird and 
often made only one pass at a bottle. 
Initially this behavior seemed to indicate 
a rejection of the food and I accordingly 
noted them as No Taste. 

"The table shows that more passes 
were recorded at the nonfood than at the 
food bottles. This is explained by the fact 
that I manipulated the rack for this re
sult. Passes at the nonfood bottles were 
the significant ones. Many more observa
tions were made of females than of 
males, because for a considerable por
tion of the period the hens were feeding 
their young. Their food requirement was 
therefore two to three times that of the 
other birds. 

"Unfortunately the butyric acid ex
periment was not correctly designed to 
show the presence or absence of a sense 
of smell. Some indication of the com
plexity of this question and of the diffi
culty of devising an experimental meth
od for answering it is given in a paper 
by Wolfgang J. Michelsen of Harvard 
University in Science for September 11, 
1959. He used a rather complicated ap
paratus for studying 'olfactory discrimi
nation' in pigeons and was able to teach 
the birds to use the sense of smell to 
obtain food. The method gives a sound 
and convincing result which proves that 
pigeons possess a sense of smell. 

"In the case of hummers it seems clear 
that the existence of a sense of smell 
might be determined by the use of cap
tive birds. With the wild birds I cannot 
devise a way to do it. Proving the nega
tive-that the wild birds do not possess 
a sense of smell-seems to me quite im
possible. 

"As mentioned earlier, my experiment 
was suggested by the pioneering investi
gation of the honeybee's senses. This 
work shows that bees have and make 
use of a sense of smell. It was observed 
that a scout bee finds a new source of 
nectar, returns to the hive and by a defi
nite pattern of behavior communicates 
the distance and direction of the discov
ery to its fellow workers. Because the 
scout bears the scent of the flowers, it is 
also able to disclose the kind of flower 
to be sought by the workers. Humming
birds, being completely nonsocial, can
not use the sense of smell in this way. 
Moreover, the use of the sense of smell, 
in my opinion, would not significantly 
increase the efficiency of the humming
bird's normal food-seeking behavior-a 
possible explanation of why they have 
not developed this faculty." 
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by James R. Newman 

THE WANDERING ALBATROSS, by Wil
liam Jameson. William Morrow & 
Company ( $3 ) . 

And I had done a hellish thing 
And it would work 'em woe: 
For all averT'd I had killed the bird 
That made the breeze to blow. 
Ah wretch! said they, the bird to slay, 
That made the breeze to blow! 

X
d now a mariner, neither gray

beard nor ancient, has come to 
. set things right. In November, 

1939, the German warship Graf Spee 
had sunk a small merchant vessel off 
Madagascar and then disappeared. Im
mediately the British aircraft carrier 

·BOOKS 
A naval officer's book on the wandering 

albatross, the largest of all living birds 

Ark Royal was dispatched to find the 
raider-though where she had gone, east 
into the Indian Ocean or west into the 
trackless immensities of the South At
lantic, was not known . The Admiralty 
ordered the Ark Royal "to take up a 
strategic position south of the Cape [of 
Good Hope] to cover either eventuality, 
but the seas around remained empty."  
Among those who shared this lonely and 
weary vigil was a naval officer named 
William Jameson. For days, as the ship 
patrolled the horse latitudes, the sky was 
gray, the sea "lifeless and dull," and 
neither birds nor flying fish nor whales 
were to be seen. Then, on a fresh No
vember afternoon a few hours after the 
carrier had entered the subantarctic 
zone, a great white form flashed into 
view. It was a wandering albatross, the 
largest of living birds. With motionless 
wings it skimmed the waves, turned into 
the wind, soared up to 40 or 50 feet, 

banked toward the ship and swooped 
down at high speed to pass across its 
wake. For several days the albatross, 
which by now had picked up compan
ions, followed the ship. On the edge of 
the roaring forties the sky became over
cast, the glass fell and the weather 
turned wild. Wind velocity rose to 60 
miles per hour; 35-foot waves, 300 to 
400 yards from crest to crest, made the 
huge ship lurch and plunge continuous
ly. It was all a man on deck could do to 
wedge himself into a sheltered corner. 
But the albatrosses were enjoying them
selves : "swooping around at high speed, 
banking, soaring, diving to within an 
inch or two of the sea; perfectly at home 
in their boisterous element and moving, 
as it seemed, in any direction they 
wished."  Then, as suddenly as they had 
appeared, the birds vanished. 

For Jameson the brief encounter with 
these superbly graceful creatures was a 

Juvenile male wandering albatross was photographed by the Duke of Edinburgh. The adult bird has a wing span of 10 to 12 feet 
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Two wandering albatrosses stride about South Georgia Island 

A male albatross (left) struts before a female 

A male sits atop (/ nest. The down 0/ the chick is visible beneath his breast 
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"heart-lifting and unforgettable event." 
He continued his naval career, became 
attache at the British Embassy in Wash
ington, was promoted to Rear Admiral 
and knighted. When he retired, he wrote 
a history of the Ark Royal (which, after 
valiant service, was destroyed by a 

U-boat in 1941 ) and then turned to a 

study of the wandering albatross. He 
searched the literature and assembled 
information from various other sources, 
and he has now written a delightful 
little book which summarizes all that is 
known about this huge, gentle, fearless 
creature : its habits and life history, its 
method of Right, its place in fable and 
legend.  

The wandering albatross is a distinct 
species of albatross. It belongs to the 
family Diomedeidae in the order Pro
cellariiformes, which dates from the Mi
ocene Epoch ( 10 to 30 million years 
ago )  ; fossil remains of an early albatross 
have been found in rocks dating from 
this period. Experts disagree on the 
number of different forms of albatross, 
but we may accept the fact that there are 
some 15 species. Three inhabit the 
Northern Hemisphere; the waved alba
tross is confined to the tropics. Nine spe
cies, including the royal, the sky, the 
black-browed and the yellow-nosed al
batross, have plumage that is mostly 
white at maturity, and have a range 
which overlaps that of the two races of 
wanderers . The wanderer, which is the 
largest species of albatross, breeds on 

bleak, stormy, remote islands: South 
Georgia, Inaccessible, Kerguelen, Gough 
and others . 

The name albatross, says the Oxford 
English Dictionary, is apparently a mod
ification of alcatras, applied to the frig
ate bird, but extended through inaccu
rate knowledge to a still larger seafowl. 
(Alcatruz is the Portuguese word for the 
bucket of a water-raising wheel ; whence 
alcatras, first applied to the pelican, 
which, the Arabs in Spain believed, used 
its great beak to carry water to its young 
in the desert. ) The alcatras is black; per
haps to distinguish white birds the pre
fix albi- or albe- ( with reference to the 
Latin albus: white ) was substituted. 
Sailors have called the wandering alba
tross by a variety of names : cape sheep 
( descriptive of its immense size and 
color ) ,  goney ( obviously a reference to 
the very young birds, which have an in
nocent and befuddled look ) ,  man-of
war bird. In 1766 Linnaeus assigned to 
the wanderer a more poetic name : Dio
medea exulans. According to Jameson, 
two fables guided the master-classifier. 
An old sailors' legend says that sea cap
tains are condemned in the hereafter to 
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wander eternally above cold and stormy 
seas, as retribution for the cozy quarters 
in the poop they enjoyed during their 
lifetime while the crew dwelt in wretch
edness. The other fable concerns Dio
medes, a Thracian hero, who after the 
Trojan Wars went to Italy, was ensnared 
by a magician and had his companions 
turned into birds resembling swans. 
Diomedes means Zeus-counseled; exu
lans, an exile or banished wanderer. Thus 
Diomedea exulans. 

Early books on natural history were 
neither very informative about D. exu
lans nor accurate. It was confused with 
other birds, and strange habits were at
tributed to it-not stranger than the 
truth, merely wrong. In the late 18th 
century, as sailing ships sought out the 
"albatross latitudes" ( 40 to 50 degrees 
South ) information about the birds be
gan to come in. Mariners ashore on alba
tross breeding-islands were more inter
ested in eating albatross eggs-which are 
huge and delectable-than in compiling 
ornithological records, but now and then 
a more philosophical visitor controlled 
his appetite and enlarged scientific 
knowledge. In our century the expedi
tions of the Discovery and the Quest, 
and such ornithologists as Robert Cush
man Murphy, Niall Rankin and L. E.  
Richdale, have provided the data from 
which a good picture of the life cycle of 
the wandering albatross can be drawn. 

On tiny desolate islands, scattered 
high in the southern latitudes, set in the 
wildest seas of the world, Diomedea ex
ulans builds its nest. A favorite place is 
South Georgia. Here, where it is bleak 
and treeless, where the wind always 
blows, where the foulest weather is the 
rule, where the only vegetation is coarse 
tussock-grass; here, where huge sea-ele
phants and tiny petrels, seals and pen
guins come to breed and raise their 
young, the albatrosses gather for a few 
months to court and mate, to produce 
their young and raise them to indepen
dence. 

The nest is usually built in an ex

posed place near the shore, faCing into 
the wind, preferably on an eminence. 
The bitter cold and the constant gales 
do not discommode the albatross; even 
the nestlings' feathers make a perfect 
coat. The main consideration is to choose 
a home that is also an airfield, where the 
birds can land and take off with the least 
trouble. In the air an albatross is grace 
itself, but on land it is a clumsy creature. 
It cannot perch, it walks laboriously with 
a waddling gait and has a hard time 
getting up enough speed to be airborne, 
and when it lands it is apt to pancake or 

to go over on its nose. 

Spaced 20 to 50 yards apart, the nests 
(made of soil, moss and grass trampled 
into a peatlike mixture ) are shaped like 
miniature volcanoes. They are about 
three feet across at the base and are built 
high enough-one to three feet-to keep 
the top above the level of the winter 
snows. A single egg is laid in a shallow 
bowl hollowed out of the top of the 
conical structure. Husband and wife 
build the nest together-an arduous task 
-and keep it in repair; old nests are 
used again. 

Egg-laying begins in November and 
December, depending on the island, and 
by early January ( midsummer ) eggs are 
everywhere plentiful . In 1923 four men 
from the Quest gathered 3,500 eggs in 
three days from the northern end of 
South Georgia; as an offset to such dep
redations the birds' food supply has 
been increased by the waste products of 
whaling stations, and the albatross popu
lation does not seem to have decreased. 
An albatross egg has a coarse white shell 
speckled with red spots, weighs around 
15 ounces and holds as much liquid as 
six hen's eggs. It takes roughly 10 weeks 
for the chick to hatch, during which pe
riod male and female alternately sit on 
the nest. vVhile one partner does brood
ing duty, the other is at sea getting food. 
The sitter is patient, fearless and tame; 
it will fight off piratical antarctic skuas, 
but will permit a man to approach, pro
vided he makes no sudden movements . 
Diomedea exulans has a great bill that 
can inflict serious injury, but if this is 
firmly grasped, the bird can be lifted 
from its nest and even stroked. It is fair 
to conclude, says Jameson, that the wan
dering albatross is "devoid of aggressive
ness." It only attacks what it supposes to 
be its usual food, but like a Yosemite 
bear it can be "dangerous without evil 
intent." ( Park bears should not be fed 
because, as a keeper once told a visitor, 
they don't know where the bun stops 
and the arm begins. ) 

The newly hatched albatross weighs 
11 to 14 ounces, and is covered with silky 
pure-white down. The beak ( hooked at 
this stage ) and the feet are yellow; the 
eyes, very dark brown. In a week the 
chick almost doubles its weight, and in 
three weeks it is as big as a barnyard 
fowl. When it is a month old, it weighs 
more than six pounds and can frighten 
off any skua, so that it can do its own 
baby-sitting and leave both parents free 
to forage for it at sea. A new buffish
gray coat of luxuriant down keeps the 
youngster warm; autumn is now well 
advanced and there are frequent storms, 
but the bird is snug. More aggressive 
than its parents, it will snap at intruders ; 

OUTSTANDING 
CONTRIBUTIONS 

TO SCIENTIFIC LITERATURE 

SPACE FLIGHT 
Volume I: Environment and Celestial 
Mechanics by Krafft A. Ehricke. Con
vair.Astronautics. 

Covers the concepts of space flight, its en
vironment, astronomy from the viewpoint 
of the astronautical engineer, principles and 
methods of celestial mechanics. Compre
hensive data tables, graphs, many deriva
tions and equations of motion are helpfully 
included. 

650 pp. $14.50 

SYSTEM PRELIMINARY DESIGN 
by Joseph J. Jerger. National Water 
Lift Co. 

This volume in the series, Principles of 
Guided Missile Design, illustrates how 
various components may be integrated into 
a preliminary missile design near optimum 
for given performance specifications. A 
wealth of tables, diagrams, and design data 
effectively supplement the text. 

700 pp. prob. $15.00 

BEAM AND WAVE ELECTRONICS 
IN MICROWAVE TUBES 
by Rudolf G. E. Hutter. Sylvania Elec· 
tronic Products. Inc. 

The operating principles of microwave 
tubes, from klystrons and magnetrons to 
the most recent traveling-wave tubes, are 
thoroughly covered in this new book. 

350 pp. prob. $8.50 

AXIOMATIC SET THEORY 
by Patrick Suppes. Stanford Univer. 
sity. 

This sequel to the author's previous work, 
"/ntrocM.tction to Logic", develops the Zer
melo-Fraenkel system of set theory. Proofs 
are presented informally but in such a way 
that they can easily be fitted into a formal 
system of logic. 

370 pp. prob. $6.50 

BASIC PRINCIPLES OF NUCLEAR 
SCIENCE AND REACTORS 
by Alan M. Jacobs. Pennsylvania State 
University. Donald E. Kline. HRB Singer. 
Inc. and Forrest J. Remick. Pennsylva. 
nia State University. 

Here is an introduction, devoid of mathe
matical rigor, to the design and usage of 
nuclear reactors and radioisotopes with 
qualitative derivations of the important 
aspects. 

250 pp. prob. $7.50 

ELECTRICAL NOISE: Fundamentals 
and Physi(al Me(hanisms 
by D. A. Bell. University of Birmingham. 

A unified reference and source book con
cerned primarily with the mechanism of 
noise in physical devices which are of inter
est to physicists and electrical engineers. 

320 pp. prob. $6.00 

/ Van Nostrand I. Publishers Since 1848 / PRINCETON, NEW JERSEY 

171 

© 1960 SCIENTIFIC AMERICAN, INC



if this doesn't work it will vomit its 
stomach contents, which are mixed with 
"a very evil smelling oil ." This substance 
deserves a few words. 

All birds of the order Procellariiformes 
manufacture this stomach oil, which is 
a gland secretion similar to the oil found 
in the head of the sperm whale. Its exact 
purpose is not known. It can be dis
charged for defensive purposes through 
the beak or nostrils ;  petrels are particu
larly adept in firing a stream of it fairly 
accurately and over some distance. It 
may also be a "supplemental food" for 
the young, since it is rich in vitamins. An 
intriguing suggestion is that ocean-going 
birds use it to calm the water in their 
vicinity when riding out a gale. Jameson 
says this may sound absurd, but only to 
those who have not seen the pacifying 
effects of even a small quantity of oil on 
a turbulent sea. It is possible that the oil 
is used for preening, which is very im
pOl·tant to creatures that spend so much 
time in the air. The oil contains alcohol, 
remains fluid at low temperatures and 
can easily be transferred from beak to 
feathers . A leading ornithologist has ad
vanced the idea that the oil of the adult 
is the fledgling's water supply. There 
may be truth in all theories. 

At five months the youngster is still 
being fed. Although it is now fully 
grown, it is very fat, covered with down 
and cannot fly. Yet suddenly it is aban
doned. Sometime in June the parents fly 
off to sea, apparently leaving the nest
bound fledgling to fend for itself. The 
ornithologist L. Harrison Matthews, vis
iting a snow-covered site in South Geor
gia in August, describes how each nest 
had "a young albatross the size of a small 
sheep sitting on it, sitting all alone and 
waiting;  clad in a thick coat of buffish 
woolly down." A touching picture, al
most inexplicable in biological terms, 
even if one recognizes that the birds can 
live a long time off their own fat, and 
that their metabolic processes during the 
rigorous antarctic winter probably slow 
down to a point closer to hibernation 
than can be found in any other creature 
of the bird world. 

But this paradox of life cycle seems at 
last to have been solved. By piecing to
gether observations made in storms and 
in winter darkness at different sites on 
the breeding islands, ornithologists have 
now concluded that the fat young goneys 
are not entirely abandoned by their par
ents . After the initial phase of daily 
feeding, the interval is increased, at first 
to two days, then to longer periods. After 
the parents take to the wing in June they 
return periodically to dispense fish and 
cuttlefish. This practice is continued un-
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til the young can fly. Two days before 
they go to sea they are given their last 
free meal. 

The preparation for the youngster's 
emancipation is spread over months. All 
through the winter the first coat of feath
ers has been growing underneath the 
second coat of down. The goney now 
looks rather frowzy, with tufts of down 
adhering to its feathers, but in due time 
its dress becomes tidier. The sides of the 
neophyte's face are white, and there is 
a white bridge across its nose-"like a 
pair of spectacles." The feathers are a 
chocolate color; the beak is whitish yel
low; the legs and feet, light gray. A 
young albatross is "a somber bird," much 
different from the dazzling creature it 
will become. 

In November it begins to flap its great 
wings-l0 to 12 feet in span-but they 
are still weak. It waddles around the 
nest, takes trials standing into the wind, 
springs off the ground and lurches into 
the air for a few seconds. Andre Migot 
observed on Kerguelen that young birds 
took a month practicing to fly. G. H.  
Wilkins of  the Quest party watched the 
birds painfully clamber up a hillside 
( resting frequently along the way ) and 
then, "after a prolonged rest, run a few 
steps downhill and launch themselves 
into the air for a short flight, followed 
by a heavy landing which probably sent 
them tail over beak. Getting up, with an 
expression of pained surprise, they 
would repeat the process, always toiling 
farther up the hill if failing to get prop
erly airbome." When the old birds begin 
retuming in late November, the young 
exhibit their prowess and begin extend
ing their range. For several months they 
make trial runs over the open sea. But 
when the breeding birds leave, the fully 
fledged youngsters set out on their own 
and begin the "purely pelagic existence" 
that they will follow for several years . 
Some may not see land again until they 
return to their birthplace to mate and 
raise their own chicks; six or seven years 
may elapse before this happens. "Not 
for nothing has the bird been named the 
wandering albatross . "  

"I t  has always been a mystery to 
me . . .  on what the albatross can sub
Sist," wrote Darwin in A Naturalist's 
Voyage around the World. The answer 
is that the wanderer has the huge pas
tures of the Southern Ocean on which 
to "graze."  ( This apposite descriptive 
term was used by Anders Sparrman, who 
accompanied Captain Cook on his voy
age around the world in the Resolution.) 
It is a large bird and a surface feeder, 
but the area in which it can forage is 
immense : some 30 million square miles, 

or 10 times the area of the U. S. The 
ways of the wandering albatross are soli
tary. It has its own path, it feeds and 
flies and rests alone, many miles away 
from any other of its species. But when 
a ship appears, the birds are drawn to
gether. In the days of sail the ruffling 
of the surface water, or refuse thrown 
overboard, attracted birds from every 
quarter; the modern ship leaves a pro
peller wake and perhaps a trail of grease 
and oil that act like a powerful magnet. 
Albatrosses have a keen sense of smell, 
and their vision is such that they can see 
a ship eight to 10 miles away. A dozen 
or more birds may assemble and follow 
the ship for days . This brings us to the 
faScinating question of how they fly. 

Their aerial performance is prodi
gious . They fly into the wind at high 
speed; they move up and down in a cu
riously curved flight path, behind, over, 
alongside, in front of the ship, now trail
ing, now overtaking, now diving, now 
climbing, all the while scarcely flapping 
their wings. They can keep up this pace 
for days, apparently without rest or 
sleep, following a vessel making 20 knots 
or more, and they have been known to 
cover a distance of at least 3,500 miles 
in 12 days. Neither gravity nor fatigue 
seems to hamper these Zeus-counseled 
fowl . 

The explanation rests on the fact that 
the albatross is primarily a living sail
plane. Though it is capable of powered 
flight, the bird's pectoral muscles are of 
moderate size and quite inadequate to 
support its sustained aerial feats . In a 

sailplane the force of gravity provides 
most of the motive power; the wings 
must give the required lift with the mini
mum drag, or resistance to forward mo
tion. The aspect ratio ( the ratio between 
the average width of the wing and its 
length ) and the ratio of lift to drag must 
both be high. In a high-performance 
sailplane the aspect ratio is around 18-
the same as that of the wandering alba
tross. The lift-drag ratio of such a wing 
may be as high as 40 to one, "that is to 
say, for every 40 pounds of lift acting 
upward at right angles to the wing there 
is a resistance to forward motion of one 
pound pulling to the rear ."  

To build a sailplane with such long 
and narrow wings is exceptionally diffi
cult, but the albatross meets the specifi
cations admirably. Its wing bones are 
hollow and filled with air instead of 
marrow; in a 20-pound bird the entire 
skeleton, including that of the wings, 
weighs well under three pounds. The liv
ing creature has other advantages over 
the man-made device. An albatross in 
flight can control its feathers and joints 
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to change the span of its wings, their 
camber, sweepback and dihedral angle. 
The feathers can be closed or opened 
like a fan, thus enlarging or diminishing 
their total surface and achieving the 
optimum lift-drag ratio at any given 
speed. 

A bird ( or a sailplane ) gliding 
through the air must overcome drag. 
This is done by dissipating potential en
ergy. When the bird is high, it must 
slide "downhill" to pick up speed, and 
somewhere along the descent it must 
find an updraft in the air stream to re
gain height. Currents of this kind occur 
over land: on the windward side of hills, 
in "thermals" where warm air rises from 
the ground, and in "standing waves" 
where air passes over a hill, dips down 
and bounds upward. All three types of 
updraft also occur over the ocean. Air 
currents rise on the flanks of waves and 
rebound on the lee side of the crests. 
Thermals are found when the water 
warms cold air above it, causing the air 
to rise in closely packed counter-rotating 
cylinders ; and even if the columns are 
blown over by the wind until they lie 
parallel to the surface, their counter
rotation pushes up a ridge of air along 
which a bird can glide. The albatross 
seeks out such upcurrents and makes use 
of them. Yet together they are too ir
regular and operate too near the surface 
to afford the bird the steady and power
ful support it needs. Another source of 
power is thought to be available. In 
1924 P. Idrac of the Paris Ecole Poly
technique carried out a careful field 
study that led him to what Jameson de
scribes as the now generally accepted 
theory of albatross flight. Wind blowing 
over the sea is slowed down by friction . 
In Jameson's happy image, if we throw 
a stack of playing cards onto a table, 
they will spread out in different degree : 
the bottom cards, in contact with the 
table, will travel slowly over a short dis
tance ; the top cards fastest and farthest; 
the cards in between at intermediate 
speeds, each being held back by the 
friction of the slower-moving cards of 
the layer immediately underneath. So, 
roughly, with the winds blowing over 
water. For example, a wind traveling at 
40 miles per hour at an altitude of .55 feet 
may be traveling at only 20 m.p.h. near 
the surface, and the layers in between 
will have a spread of intermediate 
speeds. The albatross capitalizes on this 
circumstance. Under the wind condi
tions mentioned it can start a dive from 
55 feet at, say, 30 m.p.h.  In still air it 
will accelerate to 48 m.p.h., but since 
the air is moving and the bird is gliding 
downwind, by the time it reaches the 
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slow-moving layers of air near the sur
face it will have attained an air speed 
of 67 m.p.h.  ( 48 m.p.h.  plus 20 m.p.h, 
minus one m.p.h.  lost to increased drag ) .  
This is more than enough to enable the 
albatross to soar back to its original 
height. Still, it would not enable the bird 
to follow a ship traveling into the wind, 
because it has lost considerable ground 
in its downwind dive.  However, when 
it ascends and turns first across and then 
into the wind, it is constantly entering 
faster-moving layers of air, and the arith
metic balance of forces is in the alba
tross's favor, so that when it has climbed 
to 55 feet it is actually moving much 
faster ( perhaps 70 m.p.h. ) than when 
it started the dive. Just as it is possible 
for a sailing vessel to proceed into the 
wind, the albatross, making use of vari
ations in wind-speed within a shallow 
layer of air, as well as of various eddies 
and updrafts close to a ship, executes a 
continuous, crudely S-shaped Hight cy
cle that enables it to keep up for days 
with a vessel making 20 knots or more 
against the wind. It is a feat that no 
man-made sailplane can equal . 

How long the albatross remains at sea 
after leaving the breeding site, how it 
navigates and finds its way back to the 
tiny home islands, how often it breeds
these are questions that are far from set
tled. Observers accumulate evidence but 
it is not decisive. The marvelous navi
gational ability of birds is of particular 
interest to missileers in our happy age. 
What would they not give to have their 
clumsy toys emulate the swallow that 
Hies from South Africa to the barn down 
the road, or the albatross that circum
navigates the globe half a dozen times 
and then homes to a nest on Kerguelen. 
Indeed, what treasure has already been 
spilled to gain this end. But if, as Jame
son says, "the results of these investiga
tions enables a rocket to home as cer
tainly as the swallows of Capistrano, we 
must pray that the secret continues to 
elude mankind."  

Much else in this book is of  compelling 
interest. Jameson describes the remark
able ritu�ls of courting and mating. The 
returning cocks form into groups of four 
or five, each composing a ring with a hen 
in the center. Hitherto-silent suitors now 
begin to utter "harsh, groaning sounds, 
not unlike the braying of an ass and no 
more pleasant or musical ."  The female 
faces each male in turn and a dance en
sues in which the cock shows what a 
splendid fellow he is. When the dance 
is concluded, the female, whose deport
ment is demure, now turns to another 
bird and the ritual is repeated. Every
thing is carried off with decorum, "in a 
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bucolic sort of way," and while there is 
a hideous din and much wing-Happing 
and neck-stretching, there is no fighting 
or interfering with the other chap's 
dance. Occasionally, when a cock's feel
ings become too much for him, he strolls 
a short distance from the ring with his 
head ( as Robert Cushman Murphy de
scribes it ) "swaying from side to side 
and hung almost to the ground. The at
titude gives [the cock] a diabolical look, 
and it would be easy to imagine that 
dark and sinister thoughts were occupy
ing [his] mind."  In time, after the female 
has inspected all the suitors, she makes 
a choice, whereupon the successful male 
shepherds the bride-to-be to his nest. 
"Other females are constantly arriving 
from the sea and the rejected males, un
daunted, waddle off to try their luck 
elsewhere ."  

The ritual after pairing is  even more 
elaborate than that of courtship. The 
birds croak at each other, opening their 
bills wide, and then nibble at the short 
feathers of their partner's neck. They 
emit "bubbling" noises, bring their beaks 
together and sing screeching duets . 
Standing on the nest, the male spreads 
his wings, stretches his neck, points his 
bill to the sky and turns slowly through 
a full circle, "lifting each great foot in 
turn high in the air with the measured 
precision of a guardsman doing a slow 
march. All the time he lets out a high
pitched pig-like squeak."  The female, 
though "evidently greatly Hattered," is 
still coy, but at last comes a demonstra
tion that is irresistible. Stretching his 
wings to the full, cocking his tail up
ward, the male "shrieks to the full capac
ity of his lungs . No female could ignore 
so fervent a declaration. "  Mating may 
now take place, though quite frequently 
this "ecstatic climax is followed by anti
climax," both birds seeming to tire of 
the whole performance and sinking ex
hausted to the ground to rest quietly 
side by side. Then the whole ceremony 
has to be repeated, mixed in with a little 
nest-building so as finally to get the 
show on the road. The wandering alba
tross, "so solitary and aloof for most of 
its life, is an ardent bird, and courting 
continues, no less fervently, while the 
nest is being prepared and even after 
the egg is laid."  

For the benefit of those who demand 
con jugal felicity even of birds before 
granting their blessing, I should point 
out that there is evidence that wander
ers are faithful to their chosen mate. But 
not in all cases, and at best only up to a 
point. Promiscuity is known among the 
elders, and occurs even more among the 
youngsters . And each time an albatross 

returns to breed, it selects a new mate, 
the older males "showing the marked 
preference for sprightly young females 
which has sometimes been noted in other 
walks of life ." 

A final word as to the fable. Jameson 
has made a careful search of the origins 
of the tale upon which Coleridge pre
sumably based his "Rime." The results 
are surprising. Birds have of course al
ways been a subject of legend and super
stitious awe. Eagles, vultures, swallows, 
geese, magpies, crows, ravens, owls have 
at various times and places figured as 
omens, as portents, as aids to augury. 
Gannets, kingfishers, petrels have had 
special meaning for seafarers, and many 
have heard of the famous bird which on 
April 12, 1782, perched itself on the 
poop of Admiral Rodney's Hagship and 
obligingly clapped its wings at every 
broadside poured into the French Ville 
de Pa1'is. But of the albatross there is no 
record-neither of superstitions, omens, 
ceremonies, nor of cheering on the Brit
ish Navy. If it was once believed that an 
albatross hovering about a ship brings 
bad weather, and that to kill it brings 
bad luck, the belief has left no trace. 
Moreover, there is ample evidence that 
sailors had not the slightest compunction 
about shooting an albatross or snaring it. 
The bird is no treat to the table, because 
it tastes like a stale, tough and oily fish; 
but catching it is sport-or what passes 
for sport. The albatross has also been 
prized for things that could be made out 
of it: tobacco pouches out of the webbed 
feet, pipestems from the hollow wing 
bones, a "handsome paper clip" out of 
the beak. 

Where then did Coleridge get his no
tion? With the help of John Livingston 
Lowes's analysis in his famous The Road 
to Xanadu, and Coleridge's correspond
ence, Jameson clears up the mystery-or 
comes as close to doing it as anyone 
would wish. I shall leave the reader in 
suspense;  this is but one of several ex
cellent reasons for turning to Jameson's 
charming natural history. 

Short Reviews 

T HE EVOLUTION OF MAK's CAPACITY 

FOR CULTURE, arranged by J. N. 
Spuhler . Wayne State University Press 
( $3.50 ) . Six essays on different aspects 
of the problem how man became man. 
Modern science, especially paleontolo
gy, has succeeded in learning a good 
deal about biological developments such 
as the perfection of vision into a predom
inant sense, the emergence of bipedal 
locomotion, the improvement of manipu
lative powers, cortical control of sexual 
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item bibliography. 700 i l lustrations . 534 p p .  

Paperbd. $2.25 
A X 52 7 .  E X P E R I M E N TS & O B S E R V A T I O N S  ON T H E  
G A ST R I C  J U I C E ,  W .  Beaumont.  Great American classic 
of medicine, 1 8 2 0 ' s ;  experiments through a gunshot 
wound into a human stomach. Intro. by William Osler. 
3 2 0  pp. Paperbd. S I .50 
A X 542. SO A P - B U B B L ES, T H E I R  C O LO U R S & T H E  
F O R C E S  W H I C H  M O U L D  T H E M ,  C .  V . Boys. D o  not 
confuse this with other editions ; this is  the only complete 
edition on the market. Dozens of experiments, illustra
tions of scientific principles. in classic of exposition. Half 
again a s  large as any other edition available. 83 illustra
tions, including color plate. 202 pp,  Paperbd. 95t 
A X 537. A ST R O N O M Y  OF ST E L L A R  E N E R G Y  & D E 
C A Y .  M arti n J o h nson.  Life history o f  stars, 110\"as, Hoyle ' s  
theory, G a m o w ,  e t c .  F i r s t  section f o r  general reader without 
science background ; 2nd for specialist. "Recommended for 
both layman and student, " " Sky & Telescope. "  216 pp. 

I'aperbd. S I .50 
A X 524. P R I N C I P L E S  OF Q U A N T U M  M E C H A N I C S, 
W. V . H ouston_ For reader with working knowledge of 
elementary math. physics. Schroedinger' s  wave mechanics. 
Problems. Mathematical appendix. 296 pp. Paperbd. $ 1 .85 
A X 567.  T H EO R Y  OF P R O B A B I L I T Y ,  W .  B u r ns i d e .  
Selection of papers. Biography or Burnside. 136 p p .  

Paperbd. $ 1 .00 

A X 532. T H E O R Y  O F  O PT I C S. P. D r u d e .  Classic text, 
only work embracing whole fiel d ;  historical, theoretical, 
practical .  "Remarkably original presentation , "  A .  A .  
Michelson, i n  intro. no illus.  5 6 7  p p .  Paperbd. $2.45 
A X 536.  E L E M E N T A R Y  T R E A T I S E  ON F O U R I E R  
S E R I ES, W .  E .  Byerly. Spherical, cylindrical,  ellipsoidal 
harmonics ; applications to math, physics. 1 9 0  problem � .  
296 pp. Paperbd. $ 1 .75 
A X 5 54 - 6 .  A C O U R S E  IN M A T H E M A T I C A L  A N A L Y S I S, 
E. G oursat. E. H edrick,  O. D u n k e l .  Standard, detailed, 

rigorous coverage for student with calculus. Variables, 
Taylor series, integration by parts, power series, analytic 
functions, Cauchy's theorem, existence theorems, linear 
differential equations. etc. Problem s .  Total of 1 1 2 5  pp. 
Three volume set. Set, paperbd. $5.00 
A X 52 5 .  A N A L Y S I S  OF S E N SA T I O N S .  Ernst M ac h .  
Relation of perception t o  physics ; sound, light, etc. 5 8  
illus.  5 t h  enlgd. e d .  4 1 4  PI). Paperbd. $ 1 .75 
A X 538.  T H E  U N I V E R S E  OF L I G H T .  S i r  W i l l i a m  Brag g .  
Nobel l a urcate i n  Royal Inst. Xmas Lectures o n  light
wave-particle theories, colors, how we see, etc, 1 9 9  iIlus . .  
including 2 color plates, 293 pp.  Paperbd.  $ 1 .85 
A X 545. I N G E N I O U S  M A T H E M A T I C A L  P R O B L E M S  & 
M E T H O DS, l. S. G ra h a m .  1 0 0  recreations for advanced 
m athematician, engineer ; based on geometry. calculus,  
number theory, engineering, etc. Full  solutions . First 
publication as book. 245 pp. Paperbd. $ 1 ,45 
A X 560.  F U N C T I O N S  OF A C O M P L E X  V A R I A B L E ,  
J .  P i erpont.  Rigoro u s ,  complete ; theory of linear differen 
tial equations. Problems. 1 2 2  iIlus.  600 pp. Paperbd. S2.45 
A X 543. T R E A T I S E  O N  A L G E B R A I C  P LA N E  C U R V E S, 
J. L. C oo l i d g e .  Detailed, thorough introduction. 'l'opology, 
Riemann, etc. 17 iIlus. 540 pp. Paperbd. $2.45 
A X 55 8 - 9 .  T H E O R Y OF F U N C T I O N S  OF R E A L  V A R I 
A B L E S. J .  P i erpont.  Rigorous exposition for grad student. 
Exponentials,  continuity, discontinuity. differentiation, in
tegration, sets, etc, Total of 1 2 0 0  pp, Two "01. set. 

Set, paperbd. $4,90 
A X 547. A L G E B R A I C  T H E O R I E S, l .  E .  D i ckson.  Intro. 
to branches of modern algebra : matrices, invariants, grOllps, 
Galois, theory of equations. Quintics, etc. Formerly titled 
"Modern Algebraic Theories . "  2 8 5  p p .  Paperbd. S I . 50 
A X 54 I .  T H E O R Y  O F  F L I G H T .  R. VOIl M i ses. Thoro text 
on subsonic flight ; theory & practice : wing theory, com
pressibility. etc. 408 iIIus.  635 PP. Paperbd. $ 2 . 8 5  
A X 546. T H E O R Y  O F  H E A T  R A D I A T I O N ,  M ax P l a n c k .  
C l a s s i c  reinterpretation of electromagnetic theory in terms 
of Quantulll . 242 pp. Paperbd. $ 1 .50 
A X 52 2 .  D Y N A M I C S  OF P A R T I C L E S. A .  G. W e bster. 
Dynamics of rigid, elastic, fluid bodies. Differential equa
tions . 2nd ed. 203 iIlus. 600 pp. Paperbd. $2.35 
A X 864. T E N SO R S  F O R  C I R C U I TS, G.  K r o n .  Highly 
original method of analyzing engineering problems by 
tensors. New intro. by Banesh Hoffmann. Over 800 dia
grams, etc . 2 7 0  pp. Paperbd. $ 1 .85 
A X 528_  C H ESS ST R A T E G Y ,  Edward Lasker.  This book 
taught Fine, Keres, others . " Finest book on ches s , "  J. 
Capablanca. PrinCiples rather than brute memory. 282 pp_ 

Paperbd. $ 1 .50 
A X 498.  M A T H E M A T I C A L  P U Z Z L ES OF SA M L O Y D ,  
e d .  b y  M artin  Gardner.  Great American puzzler presents 
1 0 0  famous problems. Solutions. 1 6 8  pp. Paperbd. S I .OO 
A X 523.  H O W  T O  T E L L  T H E  B I R D S  F R O M  T H E  
F LO W E RS, R .  W .  Wood. Great humor classic by famous 
physicist ; punny drawings & verses. 6 4  pp. Paperbd. 75¢ 
A X 487. T H E  D E V I L' S  D I CT I O N A R Y ,  A m brose B i erce. 
" Some of the most gorgeous witticisms in the English 
language," H .  L .  :Mencken. 1 4 4  pp. I'aperbd. $ 1 .00 
A X 1 67 .  C O M P L E T E  N O N S E N S E  OF E D W A R D  L E A R .  
Facsimile reproduction o f  everything Lear wrote i n  hUmor. 
545 iIlus. 3 2 0  pp. Paperbd. S I .OO 
A X 473. A M U S E M E N T S  I N  M A T H E M A T I CS, H. O u d e 
n e y .  Foremost British puzzler w i t h  more than 4 3 0  puzzles, 
problems ; one of largest collections anywhere. 450 i l l u s .  
Solutions. 2 6 4  p p .  Paperbd. $ 1 .25 
A X499. N O N S E N S E  A N T H O L O G Y ,  Carolyn W e l l s .  245 
nonsense poems, Carroll,  Burgess, Belloc.  etc. For 50 years 
the best collection made. 330 pp.  Paperbd.  S I .25 
A X 474. C A N T E R B U R Y P U Z Z L ES. H.  O u deney. Chaucer's 
pilgrims set one another puzzles : also other puzzles in 
story form. 150 i l l u s .  Solutions. 232 pp, Paperbd.  $ 1 .25 

A X 497. P E C K ' S BAD BOY & H I S P A ,  G. W. Peck.  
C o m p l e t e  edition of o n e  of m o s t  w i dely read f o l k  classics.  
1 0 0  Hlus . Intro. by E .  F .  Bleiler.  347 pp. Paper bel. $ 1 .35 
A X 367. 1 0 1  P U Z Z L E S IN T H O U G H T  & L O G I C ,  C .  R.  
Wyl i e .  No special knowledge, no math. needed. 1 2 8  pp.  

Paperhd.  $ 1 .00 
A X 492. SY M B O L I C  LO G I C ,  G A M E  OF LO G I C ,  Lew i s  
C a r ro l l .  Two books bound as o n e .  N o t  modern sym . log . ,  
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A X 1 98 .  M A T H E M A T I C A L  P U Z Z L E S  F O R  B E G I N N E R S 
& E N T H U S I A STS, G ,  M ott-Sm i t h .  188 puzzles based on 
algebra, permutations. probability, etc. 135 i l l u s .  248 p p .  

P a p e r b d .  $ 1 .00 
A X 295.  H O W  TO C A L C U L A T E  Q U I C K L Y ,  H. S t i c k e r .  
Tried, t r u e  method f o r  de\teloping num ber s e n s e .  N o t  tricks 
or special situations, but solid course, 265 pp. 

I)aperbd. $1 .00 
A X 465. H O A X E S, Prof. Curtis M a c D ou g a l l ,  Prof. of 
Journalism at Northwestern examines 350 hoaxes in science, t;:i

a
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A X 394. F A D S  & F A L L A C I E S I N  T H E  N A M E  O F  
SC I E N C E .  M ar t i n  G ardner.  Cults & delus ions m a s 
Querading as science. F l a t  earth, Atlantis, General 
Semantics. Dianetics, orgone energy. etc. 384 pp. 

Paperbd. $ 1 .50 
A X 503.  I L L U S I O N S  & D E L U S I O N S OF T H E  S U P E R 
N A T U R A L  & T H E  O C C U LT. O .  H .  R a w c l i ff e .  Explana
ti�)I1 of hundreds of beliefs & practices : voodoo, shamans , 
stigmata, haullted houses, poltergeists,  illusion- producing 
drugs, etc. Rational, fair approach. 1 4  photos. Preface by 
J ulian Huxley. 551 pp. Paperbd. S2.00 
A X 50 5 .  Y O G A : A S C I E N T I F I C  E V A L U A T I O N ,  K .  B e 
h a n a n .  B a s e d  o n  study at Y a l e  Ins t .  of  Human ReI.  
Psychology. supernaturalism, control of smooth muscles.  
unconscious mind, etc. 17 photos. 290 p p .  Paperbd.  $ 1 .65 
A X429·30. H I STO R Y  OF M A T H E M A T I C S, O. E .  S m i t h .  
2 \'01. s e t  ranges from primitive times to l a t e  1 9 t h  century, 
up thru calcu lus.  Covers 1200 mathematicians. 1 s t  volume 
history ; 2nd volume covers special topics . The most detailed 
non- technical history. for both specialist and beginner, 
available. 550 illustrations. Total of 1325 pages.  '1'wo 
volume set, boxed. Set,  paperbound $5.00 
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works, with stress on ideas and methodolo�y. Classical  
physics,  plus  relativity, quantum theory. "Unresen'edly 
recommended, " �AT"cR E .  567 pp. Pal)erbd. $2.45 
A X 206. B I O L O G Y  OF T H E  A M P H I B I A , G. K. N o b l e .  
Unmatched for comprehens iveness ,  clarity, detail ; easily 
read account of all  aspects of amphibia. "Nothing com para
ble to i t , "  C. Pope. Curator of Amphibia, Chi.  M u s .  of 
�at. JUst. Bibliography of 1047 item s .  174 illus. 560 pp. 

Paperhd. S2.98 

Al l  books standard 5% x 8 u n l ess otherw i s e  i n d i cate d .  r - - - - - - - - - - - - - - - - - - - - - - - - -
D e p t .  276. D over P u b l i cations.  I nc "  1 80 V a r i c k  S t  . •  
N ew York 1 4. N .  Y .  
Please send me the following books : 

o Smith, SOURCE BOOK, set $3 . 5 0  

Others : ( code number, price ) 

I am enclosing $ . . . . . . . . . . . .  in full payment. Payment 
in full must accompany a\l  orders except those from 
libraries or public institutions. who may be billed. 
Please add 1 0 ¢  per book to your remittance on orders 
less than $5 . 0 0  for postage & handling charges. 

Name . .  

Address . 

Please print 

City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zone State. 
G U A R A N T E E :  All D over books ret urnable  w i t h i n  
1 0  days f o r  f u l l  refu n d .  N o  quest i o n s  asked. 

- - - - - - - - - - - - - - - - - - - - - - - - - �  
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AN INVITATION  
TO JO IN  ORO 

Pioneer In 
Operations Research 

Operations Research is a young 
science, earning recognition rapidly 
as a significant aid to decision-mak
ing. It employs the services of 
mathematicians, physicists, econo
mists, engineers, political scientists, 
psychologists, and others working 
on teams to synthesize all phases of 
a problem. 

At ORO, a civilian and non
governmental organization, you 
will become one of a team assigned 
to vital military problems in the 
area of tactics, strategy, logistics, 
weapons systems analysis and 
communications. 

No other Operations Research 
organization has the broad expe
rience of ORO. Founded in 1 948 by 
Dr. Ellis A. Johnson, pioneer of 
U. S. Opsearch, ORO's research 
findings have influenced decision
making on the highest military 
levels. 

ORO's professional atmosphere 
encourages those with initiative and 
imagination to broaden their scien
tific capabilities. For example, staff 
members are taught to "program" 
their own material for the Univac 
computer so that they can use its 
services at any time they so desire. 

ORO starting salaries are com
petitive with those of industry and 
other private research organiza
tions. Promotions are based solely 
on merit. The "fringe" benefits 
offered are ahead of those given 
by many companies. 

The cultural and historical fea
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Bethesda 
suburb in which ORO is located. 
Attractive homes and apartments 
are within walking distance and 
readily available in all price ranges. 
Schools are excellent. 

For further inFormation write: 
Professional Appointments 

OPERATIONS RESEARCH 
OFF ICE I� 

The Johns Hopkin s  UniverSity 
6 9 3 5  A R L I N G T O N  R O A D  

B E T H E S D A  1 4 , M A R Y L A N D  

behavior and expansion of the cerebral 
cortex, all of which form part of the 
somatic road to culture. No less intrigu
ing are the speculations on the effects of 
tool-use on human evolution. S. L .  Wash
burn in one of these essays suggests that 
the form of the human hand is the result 
of the selective pressures on primates of 
at least half a million years of using 
tools, and that biological changes in the 
brain and face are due to the same cause. 
Tools brought about new patterns of life 
that included hunting, cooperation and 
the necessity for communication and lan
guage. Memory, foresight and originality 
were favored as never before ; complex 
social systems, made possible by tools, 
could only be realized by domesticated 
individuals : "thus in a very real sense, 
tools created Homo sapiens." Certain 
trends and tendencies in prehuman pri
mate behavior are of course carried over 
and express themselves in human be
havior and culture; we are monkeys and 
apes in many ways . But we have also 
departed from the habits of our ances
tors . Marshall D. Sahlins considers the 
emergence of cultural features that di
rectly oppose fundamental traits of pri
mate nature and practice . The advances 
of primitive man over the primates are 
mainly in sex and economics : the divi
sion of labor by sex and the establish
ment of the family on this basis, the 
invention of kinship, the prohibition of 
incest, the favoring of sharing and coop
eration with regard to food, "the aboli
tion of other primate conflicts leading to 
the establishment of dominance hierar
chies." These, in Sahlin's words, are 
great triumphs of early culture . A cogent 
and lively little book. 

T HE CELL : BIOCHEMISTRY, PHYSIOLO

GY, MORPHOLOGY; VOLUME I, edited 
by Jean Brachet and Alfred E. Mirsky. 
Academic Press, Inc. ( $22 ) . The third 
edition of E. B.  Wilson's classic The Cell 
in Development and Heredity appeared 
in 1925; since then knowledge of the 
subject has increased tremendously, new 
specialties and techniques have arisen, 
and it has therefore become unlikely, if 
not impossible, that one person could 
prepare a survey as comprehensive as 
was Wilson's for its time. The need is 
great, however, for a stocktaking of 
what is known about the cell, a report 
on accomplishments, theories, methods, 
problems, research interests . The volume 
at hand is the first of a collective treatise 
prepared to meet this need. Part I in
cludes an introduction and descriptions 
and evaluations of the most important 
methods for the cytologist : optical meth
ods, fixation and staining, autoradiogra-

phy, quantitative cytochemistry and his
tochemistry, micrnrgical procedures, 
fractionation of cell organelles, tissue
and cell-culture. Part II deals with prob
lems of cell biology: fertilization, sex de
termination, growth and differentiation, 
nucleocytoplasmic interaction in eggs 
and embryos, the acquisition of biologi
cal specificity, the effects of radiation on 
the cell. Two further volumes are prom
ised which will be devoted to the study 
of the cell constituents and specialized 
cells . Evaluation of this volume is a task 
for specialists ( therein, it should perhaps 
be said, lies one of the major difficulties 
of appraising cooperative works, for just 
as the subject has outgrown the single 
reporter, the collective survey has out
grown the single reviewer ) ,  but . the 
scope and variety of the topics, the 
thoroughness of treatment by individual 
conb'ibutors, each of whom is a leading 
investigator, make it likely that this 
work, so promisingly begun, will when 
completed form a valuable addition to 
the literature of biology. 

E LEPHANTS, by Richard Carrington . 
Basic Books, Inc. ( $5 ) .  The perfect 

subject for a book, and Carrington has 
done well by it. The frame of this en
dearing and majestic freak of the animal 
kingdom was well described by Hilaire 
Belloc :  

.When people call this beast to mind, 
They marvel more and more 
At such a little tail behind, 
So LARGE a trunk before. 

But there is more to say. The African 
bull elephant may stand 1 1  feet six 
inches at the shoulder and weigh seven 
tons ; the elephant's trunk is simply a 

very much elongated upper lip ; the 
tongue is "soft to the touch as velvet" ; 
elephants' hearing is excellent but their 
eyesight is poor; their eyelashes are al
most incredibly long. The elephant's 
molars are enormous, commonly meas
uring a foot or more in length and weigh
ing up to eight or nine pounds, and they 
renew themselves six times in a period 
of 60 years ; then they begin to fail, 
which more or less fixes the elephant's 
life span . An elephant has a thick skin, 
which is nevertheless extremely sensi
tive, and flies and mosquitoes can drive 
the beast to distraction . The specialized 
strncture of the legs, necessary to sup
port the vast bulk of the torso, renders 
the elephant incapable of making the 
slightest jump, so that a seven-foot 
trench is completely impassable even 
though the maximum stride of a large 
elephant may be six and a half feet. Be-
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tween the elephant's eye and ear is a 
slitlike orifice communicating with a 
gland, known as the temporal gland, ly
ing just beneath the skin . This gland is 
connected with the strange emotional 
state, known as musth, with which all 
male and some female elephants are pe
riodically afflicted. An elephant on 
musth is either dull and morose or vio
lently mad and extremely dangerous . 
Elephants drink 30 to .50 gallons of wa
ter a day, eat 300 or 400 pounds daily 
of whatever is to hand ( no meat ) and 
have a singularly inefficient digestive 
system that utilizes less than half of 
what is chumped away. So much for de
sign and function . Elephants are crea
tures of affection . Carrington provides 
entrancing details about elephants' love
life-the romantic as well as the more 
torrid aspects. Elephant mothers are like 
other mothers ; they can be horrid, so-so 
or touchingly devoted . The most famous 
example of elephant mother-love is the 
story of Ma Shwe ( Miss Gold ) ,  told by 
J. H. Williams in his Elephant Bill .  Ma 
Shwe's efforts to  save her three-month
old calf in the Hooded Taungdwin River 
in Burma-first by keeping it aHoat in the 
raging torrent with her trunk, then by 
lifting the baby out of the water and 
depositing it on a rocky ledge and finally, 
having watched over it all night from 
the other side of the river, swimming 
across and completing the rescue-is one 
of the supreme instances of love tri 
umphing over the biological instinct of 
self-preservation . Chapters on the ele
phant's ancestors and living relations are 
full of surprises. Fifty million years ago 
there were 350 species of the order 
Proboscidea; only two are left. Next of 
kin are sea cows and hyraxes, the latter 
( referred to in the Old Testament by 
the Hebrew word meaning "the hiding 
one," mistranslated as "coney" ) being an 
energetic, plump, thickset little animal 
( about the size of a rabbit ) with a 
pointed muzzle and small, rounded ears. 
An entire section of Carrington's book is 
devoted to the relationship between the 
elephant and man. Man does not come 
off well . He has hunted the elephant 
( massacred would be a better word ) ,  
eaten him, used him as a military engine, 
worshiped him, put him to work. Atro
cious cruelty and ample stupidity have 
been the outstanding attributes of our 
record . The elephant in menageries, cir
cuses and zoos has had a better time of 
it. He has had peanuts offered in pro
digious quantities ; he has been taught 
ridiculous tricks; children and grownups 
have adored him. When the London 
Zoo's famous Jumbo became "unrelia
ble" and was sold to P. T. Barnum, the 
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The nation's largest 
industrial computational 

facility . . . . .  

• • •  imp6rtant part of a unique 
research environment that can multiply 

your scientific accomplishments 

Wherever you are carrying on 
scientific investigations, we doubt if 
you can call on advanced facilities and 
complementary scientific skills equal 
to those available at the Research 
La bora tories. 

Here, leaders in a variety of scien
tific disciplines provide assistance in 

many areas that relate to your pri
mary field of research. In addition, the 
nation's largest industrial computa
tional facility can take over the rou
tine of solving difficult calculations -
routine that might otherwise burden 
you for months. 

The Research Laboratories are 
organized to respect the time and 
abilities of men working in advanced 
scientific areas. If you appreciate an 
environment where a scientist can 
focus full mental power on scientific 
accomplishment, we would like to 
hear from you. 

ATTRACTIVE OPEN I N GS 
in many areas . . . 

Cbemical Kinetics • 

Fuel and Combustion Analysl� 
Tbermodynamic Cycl� AnalysIs 

Space Mecbanlcs 

Electrical Propulsion 
Plasma Pbysics 

Gaseous Electronics 

Vebicle TrajectorY a�d 

Performance AnalYSIS 

Higb Temperature �aterials 

Direct Conversion 

Surface ChemistrY 

Nuclear Engineering 
--_0.. 

Please write to M r. W. H.  Walsh 

o r  phone Ha rtford. Conn. 

JAckso n 8·48Il ,  Ext. 7145 

RESEARCH LABORATORIES 
UNITED AIRCRAFT CORPORATION 

400 Main Street, East Hartford 8, Conn.  
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public reaction of horror and dismay led 
to leaders in The Times, to indignation 
meetings, to elegiac melodies and music 
hall laments ( "Why Part with Jumbo, 
the Pet of the Zoo" was the most affect
ing ) , to questions in Parliament. ( Jumbo 
sailed for America on March 25, 1882, 
on the Assyrian Monarch, and might 
have had an inspiring career in the New 
World except for the fact that he was 
hit by a train three months later . ) A 
final chapter on elephant preservation 
and control shows that, despite ivory
poaching and legalized murder by big
game hunters, the prospect is pretty en
couraging. The elephant will remain. We 
may all be thankful, because he occu
pies, as Carrington says, a special place 
in our hearts . 

WHEELS ACROSS AMERICA, by Clar-
ence P. Hornung. A. S. Barnes & 

Co. ( $ 12 .50 ) . A nostalgically entertain
ing graphic history of vehicular trans
portation. It describes and illustrates 
carts and barrows, corduroy roads, stage
coaches and taverns, harnesses and 
springs, fast mail lines and luxurious 
equipages, . turnpikes and post roads, 
Conestoga wagons, Concord coaches, 
"accommodations," "sociables" and om
nibuses, ambulances and supply trains, 
coachees, barouches, phaetons, run
abouts, surreys, buckboards, hansom 
cabs, hacks, cabriolets, governess carts, 
buggies, traps, vis.it-vis, landaulets, vic
torias, broughams, game wagons, four· 
in-hands and farm wagons, chariot street
cars, driving for pleasure and prestige. 
It also goes into old and new locomo
tives, the growth of railroads, freight 
yards and rail junctions, bridges, ele
vated trains, tunnels; also bicycles, tri
cycles, hobbyhorses, tandems, veloci
pedes, motorcycles ; and finally steam 
phaetons, electric coupes, petrol cars, 
merry Oldsmobiles, Wintons, Fords, 
Duryeas, Stanley Steamers, Packards, 
Hudsons, Popes, Peerless "18" Tourings, 
Pierce Great Arrow Suburbans, Cadillac 
"T" coupes, Locomobile ' '1'' Limousines, 
Princeton Runabouts, the early automo
bile shows, the perils of motoring, In
dianapolis races, goggles, veils and dust
ers, and other delicious trivia . 

EVERYDAY LIFE IN EGYPT IN THE DAYS 

OF RAM ESSES THE GREAT, by Pierre 
Montet. St. Martin's Press ( $8 ) . A com
panion volume of Georges Contenau's 
Everyday Life in Babylon and Assyria, 
this work by a leading French scholar, 
now translated into English, presents a 
richly detailed, lively picture of how the 
people of Egypt passed their days in the 
period of the XIX and XX dynasties, 

from about 1320 to 1 100 B.C. Drawing 
on the many ancient works and modern 
archaeological discoveries that relate 
the history of this carefully studied coun
try, Montet describes the dwelling 
places, the seasons and festivals, the 
sense of time and the hour-to-hour 
schedule of the day, the family institu
tions ( from marriage to the place of 
servants, slaves and domestic pets ) ,  toi
let, dress, cooking, games, country life, 
the arts and profeSSions, travel, the life 
of the Pharaoh, the army and warfare, 
scribes and judges, the ways of the tem
ple, the rites of burial. Many illustra
tions. 

FALLACIES IN MATHEMATICS, by E .  A.  
Maxwell . Cambridge University Press 

( $2 .95 ) .  The author has gathered a 
number of relatively elementary falla
cies in different branches of mathemat
ics, demonstrations that lead by guile 
to wrong but plausible conclusions. In 
this category are proofs that every angle 
is a right angle, that every point inside 
a circle lies on its circumference, that 
every triangle is an isosceles triangle, 
that 0 is greater than zero, that all num
bers are equal, that lIx is independent 
of x. that all lengths are equal, that plus 
one equals minus one, that pi equals 
zero, and so on. Anyone, says Maxwell, 
who has studied a little geometry, alge
bra and trigonometry for a few years, 
"should be able to follow most of the 
exposition with no trouble." But the 
principal merit of the book, namely a 
somewhat deeper analysis of the sources 
of certain fallacies, is accessible only to 
the more practiced and sophisticated 
mathematician. 

THEORIE MATHEMATIQUE DES PHE

NOMENES ELECTRO-DYNAMIQUES, by 
Andre-Marie Ampere. Librairie Scien
tifique Albert Blanchard ( 900 francs ) .  A 
week after Hans Christian Oersted's dis
covery of the action of a current on a 
magnet was announced to the French 
Academy in 1 820, Andre-Marie Ampere 
demonstrated to the same body that two 
parallel wires carrying currents repel 
each other if the currents are in opposite 
directions and attract each other if the 
currents are in the same direction. For 
several years thereafter he pursued these 
researches and in 1 825 published his re
sults in what Sir Edmund Whittaker has 
called "one of the most celebrated mem
oirs in the history of natural philosophy." 
Although certain of his major conclu
sions-for example, that the propagation 
of electrodynamic forces is instantane
ous-have been proven erroneous, the 
mathematical theory and the principles, 
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which he based upon his experiments, 
founded the science of electrodynamics. 
In 1827 Ampere gave the fullest ac
count of his theory in the historic mem
oir which is here reprinted. A concise 
and helpful preface by Edmond Bauer, 
professor at the Sorbonne, appraises 
Ampere's achievement, explaining how 
much he contributed to the progress of 
electrical knowledge and in what re
spects his reasoning went astray. 

HISTORY AND PHILOSOPHY OF SCIENCE, 
. by L. W. H. Hull . Longmans, Green 
and Co. ( $5 ) .  A brief survey of scientif
ic thought from antiquity to the present 
day; also a few sidelong glances at phi
losophy. A history of science that has 
only two or three sentences on Ampere 
and Faraday, that does not mention Wil
liam Rowan Hamilton, that encompasses 
the work of Gauss, Riemann, Bolyai and 
Lobachevski in 50 words or so, that has 
no chapter on the 18th century, is cer
tainly a curiosity, even if the author 
calls his work an "introduction," "not 
a detailed history of science," merely 
an attempt to "bridge the gap between 
science and the humanities by consider
ing scientific ideas in a context of history 
and philosophy." Disclaimers do not 
make a book. Why write it in the first 
place? 

OUR SUN, by Donald H. Menzel. 
Harvard University Press ( $7.50 ) . 

The first edition of this book was pub
lished 10 years ago ; the quickened pace 
of astronomical research has since added 
much to our knowledge of the sun. As 
Menzel points out, spectroscopes and 
telescopes sent aloft in rockets have pro
vided important data; new and more 
powerful coronagraphs, and theoretical 
advances have altered our concepts of 
the sun and solar activity (e.g. ,  it is now 
known that sunspots are not storms re
sembling terrestrial cyclones but are 
"the most quiet regions of the entire so
lar surface, stabilized by the presence of 
strong magnetic fields" ) .  The work has 
been completely revised to incorporate 
these results, newly illustrated, and the 
format has been enlarged. A worthy ad
dition to the excellent series of Harvard 
Books on Astronomy. 

CLASSIC PAPERS IN GENETICS, edited 
by James A. Peters. Prentice-Hall, 

Inc. ( $3.95 ) .  This paperback, which 
students of genetics as well as others in
terested in the history of scientific ideas 
will be glad to have, collects the major 
contributions to biology of Gregor Men
del, W. Sutton ( "Chromosomes in He
redity" ) ,  William Bateson ( "Physiology 
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of Heredity" ) ,  G. H. Hardy ( his famous 
little mathematical note proving the 
stability of gene proportions in a popula
tion ) , Thomas Hunt Morgan ( sex
limited inheritance in Drosophila) , A. H. 
Sturtevant ( linear arrangement in sex
linked factors ) ,  Sewall Wright, L. C .  
Dunn, H .  J .  Muller ( two fascinating pa
pers, on variations due to change in the 
individual gene, and on gene transmu
tation by X-rays ) ,  T. S. Painter, G. W. 
Beadle, E .  L. Tatum, Calvin Bridges and 
many others. 

A DIDEROT PICTORIAL ENCYCLOPEDIA 

OF TRADES AND INDUSTRY, edited by 
Charles Coulston Gillispie. Dover Pub
lications, Inc. ( $18 ) . A selection of 485 
plates from Denis Diderot's famous 18th
century Encyclopedie, ou Dictionnaire 
raisonne, des arts, et des metiers, mainly 
illustrating manufacturing and the tech
nical arts. The stylish plates, well repro
duced on the whole, and most of them in 
full size, offer a panorama of agriculture 
and rural arts, the art of war, iron foun
dries and forges, extractive industries ,  
metalworking, glass manufacture, ma
sonry and carpentry, the weaving of tex
tiles, paper and printing, leather-mak
ing, gold, silver and jewelry crafts, fash
ion, miscellaneous trades. Introduction 
and notes by the editor. An attractive, 
enlightening and entertaining publica
tion. 

A TREATISE ON LANGUAGE, by Alex-
ander Bryan Johnson. University of 

California Press ( $1 .50 ) . A soft-cover 
reprint of an extraordinarily original and 
interesting essay on semantics ' written 
in 1836 by a wholly neglected American 
philosopher. Johnson was born in Eng
land in 1786 and emigrated to the U. S. 
with . his parents 11 years later. He 
worked for a time in his father's general 
store in Utica, N. Y., then opened a glass 
factory and joined in other business ven
tures with Henry R. Schoolcraft ( later 
eminent as a traveler, ethnologist and 
authority on American Indians )  and fin
ally embarked on a long and success
ful career as a banker. He published 
works in economics and finance, was 
active in politics and was admitted, 
though he never practiced, to the bar. 
He died in 1867, aged 81 ,  having been 
thrice married and having fathered 1 1  
children. The dominant interest of this 
many-sided man was in intellectual pur
suits, especially philosophy, in connec
tion with which he published a number 
of studies. None of them attracted at
tention, and they remained unknown 
until 1938, when Stillman Drake, a his
torian of science ( also, by agreeable 
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coincidence, a banker ) ,  chanced upon a 
copy of the Treatise and soon recognized 
its philosophical worth. Drake set up 
and printed by hand an edition of 42 
copies for his friends ; later he brought 
the work to the attention of the present 
editor, David Rynin, who prepared a 
fresh edition ( first published in 1947 ) 
which contains,  in addition to the full 
text of the 1836 Treatise, passages from 
the first edition of 1828, a useful intro
duction and other critical apparatus. 
Johnson anticipated insights of logic, 
semantics and the analysis of language 
not attained until the 1920's and later; 
his attacks on metaphysics and verbalism 
are astonishingly modern. 

Notes 

POPULATION AND PROGRESS IN THE 

FAR EAST, by Warren S. Thompson. The 
University of Chicago Press ( $7.50 ) .  
This revision of the author's Population 
and Peace in the Pacific examines the re
lationship of population growth to so
cial and economic change in China, Ja
pan, India and Southeast Asia. 

DICTIONARY OF GUIDED MISSILES AND 

SPACE FLIGHT, edited by Grayson Mer
rill. D .  Van Nostrand Company, Inc. 
( $17.50 ) .  A 700-page compendium that 
explains the most commonly used terms 
in the guided-missile and space-Right 
field today. The editor's preface express
es the hope that the work will be "di
rected increaSingly toward the better
ment of man rather than his destruction." 

AN ESSAY CONCERNING HUMAN UN

DERSTANDING, by John Locke. Dover 
Publications, Inc. ( $4.50 ) .  An una
bridged reprint in soft cover of Alexan
der Campbell Fraser's critical edition of 
one of the beacons of philosophy. 

OUR MINERAL RESOURCES, by Charles 
M. Riley. John Wiley & Sons, Inc. 
( $6.95 ) .  An introduction to economic 
geology. 

RADIATION HYGIENE HANDBOOK, edit
ed by Hanson Blatz. McGraw-Hill Book 
Company, Inc. ( $27.50 ) . A compilation 
of information on the industrial, medical 
and research uses of radiation and atomic 
energy. 

CIRCUMPOLAR ARCTIC FLORA, by 
Nicholas Polunin. Oxford University 
Press ( $20.20 ) .  A handbook, based on 
20 years of field work and research, de
scribing the vascular plants of truly 
arctic regions . Three companion volumes 
on arctic botany are to follow. 
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Solar energy conversion : Through recent 
advances in materials and electronics, we are 
on the threshold of a new era of energy utili
zation. By concentrating solar radiation into 
the cavity of a thermionic converter, electri
cal power is generated directly from sunlight 
without moving parts or circulating fluids. 
This freedom from earthbound energy sources 
p�omises far-reaching applications in space 
exploration.  Artist 's  c o n c e p t  shows the 
unfolding of a solar collector mirror with 
its central power package which would be 
attached to various types of space vehicles. 
Lockheed design of thermionic converter 
operating model is shown at left. The water 
wheel depicts one of man's earliest known 
forms of energy conversion. 

T H E R M I O N I C S 
EX PA N D I N G  TH E F RO N TI E RS O F  
S PACE TECH N O LOGY 

The development of new techniques in energy conversion i s  typical of 
the broad diversification of work at Lockheed Missiles and Space Division. 
The Division possesses complete capability in more than 40 areas of 
science and technology - from concept to operation. Its programs provide 
a fascinating challenge to creative engineers and scientists. They include : 
celestial mechanics; computer research and development; electromagnetic 
wave propagation and radiation; electronics; the flight sciences ; human 
engineering ; magnetohydrodynamics ; man in space ; m aterials and 
processes ; applied mathem atics ; operations research and analysis ; 
ionic, nuclear and plasma propulsion and exotic fuels ; sonics ; space 
communications; space medicine; space navigation; and space physics. 

Engineers and Scientists - Such programs reach far into the future 
and deal with unknown and stimulating environments. It is a rewarding 
future with a company that has an outstanding record of progress and 
achievement. If you are experienced in any of the above areas, or in related 
work, we invite your inquiry. Please write : Research and Development 
Staff, Dept. B-36, 962 W. EI Camino Real, Sunnyvale, California. U. S. 
citizenship or existing Department of Defense clearance requked. 

lllt:klleed / 
M I SS I LES AN D SPACE D I V I S I O N  
Systems Manager lor the Navy POLARIS FBM; the Air Force AGENA Satellite in 

the DISCOVERER Program; the MIDAS and SAMOS Satellites; Air Force X-7; 
and Army KINGFISHER 

S U N N Y VALE. PALO ALTO. VAN N U YS. SANTA CRUZ. SANTA M A R I.A. CALI FOR N I A  

C A P E  CANAVERAL. FLO R I DA . ALA M OGORDO. NEW M EX ICO . HAWA I I  
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For engineers 

who want to direct 

the application of 

new knowledge 

Advantages of divisionalization 
will be felt up and down the 
Chance Vought roster. And the 
engineer - mining new knowl
edge in five broad areas - is 
benefiting particularly. New, 
self-managing divisions give the 
professional man the career 
stability that comes from a bal
anced, integrated program. 
And, from among these divi
sions' many technical specialty 
areas, the engineer can find the 
position that most ideally fits 
his talents. 

AERONAUTICS DIVISION 
Developing new generations 
of manned aircraft, missiles 
and antisubmarine apparatus. 
Projects include Navy-spon
sored ASW studies, and pro
d u c t i on of Vo ug ht F8U 
Crusader fighters. 

ASTRONAUTICS DIVISION 
Concentrating on vehicles for 
space exploration and on bal
listic and anti-ballistic missile 
systems. Supplying Scout 
research rockets to NASA. 

ELECTRONICS DIVISION 
Developing, manufacturing 
and marketing antennas and 
related electronics, ground 
support electronics, antisub
marine apparatus and other 
military as well as commer
cial systems. 

RANGE SYSTEMS DIVISION 
Establishing and operating 
test ranges and test equip
ment for missiles and space 
vehicles. 

RESEARCH DIVISION 
Looking forward to a new 

center for basic research 'into 
astronautics, undersea war
fare, the life sciences (relat
ing to the human factors of 
flight), and other areas. 

For further information, write: 

184 

Professional Placement Office 
Dept. SA-9 

CHANC�� 
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Naugatuck PARACRIL OZO 
THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 

... tough, oil-proof, weather-proof and colorful, too! 

The samples above should begin to give you some idea 
of the endless color possibilitie s  in ozone-resistant 
rubber products made of new PARACRIL® OZO. Now you 
can give your product color that sells . . •  color that iden
tifies for coding wire and cable jacketing ... color that 
blends or contrasts . • .  color that works in a hundred 
ways. And you can give your product other superior 
properties, too. 

Along with color, new weather-resistant PARACRIL OZO 

gives you a combination of high abrasion resistance, oil 
resistance, flex life and other valuable rubber properties 
far surpassing conventional weather-resistant rubbers. 

Cast a new eye on the rubber product you make or buy. 
See the difference color makes. See your Naugatuck Chem
ical Representative or write the address below for full infor
mation on PARACRIL OZO and the advantages it offers. 

Naugatuck Chemical � 
• • • • 257 P Elm Street RUBBER DIvIsIon of Umted States Rubber Company Naugatuck, Connecticut 

Rubber Chemicals - Synthetic Rubber· Plastics' Aerlcultural Chemicals· Reclaimed Rubber· latices· CANADA: Nalllatuck Chemicals DI,lslon, Dominion Rubblr Co., ltd., Elmira, Ontario· CABLE: Rubllport, N. Y. 
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CONVAIR'S F-I06 DELTA DARTS - ALL-WEATHER INTERCEPTORS 

SILHOUETTES OF STRENGTH 
Now entering full-scale operational status with the U.S.A.F. Air Defense Command, Convair's 

F-I06 is the world's fastest and highest-flying all-weather interceptor. These "silhouettes of 

strength," latest and most spectacular of the delta-shaped interceptors pioneered by Convair, 

a Division of General Dynamics Corporation, are playing a vital part in helping the 

Air Defense Command in its mission of protecting your home and country! 

"'" �� "7/-A..'SJI .... �� 
A DIVISION OF GENERAL DVNAMICS CORPORATION 
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