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The color test devised by Dr. 
Shinobu Ishihara, from which 
these plates were adapted, helps 
determine the one man out of 12 
and the one woman out of 100 who 
suffer from color blindness. 

What's your color �O@O? 

ANYONE with a good eye for color can 
.f\.. pick out the letters E-A-K. But go to 
the head of the class if you know how EAK 
(ethyl amyl ketone) and the rest of the 
ketone family of Shell solvents bring more 
color into your everyday life. 

Because of their tremendous appetite for 
nitrocellulose and other resins, Shell ketones 
work more effectively than most other sol-

vents. They make possible more and better 
colored finishes for today's automobiles and 
furniture. 

The continuing search for better sol­
vents in Shell Chemical laboratories has 
led to improved quality and lower 
cost in a wide variety of coat­
ings for industrial and consumer 
products. 

Shell Chemical Corporation 
Chemical Partner of Industry and Agriculture 

NEW YORK 
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Leonardo da Vinci ... on experiments 
"I shall begin by making some experiments before 1 pro­
ceed any further; for it is my intention first to consult 
experience and then show by reasoning why that experi­
ence was bound to turn out as it did. This. in fact. is the 
true rule by which the student of natural effects must pro­
ceed: although nature starts from reason and ends with 
experience. it is necessary for us to proceed the other way 
around. that is - as 1 said above - begin with experience 
and with its help seek the reason. 

Experience never errs; what alone may err is our judg­
ment. which predicts effects that cannot be produced in 
our experiments. Given a cause. what follows will of 
necessity be its true effect. unless some external obstacle 
intervenes. When that happens. the effect that would 
have resulted from the cause will reRect the nature of the 
obstacle in the same proportion as the obstacle is more 
or less powerful than the cause." 

-Notebooks. circa l500 

THE RAN D COR PO RAT ION, SAN TA M 0 N I C A, CAL I FOR N I A 
A nonprofit organization engaged in research on problems related to national security and the public inlerest 
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Oil, kero�ene: '.'nd �lC�hol "buin" �y combining, �hemjcally with �xygen froin 
" the air; But iHak��:p,ure oxygen with these fuel�'to speed rocket planes fastei' 

than sound . .  " to drive missiles beyond 'the earth's atmosphel'e , 
' 

Liquid oxygen; vital td today's rocket engines and many types of missiles, 

was being p�oduced by' LINDE' as long as 25 years ago. In fact, LINDE has been 
supplying oxygen to industry for more than 50 years. LINDE pipes oxygen directly 
to industrial users from, nearby oxygen plants built and operated by LINDE, 
Tue user makes no capital investment, and pays only for the oxygen consumed 
-at a. price guarantt!�d by LINDE, 

' 
" ,  , . • 

,LIND;E al�il developed lpethods fOl' transporting liquid oxygen efficiently, ill 
large and smaJl amounts, ilt 300 degre�s b�low 2;cro F. You can get LINDE oXY$ell 
in just the qt!autityyonneed, at the exaet time and place you waut it, as a 
liqnid or a gas. 

Fot: detailed information about LINDE oxygeu, wlite Dept. 'R·IO, LINDE COM:­
PANY, Division of Uuion ,Carbide Corporation, 30 East 42nd Street, New York 
17, N. Y. Offices in other principal cities. In Canada: Linde Company, DiVIsion 
of Union Carbide Canada Limited. ' 

When you 'need Oxygen - call LINDE! 
The terms "Linde," ''-Driox,'' and uUnion CarJ)jde" 

are "registered lrade4marks of Union Carbide Corporation. 
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now you're 

sel 10 make pols! 
If you're a fanatic about resolution, you could wind your own pots! . 

Of course, it IS a bit of a nuisance having to desIgn and bUIld those 

special winding machines able to delIver o. t % lineanty. Just dream 

up some fancy controls to keep the windings and spacing wIthin 

microscopic tolerances, and you might make it! 

But if you want to save all that fuss, just come to Ace. We've 

already designed and developed our own specIal 

winding machines, and they're all running nicely. 

turning out the kind o,f close Ilneanty and hIgh 

resolution through winding and spacing accuracy 

that only these machines ... and Ace know-how 
. can produce. So don't bUild-lt-yourself! For 

pots with the accuracy that pays off in performance. 
see your Acerep! 

Here's highest resolution in a standard sub-miniature pot: The Series 
500 Acepot®. Single-turn, 1/2" size, from - 55°C to 125°C. ±2% 
resistance tolerance, 0.3% independent linearity. Special proto­
type section insures prompt delivery. 

ASSOCIATES. INC. 
99 Dove, St,eet, Somerville 44, MOil. 

SO",., .. , 6·5130 TMX SMVl 181 West. UnIon WUX 

Acopo!® Ac .. o'® -Reg. Appl. for 

THE COVER 

The painting on the cover shows 
part of an experiment on the regen­
eration of amputated limbs by the 
salamander (see page 79). The ex­
perimenter seeks to answer the 
question: How are nerve fibers im­
plicated in the process of regen­
eration? The experiment involves 
amputating both forelimbs of a sala­
mander, and then (by means of one 
of the syringes at the top of the 
painting) injecting into the early 
growth of one limb a tiny amount of 
a drug which inhibits nerve action. 
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HA YNES Alloys�Sol ve 

Corrosion resistance plus high strength makes 
HASTELLOY alloy C the ideal choice for use in ore 
charging baskets. They carry a ton of ore and are 
expected to last 20 years. 

ACID ... 

es $5000 Annually 

The use of HASTELLOY alloy C in ore charging baskets 

has eliminated a costly corrosion problem. Each basket, 

loaded with a ton of ore, is submerged in a solution con­

taining 19 per cent sulphuric acid at 170 deg. F. The 

acid salts formed during the process are oxidizing and 

reducing. Yet the corrosion rate on the HASTELLOY 
alloy parts is less than 0.004 in. per year! It is estimated 

that the alloy C parts will last for 20 years at an annual 

maintenance saving of $5000 per basket ... An overall 

saving of 100,000 dollars! 

Forcomplete information on the phys­

ical, mechanical and corrosion-resistant 

properties of HASTELLOY alloys, ask 

for our newly published 104-page book. 

Address Haynes Stellite Company, Di­

vision of Union Carbide Corporation, 

General Offices and Works, Kokomo, 

Indiana. 

.A.LLO�S 

HAVN E S STE LLITE COM PANV 

Division of Union Carbide Corporation 
Kokomo, Indiana 

"Haynes,""Hastelloy" and "Union Carbide" are registered trade-marks of Union Carbide Corporation. 
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Complete systems or components for aircraft, missiles and spacecraft 

To design and produce extremely accurate inertial guidance systems requires a complex combi­

nation of engineering and manufacturing skills. Each component must be developed to meet the 

accuracy needed for the system's mission. 

The long background in gyroscopics, electronics and computation has made it possible for 

Sperry to design and produce advanced inertial systems for some of our country's most modern 

weapons of defense. Other Sperry inertial systems will, one day, allow man to explore space. 

On these pages are highlighted some of Sperry's recent achievements in inertial guidance. If 

you have a systems problem or are interested in individual components, write our Air Arma­

ment Division for further information. 

CONVAIR'S B-S8 HUSTLER with Sperry inertial navigation 
system will be able to navigate undetected for thousands of 
miles to exact target. Most nearly automatic airplane yet 

developed and requiring only a 3-man crew, the B-58 will fly 
faster than sound at altitudes well over 50,000 feet. 

HYPERSONIC, ROCKET-POWERED X-15 manned re­

search aircraft by North American is designed to 

explore near space. Sperry inertial system, developed 

for USAF, will give pilot data for navigating and 

maneuvering the NACA-sponsored X-IS with extreme 

accuracy at speeds of one mile per second. 
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AIR ARMAMENT DIVISION 

DIVISION OF SPERRY RAND CORPORATION 

ENGINEER TESTS new airborne digital computer designed 
by Sperry. Computer accepts data from stable platform's 
gyros and accelerometers. gives instructions for automatic 
corrections in flight path. Closely related operator displays 
permit inflight monitoring and control. 

UNDER MICROSCOPE. Sperry 
employee assembles floated 
gyros under specially-designed 
hood and in sealed pressurized 
room. Since even dust speck 
might cause serious error in a 
long-range mission. every pre­
caution is taken in the produc­
tion of these critical units. 

COMPACT Sperry stable plat­
form mounts three advanced 
floated gyros. Nerve center of 
the inertial system. platform 
serves as fixed space reference 
in flight for maintenance of pre­
scribed course. 

NEW linear integrating accel­
erometers weigh only 1 � lb., 
measure exact velocity of air­
craft or missile in any direction. 
New sensing mechanism moves 
in straight line, eliminating er-t rors inherent in previous types. 

ULTRA-SENSITIVE floated 
gyroscope mlDlmlzes random 
drift, assuring high performance 
for inertial system over long 

periods. These production gyros 

withstand shock and vibration 

many times the force of gravity. 
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CONTACT 

PRESSURE 

30-45 GRAMS 
SENSITIVITY 

50 MILLIWATTS 
30 G's 

TO 

5000 CYCLES 

High level engineers 
conduct spirited discussion 

The nearly fiendish delight of these specifying engineers comes from their dis­
covery of a new relay which can meet the requirements of even the most horrible 
application. 

It is the new Sigma Series 32, a DPDT magnetic latching relay which needs neither 
standby power nor a size reference. (Such spring-less, catch-less, trigger-less and 
power-less latching of the 32 solves .all sorts of problems in wear, tear, heat and 
disturbances from power interruptions, all in one swoop.) Besides the distinguishing 
specs being discussed by the characters above, the 32 also has all the usual features 
you'd expect in this type of relay; e. g., hermetic seal; all standard mounting styles 
(eight grid-spaced pins, eight "J" hook solder termi­
nals, plug-in types) for either flange or stud 
mounting; size 0.800" x 0.400" x 0.900" high; weight 
18 grams. 

Whether your circuit is wet or dry, you might find a 
32 is just what it needs. Preliminary descriptive sheets 
give a fairly complete rundown on the Series 32, or 
you could even buy a sample 32 to try. 

SIGMA 
SIGMA INSTRUMENTS, INC., 

40 Pearl Street, So. Braintree 85, Mass. 

LETTERS 
Sirs: 

Donald R. Griffin's article in your July 
issue, describing the highly developed 
echolocation systems used by bats for 
navigation and for locating their prey, 
was extremely interesting to some of us 
engaged in the development of military 
radar systems. However, it appears that 
the "echolocation efficiency index" used 
in the comparison of bat radar v. man­
made radar is not valid. The radar sets 
compared would be crnde indeed if the 
bat's system were a million million times 
more efficient. 

In any echolocation system, the maxi­
mum range attainable is proportional to 
the fourth root of the product of the 
energy content of the transmitted pulse, 
times the transmitting antenna gain, 
times the receiving antenna effective 
area, times the target effective area, di­
vided by the minimum energy detect­
able by the receiver. This implies that it 
is necessary to increase transmitter pow­
er, receiver sensitivity, or target effective 
area 16 times in order to double the 
range. Hence a comparison of two sys­
tems should include all these factors, 
raised to the appropriate power. But 
working only with the data available 
from the table in Dr. Griffin's article, a 
more valid echolocation efficiency index 
would seem to be range divided by the 
product of the fourth root of transmitter 
power times the square root of target 
diameter. The echolocation efficiency in-

Scientific American, October, 1958; Vo1. 199, 
No. 4. 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 Ar.lEIUCAN, 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 
to Martin M. Davidson, Advertising Manager, 
SCiENTIFIC AMERICAN, 415 Madison Avenue, New 
York 17, N. Y. 

Subscription correspondence should be ad­
dressed to Jerome L. Feldman, Circulation Man. 
ager, SCIENTIFIC AMERICAN, 415 Madison Avenue, 
New York 17, N. Y. 

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

Subscription rates for U.S.A. and possessions! 1 
year, $5; 2 years, 89; 3 years, $12.50. Canada and 
Latin America: 1 year, $6; 2 years, 811; 3 years, 
$15. All other countries: 1 year, SB; 2 years, $14; 
3 years, SIB. 

© 1958 SCIENTIFIC AMERICAN, INC



LUBRICATED ONLY lJVIAD10ACrlVEHO T WATEI 

GRAPHITAR BEARINGS' SUCCESSFULLY 
® 

WITHSTAND 5 0, 000 MILE TEST IN ATOMIC 

POWERED SUBMARINE U.S.S. NAUTILUS 

Working closely with the Atomic 
Energy Commission, the Westinghouse 
Electric Corporation designed and 
built the power plant for the NAUTILUS, 
first atomic-powered submarine. The 
soundness of every engineering principle, every 
individual part-including the GRAPHITAR 
pump bearings-has now been proved by the more 

• • • 

than 50,000 miles the submarine has steamed, 
approximately half was submerged. These Westinghouse­
designed pumps are hermetically sealed within the 
integrated pump and drive motor. All leakage past the 
pump seal is contained within the flooded motor while the 
purely electrical elements are contained in 
"cans" to exclude the water. 

The GRAPHITAR pump bearings in the power reactor 
of the Nautilus have withstood high speeds, extreme 
temperatures, and great pressures, and .have come through 
this test-period with a perfect performance record 
... their only lubricant, radioactive hot water! 

This same GRAPHIT AR that has proved its ability 
to help harness the power of the atom is available for 
use in performing equally tough jobs in your product, 
too . • .  why not get full information today. 

226 

THE UNITED STATES GRAPHITE COMPANY 
GRAPHITAR® CARBON·GRAPHITE • GRAMIX® POWDERED METAL PARTS . MEXICAN® GRAPHITE PRODUCTS. USG® BRUSHES 
DIVISION OF THE WI CKES COR POR ATION, SAGINAW6,MICHIGAN 
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BAUSCH & LOMB 

QZ?� 
LABORATORY MICROSCOPES 

(Complete Triocular Microscope, or interchange­
able Triocular body, available in B&L Dynoptic 
Laboratory and Research Microscope models.) 

IN PHOTOMICROGRAPHY, 

for example, when the third eye is that of the camera, 
the new B&L Triocular Microscope quickly gives visual 
and photographic results in sharp detail and vivid con­
trast. Combines comfortable binocular vision with a pho­
tographic tube; you scan, orient and focus in the usual 
way. To take a picture, just glance at the Camera Viewer 
for touch-up focus and CLICK! That's all there is to it! 
You photograph what you see-and you see today's 
brightest images. 

IN CONSULTATION, 

the B&L Triocular lets you and a colleague study the 
same subject, through the same microscope, at the same 
time. And you can get ample light for simultaneous view­
ing of normally hard-to-see images: phase contrast, dark­
field, deeply stained specimens. You've got everything 
you need, right on the spot, for daily, practical applica­
tions ranging from instruction to research collaboration. 

r--SEE FOR YOURSELF, IN YOUR OWN LAB • MAIL COUPON NOW- -., 
I BAUSCH & LOMB OPTICAL CO. 

I 69434 St. Paul Street, Rochester 2, N. Y. 

I D Send me B&L Dynoptic Triocular Microscope Catalog D1084. 

I D Schedule a demonstration, in my lab, at my convenience. 

I 
I 

Name, Title ............................................................................................... . 

Professional address ................................................................................. . 

I 
I 
I 
I 
I 
I 

, .................................................................................................................... , 

L ... :.:.:.:=·=·=·=·=·=·=·=·=·==·=::.::::.::.:·=·=::.::.:·=·=�J 

dex should be dimensionless, but in the 
above cases cannot be, because of the 
missing factors of receiver sensitivity 
and receiving antenna effective area. 
Equipment weight should not be in­
cluded in the echolocation efficiency in­
dex, since weight does not determine 
echolocation efficiency. Weight depends 
more on the success of the designer in 
achieving miniaturization, and may be 
evaluated separately in a power-to­
weight ratio comparison. 

Calculated echolocation efficiency in­
dices based on the above method, using 
Dr. Griffin's data, are as follows: 

Bat (Eptesiclls) 356 

Radar (SCR-268) 4,030 

Radar (AN / APS-IO) 4,620 

Sonar (QCS/T) 225 

Calculated power-to-weight ratios for 
the bat and for the AN/APS-IO radar 
(the only other "airborne" equipment) 
are as follows: 

Bat (Eptesiclls) .001 watt per kilogram 

Radar 100 watts per kilogram 

The above figures might indicate 
that the bats have not yet reached the 
end of their evolutionary research and 
development program. 

GORDO:\ LARSEN 

Fairchild Guided Missiles Division 
Wyandanch, N.Y. 

Sirs: 
The principal question raised by this 

stimulating letter is whether the cus­
tomary radar equations are applicable 
to all forms of echolocation, natural and 
artificial. I am not certain that the as­
sumptions underlying these equations 
are valid for all types of bats. For in­
stance, F. P. Mohres states that the emit­
ted sound level of the horseshoe bats 
falls off with distance more slowly than 
the inverse square law predicts, and 
some bats certainly detect wires, and 
perhaps insects, that are below one 
tenth of a wavelength, so that the echo 
intensity falls off very rapidly with de­
creasing target diameter (Rayleigh scat­
tering). :\lly echolocation efficiency in­
dex involved compromise approxima­
tions in attempting to compare systems 
adapted for such widely different kinds 
of energy, media of transmission, tar-
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Mini ature Directional Signal. A 

foroging bee brings home one drop of 

nectar. His fellow workers sniff it like 

bloodhounds, and from the scent know just 

where to go for more. This tiny droplet is 

nature's miracle for keeping bees on the 

beam. 

Miniature Selector Switch. Mis­

siles stay on course when controlled by 

complex selector switch. Two MPS bear­

ings on its shaft make frictional torque 

practically negligible, keep total weight 

down to .42 ounce. It's a man-miracle in 

miniaturization. 

Man With Miracles. This is Hank 

Eckert, one of MPS's Sales Engineers. He 

helped the selector switch people find ex­

actly the right type of MPS radial retainer 

bearing to hold friction to a minimum, give 

dependable service and assure operating 

precision. 

Designers' dream world Miracles In Miniaturization 

New Miracles. Today's industrial 

scientists are pioneering a whole new 

world of man-made miniaturization. With 

MPS miniature bearings and experience it 

is a wide, wide world on a tiny scale. 

FOf in miniaturization, bearings are one 

of the most critical considerations. 

MPS makes miniature bearings lis" 0.0. 

down (specials on request). In stock-over 

500 types and sizes, Consult MPS when 

you are embarking on a miniaturization 

problem and/ or write for new MPS catalog. 

Miniature Precision Bearings, Inc., 

1210 Precision Park, Keene, N. H. 

lVPB 

Helps you perform miracles 
;n miniaturization 

II 
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A SKILLED HAND IN CHEMISTRY ... AT WORK FOR YOU 

STEEL AND FOAM SANDWICHES 
FOR BUILDERS 

Word of another new use for Nopcofoam-the versatile "pour-in-place" 

urethane foamed plastic pioneered by Nopco chemists-comes out of Camp 

Hill, Pa. Steel building panels, filled with Nopcofoam, have been installed to 

form the outside wall of a modern, new office building. 

In a process developed by U.S. Steel Homes, a division of United States 

Steel Corporation, the foam is poured as a liquid between two thin sheets of 

steel. Chemical action pushes it firmly into the panel cavity and into every 

crack and cranny, where it solidifies. The result is a panel that-tests prove­

is lighter, flatter and stronger than any steel wall panel yet developed-a 

panel that offers better insulating qualities than units containing other fill 

materials and superior in resistance to impact, puncture and corrosion. 

The characteristics and versatility of Nopcofoam which commended it for 

use at U.S. Steel Homes appeal to designers and engineers in many other 

industries. It is fast finding its way into all kinds of products from wall panels 

to atomic submarines. Plastics Division, Nopco Chemical Company, North 

Arlington, N.J., and Los Angeles, Calif. 

gets, and distance ranges. It has served 
its purpose in helping to call attention 
to the wide variety of successful systems 
for echolocation. 

The usual concept of antenna gain 
may not be strictly applicable to bats, 
except perhaps the horseshoe bats which 
scan with narrow beams of constant-fre­
quency sound. The "FM bats" use a 
broad beam and appear to detect insects 
even when they are 60 to 90 degrees to 
one side. This may waste power (though 
microwatts are of minor concern even 
to a bat), but it eliminates the need for 
scanning movements of the body, head, 
ears or nose leaf. Hearing in all mam­
mals is both broadly sensitive to sounds 
from almost any direction and at the 
same time highly directional in deter­
mining the angle from which sound 
waves are arriving. Should one estimate 
the receiving-antenna gain from the 
broad angle of good sensitivity or from 
the much narrower angular discrimina­
tion demonstrated by sound localiza­
tion? Comparison within the brain of 
signals derived from the two ears un­
doubtedly facilitates localization of 
sound sources, and probably also re­
duces the effective noise level of the 
bat's receiving system in those portions 
of the brain concerned with binaural in­
teractions. Pulse durations of the FM 
bats are much longer than in radar, but 
should not some allowance be made for 
the much smaller number of individual 

waves? Radars often emit hundreds or 
thousands of pulses during the time 
needed to locate a target, but bats inter­
cept elusive insect prey with many 
fewer pulses. 

Comparisons of efficiency in the 
broadest and most meaningful sense 
must certainly take account of compact­
ness, reliability, self-repair and main­
tenance, as well as economy of power. 
Nor does my simple index reflect the 
multiple functions performed by the 
same organs and tissues-to say nothing 
of the speed and precision with which 
information from faint echoes is proc­
essed to guide complex flight maneu­
vers. Finally I should pOint out that the 
figure for the bat's weight was that of 
the entire animal, since I could see no 
way to estimate accurately the small 

fraction of its total body devoted ex­
clusively to echolocation. Should the 
comparison perhaps be based on the 
weight ratio of a bat to a radar picket 
plane? 

DONALD R. GIUFFIN .. VITAL INGREDIENTS FOR VITAL INDUSTRIES 

Harvard University 

Newark,N.J . •  Harrison,N.J . •  Richmond, Calif. • Cedartown,Ga . •  London, Canada Cambridge, Mass. 
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leaders in readout and display ... 

s-c 5000 
World's Fastest Electronic Printer 

Printing computer data five to ten times faster than the fastest 

electro-mechanical printers, the S-C 5000 High-Speed Elec­
tronic Printer has broad applications throughout business, gov­

ernment, and industry ... wherever high-speed data processing 
systems are used ... wherever a more efficient and economical 
method of high-speed printout is desired. Establishing new 

standards of performance, reliability, and versatility in the field 

of hard copy printing, the S-C 5000 is an outstanding example 

of Stromberg-Carlson leadership in the development and manu­
facture of readout and display equipment. Write today for 
further information. 

Prints 100,000 Words per Minute 

Eliminates Troublesome, Fast-Moving Mechanical Paris 

Capable of Registered Printing on Pre-Printed Forms 

Prints Without Impact on Untreated Paper of All Types 

Reduces Cost of High-Speed Data Processing 

s·c ��V�'?" � �N�R� ?v:A�'� �o���� 
\�l��J 1895 Hancock Street, P.O. Box 2449, San Diego 12, California 

"There is nothing finer than a Stromberg-Carlson" 

Developers and Manufacturers of S-C 1000 Direct Viewing 

Displays -S-C 2000 Bright Displays- S-C 3000 High Speed 

Communications Printers- S-C 4000 High-Speed Microfilm 

Printers- S-C 5000 High-Speed ElectroniC Printers 
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Ten basic attributes that can help you 

satisfy both design and production needs. 

The properties of copper alloys are a hand­
book in themselves. No group of metals is 
more versatile. Here are electrical, thermal, 
structural, chemical and finish properties that 
are unique. Here are metals that can be shaped 

and joined by almost every known method. 

There are over 40 standard alloys of copper. 
And each has its own set of specifications, its 
own combination of properties. Finding the 
one that best matches your specifications is 
the problem. And the answers to that problem 
keep changing. Copper industry research into 
new alloys and new forming and preforming 
methods gives designers a latitude today that 
challenges both their imagination and their 
ability to keep posted. Today we must assume 
that some copper alloy can do the job. 

Here are just ten of the more important 
design requirements that point to the selection 
of a copper alloy: 

Electrical Conductivity. The various 
types of commercially pure copper have long 
been the most economic conductors. Now, cop­
per-chromium and copper-cadmium alloys 
have improved mechanical properties along 
with high conductivity. And silver-bearing cop­

pers with as good conductivity as commercially 
pure copper have a higher softening tempera-

ture for certain applications involving high 
temperatures. 

Thermal Conductivity. Since many of 
the low-zinc brasses, as well as copper itself, 
offer outstanding heat transfer rates, selection 
usually depends on the other properties de­
sired - corrosion resistance, hot strength, 
ductility, etc. 

3. 

Corrosion Resistance. Every corro­
sion problem is different - and there's a cop­
per alloy to meet most: for chemical applica­
tions, heat exchangers, processing equipment, 
refrigeration apparatus, etc. 

Strength. The high-zinc brasses, nickel sil­
vers, beryllium copper, the silicon bronzes and 
the phosphor bronzes can be processed to pro­
vide tensile strengths of the order of 140,000 
psi for hard-drawn wire. 
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5. 

Ductility. The ductility of most copper 
alloys permits forming them into a wide 

variety of shapes and sizes, by spinning, stamp­
ing, deep-drawing, etc. For example, the cop­
pers, most brasses and nickel silvers are ideal 
for cold forming. 

&. 

Malleability. Pure copper and many of its 
alloys have excellent malleability for forging, 
cold heading, coining, embossing, extruding, 
knurling, swaging, etc. 

7. 

Machinability. Free-Cutting Brass, tel­
lurium copper, some of the bronzes and the 
leaded brasses are readily machinable at high 
speeds and feeds. 

B. 

�oining Qualities. Copper and most cop­
per alloys can be easily soldered - or, for even 
stronger joints, brazed with either silver alloys 
or copper phosphorus alloy. The non-leaded 
brasses, phosphor bronzes, silicon bronzes and 
cupro-nickels as well as deoxidized copper also 
lend themselves readily to welding by a num­
ber of processes. 

eta s 

9. 

Surface Qualities. The nickel silvers and 
low-zinc brasses are widely used in ornamental 
applications because of their ease of plating 
and finishing as well as their cold-working 
properties. New fine-grain brasses offer an 
ideal surface structure for high finish. 

10. 

Casting Facility. There are eight basic 
categories of casting alloys, ranging from the 
hard, but very strong, manganese bronzes to 
the free-machining leaded bronzes. 

The combination of properties that you need 
for the best product and the optimum manu­
facturing cost can probably be found among 
the copper metals. The copper industry will 

help you find it. The Copper & Brass Research 
Association, 420 Lexington Avenue, New York 
17, New York, will welcome your inquiry. 

There's a new frontier in ... 

COPPER 

BRASS 

BRONZE,: 

15 
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If you are interested in new 

approaches to fins, airfoil sections, 

access doors, or bulkheads, 

information awaits your request. 

Such high strength aluminum parts 

for missiles are accurately cast with 

the unusual foundry techniques of 

Morris Bean & Company, 

Yellow Springs 5, Ohio. 
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50 AND tOO 
YEARS AGO 

OCTOBER, 1908: "Madam Curie's 
announcement that she has been un­
able to obtain experimental verification 
of Sir William Ramsay's discovery of the 
transmutation of copper to sodium, po­
tassium and lithium naturally makes one 
wonder if the late Lord Kelvin was not 
justified in doubting the accuracy of Sir 
William's investigation. On the other 
hand, Ramsay is so careful a chemist 
that he is not likely to draw rash con­
clusions. Madam Curie carefully puri­
fied her materials. So did Ramsay. Yet 
we have contradictory results. We must 
wait now for a third verification or refu­
tation before we can be quite sure." 

"A successful test of wireless teleph­
ony was recently conducted between 
the British cruiser Furious and the 
schoolship Vernon. Both vessels were 
steaming at full speed, separated by a 
distance of 50 nautical miles. The De 
Forest system was used. The inventor 
operated the transmitter on the Furious, 
while Mrs. De Forest received the mes­
sages on the Vernon. The test consisted 
largely in repeating stock quotations and 
it is stated that, out of 154 figures, there 
were only two mistakes." 

"Since winning the $1,000 prize of­
fered by the Aviation Committee of the 
Aero Club of France for the longest 
Hight up to October 1, by his flight of 
48.1 kilometers (30 miles), Mr. Wilbur 
Wright has successfully met the condi­
tions of his contract for the sale of the 
Wrights's French patents for $100,000. 
The conditions made by M. Weiller's 
syndicate required him to make two 50-
kilometer Hights, carrying a passenger, 
within a week's time. These Hights Mr. 
Wright accomplished on October 3 and 
6. The first, with Franz Reichel of the 
Paris Figaro as passenger, was com­
pleted by moonlight. Among those who 
have Hown with Mr. Wright are M. 
Leon Bolle, who weighs 238 pounds; 
Mrs. Hart O. Berg, the first woman to 
Hy in a Wright aeroplane; Michalo Pulo, 
an ll-year-old boy; and Major Baden­
Powell of England. Another passenger, 

George B. Dickin, Paris correspondent 
of the New York Herald, reports that in 
starting the sudden rush forward was 
much like the sudden drop on a water 
toboggan, or roller coaster, but once the 
machine was soaring he felt perfectly 
secure, and found the swift motion 
through the air much more pleasurable 
than riding in an automobile, as it was 
unaccompanied by any shock or jar, 
though the noise of the unmuffied motor 
beside him was almost deafening." 

"Upon the new observations of Prof. 
Hale, made at Mount Wilson, Calif., on 
the double lines in sunspot spectra, Prof. 
Zeeman bases a theory that sunspots are 
strong magnetic fields. The source of 
light in a magnetic field emits two rays 
circularly polarized in opposite direc­
tions and parallel to the lines of magnetic 
force, according to Prof. Zeeman's exper­
iments. The sunspot lines photographed 
by Prof. Hale are identical in character 
with these lines. To produce the actual 
phenomenon observed would require a 
current of about 5,000 amperes. The 
theory throws a great light upon mete­
orological and terrestrial magnetic phe­
nomena, affording, as it does, some rea­
son for the perturbations observed in the 
electric and magnetic equilibrium of our 
earth and its atmosphere." 

"Less than three months ago Count 
Zeppelin's fourth airship was destroyed, 
yet so quickly and generously did the 
entire German nation come to his aid­
$750,000 was raised-that he has already 
built the Zeppelin V, which made its 
initial flight above Friedrichshaven on 
the 23d instant. The press reports indi­
cate that a successful Hight was accom­
plished. The new airship carried 10 pas­
sengers and maneuvered for three and 
one half hours. It rose to a height of 600 
feet and attained a speed of 29J� miles 
an hour." 

OCTOBER, 1858: "On the second of 
June last, an Italian astronomer named 
Donati discovered a comet approaching 
slowly toward the sun, in a northwest­
erly d.irection, and increasing in bright­
ness-as all comets do-as it draws nearer 
old Sol. Like a streaming torch of silvery 
light, extending 15 millions of miles in 
length through the heavens, it hangs 
evening after evening gracefully over 
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1 in 35,000,000 

How the telephone switching 

system sorts numbers In seconds 

When you dial out of town, the telephone switching sys­

tem performs an amazing feat. It sorts out the one other 

number in 35 million you want, and connects you to it in 

seconds. The other telephone may be thousands of miles away. 

Bell Laboratories engineers endowed this great switching 

network with almost superhuman capabilities. As you dial, the 

machine listens, remembers, figures out the best route, makes 

connections, alerts, reports, even corrects itself. If it detects 

trouble on the way, it files a report, then chooses other circuits 

and goes on to complete your call. All you are aware of is the 
end product-the completed call. 

Yet at Bell Telephone Laboratories, switching engmeers 

see the present system as only a beginning. Ahead they see­

and are developing-new systems vastly more flexible arid 

capable than today's. Nowhere in telephone technology is the 

challenge greater. Nowhere are dreams coming true faster. 

BELL TELEPHONE LABORATORIES 

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 

These Bell Telephone System directories 

list some of the 35,000,000 telephones now linked 

by the Direct Distance Dialing system 

developed at Bell Laboratories. In seconds, 

this unique maehine sorts out and connects 

you with precisely the number you want. 

17 
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Generator G·S001 
500 walts output 

Transducerized Tank NT·S001 
Capacity: 10 gallons 
Dimensions: 20" L x llV2" W x 10" D 

GIANT 

narda 
SONBLASTIR 

Generator features tank selector and load selector 

$13 2 5 switches on front panel to operate one or two NT-5001 
tanks alternately. Other combinations of tanks and sub· 
mersible transducers available from stock; larger tanks 
available on speCial order. 

For mass-production cleaning and 
high capacity chemical processing! 

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

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

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

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

For custom-designed installation and unique electro-acoustic 
applications, including cleaning, soldering, welding, drilling and non­
destructive testing, consult our subSidiary, Alcar Instruments, Inc., at 

the address below. 

II»)))))))) 
11al�da ultrasonics 

the corporation 
625 MAIN STREET. WESTBURY, l. I., N. Y. 
Subsidiory of The Nordo Microwove Corporotion 

the northwest sky. Its head resembles a 
ring with a bright nucleus in the middle, 
or an illuminated globe with its intense 
flame in the center. The diameter of this 
ring, as measured by Prof. Mitchell of 
Cincinnati, is 18,000 miles. It has been 
approaching the path of our planet, with 
the apparent intention of giving us a 
friendly brush, and on the date of this 
number of the SCIENTIFIC AMERICAN, 
it will have attained to its maximum 
brilliancy." 

"No signals have been transmitted 
through the Atlantic Cable for some 
time, and it is asserted that there is a 
leak in it about two hundred miles west 
of Ireland." 

"Recent intelligence has been re­
ceived from Dr. Livingston's expedition 
up the River Zambesi in Africa. They are 
now going up that river slowly, and 
have discovered a peculiar kind of cot­
ton growing, but it is not to be com­
pared to even the middling quality of 
South Carolina cotton." 

"Overland regular mail communica­
tion has been established between St. 
Louis and San Francisco. The first mail 
arrived on the 9th inst. in twenty-three 
days from the shores of Pacific, and it 
was the occasion of general rejoicing in 
St. Louis." 

"Although we possess inexhaustible 
stores of the best iron ores for making all 
kinds of steel, very little of this useful 
metal is manufactured in our country in 
comparison with the amount imported 
from abroad. We import annually about 
13,000 tuns of steel, valued at $2,300,-
000, and the best qualities come from 
England. We learn from the recently 
published work of B. F. French on the 
American iron manufacture that about 
6,000 tuns of steel are produced annu­
ally in Pennsylvania, but it is of such an 
inferior quality as not to interfere with 
the trade in English steel." 

"On almost any pleasant day a portly 
man with flowing hair, white cravat, and 
broad-brimmed Kossuth hat, may be 
seen on Broadway, dashing along be­
hind a splendid pair of fancy horses, fit 
for the stud of an emperor, and with all 
the ease and indifference of a millionaire. 
That man is Elias Howe, Jr., once the 
poor and humble inventor, who in 1849 
obtained a patent for the first practically 
useful sewing machine. We rejoice in 
the good fortune of our old friend, and 
can only say to him that he is entitled 
to all that he has received." 
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THE P-E SPECTRUM 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

news of advanced optics and 
instruments from Perkin-Elmer 

INFRARED "WEATHER EYES" TO GO ALOFT IN SATELLITE � 
Two tiny infrared instruments have been developed 
by Perkin-Elmer to scan the earth's cloud layer from 
hundreds of miles up. The "Weather Eyes," mounted 
in a Vanguard satellite, will pick up infrared energy 
characteristics of cloud formations. The information 
relayed back to earth will be used in identifying 
world weather patterns for long range weather fore­
casting. The four-ounce devices employ a specially 
ground parabolic mirror and a small lead sulfide 
detector. Development of the instruments stems from 
15 years of infrared research and production by P-E 
for military systems and analytical instruments . 

.... NEW CAMERA SETS SIZE OF SPUTNIK" AT ABOUT 79 FEET 

Photos of Sputnik II, above, were taken from a distance of 
more than 200 miles with ROT I (Recording OptIcal Track­
ing Instrument) system, a 500-inch focal length tracking 
telescope designed and built by Perkin-Elmer. Photos 
taken simultaneously some distance from ROTI enabled 

scientists to orient, by triangulation, the long axis of the 
satellite. Estimated length of 79 :!: 5 feet was then calcu­
lated by trigometric projection with the image obtained by 
ROT!. The giant system is one of a family of missile-range 
instruments developed by Perkin-Elmer for the satellite 
and missile programs. 

� NEW INSTRUMENT SAVES REFINERS UP TO $400,000 A YEAR 

A gas chromatography instrument that monitors process 
streams automatically is helping chemical and petroleum 
refiners increase their yields significantly. The instrument, 
the Perkin-Elmer® Model 184 Process Vapor Fractometer, 
monitors plant stream composition, permits much faster 
corrections than are possible from laboratory batch anal­
yses. The instrument will handle gases and liquids, includ­
ing hydrocarbon mixtures of both paraffins and olefins. To 

date, several large installations using the Model 184 have 

reported savings up to $400,000 a year from increased proc­

ess efficiency. The instrument was developed with the 

cooperatIOn of leading oil and chemical companies. 

What is "Optics Plus"? The important, exciting 
performance of modern optics has taken optical technology 
far beyond its traditional role. Today's optical systems are 
complex integrations of optics, mechanics and electronics. 
The special ability to combine these skills - to take an 
instrument or systems problem and "see it whole" - is 
what we mean by Optics Plus. Perkin-Elmer has this abil­
ity, and the production facilities to implement it. For infor­
mation on Perkin-Elmer and the products it makes for a 
wide range of growing industrIal, scientific and defense 
markets, write Perkin-Elmer Corporation, 915a Main Ave., 
Norwalk, Connecticut. 

Perkin-Ellner On/� 
NORWALK, CONNECT ICUT 

A NALYT I CAL I NSTRU ME NTS MILI TARY SYSTE MS 

FI NE OPTICS PRECISIO N ELECTRO N I C  CO MPO NE NTS 
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Life on the Chemical Mewstront 

NEW SURFACTANT IMPROVES EMULSION PAINTS. AEROSOL@ TR surface active 
agent has a very high oil solubility and is particularly effective for oil-in-water 
emulsions. In emulsion polymerization, it offers an unusually wide working range 
of concentration from 0.05% to 1.0%, and produces small emulsion particles in a 
very narrow particle size range of 2 to 3 microns. At an optimum concentration 
of 0.1% to 0.5%, the emulsion formed is stable and of low viscosity. AEROSOL TR 
produces high rub resistance and storage stability in paint formulation, and pro­
vides excellent water resistance in the dried film. (Industrial Chemicals Division) 

20 

NEW STEP IN MINIATURIZATION is Underwood 
Corporation's telephone-size, 71f-pound adding 
machine with its two-piece housing molded of 
CYMAC 'SUPER* 201 methylsty'rene-acrylonitrile 
copolymer plastic. This unusual thermoplastic 
was selected because of its toughness, surface 
hardness and resistance to heat, staining and 
denting. It is unaffected by the dies�er perma­
nent lubricant applied to the mechamcal assem­
bly prior to encasement in the hous!ng. The .color, 
in two attractive tones, is molded III and wIll not 
crack, chip or wear off. (Plastics and Resins Division) 
*Trademark 
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GRAIN GOING INTO STORAGE this 
year can now be protected against insects 
by Cyanamid's broad-spectrum insecti­
cide, malathion, recently cleared by the 
United States Fo.od and Drug Adminis­
tration for direct application to grain 
after extensive research and almost two 
years of commercial use in Canada. 
Malathion has proved highly effective in 
providing continuous protection over 
long periods against major pests which 
infest storage bins. The small amount 
needed makes it economical to use and 
also presents no residue problems. 
Malathion can be applied directly to 
grain in both sprays and dusts, and used 
as clean-up sprays in and around both 
commercial elevators and farm storages. 

(Agricultural Division) 

ACTIVE PEOPLE can now find protection against objection­
able perspiration odors developing in sports wear and other 
clothing made of cellulosic fabrics and blends. Perspira­
tion has no offensive odor until after it undergoes decom­
position by certain bacteria. Cyanamid's CYANA@ purif!ling 
agent, applied to textiles al the mill, controls the growth 
of these bacteria on fabrics, keeping garments fresh. It 
maintains protection through many launderings, often for 
the life of the garment. (Organic Chemicals Division) 

CH3 NH CH3 
'" II / 

N-C-N 
/ '" 

A NEW CYANAMID CHEMICAL, tetrameth!llguanidine (TMG), offers 
advantages as a catalyst for base-catalyzed reactions, as a chemical 
intermediate, and as a special solvent. A liquid with a slight ammoniacal 
odor, it boils 'at 159-160° C. TMG has a base strength comparable to 
sodamide and has the advantage of being soluble both in water and 
the common organic solvents. Since it is a liquid, it can be easily and 
accurately measured. Base-catalyzed reactions can therefore be run in 
a homogeneous medium. TMG can be used to catalyze cyanoethylation 
reactions and the reaction of phosphine with unsaturated compounds 
to yield complex organophosphine derivatives. Write for a sample and 
technical information. (Market Development Department) 

AMERICAN CYANAMID COMPANY 
30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 

For further information on these and other chemicals, call, write or wire American Cyanamid Company 

2 1  
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Now available-instrument calibration 

service performed .in temperature and 

humidity controlled areas by experienced 

personnel especially trained in the accu­

rate and efficient handling of calibration 

problems. Our calibration standards are 

certified periodically by the Bureau of 

Standards. Instrument calibration record 

service is available where required by 

military quality control procedures. Cer­

tified calibration cards are provided. 

INLAND TESTING LABORATORIES 
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COOK TECHNOLOGICAL CENTER 
6401,OAKTON STREET, MORTON GROVE, Ill. 

1482 STANLEY AVENUE, pAYTON, OHIO 

ADELPHI 
RESEARCH 'CENTER 

• Provides personnel, plant and 
equipment on a contract, non­
profit basis for applied and funda­
mental research in the sciences. 

Preference is given to problems 
promising contributions to basic 
understanding. 

• For information write 
Francis K. Ballaine 
Adelphi Research Center 
Adelphi College 
Garden City, L-I., N-Y_ 

GAROEN CI TV . NEW vORK 

THE AUTHORS 
LYMAN SPITZER, JR., ("The Stella­

rator") is director of Project Matterhorn, 
a large-scale investigation at Princeton 
University into the possibilities of fusion 
power. He is largely responsible for 
launching the project: in 1951, unaware 
that the Atomic Energy Commission was 
already conducting fusion research at the 
Los Alamos Scientific Laboratory, he ap­
proached the Commission with proposals 
which led to the setting up of a second 
research center. A native of Toledo, 
Ohio, Spitzer has studied at Yale, Har­
vard and Princeton universities and at 
the University of Cambridge. He has 
been a member of the Princeton faculty 
since 1947; in 1952 he was appointed 
Charles A. Young Professor of Astrono­
my, succeeding the eminent astronomer 
Henry Norris Russell. In addition to his 
duties as director of Project Matterhorn, 
Spitzer heads the Princeton department 
of astronomy and is director of the Uni­
versity observatory. Most of his work 
has been in theoretical astrophysics, 
though he did sonar research for the 
Navy during World War II. He became 
interested in fusion power early in 1951, 
after reading about the alleged Argen­
tine success in the field. "Shortly after 
the Argentine story broke," he writes, 
"I went to Aspen, Colorado, for a ski 
trip. In the relaxed atmosphere there, 
and especially while riding the chair 
lift, I gave some thought to the problem 
of how a controlled thermonuclear reac­
tor might be built. Many of the essential 
ideas of the stellarator stemmed from 
my thinking during that week, and dur­
ing the weeks in Princeton immediately 
following. I don't know quite what this 
story proves, but perhaps it is an argu­
ment for more frequent vacations." 

DOUGLAS MARSLAND ("Cells at 
High Pressure") was born in Brooklyn 
in 1899, and has been a member of the 
New York University faculty since 1924. 
Most of his teaching is in the field of 
general biology, a subject on which he 
has written a textbook. This, he says, 
"has kept my interests from becoming 
narrow." His researches on cell physiol­
ogy frequently involve work with marine 
organisms; a study of bioluminescence 
with Dugald E. S. Brown (now at the 
University of Michigan) and Frank H. 
Johnson of Princeton University won the 
Newcomb-Cleveland Prize of the Ameri­
can Association for the Advancement of 

Science in 1941. His interest in the 
ocean was awakened in 1919, when he 
spent a year as a radio operator on a 
tramp steamer. Nowadays he spends 
several months of each year at marine 
laboratories, mainly the Marine Biologi­
cal Laboratory in Woods Hole, Mass. 
He has also worked at the Naples Zoo­
logical Station, the Bermuda Biological 
Station and the Lerner Laboratory in 
Bimini, British West Indies. He became 
interested in cellular physiology while 
doing graduate work at N.Y.U. under 
Robert Chambers, a pioneer in the field. 

LUDWIG F. BIERMANN and RHEA 
LUST ("The Tails of Comets") are 
colleagues at the Max Planck Institute 
for Astrophysics, which has recently 
moved from Gottingen to Munich; Bier­
mann is director of the Institute. Born 
in 1907 in Hamm, Westphalia, he re­
ceived his Ph.D. from the University of 
Gottingen in 1932 and spent the next 
two years as an exchange scholar at the 
University of Edinburgh. Returning to 
Germany, he taught at several universi­
ties between 1934 and 1947. In the latter 
year he was made head of the astro­
physics section of the Max Planck In­
stitute for Physics, a position he held 
until 1957, when his section was re­
organized as the Institute for Astro­
physics. In addition to his work at the 
Institute, he heads the German program 
for research into controlled thermonu­
clear reactions. He is married and has 
three children. Mrs. Lust was born in 
Hannover in 1921. She studied astron­
omy, mathematics and physics at the 
University of Gottingen, where she re­
ceived her Ph.D. in 1953 for an investi­
gation of the atmospheres of variable 
stars. She remained at Gottingen until 
1956, working on problems of the solar 
atmosphere. She then joined the Max 
Planck Institute. In 1953 she married 
Reimar Lust, an astrophysicist also as­
sociated with the Institute. 

PAUL THIEME ("The Indo-Euro­
pean Language") is a leader in the field 
of anthropological linguistics. In addi­
tion to his work on reconstructing the 
language of the original Indo-European 
people, he has attempted to reconstruct 
their religion and folklore. He is also the 
author of works on indigenous Indian 
linguistics. Born in Berlin in 1905, he 
took his Ph.D. at the University of Got­
tingen in 1928. From 1932 to 1935 he 
had the opportunity to pursue an inter­
est in India at first hand as a lecturer in 
German and French at Allahabad Uni­
versity. From 1936 to 1946 he taught 
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Pneumatic Spring Controls are made with Enjay Butyl 
to provide quieter. softer cushioning in automobiles. 

actually lets you ride on 
Enjay Butyl Rubber is used by the 
Armstrong Rubber Company, WestHaven, 
Connecticut, in the production of Air Lift 
Pneumatic Spring Controls for the Air Lift 
Company, Lansing, Michigan. Butyl Air 
Lift units are inserted between leaf spring 
and frame to support overloads and cushion 
all moving parts of suspension. Inflatable 
to meet load requirements, these units pro­
tect vehicles-provide a smoother, safer ride. 

Each week the Armstrong Rubber Com­
pany turns out thousands of Air Lift units 
made from Enjay Butyl Rubber. They 
chose Enjay Butyl because of its superior 
air retention and resistance to aging. Since 
tough, weatherproof Butyl is low in cost, 
it may be the answer to lower production 
costs for you. For complete information 
and expert technical assistance, call or 
write the Enjay Company. 

Pioneer in Petrochemicals 

ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron • Boston • Charlotte • Chicago • Detroit • Los Angeles • New Orleans • Tulsa 

air! 

BUTYL 
Enjay Butyl is the greatest 
rubber value in the world. 
It's the super-durable rub­
ber with outstanding resist­
ance to aging • abrasion • 

tear • chipping • cracking • 

ozone and corona • chem­
icals • gases • heat • cold • 

sunlight. moisture. 
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STICKING 
versus 

TEFLON® 
TFE-fluorocarbon resins 

FINISHES 

Greatest anti-stick coating yet 

developed, Du Pont's organic 

plastic finish also is completely 

stable from -390°F. to 480°F., 

provides outstanding chemical 

inertness, water repellency, 

friction resistance and 

dielectric strength 

Teflon Finishes offer the advantages of 
a solid organic plastic, incorporated in a 
family of paint formulas. The result is 
to put into the engineer's hands a whole 
new set of properties in a reliable, work­
able, versatile form. 

In drying operations, for example, a 
coating of TEFLON Finish permits parts 
to be merely wiped clean, instead of be­
ing dismantled, scraped and burned free 
of adhering material, Similarly impres­
sive is the performance of TEFLON Fin­
ishes in latex equipment, package form­
ing and sealing machines. 

TEFLON Finishes are finding applica­
tions in magnet wires and capacitors, 
adding measurably to efficiency. When 
applied to laminating platens in cement­
ing operations, TEFLON eliminates ce­
ment build-up, while resisting heat and 
pressure. In transformers, magnet wires 
thus treated resist the effects of high 
temperatures, and efficiency is increased 
at the same time space and weight are 
saved. 

:Materials made from the ferrous met­
als chromium, nickel and its alloys, cop­
per, aluminum, glass and ceramics are 
being successfully treated with TEFLON 
Finishes. Applied like paint, these finishes 

fuse at elevated temperatures to become 
part of the surface covered. 

Specific uses include: conveyor chutes, 
dump valves, extrusion dies, heat-sealing 
units, molding dies, packaging equip­
ment, paint mixers, textile-drying equip­
ment. This partial list merely suggests 
the range of applications where TEFLON 
Finishes can increase production and i m­
prove quality. 

TABLE 1 
Film Characteristics of TEFLON Clear Finish 

Power factor (60 cycles to I megacycle) . . .. 0.0008·0.007 
Dielectric constant .. ... 2.0 
Tensile strength (in Ibs. per sq. in.) .. . . . . . .. 1500 to 2000 
Adhesion to metal (in Jbs. pull on a I-inch-

wide strip) over 850-201 Primer.. . .... 10.3 
Resistance to abrasion (grams abrasive 

per mil thickness) . . . ..... . 2160 
Test method: Bell Abrasion Tester 

Hardness (in knoap hardness units).. . .2.9 
Test method: Tukon Hardness Tester 

Hardness (Sward Rocker Test) .. . . ... . .... 20 

MORE FACTS. There's more to the stol'y of 
TEFLON Spray Finishes and TEFLON Wire 
Enamel. It's available from Du Pont, along 
with the name of an experienced TEFLON ap­
plicator in your area. 

Simply drop a letter on your company's 
letterhead to: Advertising Department, 2502 
Nemours Bldg., E. I. du Pont de Nemours 
& Co. (Inc.), Wilmington 98, Delaware. 

DU PONT INDUSTRIAL FINISHES @ POfiD 
U::!i.U.S.'.T.orr. 

BETTER THINGS FOR BETTER LIVING 
• • •  THROUGH CHEMISTRY 
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at the University of Breslau, and from 
1946 to 1953 at the University of Halle 
in East Germany. In the spring of 1953 
he left Halle to accept a chair at the 
University of Frankfurt in West Ger­
many. Since 1954 he has been Edward 
E. Salisbury Professor of Sanskrit and 
Comparative Philology at Yale Univer­
sity. Yale, he says, provides "a wonderful 
atmosphere for quiet work, such as I did 
not have in Germany since 1935 due to 
political interference." 

MARCUS SINGER ("The Regenera­
tion of Body Parts") is professor of zool­
ogy at Cornell UniverSity. Born in Pitts­
burgh in 1914, he took his Ph.D. at Har­
vard University in 1942, and for the 
next nine years taught anatomy (mainly 
neuroanatomy) at the Harvard Medical 
School. In 1951 he moved to Cornell, 
where he teaches human anatomy and 
comparative neuroanatomy. In addition 
to his researches on regeneration, he has 
published articles on protein chemistry, 
cell chemistry and neuroanatomy, and is 
co-author of a book on the human brain. 
He has recently been elected a Fellow 
of the American Academy of Arts and 
Sciences. 

JOSEPH V. BRADY ("Ulcers in 'Ex­
ecutive' Monkeys") is head of the de­
partment of experimental psychology in 
the Neuropsychiatry Division of the 
Walter Reed Army Institute of Research, 
Washington, D.C. Born in Brooklyn in 
1922, he received his B.S. from Fordham 
University in 1943. While still an under­
graduate, Brady had joined the R.O.T.C.; 
in 1945 he was sent overseas and com­
manded an infantry platoon in Europe. 
He remained in the Army after the war, 
and spent two years in Germany as Chief 
Clinical Psychologist in the European 
Command. The Army then sent him to 
the University of Chicago, where his in­
terest soon shifted from clinical to ex­
peri mental psychology. He received his 
Ph.D in 1951; his thesis concerned emo­
tional behavior in rats. Now a major in 
the Army's Medical Department, Brady 
presently works on the experimental 
analysis of behavior, with special refer· 
ence to its physical concomitants. 

F. F. NORD and WALTER J. SCHU­
BERT ("Lignin") are members of the 
faculty at Fordham University. Nord is 
professor of organiC chemistry and en­
zymology; Schubert is associate pro· 
fessor of organic chemistry and bio­
chemistry, and heads the chemistry de­
partment of the University's College of 
Pharmacy. Nord took his D.Sc. at the 
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-hp- voltmeters for every need 

-hp- 41 OB - 20 cps to 700 Me, 
ac or dc covera ge, also dc 
VTVM with over 100 meg­
ohms input impedance, or 
ohmmeter 0.2 ohms to 500 
megohms. A c  measurement in­
put capacity 1.5 ppf, input im­
pedance 10 megohms. Stan­
dard voltmeter of electronics 
industry. $245.00. 

.hp- 400H - 1 % accuracy to 
500 KC, ±2% to 1 MC, ±5% 
full range. 10 cps to 4 MC; 
5" mirror scale meter, range 
0.1 mv to 300 v. 10 megohm 
input impedance minimizes 
loading. 56 db amplifier feed­
back insures highest stability. 
$325.00. 

• hp- 400AB-high value multi­
purpose VTVM. 10 cps to 600 
KC, range 0.3 mv to 300 v, 
11 ranges. High stability, sen­

sitive, accuracy ± 2% to 100 
KC. 10 megohm input imped­
ance. Reads direct in volts, 
dbm. $200.00. 

-hp- 4000, best VTVM value 
built. 10 cps to 4 MC, accurate 
within ±2% to 1 MC, range 
0.1 mv to 300 v. Reads direct 
in v, dbm. High 10 megohm 
input impedance prevents cir­
cuit loading. New 56 db feed­
back amplifier circuit insures 
highest stability. $225.00. 

Data subject to challge without notice. Prices f.o.b. factory. 

-hp - 400L 

LOGARITHMIC 
VOLTMETER 
High accuracy 
5" true log voltage scale 
10 cps to 4 Me 
12 db linear scale 
10 db range steps 
Generous scale overlap 

New Model 400L's logarithmic voltage scale plus long scale 
length provides an instrument of maximum readability and 
an accuracy which is a constant percentage of the reading • 

Voltage scales are more than 5" long, with a 12 db scale 
spread across the full scale length. The meter is mirror 
backed for maximum accuracy. A range switch changes volt­
age sensitivity in 10 db intervals. This feature, together with 
the 12 db scale, provides generous overlap and is of particular 
convenience in work involving decibel levels. Accuracy is 
±2% of reading or ± 1 % of full scale, whichever is more 
accurate, to 500 KC. 
Features of the new 400L include 0.3 mv to 300 v range (12 
steps, 1-3-10-30 sequence), high stability, 10 megohm input 
impedance, large overload capacity, compact size. The instru· 
ment is also a stable amplifier. Model 400L (cabinet) 
$325.00; (rack mount) $330.00. 

HEWLETT-PACKARD COMPANY 
4816 PAGE MILL ROAD . PALO ALTO, eALlFORN1A, U.S.A. 

CABLE "HEWPACK" • DAVENPORT 5·4451 
FIELD ENGINEERS IN ALL PRINCIPAL AREAS 

(jjj) value standard of the industry 

4816 
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Back in 1879, the following electrical phe­
nomenon was observed: 

When a conductor carries a current at 
right angles to a magnetic field, an electric 
field is generated in a direction which is 
mutually perpendicular to both the magnetic 
field and the current. 
Now Westinghouse has put this "Hall 
Effect" to use in the tiny semiconductor 
device above. It is a Hall Generator, fab­
ricated from a compound of indium 
and arsenic. 

Placed at right angles to a magnetic 
field, the Hall Generator will produce a 
voltage proportional to the product of the 
current passing through it and the mag­
netic field perpendicular to it. This prod­
uct formation suggests its use in analog 
computers-to multiply directly two elec­
trical quantities, or to square a quantity 
by using the control current to produce 
the magnetic field. The output will meas­
ure the instantaneous product up to fre­
quencies of 1 megacycle. When the cur­
rent is constant, the output voltage is 
directly proportional to the magnetiC 
field. Thus the Hall Generator may be 
used to probe magnetic field intensity. 

It turns out that the Hall-effect voltage 

MAGNETIC FIELD B 

also varies as a cosine function of the 
angle of displacement with respect to the 
magnetic field. This means that rotary dis­
placement can be measured simply and 
precisely with a Hall Generator circuit. 

In the field of power distribution the 
Hall Generator can be utilized in a wide 
variety of measurement functions. One 
intriguing application is the measurement 
of high bus bar currents. This is done by 
placing a C-shaped iron yoke around the 
bus bar and measuring the resulting mag­
netic field with a Hall Generator. In this 
way the current is determined without 
breaking the circuit. Also the multiplying 
properties of the Hall Generator can be 
used to regulate or measure power direct­
ly in a wattmeter application. 

Another application for the Hall Gen­
erator has been its use to measure the in­
ternal torque of doc motors, pointing the 
way to important modifications in motor 
control. Many other applications will be 
uncovered as time goes by. 

For complete technical data and a 
chance to evaluate the Westinghouse Hall 
Generator, write or call Westinghouse 
Electric Corporation, Semiconductor 
Department, Youngwood, Pennsylvania. 

METALLIC OHMIC 
CONTACT In the Hall Generator, the control cur­

rent (Ie> at right angles to the magnetic 
field (B), produces a voltage (VH)' 

V IcB where d is the thickness of the "'''''7 Hall Generator. CONTROL 

HALL VOLTAGE VH 
CURRENT ic 

YOUCANBE!!!!!".'F'T�Westinghouse 
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. Technische Hochschule in Karlsruhe in 
1914. From 1914 until 1920 he was as­
sistant professor at the Kaiser Wilhelm 
Institute for Biochemistry in Berlin­
Dahlem; his activities there were inter­
rupted by a period of service as an of­
ficer in the German air force. He first 
visited the U. S. from 1925 to 1927, 
when he worked as a Rockefeller Foun­
dation Fellow at the Mayo Clinic and at 
the University of Minnesota. On his way 
back to Germany he lectured in Japan 
and India. He taught at the University of 
Berlin until 1938, when he was invited 
to come to Fordham. His researches 
have spanned more than half a dozen 
important areas in organic chemistry, 
including fermentation, catalysis, pro­
teins and polymers. He is an editor of 
Advances in Enzymology and editor-in­
chief of The Archives of Biochemistl'y 
and Biophysics. Schubert was born in 
Brooklyn in 1925, and received his Ph.D. 
from Fordham in 1950. While there he 
helped to initiate some of the studies of 
wood chemistry which have continued 
up to the present. After teaching for a 
year at John Carroll University in Cleve­
land, Ohio, and for two years at St. John's 
University in Brooklyn, he returned to 
Fordham as a Procter and Gamble Re­
search Fellow and once more turned his 
attention to wood chemistry. 

EDWARD S. DEEVEY, JR., ("Bogs") 
is professor of biology and director of 
the Geochronometric Laboratory at Yale 
University. Though his researches have 
centered on paleoecology, he notes that 
"I seem to be a general ecologist for 
teaching purposes." A National Science 
Foundation award for research in the 
dating of lake sediments enabled him to 
spend several months recently boring 
into lake bottoms in the Auvergne and 
the Jura Mountains. Born in Albany, 
N.Y., in 1914, he developed an early in­
terest in nature studies which won him 
41 Boy Scout merit badges and the Boy 
Scout Nature Prize in 1928. His major 
relaxation is scientific field trips; when 
forced to stay home he enjoys reading 
and pre-Beethoven chamber music. He 
has published a number of articles in 
SCIENTIFIC AMERICAN, the most recent 
of which was "The Human Crop" (April, 
1956) . 

ERNEST NAGEL, who reviews J. F. 
Scott's A History of Mathematics in this 
issue, is John Dewey Professor of Philos­
ophy at Columbia University. An au­
thority on symbolic logic, Nagel is author 
of Sovereign Reason and (with the late 
Morris R. Cohen) of An Introduction to 
Logic and Scientific Method. 
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The 
Perfect 

Solution 
(you spray it) 

Some bulk products of this Division are: 

"H argreaves, you're still living in the dark ages," bellowed the 

fist pounding pharmaceutical manufacturer. "Aerosols are what we 

need. Aerosols with a capital 'N ... as in spray. Spray. SPRAY." 

"Yes, sir," the harried Hargreaves murmured. "Fast, uniform 

application. No waste. Better stability. Many distinct advantages. 

I'll relay your instructions to the lab, sir." 

"Wait. Wait. WAIT!" The top man warned. "Check Pfizer first. 

They're big in hydrocortisone. Neomycin. Polymyxin. Should be 

able to help!" 
* * * * * * * * * * * * 

Yes, get in touch with the Pfizer Chemical Sales Division, if you 

are considering an aerosol pharmaceutical product. Initial experi­

ments with nitrogen propelled vitamin preparations also show 

promise. Or, if your topical plans include polyvinyl components, 

the non·toxic Pfizer Citroflex® plasticizers may help you. For any 

problem which might be solved by a high quality organic chemical, 

think of Pfizer first. Chas. Pfizer & Co., Inc., Chemical Sales Division, 

630 Flushing Ave., Brooklyn 6, N. Y. 

CHEMICAL SALES DIVISION 

• • .  sells more than 100 organic chemicals for 

food, medicinal and industrial uses. 

CITRIC, TARTARIC, OXALIC ACIDS AND SALTS • ASCORBIC ACID AND OTHER VITAMINS • CAFFEINE • ANTIBIOTICS • PLASTICIZERS 
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The Stellarator 
Described at last month's Gene(Ja conference, this experimental 

de(Jice for fusion power research elnploys a twisted magnetic 

contain an ionized gas and electric fields to heat it field to 

A t the Rrst International Conference ft on the Peaceful Uses of Atomic 
Energy in Geneva three years ago, 

representatives of 72 nations gathered 
to compare their efforts to extract eco­
nomical power from the energy liberated 
by nuclear Rssion. As the Conference 
opened, however, Rssion reactions mo­
mentarily lost the center of the stage to 
an even more exciting prospect. The 
president of the Conference, Homi J. 
Bhabha, predicted that within 20 years 
man would be deriving useful power 
from the thermonuclear reactions. He 
revealed that Indian workers were al­
ready engaged in active development of 
this possibility. Since these reactions, in­
volving the fusion of nuclei of the heavy 
isotopes of hydrogen, may look to the 
oceans as a source of fuel, such a tech­
nological breakthrough would gUal'an­
tee mankind a practically inexhaustible 
supply of energy. 

Last month, at the second Geneva 
conference on atomic power, the fusion 
reactions were at the center of the stage 
to stay. The knotty and often profound 
questions encountered in the research 
engaged a substantial portion of the for­
mal and informal discussions. The elabo­
rate experimental gear exhibited by the 
United Kingdom, the U. S. and the 
U.S.S.R. testiRed to the huge scale of 
the programs the major nuclear powers 
have been conducting, until recently in 
secret. Amid the hopeful accounts of 
progress, no one could yet claim conclu­
sive evidence for the attainment of a con-
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trolled thermonuclear reaction. On the 
other hand, no one reported the discov­
ery of any insurmountable obstacle. 

Among the several approaches of the 
U. S. program publicly disclosed in de­
tail for the Rrst time at Geneva is the 
"stellarator," the subject of this article. 
It is the work of Project Matterhorn at 
Princeton University and embodies some 
of the things we have learned from theo­
retical and experimental investigations 
conducted since 1951. 

For us, as for others in the ReId, the 
work is deRned by the dual objective of 
igniting and containing a thermonuclear 
reaction. When two nuclei of heavy hy­
drogen collide at high energies, they in­
teract, forming a new nucleus and lib­
erating either a proton or a neutron of 
high energy. To obtain a useful power 
yield from this reaction, a gas of deu­
terium (hydrogen of mass 2) or of 
mixed deuterium and tritium (hydrogen 
of mass 3) must be brought to an enor­
mously high temperature-about 100 
million degrees absolute (degrees centi­
grade above absolute zero) . The prob­
lem then is to contain or conRne the gas 
within a limited region away from con­
tact with any solid material. If the ultra­
hot hydrogen strikes anything which is 
solid and, of necessity, relatively cool, 
the temperature of the gas will drop 
sharply, and the solid material will tend 
to evaporate. 

Magnetic forces seem to offer the only 
way to contain a thermonuclear reaction. 
One effort in the search for a "magnetic 

bottle" has been devoted to the so-called 
"pinch effect." Here the flow of a heavy 
electrical current through the hot gas 
generates a strong magnetic ReId which 
at once contains the gas and brings it 
up to high temperature by compressing, 
that is, pinching, it [see "Fusion Power," 
by Richard F. Post; SCIENTIFIC AMERI­
CAN, December, 1957]. The Matterhorn 
project is trying a somewhat different 
tack. In the stellarator we are undertak­
ing to contain the gas in a magnetic ReId 
produced independently of the electric 
current that heats the gas up through the 
Rrst million degrees. We hope to reach 
ultrahigh temperatures via an effect 
called "magnetic pumping," induced by 
a second externally generated, rapidly 
pulsating magnetic ReId. Whether the 
stellarator will achieve a controlled ther- • 

monuclear reaction we do not yet know. 
At each step in its development we have 
had to solve unexpected problems, and 
each time have learned something new 
about the weird and wonderful proper­
ties of a hot gas in a magnetic ReId. 
Many more such problems await us. 

T he stellarator produces its containing 
magnetic ReId by the perfectly 

straightforward method of passing a 
strong electric current through a sole­
noidal coil [see diagram at top left on 
page 31]. In the familiar example of a 
straight, cylindrical coil, such as that 
employed in simple relays, the magnetic 
ReId parallels the coil axis and has the 
same strength everywhere both along its 
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STELLARATOR TUBES, photographed at Project Matterhorn at 
Princeton University, have twisted magnetic fields designed to 
prevent the contained gas from striking the vessel walls. In the 

arrangement at top the twisting is produced by means of the set 
of helical coils which can be seen between the sections of the 
main field coil. Figure·eight shape at bottom also produces twist. 
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PATHS OF CHARGED PARTICLES in magnetic fields are 
shown schematically. Small dots represent cross sections of lines 
of force. In a weak, uniform field (left) a positive particle such 
as a deuteron ion (top) describes a circle in one direction; a nega· 
tive particle such as an electron (bottom), a circle in the op· 

posite direction. (Diameter of deuteron's path is actually 60 times 
as large as electron's.) In strong field (second from left) the 
circles are smaller. In an imaginary field changing abruptly from 
weak to strong (right), paths are spirals in opposite directions, 
made up of semicircles from the large and small circular paths. 

length and through its cross section. The 
"lines of magnetic force," the imaginary 
lines following the direction of the field, 
are straight well inside the coil. If we 
place a hot deuterium gas in a tube in­
side such a field, it will respond to the 
magnetic force because its atoms are 
ionized, i.e., stripped of their electrons. 
The electrically charged particles (posi­
tively charged nuclei and free elec­
trons) moving across the magnetic 
field experience a deflecting force, and 
proceed to gyrate in circles about the 
lines of magnetic force. Since the mo­
tion of the particles along the lines of 
force is unaffected by the field, the 
path of each particle is a helix. Thus 
contained in the magnetic field, the gas 
will not touch the walls of the tube. We 
have here, in fact, an ideal bottle for a 
fusion reactor, were it not for the ends 
of the coil, where the lines of force must 
emerge and where the gas in conse­
quence must come in contact with solid 
matter. 

The simplest way to get rid of the 
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ends of a long coil is to bend the coil in 
a circle, joining the two ends together 
to form a closed but endless tube. In 
such a toroidal, or doughnut-shaped, 
coil [see diagram at bottom left on oppo­
site page] the lines of force become cir­
cles. Unfortunately this circular coil has 
a fatal defect which keeps it from quali­
fying as a satisfactory magnetic bottle. 
As a result of curvature, the strength of 
the magnetic field is greater near the in­
side wall of the tube than it is near the 
outside. This inhomogeneity of the field 
alters the helical path of the charged 
particles. Near the inside wall the rela­
tively stronger field curves the path of 
a particle more sharply than near the 
outside. The result is that the charged 
particles drift across the field, the posi­
tively charged nuclei collecting at the 
top of the tube and the electrons at the 
bottom [see diagram at bottom right on 
opposite page]. 

This drift is bad enough by itself, but 
its indirect effect is catastrophic. The re­
sultant separation of electric charges 

produces a large electric field, which 
disrupts the particle paths completely, 
throwing the entire gas into the wall. 
If the electric charges could only leak 
back across the lines of force, this dis­
aster could be averted, but in a fully 
ionized gas this is not possible. It is a 
remarkable fact that a steady electric 
field imposed across a magnetic field 
produces no current at all in a fully 
ionized gas, but drives the gas particles 
in a direction at right angles to both the 
electric and magnetic fields. A steady 
electric field imposed along the mag­
netic field will easily produce an electric 
current parallel to the lines of force. But 
this does not help matters in the case of 
the simple torus, since the lines of force 
do not connect the regions of opposite 
electric charge. 

I t happens that there is a simple rem­
edy for this catastrophiC drift of 

charged particles across the toroidal 
magnetic field. By one means or another 
we can twist the magnetic field around 
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MAGNETIC CONTAINMENT of charged particles can be accom­
plished with a uniform field like that inside a long, straight tube 
wound with a helical coil carrying electric current (top left)_ 

Particles will travel through the tube in helical paths made up 
of circular motions around lines of force (top right) and motion 

along the lines. If the ends are closed by bending the tube into a 
doughuut (bottom left), the field is no longer uniform, being strong­
er on the inner part of the doughnut (bottom right) . The result 
is that positive and negative particles separate, spiraling to top 
and bottom as in the right-hand diagrams on the opposite page. 

its circular axis (called the "magnetic 
axis") , giving the lines of force a heli­
cal form like the strands of a rope. In 
this configuration a single line of mag­
netic force, if followed indefinitely on 
successive turns around the torus and 
successive twists around the magnetic 
axis, will trace out an entire surface, 
called a "magnetic surface." Lines of 
force near the magnetic axis will pro­
duce magnetic surfaces which are nested 
inside the surfaces produced by the lines 
of force farther out. This family of nested 
magnetic surfaces constitutes the mag­
netic bottle proposed for confining an 
ultrahot gas in a stellarator. 

In this twisted toroidal field the effect 
of particle drift is much reduced. Most 
particles are moving rapidly along lines 
of force, and so are rotating about the 
magnetic axis as they follow the twist 
in the lines. When the upward-drifting 
particles are above the magnetic axis, 
they of course tend to move farther from 
the axis; when they are below, however, 
the same upward drift compensates for 

this by moving them back toward the 
axis. As a result their average distance 
from the magnetic axis does not change. 
Oppositely charged particles still show 
some tendency to drift apart, with an 
accompanying separation of charges. But 
now the charges can leak back along 
the lines of force, since a single line, if 
followed for a distance, leads from the 
top of the tube to the bottom. Any dif­
ferences in electric charge along a line 
of force are thus eliminated, and a steady 
confinement of the ionized gas now be­
comes possible. 

The necessary twist can be imposed 
on the toroidal field in a number of ways. 
Passing an electric current along the 
lines of magnetic force in a torus will 
do it, but such a current cannot be main­
tained in a steady state, and would re­
quire pulsing every few seconds. Since 
it is desirable to operate a fusion reactor 
continuously, without pulsing, some 
other method of twisting the lines of 
force is preferable. It turns out that 
merely bending the simple torus into a 

figure eight will produce an appreciable 
twist in the lines of force; most of the 
experimental work at Project Matter­
horn has been carried out with figure­
eight-shaped magnetic fields. We are 
now developing a more promising meth­
od in which the toroidal field is twisted 
by interaction with an additional trans­
verse magnetic field. This transverse 
field is generated by a set of helical 
windings in which the current Rows in 
opposite directions in adjacent groups 
of wires. In the twisting of the field 
thereby induced, the angle of twist in­
creases as the square of the distance 
from the magnetic axis; this difference 
in twist angle between the outer and 
inner magnetic surfaces helps to stabi­
lize the gas. 

A t this point we may consider the mag­
I\. netic bottle of the stellarator more 
or less ready to contain the hot gas, and 
we may turn to the question of heating 
the gas to high temperatures. The stel­
larator accomplishes the preliminary 
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phase of heating simply enough by in­
ducing a strong electrical current in the 
gas. With an iron transformer core 
threading the toroidal tube and a prima­
ry winding wrapped around the iron, we 
have a conventional transformer, the 
gas providing the secondary circuit. 
When a voltage is applied to the primary 
winding, an electric current flows 
through the gas along the magnetic sur­
faces. The power dissipated by the re­
sistance of the gas goes into ionizing and 
heating the gas, as well as into produc­
ing some ultraviolet and visible radia­
tion. This is called "ohmic heating," be­
cause it is the ohmic resistance of the 
gas that generates the heat on passage 
of the current. Unlike the pinch-effect 
current, the ohmic heating current pro­
duces no contraction or compression of 
the ionized gas; the strong magnetic 
field of the stellarator holds the gas firm­
ly in place and constant in volume. 

Experience with some half-dozen 

small "Model B" stellarators, with tubes 
of two to four inches in diameter and 
10 to 20 feet in axial length, has estab­
lished extensive data on ohmic heating. 
These devices utilized magnetic confin­
ing fields of 20,000 to 40,000 gauss. 
Since the power required at the peak 
of the field is in the neighborhood of 
50,000 kilowatts, the power bill has re­
stricted operations to pulses lasting 
about .02 second. Within these intervals 
we have been able to develop ohmic 
heating discharges of a few thousandths 
of a second duration. Temperatures of 
100,000 to a million degrees observed in 
these experiments sustain the expecta­
tion that ohmic heating is an effective 
way to ionize the gas in a stellarator and 
heat it to high temperatures. 

In the early days of the program we 
hoped that the gas would remain 

steady and motionless during ohmic 
heating, and that the heating would thus 

proceed smoothly to its conclusion. Ex­
periments have shown us that this hope 
was about as well founded as the hope 
that water flowing rapidly through a 
large pipe would flow smoothly in 
straight lines. In truth, of course, water 
under these conditions becomes tmbu­
lent, with eddies moving back and forth 
across the stream. In the same way the 
ionized gas develops violent activity 
during the ohmic heating process. Elec­
tric and magnetic forces introduce com­
plications which make the activity quite 
different from ordinary turbulence. Be­
cause of the long-range electrical forces: 
between electrons and the bare nuclei, 
particles considerable distances from 
each other can cooperate in large-scale 
activity. This "cooperative activity" in a 
heated gas produces many effects. Not 
all are disruptive; for example, the pro­
duction of radio-noise bursts similar to 
those observed from the sun does not ap­
pear to affect the performance of a ther-

TWISTED MAGNETIC FIELD counteracts tendency of charges 

to separate. Top diagram shows a part of one line of force, which, 

if drawn for its whole length, generates a ring-shaped surface. Each 

line is above axis in some sections of tube (bottom left) and be­
low it in others (right). Thus both plus and minus charges move 
away from center line at some points and toward it at others. 
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monuclear reactor. Other effects may 
have very serious consequences. Some 
types of cooperative activity move the 
individual particles across the lines of 
force, impairing confinement by the mag­
netic field and dashing some of the hot 
gas into the wall. In activity of the so­
called "hydromagnetic" (or "magneto­
hydrodynamic") type the lines of mag­
netic force themselves become violently 
distorted, also dashing ionized gas into 
the wall. The tendency to such hydro­
magnetic disturbance should be much 
reduced in stellarators in which the mag­
netic field is twisted by transverse heli­
cal fields. Theory indicates that the lines 
of force cannot move about so readily 
when the angle of twist increases sharply 
with distance from the magnetic axis. 

"Runaway" electrons seem to be 
responsible for another troublesome 
variety of cooperative activity. One char­
acteristic of an ionized gas is that the 
probability of a collision between an 
electron and another particle falls off 
rapidly as the particle velocity increases. 
Thus an electron accelerated to a suffi­
ciently high velocity will engage in prac­
tically no collisions and will continue to 
be accelerated by the field. Such elec­
trons are said to have run away; they can 
no longer be confined and they strike the 
wall, producing ihtense X-rays. When a 
large number of the electrons runs away, 
the gas develops strong fleeting elec­
trical fields and the current drops more 
or less abruptly. 

Incidentally, observations on runaway 
electrons provide an excellent demon­
stration of the effectiveness of the stellar­
ator magnetic bottle. Under some con­
ditions energetic electrons will h'avel 
around the stellarator long after the 
ohmic heating pulse is over, finally strik­
ing the wall only when the magnetic 
field falls off. During this time they 
travel several thousand miles, going 
around the stellarator tube about a mil­
lion times. 

T he most serious type of cooperative 
activity is not really understood at 

ail. On occasion, with the gas showing 
no strong evidence of unsteadiness, the 
ions and electrons gradually disappear 
from the discharge, presumably striking 
the wall. This disappearance of the gas, 
called "pump-out," represents a serious 
leak in the magnetic bottle. When ohmic 
heating terminates, the leak seems to 
stop, as is evidenced by the long per­
sistence of runaway electrons. A pro­
gram of investigation to determine the 
cause of this leak is now under way. 

A leak might not be serious if a par-

------------------------------- -------------------------------

------------------------
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<: 

VACUUM 
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DIVERTOR helps prevent gas particles from striking walls of tube. Magnetic lines near 
the \�alls are bent out into side chamber surrounding tube at one point. Particles traveling 
along these lines are swept into the chamber and pumped out of the system .  This diagram 
is a cross section of the divertor ; the black blocks are coils that bend the lines. 

ticle striking the wall simply buried it­
self there. At least the gas remaining in 
the bottle would stay hot. Unfortunately 
an ion striking the wall tends to knock 
off atoms of various elements. These find 
their way into the heated gas and cool 
it, partly because they are themselves 
so cool to begin with and partly because 
they radiate energy at such a rapid rate. 
A controlled thermonuclear reactor is 
possible in principle only because hy-

drogen at high temperatures radiates so 
little energy, and can therefore be kept 
very hot. Atoms of the heavier elements 
do not possess this convenient property, 
and because of their higher nuclear 
charge radiate energy at a much greater 
rate. Thus any appreciable amount of 
oxygen or iron in the discharge makes 
it very difficult, if not impossible, to 
maintain thermonuclear temperatures. 

Two methods give promise of reduc-

3 3  
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ing the influx of impurities from the 
wall. The chief impurities observed are 
carbon, oxygen and nitrogen, which are 
adsorbed on the steel walls of the stellar­
ator tube, and which stream from the 
walls during the discharge as a result of 
wall bombardment. To reduce the 
amount of these gases present, the 
stellarator tubes are now baked at 450 
degrees C. for some 12 hours while the 
vacuum pumps are operating. This has 
reduced the influx of impurities during 
ohmic heating to about a hundredth of 
its value in unbaked tubes. Baking the 
vessel has the auxiliary advantage of re­
ducing the initial vacuum ( before the 
discharge gas is introduced) down to 
4 X 10-13 atmospheres, about a ten­
thousandth of that obtained with more 
usual techniques. To reduce further the 
impurities produced during operation, 
the next generation of stellarators will 
mostly be equipped with what we call di­
vertors. At the divertor the outer shell of 
magnetic lines of force is bent away from 
the axis of the field [see illustration on 
preceding page J .  Any charged particles 
moving along these lines of force, and 
hence tending to diffuse toward the wall, 
are drawn into the separate chamber of 
the divertor before they strike the wall. 
Impurities produced in the divertor are 
scavenged by the vacuum pumps. Use of 
a divertor on an unbaked system has re-

, duced the impurity level to about a fifth 
of its previous value. In a larger, baked 
machine use of the divertor may bring 
the impurities down to a negligible value. 

Quite apart from problems of coopera­
tive activity, experience shows that 

ohmic heating becomes less and less ef­
fective as the gas temperature rises 
above a million degrees. The resistance 
of the ionized gas decreases sharply as 
the temperature rises. Since the power 
dissipated by an electric current de­
pends upon the resistance, the power 
dissipation drops proportionately. Some 
other method must be found for heating 
the gas above a million degrees. 

At Project Matterhorn we propose to 
heat the gas up to ignition temperature 
by "magnetic pumping," a rapid pulsa­
tion of the containing magnetic field 
along a short section of the stellarator. 
This pulsation is produced by an oscil­
lating current in a special coil surround­
ing the heating section, inside the coils 
which produce the steady magnetic field 
[see illustration at bottom of opposite 
page J .  As the strength of the field in­
creases during the pulsation, the lines 
of force move closer together, and the 
charged particles, following the lines of 
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force, also move together. The gas is 
thereby compressed; with compression, 
it is heated. The details of this process 
are complicated, but the net effect on 
the gas temperature is the same as the 
heating of an ordinary gas by compres­
sion. Hence we may look on the mov­
ing lines of magnetic force as a piston 
which compresses and expands the ion­
ized gas. 

Although the gas is heated by com­
pression, it is also cooled by expansion. 
It is not immediately obvious, therefore, 
why there should be any net heating. In 
fact, in order to achieve heating it is 
necessary to tune the frequency of pul­
sation close to one of the natural periods 
of the gas-the time between collisions, 
or the time it takes a charged particle 
to pass through the heating section, 
or the time it takes a particle to gyrate 
in a circle under the influence of the 
confining field. Thanks to a type of 
resonance, the amount of heat fed into 
the gas during compression will then 
considerably exceed the heat taken out 
during expansion. Detailed theoretical 
studies, still unchecked by experiment, 
indicate that magnetic pumping should 
be capable of heating a gas to ther­
monuclear temperatures. The rate of 
heating by this technique, however, is 
not very rapid, and so far the loss of en­
ergy by pump-out and the radiation of 
energy by impurities have prevented the 
achievement of ultrahigh temperatures. 

A much larger experimental device, 
the "Model C" research stellarator now 
under construction, should aid greatly 
in the investigation of these problems. 
This device will have a vacuum tube in 
the shape of a racetrack; the tube will 
be some eight inches in diameter and 
40 feet in axial length, and will utilize 
a confining field of 50,000 gauss, twisted 
by means of helical windings. The tube 
diameter is some four times larger than 
in most of the present "B" models, and 
the correspondingly decreased ratio of 
surface to volume should reduce the ef­
fect of pump-out and of the impurities 
streaming into the discharge. Finally, 
powerful magnetic pumping apparatus 
will be available for attempts to obtain 
ultrahigh temperatures. The engineering 
facilities required for this installation are 
substantial, with a peak direct-current 
power level of 150,000 kilowatts, ob­
tained with motor-generator sets, and a 
radio-frequency power level of about 
the same order. 

I f continuing research does lead to a 
power-producing reactor, what would 

such a device look like? The main an-

swer to this question is that a stellarator 
must be a very large unit to produce 
more power than is consumed in main­
taining the magnetic field needed for 
confinement. As a stellarator is in­
creased in size, keeping the magnetic­
field strength and all other proper­
ties constant, the power required for 
the magnetic field increases only as the 
linear dimension. On the other hand, 
the thermonuclear power produced in­
creases with the volume of the gas, or 
as the cube of the linear dimension. The 
break-even point, at which the power 
put into the magnetic field equals the 
thermonuclear power generated, occurs 
with a rather large machiHe-one with a 
tube diameter of several feet and an 
axial length of several hundred feet. The 
total power produced by such a machine 
is in the million-kilowatt range. 

The first power-producing stellarators 
would be fueled with a mixture of 
deuterium and tritium, since tritium 
fuses with deuterium about a hundred 
times more rapidly than deuterons fuse 
with-each other. To take the power out 
the reaction tube would be wrapped 
with a blanket through which water 
would be circulated in pipes. The hy­
drogen in the water would take up the 
energy of the neutrons in elastic colli­
sions, and the water, acting as a coolant, 
would carry the heat out of the stellara­
tor to external turbogenerators. To re­
plenish the supply of tritium the blanket 
would be loaded with lithium; one of 
the isotopes of this element absorbs neu­
trons readily, and the ensuing nuclear 
disintegration yields tritium and an al­
pha particle ( nucleus of the helium 
atom) . Surrounding the blanket would 
be enormous coils in which electric cur­
rents would produce the steady mag­
netic field that is required to confine the 
ionized gas. 

Once the gas is heated, such a device 
would operate continuously. Fresh sup­
plies of deuterium and tritium would be 
injected in a fast jet, while the reaction 
products ( mostly helium) and impuri­
ties would be withdrawn at the diver­
tor, where very large pumps would be 
located. Ohmic heating and magnetic 
pumping equipment would be needed 
only for starting the stellarator after oc­
casional shutdowns. 

A full-scale stellarator would be com­
parable in size and power output to a 
large hydroelectric plant, such as 
Hoover Dam. Whether such an installa­
tion will ever be economically feasible, 
or even pOSSible, is still uncertain. If it 
works, however, it will provide millions 
of kilowatts with a negligible fuel cost. 
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TRANSFORMER ACTION heats gas in stellarator to a tern· 

perature of  about one million degrees. Current through primary 

coil  around iron core at right induces a secondary current through 

MAGNETIC PUMPING will be used t o  heat gas to  temperature 

necessary for fusion reaction. Pumping arran gement, shown in cross 

section,  consists of an auxiliary coil (black circles ) carrying a n  

t h e  g a s  i n  t h e  tube. As in an ordinal·y metallic conductor, t h e  

resistance to t h e  fl o w  of current produces heat. As g a s  gets hot· 

ter its resistance drops until  further heating becomes impossible. 

oscillating current. This current alternately expands and c om· 

presses the lines of  force set u p  by the main coil (black blocks ) .  

Dia gram shows compressed field in color and expanded i n  black. 
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CELLS AT HIGH PRESSURE 

Ten1perature and pressure are basic factors in physical and chemical 

processes, but it is only recently that biologists have considered 

the role of pressure In the physical and chemical processes of life 

Everyone knows that living things 
are profoundly influenced by 
temperature. In winter plants 

stop growing and cold-blooded creatures 
such as frogs and snakes are dormant. 
As the body temperature of any animal 
falls, its metabolism slows and eventual­
ly stops. 

It is not generally recognized that 
pressure also plays a decisive role in 
metabolism. In every living cell there 
are many metabolic reactions which are 
sensitive to pressure. Until recently the 
pressure factor was largely ignored in 
physiological research; now pressure 
studies are beginning to yield evidence 
which is helping to solve classic prob-

by Douglas Marsland 

lems. Pressure has become a new tool 
of physiology. 

Man and other air-dwelling creatures 
are not required to tolerate large 
changes of pressure because our atmos­
phere is gaseous and relatively light. At 
sea level the pressure of the atmosphere 
averages slightly less than 15 pounds 
per square inch, and its variations never 
exceed more than about one pound per 
square inch. Even if an animal were 
transported from the highest mountain 
to the deepest cave, the change in the 
pressure of its environment would be 
quite small. The indirect effects of this 
small change would be important, be­
cause it would drastically alter the pene-

tration of oxygen and other atmospheric 
gases into the protoplasm and body 
fluids. But the direct effects of the 
change on the vital processes would be 
almost negligible. 

Water-dwelling organisms, on the 
other hand, are surrounded by a heavy 
liquid medium, and in the sea the pres­
sure variations may be tremendous. The 
cumulative weight of water of course 
increases rapidly with depth-the pres­
sure mounts roughly at the rate of one 
pound for every two feet of descent. At 
a depth of IJf miles, where a wide va­
riety of species are known to live, the 
pressure is more than 5,000 pounds per 
square inch, which is equivalent to the 

PRESSURE CHAMBER developed in Marsland's laboratory makes 

it possible to study living cells at pressures up to 15,000 pounds per 

square inch. In tbis photograph the two halves of the chamber are 

unscrewed. The glass window in each balf is a quarter.inch thick. 
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pressure of some 350 atmospheres. Such 
pressure drastically changes the vital ac­
tivities of an organism. True deep-sea 
forms cannot survive very long at sur­
face pressure; conversely, surface forms 
soon' die when subjected to deep-sea 
conditions. Exactly how does pressure 
affect the fundamental life processes of 
various organisms? The question is sig­
nificant if only because most ancient 
forms of life were oceanic, and pressure 
must have played an important part in 
guiding the evolutionary destiny of' 
many species. 

An obvious way to study the effects 
of pressure on living cells is to subject 
them to pressure in the laboratory. The 
development of apparatus to make such 
studies under controlled conditions be­
gan some 75 years ago. Paul Regnard 
of France became intensely interested 
in the findings of the French Talisman 
oceanographic expedition, which had 
succeeded in dredging up quite a va­
riety of organisms from depths of more 
than seven miles. Here the pressure ex­
ceeds 1,000 atmospheres. Regnard un­
dertook an extensive series of pressure 
studies, on which he reported regularly 
to the French Academy of Sciences from 
1884 to 1888. 

The early pressure investigators were 
handicapped by the fact that the living 
material could not be examined closely 
while it was inside the thick-walled 
pressure chamber. Most of the effects of 
pressure upon living processes are re­
markably transient; the effects rapidly 
reverse themselves as soon as the pres­
sure is released. Thus many of the early 
workers reported that pressure had no 
effect at all. By the time they had re­
moved their cells from the pressure 
chamber, all evidence of change had 
disappeared. 

The modern epoch of pressure re­
search awaited the development of win­
dowed pressure chambers and other de­
vices which make it possible to study 
living material continuously while the 
pressure is maintained. Among the more 
useful devices have been: (1) a micro­
scope pressure chamber (developed in 
our laboratory at New York University), 
which makes it possible to observe pres­
surized cells at a magnification of 600 
diameters; (2) a muscle-nerve pressure 
chamber (developed by McKeen Cat­
tell, Dayton J. Edwards and Dugald 
E. S. Brown at the Cornell University 
Medical College), which permits meas­
urement of the force of contraction in 
pressurized muscle and of the intensity 
of electrical discharges in pressurized 
nerve preparations; and (3) a pressure 

CHAMBER IS MOUNTED with a special microscope so that cells within it can be examined 

at magnifications up to 600 diameters. Pressure is transmitted to chamber through tube at top. 

PRESSURE IS APPLIED by means of a modified hydraulic truck jack. Each full stroke of 
the handle at right raises the pressure in the chamber by 1,000 pounds per square inch. 

37 

© 1958 SCIENTIFIC AMERICAN, INC



FOOD VACUOLE NUCLEUS 

CONTRACTILE VACUOLE 

REGION OF SOLATION 

MOTION OF AN AMOEBA is outlined in this simplified drawing. 

As the amoeba moves toward the right, protoplasm in the sol 

state (plasmasol) streams toward the tip of its pseudopod ("false 
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REGION OF GELATION 

foot"). At the sides of the pseudopod (region of gelation) plas. 

masol euters the gel state _(plasmagel). At the other end of the 

amoeba (region of solation), plasmagel enters the sol state. 
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PRESSURE (POUNDS PER SQUARE INCH) 

APPLICATION OF PRESSURE decreases the streugth of the 
amoeba's plasmagel layer. The outline drawings at top show how 
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with increasing pressure the shape of the amoeba changes until, at 

ahout 6,000 pounds per square inch, it is round and motionless. 
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centrifuge (devised by Brown at New 
York University), which enables the in­
vestigator to spin cells at high speeds 
and at pressures up to 1,000 atmos­
pheres. 

O ne very simple but informative ex-
periment is to see what happens 

when a single cell is subjected to high 
pressure. Take, for example, the ferti­
lized egg cell of the sea urchin. Place the 
cell in the microscope pressure cham­
ber, which is filled with sea water, and 
quickly build up the pressure by pump­
ing the handle of a modified hydraulic 
jack. With each full stroke the pressure 
goes up some 1,000 pounds per square 
inch (68 atmospheres). Stop, say, at 
6,000 pounds per square inch. When 
one looks into the microscope, one sees 
that the cell has not perceptibly 
changed! To be sure, it has stopped de­
veloping, and it will never divide into a 
two-celled em bryo unless the pressure is 
released in reasonable time. But the cell 
remains perfectly spherical, and its de­
crease in size is so small that the change 
can be detected only with refined meas­
uring instruments. 

The experiment illustrates two fa­
miliar but basic characteristics of hydro­
static pressure. The first is that in a 
hydrostatic system-:-which is of course 
what we manipulate in such experi­
ments-the pressure is equal in all di­
rections. Thus the pressure does not 
change the shape of the cell. Moreover, 
the protoplasm of the cell itself is essen­
tially liquid, so the pressure inside the 
cell is the same as that outside. If a cell 
is compressed between two solid sur­
faces, it is easily Battened and can be 
ruptured by very little pressure (less 
than one atmosphere). 

The second characteristic of hydro­
static pressure is that the compressibility 
of most liquids is exceedingly small. 
When pure water is subjected to a pres­
sure of 1,000 atmospheres (about 
15,000 pounds per square inch), its 
volume decreases less than 3 per cent; 
sea water and protoplasm are even more 
resistant to pressure. It is no wonder 
that-we can see no difference in the size 
of a cell when we compress it. But the 
small decrease in volume has large ef­
fects upon the interplay of physical and 
chemical reactions in the cell. 

We know from physics and chemistry 
that pressure tends to oppose any type 
of reaction which leads to an increase 
in the volume of the reacting substances. 
Conversely, pressure favors reactions 
which decrease the volume of the sys­
tem. Take boiling water, for example. 

AMOEBAS INSIDE THE PRESSURE CHAMBER are photographed at atmospheric pres­

sure (top) and two seconds after 6,000 pounds per square inch had been applied (bottom). 
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DIVIDING EGG CELL of the sea urchiu was photographed in 
the pressure chamber five seconds after a pressure of 7,000 pounds 

per square inch had been applied (left), four minutes after the 

pressure had been applied (middle) and four minutes after the pres· 

sure had been released (right). In the first picture the cell had 

begun to pinch in two. In the second the pinching process has been 

reversed and the cell is almost round again. In the third picture 

the pinching process has resumed and the cell has nearly divided. 

Vaporized water takes up far more 
space than an equivalent amount of 
liquid water. The boiling reaction must 
therefore perform work upon the en­
vironment; if the pressure of the envi­
ronment is increased, the work is also 
increased. Thus pressure opposes boil­
ing and favors condensation. 

The effect of temperature is exactly 
the opposite. Heat provides the energy 
by which the reaction can perform work 
upon the environment. To sum up the 
effects of pressure and temperature: 
pressure tends to shift the equilibrium 
of any reversible reaction in the direc­
tion of lesser volume, and temperature 
tends to shift it in the other direction. 

One significant reversible reaction in 
the cell is the sol-gel reaction, 

which seesaws back and forth more or 
less continuously. Parts of the proto­
plasm may have a sol structure in which 
their consistency resembles that of 
water; then these same parts will quickly 
switch to a gel structure resembling 
strongly set gelatin. Physiologists have 
long observed these repetitive proto­
plasmic changes, but the functional sig­
nificance of the changes remained rather 
obscure until high-pressure techniques 
provided a new approach to this old 
problem. 

Sol-gel reactions within the cell 
proved to be exceedingly sensitive to 
both temperature and pressure. It was 
more surprising to discover that the be­
havior of the protoplasmic gel was quite 
different from that of ordinary gelatin. 
Gelatin is made weaker by an increase 
of temperature and stronger by an in­
crease of pressure. For a protoplasmic 
gel the opposite is true: it is made 
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stronger by an increase of temperature 
and weaker by an increase of pressure. 
In fact, if enough pressure is applied, 
all the protoplasm in the cell has almost 
the consistency of water. 

It has become increasingly clear that 
gelation is the mechanism by which the 
cell generates mechanical energy. Pro­
toplasm in the gel state has the power 
of contraction, and this contractility en­
ables the cell to change shape and to 
move. In contracting, however, the pro­
toplasm reverts to the sol condition, so 
that a continuous regeneration of gel 
structure is necessary if movement is to 
continue. Moreover, if gelation is pre­
vented, or if existing gels are converted 
into sols by high pressure or other in­
fluences, protoplasmic contractility is 
lost and the cell becomes immobile. 

These general conclusions have 
emerged from a long series of pressure­
temperature experiments on a wide va­
riety of living things. Here, however, we 
will give the reader just a few examples. 
These will deal primarily with the 
mechanical activities of single cells, es­
pecially cell division and the movement 
of the amoeba. 

Amoeboid movement (which can also 
be observed in other animal cells) 

is perhaps the most primitive form of 
locomotion. Such movement is not re­
stricted to the locomotion of lowly 
forms; it is also displayed by many cells 
in the human body. White blood cells 
often leave the capillaries and wander 
in amoeboid fashion through spaces in 
the tissues in search of infectious bac­
teria. Many connective-tissue cells also 
migrate through the tissue spaces. 
Moreover, in the embryo, before the 

tissues assume their adult form, many 
cells employ amoeboid movement as 
they migrate to their ultimate stations. 

Amoeboid movement has a peculiar 
fascination when it is observed in an 
active amoeba under the microscope. As 
the finger-like pseudopodium (the "false 
foot") of the amoeba advances, one sees 
the cytoplasm (the protoplasm between 
the cell nucleus and the cell wall) flow­
ing steadily through a central channel in 
the cell. But one also sees that the sur­
face layer of cytoplasm, which lies just 
inside the outer membrane of the cell, 
does not participate in the streaming. 
This layer of cytoplasm maintains a 
fixed position. It forms a tubular wall 
around the flowing cytoplasm, and 
seems to guide the streaming through a 
definite channel extending toward the 
tip of the advancing pseudop09ium. 
Thus it is clear from direct observation 
that the cytoplasm of the amoeba is dif­
ferentiated into two parts: the plasma­
sol, a fluid central part which flows while 
the amoeba is moving; and the plasma­
gel, a firmly gelated surface layer which 
surrounds the plasmasol. 

Even before 1900 it was suspected 
that cyclic sol-gel changes might be 
involved in amoeboid movement. It 
seemed clear from direct observation 
that new plasmagel keeps forming and 
adding itself to the wall of an advanc­
ing pseudopodium. It was also apparent 
that old gel, at the dragging hind end 
of the amoeba, keeps transforming itself 
into new sol, which joins the forward­
moving stream. Indeed, it was postu­
lated quite early that the motive force 
which causes streaming originates with 
a forceful contraction of the plasmagel 
layer. Before the pressure studies, how-
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ever, this "contractile hypothesis" was 
not supported by experimental evidence. 

If we observe an actively moving 
amoeba in the pressure chamber and 
suddenly raise the pressure to 7,000 
pounds per square inch, the effect is 
quick and dramatic. The pseudopodia 
collapse and the cell becomes a motion­
less sphere. The pressure has apparently 
liquefied the plasmagel system; the pro­
toplasm now behaves like any small 
droplet of liquid. 

So long as the pressure is maintained, 
no sign of movement or streaming can 
be detected in the rounded amoeba. 
Gradually the nucleus, food vacuoles 
and other relatively heavy bodies in the 
protoplasm begin to sink into the lower 
half of the cell. As soon as the pressure 
is released, however, activity resumes. 
Within about two minutes a new plas­
magel layer forms and begins to con­
tract violently. This causes a vigorous 
bubbling at the cell surface. Three or 
four minutes later normal pseudopodia 
begin to appear, and soon the amoeba 
resumes its locomotion. 

The effect of various pressures on the 
plasmagel system can be precisely 
measured with the pressure centrifuge. 
One compartment of the centrifuge 
contains cells at high pressure; a second 
compartment contains a control group 
of cells at atmospheric pressure. Thus 
both pressurized and non pressurized 
cells can be subjected to the same cen­
trifugal force (up to 50,000 times the 
force of gravity). When the cells are 
spun, the relatively heavy bodies such 
as the food vacuoles tend to move out­
ward through the cytoplasm. The rate 
at which these structures move in the 
pressurized cells can then be compared 
with their rate of movement in the non­
pressurized cells. Obviously the more 
liquid the cytoplasm of the pressurized 
cells, the faster the heavy structures will 
move. In this way it was determined 
that the increase of pressure progres­
sively reduces the viscosity of the cyto­
plasm of the amoeba. At 6,000 pounds 
per square inch all signs of pseudopodia 
and movement have vanished. By simi­
lar measurements it was shown that, up 
to a point, the increase of temperature 
strengthens the plasmagel system. As 
the temperature is raised, the pressure 
necessary to liquefy the plasmagel must 
be increased. 

�YThere does the cell obtain the en­
", ergy to build up its plasmagel sys­

tem? The evidence strongly suggests 
that the cell obtains this energy from its 
high-energy phosphate reserves, partic-

DIVISION OF AN EGG CELL is shown in greater detail. The chromosomes (stained finger­

like bodies) have been pulled apart by the spindle and the cell has begun to pinch in two. 

PLASMAGEL CONTRACTION THEORY is illustrated iu sequential diagrams. The lighter 

stippling is the plasmasol; the darker, the plasmagel. In the third, fourth and fifth diagrams 

the contracting part of the plasmagel (darkest stippling) is localized in "cleavage furrow." 
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ularly adenosine triphosphate (ATP). It 
has been found, at any rate, that various 
cells have a stronger gel structure and 
are better able to perform mechanical 
work when they are provided with addi­
tional quantities of this energy-rich com­
pound. Conversely, the gel structure 
and work performance are definitely 

weakened when the phosphate metab­
olism is inhibited by certain drugs. To 
this evidence must be added an ex­
tremely interesting finding of four 
workers at the California Institute of 
Technology: PaulO. P. T'so, Luther 
Eggman, Jerome R. Vinograd and 
James Bonner. This group recently suc-
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ceeded in extracting from the slime mold 
Pelomyxa (a giant amoeboid form) a 
protein called myxomyosin which con­
tracts in the presence of ATP. It seems 
quite certain that myxomyosin is the 
chief component of the contractile gel 
system, at least in this large amoeboid 
organism. 

Precisely how protoplasmic gels con­
tract and perform work is still unknown. 
One of the simplest suggestions is that 
protein molecules, which are the most 
essential constituents of the gel struc­
ture, can forcefully fold and unfold. In­
dividual molecules acting in this way 
could not perform any useful work for 
the cell as a whole. But if the extended 
molecules are linked in a larger struc­
ture, they can perform work by con­
tracting in concert. 

The unfolding of molecules and the 
formation of linkages between them ap­
parently involve the absorption of en­
ergy and a slight increase in molecular 
volume. It is for this reason that the 
formation of a protoplasmic gel struc­
ture is opposed by higher pressure and 
favored by higher temperature. The en­
ergy which goes into the building of a 
gel structure can be returned in the 
form of mechanical work when the gel 
contracts and reverts to a sol. 

What do the pressure experiments re-
veal about cell division, the process 

by which one cell gives rise to two 
daughter cells? The cell physiologist 
customarily studies cell division with 
egg cells, which are relatively large and 
can be obtained in abundance from 
lower animals such as the sea urchin. 
When these cells are placed in a vessel, 
and sperm cells are added to them, they 
begin a long series of divisions. Us·ually 
the first division occurs within an hour, 
and the succeeding divisions follow 
more rapidly. But given the exact tem­
perature and time of insemination, the 
experimenter knows precisely when 
each of the successive divisions is des­
tined to occur. 

The division of the egg begins with 
the division of its nucleus. This involves 
the appearance and splitting of the 
chromosomes and the formation of a 
"spindle" which separates the two sets 
of daughter chromosomes. The division 
of the cytoplasm, which follows the di­
vision of the nucleus, is more direct. The 
cell merely pinches itself into two cells 
by means of a constriction, or "cleavage 
furrow," which cuts deeper and deeper 
into the egg toward the center of the 
spindle. 

Pressure studies strongly indicate that 
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SPECIAL CENTRIFUGE HEAD is used to compare the effects of 

spinning cells at atmospheric pressure and at high pressure. The 

cells which are to be subjected to high pressure are placed in the 

chamber at left in this "exploded" view. The pressure is applied 

through the vertical fitting, which also joins the head to the cen­

trifuge. After the pressure has been applied, the pressure chamber 

is sealed off by the needle valve next to the right. The cells 

at atmospheric pressure are placed in the chamber at far right. 

the work performed by the dividing cell 
-in separating the daughter sets of 
chromosomes and cutting itself in two­
is achieved by means of contractile gel 
structmes. Daniel C. Pease, then work­
ing at Princeton University, showed 
that the spindle is a gel structure which 
is dissolved at a pressure of 6,000 
pounds per square inch, and that slight­
ly lower pressures are adequate to keep 
the chromosomes from moving toward 
the ends of the spindle. Apparently the 
fibers which extend from the ends of the 
spindle to the chromosomes are con­
tractile gel structures which serve to 
drag the daughter chromosomes apart. 
But here we will concentrate on our own 
experiments dealing with the furrow 
which cuts through the cytoplasm. 

If we place a batch of fertilized eggs 
in the pressure chamber, we can watch 
them as their first division proceeds. 
Then, very late in the process, when the 
chromosomes are widely separated and 
when the cleavage furrow has cut al­
most through the cell, let us suddenly 
apply a fairly high pressure (6,000 to 
7,000 pounds per square inch). The fur­
rowing stops immediately and begins to 
retreat. Gradually the cell loses its hour­
glass shape, even though its two daugh­
ter cells had almost separated. Within 
about three minutes the cell, which 110W 

has two nuclei, has become a single 
sphere again. 

If the pressure is released as soon as 
the cell is a sphere, the furrowing will 
start again and the cytoplasm will di­
vide normally. But it is possible to stop 
the furrowing a second time by re-apply­
ing the pressure. In fact, one can reverse 
the cytoplasmic division three or four 
times in succession. 

If furrowing is held back for 13 to 15 
minutes, the cell, displays no further 
tendency to cleave until it is time for 
the second division to occur. By now 
each of the two nuclei within the single 
mass of cytoplasm has begun to divide 

again. When the cytoplasm divides, a 
double furrow appears and the cell cuts 
itself directly into four daughter cells. 

, E xperiments with the pressure cen-
trifuge have shown that the egg 

cell, like the amoeba, has near its sur­
face a layer of gel which undergoes 
large and repetitive changes. This plas­
magel layer is very weak in the unfer­
tilized egg, but within 10 minutes after 
insemination it becomes more than 20 
times stronger. 

The mechanism by which the animal 
cell divides its cytoplasm is still the sub­
ject of debate. There is nonetheless 
strong evidence for the relatively simple 
view that the mechanism involves a con­
traction of the plasmagel layer. Accord­
ing to this hypothesis, cleavage results 
from a progressively developing con­
traction of the plasmagel in the furrow 
region [see bottom illustration on page 
41]. The process seems to involve a series 
of sol-gel reactions: new gel steadily 
mobilizes along the sides of the deepen­
ing furrow; old gel at the bottom of the 
furrow, having spent its contractile force, 
reverts to a sol. This clears the way for 
the furrow to finish the work of splitting 
the cell. 

The evidence that tends to substan­
tiate the hypothesis can be outlined as 
follows. First, furrowing stops whenever 
the plasmagel strength, as measured in 
the pressure centrifuge, drops to a cer­
tain critical level. Second, the strength of 
the furrowing reaction, as judged by how 
quickly the furrow cuts through the cell, 
is determined by the strength of the 
plasmagel. Third, increasing the tem­
perature proportionately strengthens the 
plasmagel and the furrowing reaction, 
so that higher and higher pressures are 
required to convert the plasmagel into 
a sol and block the cleavage. Fourth, 
egg cells provided with an augmented 
supply of ATP have a proportionately 
stronger plasmagel structure and fur-

rowing reaction. Fifth, drugs that inhibit 
the liberation of energy from ATP re­
duce the strength of the gel and of the 
furrowing reaction. Thus both the divid­
ing animal cell and the moving amoeba 
lead us to the same conclusion: The sol­
gel system provides a mechanism which 
transforms the energy generated by 
metabolism into mechanical work. 

As I have indicated, cell division and 
amoeboid movement are only exam­
ples of the biological processes which 
have been examined by means of high 
pressure. High-pressure studies have 
become a vigorous school of research, 
initiated in the modern period by Day­
ton Edwards and McKeen Cattell of the 
U. S., M. Fontaine of France and U. 
Ebbecke of Germany. Among the basic 
processes investigated at high pressure 
are: bioluminescence, or the production 
of "cold light" by living things (Dugald 
Brown, Frank H. Johnson and the au­
thor); muscle metabolism and muscle 
contraction (Brown, Edwards and Cat­
tell); the transmission of nerve impulses 
(Harry Grundfest); the streaming of 
protoplasm in plant cells (the authoi'); 
the mechanism of color change in fish 
(the author); the effects of the cell nu­
cleus on cell metabolism (Henry L 
Hirshfield, Arthur M. Zimmerman and 
the author); the metabolic control of 
rhythmic processes such as heartbeat 
(John A. Kitching and Joseph V. Lan­
dau); and the mechanism of enzyme 
activity (Johnson, Henry Eyring and 
Milton J. Polissar). 

Indeed, pressure has begun to take 
its place with temperature as a funda­
mental factor governing physiological 
processes. Physicists and chemists have 
always recognized the importance of 
pressure, as indicated by the basic 
thermodynamic equation: PV = nRT 
(pressure times volume equals the Avo­
gadro number times the gas constant 
times temperature). Physiologists are 
now following suit. 
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The Tails of Conlets 

It has long been assumed that the gases of a comet tail are pushed 

away from the comet by the pressure of light from the sun. It now 

appears that many tails are caused by a wind of charged particles 

T
he planets move across the sky 
with stately regularity, but new 
comets appear and disappear un­

predictably. It is no wonder that comets 
have traditionally been surrounded by 
an atmosphere of mystery. The mystery 
has been enhanced by their luminous 
tails, which earlier peoples took as 
omens of war and pestilence. Even to­
day comets and their tails have not been 
fully explained, but the labors of as­
tronomers have clarified many of their 
puzzling features. 

In 1951 Fred L. Whipple of the Har­
vard College Observatory surveyed for 
the readers of this magazine our knowl­
edge of comets at that time [see "Com­
ets," by Fred L. Whipple; SCIENTIFIC 
AMERICAN, July, 1951J. The present ar­
ticle will be primarily concerned with 
recent studies of the tails of comets. At 
the beginning, however, it may be well 
to review what we know of comets in 
general. 

It appears that all comets are mem­
bers of the solar system; none are inter­
lopers from outer space. According to 
a theory developed by the Dutch 
astronomers Jan H. Oort and J. J. van 
Woerkom, there is an enormous number 
of comets-probably 100 billion. They 
form a vast cloud at a distance of 50,000 
to 100,000 aSh'onomical units from the 
sun-almost as far as the nearest stars. 
(One astronomical unit is the mean dis­
tance between the sun and the earth.) 
A comet in the cloud moves around the 
sun in a huge orbit, one circuit of which 
takes millions of years. Occasionally, 
however, the gravitational attraction of 
a passing star may disturb the orbit 
of a comet so that the comet comes 
closer to the sun. Then the pull of the 
larger planets, notably Jupiter and Sat­
urn, may further distort the orbit so that 
the comet makes a complete turn around 
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the sun in as little as a few years. Some­
times the orbit may be changed to an 
open hyperbola, and the comet escapes 
from the solar system entirely. 

The comet itself is normally a con­
glomeration of solids. Held together by 
their mutual gravitational attraction, 
they form a nucleus perhaps a mile to 50 
miles in diameter. According to Whip­
ple's picture, the nucleus consists mainly 
of ices of water (H20) , methane (CH4) 
and ammonia (NH3) . Interspersed 
among these frozen compounds of the 
lighter elements are molecules and par­
ticles of heavier elements. When the 
comet is far away from the sun, its ices 
are kept in a "deep freeze"; when it ap­
proaches the sun, they begin to vaporize. 
The escaping gases surround the nucleus 
with an envelope (called the head or 
coma) from 10,000 to more than 
100,000 miles in diameter. They may 
ultimately form the comet's tail, which 
in some cases extends 100 million 
miles. 

Often the comet does not develop a 
tail at all. Whether or not the tail forms 
depends mainly on how close the comet 
comes to the sun; obViously more mate­
rial will evaporate from the comet when 
it is near the sun than when it is farther 
away. But the formation of a tail also 
depends on two other factors: the prop­
erties of the individual comet (e.g., its 
chemical composition) and the chang­
ing activity of the sun. 

C
omet tails vary greatly in appearance 

from comet to comet, and the tail 
of an individual comet may change from 
time to time. The tails have been classi­
fied into three main groups. Tails of 
Type I are long and straight; within 
them there are often threadlike stream­
ers, knots and other structures. Spectra 
of such tails indicate that they consist 

mainly of ionized molecules of carbon 
monoxide (CO+) , nitrogen (N2+), car­
bon dioxide (C02 +) and the hydrocar­
bon radical CH+. Of these molecules 
those of ionized carbon monoxide appear 
to be by far the most abundant. Tails of 
Type II and Type III are more or less 
curved; most of them are shorter than 
tails of Type 1. They are fuzzy and have 
little or no internal structure. Their 
spectra show no lines of ionized mole­
cules; they are probably composed 
largely of gases which are not ionized 
and of dust. Often both kinds of tail­
the straight and the curved-appear si­
multaneously in one comet [see photo­
graphs on next two pages J. 

What forces act on comets to produce 
the varied patterns of their tails? All 
comet tails point predominantly away 
from the sun, so it would seem reason­
able to look for the origin of these 
forces in the sun itself. Of course the 
sun exerts a strong gravitational pull on 
all the matter in a comet. But there 
must also be a repulsive force which 
pushes the matter in the tails away from 
the sun. 

In order to get a clearer picture of 
how the repulsive force operates, as­
tronomers have measured the accelera­
tion of matter in comet tails. This is done 
by noting on a photographic plate the 
position of an individual structure in a 
tail, and then observing on plates made 
at successive intervals how far the struc­
ture has moved. It turns out that the 
acceleration varies with the kind of tail. 
The acceleration of matter in a tail of 
Type I requires a repulsive force of the 
order of 200 times (occasionally up to 
2,000 times) greater than the attractive 
force of the sun's gravitation. The ac­
celeration in a tail of Type II requires a 
force equal to or perhaps twice as strong 
as the sun's gravitation; the acceleration 
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COMET MRKOS was photographed on August 23, 1957, with the 
48·inch Schmidt telescope on Palomar Mountain. In this negative 

: 
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print the light areas are dark, and vice versa. Such prints are used 
by astronomers to increase contrast and accentuate faint objects. 

45 

© 1958 SCIENTIFIC AMERICAN, INC



, 
, 

, , 

, 
, 

, ' 

, 
, 

SAME COMET was photographed with the 48·inch Schmidt tele· 
scope two days later, when the structure of its tail had changed 
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considerably. The long, thin streamers comprise a tail of Type I. 
The faint, curved dark area to right of this tail is a tail of Type II. 
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in a tail of Type III, a force even smaller 
than the sun's gravitation. 

Now astronomers have long assumed 
that the repulsive force was the pressure 
of light from the sun. Theoretical studies 
have indicated, however, that the force 
exerted by light on molecules or dust 
particles in the tail of a comet would be 
at most a few times greater than the 
gravitational force of the sun. Thus 
light pressure may account for the tails 
of Type II and Type III, but not for 
those of Type 1. To explain the large ac­
celerations of matter in the spectacular 
tails of Type I another force is needed. 

Is it perhaps the ultraviolet radiation 
of the sun, as distinct from the sun's 
visible light? Sunspots are associated 
with an increase in the sun's ultraviolet 
radiation, and the German astrophysicist 
Max Beyer found indications that they 
are also associated with an increase in 
the brightness of the heads of comets. 
It is possible that this energetic radia­
tion enhances the photochemical reac­
tions which give rise to the molecules 
and ions of the tails. But a closer exam­
ination shows that ultraviolet radiation 
is even less able than visible light to 
account for the large accelerations of 
Type I tails. 

What about the particles of matter 
which are ejected by the sun? In 

recent years much has been learned 
about this corpuscular radiation [see 
"Corpuscles from the Sun," by Walter 
Orr Roberts; SCIENTIFIC AMERICAN, 
February, 1955]. We know that it con­
sists of electrons and positive ions in 
equal numbers-what the physicist calls 
a "plasma." These oppositely charged 
particles must surely interact with the 
positive ions of the long Type I tails. 
Can they account for the acceleration 
of matter in these tails? 

The corpuscular radiation of the sun 
originates in the vicinity of a group of 
sunspots, but often it persists much 
longer than the spots. Sometimes, how­
ever, a brilliant eruption in the lower 
atmosphere of the sun gives rise to an 
unusually strong blast of corpuscles. 
When the corpuscles reach the earth, 
they cause a "storm" in the earth's mag­
netic field. By correlating the time of 
the eruption with the beginning of the 
magnetic storm, we can calculate the 
velocity of the corpuscles: they move at 
speeds up to 1,000 miles per second. The 
German astrophysicist Albrecht Unsold 
and the British geophysicist Sydney 
Chapman have estimated the density of 
the corpuscles in these powerful streams: 
in violent magnetic storms it goes as 

..... . . ... . . '::::,, 
II 

' . . . .. . . :: ... . :. 
. .... ::<'.::' 

. .
. ... ,. . 

. .
'
, :, .� ': '�:, " .: . ,':: ... . :: .. " "';',:, .�.�:/ ',,::., 

"'::;', 
:,:';:.l.' 

f 
I ....... 

:.," 

III " .' . . ' . " . . . . ',': ' . ... 

THREE TYPES OF COMET TAIL are depicted in these schematic drawings. Type I tail� 
are long and straight; Type II tails are curved; Type III tails are also curved but shorter. 

ABSORPTION LINES OF SOLAR SPECTRUM (SCATTERED SUNLIGHT) 

SPECTRUM OF COMET MRKOS was made on August 23, 1957, by George H. Herbig of 
the Lick Observatory. The bright horizontal area at the bottom of the photograph is the 
spectrum of the nucleus of the comet. The vertical streaks are bright and dark lines in the 
spectrum of the comet's tail. The bright lines reveal the presence in tail of carbon (C2), posi­
tively charged ions of carbon monoxide (CO+) and the radical of carbon and nitrogen CN. 
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ORBITS OF TWO COMETS are depicted with respect to the orbits 
of the four inner planets. The planets move in the plane of the 
ecliptic. Tbe sun also turns on its axis approximately in this plane. 
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The orbits of the comets are inclined to the plane of the ecliptic. 
The curved hatched area represents a stream of particles emitted 
by the sun. The tails of the comets are depicted schematically. 
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high as 100,000 corpuscles per cubic 
centimeter. 

Sometimes storms in the magnetic 
ReId of the earth occur at intervals of 
27 days. Since it takes 27 days for the 
sun (as it is seen from the earth) to 
make one turn on its axis, it is assumed 
that these recurrent storms are caused 
by long-lasting streams of corpuscular 
radiation. If there is a relationship be­
tween corpuscular radiation and comet 
tails of Type I, periodic changes should 
also occur in the tails . 
. The changes will not come at inter­

vals of 27 days, because the sun's pe­
riod of rotation as seen from a comet 
will differ from the period of rotation 
as seen from the earth. Actually the sun 
turns on its axis once every 25 days with 
respect to the stars. To us the period of 
rotation appears to be longer because the 
earth moves along its orbit in the direc­
tion of the sun's rotation. The length of 
the period as seen from a comet similarly 
depends on the comet's motion with re­
spect to the sun. Further complicating 
the situation is the fact that comets 
usually do not move in the plane of the 
ecliptic-the plane in which the planets 
move along their orbits, and which ap­
proximately coincides with the plane of 
the sun's rotation. 

Consider the following two examples. 
We regard a comet as moving in the 
direction of the sun's rotation and the 
planets' oi·bital motion. Viewed in this 
way, Comet Whipple-Fedtke (discov­
ered in 1942) moves in an orbit which 
is inclined to the plane of the ecliptic 
by an angle of 20 degrees. From the 
comet, as from the earth, the sun's pe­
riod of rotation is longer than the true 
period. Viewed in the same way, Hal­
ley's Comet (last seen in 1910) moves 
in an orbit which is inclined at an angle 
of 162 degrees. Thus for all practical 
purposes Halley's Comet moves in a di­
rection opposite the direction of the 
sun's rotation, and is inclined at an angle 
of only 18 degrees. From the comet the 
period of the sun's rotation is several 
days shorter than the true period. 

The acceleration of matter in the 
Type I tail of Comet Whipple-Fedtke 
was measured at various times; the larg­
est accelerations were observed on 
March 3, 1943, and on March 29 of the 
same year. Photographs made on these 
dates also show unusual features in the 
tail. The dates coincide with the period 
of rotation of the sun as seen from the 
comet: 26)2 days. 

On April 22, 1910, the acceleration 
of matter in the Type I tail of Halley'S 
Comet was 240 times greater than the 
acceleration of matter falling toward the 

HALLEY'S COMET was photographed on May 6, 1910, from a station of the Lick Observa­
tory in Santiago, Chile. The short streaks which appear in the background were made by 
the images of stars, which remained stationary while the telescope followed the comet_ 

COMET WHIPPLE·FEDTKE was photographed in 1942 from the Sonneberg Observatory 
ill Germany. The large spot above the tail of the comet is the image of a bright star. 

49 

© 1958 SCIENTIFIC AMERICAN, INC



sun; between June 5 and June 9 it was 
of the order of 1,000 times greater. Dur­
ing all other observations the accelera­
tion was considerably smaller. The in­
terval between April 22 and June 7 cor­
responds exactly to two turns of the sun 
as seen from the comet. The interme­
diate date in May fell in an interval 
when the comet was so close to tbe sun 
that it could not be satisfactorily ob­
served. 

I f corpuscular streams caused these 
cometary events, we would expect to 

find that the events were correlated with 
magnetic storms on the earth. Both com­
ets were near the plane of the ecliptic, 
and the same corpuscular streams which 
hit them should also have played over 
the earth. On March 29, 1943, when 
large accelerations were observed in the 
tail of Comet Whipple-Fedtke, there 
was indeed a major magnetic storm; pre­
sumably the stream first hit tbe earth 
and some hours later the comet. The 

data of 1910 are not so clear-cut, be­
cause of a generally higher level of solar 
activity at that time, but there does ap­
pear to be a statistical correlation be­
tween the accelerations in Halley's 
Comet and magnetic disturbances on the 
earth. 

This evidence (and some we have not 
discussed here) would seem to show 
that the sun's corpuscular radiation does 
have an effect on the tails of comets. But 
exactly how does it exert this effect? 

The simplest mechanism would be 
ordinary friction. Here one would have 
three gaseous fluids moving through one 
another: the solar ions (mostly nuclei of 
hydrogen), the cometary ions (mostly 
molecules with one electron removed) 
and the free electrons of both tbe solar 
plasma and the cometary plasma. Cal­
culations have shown that, if the tem­
perature of the electrons is 10,000 de­
grees absolute (10,000 degrees centi­
grade above absolute zero), a solar 
plasma of 100 billion corpuscles per 

square centimeter per second woull 
give the cometary ions a frictional ac­
celeration of one meter per second per 
second. 

The coupling of the solar corpuscles 
and the cometary ions may be enhanced 
by magnetic fields carried along with the 
corpuscles. There is evidence for such 
fields in the long, thin streamers of 
Type I tails. These streamers are some­
times as much as 500,000 miles long and 
only 500 miles wide. Even if one as­
sumes that the temperature of the ions 
in a streamer is as low as 300 degrees 
absolute, their random thermal motions 
should make the streamer much wider. 
It is possible that the charged cometary 
molecules are held in narrow bundles by 
the magnetic field of a corpuscular 
stream. Curious helical structures in 
tails of Type I also suggest the presence 
of a magnetic field. We are presently 
studying photographs of Comet Mrkos, 
which came into view last year, to gain 
some insight into these relationships. 

COMET AREND·ROLAND was photographed on April 27, 1957, 
with the 48·inch Schmidt telescope on Palomar Mountain. The 

projection to the left of the comet is not material projected toward 
the sun but is cometary debris in the plane of the comet's orbit. 
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_Kodak reports on: 
the boys who do their arithmetic in advance . . .  1,000,000 program chairmen 
and how to help them . why 5,000 $5 bills were stuffed into our till 

A fast film with a quiet name 
Dearly as a hunting-and-fishing edi­
tor loves to describe some high 
Andean stream which only a major 
general has ever had occasion to 
whip, so the photographic press 
dotes on miracles in making pictures 
with a parsimony of radiant energy 
that few occasions demand. We 
would no more discourage this than 
we would the game of bridge. 

The fastest film that can be ob­
tained by walking up to a film 
counter without previous notice and 
plunking down the money is labeled 
Kodak Royal-X Pan Film. It comes 
either as roll film or sheet film. It 
is grainy. The average photo-hobby­
ist needs it about as badly as he 
needs a fishing trip to the Andes, 
except that a roll of the 120 size 
lists for only 7S¢. 

On the other hand, take a fellow 
whose hobby is bridge but whose 
job is to record the path of a piece 
of metal hurtling through the twi­
light a thousand miles above him. 
Or take his classmate who needs 
to analyze the first microsecond of 
a thermonuclear explosion. These 
boys are not apt to mail in their 
negatives to us with a letter asking 
how come they turned out so dark. 
They have been in close touch with 
us before going out to their stations. 
In their behalf we have very care­
fully considered all the data on the 
Royal-X Pan emulsion and con­
cluded that for the present putting 
it on 16mm, 3Smm, or 70mrn film 
would not be a good idea. Further­
more, the arithmetic indicates that 
the most sensitive regular-produc­
tion films in these widths, Kodak 
Tri-X Film and Kodak Linagraph 
Pan Film, might not be quite sen­
sitive enough. 

No, this is not leading up to some new 
"Quadruple Grand .Ducal Whoosh ,-X 
Film." In these cases of speed-above-all 
what we often recommend bears the 
quieter name, Kodak Spectroscopic 
Film, Type J-D(2). It is one of JJ I 
special emulsions we make for astro­
physicists and the like. By some tests it 
is faster than Royal-X Pan, but we are 
not prepared to prove this. By advance 
arrangement through Eastman Kodak 
Company, Special Sensitized Products 
Division, Rochester 4, N. Y., as little as 
100 feet of it in 35mm perforated form 
can be furllished for $10, or two lOa-foot 
l6mm rolls for $6.60 apiece (list). 

A talisman from New Haven 
We manufacture 16mm motion pic­
ture projectors and film. The pro­
jectors are sold by audio-visual 
dealers, to be found in many cities. 
The film is purchased by motion 

picture producers, who place suit­
able images on it, so that there shall 
be some further purpose served by 
running it through the projectors 
sold by the audio-visual dealers. 
Our intentions are direct and praise­
worthy. We want large numbers of 
persons to visit the audio-visual 
dealers, to discuss with them such 
matters as the advantage of a 2S­
watt amplifier over a IS-watt am­
plifier, and to conclude each such 
visit with a substantial order for 
each of the four current models of 
Kodak Pageant Sound Projectors. 
We also want a large increase in 
the number of new 16mm films 
produced. At latest count, only 77 
new films were being professionally 
produced in the United States each 
day. 

Finding ourselves in mid-20th 
century, we have to proceed toward 
these simple objectives by sophisti­
cated routes. We use more than 
mere words for persuasion. We 
employ graphic communication. 
From the Yale News Bureau, we 
acquire a photograph of their serene 
campus. 

We assure the Bureau that no 
endorsement of us or our works is 
to be implied. The photograph 
serves only as a visual symbol of 
scientific objectivity. 

Next we establish why we picture 
Yale instead of some other equally 
serene haven of objectivity. Yale 
was the site of two important con­
ferences at which learned psycholo­
gists and successful communicators 
met and scrutinized the obstacles 
to wider and wiser use of films, 
slides, sound filmstrips, etc., in con­
veying information, skills, or atti­
tudes from one group of heads to 
another. * A second Yale angle is 
that two of its professors of psychol­
ogy have prepared a scholarly 
evaluation of scientific principles 

*The obstacles haven't been too bad, mind you. 
The nation's schools manage to keep 171,000 
16rnm projectors busy, while the churches and 
their affiliates operate another 90,000. Business 
firms own almost as many as the schools. Over 
3500 companies and trade associations cur­
rently sponsor one or more of their own 16mm 
movies. Eager to get them are the program 
chairmen of the estimated 1.000,000 groups in 
the U.S.A. that have 50 or more members and 
meet regularly. That's a lot of P.-T.A. 

for maximum learning from motion 
pictures and other audio-visual 
media. In the native patois of their 
discipline they say that movies are 
fine for teaching and suggest lines 
of research on how to improve them 
even further than they have already 
been improved by all the research 
they cite. 

Their views alld those of the conferees 
are given in a book entitled "Graphic 
Communication-and the Crisis in Edu­
cation," obtainable from the Department 
of Audio- Visual Instruction of the 
National Education Association, 1201 
16th Street, N. W., Washington 6, D.C. 
We suggest the hard-cover edition at $2. 
It makes just the right noise when slapped 
down at the opposite end of the table 
from any finance committee member who 
insists on something scientific that he 
can take home ill his briefcase. 

The stickum of last resort 
For Eastman 910 Adhesive, of which 
the active ingredient is methyl-2-
cyanoacrylate, we now have a slogan 
-"the adhesive to try if no other 
will do." 

We are just being sensible. Its 

price by the ounce is $10; special 

pound price, $7S. It does make pos­

sible some distinctly advantageous 

new assembly techniques in a large 

number of industries. So we gather 

from the correspondence incidental 

to the S,OOO orders filled during the 

past year. It bonds virtually every­

thing (except silicones and polyole­

fins, else how could we deliver it?). 

The biggest plus is the speed at 
which enormous bond strength is 
developed within minutes after 
application of this thin, clear liquid 
to one of the adherents. Within 
hours the tensile strength of its bond 
to steel is in the thousands of pounds 
per square inch. In the case of glass, 
rubber, or wood, bonds are stronger 
than the material itself. There is 

virtually no shrinkage on setting. 
No heating, no great squeezing, no 
evaporation is required. The bond, 
however, should not be depended 
on for too many weeks at tempera­
tures above 17SoF, particularly in 
the presence of much moisture. 
That's the minus. 

In case Eastman 910 Adhesive sounds 

more interesting now than it did when we 

practically swamped our boat by offering 

samples at $5 an ounce, write to Eastman 

Chemical Products, Inc., Department 

E 9l0A, Kingsport, Tenn. (Subsi­
diary of Eastman Kodak 
Company). 

Prices stated are subject 
10 change without notice. 
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LEAKS 
can be 

• 

serIOUS 
You don't need a VEECO Leak Detector to 

find a leak in an ice cream cone. 

But when it comes to locating leaks that 

defy microscopic inspection ... leaks in 
hermetically sealed components that can 

destroy reliability-VEECO Helium Mass 

Spectrometer Leak Detectors are quicker, 

safer, more sensitive than any 
other method. 

Whether used to test the smallest aircraft 

instrument or the largest atomic particle 

accelerator, VEECO equipment saves 

valuable research, development and 

production time. 

For more information about VEECO Leak 

Detectors, and how they can help improve 

the reliability of your product-write 

Dept. S·1100 today. 

/tL� VEECO 
� VACUUM 

CORP. 

New Hyde Park, Long Island, New York 
HIGH VACUUM & LEAK DETECTION EQUIPMENT 

S2 

A id to Education 

J
ust before it adjourned Congress en­

acted a law allotting about $900 
million to aid education over the 

next four years. 
A total of $295 million was made 

available for loans of up to $1,000 
per year to gifted undergraduates. The 
money will be repayable at 3 per cent 
interest over 10 years. But those who 
teach in public schools for five years 
after graduation will be forgiven half 
their debt. Students with unusual ability 
in science, mathematics or foreign lan­
guages are preferred candidates for the 
loans, which may go to as many as 
100,000 new undergraduates each year. 

Three-year graduate fellowships start­
ing at $2,000 per year and increasing 
to $2,400 will be granted to 5,500 
Ph.D. candidates in the next four years. 
Each fellow will also receive an annual 
allowance of $400 for each dependent, 
and the institution he attends will be 
paid up to $2,500 to cover the cost of 
his training. Fellowships and loans be­
ginning in the last year covered by the 
act will continue until the recipients 
have completed their courses. 

Other major provisions of the act in­
clude: $280 million for grants to states 
and loans to private schools to buy 
equipment; $15 million a year to finance 
counseling and testing programs; $15 
million a year for the improvement of 
vocational education; and $18 million 
over four years for research on educa­
tional radio, films and television. 

In passing this legislation Congress 
failed to act on a number of other pro­
posals that had been made during the 

SCIENCE AND 
past year. It made no prOVISIOn for 
school construction; granted no scholar­
ships for undergraduates; made avail­
able no funds for current recruiting of 
teachers or for raising teachers' salaries. 

Scientific Diplomacy 

�ading scientists for the first time held 
an international diplomatic confer­

ence when the scientific representatives 
of eight nations met in Geneva to decide 
how to patrol the world for nuclear ex­
plosions. As diplomatic meetings go, this 
one went smoothly. For eight weeks in 
July and August the scientists discussed 
methods of detecting explosions from 
afar. In the end they agreed on recom­
mendations to guide the statesmen con­
vening in Geneva in September to draw 
up an international ban on the testing of 
nuclear weapons. 

For the first month the scientists re­
viewed and evaluated possible ways of 
detecting nuclear explosions. They de­
cided that a detection network should 
rely on four types of instruments: 

1. Sensitive pressure-gauges to pick 
up shock waves in the air. 

2. Seismographs to register ground 
waves generated by explosions under or 
near the surface of the earth. 

3. Air-sampling devices to collect and 
analyze radioactive debris. 

4. Photocells and radio receivers to 
pick up electromagnetic radiation. 

There was then some disagreement as 
to how dense the detection network 
ought to be. The U. S. representatives, 
James B. Fisk of Bell Telephone Labora­
tories and Robert F. Bacher of the Cali­
fornia Institute of Technology, wanted 
the stations to be more closely spaced 
than the Soviet delegates thought neces­
sary. After about three weeks of discus­
sion Yevgeny K. Federov, head of the 
Soviet delegation, yielded on this point. 

The detection network finally recom­
mended should, in the scientists' opin­
ion, disclose a major nuclear detonation 
set off anywhere on earth. Very small 
explosions (equivalent to less than 1,000 
tons of TNT) might escape notice, par­
ticularly if they took place deep under­
ground or high in the atmosphere. The 
scientists envisioned a world-wide net­
work of 180 stations: 37 in Asia, 24 in 
North America, 16 in South America, 16 
in Africa, six in Europe, four in Ant-
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arctica, 60 on islands and 10 on ships 
at sea. In areas where earthquakes are 
rare, the stations would be spaced 
1,050 miles apart; elsewhere they would 
be 620 miles apart. There would 
probably be 10 or 11 stations in the 
U. S. , and 16 or 17 in the U.S.S.R. 

The nations represented at the con­
ference, in addition to the U. S. and the 
U.S.S.R., were Great Britain, Canada, 
Czechoslovakia, France, Poland and Ru­
mania. 

Astron 

A promising new way of generating 
thermonuclear energy from heavy 

hydrogen is now being tested at the Uni­
versity of California Radiation Labora­
tory at Livermore, Calif. The new idea 
was proposed by Nicholas Christofilos, 
who described it at an American Physical 
Society meeting in Vancouver, B.C. 

Christofilos is the man who caused a 
stir among the U. S. physicists when it 
turned out that he had anticipated them 
in devising the strong-focusing principle 
used in high-energy accelerators. At the 
time he proposed strong focusing he was 
an obscure electrical engineer in Greece. 
When he sent a report of his work to the 
Atomic Energy Commission, physicists 
failed to recognize its meaning, largely 
because of his unconventional mathe­
matics. He was given credit for his idea 
only some years later, after strong focus­
ing had been developed independently 
by physicists at the Brookhaven National 
Laboratory. Christofilos is now on the 
staff at Livermore. 

His idea for controlling nuclear fusion 
is also original. He has developed in 
theory a machine called "astron," a 
name which, like "stellarator" [see page 
28], connotes the thermonuclear reac­
tions of stars. It is a long vacuum-cylin­
der with a magnetic field parallel to its 
axis. When electrons with energies of 
several million electron volts are injected 
into the cylinder, the magnetic field will 
make them bounce back and forth in 
corkscrew-shaped orbits; they will in 
effect form a lining for the cylinder. The 
layer of electrons should serve two pur­
poses: it should help contain the heavy 
hydrogen ions and it should also trans­
mit energy to raise the ions to the tem­
perature required for nuclear fusion. 

Christofilos and a group of colleagues 

VITRO'S weapon systems capability is dramatically demon­
strated in the new Mark 39, a wire-guided torpedo which the 
U. S. Navy has just added to our growing arsenal of under­
water weapons. 

Spider-like, the torpedo pays out a wire as it drives through 
the water. Over this wire combat crews send electrical signals 
that guide it to its target, regardless of course changes or other 
evasive actions. Swimming deep, Mark 39 leaves no telltale 
wake, generates no pUlsations for detection, relentlessly closes 
on its target regardless of defensive maneuvers. 

The wire technology, the torpedo, and the fire control system 
were developed into a weapon system for the Navy by Vitro 
Laboratories, a division of Vitro Corporation of America. 

Complete weapon systems-for torpedoes, missiles, aircraft 
armament and acoustic detection devices-are taking shape at 
Vitro, one of America's most advanced corporations. 

Vitro makes tomorrow's technology available today 

r;;;r Research, development, weapon systems 

$ Nuclear and process engineering. design 

CORPORATION of AMERICA 

261 MadIson Ave., New York 16. N. V. 

� Electronics development and production 

A Refinery engineering, design, construction 

� Uranium mining, milling. and processing 

�,Thorium, rare earths, and heavy minerals 

<::1 Recovery of rare metals and fine chemicals 

;;0/' Aircraft components and ordnance systems 

6' Ceramic colors, pigments, and chemicals 
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"Happy Landing"­

more than a million 

times a year! 

EVERY 30 seconds, somewhere in 
the free world, an aircraft makes a 
touchdown with the aid of the ITT­
developed "ILS"- instrument low­
approach system-produced domesti­
cally by Federal Telephone and Radio 
Company, ITT's largest U.S. manu­
facturing unit. 

This famed landing system is only 
one of many vital products made in 
Federal's million-square-foot plant. 
Federal also produces Tacan, Vortac, 
Data Link, missile guidance and 
command systems, automatic check­
out and ground test equipment, data 
processing computers, countermeas­
ures, direction finders, fire control 
and radar simulators, radio transmit­
ters and receivers, ATC transponders, 
microwave equipment and other elec­
tronic and telecommunications sys­
tems for air navigation and military 
use. 

Men of ambition and skill will find 
Federal's diversity a fertile field for 
challenging and rewarding opportu­
nities ... in country-like atmosphere 
... only minutes away from the heart 
of New York City! 

For further information on opportunities 
at Federal-located in Clifton, New Jer­
sey - write to ITT Technical Placement 
Office, 67 Broad Street, New York 4, N. Y. 

FEDERAL TELEPHONE 
AND RADIO COMPANY 
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A Division of 

INTERNATIONAL TELEPHONE 
AND TELEGRAPH CORPORATION 

67 Broad Street. New York 

are now building an experimental astron. 
This first machine will not be powerful 
enough to fuse hydrogen atoms, but it 
should provide a test for his theory. 

Too Hot to Travel? 

Radiation at high altitudes is even 
stronger than reports from the first 

U. S. earth satellites had indicated [see 
"Science and the Citizen," June]. Coun­
ters in Explorer IV, launched in July, 
reveal an intensity of 10 roentgens per 
hour 1,200 miles above South America. 
At this rate a space traveler would ab­
sorb a whole week's permissible dose in 
about two minutes, according to Carl E. 
McIlwain of the State University of 
Iowa, who helped design the satellites' 
instruments. 

The radiation evidently consists main­
ly of charged particles, for it varies with 
the earth's magnetic field at different 
latitudes. It varies also with altitude, 
doubling every 60 miles up to at least 
the 1,350-mile outer limit of the Ex­
plorer IV orbit. Whether the intensity 
continues to increase rapidly at still 
greater altitudes is a question that may 
be settled by one of the first "moon­
probing" rockets. The radiation is ex­
tremely penetrating. One Geiger counter 
shielded with a 1/16th-inch layer of lead 
recorded 60 per cent as many impacts 
as an unshielded counter. It is not yet 
possible to deduce the nature of the par­
ticles. But if they are electrons, they 
must have energies of about six million 
electron volts. If they are protons, their 
energies must range around 40 million 
electron volts. 

Explorers I and III were unable to 
measure the radiation; it was so intense 
that it swamped the counters in these 
earlier satellites. When they planned the 
instrumentation for Explorer IV, McIl­
wain and his co-workers purposely made 
the counters less sensitive by decreaSing 
the size of the counter windows that 
admit radiation. Even though they made 
the effective area of the windows only 
1/75th as large, the counters in Explorer 
IV have still recorded up to 5,000 im­
pacts per second. 

Splitting the Gene 

A hereditary trait may be determined 
by as little as a tenth of a molecule 

of deoxyribonucleic acid, the genetic 
substance commonly called DNA. In a 
paper presented to the Tenth Interna­
tional Congress of Genetics at Mon­
treal, Leonard S. Lerman of the Uni­
versity of Colorado Medical Center re-

ported changing certain hereditary char­
acteristics of pneumococci with frag­
ments of DNA. 

A pneumococcus has about 500 mole­
cules of DNA in its own genetic appa­
ratus, and it is capable of exchanging 
about 100 of these with another strain. 
Lerman started with normal pneumo­
cocci and incorporated into them some 
DNA from a strain that was resistant to 
streptomycin. The foreign DNA made 
his original strain also resistant to the 
drug. Even when he first partially deac­
tivated the foreign DNA with enzymes, 
it was able to confer resistance to strep­
tomycin. Lerman estimated that the en­
zyme treatment had destroyed all but 
a tenth to a fifth of the DNA molecule. 
His experiments indicate that of the 
20,000 nucleotide building blocks in a 
single DNA molecule, only about 3,000 
are needed to determine a single genetic 
characteristic. 

Power from Plutonium 

T he first substantial non-military ap-
plication of plutonium in the U. S. 

has been made by the Atomic Energy 
Commission. The Materials Testing Re­
actor at Arco, Idaho, has been loaded 
with plutonium fuel and operated at a 
level of 30,000 kilowatts. Since 1952 
this reactor had run on uranium en­
riched with fissionable U-235. 

Although plutonium has heretofore 
been reserved for weapons, it is poten­
tially a better fuel than uranium. Pluto­
nium fissions more readily than uranium 
and burns more completely before the 
fuel elements have to be reprocessed to 
remove fission products. The reactor had 
to be modifled slightly so that it· could 
burn plutonium. Uranium is f1ssioned by 
slow neutrons and requires a moderator, 
such as graphite or heavy water, to slow 
fast neutrons. Plutonium, on the other 
hand, is f1ssioned by fast, un moderated 
neutrons. 

After completing tests with plutoni­
um, the AEC plans to load the reactor 
with U-233, the artificial uranium iso­
tope derived from thorium. 

Is Bigger Better? 

T he corn will grow scarcely higher 
than an elephant's knee this year on 

1,000 acres of Illinois farmland. Plant 
breeders there are closely watching the 
first extensive field tests of eight dwarf 
varieties of corn. 

In comparison with U. S. No. 13, a 
common hybrid corn, the dwarf varie­
ties are doing well, reports E. R. Leng, 

" 
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ZERO PLUS 3 

The story of the coat hanger that saved a jet pilot 

It happened during an H-bomb test 
near Eniwetok. 

Air Force planes had to be at exact 
altitudes and distances before shot 
time. A special radar system permit­
ted personnel of the command ship to 
identify each aircraft and check its 
position on the radar scopes. 

The shot went off as planned, but 
when the shock wave hit the ship, it 
knocked out the special radar antenna 
high on the mast. 

The Raytheon Field Engineer* on 
board went into action. He quickly 
fashioned an emergency antenna from 

Excellence in Electronics a metal coat hanger, climbed the mast, 

and taped the antenna in place. 

With the system working again, it was 
discovered that one pilot was flying in 
the reverse direction-out to sea. An 
Air Force officer reported that the 
prompt restoration of the special radar 
undoubtedly made it possible to save 
this pilot and his plane. 

Raytheon Field Engineers work with 
the Armed Forces to keep electronic 
equipment in top operating condition. 
Their skills are another reason why 
Raytheon has earned its reputation 
for "Excellence in Electronics". 

*Edward K. Doherr, now Asst. Mgr., 
Government Services Division. 

RAYTHEON MANUFACTURING COMPANY. Waltham. Mass. 

ENGINEERS and SCIENTISTS: for challenging opportunities with a growing company in all phases of electronics, write E. H. Herlin, Professional Personnel Coordinator. 
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SENIOR 
STAFF 

OPENINGS 
IN 

GAS DYNAMICS 
RESEARCH 

__ •• __ • ___________ • ___ ._. J 

The Boeing Scientific Research Labo­
ratories offer scientists and engineers 
an outstanding opportunity to con­
duct basic, long-range research in an 
environment of scientific freedom. 
Programs afford research scientists 
and engineers the latitude and inde­
pendence needed to achieve and main­
tain leadership in their special fields. 

Important staff positions are now 
open in the Gas Dynamics Labora­
tory, for: 

Aeronautical Scientists 
Electrical and 

Electronic Engineers 
Physicists 
Physical Chemists 

and others with B.S., M.S., and Ph.D. 
degrees, to work in such areas of in­
vestigation as 

Re-Entry 
Hypervelocity Flight 
Rarefied Gas Dynamics 
Magnetohydrodynamics 
High Temperature Reactions 
Propulsion Dynamics 

Salary will be commensurate with 
your education and experience back­
ground. For immediate response, ad­
dress your inquiry to the attention of 
Dr. Yusuf A. Yoler, 
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c/o Mr. Stanley M. Little 

Dept. BG-2, P. O. Box 3822 
Boeing Airplane Company 

Seattle 24, Washington 

a plant geneticist at the University of 
Illinois. Even high winds that have flat.­
tened up to 80 per cent of average­
sized corn plants have in no case broken 
more than 10 per cent of the dwarf 
stalks. The yields of dwarf corn are 
good: 96 bushels per acre. Although this 
is 10 per cent lower than a yield of or­
dinary corn, dwarf corn is much easier 
to harvest by machinery. And in some 
locations the yield of dwarf varieties was 
higher than that of normal corn, Leng 
writes in the magazine Crops and Soils. 

Commercial seed firms are interested, 
and next year there will be enough seed 
for 10,000 acres of dwarf corn. 

Antarctic Antibiotic 

I t is a strange fact that the wildlife of 
the Antarctic is free from bacterial 

infection. After some on-the-spot detec­
tive work, John McNeill Sieburth of the 
Virginia Polytechnic Institute thinks he 
has found the explanation. 

On an International Geophysical Year 
polar expedition last winter, Sieburth 
started by studying the gentoo penguin. 
Every bird he examined was germfree. 
Next he turned to a species of shrimp, 
the gentoo penguin's only food. The 
shrimp, too, contained no bacteria. Fi­
nally he investigated the phytoplankton, 
the microscopic plants on which the 
shrimp feed. The phytoplankton were 
not only germfree; they were also active­
ly antibiotic. 

Since these phytoplankton are abun­
dant in the Antarctic seas, and since they 
are the foundation of the food cycle 
throughout the area, the antibiotic they 
contain may be able to protect every 
Antarctic animal from bacteria. Sieburth 
brought back samples of the tiny plants, 
and he and his coworkers are presently 
attempting to isolate the antibiotic in 
pure form. 

The Perfect Metal 

physically perfect crystals of silicon 
larger than a man's finger have been 

grown by a new process invented by 
William C. Dash, a General Electric Re­
search Laboratory physicist. The extraor­
dinary feature of these crystals is that 
they contain no dislocations, that is, no 
rows of atoms that are out of line with 
the rest of the crystal lattice. 

Crystals ordinarily contain a great 
many dislocations, for a speck of dust, 
an odd-sized foreign atom, or even a 
slight jar can cause a dislocation when 
a crystal is forming. The most nearly 
perfect crystals up to now have been 
"whiskers" deposited on cold surfaces by 

hot vapors. Such whiskers, usually much 
thinner than a human hair, have a single 
dislocation running up the middle. Me­
tallic whiskers are uncommonly strong, 
presumably because they are so nearly 
perfect. Iron whiskers, for example, have 
tensile strengths up to almost two mil­
lion pounds per square inch-five times 
the strength of the best piano-wire steel 
and about 60 times the strength of com­
mercial iron. 

The new silicon crystals also appear 
to be exceptionally strong. It is difficult, 
however, to measure their strength, be­
cause anything used to grip the crystals 
scars them and introduces dislocations. 
To take practical advantage of the 
strength of dislocation-free metals, it 
will be necessary to coat them so that 
their surfaces will be protected from 
scratches. 

Dash's process can probably be adapt­
ed to a variety of metals. He starts with 
a tiny, dislocation-free crystal which he 
dips into a pool of molten silicon that is 
held atop a silicon pedestal by an elec­
tromagnetic field. Then, as he slowly 
withdraws the seed in the direction of 
a main crystal axis, the molten silicon 
grows into a big crystal. 

Drug Fission 

Reserpine acts like two entirely differ-
ent drugs. It tranquilizes, and it also 

lowers blood pressure. Chemists at Ciba 
Pharmaceutical Products have now sepa­
rated the two functions of the drug by 
making two derivatives, one a tranquil­
izer and the other an agent that lowers 
blood pressure. They reported their 
work at the 134th national meeting of 
the American Chemical Society, held in 
Chicago. 

The new hypotensive agent, methyl 
carbethoxysyringoyl reserpate, is as 
strong as reserpine in this respect but 
has only a twentieth of reserpine's po­
tency as a tranquilizer. The other new 
drug, methyl 3-dimethylaminobenzoyl 
reserpate, is about a fourth as effective 
a tranquilizer as reserpine, and has a 
fortieth of the hypotensive activity. 

The chemists who made the report 
were R. A. Lucas, M. E. Kuehne, Miss 
M. J. Ceglowski, R. L. Dziemian and 
H. B. MacPhillamy. 

Stimulation by Germs 

kimals must be exposed to germs from 
an early age in order to build up a 

mechanism for combatting specific dis­
eases, according to experiments reported 
by two Swedish workers. Writing in 
The Journal of Experimental Medicine, 
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THE FACTS ABOUT MAGNESIUM 

AND FIRE 

There are many misunderstandings about the 

lightest structural metal ... Here are some facts 

everyone in manufacturing should know. 

MAGNESIUM is being used today 
in many varied applications. 

Some of these uses involve normal 
operating temperatures while others 
involve elevated temperatures rang­
ing from 500° to 700°F. and above. 
Such items as ladders, luggage, hand 
trucks, aircraft wheels and skins are 
all used at temperatures where igni­
tion is improbable. Supersonic jets and 
missiles, however, rely on magnesium 
alloys for dependable performance at 
the elevated temperatures previously 
mentioned. 
Yet some designers, engineers and pro­
duction men hesitate to work with 
magnesium because they have heard 
that it "burns." What are the facts 
about this highly useful metal? 
The National Fire Protection Associa­
tion discusses the combustibility of 
magnesium as follows: "The ease of 
ignition of magnesium depends to a 
large extent upon the size alld shape 
of the material as well as the size or 
intensity of the source of ignition. In 
the form of ribbon, shavings, or chips 
with thin feather-like edges, or grind­
ing dust, a spark or the Harne of a 
match may be sufficient to start the 
material burning. Heavier pieces such 

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

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

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

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

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

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

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

ignition point of the chips and turn­
ings. A shower of hot sparks from the 
grinding of a steel tool bit could ignite 
dust left from the previous grinding 
of a magnesium part, but magnesium 
will not ignite spontaneously. 
Once ignited, a fire in magnesium can 
be extinguished effectively by sprin­
kling on a layer of a graphite base 
powder such as G-l. Various other 
proprietary powders are also available. 
Water, or any of the liquid, gas, or 

foam type extinguishers should not be 
used. They tend to react with the 
burning metal and accelerate the fire. 
With the correct basic knowledge and 
proper attention to safety precautions, 
anyone can handle magnesium in the 
shop with negligible risk. 
'" Source: Chapter One (N.F.P.A.), Bulletin No. 

48, STANDARDS FOR MAGNESIUM. This bulletin 
al;ailable on request without cost OT obligat'ion. 

YOU CAN DEPEND ON 
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PHYSICISTS 

ENGINEERS 

MATHEMATICIANS 
are invited to join the Lincoln Laboratory 
scientists and engineers whose ideas have 
contributed to new concepts in the field of 
electronic air defense. 

A b r ochure des c r i bing t h e  followi ng 
Laboratory programs will be forwarded 
upon request. 

HEAVY RADARS 

MEMORY DEVICES 

TRANSISTORIZED DIGITAL COMPUTERS 

SCATTER COMMUNICATIONS 

SOLID STATE 

AEW (air-borne early warning) 

SAGE (semi-automatic ground environment) 

SYSTEMS ANALYSIS 

In certain of these programs, positIOns of signifi­

cant professional scope and responsibility are open 

to men and women with superior qualifications. 

Research and Development 

MIT 
LINCOLN LABORAT ORY 
BOX 1 8 
LEXINGTON 73, MASSACHUSETTS 

Bengt E. Gustafsson of the University of 
Lund and Carl-Bertil Laurell of the 
Malmo General Hospital tell how they 
raised five generations of rats in germ­
free surroundings. After the first genera­
tion, all the animals were markedly de­
ficient in gamma globulin, the blood-pro­
tein fraction in which antibodies are 
found. 

Human infants acquire an initial sup­
ply of gamma globulin from their moth­
ers and produce none for the first few 
months [see "Agammaglobulinemia," by 
David Gitlin and Charles A. Janeway; 
SCIENTIFIC AMERICAN, July, 1957]. The 
gamma globulin level of an infant's 
blood declines for the first two or three 
months, then starts to rise. Gustafsson 
and Laurell conclude from their experi­
ments that the rise is stimulated by 
germs in the air, the mouth and the in­
testinal tract. The rats that had never 
been exposed to germs produced only a 
third as much gamma globulin as rats 
raised on the same diet but in a normal­
ly unhygienic environment. 

Submarine Mining 

A virtually inexhaustible supply of 
manganese, more concentrated than 

any found on dry land, could now be 
dredged from the bottom of the sea, 
state Herbert E. Hawkes and John Mero 
of the University of California: The man­
ganese is in the form of "nodules," round 
stones usually about the size of a man's 
fist, which are scattered over an esti­
mated 40 million square miles of ocean 
Boor. In some places nodules cover up 
to 50 per cent of the bottom. They gen­
erally contain 25 per cent manganese, 
15 per cent iron, and also considerable 
copper, nickel and cobalt. Hawkes and 
Mero calculate that a square mile of sea 
bottom might yield $1.5 million worth 
of metal. 

No one has explained how nodules 
were formed. Apparently they grew 
gradually through some process of depo­
sition: in the center of each nodule is a 
bit of foreign matter, such as a chunk 
of volcanic glass, a piece of pumice or a 
shark tooth. 

Mining equipment presents no prob­
lems. Early this year an expedition from 
the Scripps Institution of Oceanography 
dredged up plenty of nodules from the 
shallow coastal waters off the Tuamotu 
Islands in the South Pacific. There are 
dredges that operate like a vacuum 
cleaner and can raise boulders a foot in 
diameter from a depth of 1,000 feet. 
Hawkes and Mero are now trying to de­
vise an economical process for separat­
ing the various metals in the nodules. 
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V.I_'/: A" AIIIJ' ... TARGET: 100 MILES UP! On a day surprisingly soon 45,000 

A -.,'" �" 14, feet above Wendover, Utah, North American's rocket.powered 

X·15 research plane will be released from a modified B·52 to take man 100 miles into outer space. 

Throughout the flight trajectory, radio contact between the X·15, the mother ship, chase planes and the 

ground will be maintained by custom·designed units from a Collins CNI (communication, navigation, iden· 

tification) system, similar to the electronic packages Collins is providing for the new military jet aircraft. 

COLLINS RADIO COMPANY, CEDAR RAPIDS • DALLAS • BURBANK • SEATTLE • MIAMI • WASHINGTON • NEW YORK • COLLINS RADIO COMPANY OF 

CANADA, LTD., TORONTO • COLLINS RADIO COMPANY OF ENGLAND, LTD., LONDON • COLLINS RADIO INTERNATIONAL, C. A., CARACAS, HONG KONG 
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CELANESE FORTICEL PLASTIC HELPS 
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I 

TO MAKE THE TELEPHONE A COLORFUL · CONVERSATION PIECE 

P.S. and the decorator's ally 

Every day, more and more homes and offices are changing over to telephones in color-harmonizing 

with room colors, and adding a bright touch to decor. _ And, to put the rainbow in Bell telephone, Western Electric 
looks to such materials as Celanese Forticel (propionate) molding plastic. _ Forticel provides the technically 

vital properties that are demanded in a housing for such a precision instrument as the telephone: 
shatterproof toughness ... good dimensional stability ... surface lustre. On the production side, Forticel offers 

superb molding characteristics, including short cycles, virtually invisible weld lines, good flow around metal cores and 
inserts, and non·critical flow temperatures. _ These are the characteristics that are putting Forticel in the new 

color telephones as well as to work in scores of other product applications-from fountain pens to automotive 

parts. Forticel is a designer's plastic-created to meet the technical and esthetic specifications of modern product design. 
Celanese Corporation of America, Plastics Division , 744 Broad St., Newark 2, N. J. Cel.nesc® Fo<ticel@ 

Canadian Affiliate: Canadian Chemical Co., Limited, Montreal, Toronto, Vancouver. 
Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Ave., N. Y. 16. 

Forticel ... a ("" � plastic 
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BASIC PROBLEMS 

in testing 

electronic systems 

Many complex electronic systems-missile guid· 
ance is a good example-may require testing that 
takes days by conventional methods. Yet the end 
function of such a system may last only a few min­
utes-even seconds. 

Other systems, though less complex, must be 
tested in such large numbers that adequate per­
sonnel are frequently unavailable to perform tests 
by conventional means. 

The SCAlE system of automatic test equipment 
can solve both problems. It provides self-checking 
automatic testing which is fast, flexible and fool-
proof. 

. 

The system evaluates all 
important parameters of 
equipment under test, in· 
eluding: 
1. RF sensitivity, center fre­

quency, band width, power 
output, noise figure. 

2. Audio frequency gain, band 
width, power output. 

3. Video pulse circuitry, in· 
cluding pulse decoding, 
logic, digital comparison, 
pulse delays. 

4. Voltage levels, DC and AC. 

5. Servo response. 

S. Mechanical response. 

Stromberg·Carlson has standing designs for all 
the standard components which go into a SCATE 
system, and is fully experienced in designing cus­
tom components which may be required in any test 
system. 

Complete details on the SCAlE system and other 
Stromberg-Carlson automatic test equipment are 
available on request. 

be tested automatically by the SCATE system. 

"There is nothing finer than a Stromberg-Carlson" 

F';'1 �Jv�,� � � � ,�, C:y:,C:,� '!o�,�,?,,� � 
,� 1470 N. Goodman Street • Rochester 3. N. Y. '0" ,..' 

Electronic and communication products for home, industry and defense 
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The Indo-European Language 

The descendants of this forgotten tongue include English, Sanskrit 

and Greek. By- cornparing its "daughter languages" with one another, 

linguists ha()e learned how it sounded and e()en where it originated 

by Paul Thieme 

E
very educated person knows that the ancestral language that have grown The other great family of European 

French and Spanish are "related" mutually unintelligible through long sep- languages is of course the Germanic. 
languages. The obvious similarity aration. Latin has simply developed It includes English, Dutch, German and 

of these tongues is explained by their somewhat differently in these two frag- the Scandinavian tongues, all descended 
common descent from Latin; indeed, we ments of the old Western Roman Em- from an ancient language-unfortunately 
could say that French and Spanish are pire. Today these dialects are called unrecorded-called Teutonic. 
two dialects of "modern Latin," forms of Romance languages. Romance languages and Teutonic, 

SANSKRIT, the classical language of India, is one of the oldest 
memhers of the Indo-European family_ Its discovery by Western 
scholars led to the first research in historical linguistics. Shown 

here is an Indian religious text written in Sanskrit script in the 
17th century. Sanskrit hymns, handed down orally since second 
millennium B.c., are beller preserved than most Roman writings. 
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plus Greek-these were once the center 
of our linguistic universe. During the 
past 200 years, however, linguistics has 
been undergoing a kind of prolonged 
Copernican revolution. Now the familiar 
European tongues have been relegated 
to minor places in a vaster system of 
languages which unites Europe and 
Asia. Known collectively as the Indo­
European languages, this superfamily 
is far and away the most extensive lin­
guistic constellation in the world. It is 
also the most thoroughly explored : while 
other language families have remained 
largely unknown, the Indo-European 
family has monopolized the attention of 
linguists since the 18th century. The 
modern discipline of linguistics is itself 
a product of Indo-European studies .  As 
a result of these intensive labors we have 
come to know a great deal about both 
the genealogy and the interrelationships 
of this rich linguistic community. 

If we look at the family as a whole, 
several questions spring to mind. Where 
did these languages come from? Every 
family traces its descent from a common 
ancestor : what was our ancestral lan­
guage? What did it sound like? What 
manner of men spoke it? How did they 
come to migrate over the face of the 
earth, spreading their tongue across the 
Eurasian land mass? 

Linguistics can now provide definite 
-if incomplete-answers to some of these 
questions. We have reconsh"ucted in 
substantial part the grammar and sound­
system of the Indo-European language, 
as we call this ultimate forebear of the 
modern Indo-European family. Although 
much of the original vocabulary has 
perished, enough of it survives in later 
languages so that we can contrive a short 
dictionary. From the language, in turn, 
we can puzzle out some characteristics 
of Indo-European culture. We can even 
locil.te the Indo-European homeland. 

We can never hope to reconstruct the 
Indo-European language in complete 
detail. The task would be immeasurably 
easier if the Indo-Europeans had only 
left written records. But the Indo­
Europeans, unlike their Egyptian and 
Mesopotamian contemporaries, were il­
literate. Their language was not simply 
forgotten, to be relearned by archaeolo­
gists of another day. It vanished without 
a trace, except for the many hints that 
we can glean and piece together from 
its surviving daughter languages. 

The Discovery of the Language 

30 

I'�J�R'L,.", .. ,-.,,,�.�." .....
. / f 

\, 

.. -.-.------,�---------.-� 

The first clue to the existence of an INDO.EUROPEAN LANGUAGES are spoken today throughout the area shown in color 
Indo-European family was uncovered on this map. The faint dotted lines are national bOllndaries. The broken lines in color indio 
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cate boundaries between the 10 groups of Indo·European languages. 
The language groups (lettered A to J) and the languages (num. 

A. TEUTONIC C . GREEK 

1 ENGLISH 40 GREEK 
2 FLEMISH 
3 DUTCH H. ARMENIAN 
4 LOW GERMAN 41 ARMENIAN 
5 FRISIAN 
6 HIGH GERMAN r. IRANIAN 
7 DANISH 42 PERSIAN 
8 SWEDISH 43 LURI 
9 NORWEGIAN 44 KUMZAR! 

10 ICELANDIC 45 MAZANDARANI 
B. ROMANCE 46 GH!LAK! 

47 TALISHI 11 FRENCH 48 TAT 12 FRANCO·PROVEN�AL 49 KURDISH 
13 PROVENCAL 

, 50 GURANI 14 CATALAN 51 BALUCHI 15 SPANISH 52 PASHTO 
16 PORTUGUESE , 

53 SUGNI 17 GALICIAN YAZGULAMI 54 18 ITALIAN 
ISKASIM! 19 55 

SARDINIAN -,-
56 SANGLECI 20 RHAETO-ROMAN IC 

YIDGHA 57 21 ROMANIAN 
WAX! , .... 58 

C. CELTIC 59 ORMUR! 

22 GAELIC 60 PARAC! 
61 YAGNABI 

i 23 WELSH ' . • .  ' "1 
24 BRETON 62 OSSETIC 

D. BALTIC J. INDIC 

25 LETTISH 63 KAFIRI 

, "- 26 LITHUANIAN 64 DARD 
\'" " 65 LAHNDA 
\ E. SLAVONIC 66 SINDHI 

27 BULGARIAN 67 GUJARATI 
28 MACEDON IAN 68 MARATHI 
29 SERBO-CROATIAN 69 BHILI 
30 SLOVENIAN 70 RAJASTHAN I 
31 CZECH 71 PANJABI 
32 SLOVAK 72 EASTERN PAHARI 
33 POLISH 73 WESTERN PAHARI 
34 WENDISH 74 NEPALI 
35 KASUBIAN 75 HINDI 
36 UKRAINIAN 76 HINDUSTANI 
37 GREAT RUSSIAN 77 BENGALI 
38 WHITE RUSSIAN 78 BIHAR I 

79 ORIYA 
F. ALBANIAN 80 ASSAMESE 
39 ALBANIAN 81 SINGHALESE 

bered 1 to 81) may be identified by referring to the legend. Latin, 
Sanskrit and other extinct Indo.European languages are not shown. 
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with the opening of trade with India. 
In 1585, a little less than a century after 
Vasco da Gama Rrst rounded the Cape 
of Good Hope, an Italian merchant 
named Filippo Sassetti made a startling 
discovery in India. He found that Hindu 
scholars were able to speak and write an 
ancient language, at least as venerable 
as Latin and Greek. Sassetti wrote a let­
ter home about this language, which he 
called Sanscruta (Sanskrit). It bore cer­
tain resemblances, he said, to his native 
Italian. For example, the word for "God" 
(deva) resembled the Italian Dio; the 
word for "snake" (sarpa), the Italian 
serpe; the numbers "seven," "eight" and 
"nine" (sapta, ashta and nava) , the Ital­
ian sette, otto and nove. 

What did these resemblances prove? 
Sassetti may have imagined that San­
skrit was closely related to the "original 
language" spoken by Adam and Eve; 
perhaps that is why he chose "God" 
and "snake" as examples. Later it was 
thought that Sanskrit might be the an­
cestor of the European languages, in­
cluding Greek and Latin. Finally it be­
came clear that Sanskrit was simply a 
sister of the European tongues. The re­
lationship received its Rrst scientiRc 
statement in the "Indo-European hy­
pothesis" of Sir William Jones, a jurist 
and orientalist in the employ of the East 
India Company. Addressing the Bengal 
Asiatic Society in 1786, Sir William 
pointed out that Sanskrit, in relation to 
Greek and Latin, "bears a stronger af­
Rnity, both in the roots of verbs and 
in the forms of grammar, than could 
possibly have been produced by acci­
dent: so strong, indeed, that no philolo­
ger could examine them all three without 
believing them to have sprung from 
some common source, which, perhaps, 
no longer exists; there is similar reason, 
though not quite so forcible, for suppos­
ing that both the Gothick and the Celt­
ick, though blended with a very different 
idiom, had the same origin with the 
Sanskrit." 

Sir William's now-famous opinion 
founded modern linguistics. A crucial 
word in the sentence quoted is "roots." 
Jones and his successors could not have 
done their work without a command of 
Sanskrit, then the oldest-known Indo­
European language. But they also could 
not have done it without a knowledge 
of traditional Sanskrit grammar. Jones, 
like every linguist since, was inspired by 
the great Sanskrit grammarian Panini, 
who sometime before 500 B.C. devised 
a remarkably accurate and systematic 
technique of word analysis. Instead of 
grouping related forms in conjugations 
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and declensions-as European and U. S. 
school-grammar does to this day-Pani­
ni's grammar analyzed the forms into 
their functional units: the roots, suffixes 
and endings. 

Comparative grammar, in the strict 
sense, was founded by a young German 
named Franz Bopp. In 1816 Bopp pub­
lished a book on the inflection of verbs 
in a group of Indo-European languages: 

Sanskrit, Persian, Greek, Latin and the 
Teutonic tongues. Essentially Bopp's 
book was no more than the application 
to a broader group of languages of Pani­
ni's technique for the analysis of San­
skrit verbs. But Bopp's motive was a his­
torical one. By gathering cognate forms 
from a number of Indo-European lan­
guages he hoped to be able to infer some 
of the characteristics of the lost language 

WELSH BRITANNIC PROTO·CEl TIC 
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FAMILY TREE traces the descent of the modern Indo·European languages. English (bot· 
tom 0/ right.hand page) stems from the Teutonic branch of Western Indo·European. Broken 
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-the "common source" mentioned by 
Jones-which was the parent of them all. 

In the course of time Bopp's method 
has been systematically developed and 
refined. The "affinities" which Jones saw 
between certain words in related lan­
guages have come to be called "corre­
spondences," defined by precise formu­
las. The "Indo-European hypothesis" has 
been proved beyond doubt. And many 

more groups of languages have been 
found to belong to the Indo-European 
family: Slavonic, Baltic, the old Italic 
dialects, Albanian, Armenian, Hittite 
and Tocharian. The "family tree" of 
these languages has been worked out in 
some detail [see illustration on these two 
pages J. It should be borne in mind, 
however, that when it is applied to lan­
guages a family-tree diagram is no more 

than a convenient graphic device. Lan­
guages do not branch off from one an­
other at a distinct point in time; they 
separate gradually, by the slow accumu­
lation of innovations. Moreover, we 
cannot be sure of every detail in their 
relationship. The affinities of the Celtic 
and Italic languages, or of the Baltic and 
Slavonic, may or may not point to a pe­
riod when each of these pairs formed a 
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lines indicate dead languages which have left no written remains. 
Albanian is not shown because its lineage is not known. Tochariall 

and Hittite have been omitted for the same reason. Although they 
were spoken in Asia, they appear to belong to the Western branch. 
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common language, already distinguished 
from the Indo-European. Some Indo­
European languages cannot be placed 
on the family tree because their lineage 
is not known. Among these are Tochar­
ian and Hittite. These extinct languages 
(both rediscovered in the 20th century) 
were spoken in Asia but descend from 
the western branch of the family. 

Reconstruction 

Let us see how a linguist can glean 
information about the original Indo­
European language by comparing its 
daughter tongues with one another. 
Take the following series of "correspond­
ing" words: pm (Sanskrit), pro (Old 
Slavonic), pro (Greek), pro (Latin), 
fm (Gothic), all meaning "forward"; 
pitii (Sanskrit), pater (Greek), pater 
(Latin), fadm' (Gothic), all meaning 
"father." Clearly these words sprang 
from two words in the original Indo­
European language. Now what can we 
say about the initial sounds the words 
must have had in the parent tongue? It 
must have been "p," as it is in the ma­
jority of the languages cited. Only in 
Gothic does it appear as "f," and the 
odds are overwhelmingly in favor of its 
having changed from "p" to "f" in this 
language, rather than from "f" to "p" in 
all the others. Thus we know one fact 
about the original Indo-European lan­
guage: it had an initial "p" sound. This 
sound remains "p" in most of the daugh­
ter languages. Only in Gothic (and other 
Teutonic tongues) did it become "£." 

Now let us take a harder example : 
dasa (Sanskrit), deshimt (Lithuanian), 
deseti (Old Slavonic), deka (Greek), 
dekem (Latin), tehun (Gothic), all 
meaning "ten"; satam (Sanskrit), shim­
tas (Lithuanian), Sllto (Old Slavonic), 
he-katon (Greek), kentllm (Latin), 
hllnda- (Gothic), all meaning "hun­
dred." (The spelling of some of these 
forms has been altered for purposes 
of exposition. The hyphen after the 
Gothic hunda- and certain other words 
in this article indicates that they are not 
complete words.) 

Certainly the "s," "sh," "k" and "h" 
sounds in these words are related to one 
another. Which is the original? We de­
cide that "k" changed into the other 
sounds rather than vice ve1"sa. Phoneti­
cians tell us that "hard" sounds like "k" 
often mutate into "soft" sounds like 
"sh." For example, the Latin word cants 
("dear") turned into the French word 
cher; but the reverse change has not oc­
curred. 

Reconstruction would be much easier 
sailing but for two all-too-common 

events in the history of language: "con­
vergence" and "divergence." In Sanskrit 
the three old Indo-European vowels 
"e," "0" and "a" have converged to be­
come "a" (as in "ah"). In the Germanic 
languages the Indo-European vowel "e" 
has diverged to become "e" (as in "bet") 
next to certain sounds and "i" (as in "it") 
next to others. 

Like most procedures in modern sci­
ence, linguistic reconstructions require 
a certain technical skill. This is em­
phatically not a game for amateurs. 
Every step is most intricate. Some peo­
ple may even wonder whether there is 
any point to the labors of historical lin­
guists-especially in view of the fact that 
the reconstructions can never be checked 
by immediate observation. There is no 
absolute certainty in the reconstruction 
of a lost language. The procedure 'is ad­
mittedly probabilistic. It can only be 
tested by the coherence of its results. 

But the results in the reconstruction 
of ancestral Indo-European are hearten­
ing. By regular procedures such as those 
I have illustrated, we have reconstructed 
a sound system for Indo-European that 
has the simplicity and symmetry of sound 
systems in observable languages. We 
have discovered the same symmetry in 
our reconstructions of roots, suffixes, end­
ings and whole words. Perhaps even more 
important, the Indo-European words we 
have reconstructed give a convincing 
picture of ancient Indo-European cus­
toms and geography! 

The Indo-European Culture 

Consider the words for "mother," 
"husband," "wife," "son," "daughter," 
"brother," "Sister," "grandson," "son-in­
law," "daughter-in-law," all of which we 
can reconstruct in Indo-European. As a 
group they prove that the speakers lived 
in families founded on marriage-which 
is no more than we might expect! But we 
obtain more specific terms too: "father­
in-law," "mother-in-law," "brother-in­
law," "sister-in-law." Exact correspond­
ences in the speech usage of the oldest 
daughter languages which have been 
preserved lead to the conclusion that 
these expressions were used exclusively 
with reference to the "in-laws" of the 
bride, and not to those of the groom. 
There are no other words that would 
designate a husband's "father-in-law," 
and so on. The inference is unavoidable 
that the family system of the old Indo­
Europeans was of a patriarchal charac­
ter; that is, that the wife married into 
her husband's family, while the husband 
did not acquire an official relationship 
to his wife's family as he does where a 
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INDO·EUROPEAN HO,MELAND is shown by the author to have 
been located within the area of this map. Since the Indo·Europeans 
had a word for "beech," they must have lived within the beech· 
bearing area of Europe; the eastern boundary of this area is indio 

cated by the heavy broken line at right. Linguists have also recon· 
structed an Indo.European word for "turtle"; in ancient times 
turtles did not live north of the heavy dotted line at upper left. 
These two words roughly define the original Indo.European area. 

matriarchal family system exists .. Our 
positive witnesses (the accumulation of 
designations for the relations a woman 
acquires by marriage) and our negative 
witnesses (the complete absence of 
designations for the relations a man 
might be said to acquire by marriage) 
are trustworthy circumstantial evidence 
of this. 

The Indo.Europeans had a decimal 
number system that reveals traces of 
older counting systems. The numbers up 
to "four" are inflected like adjectives. 
They form a group by themselves, 
which points to an archaic method of 
counting by applying the thumb to the 
remaining four fingers in succession. 
Another group, evidently later arrivals 
in the history of Indo-European, goes up 
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to "ten" (the Indo-European dekmt-). 
"Ten" is related to "hundred": kmtom, 
a word which came from the still earlier 
dkmtom, or "aggregate of tens." In addi· 
tion to these four-finger and ten.finger 
counting systems there was a method of 
counting by twelves, presumably stem­
ming from the application of the thumb 
to the twelve joints of the other four 
fingers. It is well known that the Teu­
tonic languages originally distinguished 
a "small hundred" (l00) from a "big 
hundred" (120). The latter is a "hun­
dred" that results from a combination of 
counting by tens (the decimal system) 
and counting by twelves (the duodeci­
mal system). Traces of duodecimal 
counting can also be found in other 
Indo-European languages. 

Reconstruction yields an almost com­
plete Indo-European inventory of body 
parts, among them some that presuppose 
the skilled butchering of animals. The 
Indo-European word for "lungs" orig­
inally meant "swimmer." We can im­
agine a prehistoric butcher watching 
the lungs float to the surface as he put 
the entrails of an animal into water. 
There is no reference in the word to 
the biological function of the lungs, 
which was presumably unknown. The 
heart, on the other hand, appears to 
have been named after the beat of the 
living organ. 

So far as tools and weapons are con­
cerned, we are not quite so lavishly 
served. We obtain single expressions for 
such things as "arrow," "ax," "ship," 
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� BALTIC SALMON 

� RHINE SALMON 

••••• LIMIT OF BEECH 

••••• NORTHERN LIMIT OF TURTLE 

The area is better located hy the word for 
�'salmon"; salmon are found in rivers flow. 
ing into Baltic and North seas but not in 
those into Black Sea or Meditenanean. 

"boat," but no semantic system. This 
poverty is due partly to an original lack 
of certain concepts, and partly to the 
change of usage in the daughter Ian· 
guages. It is evident that new terms were 
coined as new implements were invent­
ed. We do find words for "gold" and per­
haps for "silver," as well as for "ore." 
Unfortunately we cannot decide whether 
"ore" was used only with reference to 
copper or to both copper and bronze. It 
is significant that we cannot reconstruct 
a word for "iron," which was a later dis­
covery. In any case we need not picture 
the people who spoke Indo-European as 
being very primitive. They possessed at 
least one contrivance that requires effi­
cient tools: the wagon or cart. Two Indo­
European words for "wheel" and words 
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for "axle," "hub" and "yoke" are cumu­
lative evidence of this. 

The Indo-European Homeland 

Especially interesting are the names 
of animals and plants, for these con­
tain the clue to the ancient Indo-Euro­
pean homeland. It is evident that our 
reconstructed language was spoken in a 
territory that cannot have been large. A 
language as unified as the one we ob­
tain by our reconstruction suggests a 
compact speech community. In prehis­
toric times, when communication over 
long distances was limited, such a com­
munity could have existed only within 
comparatively small boundaries. 

These boundaries need not have been 
quite so narrow if the people who spoke 
Indo-European had been nomads. No­
mads may cover a large territory and yet 
maintain the unity of their language, 
since their roamings repeatedly bring 
them in contact with others who speak 
their tongue. The Indo-Europeans, how­
ever, were small-scale farmers and hus­
bandmen rather than nomads. They 
raised pigs, which kept them from trav­
eling, and they had words for "barley," 
"stored grains," "sowing," "plowing," 
"grinding," "settlement" and "pasture" 
(agras) , on which domesticated animals 
were "driven" (ag). 

We cannot reconstruct old Indo-Euro­
pean words far "palm," "olive," "cy­
press," "vine," "laurel." On the strength 
of this negative evidence we can safely 
eliminate Asia and the Mediterranean 
countries as possible starting points of 
the Indo-European migrations. We can, 
however, reconstruct the following tree 
names: "birch," ''beech,'' "aspen," "oak," 
"'yew," "willow," "spruce," "alder," 
"ash." The evidence is not equally con­
clusive for each tree name; my arrange­
ment follows the decreasing certainty. 
Yet in each case at least a possibility can 
be established, as it cannot in the case 
of tree names such as "cypress," "palm" 
and "olive." 

Of the tree names the most important 
for our purposes is "beech." Since the 
beech does not grow east of a line that 
runs roughly from Konigsberg (now 
Kaliningrad) on the Baltic Sea to Odessa 
on the northwestern shore of the Black 
Sea, we must conclude that the Indo­
Europeans lived in Europe rather than 
in Asia. Scandinavia can be ruled out 
because we know that the beech was 
imported there rather late. A likely dis­
trict would be the northern part of Mid­
dle Europe, say the territory between 
the Vistula and Elbe rivers. It is here 
that even now the densest accumulation 
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of Indo-European languages is found­
languages belonging to the eastern group 
(Baltic and Slavonic) side by side with 
one of the western group (German). 

That the Indo-Europeans came from 
this region is indicated by the animal 
names we can reconstruct, all of them 
characteristic of the region. We do not 
find words for "tiger," "elephant," "cam­
el," "lion" or "leopard." We can, how­
ever, compile a bestiary that includes 
uwolf," "bear," "lynx," "eagle," "falcon," 
"owl," "crane," "thrush," "goose," "duck," 
"turtle," "salmon," "otter," "beaver," 
"fly," "hornet," "wasp," "bee" (inferred 
from words for "honey"), "louse" and 
"flea." We also find words for domesti­
cated animals: "dog," "cattle," "sheep," 
"pig," "goat" and perhaps "horse." Some 
of these words are particularly signifi­
cant. The turtle, like the beech, did not 
occur north of Germany in prehistoric 
times. 

The Importance of the Salmon 

It is the Indo-European word for 
"salmon" that most strongly supports the 
argument. Of all the regions where trees 
and animals familiar to the Indo-Euro­
peans live, and the regions from which 
the Indo-Europeans could possibly have 
started the migrations that spread their 
tongue from Ireland to India, it is only 
along the rivers that flow into the Baltic 
and North seas that this particular fish 
could have been known. Coming from 
the South Atlantic, the salmon ascends 
these rivers in huge shoals to spawn in 
their upper reaches. The fish are easy 
to catch, and lovely to watch as they 
leap over obstacles in streams. Without 
the fat-rich food provided by the domes­
ticated pig and the salmon, a people 
living in this rather cold region could 
hardly have grown so strong and numer­
ous that their migration became both a 
necessity and a success. 

The Indo-European word for "sal­
mon" (laks-) survives in the original 
sense where the fish still occurs: Russia, 
the Baltic countries, Scandinavia and 
Germany (it is the familiar "lox" of Jew­
ish delicatessens). In the Celtic tongues 
another word has replaced it; the Celts, 
migrating to the West, encountered the 
Rhine salmon, which they honored with 
a new name because it is even more de­
lectable than the Baltic variety. The 
Italic languages, Greek and the southern 
Slavonic tongues, spoken where there 
are no salmon, soon lost the word. In 
some other languages it is preserved, but 
with altered meaning: in Ossetic, an 
Iranian language spoken in the Cau­
casus, the word means a large kind of 
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trout, and the Tocharian-speaking peo­
ple of eastern Turkestan used it for fish 
in general. 

Several Sanskrit words echo the im­
portance of the salmon in Indo-Euro­
pean history. One, laksha, means "a 
great amount" or "100,000," in which 
sense it has entered Hindustani and 
British English with the expression "a 
lakh of rupees." The assumption that the 
Sanskrit laksha descends from the Indo­
European laks- of course requires an 
additional hypothesis: that a word 
meaning "salmon" or "salmon-shoal" 
continued to be used in the sense of "a 
great amount" long after the Indo-Euro­
pean immigrants to India had forgotten 
the fish itself. There are many analogies 
for a development of this kind. All over 
the world the names of things that are 
notable for their quantity or denSity tend 
to designate large numbers. Thus in 
Iranian "beehive" is used for 10 000 · in 
Egyptian "tadpole" (which ap;ear; in 
great numbers after the flood of the 
Nile) is used for 100,000; in Chinese 
"ant," for 10,000; in Semitic languages 
"cattle," for 100; in Sanskrit and Egyp­
tian "lotus" (which covers lakes and 
swamps), for "large number."  Several 
words in Sanskrit for "sea" also refer to 
large numbers. In this connection we 
may recall the words in Hamlet: " . . . to 
take arms against a sea of troubles, and 
by opposing end them."  

A second Sanskrit word that I believe 
is a descendant of the Indo-European 
laks- is lakshii, which the dictionary de­
fines as "the dark-red resinous incrusta­
tion produced on certain trees by the 
puncture of an insect (Coccus lacca) 
and used as a scarlet dye." This is the 
word from which come the English "lac" 
and "lacquer." Laksha, in my opinion, 
was originally an adjective derived from 
the Indo-European laks-; meaning "of 
or like a salmon." A characteristic fea­
ture of the salmon is the red color of its 
flesh. "Salmon like" could easily develop 
into "red," and this adjective could be 
�sed}o d

,
�signate "the red (substance)," 

I .e. ,  lac. 
There is even a third possible off­

shoot : the Sanskrit laksha meaning 
"gambling stake" or "prize." This may 
be derived from a word that meant 
"salmon-catch." The apparent boldness 
of this conjecture may be vindicated on 
two counts. First, we have another Indo­
European gambling word that originally 
was an animal name. Exact correspon­
dences of Greek, Latin and Sanskrit 
show that the Indo-Europeans knew a 
kind of gambling with dice, in which 
the most unlucky throw was called the 
"dog ." Second, in Sanskrit the gambling 

stake can be designated by another 
word, a plural noun (viias) whose pri­
mary meaning was "the leapers." The 
possibility that this is another old word 
for "salmon," which was later used in 
the same restricted sense as laksha, is 
rather obvious. 

By a lucky accident, then, Sanskrit, 
spoken by people who cannot have pre­
served any knowledge of the salmon it­
self, retains traces of Indo-European 
words for "salmon." Taken together, 
these words present a singularly clear 
picture of the salmon's outstanding 
traits. It is the fish that appears in big 
shoals (the Sanskrit laksha, meaning 
"100,000") ; that overcomes obstacles 
by leaping (the Sanskrit viias, mean­
ing "leapers," and later "stake" ) ;  that 
has red flesh (laksha, meaning "lac"); 
that is caught as a prized food 
(viias and laksha, meaning "stake" or 
"prize") . 

The Age of the Language 

If we establish the home of our re­
constructed language as lying between 
the Vistula and the Elbe, we may ven­
ture to speculate as to the time when it 
was spoken. According to archaeological 
evidence, the domesticated horse and 
goat did not appear there much before 
3000 B.C. The other domesticated ani­
mals for which we have linguistic evi­
dence are archaeologically demonstrable 
in an earlier period. Indo-European, I 
conjecture, was spoken on the Baltic 
coast of Germany late in the fourth mil­
lennium B.C. Since our oldest docu­
ments of Indo-European daughter lan­
guages (in Asia Minor and India) date 
from the second millennium B.C., the 
end of the fourth millennium would be 
a likely time anyhow. A thousand or 
1 ,500 years are a time sufficiently long 
for the development of the changes 
that distinguish our oldest Sanskrit 
speech form from what we reconstruct 
as Indo-European. 

Here is an old Lithuanian proverb 
which a Protestant minister translated 
into Latin in 1625 to show the similarity 
of Lithuanian to Latin. The proverb 
means "God gave the teeth; God will 
also give bread." In Lithuanian it reads: 
Dievas dawe dantis; Dievas duos ir 
duonos. The Latin version is Deus dedit 
dentes; Deus dab it et panem. Translated 
into an old form of Sanskrit, it would be 
Devas adadat datas; Devas dat (or 
dadat) api dhanas. How would this same 
sentence sound in the reconstructed 
Indo-European language? A defensible 
guess would be: Deivos ededot dntns; 
Deivos dedot (or dot) dhoniis . 
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D O O R  I S  O P E N E D  . . •  
TO A N E W N Y L O N  F R O M  F I B E R  R E S E A R C H  

We're new to the textile business . . .  
at least the fiber end of it. But for some 
years Allied has concentrated on textile 
chemicals, and we've some reputation 
for our dyes, processing chemicals and 
finishing agents . So we took our chemi­
cal experience into fibers. 

All ied turned to syn thetic fibers as a 
new area for product achievement 
a b o u t  t e n  y e a r s  a g o .  R e s e a rc h e r s  
worked on a n  important member o f  the 
polyamide family which had remained 
unexploited, nylon 6,  and developed 
specific processes to improve its molec­
ular architecture. 

At the same time, they were meticulous 
about the purity of the starting mate­
rial,  epsilon-caprolactam monomer. So 
meticulous that it is the purest any­
where in the world. Color, for example, 
is specified at a maximum of 25 on an 
APHA standard ; we usually bring it in  
at 3 ,  and cannot detect color without 
instruments. The narrow range of alka­
linity is such that it cannot be measured 
on a conventional pH meter. And the 

Dyeabi/ity . Dark areas show dye penetrating 
CAPROlAN carpet staple in con trast to surface· 

tintin g  conventional n ylon flight areasl. 80th 
n ylons were dyed together in the some both. 

principal impurity, specified at a maxi­
mum of 25 p arts per million, is normally 
analyzed at 5 p .p .m.  

Purity shows u p  in a fiber as whiteness 
and uniformity . But the creative proc­
ess is rarely easy, and a lot of sweat, 
tears and caprolactam went into this 
proj ect. The result is what our sales 
manager, with customary modesty, de­
scribes as "the first truly new nylon in 
20 years." We call it  CAPROLAN. 

Texturized filament CAPROlAN yarn. Each skein is 60 yards of the some weight. 

Note how texturizi n g  processes offer versatility of style and design. 

So it's new. But how good is it-and 
what's it good for? 

Well ,  CAPROLAN is good for ( actu­
ally better, of course ) everything con­
ventional nylon fiber is good for-car­
peting, upholstery, outerwear, marine 
cordage, safety belts and many indus­
trial uses. ( I f  you should ever need an 
industrial sling-some people do, you 
know-CAPROLAN's tensile strength is 
such that you can make one with a 
breaking strength of 1 95 ,000 pounds . )  

A lot o f  CAP ROLAN i s  going into tire 
cord, too, where its resistance to heat, 
fatigue and shock makes driving safer. 
And cordage manufacturers are mak­
ing CAPROLAN marine hawsers of 
7-inch circumference that outperform 
8-inch lines of conventional nylon. 

But the use which best highlights the 
capabilities of CAPROLAN lies in the 
sphere of textiles. So here, unsuccess-

fully resisting the temptation to point 
out it makes a darn good yarn, we'll 
talk about two of its paramount virtues 
-dyeabil ity and texturizing. 

Dyea b i l ity. This new nylon, being a 
white white, gives truer colors. It has a 
marked affinity for virtually every class 
o f  dyestuff, and its "deep-dye" charac­
teristic permits dyes to penetrate deep 
into the fiber itself instead of being 
merely deposited on the surface. 

Text u riz i n g .  In filament yarns, a door 
is opened to fabric engineering and 
design . Due to their parallel arrange­
ment of filaments, CAPROLAN heavy 
yarns are especially compliant to the 
n e w e r  t e x t u r i z i n g  p r o c e s s e s  ( o f t e n  
called "bulking" ) .  O n e  of o u r  statistic­
ally minded engineers has estimated 
that 45,  759 completely new and different 
yarns are possible, depending on varia­
tions in denier and bulking processes. 

WE'D LIKE TO TELL YO U MORE of 

the outstanding performance charac­

teristics of CAPROLAN-and in greater 

detail. Why not write us, indicating 

your in terest in carpeting, upholstery, 

cordage, tires or whatever, and telling 

us what you can about your proposed 

use of this new nylon. A ddress: A llied 

C h e m ical Corpora tion,  D ept.  1 08-S, 
61 Broadway, New York 6, N. Y. 
CAPROLAN is an A llied Chemical trademark. 
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BURROUGHS 
ELECTRON I C  COM PUTERS 

ON C IVI LIAN JOBS ALONE  
ALREADY TOTAL 273 

Defense Also Taps Burroughs Electron ic  
Wizardry-to Tune of  $400 M i l l ion 

FIRM'S RESEARCH 
SPURS A D  P ADVANCES 

D E T R O I T  - Burroughs 
fast pace in electronics has. 
i n  a remarkably short time, re ­
sul ted i n  273 civilian installa­
pons of the firm's giant, medium 

and small electronic computers. 
In addition, U. S .  Defense 

has already called on Burroughs 
to p r o d u c e  w e l l  o v e r  $400 
million worth of electronic data 
processing and digital communi­
cations equipment. Applications : 
Everything from guiding 15,000-
mph ballistic missiles such as 

Atlas to p r o c e s s i ng i n tr icate  
data in such vital defense sys­
tems as SAGE air defense. 

UNMATCHED A D  P LJNE 
Hard at  work along with the 

computers i n  both civilian and 
defense installations are mem­
bers of the Burroughs family of 
input-output equipmen t-biggest 
in the automatic data processing 
field. These include h igh-speed 
input and read-out devices, 
many types of punched paper 
and magnetic tape equipment, 

electronic filing systems, and 
equipment for high-speed proc­
essi ng of punched cards.  

In a l l ,  t h e  fa r - r a n g i n g  
B u r r o u g h s  d a ta p r o c e s s i n g  
equipment line i s  a resoundingly 
successful result of the firm's 
comprehensive, long-range re­
search program. Spearheaded 
by 3,500 scientific, engineering 
and support personnel, the pro­
gram's goal is  the continuing 
creation of even more advanced 
data processing equipment, in 
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Burroughs 
Corporation 

"NEW DIMENSIONS I in electronics and data processing systenu;h 
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Diver wields Monel "vacuum cleaner" 
in one of the world's most ticklish iobs 

This  photog raph was taken in a 1/2 -
million-gallon tank at Miami's fabu­
lous Seaquarium. 

Here they have sharks . . .  barra­
cuda . . .  moray eels . . .  porpoises . . .  

manta rays . . .  deep sea creatures 
that few men have ever seen. 

Several  t imes a d ay, an armed diver 

feeds them - by hand! On a full 

tummy, even a tiger shark usually 

relaxes. There's a wary truce on now, 

as the fish watch this diver "sweep 

up" their underwater home with a 

vacuum cleaner of Monel ':' nickel­

copper alloy. 

Millions of gallons of ocean water 
must be circulated through the tanks 
each day to keep these sea denizens 

hale and hearty. This warm salt 

water itself is extremely corrosive. 

Besides, it contains sand and debris 

that are hard on metal equipment. 

To p revent b reakdowns that would 
endanger the fish - and run main­

tenance costs skyhigh, too-the Sea­

quarium relies on Monel alloy for 
pump shafts and impellers . . .  valves 
and valve trim. 

In fact, they depend on Monel al­

loy wherever they need long, trouble-

free service : in railings, ladders and 
handrails that must withstand salt 

water, spray and sea air . . .  feeding 

baskets . . .  and, of course, for the 

tank floor vacuum cleaner. 

Do you have a metal problem? One 

where corrosion, abrasion, high or 

low temperatures, stress or fatigue 
is causing trouble? Then talk it over 

with us. Monel Alloy or another of 
our Inco Nickel Alloys might be 
just what you've been looking for. 

*Trademark of The International Nickel Company, Inc. 

A ) NCO, 
THE I NTERNATIONAL N ICKEL COMPANY, I NC. 

T R A O E  M A R C  

67 Wall Street New York 5, N. Y. 
Nickel Alloys Perform Better, Longer 
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THE REGENERATION OF BODY PARTS 

Ho\v is it that a salamander can regrow an amputated limb 

but a higher animal cannot? The question is investigated 

by. means of experiments \vith the salamander and the frog 

T rying to capture a lizard by the 
tail or a crab by its claw can be a 
frustrating experience. The tail or 

the claw snaps off in the hand of the 
would-be captor, and the prey escapes. 
The hasty sacrifice is repaired at leisure, 
for these animals can replace the lost 
parts by the process of regeneration. 
Salamanders also can regenerate a miss­
ing leg or tail. Some animals, such as 
frogs, enjoy this advantage only in 
their younger days, and as adults must 
make one set of limbs last a lifetime. 
While other animals, including man, 
cannot regrow limbs at any stage, they 

by Marcus Singer 

exhibit the faculty of regeneration in less 
dramatic ways. The replacement of skin, 
feathers, antlers or fingernails is a kind 
of regeneration. Indeed, the ability to 
regenerate is a fundamental property of 
living matter. 

Obviously there is some practical in­
terest in the possibility that human be­
ings might some day be able to regrow 
tissues and organs which they presently 
cannot. But apart from such possibilities 
regeneration holds both theoretical and 
experimental interest for the biologist, 
because it demonstrates that develop­
mental processes are not entirely absent 

in the adult animal. The adult organism 
"remembers" some of its developmental 
history and repeats it, albeit in a limited 
and sometimes devious way. In man, a 
break in the skin is repaired quite rapidly 
when the skin around the wound grows 
over it and thickens. Bone shows remark­
able ability to mend a break or other defi­
ciency; so do the connective tissues: 
tendon, ligament, blood and so on. Mus­
cle also repairs itself after serious injury, 
and a severed nerve can regrow, if the 
conditions are favorable, by extending 
its fibers. 

But in spite of the regenerative pow-

ADULT SALAMANDER, enlarged to about two and a half times 

its natural size, is shown at two stages in regenerating a forelimb. 

At left, about 10 days after amputation, tbe wound has healed 

and the end of the stump is beginning to enlarge. At right, about 

four or five weeks later, the new limb is well advanced and ap· 

pears much like a normal forelimb except for its color and size. 
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ers of these individual tissues, a human 
leg will not grow back after it has been 
amputated. A complex organ, consisting 
of many tissues, regenerates less easily 
than a single tissue. In man, only some 
internal organs such as the liver, the 
pancreas and the salivary glands have 
this capacity. Animals much lower on 
the evolutionary scale are endowed with 
conSiderably greater powers to replace 
lost or injured parts. In some very lowly 
forms, for example the hydra, the ani­
mal can be chopped into a number of 
pieces, and each piece will regrow the 
parts it lacks [see "The Indestructible 
Hydra," by N. J. Berrill; SCIENTIFIC 
AMEHICAN, December, 1957]. So in­
grained are the powers of repair in some 
sponges and hydra-like organisms that 
when one of these animals is broken up 
by forcing it through a coarse cloth, its 
fragments will reassociate in clumps 
which grow into new individuals. A fish, 
or an amphibian such as a salamander, 
can regenerate a tail, limbs, fins and 
other parts. A lizard regenerates a tail 
and part of the jaw, but not limbs. 

How is it that lower vertebrates are 
able to regrow a lost extremity or other 
part, and that higher animals, including 
man, cannot? Most studies of this ques­
tion have centered around the frog, 
which exhibits a gradual decline and 
loss of regenerative power within its own 
life cycle. A young tadpole whose tail 
or limb is removed will grow another 
completely and easily. An older tadpole, 
with more fully formed limbs, regener­
ates a missing leg less perfectly, and 
soon it cannot regrow its hind limb at 

all. It is still able to regenerate a fore­
limb, but as it approaches metamor­
phosis into a young adult frog, it also 
loses this ability. 

A s far back as 1768 Lazzaro Spall an­
.t\. zani, a founder of modern studies 
in regeneration, posed the problem as 
follows: "But if these species [frogs] are 
able to renew their legs when young, 
why should they not do the same when 
farther advanced? .. .  Are the wonder­
ful reproductions hitherto mentioned 
[in newts] only to be ascribed to the ef­
fect of water, in which these animals 
were kept? This is contradicted in the 
instance of the salamander, whose parts 
were reproduced even on dry ground. 
But if the above-mentioned animals, 
either aquatic or amphibian, recover 
their legs when kept on dry ground, how 
comes it to pass that other land animals, 
such as are accounted perfect, and are 
better known to us, are not endued with 
the same power? Is it to be hoped that 
they may acquire them by some useful 
dispositions? And should the Battering 
expectation of obtaining this advantage 
for ourselves be considered entirely as 
chimerical?" 

The hunt for a "useful disposition" 
began with observations on regeneration 
of limbs in salamanders. If a salaman­
der's leg is amputated, the wound first 
heals: skin covers the stump, and be­
neath the skin scar tissue forms. Within 
10 days the scar tissue begins to disap­
pear and the end of the stump enlarges. 
The tip of the swelling is really a bud 
containing many rapidly dividing cells 

which look like the undifferentiated cells 
of an embryo. These cells spring from 
the old tissues at the wound surface, but 
their precise origin is unknown. They 
may arise from incompletely developed 
cells held in reserve; from the transfor­
mation of muscle, bone or other tissue 
back to the undifferentiated state; or 
from a combination of the two processes. 
Whatever the origin of these cells, the 
process from this stage on resembles 
embryonic development. At first the 
primitive cells multiply rapidly with a 
certain abandon resembling that of a 
cancerous growth. But unlike a can­
cer, which would continue to grow in a 
disorderly fashion, the regenerated tissue 
eventually grows at a slower rate and 
gradually takes the form of a functional 
organ. About a week after the start of 
regeneration the bud already looks very 
much like the limb bud of an embryonic 
salamander. The bud elongates into a 
cone, and by the third or fourth week 
the cone is transformed into the rudi­
ment of an arm with a bend representing 
the elbow and a Battened area at the end 
anticipating the formation of a "hand." 
During the next week or two, little nubs 
appear on the hand rudiment and grow 
into fingers. In the meantime the em­
bryo-like cells within change into spe­
cialized tissue: muscle, tendon, bone and 
so forth. The new limb soon begins to 
move and finally assumes its full function. 

S ince regeneration apparently involves 
the return of cells to an embryonic 

state, one theory holds that the frog loses 
its regenerative ability because its cells 

PROGRESSIVE STAGES in regeneration of a salamander's arm 

are drawn about six times natural size. Tbe small mound of tissue 

at the end of the stump 10 days after amputation (first drawing) 

enlarges rapidly to form a cone. Front and side views of a late,· 

stage (fifth and sixth) show the formation of the elhow and hand 

as the cone bends in the middle and flattens at the end. Fingers 

begin to appear four or five weeks after amputation (seventh), 

and about six weeks later reach the size shown in the last drawing. 
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Think 
Mechanical brains for missiles must be as 
tough and tiny as possible ... a design 
problem that calls for experts skilled in both 
electronic computers and miniaturization. 

ARIWA'S computer group has shrunk a 
digital computer module until it's the size 

shown above ... a feat comparable to 
squeezing the contents of  a steamer trunk 
into a cigarette package. 

Right now, in fact, through new techniques 

small 
of solid state circuitry, systematic design and 
compatibility testing, ARIWA is producing a 
family of airborne digital computers that are 

operational under the most severe conditions 
of vibration, temperature, noise, acceleration 
and deceleration, and nuclear radiation. 

For information on our fully transistorized, 

airborne digital computers, contact ARIWA, 
Garden City, N. Y. A division of American 
Bosch Arma Corporation. 

AIWERleAN BOSCH ARIWA CORPORATION 
;0. 
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LONGITUDINAL SECTION of stump a few days after amputatiou of a salamander's fore· 

limb (top) shows bone (dark areas in center) and muscle, topped by skin which has healed 

over the wound surface. Twelve days after amputation (middle) a mound of embryo·like 

cells has formed at the end of the stump. At a later stage, when fingers begin to form 

(bottom), the embryo.like cells are in the process of transformation into muscle and carti· 

lage (later into bone) for the new arm and wrist. End of the old bone marks the amputation 

line in these photomicrographs, which enlarge the structures approximately 40 diameters. 
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and tissues become too specialized to 
return to such a state. But if this were 
so, how could animals which never re­
generate limbs succeed in regenerat­
ing individual tissues such as a bit of 
missing bone or muscle? Moreover, at 
the time the tadpole loses the ability 
to regenerate, the tissues of its leg are 
actually much less specialized than 
those of a salamander which can regrow 
a limb. The famous biologist Thomas 
Hunt Morgan suggested the possibility 
that in a very complex organ the regen­
eration of tissues may not be sufficiently 
synchronized. 

Despite the striking similarities be­
tween regeneration and embryonic de­
velopment, the two processes differ 
greatly. The most notable difference is 
that the new organ is now developing in 
close relationship with adult tissues; the 
embryo grows either apart from the 
adult or screened from its tissues. The 
cells of the regenerated tissue actually 
arise from the cells of adult tissues, and 
they are covered by adult skin. They are 
fed by the adult bloodstream, bearing 
the hormones of the adult and substances 
which are required for its metabolism. 
And from the start the new tissue is in­
vaded by fibers which sprout from the 
amputated ends of adult nerves. Each 
of the adult tissues must play some 
part in the development of the new 
structure, and the thought naturally oc­
curs that some alteration in the activity 
of one or more tissues could account for 
the inability to regenerate. A consider­
able number of all experimental studies 
of regeneration has been devoted to the 
role of one or another adult tissue. 

Some attempt has been made to im­
plicate hormonal changes in the -loss of 
regenerative capacity. Hormones are 
among the factors controlling the al­
terations in body structure which trans­
form the tadpole into a frog. Indeed, 
recent work by Oscar E. Schotte of 
Amherst College shows that hormones 
are of some importance in regenera­
tion. Yet the limb of a young tadpole 
transplanted to an adult frog is still 
able to regenerate even though it is sup­
plied with adult blood containing adult 
hormones; and an adult limb does not 
recover its regenerative capacity when it 
is transplanted to a young tadpole whose 
internal chemistry should favor re­
growth. 

The best clue to a "useful disposition" 
comes from the role of nerve tissue. If 
the nerves leading to the stump of the 
amputated limb of a salamander are cut 
so that the stump becomes insensitive 
and paralyzed, the limb does not regen­
erate. This fact was discovered in 1823 
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How wall thickness of polyethylene sheath 
is measured by electrical capacitance 

Even though they're no bigger than 
your arm, telephone cables may con­
tain over 4000 wires and can carry 
over 2000 conversations at once. 
Western Electric protects these vital 
cables by shielding them primarily 
with aluminum, steel, and extruded 
sheath of high molecular weight 
polyethylene. 

To assure proper application of 
each material, highly accurate non­
destructive test systems were quickly 
established for all components but 
one. Unfortunately, the thickness of 
the polyethylene sheath could be de­
termined only after it was applied ... 
and then only by cutting through it. 

But cutting and measuring the 
sheath a few inches from the ends of 
a cable, which could be up to a mile 
long, provided far too small a sample 
for accuracy. So Western Electric en-
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Simplified s chematic of measuring circuit, 
showing special protective shield (broken lines). 

POLYETHYLENE THERMOPLASTIC SOLDERED STEEL ALUMINUM CORE CONDUCTORS 
JACKET COMPOUND SHEATH SHEATH WRAP 

This typical telephone exchange cable contains 4242 insulated wires in its core. They are pro­
tected by paper, aluminum, steel, thermoplastic compound and, finally, with a polyethylene sheath. 

gineers set out to find a way to meas­
ure distances from the outer surface 
to the inner surface without visually 
locating this inner surface. 

T h ey c o n s i d e r e d  s ev e r a l  ap­
proaches that might allow non­
destructive testing on a continuous 
basis. Two looked promising-X-ray 
a n d  m e a s u r e m e nt o f  e l e c t r i c a l  
capacitance. 

Both offered challenging problems 
-X-ray presented difficulties in pro­
tecting personnel and in application 
... and the capacitance method re­
quired precision to an order of mag­
nitude beyond any then available. 
The latter method was ultimately 
selected because it had better poten­
tial for accuracy under production 
line conditions. 

Essentially, the capacitance test 
determines thickness by establishing 
an electrical charge between a metal 
contact against the sheath's outer sur­
face and the inside metal shielding, 
and measuring differences in voltage 
or electrical force required to main­
tain this charge. 

In designing equipment that would 
make this test on the production line, 
Western Electric engineers faced two 
problems which could result in great 
inaccuracy. One was noise or stray 
electrical impulses; the other, the 
presence of unwanted stray capaci­
tances. If not solved, these could work 
harm by obscuring and distorting the 
truth to be learned from the measure­
ment. Such troubles are ordinarily 
overcome by the use of protective 

electrical shielding, so arranged as to 
intercept unwanted signals and con­
duct them to a point where their 
effect is nil. Application of this tech­
nique in the present case was accom­
plished by a specially developed 
circuit which employs double shield­
ing. An inner shield protects the criti­
cal measuring conductors from stray 
capacitances and connects to a non­
critical point; and a grounded shield 
protects the entire assembly from 
unwanted random impulses. 

This plus other innovations re­
sulted in test equipment that main­
tains a circuit stability that would be 
difficult even under good laboratory 
conditions. 

Western Electric is sure of the 
thickness and quality of the cable's 
vitally important polyethylene sheath. 
In addition, as is so often the case 
with engineering achievements, other 
equally important advantages were 
gained. The improved quality control 
permitted the elimination of a 10% 
safety margin in jacket thickness, 
which resulted in a saving of nearly 
a hundred dollars per mile of cable. 
It is one more example of how the 
wide-ranging creative and applied en­
gineering activities of Western Elec­
tric are helping the Bell System serve 
you better and more economically. 
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NERVE FIBERS (dark lines in center and bottom left center) spread into the thick skin 

of a regenerating salamander limb. The fibers are stained and enlarged some 800 diameters. 

EXTRA FORELIMB, complete with fingers, grew out after the nerve in salamander's arm 

had been freed and moved from its normal position to a new site on surface of the upper arm. 

This experiment was performed by C. W. Bodemer, now of the University of Washington. 
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by an English investigator, Tweedy John 
Todd, and others have repeatedly af­
firmed it. In the larval salamander the 
nerveless stump not only fails to regen­
erate; it also shrivels and disappears. 
After a number of days, however, the 
nerve grows back into the stump, and 
when it reaches the amputation surface 
regeneration may resume. If the nerve 
is cut after regeneration has started, the 
early growth also wastes away. 

The regeneration of the salamander's 
tail depends upon the nerve supply in 
the same fashion: the tail will not re­
grow after the spinal cord is destroyed. 
The role of the nerve is not unique to 
regeneration in the salamander. The re­
generation of parts in fishes and in lower 
forms such as the earthworm and cray­
fish may be inhibited in the same man­
ner. It is a general rule that the regen­
eration of an external organ requires the 
presence of nerves at the wound surface. 
In fact, if one of the major nerves of a 
salamander's limb is cut and brought 
to the surface of a fresh wound on the 
limb, a small supernumerary limb will 
grow at that site [see photogmph below J. 

The function of nerve which we know 
best is that of conduction. Nerve fibers 
carry messages from one nerve cell to 
the next, from the brain and spinal cord 
by way of nerves to every tissue of the 
body and back again. All our actions 
and thoughts depend upon this capacity 
of nerve cells. It seems proper that this 
system which is responsible for main­
taining the wholeness of bodily function 
should also serve to repair the mutilated 
body. However, experiments on the sala­
mander have shown that the nerve's role 
in regeneration is distinct from that in 
carrying messages. The growth function, 
for example, does not require the reflex 
circuits which are necessary to nerve 
conduction. Indeed, in the absence of all 
other· innervation, sensory nerve ganglia 
implanted in regenerated tissue will en­
able it to continue growing. 

How nerve assists regeneration is 
poorly understood, but most prob­

ably the nerve fibers give off substances 
which promote growth. It is difficult to 
test this hypothesis, because at the stage 
when the nerve effect is crucial the vol­
ume of the regenerating tissue is very 
small-about a thousandth of a cubic 
centimeter. Attempts to influence the 
nerve or the regenerated tissue chemical­
ly by immersing the whole animal in a 
solution of a drug or by injecting the 
solution into the body have been unsuc­
cessful. Either the solution was so strong 
that the whole animal was poisoned by 
it, or the solution was so diluted and 
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The legendary Firebird. the Phoenix, rose young and strong again and again from flames ... This is the new Norton Firebird­
symbol for the exciting new fused materials made in Norton's electric furnaces. 

SILICON: gift of the .Firebird 
Symbolically, Norton electrochem­

icals are today's counterparts of the 
ancient Phoenix - worshipped for its 
miraculous rebirth in strength-giving 
flames. For these materials also gain 
amazing new powers while being trans­
formed by white-hot fires into modern, 

wonder-working elements. 
Take Norton CRYSTOLON' silicon car­

bide, for example. One of industry's 
best-known, electrochemical develop­
ments, CRYSTOLON silicon carbide is 

produced from a mixture of silica sand, 

petroleum coke, sawdust and salt 
packed around a graphite core. In re­

sistance-type furnaces, as shown, a 

heavy electric current passes through 
the core creating temperatures as high 
as 4,500°F. This produces forms of 

silicon carbide well suited for use as 
source materials for chemical processing 

and metallurgical additives; as semi­
conductors for electrical and electronic 
equipment; and as components for high 

temperature refractories. 
CRYSTOLON silicon carbide is just one 

of many Norton electrochemicals which 
may add quality and profit to your own 

production. 
FREE CATALOG. For a complete list, 
with detailed descriptions, write for the 
new booklet, Norton Electrochemicals 

Gifts of the Firebird to NORTON 
COMPANY, Electro-Chemical Division, 

549 New Bond St., Worcester 6, Mass. 

ELECTRO CHEMICALS 
Gifts of the Firebird: compounds of 
silicon· zirconium. boron. aluminum 
• magnesium • titanium • chromium 

. ." . including many 

borides • carbides • nitrides • oxides 

·Tr:ade·Mork Reg. U. S. Pot. Off. and Foreign Countries 

MAKING BETTER PRODUCTS ... TO MAKE YOUR PRODUCTS BETTER 
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REGENERATION OF A FROG'S ARM can be induced by supplementing the nerve supply 

to the stump. At top the nerves of the hind limb are shown after they were dissected free of 

other tissues and attached to a thread leading under the skin into the arm stump. The draw­

ing at lower left shows the nerve after it has been pulled into position (broken line), 

and the damaged hind limb removed. Drawings at lower right compare a normal arm (top) 

with regenerated arm at an early stage (middle) and three months after operation (bottom)_ 
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screened by body fluids that it had no 
effect on the nerve or the growth. It is 
obviously necessary to apply test sub­
stances at the site of nerve influence; 
namely, within the regenerating organ. 

In our laboratory at Cornell Univer­
sity we have recently developed a tech­
nique by which we can introduce solu­
tions directly into regenerated tissue in 
its early critical phases. We implant a 
fine hollow glass needle in the growth 
and attach a polyethylene tube through 
which drug solutions are injected. Solu­
tions can be made to flow in at a rate of 
a thousandth of a cubic centimeter or 
less per hour by means of a device which 
constantly advances the plunger on a 
small syringe attached to the polyethyl­
ene tube [see the cover of this issue of 
SCIENTIFIC AMERICAN]. We have found 
that chemicals known to paralyze nerves 
will block growth when infused into the 
regenerated tissue in this way. We hope' 
that further studies with the technique 
may eventually reveal the nature of the 
nerve factor. 

The nerve's effectiveness does not 
depend on the kinds of nerves present, 
but the number of nerve fibers is im­
portant. In the salamander, for instance, 
the nerves at the surface of an amputa­
tion in the upper ann normally contain 
about 2,500 fibers. If we destroy some 
of the nerves, and thus reduce the num­
ber of fibers to a fourth or a half, regen­
eration does not occur. A threshold num­
ber of nerve fibers act in concert to in­
duce the new growth-the individual 
fiber is ineffective. 

If a nerve threshold also exists in the 
frog, is it possible that the animal loses 
its ability to regenerate because its nor­
mal nerve supply gradually loses its ef­
fectiveness? This could hold if in the 
course of the tadpole's development the 
tissues become less responsive to the 
growth factor of the nerve and require 
more nerve fibers than are normally 
available to provoke a response. It could 
also be true if the nerve fibers in the 
tadpole's limb do not increase in num­
ber in proportion to the volume of other 
tissues. As a result the relative number 
of nerve fibers would gradually decrease 
and might fall below the minimum re­
quired for regeneration. Recent work by 
J. M. Van Stone at Princeton University 
indicates that the number of nerve fibers 
in the tadpole does indeed decline with 
respect to the growth of other tissues, 
and parallel to the gradual loss of re­
generative capacity. 

I t occurred to us to determine what 
would happen in the frog if we in­

creased the number of nerve fibers avail-
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making the most of lithium hydride 

Lithium hydride is one of the most versatile metal 
hydrides available to the chemist. Long known for its 
unique solubility properties as compared with other 
alkali metal hydrides , this lithium compound has 
amassed an impressive number of applications-both 
present and future-that go far beyond original expec­
tations. A few example1;l are in order: 

... as a reducing and condensing agent 
Lithium hydride can convert carbon dioxide to free 

carbon ... can reduce acetyl chloride to acetaldehyde 
and lithium chloride (illustrated above ) ... can be used 
to prepare new hydrides which would otherwise be 
unobtainable except in small yields and by difficult 
synthesis ... functions efficiently in many organic con­
densation and reduction reactions ... and can easily be 
increased in solubility or controlled in reactivity by 
conversion to mixed hydrides. 

. . .  as a catalyst 
Lithium hydride reacts with alcohols to form lithium 

alcoholates and hydrogen. This reaction makes possible 

FOOTE 

,the convenient preparation of anhydrous lithium alco­
holate which is useful as an alcoholysis catalyst. 

... as a hydrogen bank 
Lithium hydride is an ideal source of hydrogen ... just 

one pound of lithium hydride will generate as much as 
45 cubic feet of hydrogen gas at S.T.P. This gives you 
more hydrogen per unit of weight than can be secured 

by using "bottled" gas in steel containers. 

... as a nuclear shielding material 
NH of lithium hydride is 5.90 compared to 6.68 for water 

at room temperature. And because of its low dissociation 
pressure at its melting point (27 mm at 680°C.), lithium 
hydride can be heated to red heat in a thin-wall con­
tainer ... without requiring a pressure shell. It appears 
to be stable indefinitely at this temperature. 

These and many other useful characteristics of lithium 
hydride may help improve your product or process. For 

complete technical data , write for Bulletin 102. Address 
request to Technical Literature Dept., Foote Mineral 
Co., 454 Eighteen West Chelten Bldg., Phila., 44, Pa. 

MIN E RAL COMPAN Y 

lITHIUM CHEMICALS, METAL, MINERALS . STRONTIUM CHEMICALS . WElDING GRADE FERRO AllOYS • ElECTROLYTIC MANGANESE 

METAL • STEEL ADDITIVES • COMMERCIAL MINERALS AND ORES • ZIRCONIUM, TITANIUM, HAFNIUM IIODIDE PROCESS) 
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THE MOST VERSATILE 
PHASE MICROSCOPE 
EVER MADE Phasestar's building block 

concept of design, exclusive with AO Spencer, offers you a choice 

of more than 50 different models . 

No other Phase Microscope can offer you such a wide 
choice of interchangeable parts and accessories. 
You can adapt the Phasestar to your exact needs with vari­
ous combinations of readily interchangeable bodies, 
stages, bases and optics. You have more than 50 possible 
combinations or models to choose from. 
Your Phasestar will be "iust right" for you in convenience, 
comfort and the economy of real quality. 

American Optical 
� Company 
'NIIIUMINt DIVISION, IU"ALO 15, NIW YORK 

able to the amputated limb. The frog is 
uniquely constructed for such an experi­
ment; it has a short body and long legs, 
so that the nerves of the hind limb can 
be freed and redirected to the forelimb 
to augment the nerve supply there. We 
dissected the large sciatic nerve and its 
major branches from the surrounding 
tissues of the hind limb, and then cut 
them near the ankle. After drawing 
a thread under the skin of the thigh, 
flank and abdomen to the amputated 
forelimb, we tied the thread to the 
end of the nerve branches and pulled 
them into the upper arm without de­
stroying their connections to the central 
nervous system. In each case the ann 
with the increased nerve Sllpply re­
grew! 

The tissues varied in size and struc­
ture but were nevertheless recognizable 
as limbs. The results support the view 
that the normal nerve supply in the frog 
is inadequate for regeneration. An in­
crease in the number of nerve fibers, 
however, is able to satisfy the threshold 
requirement. 

We were not the first to induce regen­
eration in frogs. L. W. Polezhayev of the 
U. S. S.R. and then S. Meryl Rose of 
the University of Illinois had succeeded 
earlier by means of injuring the ampu­
tation wound excessively and repeated­
ly. Rose immersed the freshly cut stump 
again and again in a hypertonic salt 
solution, "rubbing salt into the wound," 
so to speak. In time a growth, irregular 
in structure but obviously a limb, ap­
peared at the amputation surface. We 
repeated Rose's experiments, but when 
we cut the nerves regeneration did not 
take place. Since trauma itself cannot 
cause growth, it may be that excessive 
injury makes the tissues more resp'onsive 
to nerve, and then the available nerve 
supply is sufficient to induce regenera­
tion. The loss of ability to regenerate 
may thus be attributed to a decline in the 
responsiveness of the tissue to stimu­
lation by the nerve, as well as a relative 
deficiency of nerve at the site of am­
putation. 

T he evocation of regeneration in the 
limb of the frog fulfills the hope ex­

pressed almost two centuries before by 
Spallanzani and strengthens the possi­
bility that ways of inducing regrowth in 
still higher forms may be found. "Should 
the expectation of obtaining this advan­
tage for ourselves be considered entirely 
chimerical?" It is probably safe to as­
sume that every organ has the power to 
regrow lying latent within it, needing 
only the appropriate "useful disposi­
tions" to bring it out. 
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available for immediate delivery 

SELE IU 
99.5% minimum, commercial grade-in powder form 
99.99+% high purity-in pellets 
Seleniuln is a non-Hlelallic elenlentwhieh 
('oInhin(�s reu<Iilvwith ll1etallie elCl11C!lts .. � - -

.J 

tofornl rrH'talloirls. SeleniuJu ex hihits 
one-directional electrical conductivitvo . 

J 

PHYSICAL CONSTANTS 
Atomic number ............................... 34 

Atomic weight ............................. 78.96 

Boiling point . .................... 6 88'C (l270'F) 

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

Density at 20'C ( 68'F) 

g/cc .................................... 4.81 

Ibs./cu. in ............................. 0.174 

Electrical resistivity (microhm·cm) 

(solid) O'C (32'F) ....................... 12 

Electrochemical equivalent 

Se++++++ (mg/coulomb) ........... 0.13637 

In dex of refraction 

(solid) 5890 Angstroms ............ 2.75 - 3.06 

Latent heat of fusion (cal/g) .................. 16.4 

Latent heat of vaporization (cal/mol) 

Se2 boiling point 753'C (l387'F) ....... 25,490 

Se6 boiling point 736'C (1357'F) ....... 20,600 

Linear coefficient of thermal expansionj'C .. 37 x 10.6 

Mechanical properties 

Mohs hardn�ss ........................... 2.0 

Modulus of elasticity, psi ............. 8, 400,000 

Melting point 

Crystalline (hexagonal) ........ 217'C (423 'F) 

Amorphous (changes to vitreous) 

....................... 40'·50'C (l0 4'.122'F) 

Nuclear Data 

Stable Isotopes (74, 76, 77, 78, 80, 82) ......... 6 

Thermal ueutron cross section (2200 m/s) 

Absorption (barns) ............. 11.8±0.4 

Scattering (barns) ................. 11±2 

Specific heat (cal/gj'C) 

28'C .................................. 0.0 84 

Specific volume (cc/g) 

20'C (68'F) ........................... 0.207 
Surface tension (dynes/em) 

2 17'C (422.6'F) ........................ 92.5 

Thermal conductivity (cal/sq. cm/cmj'C/sec) 

25 'C ....................... 0.0007 to 0.00183 

Valence ................................ 2, 4 or 6 

Vapor press. (mm Hg) 

410'C (770'F) ............................ 1 

487'C (909'F) ........................... 10 

5 87'C (l089'F) ......................... 100 

627'C (1161'F) ......................... 200 

High purity Selenium, 99.999+% pure is for sale in research quantities. 
WRITE: AMERICAN SMELTING AND REFINING COMPANY, 120 BROADWAY, NEW YORK 5, N. Y. 
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--fi1 Miniaturized telemetering encoder in Explorer I satel­
lite uses 51 tiny Allen-Bradley Type TR, 1/1 D-watt, hot 
molded composition resistors of the type shown at left. 

ALLEN-BRADLEY RESISTORS 
Provide Maximum Reliability in EXPLORER I 
The remarkable reliability of Allen-Bradley hot molded 
resistors has been established over the last 25 years. It was 
only logical that these quality resistors were selected for 
use in America's first earth satellite--and they are also cir­
cling around the world in Explorer IV. But whether you 
are designing for outer space or working on more conven­
tional gear, the stable characteristics and conservative rat­
ings of Allen-Bradley composition resistors will support 
the reliability of your circuitry. 

For example, the "noise" characteristics of Allen-Bradley 
solid molded resistors are extremely low-being of the 
same order as those resulting from thermal agitation. And 
these resistors cannot "open circuit." 

You will never go wrong when you specify Allen-Bradley 
components-fixed and variable resistors, ceramic capaci­
tors, and ferrite parts. Write for technical data, today. 

Allen-Bradley Co., 134 W. Greenfield Ave., Milwaukee 4, 
Wis. In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 

(Jf7 � 
ALLEN - BRADLEY CO. 

\\\ tV} 
ELECTRONIC COMPONENTS �QUllllTV� 
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OTHER TINY ALLEN -BRADLEY 
ELECTRONIC COMPONENTS 

� 
��.�-

'A-Watt 
resistor 

Va-Watt resistor 
hermeticall y sealed 

%-Watt resistor 
hermetically sealed 

(!!!) 
� 

Bare disc ceramic 
capacitors 

Type F-'A-watt 
variable resistor 

Type G-%-watt 
variable resistor 

SMFO feed­
thru filter 
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Metals Division of Kelsey-Hayes 

expands in New Hartford ... to produce 

vacuum induction metals for all industry 

Capacity: 1 Million Pounds Per Month 
Our new facilities make it possible for all industry to obtain vacuum induction melted alloys on 

a production tonnage basis-ingot, billet, bar, sheet, strip and wire to specifications. New areas 
of application, perhaps in your field, are opening up every day. For information on the latest 

developments and technical brochure on new and improved alloys, write � � 
Metals Division, Kelsey-Hayes Company, New Hartford, New York. A L L  0 Y S 

METALS DIVISION OF KELSEY· HAYES 
SaM E ALLOYS COVERED BY u.s. PATENT #28091 to ®TRADE MARK REGISTERED 
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Correct Lubrication in Action ... 

How precision teamwork 

In turning out some of the world's most 

precise controls for consumer and indus­

trial use, the Robertshaw-Fulton Com­

pany employs rigid inspettion proce­

dures. Here you see on optical gage 

that checks tolerances on ports to within 

one ten-thousandth of on inch! 

Complete Engineering Program 

Proved Petroleum Products Mobil 
SOCONY MOBIL OIL CO., INC.. and Affiliates: MAGNOLIA PETROLEUM co., GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL CO., INC. 
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cut costs- saved $12,532 
Here's how Robertshaw-Fulton Controls Company and Mobil 

cut maintenance costs in numerous ways! 

"Miracles with metals!" That's the description 
for the precision controls produced by the Fulton 
Sylphon Division of Robertshaw-Fulton Controls 
Company in Knoxville, Tenn. To turn out these 
finely engineered products takes the utmost coor­
dination between machines and men. Here's where 
Mobil Correct Lubrication comes in. 

Mobil engineers and plant maintenance per­
sonnel work as a team to solve maintenance prob­
lems and keep production at a maximum. For ex­
ample: Bearing failures on controlled atmosphere 

Turret lathe heads weren't indexing properly at 
times, resulting in losses on machined parts. Lathe 
had to be serviced several times a week. Mobil and 
plant men pinpointed trouble in soluble oil emul­
sion. New formulation solved problem ... saved 
$2,000 a year in repair costs alone. 

The four-way pilot valves on twenty-six hydraulic 
Corrugating Machines "froze" after shutdown over 
weekend ... had to be disassembled and cleaned 
each time. Mobil analysis found trouble to be cor­
rosion. Mobil recommendation eliminated trouble 
• • • saved $2,072 per year. 

furnace caused occasional shutdowns. Mobil engi­
neers and plant supervisors developed a special 
automatic lubricating system that solved extreme 
temperature problems. Result: no more bearing 
repfacements . . .  in a year, $2,700 saved. 

Here is just one of many examples of Correct 
Lubrication in Action. Imaginative engineering ... 
research ... laboratories on call ... more lubri­
cating experience than any other oil company 
back up a Mobil Program in a plant. Why not 
specify Mobil for your plant? 

Previously, it required stopping machinery while a 
man brushed lubricant from a 35-lb. pail onto gears. 
Now with new pressurized Mobilcote S dispenser 
application is quick ... no interruption to produc­
tion . .. consumption of gear lubricant cut 95%. 
And a more thorough job is done too! 

The thirteen Redraw Presses were eating up oil. 
Mobil and plant men devised system that included 
mechanical improvements ... tightened hydraulic 
system ... installed collecting pans and used port­
able oil filter. Result: 9,600 gallons of oil reclaimed 
• . .  $5,760 saved annually . 

Correct Lubrication 
Another reason You're Miles Ahead with Mobil! 
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win the fight against corrosion-with Alcoa Aluminum 
Here's a $100-million example. The refining indus­

try's requirements for heat exchanger tubes are 40 ft per 
barrel of capacity. Some 30 ft of this requirement involves 
exchanger applications in which Alcoa has proved aluminum 
is ideal. By using aluminum tubes in all those applications, 
the refining industry would have saved approximately $37 
million in original capital investment. Capitalized at the 
refining industry's normal rate of return, that saving would 

� 
"ALCOA THEATRE" 

Exciting Adventure 
Allernale Monday EveningS 

be worth about $100 million over a 10-year operating period. 
Don't shovel good money after bad by reinstalling un­

suitable material. Over 30 years' experience in the process 
industries has given Alcoa engineers full knowledge of the 
aluminum alloys and installation methods by which corrosion 
can be eliminated. Put their knowledge to work for you. 
Outline your corrosion problems in a letter to ALUMINUM 
COMPANY OF AMERICA,891-K Alcoa Building, Pittsburgh 19,Pa. 

Specify Alcoa Aluminum tor 

corrosion-free Process Equipment 

Pipe & Tube 

Tanks, Containers, Trucks & Cars 

Planl Structures 
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Ulcers in "Executive" Monkeys 
In which Inonke'ys subjected to pS'ychological stress in a laborator'y 

apparatus de()elop gastrointestinal lesions. The technique pro()ides 

a promising means of stud'ying the causes of pS'ychosomatic diseases 

P hysicians and laymen alike have 
long recognized that emotional 
stress can produce bodily disease. 

Psychic disturbances can induce certain 
skin and respiratory disorders, can set 
off attacks of allergic asthma and may 
even play a part in some forms of heart 
disease. Of all the body's systems, how­
ever, the gastrointestinal tract is perhaps 

by Joseph V. Brady 

the most vulnerable to emotional stress. 
The worries, fears, conflicts and anxieties 
of daily life can produce gastrointestinal 
disorders ranging from the "nervous 
stomach," which most of us know at first 
hand, to the painful and often disabling 
ulcers which are the traditional occupa­
tional disease of business executives. 

Emotional stress appears to produce 

ulcers by increasing the flow of the 
stomach's acid juices. The connection 
between emotional disturbance, stomach 
secretion and ulcers is well documented. 
A recent study of 2,000 Army draftees, 
for example, found that those who 
showed emotional disturbance and ex­
cessive gastric secretion during their 
initial physical examination developed 

CONDITIONING EXPERIMENT involves trammg monkeys in 

"restraining chairs." Both animals receive brief electric shocks 

at regular intervals. The "executive" monkey {left! has learned 

to press the lever in its left hand, which prevents shocks to 

both animals. The control monkey (right) has lost interest in its 

lever, which is a dummy. Only executive monkeys developed ulcers. 
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ulcers later on under the strains of mili­
tary life. 

But not every kind of emotional stress 
produces ulcers, and the same kind of 
stress will do so in one person and not 
in another. Experimental investigation 
of the problem is difficult. Animals obvi­
ously cannot provide wholly satisfactory 
experimental models of human mind­
body interactions. They can, however, 
be studied under controlled conditions, 
and it is through animal experiments that 
we are finding leads to the cause of ul­
cers as well as to the effect of emotional 
stress on the organism in general. 

Various investigators have succeeded 
in inducing ulcers in experimental ani­
mals by subjecting them to physical 
stress. But the role of the emotional proc­
esses in such experiments has been un­
certain. Experiments on dogs by George 
F. Mahl of Yale University Medical 
School indicate that a "fear producing" 
situation lasting many hours increases 
the animals' gastric secretions, but these 
animals do not develop ulcers. William 
L. Sawrey and John D. Weisz of the 
University of Colorado produced ulcers 
in rats by subjecting them to a conflict 
situation: keeping them in a box where 
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thev could obtain food and water only 
by standing on a grid which gave them 
a mild electric shock. But this experi­
ment, as Sawrey and Weisz themselves 
pointed out, did not prove conclusively 
that emotional stress was the crucial 
factor in producing the ulcers. 

Our studies of ulcers in monkeys at 
the Walter Reed Army Institute of 

Research developed somewhat fortui­
tously. For several years we had been 
investigating the emotional behavior of 
these animals. In some of our experi­
ments we had been keeping monkeys in 
"restraining chairs" (in which they could 
move their heads and limbs but not their 
bodies) while we conditioned them in 
various ways. Since these procedures 
seemed to impose considerable emotion­
al stress on the animals, we decided that 
we ought to know something about their 
physiological reactions. Preliminary in­
vestigation showed that stress brought 
about dramatic alterations in the hor­
mone content of the animals' blood, but 
a more extensive study of 19 monkeys 
was brought to a halt when many of 
them died. 

At first we considered this merely a 

2 3 

2 3 

TIME (HOURS) 

stroke of bad luck, but the post-mortem 
findings showed that more than bad 
luck was involved. Many of the dead 
monkeys had developed ulcers as well as 
other extensive gastrointestinal damage. 
Such pathological conditions are normal­
ly rare in laboratory animals, and previ­
ous experiments with monkeys kept in 
restraining chairs up to six months con­
vinced us that restraint alone did not 
produce the ulcers. Evidently the con­
ditioning procedures were to blame. 

One of the procedures which showed 
a high correlation with ulcers involved 
training the monkey to avoid an electric 
shock by pressing a lever. The animal 
received a brief shock on the feet at 
regular intervals, say, every 20 seconds. 
It could avoid the shock if it learned to 
press the lever at least once in every 20-
second interval. It does not take a mon­
key very long to master this problem; 
within a short time it is pressing the lever 
far oftener than once in 20 seconds. Only 
occasionally does it slow down enough 
to receive a shock as a reminder. 

One possibility, of course, was that 
the monkeys which had developed ulcers 
under this procedure had done so not 
because of the psychological stress in-

4 5 6 

4 5 6 

RESPONSES OF MONKEYS were recorded automatically. Slope 

of the lines shows the rate of lever.pressing (vertical lines indio 
cate resetting 0/ styllts ) . Upper chart shows responses of an execu· 

tive monkey during the last half of a six·hour avoidance session 

(colored area) and the 111'81 half of a six·hour rest period; shocks 

were programmed every 20 seconds. Monkeys kept on this schedule 

developed ulcers. Lower chart shows responses during a 30·minutes· 

on, 30·minutes·off schedule with shocks programmed every two 

seconds. Monkeys on this schedule failed to develop ulcers, despite 

more intense activity and presumably greater psychic stress. 
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volved but rather as a cumulative result 
of the shocks. To test this possibility we 
set up a controlled experiment, using 
two monkeys in "yoked chairs" in which 
both monkeys received shocks but only 
one monkey could prevent them. The 
experimental or "executive" monkey 
could prevent shocks to himself and his 
partner by pressing the lever; the con­
trol monkey's lever was a dummy. Thus 
both animals were subjected to the same 
physical stress (i.e., both received the 
same number of shocks at the same 
time), but only the "executive" monkey 
was under the psychological stress of 
having to press the lever. 

We placed the monkeys on a continu­
ous schedule of alternate periods of 
shock-avoidance and rest, arbitrarily 
choosing an interval of six hours for each 
period. As a cue for the executive mon­
key we provided a red light which was 
turned on during the avoidance periods 
and turned off during the "off" hours. 
The animal soon learned to press its 
lever at a rate averaging between 15 and 
20 times a minute during the avoidance 
periods, and to stop pressing the lever 
when the red light was turned off. These 
responses showed no change through­
out the experiment. The control monkey 
at first pressed the lever sporadically 
during both the avoidance and rest ses­
sions, but lost interest in the lever within 
a few days. 

After 23 days of a continuous six­
hours-on, six-hours-off schedule the ex­
ecutive monkey died during one of the 
avoidance sessions. Our only advance 
warning had been the animal's failure 
to eat on the preceding day. It had lost 
no weight during the experiment, and it 
pressed the lever at an unflagging rate 
through the first two hours of its last 
avoidance session. Then it suddenly col­
lapsed and had to be sacrificed. An au­
topsy revealed a large perforation in 
the wall of the duodenum-the upper 
part of the small intestine near its junc­
tion with the stomach, and a common 
site of ulcers in man. Microscopic analy­
sis revealed both acute and chronic in­
flammation around this lesion. The con­
trol monkey, sacrificed in good health a 
few hours later, showed no gastrointes­
tinal abnormalities. A second experiment 
using precisely the same procedure pro­
duced much the same results. This time 
the executive monkey developed ulcers 
in both the stomach and the duo­
denum; the control animal was again 
unaffected. 

I n a series of follow-up experiments 
which is still in progress we have 

tried to isolate the phYSiological and 

:IE» E=�C E= 

1 \ 

More than sixty Los Alamos scientists were 

invited to Switzerland by the United Nations 

to participate in the 1958 International Con­

ference on Peaceful Uses of Atomic Energy. 

Five major experimental devices, designed 

at Los Alamos, were set up at Geneva and 

exhibited in operation. 

This international prestige of the Los Ala­

amos Scientific Laboratory has been well 

earned by the members of its staff, an in­

formal and creative community of scien­

tists and engineers. 

A limited number of vacancies exist for 

highly qualified applicants in the fields of 

physics, chemistry, mathematics, electron­

ics, and engineering. Further information 

may be obtained by writing to 

Personnel Director 
Division 58-10 

LOS ALAMOS. NEW MEXICO 

Los Alamos ScientlIic Laboratory Is a non-elvll 
service operation of the University of California 
for the U. S. Atomic Energy Commission. 
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psychological factors which produce the 
"laboratory ulcers." For example, one of 
our groups suggested that the "social" in­
teraction between the two monkeys 
might be important. Certainly the most 
casual observation showed that consid­
erable "communication" was going on 
between the two animals, who were 
seated within easy chattering distance 
of each other. We therefore studied sev­
eral pairs of animals isolated from each 
other in soundproof "telephone booths." 
Unfortunately isolation failed to protect 
the executive monkeys, for they contin­
ued to develop ulcers. 

More recently, however, we have 
found a factor or group of factors which 

12 does seem to be critical in producing 
ulcers. What we have learned seems to 
pivot on our chance selection of six 
hours as the interval for shock-avoidanc� 
and for rest in the conditioning pro­
cedure. We made this discovery when 
we sought to improve on the results of 
our experiments. Though laboratory ani­
mals can rarely be made to develop ul­
cers, we had come upon a procedure 
that seemed to produce ulcers "to or­
der." The only uncertainty was the 
length of exposure required. This varied 
greatly among individual monkeys; some 
came down with ulcers in IS days, oth­
ers took as long as six weeks. If we could 
develop a technique guaranteed to pro­
duce ulcers in, say, 10 days, we could 

12 

/ 

stop the shock-avoidance sessions on the 
eighth or ninth day, apply various thera­
peutic measures and study the monkey's 
response to them. 

It seemed reasonable to assume that 
we might induce ulcers more rapidly 
and dependably by simply increasing 
the stress on the animals. We ther.efore 
put several monkeys on an IS-hours-on, 
six-hours-off schedule. After a few weeks 
one of the animals died, but of tubercu­
losis, not ulcers. The rest continued to 
press their levers week after week with 
no apparent ill effects. Finally, when it 
began to seem as if we might have to 
wait for the animals to die of old age, 
we sacrificed them-and found no gastro­
intestinal abnormalities whatever! 

We put another group on an even 
more strenuous schedule: 30 minutes on 
and 30 minutes off, with the shocks pro-

12 grammed for every two seconds rather 
than every 20. Again one of the animals 
died, this time of a generalized virus in­
fection unrelated to ulcers. The others, 
after weeks of frantic lever pressing, 
showed no gastrointestinal changes. 

STOMACH ACIDITY of executive monkeys, as shown in these highly simplified charts, did 

not increase during avoidance sessions (color) but rather during the subsequent rest peri· 

ods. The greatest increase followed a six-hour session; no rise followed a one·hour session. 

We had to conclude that the crucial 
factor was not the degree or even the 
frequency of stress but was to be sought 
in the relationship between the length 
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Dr. J. Herbert Hollomon, D.Sc., M.LT. (1946), 
served on the Harvard faculty before 
World War II, during which he was chief 
of physical metallurgy at Watertown Ar­
senal. He joined the General Electric 
Research Laboratory in 1946 and has been 
manager of the M etaUn1'gy and C"'amics 
Resea,'c" Department since 1952. Most re­
cent of his many professional honors is 
the Rosenhain Medal for 1958, awarded by 
the Institute of Metals, London, England. 

Materials to match ideas 
General Electric's Dr. J. Herbert Hollomon cites need 

for "materials scientists" and "materials engineers" 

For centuries, when inventive men came up with 

unique and useful ideas, there was almost always 

something available from which a practical device 

could be made. But recently, man's brain has begun 
to outrun the available materials. He could design and 

build faster planes, safer cars, improved missiles-if 

there were better materials. 

Dr. J. Herbert Hollomon, one of the leaders of a 
group of outstanding scientists at the General Elec­
tric Research Laboratory, believes the problem can 
be solved only by taking a much broader view of 
materials research and development. 

"From a scientific standpoint," says Dr. Hollomon, 
"the science that underlies the behavior of metals, 
ceramics, semiconductors, or polymers is essentially 
the same. And the design engineer - for whatever 

product - wants the best material for the job. He is 
not concerned whether the material is metallic, ce­
ramic, plastic, or made of green cheese." 

Dr. Hollomon looks to the day when universities 
will produce topflight materials scientists and ma­

terials engineers for important jobs in tomorrow's 

world. "The closer interaction of physics, electronics, 

chemistry, metallurgy, and ceramics," he says, "will 

strengthen the nation's defense, extend the capabili­
ties of American industry, and improve the level of 
living for people everywhere." 

�gress Is Ovr Most Imporf;mf Pro"�1 

GENERAL _ ELECTRIC 
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AN INVITATION 

TO JOIN ORO 

Pioneer In 
Operations Research 

Operations Research is a young 
science, earning recognition rapidly 
as a significant aid to decision-mak­
ing. It employs the services of 
mathematicians, physicists, econo­
mists, engineers, political scientists, 
psychologists, and others working 
on teams to synthesize all phases of 
a problem. 

At ORO, a civilian and non­
governmental organization, you 
will become one of a team assigned 
to vital military problems in the 
area of tactics, strategy, logistics, 
weapons systems analysis and 
communications. 

No other Operations Research 
organization has the broad expe­
rience of ORO. Founded in 1948 by 
Dr. Ellis A. Johnson, pioneer of 
U. S. Opsearch, ORO's research 
findings have influenced decision­
making on the highest military 
levels. 

ORO's professional atmosphere 
encourages those with initiative and 
imagination to broaden their scien­
tific capabilities. For example, staff 
members are taught to "program" 
their own material for the Univac 
computer so that they can use its 
services at any time they so desire. 

ORO starting salaries are com­
petitive with those of industry and 
other private research organiza­
tions. Promotions are based solely 
on merit. The "fringe" benefits 
offered are ahead of those given 
by many companies. 

The cultural and historical fea­
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Bethesda 
suburb in which ORO is located. 
Attractive homes and apartments 
are within walking distance and 
readily available in all price ranges. 
Schools are excellent. 

For further information write: 
Professional Appointments 

OPERATIONS RESEARCH 
OFFIGEI� 

The Johns Hopkins University 

6935 ARLINGTON ROAD 
BETHESDA 14, MARYLAND 

of the stress period and that of the rest 
period. The' six-hours-on, six-hours-off 
schedule had produced ulcers (and oc­
casionally other somatic disorders) de­
spite individual differences in monkeys, 
variations in diet and maintenance rou­
tines and gross alterations in preliminary 
physiological tests. No other schedule 
we had tried produced ulcers at all. 

T his unexpected finding suggested 
. that we should investigate what was 

going on in the monkeys' stomachs dur­
ing the conditioning procedure. A stand­
ard technique for investigating gastric 
processes in experimental animals makes 
use of an artificial opening, or fistula, in 
the animal's abdominal and stomach 
walls through which the contents of its 
stomach can be sampled. Such fistulas 
have played an important role in ex­
panding our knowledge of the gastro­
intestinal system. In the early 19th cen­
tury the famous U. S. Army surgeon 
William Beaumont made the first sys­
tematic study of the digestive process 
with the cooperation of a young Cana­
dian who had a fistula due to an imper­
fectly healed gunshot wound. More than 
a century later Stewart C. Wolf, Jr., and 
Harold C. Wolff at the Cornell Univer­
sity Medical College, with the help of a 
man who had a similar injury, conducted 
a pioneer investigation of the relation­
ship between emotional stress and ul­
cers. They found that situations which 
produced feelings of anxiety or aggres­
sion in their subject stepped up his gas­
tric secretions and engorged his stomach 
wall with blood. Physiological changes 
of this sort, they believed, are the pre­
cursors of ulcers. 

Edwin Polish of our department of 
neuroendocrinology has been studying 
the stomach acidity of some of our ex­
ecutive monkeys by means of artificial 
fistulas. His measurements, though far 
from complete, seem to provide one 
possible explanation of the results of our 
experiments. 

The stomach secretions of the execu­
tive monkeys do indeed become consid­
erably more acid, but not (as one might 
expect) during the avoidance periods. 
When the animals are actually pressing 
the levers the acidity of their stomachs 
rises little. The significant increase in 
acidity begins at the end of the avoid­
ance session and reaches a peak several 
hours later, while the animal is presuma­
bly resting. This finding suggests a 
close relationship between the forma­
tion of ulcers and the cyclic character 
of the six-hours-on, six-hours-off pro­
cedure. Emotional stress, it appears, 
must be intermittent-turning the ani-

mal's system on and off, so to speak-if 
it is to cause ulcers. Continuous emo­
tional stress seems to permit a stable 
adjustment (at least for a while) under 
which ulcers do not develop. It is 
tempting to consider the analogy of 
the vacuum tube or light bulb which 
seems to last much longer under con­
ditions of continuous current than when 
it is subjected to frequent heating and 
cooling. 

Like most analogies, this one limps 
badly and has its limitations. For exam­
ple, our experiments show that periodic 
stress does not always bring on ulcers, 
and Polish's findings are consistent with 
this. His measurements indicate that the 
greatest increase in acidity occurs after a 
six-hour avoidance session. After a three­
hour session acidity rises, but less sharp­
ly; after a one-hour session it does not 
rise at all [see illustration on page 98]. 
Periodic emotional stress apparently 
causes ulcers only if its period coincides 
with that of some natural rhythm of the 
gastrointestinal system. 

Obviously our knowledge of the physi-
ological and psychological proc­

esses which produce ulcers is far from 
complete. Our understanding of even 
the relatively well-controlled experi­
ments I have described is just beginning 
to progress beyond the primitive level. 
We have yet to discover why emotional 
stress steps up the stomach's acidity 
later rather than immediately. We are 
still looking for a method of producing 
ulcers at will, in days rather than weeks. 
Eventually we hope to learn to detect 
an incipient ulcer before the animal col­
lapses, by exammmg the subject's 
blood, urine and other secretions, thus 
making post-mortem examinations' un­
necessary. 

There are many other questions about 
the effects of emotional stress which we 
have not yet begun to investigate. Really 
thorough examination of the experimen­
tal animals might well show other types 
of damage of which we are at present 
unaware. The two monkeys which died 
of causes unrelated to ulcers, for exam­
ple, may have succumbed because their 
resistance had been lowered in some 
way by psychological stress. It would be 
surprising to find physical processes 
wholly unimpaired in monkeys who 
have been on a 30-minutes-on, 30-min­
utes-off schedule for several weeks. The 
opportunity to bring psychosomatic re­
lationships under experimental scrutiny 
in the laboratory seems to open broad 
horizons for research into the causes and 
alleviation of this poorly understood 
class of ills. 
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Lycoming's T53: 860 horses ride the earth, sea, and sky. Compact and rugged, the T53 gas 

turbine engine packs a roaring 860 horsepower. Its versati lity is amazing: not only does the T53 power 

aircraft, but it is adaptable to industrial and marine use as well. It is a product of Avco's Lycoming en-

gineers who 

AVCO MAKES THINGS BETTER FOR AMERICA / AVCO MANUFACTURING CORPORATION / 750 THIRD AVENUE, NEW YORK 17, N. Y. 
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Avc:o 
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IACOUSTIC 
NOISE 
,Yhen huge rocket engines lift a 

ballistic missile or satellite vehicle 

into the air, the thundering noise of 

the engines violently shakes intricate 

electl'Onic components and the missile 

structure itself. Acoustic noise is 
l
one of the many envil'Onments that must 

be thoroughly explored and understood 

by the missile designer. 

But it is expensive and impractical 

to conduct acoustic noise tests by 

operating rocket engines on the ground. 

Noise-of the same frequencies and 

i amplitudes as I'Ocket engine noise-must 

I be produced in the laboratory. 

, Engineers at Avco's Research and 

Advanced Development Division have met 

this problem by designing a versatile 

high-intensity acoustic noise generator. 

Based on electromagnetic principles, 

it creates noise environments of the 

same frequency spectra as rocket 

or jet engines. 

This successful effort is now part of 

the division's complete environmental 

testing laboratory, where it is producing 

information for A vco scientists and 

engineers responsible for ICBM nose cones. 

Acoustic noise work is one of the many 

development programs that pl'Oceed 

simultaneously with theoretical and 

applied research at RAD. The mutual 

stimulation of scientists and engineers 

in many disciplines occurs naturally 

at A vco, where the search for new 

knowledge and its application 

go forward under one roof. 

, Research and Advanced Development is 
I more than a descriptive title at Avco. 

It is a concept that promotes creativity. 

For information on unusual cal'eer 
opportunities for exceptionally 

qualified scientists and engineers, 

write to: Dr. R. W. Johnston, 
Scientific and Technical Relations, 
Avco Reseal'ch and Advanced Development Div., 

201 Lowell Street, Wilmington, Mass. 
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A vco/ 
/ Crosley 

From layout 

to launching pad • • .  

Crosley 

Only the most highly developed 

and technically pi'oficient industrial 

organization can keep apace with America's 

swiftly changing defense needs. Crosley 

is such an organization-efficient, 

experienced, esteemed. 

Crosley creative systems management 

insures speed and discipline during every 

phase of every project-no matter 

how complex. 

Its extensive design and manufacturing 

facilities include advanced techniques 

in stainless-steel contour honeycombing, 

metal bonding, and chemical milling. 

This combination of creativity and 

technical know-how has already proved 

itself in many defense projects: 

in Crosley's MD-9 fire control system, 

in its Falcon air-to-air missile components, 

in its research and development of the 

Volscan air traffic control system, in 

fuzing mortars, shells and missiles. 

Avco-Crosley Missile Capabilities 

Complete facilities for research, 

development, and engineering design of: 

nose cones, ail' frames, electronics control 

systems, telemetering, automatic test and 

support equipment, ground handling 

equipment and logistics. Production and 

manufacture of complete missile weapons. 

For further information, write t
.
o: Vice 

President, Defense Products Marketing, 

Crosley Division, Avco Nlanufacturing 

Corporation, Cincinnati 25, Ohio. 
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LIGNIN 

This important constituent of wood is slo,vly yielding to efforts 

to isolate it and determine its molecular structure. No-w almost 

entirely wasted, it may ultimately become a valuable ra,v material 

W
ood is a structural material un­
matched in its strength, elas­
ticity, lightness and beauty. 

These desirable properties it owes in 
great measure to the two main sub­
stances that make up its peculiar struc­
ture. Wood is composed of long, springy 
fibers of cellulose banded together and 
stiffened by a durable and highly stable 
natural plastic called lignin. More than a 
century ago chemists conceived the am­
bition of separating cellulose and lignin 
from each other and exploiting the vir­
tues inherent in each. With cellulose 
chemists have had some success: in the 
form of paper, rayon, plastics and explo­
sives it is one of the most important 
commodities we owe to industrial or­
ganic chemistry. Lignin is another story. 
Its great promise remains locked up in 
the natural structure of wood; it is a 
chemical enigma and a major industrial 
waste. 

Like cellulose, lignin is a polymer, 
that is, a giant molecule built up from 
identical or similar smaller molecular 
units (monomers) linked together in a 
long chain. But whereas the struc­
ture of cellulose is well known [see "Cel­
lulose," by R. D. Preston; SCIENTIFIC 
AMERICAN, September, 1957], the struc­
ture of lignin is only now yielding to 
study. The little we have learned makes 
the search seem all the more worthwhile. 
Lignin, it is clear, belongs to the large 
and fruitful family of "aromatic" com­
pounds on which the dyestuff and phar­
maceutical industries are largely built, 
and from which come some of the most 
useful plastics. Technology could real­
ize even more of the rich possibilities 
of aromatics if the supply were more 
abundant. For the present they are a 
byproduct of coke ovens. (The molec­
ular structures found in bituminous 
coal suggest, in fact, that it consists 
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by F. F. Nord and Walter J. Schubert 

mainly of fossilized lignin.) Lignin, how­
ever, is avail lib Ie in enormous quanti­
ties: the U. S. pulpwood industry alone 
last year processed more than four bil­
lion cubic feet of wood containing close 
to 20 million tons of lignin. It is poten­
tially a source not only of familiar aro­
matic compounds, but of still unknown 
substances that may emerge in the future 
from lignin chemistry. But for today's 
pulp mills lignin is little more than a 
nuisance. The great bulk of it is either 
burned or sluiced into streams, polluting 
the water and poisoning the fish. 

A better understanding of the chem­
ical structure of lignin will someday con­
vert this nuisance into a valuable re­
source. In the process of investigation we 
may also solve the problem of how plants 
manufacture lignin (and other aromatic 
compounds) and thus come to under­
stand one of the key processes of life. 

Wood chemistry began with the in-
vestigations of Anselme Payen in 

France during the second quarter of the 
19th century. Suspecting that wood con­
sisted not of one substance but of sev­
eral, he tried to separate them. By treat­
ing wood chips first with nitric acid and 
then with caustic soda he obtained a re­
sistant substance which he called cellu­
lose. The substance which he had re­
moved from the cellulose he called "the 
incrusting material," shrewdly guessing 
that it surrounded or impregnated the 
cellulose. This material, we now know, 
was an impure form of lignin. The name 
itself is one of a half-dozen which Payen 
suggested. 

Payen never succeeded in obtaining 
pure lignin. He had, in fact, come up 
against what is still the main roadblock 
to an easy understanding of this sub­
stance: the difficulty of isolating it. Later 
investigators have established that 

whereas cellulose occurs in some plants 
(e.g., cotton) in almost pure form, lignin 
is found only in association with cellu­
lose. Its function in the trees and woody 
plants which produce it is not only to 
stiffen the cellulose fibers and bind them 
together but also to protect them against 
chemical attack. So effective is this pro­
tection that no known solvent can get at 
the cellulose unless the lignin is first 
removed by powerful reagents. These 
destroy the giant lignin molecules and 
break down their fragments into simpler 
substances; thus lignin preparations ob­
tained with different reagents have dif­
ferent chemical properties. 

The development during the latter 
part of the 19th century of the sulfite 
process for obtaining cellulose from 
wood made possible the modern pulp­
wood industry. But this process com­
mitted the industry to the destructive 
removal of the lignin. The boiling of 
the wood chips with sulfites carries the 

• CARBON 

• OXYGEN 

• HYDROGEN 

0 NITROGEN 

0 SULFUR 

CHLORINE 

SIMPLE AROMATIC compounds are dia· 

grammed on the opposite page; above is the 

key to these drawings and those on the four 

following pages. These compounds and hun­
dreds of other useful substances contain the 
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BENZENE PHENOL ANILINE 

2-4-D STYRENE SULFANILAMIDE 

ASPIRIN PARADICHLOROBENZENE VANILLIN 

hexagonal "benzene ring" (within colored rectallgles) also found 

in lignin; eventually they may be obtained from lignin. The chief 

present source of aromatic compounds is coal tar, whose primary 

derivatives include the basic chemical raw materials benzene and 

phenol. Benzene is also used as a solvent; phenol ("carbolic acid"), 

as a disinfectant. Both phenol and styrene can be polymerized into 

plastics. Aniline is used to make dyes and other chemicals. Para· 

dichlorobenzene is an insecticide; 2,4·D is a plant.growth regulator 

and weed killer. Vanillin, an artificial flavoring agent, is related 

to lignin and can be obtained from it as well as from coal tar. 
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OXIDATION 

HYDROGENATION 

STRUCTURE OF LIGNIN MONOMER (center) is still not com· 

pletely known. Its similarity to coniferyl alcohol (left), noted 

more than 50 years ago, is confirmed by the fact that it can be 

oxidized to vanillin (upper right) and hydrogenated to componnus 
of the cyclohexylpropyl type (lower right) in which the "unsatu· 

rated" benzene ring changes into a "saturated" cyc10hexane ring. 

lignin off in water-soluble lignosulfonate 
compounds. As the pulp industry grew, 
wood chemists began seeking ways to 
utilize the noxious waste liquors which 
were its main byproduct. 

Around 1890 Peter Klason, often 
called the father of lignin chemistry, 
obtained the first clue to the structure 
of lignin by his investigation of coniferyl 
alcohol. This aromatic compound is a 
derivative of coniferin, a substance 
found in the growing tissue of coniferous 
trees. Its structure [see illustration above] 
is based on the hexagonal benzene ring 
that characterizes all aromatic sub­
stances; a chain of three carbon atoms 
occupies one corner of the ring, a hy­
droxyl group (-OH) occupies the op­
posite corner, and a methoxyl group 
(-OCHg) is attached to a corner along­

side the hydroxyl. Klason observed that 
when he treated coniferyl alcohol with 
sulfites he obtained compounds very 
similar to the lignosulfonates. He con­
cluded that lignin must be a polymer 
whose building block was a compound 
resembling coniferyl alcohol. 

Subsequent researches have con­
firmed Klason's deduction. Lignin can 
be oxidized to vanillin, a flavoring 
agent whose molecule contains the ben­
zene ring with the hydroxyl and the 
methoxyl groups in the pOSitions which 
Klason had suggested for lignin. (Syn­
thetic vanilla Ravoring, inCidentally, is 
one of the few useful products now 
made from lignin.) When lignin is hy-
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drogenated, on the other hand, the 
chain of three carbon atoms mentioned 
earlier appears in the resulting com­
pound attached to a ring which, unlike 
the benzene ring, is "saturated" with 
hydrogen. 

The problem of isolating pure lignin 
remained unsolved until 1939, when 
Friedrich E. Brauns, then at the Insti­
tute of Paper Chemistry in Appleton, 
Wis., reported that he had extracted 
pure "native lignin" from pulverized 
spruce wood with alcohol at room tem­
perature. This substance was a dry, tan 
powder, unlike previous lignin prepara­
tions, which were dark brown and fre­
quently gummy. But Brauns had man­
aged to extract only 3 per cent of the 
wood's lignin content. This suggested 
that perhaps his native lignin was not 
really lignin but some closely related 
substance which happened to be soluble 
in alcohol. 

T he only way to dispel the doubt was 
to find some method of getting at 

the 97 per cent of the lignin which re­
mained inaccessible. Some years ago it 
occurred to us that nature herself had 
devised a most effective method for 
separating lignin from cellulose, namely, 
the fungi which cause wood to decay. 
One group of these organisms, the 
"brown rot" fungi, feeds on cellulose 
but leaves the lignin alone. (Another, 
the "white rot" fungi, feeds on lignin, 
leaving the cellulose more or less in-

tact.) Perhaps the brown rot fu ngi could 
help to solve the problem of isolating 
lignin in its original state! Perhaps we 
could also learn from them some of the 
precise enzyme chemistry by which they 
promote all sorts of delicate chemical 
reactions, only a few of which we can 
duplicate in the laboratory. 

We ground and sterilized batches of 
Scots pine and fir wood, inoculated 
them with several species of brown rot 
fungi, and left them to rot. Periodic 
analyses showed the proportion of cellu­
lose diminishing, and that of lignin in­
creaSing. Moreover, the lignin was be­
coming more and more accessible, for 
the percentage we were able to extract 
with alcohol rose steadily as the months 
went by. In one case, after 15 months 
we were able to extract more than 25 
per cent of the lignin content, as com­
pared to Brauns's 3 per cent. Had we 
been willing to let the fungi continue 
their slow work for several years we 
could doubtless have extracted all the 
lignin. But we were impatient to exam­
ine this enzymically liberated lignin and 
compare it with the native lignin which 
Brauns had described. 

An exhaustive series of tests-involv­
ing solubility, color reactions with var­
ious reagents, the analysiS of elemental 
composition, ultraviolet and infrared ab­
sorption spectra-showed no significant 
differences between the two types of 
lignin. As a check, we repeated the ex­
periments, this time using wood from 

> 

> 
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which all the "native lignin" had pre­
viously been extracted by Brauns's meth­
od. The results were the same. We put 
hardwoods (including oak, birch and 
maple) and bagasse (the woody residue 
of sugar cane from which the juice has 
been pressed) through the same process 
and obtained further confirmation of the 
identity of "native" and enzymically 
liberated lignin. 

These experiments revealed a new' 
and interesting fact: Lignin varies from 
one species to another, showing small 
but consistent differences in the propor­
tions of carbon, hydrogen and oxygen 
which it contains. As one might expect, 
lignins from closely related plant spe­
cies are more alike than those from more 
divergent types. Softwood lignins form 
one group, hardwood lignins another, 
and lignins from woody annual plants 
(such as sugar cane) a third. 

Studies of the breakdown products of 
these different lignins reveal the cause 
of their diversity. Each is built up, it 
seems, from monomers of slightly differ­
ent types in different combinations. The 
lignin monomer that yields vanillin has 
precisely the structure which Klason 
suggested; of the other two known types, 

"Th�ncQ/ G-/5 computer 

helps plan operations for 

our ultra-modern refinery:' 

says JOHN W. RUSSELL, 
Process Engineering Analyst, 
OHIO OIL COMPANY, 
Robinson, Illinois Refinery 

"In the highly competitive oil industry, efficiently planned 

refinery operation is a must. To handle the complex mathematics 

involved in this planning, we needed the speed of electronic 

computing. After careful study, we have installed a Bendix 

C-l5 and although it is one of the lowest priced machines, we 

are using it very successfully on large scale problems. 

We like the compact size and have found reliability to be 

exceptional. C-l5 users share valuable programs through their 

own organization, too, and this adds materially to the 

computer's value:' 

THE G-15 PROVIDES - Low-cost versatility for thousands of office 

and laboratory applications - Simplified operating methods -

Memory and speed of computers costing four times as much -

Typewriter input-output, paper tape output and 250 char/sec paper 

tape input at no added cost - Expandability through accessories 

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

input-output - Extensive program library - Users share programs -

Proven reliability - Nationwide service - Lease or purchase. 

DIVISION OF 

BENDIX 

AVIATION 

CORPORATION 

Built and backed by Bendix, the G·15 is serving scores of progressive 

businesses large and small throughout the world. For details, write to 

Bendix Computer, Department C.7, Los Angeles 45, California. 
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D-GLUCOSE 5-DEHYDROQUINIC ACID 5-DEHYDROSHIKIMIC ACID SHIKIMIC ACID 

SYNTHESIS OF AROMATIC COMPOUNDS by bacteria occurs in 

a series of steps, some of which are shown here. The linear mole· 
cule of glucose (the fundamental product of photosynthesis) is first 

converted to a cyclic compound and then, through several inter· 

one lacks the methoxyl group and the 
other has two methoxyl groups. The van­
illyl monomer ocurs in all the lignins 
we have studied, along with smaller 
amounts of one (or both) of the other 
two. The differences between lignins, 
then, are due to their construction from 
somewhat different monomers in vary­
ing proportions. 

p roperly speaking, the term lignin re-
fers not to a single compound but to 

a group of closely related compounds. 
In this respect lignin may be likened 
to the polysaccharide family, the mem­
bers of which are made up of chains of 

-- ? ---.:>� 

D-GLUCOSE 

simple sugar monomers and include 
such diverse substances as starch and 
cellulose. The lignins are more complex 
than the polysaccharides, which are gen­
erally composed of a single type of mon­
omer. They are much less complex, 
however, than the proteins, which are 
chains of many different amino acids; 
for example, insulin, one of the simplest 
proteins, contains 17 of the 20-odd 
amino acids. 

So far we know very little about how 
the monomers of lignin are linked to­
gether to form lignin polymers. By way 
of illustrating the difficulties involved, 
let us consider the simpler case of the 

SHIKIMIC ACID 

polymerization of glucose. Two mole­
cules of glucose can join together (with 
the loss of a molecule of water) to form 
cellobiose, a substance which we may 
call the secondary building block of cel­
lulose. If, however, one of these two 
identical glucose molecules is first turned 
through 180 degrees, the two form not 
cellobiose but maltose, the secondary 
building unit of starch. Thus the same 
monomer can give rise to two distinct 
substances. The monomers of lignin, 
however, are of two or three different 
types, and there is reason to believe that 
the secondary building blocks of lignin 
contain at least four monomers. Clearly 

) 

! , 
: , .. -H_ , , , 
: 
l .. �_ , , , , , , 
1 ___________ _ 

-- ? -

PARAHYDROXYPHENYLPYRUVIC ACID 

SYNTHESIS OF LIGNIN MONOMERS by plants resembles the 

bacterial synthesis shown at top of these two pages, but many more 
steps remain to be worked out. Broken circles show the atoms of 

radioactive carbon which trace the conversion of intermediate 
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PREPHENIC ACID PHENYLPYRUVIC ACID PHENYLALANINE TYROSINE 

mediate substances, into the aromatic compound phenylpyruvic 

acid. This substance is thought to be the precursor of the aromatic 

amino acids phenylalanine and tyrosine, two of the 20·odd molecu­

lar units which mak� up the long-chain molecules of proteins. 

the polymers of lignin may assume many 
different forms, corresponding to the 
lignins of different species. 

The properties of a polymer, more­
over, may derive not only from the 
structure of its monomers and secondary 
building blocks but also from the way 
these secondary blocks are jOined to­
gether to make the polymer. Starch (to 
return to our polysaccharide example) 
actually consists of two different struc­
tural species: amylose, in which the 
maltose groups are joined together in 
straight chains like those of cellulose; 
and amylopectin, in which they form 
branching chains. An even more com-

OR 

plex branching structure is involved in 
glycogen, a carbohydrate which serves 
as an energy reserve in the liver and 
muscles of animals. At present we are 
not sure whether the secondary building 
blocks of lignin are linked together in 
straight chains, branching chains or in 
some other way to form the giant mole­
cules of lignin. An answer to this ques­
tion could explain lignin's remarkable 
stiffening and protective qualities. 

Biochemists have long speculated on 
how plants produce lignin. The over-all 
nature of the process is clear enough. A 
growing plant first builds the framework 
of its structure out of cellulose. In woody 

LIGNIN MONOMER LIGNIN MONOMER 

plants, however, the spaces between the 
cellulose fibers are later filled in with 
lignin, or perhaps some of the cellulose 
is converted into lignin. But how do 
plants synthesize the aromatic benzene 
ring around which lignin is built? The 
first products of photosynthesis are 
chains of carbon atoms-the glucose 
monomers. These may be looped into 
rings by processes which are reasonably 
well understood. But we do not know 
the next steps in the process that con­
verts these "cyclic" compounds to aro­
matics. Laboratory processes that ac­
complish this are difficult and inefficient. 
Plants, however, synthesize aromatics 

LIGNIN MONOMER 

compounds into lignin with no rearrangeluent of the six "ring" 
carbon atoms. The vanillyl type of lignin monomer (second from 

right) seems to occur in all kinds of lignin; the other two types are 
found in varying quantities in lignins from different plant species. 
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SUGAR·CANE PLANTS were used to work out the synthesis of lignin shown on the pre· 

ceding two pages. Fed on labeled intermediate compounds, they produced radioactive ligni�. 

1 10 

(principally lignin) by the ton as part 
of their normal metabolism. 

l' he first real clue to how plants syn-
thesize lignin arose from studies of 

the proteins. Several of the amino-acid 
protein monomers contain benzene rings. 
Investigators recently turned up two 
mutant strains of bacteria which can 
synthesize two of these aromatic amino 
acids (phenylalanine and tyrosine) from 
glucose. Bernard D. Davis, now at Har­
vard University, traced some steps of 
the synthesis [see illustration at top of 
preceding two pages J. The organisms 
first convert the linear molecule of glu­
cose into a cyclic (but not aromatic) 
compound and then, via several trans­
formations, into the aromatic compound 
phenylpyruvic acid. This substance 
seems to be the immediate precursor of 
the amino acids. 

Now these amino acids resemble the 
lignin monomers in having a chain of 
three carbon atoms attached to a ben­
zene ring. It seemed likely to us that the 
process by which plants synthesize lig­
nin might resemble the bacterial syn­
thesis of the aromatic amino acids. Ac­
cordingly we labeled some samples of 
shikimic acid (an intermediate com­
pound in the bacterial synthesis) with 
the radioactive isotope carbon 14. Shi­
kimic acid is not aromatic, but it does 
contain a ring of six carbon atoms; we 
labeled two of them. 

We force-fed the labeled acid via the 
leaves to sugar· cane plants. After several 
days of this feeding we cut down the 
plants, extracted the lignin and con­
velted it into vanillin. Not only did we 
find the vanillin radioactive, but we also 
determined that the labeled carbon 
atoms occupied precisely the two posi­
tions in the vanillin molecule that corre­
spond to the positions labeled in the 
shikimic acid. Clearly the sugar cane had 
converted the nonaromatic ring of shiki­
mic acid into the aromatic ring of lignin. 

By similar experiments we were able 
to identify another compound involved 
in the lignin synthesis-parahydroxy­
phenylpyruvic acid. This formidably 
named aromatic substance may be the 
immediate precursor of the lignin mono­
mers. At any rate, it is closer to them 
than is the nonaromatic shikimic acid. 
The other steps in the synthesis remain 
to be mapped out. 

A final answer to the question of how 
plants make lignin will not be given 

until we know the complete structure of 
lignin. We can obtain the original, pure 
lignin polymer, and we know that it con­
sists of two or more different monomers, 
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Staff positions available for qualified 
Mathematicians, Physicists, Chemists 

Physical Metallurgists, Chemical Engineers 
Mechanical Engineers, Metallurgical Engineers 

Electrical Engineers, Technical Writers 

/rgonne 
C�ON�L L�"O"�TO� 

Operated by the University of Chicago under 

contract with the United States Atomic Energy Commission 

PROFESSIONAL PERSONNEL OFFICE 

P.O. BOX 299-E5 • LEMONT, ILLINOIS 

Argonne National Laboratory is involved in a 
broad program of fundamental research in the 
fields of physics, chemistry, biology, and 
medicine. In addition, it serves as a principal 
center for the design and development of 
nuclear reactors and reactor technology. 
Applied research and development work 
encompasses nuclear engineering, metallurgy, 
chemical engineering, remote control engineering, 
electronics and applied mathematics. Each of 
the Laboratory's divisions is equipped with the 
facilities and tools needed for effective creative 
and development work in its own field. 

In a typical year over 400 scientific papers 
were written by Argonne staff members. As a 
result of their work, many Argonne scientists 
and engineers have been granted appointments 
and fellowships at research centers throughout 
the world. The staff participates in numerous 
national and international conferences and 
professional meetings. 

The Laboratory facilities, the caliber of the 
staff members and the nature of the work 
provide an excellent environment for the 
development and utilization of individual 
talents and abilities. 
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Making metals do more all the time' 

• 

What a difference IDIUIDmakes! 
As the key metal in many of today's steels and alloys, chromium has greatly widened man's 

engineering horizons. "Super" alloys containing chromium are establishing new thermal limits ... 

help jet, missile, and rocket parts withstand temperatures of 2000° F. and higher. 

Steels become "stainless" ... special alloys are exceptionally corrosion 

resistant ... engineering steels gain extra wear resistance and strength 

... copper and aluminum are improved-with chromium. 

ELECTROMET, the leading producer of chromium, is constantly searching 

for better ways to produce and use this metal. Chromium metal 

of the highest purity and ferrochrome with the lowest carbon content 

commercially available are typical results of ELECTROMET research. 

Such pioneering achievements lead the way to better steels 

and more versatile, more useful alloys. 

Forty-four grades of chromium are among more than 100 high-quality 

alloys and metals that ELECTROMET produces. Want to know how 

chromium and its alloys can help meet your needs? Ask ELECTROMET. 
ELECTRO METALLURGICAL COMPANY, Division of Union Carbide 

Corporation, 30 East 42nd Street, New York 17, New York. 

Eletlromet 
FERRO·ALLOYS AND METALS 

The terms "Electromet" and "Union Carbide" are registered trade-marks of Union Carbide Corporation. 
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but we still do not know the precise 
structure of these monomers. So tightly 
are they bound together in the lignin 
molecule that we cannot tear them apart 
without damaging them. But here too 
enzymes may succeed where more vio­
lent chemical methods fail. Some micro-

into its component monomers as deli­
cately and precisely as the brown rot 
fungi can separate it from cellulose. The 
discovery of an enzyme which can de­
polymerize lignin would bring us still 
closer to unlocking the final secret of this 
mysterious and potentially valuable sub-

organism may be able to break lignin stance. 

"BROWN ROT" FUNGI, a culture of which is shown here, can eat away the cellulose and 
related substances in wood, leaving pure "enzymically liberated" lignin. The giant mole­

cules of lignin and cellulose are so tangled in wood that commercial methods for separating 

them depend on breaking up lignin molecules and converting them into simpler compounds. 

from ELECTRO MET 
Metals 

VANADIUM 
for the Age of 
Atomic Power 

VANADIUM METAL, due to 

low "neutron capture," chemi­

cal stability, and corrosion re­

sistance, is already in test for 

nuclear reactor applications. 

Vanadium's other qualities­

purity, excellent heat conduc­

tivity, strength at high tem­

peratures, good tensile proper­

ties-have led to its successful 

application as an addition to 

special alloys prepared by vac­

uum melting and consideration 

for a variety of structural uses 

in the electronics field. ELEC­

TROMET'S technical staff is 

available to assist you in ex­

ploring new applications. The 

coupon will bring additional 

data. 

Electromet 

The terms "Elect romet" and "Union Carbide" are reg· 
istered trade·marks of Union Carbide Corporation. 

r----------------, 
Electro Metallurgical Company I 
Division of Union Carbide Corporation I 
Box 268, Niagara Falls, N. Y. I 
Please send me the Vanadium Technical I 
Data Sheet I 
NAME ________________________ _ 

COMPANY ____________________ ___ 

POSITIO:--1 ______________ ______ _ 

ADDRESS ________ ______________ _ 

CITY ________________________ __ 

I 
I 
I 
I 
I 
I 
I 
I 
I 

ZONE _____ STATE I 
L ________________ � 
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BOG near Bethany, Conn., is represented by the large dark patch 

in this aerial photograph. The area, once a lake, now has only one 

114 

pool of open water (tiny dark spot near center 0/ bog). Evergreen 
trees such as spruce and cedar grow around periphery of the bog. 
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BOGS 

When a lake lS filled with silt and organic debris, it gives way 

to a unlque system of living things and their remalns. These wet 

spots on the land may have a significant effect on world climate 

M
atthew Arnold could never have 
expressed his feeling for Dover 
Beach with such words as: "The 

heath is calm tonight,/ The swamp is 
full, the moon lies fair/ Upon the peat." 
For the poetic geographer a bog is Goth­
ic when it is not downright menacing, a 
"ghoul-haunted woodland" or a trysting 
place for witches. Myths of bogland are 
very old, and may be based on a well­
founded dread of savage woodsmen; 
Western civilization, originating near the 
Mediterranean shores, has fought the 
forest and its denizens at every step, and 
has successively driven the Goth, the 
Pict, the Caledonian and the Seminole 
into dank morasses of oblivion. Today 
the connection between Picts and pixies, 
bogs and bogeys is generally forgotten. 
By odd coincidence, however, the bog 
itself offers a historical record of chang­
ing landscape and climate that leads 
back into those murky mists of memory. 
Close study suggests also that the bog­
lands of the Northern Hemisphere may 
be cast to play an ominous role in 
changes of the earth's climate that are 
yet to come. 

The true bog must be distinguished 
from the reedy marsh. Marshes form 
near salt water and contain mainly 
grasses; few trees other than mangroves 
can stand much salt around their roots. 
Bogs are found in the drier interiors of 
continents as well as near the ocean, but 
they require some rainfall-deserts have 
few bogs. If the rainfall is great enough 
and the summers are cool enough for 
trees to grow on the uplands of a region, 
bogs may be expected in the lowlands. 
Bogs in rainy areas may be more sodden 
than a tropical rain forest, but the rain 
water they soak up contains few salts 
and other nutrients. Only plants that 
partake sparingly of nutrients, like the 
shrubs and perennials of arctic bar-

by Edward S. Deevey, Jr. 

rens and cold steppes, can survive in 
a bog. 

Upland and lowland are relative 
terms, and refer to the flow of water 
through the ground. Whenever a bar­
rier lies athwart the flow, water is inter­
rupted in its steady descent to the sea 
and may rise above the surface of the 
ground behind the dam. So lowlands can 

occur near the tops of hills. A lake of 
clear ",ater formed in this way will not 
last long. An entering stream dumps silt 
into the lake, and plants growing along 
the water's edge add their debris. More 
organic material may be deposited by 
runoff from land above the lake, espe­
cially from swampy flats. Eventually the 
lake is obliterated and the mud becomes 

PLANT ZONES are clearly visible in this photograph of a bog outside Bemidji, Minn. 

The kinds of plants found in such zones are shown in detail in the illustration on next page. 
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firm enough to support shrubs and then 
trees. Pools left in the center of the lake 
may be bridged by plants like the sedge 
or swamp loosestrife. With their aid 
other plants form a floating mat on which 
trees can grow while the water below is 
yet unfilled. Most bogs are probably 
made in this way. 

T
' he raised bog (the German H och-
moor) does not have to start in a 

lake but can form in any wet meadow. 
It depends on the presence of sphag­
num, commonly known as peat moss. 
When dry, this remarkable substance re­
sembles a sponge in its ability to take 
up great quantities of water by capillary 
action. It holds more water than absorb­
ent cotton and so is useful as a plant 
mulch or even as a surgical dressing. 
The accumulation of dead sphagnum in 
a meadow forms a layer of half-decayed 
material, or peat, which draws ground 
water upward, thus permitting still more 
of the moss to grow on top. Where 
sphagnum grows in large masses, it ac-

tually raises the water table. When 
thoroughly wet, however, peat is as im­
pervious to more water as dry rock. Rain­
water then cannot percolate downward 
and runs off horizontally. The extra wa­
ter eventually reaches the edge of the 
dome-shaped mass of sphagnum, where 
the peat is thinner. Thus watered at its 
margins, the bog grows upward and out­
ward, and can even grow uphill. Plants 
other than sphagnum grow on the sur­
face, and their remains are added to the 
peat. So long as the bog is growing, this 
debris, being water-soaked, accumulates 
almost unchanged. Eventually the bog 
reaches a size at which evaporation from 
the surface balances the rainfall and up­
ward flow of ground water, and growth 
on the bog halts. Plant debris on the sur­
face then decays about as fast as it ac­
cumulates, and little or no new peat 
forms. Material below the outer skin of 
the bog does not decay because oxygen 
cannot reach it, and plant remains-even 
corpses of men-do not decompose for 
centuries. Heather or other shrubs of the 

same family may grow on the stabilized 
surface, but few trees are to be seen. A 
growth of forest on a raised bog prob-

. ably implies a recent change toward a 

drier climate. 
All bogs are stores of peat with slug­

gish circulation. The water at the surface 
is poor in salts and bases, partly because 
much of it is rain water, and partly also 
because the peat absorbs dissolved mat­
ter like a chemist's Amberlite resin. In 
most boggy districts there is a third rea­
son: The local rock is usually granite, 
which contributes almost no minerals to 
the ground water flowing through it. The 
result is that bog plants are starved for 
lime, phosphorus and nitrogen. The 
deeper the peat, the more this is true. 
In consequence bogs are enclaves of sub­
arctic life; they abound in plants like 
black spruce, cotton grass and Labrador 
tea. The bogs of Cape Cod support cran­
berries; those of New Jersey, blueber­
ries. Both these plants are heaths of 
northern lands. Even subarctic animals 
like the bog lemming and the olive-

ECOLOGICAL ZONES mark the conversion of a lake to a bog, 

both in space and in time. Pondweed (1) grows in deeper water; 

pond weeds with floating leaves (2), in shallows. Loosestrife (3) 

invades the water by means of a creeping stem and gradually forms 

a floating mat which permits the spread of leatherleaf, bog rose· 

mary and sphagnum (4, left 10 right). Where the fill is drier (5) 

black spruce, cotton grass and sedge prosper; they are followed by 

tall shrubs such as smooth aider and shining willow (6, top and 
bottom) . At the edge of the bog is a forest of red spruce, mountain 

ash or larch (7). A shallow ditch or "fossa" of water (F) marks 

the original shoreline, and separates the bog forest from dry. 
land trees such as red maple (top) and wbite birch (bottom). 
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H'OW CAN YOU USE THE RARE EARTHS? 
Find new uses through process and product development research 

If you have been curious about the rare 
earths and have wondered if they 
might be useful tools in your own pro­
duction processes, you may find it re­
warding to talk with us. 

We can give you a wealth of tech­
nical data about the high purity rare 
earth and yttrium oxides. And we may 
be able to make suggestions which will 
be helpful to you in exploring potential 
applications of the rare earths. 

The amazing versatility and unique 
characteristics of the rare earths are 
sure to challenge the imagination of 
your research people. It is quite likely 
that through research you may find, as 
so many others have, profitable appli­
cations for these materials. The wide 
variety of uses for the rare earths is 
indicated by these few examples. 

Neodymium . . .  in ceramic dielectric 
applications. 

Cerium . . . a stabilizer against radia­
tion browning in glass. 

Dyspmsium . . . in neutron measur­
ing devices. 

Gadolinium and lanthanum . . . in 
maser microwave amplifiers. 

Ytterbium, samarium, europium, 
gadolinium and lanthanum . . .  as phos­
phor activators. 

Yttrium oxide . .. in an yttrium iron 
garnet, a ferrimagnetic material, for 
use in microwave equipment. 

Erbium, europium, samarium, dys­
prosium and gadolinium . .. in control 
rod devices in nuclear reactors. 

Most of the rare earth and yttrium 
oxides, in purities up to 99.99%, are 
available for prompt deliveries in 
quantities of an ounce to hundreds of 
pounds. You can be sure of materials 
needed for production purposes. 

Current prices make high purity rare 
earths attractive and economically 
sound for a wide variety of chemical 
and industrial uses. Lower purity rare 
earths are more attractive cost-wise 
and may be suitable for your purposes. 

a report by LINDSAY 

TYPICAL MAXIMUM IMPURITIES IN LINDSAY PURIFIED RARE EARTH AND YTTRIUM OXIDES 

ATOMIC

I % RARE EARTH MAXIMUM 

NO, OXIDE CODE PURITY 
IMPURITIES AS OXIDES 

57 

58 

59 

60 

62 

63 

64 

65 

66 

67 

68 

69 

70 

7l 

39 

La,OJ' LANTHANUM OXIDE 
528 99.99 0.01 Pr, 0.001 Ce, 

529 99,997 0.0025 Pr, 0.0005 others 

CeO,. CERIC OXIDE 
215 99,8 0.2 (largely La + Pr + Nd). 

216 99.9 0.1 (largely La + Pr + Nd). 

726 99 1 La + Nd + smaller amounts of 

ProD". PRASEODYMIUM OXIDE Ce and Sm. 

729.9 99.9 0,1 Ce + Nd. 

628 95 1-4 Pr, 1-4 Sm, 0.5-1 others. 
Nd,OJ' NEODYMIUM OXIDE 629 99 0.1-0.4 Pr + 0.1-0.4 Sm + 0,5 others, 

629.9 99.9 0.1 (largely Pr + Sm)_ 

822 99 0,2-0.7 Gd, 0.2-0.6 Eu, and 

Sm,OJ' SAMARIUM OXIDE smaller amounts of others. 

823 99,9 0.1 (largely Nd + Gd + Eu). 

1012 98-99 1-2 Sm + smaller amounts of Nd + 

Eu,OJ' EUROPIUM OXIDE Gd +. others. 

1011 99.8 0,2 (largely Sm + Gd + Nd). 

Gd,OJ' GADOLINIUM OXIDE 
928.9 99 1 Sm + Eu + trace Tb. 

929,9 99.9 0.1 Sm + Eu + trace Tb. 

Tb407• TERBIUM OXIDE 
1803 99 1 Gd + Dy + Y. 

1805 99,9 0.1 Gd + Dy + Y. 

1703 99 1 (largely Ho + Y + Tb + small 

Dy,OJ' DYSPROSIUM OXIDE amounts of others). 

1705 99,9 0,1 Ho + Y + traces of others. 

1603 99 1 (largely Er + Dy + small amounts 

Ho,OJ' HOLMIUM OXIDE of others). 

1605 99,9 0.1 Er + Dy + traces of others. 

ERBIUM OXIDE 
1303 99 1 Ho + Dy + traces Yb and Y. 

Er,OJ' 
1305 99.9 0.1 Ho + Tm. 

THULIUM OXIDE 
1405 99.9 0.1 Er + Vb + trace Lu. 

Tm,OJ' 
1403 99 1 Er + Yb + trace Lu 

Yb,OJ' YTTERBIUM OXIDE 
1201 99 1 Er + Tm + trace Lu. 

1202 99.9 0,1 Tm + trace Lu + Er. 

Lu,OJ' LUTETIUM OXIDE 
1503 99 1 Yb + Tm + traces of others. 

1505 99.9 0,1 Yb + Tm + traces of others. 

1112 99 1 Dy + Gd + traces Tb and others. 

Y,OJ' YTTRIUM OXIDE 1115 99.9 0.1 Dy + Gd + traces Tb 

1116 99.9+ Approx. 0.05 Dy + Gd. 

For detailed information and prices, write for our bulletin 

"Purified Rare Earth and yttrium Oxides" 

PLEASE ADDRESS INQUIRIES TO 

UNDSAY CHEMICAL DIVISION 
American Potash & Chemical Corporation 

264 ANN STREET. WEST CHICAGO, ILLINOIS 
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backed thrush may be found far south 
of their regular ranges, giving bogs in 
temperate regions a northern flavor. In 
a sense they were left behind as the 
last continental ice sheet retreated north­
ward, taking with it the belts of tun­
dra and taiga (spruce forest ) that lay 
beyond its margin when it covered the 
present locations of New York and Chi­
cago. Probably no area has been continu­
ously boggy since those days, but any 
partly closed-in bog in the northern U. S. 
can be thought of, from a lemming's point 
of view, as tundra enclosed by taiga. 

Amid the plants of the muskeg, how­
ever, are others reminiscent of the trop­
ics .. Sogginess and nitrogen deficiency 
are common to rain forests as well as to 
bogs. So a few of the hardier orchids 
have ventured northward to meet the 
Labrador tea. Insectivorous plants, 
mainly tropical, are also successful in 
bogs, since their unorthodox behavior 
solves the problem of nitrogen deficien­
cy; sundews, butterwort and pitcher 
plants grow in bogs. The pitcher plants, 
in fact, go north almost to the arctic 
tree-line, and their rain-filled leaves 
serve not only as traps for unwary in­
sects but, being enriched in nitrogen and 
phosphorus, form an aquatic habitat for 
the larvae of other insects (particularly 
those of midges, blowflies and mosqui­
toes ) which can withstand the digestive 
enzymes in the leaves. The pitcher plant 
mosquito (Wyeomyia srnithii) has fol­
lowed its host northward. 

A !though cool, cloudy summers are es­
ft sential for the existence of a raised 
bog, a few hot days will not destroy it, 
but will merely dry out its surface. A bog 
can then be crossed dry-shod. In damp 
or cooler weather it squishes underfoot 
like the arctic muskeg. A change in tem­
perature or rainfall over a long period 
of time, however, upsets the stability of 
a bog. Raised bogs especially are sensi­
tive indicators of climate. If the climate 
becomes moister or cooler, the bogs re­
new their growth both upward and out­
ward. In drier or warmer conditions the 
surface will stabilize, but air will pene­
trate deeper into the drying peat and 

the zone of decay will thicken down­
ward. If the drought is long-continued, 
the peat will be deeply weathered, the 
decay zone extending even into the older 
peat, and the bog will dwindle away in 
the sun like an ice cube. 

Sensitive indicators of weather are 
nowhere hard to find. In tune with the 
variable march of the seasons, some in­
sects emerge, some birds arrive or de­
part, some flowers bloom. The term of 
such an indicator, however, is short. 
Bogs exist for such long periods and re­
spond to weather so slowly that they 
integrate weather into climate. Best of 
all, they also record it. When we cut 
into a bog for fuel and garden mulch, it 
resembles a cake of three, four, five or 
more layers, each marking a change in 
climate. At each boundary the dark, 
well-oxidized peat which formed, or 
rather weathered, when that layer was 
at the surface is topped by a brighter, 
fresher (and less combustible ) peat rep­
resenting renewed growth. 

The episodes of rejuvenation indi­
cated by the layers in any one bog may 
not mean anything important. The local 
water table could rise and fall for many 
reasons. But when all the bogs for miles 
around have layers formed at the same 
time, the implication can only be that 
the climate has changed repeatedly. 
Bright-colored layers composed of raw 
sphagnum peat, rich in the remains of 
such water plants as cotton grass, record 
a stage of flooding which lasted for 
years: the climate was cooler, and rain­
fall was more effective. Dark-colored, 
humus-rich peat-poor in recognizable 
fossils because of oxidation, but some­
times containing the remains of heather, 
birch, or alder-records a stage of sta­
bility or destruction during a run of 
drier, warmer summers. 

This matchless record of past climates 
needs only a time scale to be read with 
assurance. The climatic chronology de­
termined by the pollen method-accord­
ing to ratios of fossilized pollen grains 
from different plants-is relatively coarse 
r see "Living Records of the Ice Age," 
by Edward S. Deevey, Jf.; SCIENTIFIC 
AMERICAN, May, 1949]. Pollen is plenti-

HISTORY OF A R AIS ED BOG is recorded in the layers of peat (left), dated by pollen 

and radiocarbon content. This section is taken from left center of the bog diagrammed on 

next page. The oldest layers contain the remains of forest mosses (1), followed by diatoms 

(2) that once grew in a nutrient-poor pond. Between 6800 B.C. and 6100 B.C. the pond was 

dry enough to permit the growth of cattails, cotton grass and sedge (3, left to right), and 

on their remains grew birch (4, upper) and alder (4, lower). The fifth layer, formed 

during a moist period, is rich in moss such as Sphagnum cU5pidatum (5). The tree stumps 

overlying this layer mark a cold, dry period about 600 B.C. When the climate again grew 

cooler and moister, bog plants returned; leatherleaf, bog rosemary, butterwort and Sphag­

num rubellum (6, left to right) may be represented in the layer of peat at top of bog. 

119 

© 1958 SCIENTIFIC AMERICAN, INC



ful in the peat, but a pollen period is 
thousands of years long, covering the 
span of two or three bog layers. Never­
theless one point of equivalence with the 
pollen chronology became obvious early 
in the science of bogs. Before 1916, 
when the pollen method was founded by 
the great Swedish geologist Lennart von 
Post, C. A. Weber had noticed that one 
of the episodes of bog rejuvenation in 
northern Germany was especially well­
marked and widespread. Von Post soon 
realized that Weber's Gl'enzhol'izont co­
incided with the beginning of his own 
last pollen period, the "sub-Atlantic cli­
matic deterioration " when northern 
countries such as Germany and Sweden 
became cold and rainy. Refinements 
such as radiocarbon dating confirm von 
Post's deduction that Europe's climate 
took a turn for the worse about 600 B.C. 
The upland vegetation responded to the 
new conditions slowly-some plants 
thriving, others dying out-and the pol­
len count reBects this. But the bogs 
record a finer embroidery of moisture 
changes superimposed on the longer 
swings of temperature. 

H
uman history has not been unrelated 

to these events. The decline of 
Greece and the rise of Rome clearly cor­
relate with climatic change shortly after 
600 B. C. The climate was somewhat 
better when Rome's power was at its 
height, but Rome's conquest of Britain 
was given up, in part for climatic rea­
sons, at the time of another change, 
about 400 A.D. As Gibbon put it, "The 
masters of the fairest and most wealthy 
climates on the globe turned with con­
iempt . . .  from the cold and lonely 
heaths over which the deer of the forest 
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were chased by a troop of naked bar­
barians. " Since that time, or at most 
since 600 B.C., the extraordinary blan­
ket-bog has crept like a glacier down the 
slopes of the Irish and Scottish moun­
tains, and down the Pennines in Eng­
land, overwhelming pine forests and 
cropland alike. Today the British Isles 
are very different from the sunny, for­
ested land the Neolithic farmers knew 
in the third millennium B.C. Already in 
the Middle Bronze Age (about 1200 
B.C. ) the bogs were getting out of hand. 
Wooden tracks were laid over the in­
creasingly squishy countryside, in an ef­
fort to keep trade routes open. Such 
tracks, datable by pollen, by artifacts 
and by radiocarbon, often turn up when 
British bogs are dug. 

Most of Europe's forests were cut 
down long ago. Peat is not so good a 
fuel as wood, but it will burn, and the 
heat can be used for distilling. Fortified 
with peat-smoke-Bavored alcohol, a man 
can tolerate the sight of a treeless land­
scape and can even come to prefer a 
heath to a forest. The raised bogs have 
been drained and dug extensively in Ire­
land, Scotland, Denmark, western Scan­
dinavia, northern Germany, and to a 
smaller extent in Maine and New Bruns­
wick, where wood is more plentiful. As a 
fuel resource the peat bogs of the world 
are not to be despised. George Kazakov, 
a Russian peat expert now living in this 
country, computes that there are 223 
billion dry tons of peat available on 
earth, more than half of it in the U. S. S.R. 

So large a supply of combustible carbo­
hydrate, delicately poised between 

growth and destruction, can seriously 
affect the earth's carbon balance. The 

carbon-dioxide content of air has in­
creased by 11  per cent since about 1870 
and apparently is still increasing. Radio­
carbon assays by Hans Suess, now of the 
Scripps Institution of Oceanography, 
prove that most of the added carbon 
dioxide is compounded of modern car­
bon. It is much too young, judging by 
its high radiocarbon content, to have all 
come from the burning of fossil fuels by 
industry. Fossil fuels can account for 
only a small portion of the increase. The 
rest of the new carbon dioxide must be 
modern, and a finger of suspicion points 
to bogs as the source. 

The warming of the world's climate 
since the last century may well have set 
a slow fire to the peat, simply by favor­
ing surface oxidation by soil bacteria. If 
the world's climate should become so 
warm and dry that all the peat is oxi­
dized, about 366 billion tons of carbon 
dioxide would be released. This is a 
sixth of the amount now present in the 
atmosphere, and the whole reserve of 
carbon in land plants and animals is only 
15 times as much. The estimate does not 
include the carbon of humus in ordinary 
soils which would also be oxidized if 
the climate changed. So it is not impos­
sible that the carbon dioxide added to 
the earth's atmosphere may have come 
mainly from peat and humus. 

Though the changes of climate and 
of the amount of carbon dioxide have 
run parallel, we cannot yet be sure which 
is cause and which effect. Carbon di­
oxide added to air causes it to absorb 
more heat from the sun, and it may be 
that the climate has become warmer be­
cause of the extra 11 per cent of "de­
phlogisticated air. " If so, we may be in 
for trouble. A doubling in the carbon 

SECTION OF A RAISED BOG (the German Hochmoor) is dia· 

grammed to show the depth of the various layers. The original 

ground level is indicated by the horizontally hatched area. The 

broken lines correspond to the dated levels in the diagram on 

the preceding two pages, where the layers are described in detail. 

The clear areas on either side are ditches of water around the bog. 
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Gears, bearings, .packings of new pump are made of TFE-fluorocarbon resin. ("GearChem" pump by ECO Engineering Co., Newark, N. J.) 

THE INSIDE STORY: pump for taming savage corrosives 

PROBLEM: to design an accurate metering pump for 
handling corrosive and hazardous chemicals at high 
temperatures. REQUIREMENT: no internal lubricants 
(to prevent contamination of fluids). 

TFE-fluorocarbon resins met these conditions and 
surpassed all expectations in use because: They are 
among the most chemically inert substances known 
to science. They are rated for continuous operation 
at 500°F. They have a coefficient of friction lower 
than any other structural solid. 

The robust gears of glass-filled TFE-resin cannot 
seize or spark. Bearings of TFE resins make the pump 
entirely "self-lubricating". Low-friction packings use 

the superb sealing properties of TFE resins to assure 
a leak-free shaft. The gears show no abrasive wear 
either on their mating areas or against the stainless­
steel casing after long periods of operation. 

TFE resins may provide the opening wedge to 
expanded operations in your scientific or business 
future. If you want the inside story on these Du Pont 
resins- with interesting facts on their molecular struc­
ture and product uses-write to: E. 1. du Pont 
de Nemours & Co. (Inc.), Polychemicals Dept., Room 
3810, Du Pont Building, Wilmington 98, Delaware. 

In Canada: Du Pont Company of Canada (1956) Limited, 
P.O. Box 660, Montreal, Quebec. 

<[OPOtID TEFLON® TEFLON is Du Ponfs registerecl trademark fOT 
its fluorocarbon resins, including the TFE (tetra­
fluoroethylene) resins discussed herein. TFE- FL.UOROCARSON RESINS 

"",U" .,aT.OH 

BETTER THINGS FOR BETTER LIVING • • .  THROUGH CHEMISTRY 
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AMATEUR 

TELESCOPE 

MAKING 

dioxide content of the air would almost 
certainly warm the climate enough to 
cause the glaciers to melt. The added 
water would raise the sea level perhaps 
by 100 feet, drowning the largest cities 
of the world. It may be that before such 
a calamity happens, a new balance will 
be struck; the carbon dioxide should be 

Edited by Albert G. Ingalls A 

This set of books is the authorita­

tive reference library of the en­

thralling hobby of amateur tele­

scope making. Through these 

books thousands have discovered 

a fascinating mechanical artcom-

bined with a great science. 

Book One 

the basics of glass grinding and 

how to complete the first tele- B 
scope. (497 pages, 300 illustra­

tions.) Postpaid: $5.00 domes· 

tic, $5.35 foreign. 

Book Two 

This book leads on into advanced 

methods of amateur optical work 

and describes new projects for the 

telescope maker. (650 pages, 361 C 
illustrations.) Postpaid: $6.00 

domestic, $6.35 foreign. 

Book Three 

Book Three opens u p further fields 

of enterprise; e. g., binoculars, 

camera lenses, spe c t r o g r a p h s ,  

Schmidt optics, eyepiece design, 
ray tracing (made easy). (644 
pages, 320 illustrations.) Post­

paid: $7.00 domestic, $7.35 

foreign. 

Send postcard 

for descriptive circular 

SCIENTIFIC 
AMERICAN 

415 Madison Avenue, New York 17, N. Y. 

D 

dissolved in the oceans, and it is a major 
mystery why the extra 11 per cent has 
not been dissolved already. But if the 
added carbon dioxide does not go into 
the oceans, New York and London will 
simply have to move, and the pixies too 
will need new haunts, for the bogs will 
be thin air. 

( Ucxidcllts of flelV York City please add S % 8ales faa:' C REEPING BOGS rich in sphagnum can spread on flat land (A), uphill ( B), in valleys 

(C) and on hills (D). The ro ws of dot, indicate the ditch of water which bounds most bogs. 
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\\'AI�HI�AI' 
circa 400 A. D. 

t�enturies ago, the Indians of New Mexico designed and 
developed warheads like this one. 

Today, we at Sandia Corporation do very much the same job 
-but we call it research and development in the ordnance 
phases of nuclear weapons for the Atomic Energy Com­
mlSSIOn. 

T he people who made these primitive warheads also ap­
plied many of the same skills and techniques to produce 
implements of peace-grinding stones, knives, needles, and 
quite a few others. 

Here again, we at Sandia follow a similar pattern. In the 
pursuit of our main task, we study many things in widely­
varied fields ranging from nuclear phenomena to numbers 
theory, from meteorology to metal-working. We learn basic 
scientific facts and advanced techniques that have important 
applications far removed from nuclear weapons. 

We probe new frontiers of science and engineering. We 
meet and solve challenging problems in many areas of 
advanced technology. These are activities which require 
the services of outstanding engineers and scientists in' 
many fields in our work to maintain our nation's defensive 
strength. 

We have such men-both at Sandia in Albuquerque and 
at our branch laboratory in Livermore, California. But we 
need more-at the highest academic and experience levels. 

If you are interested in exploring the exceptional oppor­
tunities for professional growth and advancement with 
Sandia Corporation, please write to Staff Employment 
Section 569C. 
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make your ideas 
and facts 

understood 
immediately 
with a new 

Overhead Projector 

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

f CHARL.ES cO'&c1�COMPANY 
I EAST ORA.NGE. NEW JERSEY 
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MATHEMATICAL GAMES 
Four lnathe111atical diversions 

involving concepts of topology 

by Martin Gardner 

T
opologists have been called mathe­
maticians who do not know the 
difference between a cup of coffee 

and a doughnut. Because an object 
shaped like a coffee cup can theoretically 
be changed into one shaped like a dough­
nut by a process of continuous deforma­
tion, the two objects are topologically 
identical, and topology can be roughly 
defined as the study of properties in­
variant under such deformation. A wide 
variety of mathematical recreations (in­
cluding conjuring tricks, puzzles and 
games) are closely tied to topological 
analysis. Topologists may consider them 
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trivial, but for the rest of us they remain 
diverting. 

A few years ago Stewart Judah, a 
Cincinnati magiCIan, originated an un­
usual parlor trick in which a shoelace 
is wrapped securely around a pencil and 
a soda straw. When the ends of the 
shoelace are pulled, it appears to pene­
trate the pencil and cut the straw in 
half. The trick is disclosed here with 
Judah's permission, 

Begin by pressing the soda straw Hat 
and attaching one end of it, by means 
of a short rubber band, to the end of 
an unsharpened pencil [1 in illustration 
on page 126]. Bend the straw down and 
ask someone to hold the pencil with 
both hands so that the top of the pencil 
is tilted away from you at a 45-degree 

• 

• • 

• 

• • 

• 

• • • 

• 

The topological game oj Gale 
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REPORT FROM IBM YORKTOVVN RESEARCH CENTER, NEVV YORK 

Air Bearing Design-Without Trial And Error 
The search for air bearings of optimum design has been facil­

itated at the IBM San Jose Research Laboratory by improved 
analysis techniques, using high-speed digital computers. Using 

these methods, pressure profiles are obtained which elimi­

nate the need for much time-consuming, costly experimenta­

tion. 

An air bearing consists of two surfaces separated by a thin 

unbroken air film. Air bearings offer many advantages: They 

minimize energy dissipation and permit maintenance of exact 

tolerances under a wide variety of dynamic conditions-for 

instance, in the precise control without deterioration due 

to wear of magnetic head-drum separation. Unusual difficulties 

are involved in optimum design and construction of air 

bearings. As an example, a surface modification of as little 
as ten micro inches can result in an inability of the film 
of air to sustain any load. Interpretation of machine calcu­

lations makes it possible to predict the behavior of air bear­

ings and to specify efficient design for optimum shape, film 

thickness and relative speed without laboratory trial and 

error. 

An objective of these studies is the development of storage 

drums and discs with large memory capacities-using "float­

ing air" heads-leading toward future electronic computers 

that process more data, more quickly. 

I ""'g'" 'h, =" '''''' 'PP,,'",,",,"ooil,bk ',cr,"',; "'w fi"'" ai IBM. I , :i t I ,..E S '" A'" C H 
International Business Machines Corporation, Dept. 659W, 590 Madison Avenue, New York 22, New York 
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Stewart ]"dah's penetration trick 

'26 

© 1958 SCIENTIFIC AMERICAN, INC



angle. Place the middle of the shoelace 
over the pencil [2 in illustration], then 
cross the lace behind the pencil [ 3]. 
Throughout the winding, whenever a 
crossing occurs, the same end-say end 
a-must always overlap the other end. 
Otherwise the trick will not work. 

Bring the ends forward, crossing them 
in front of the pencil [4]. Bend the 
straw upward so that it lies along the 
pencil [5] and fasten its top end to the 
top of the pencil with another small rub­
ber band. Cross the shoelace above the 
straw [6], remembering that end b goes 
beneath end a. Wind the two ends be­
hind the pencil for another crossing [7], 
then forward for a final crossing in front 
[8]. In these illustrations the lace is 
spread out along the pencil to make the 
winding procedure clear. In practice the 
windings may be tightly grouped near 
the middle of the pencil. 

Ask the spectator to grip the pencil 
more firmly while you tighten the lace 
by tugging outward on its ends. Count 
three and give the ends a quick, vigor­
ous pull. The last illustration on the op­
posite page shows the surprising result. 
The shoelace pulls straight, apparently 
passing right through the pencil and 
slicing the straw, which (you explain) 
was too weak to withstand the myste­
rious penetration. 

A careful analysis of the procedure 
reveals a simple explanation. Because 
the ends of the shoelace spiral around 
the pencil in a pair of mirror-image 
helices, the closed curve represented by 
performer and lace is not linked with 
the closed curve formed by spectator 
and pencil. The lace cuts the straw that 
holds the helices in place; then they 
annihilate each other as neatly as a par­
ticle of matter is annihilated by its anti­
particle. 

Many traditional puzzles are topo­
logical. In fact topology had its origin 
in Leonhard Euler's classic analysis in 
1736 of the puzzle of finding a path 
over the seven bridges at Konigsberg 
without crossing a bridge twice. Euler 
showed that the puzzle was mathe­
matically identical with the problem of 
tracing a certain closed network in one 
continuous line without going over any 
part of the network twice. Route-tracing 
problems of this sort are common in 
puzzle books. Before tackling one of 
them, first note how many nodes (points 
that are the ends of line segments) have 
an even number of lines leading to them, 
and how many have an odd number. 
(There will always be an even number 
of "odd" nodes.) If all the nodes are 
"even," the network can be traced with 
a "re-entrant" path beginning anywhere 

A 66-inch Slide-rule 
for your pocket 

The GARFIELD Calculator 
carries 66-inch spiral scales 
yet measures only ten inches 
fully extended and six inches 
when closed. Four to  five fig­
ure accuracy can be relied 
on. It is indispensable to t.he 
scientist. research worker and 
student. Administrative staff 
and business men will find it 
of tremendous value for a 
host of estimating and check­
ing calculations. 

The GARFIELD Slide Rule 
solves multiplication. division, 
p e r c e n t a g e  c a l c u l a  t i o n  a n d  

pen gives 5 place logarithms. 

You may use it for 30 days and if you 
are not satisfied repack and mail it back. 

What our users soy: 
"It does all you claim-four 
or five figure accuracy with­
out eyestrain or magnifiers. 
Half an hour's study is ample 
for its use." A.E.B. . . .  

"I use the Calculator for all 
my slide rule work and need 
the extra digit which normal 
slides rules cannot give. I had 
to get one of my customers a 
GARFIELD Slide Rule last 
month, after using mine in his 
office." E. & G.H. Textile 
Manufacturers. Slide Rule Closed 

Send for yours now-Only $19.95 postpaid. 

Oliver Garfield Co., Inc., Dept. SA-lOS 
108 E. 16th St .. New York 3, N. Y. 

Cutler-Hammer single, dou­
ble, and four pole P ositive 

Action Switches will be avail­
able in unlimited circuit ar­
rangements • • •  single throw, 
double throw, momentaries, 
etc. For detailed information. 
write for Pub. EA168- U215. 
CUTLER-HAMMER Inc., 
Milwaukee 1, Wisconsin. 

How To Get Things Done 
Better And Faster 

BOARD MASTER VISUAL CONTROL 
* Gives Graphic Picture-Saves Time, Saves 

Money, Prevents Errors 
* Simple to operate-Type or Write on Cords, 

Snap in Grooves 
* Ideal for Production, Traffic, Inventory, 

Scheduling, Sales, Etc. 
* Made of Metal. Compact and Attractive. 

Over 300,000 in Use 

Full price $4950 with cards 

I F R E E' 24-PAGE BOOKLET NO. C-100 
Without Obligation 

Write for Your Copy Today 

GRAPHIC SYSTEMS 
55 West 42nd Street. New York 36, N. Y. 
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Guaranteed 
long-term 
accuracy 1% 
Closer to a laboratory standard 

than to a conventional test meter! 

Where accuracy and dependability 

are required, use the Avo Meter 8. 
Accuracy Guaranteed, 
1 % DC current, 2 % DC voltage, 
2t%AC current and voltage. 

Sensitivity: 20kO/v DC, lkn/v AC. 

Hand Calibrated· Mirrored Scale 

Automatic Overload Protection 

AC Current Ranges· Reversing Switch 

3 Zeroing Controls 

Accessories Extend Ranges 

Moderate Price: $89.01 
For comp l e t e  
literature and 
ordering inrorma­
t io n, c a l l  or 
write Dept. ZR428 

BRITISH 
INDUSTRIES 

CORPORATION 

(Inqu iries other than U.S.A.) AVO Limited Avocet House 92-96 Vauxhall Bridge Road london, S.W.I, England 

The Gurley Shaft PositIOn Encoder 
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Easily Solved on the 

BINARY CIRCULAR SLIDE RULE 
In Arithmetic, Algebra and 'l'rlgonomctry. Any nllmber 
of factors can be handled in long and difficult calcula­
tions. 'l'he "C" scale of the BINARY rule is 25 inches 
long. with gradUations 25% further apart than those 
of a 20-inch slide rule. 'I'he CI. A. K and Log scales 
are dh'ided as closely as a 20" straight rule. The Log­
Log scale extends from 1.0015 to 1.000.000. Gives trig 
functions from 0 to 90 degrees on back, with indicator 
reading. Engine divided scales in black, overlaid with 
yellow. on alternate scales on white coated aluminum. 
Permanently accurate. Dia. 8% inches. I)rice-$10.25 
in case. Approved at leading Unlv. Used by largest 
firms in U.S. 

ATLAS SLIDE RULE-Precision MADE 
'file "Atlas" slide rule solves problems in Multiplica­
tion, Division and Proportion. Gives results with a 
maxImum error of less than 1 in 35,000. Has two "C" 
scales. One is 25" long and the other is 8 spiral of 
25 coils. Equivalent to 8 straight rule 50 ft. long. 
Heads answers to 5 places. ACCURATELY CEN­
'I'ERED. Used in largest U.S. Laboratories. Chemists 
Physicists and Engineers have found this rule In� 

valuable for its great accuracy. Dia. 8%", same con­
struction as "Binary". Trig functions from 0 to 90 
degrees on back. Prlce-$13.50 in case. 

MIDGET 
CIRCULAR SLIDE RULE 

�il����� \� �iN:rfon��sp�ec<r�io�' �!'d��da�i�;:lel�ca�:�: tered, remains accurate. Trig functions on back. with indicator. 3/4 tT!illi'ln sold. Price-$4. in case. 4" dia. 
sa��sgg�����Chl��et�a�u��1r��(!Ss��?sla��\��" guaran-teed.. Sold at leading Book Stores & Engineering EqUIpment Stores. INSTRUCTIONS furnished with each rule. 

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

Slide Rule Makers since 1915 

The network.tracing puzzle 

and ending at the same spot. If two 
points are odd, the network can still be 
traced, but only if you start at one odd 
node and end at the other. If the puzzle 
can be solved at all, it can also be 
solved with a line that does not cross 
itself at any pOint. If there are more 
than two odd nodes, the puzzle has no 
solution. Such nodes clearly must be the 
end points of the line, and every con­
tinuous line has either two end points 
or none. 

With these Eulerian rules in mind, 
puzzles of this type are easily solved. 
However, by adding additional features 
such puzzles can often be transformed 
into first-class problems. Consider, for 
example, the network shown in the illus­
tration above. All its nodes are even, so 
we know it can be traced in one re­
entrant path. In this case, however, we 
permit any portion of the network to be 
retraced as often as desired, and you 
may begin at any point and end at any 
point. The problem (to be answered 
next month): What is the minimum 
number of corner turns required to 
trace the network in one continuous 
line? Stopping and reversing direction 
is of course regarded as a turn. 

Mechanical puzzles involving cords 
and rings often have cl0se links with 
topological-knot theory. In my opinion 
the best of such puzzles is the one pic­
tured in the illustration on the opposite 
page. It is easily made from a piece of 
heavy cardboard, string and any ring 
that is too large to pass through the cen­
tral hole of the panel. The larger the 
cardboard and the heavier the cord, the 
easier it will be to manipulate the puz­
zle. The problem is simply to move 
the ring from loop A to loop B without 
cutting the cord or untying its ends. 

This puzzle is pictured in many 19th­
century puzzle books, usually in a de-
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cidedly inferior form. Instead of tying 
the ends of the cord to the panel, as 
shown here, each end passes through a 
hole and is fastened to a bead which 
prevents the end from coming out of 
the hole. This permits an inelegant so­
lution in which loop X is drawn through 
the two end holes and passed over the 
beads. The puzzle can be solved, how­
ever, by a neat method in which the 
ends of the cord play no role whatever. 
It is interesting to note that the puzzle 
has no solution if the cord is strung so 
that loop X passes over and under the 
double cord as shown in the illustration 
at upper right below. Steps in solving 
the puzzle will be given next month. 

Among the many mathematical games 
which have interesting topological fea­
tures are the great Oriental game of Go 
and the familiar children's game of "dots 
and squares." The latter game is played 
on a rectangular array of dots, players 
alternately drawing a horizontal or ver­
tical line to connect two adjacent dots. 
Whenever a line completes one or more 
unit squares, the player initials the 
square and plays again. After all the 
lines have been filled in, the player who 
has taken the most squares is the win­
ner. The game can be quite exciting for 
skillful players, because it abounds in 
opportunities for gambits in which 
squares are sacrificed in return for cap­
turing a larger number later. 

David Gale, associate professor of 
mathematics at Brown University, has 
devised a delightful dot-connecting game 
which I shall take the liberty of calling 
the game of Gale. It seems on the surface 
to be similar to the topological game of 
Hex explained in this department for 
July, 1957. Actually it has a completely 

- - - - ---.--��----:--:-�---:: -� -
. - -

different structure. The field is a rectan­
gular array of black dots embedded in a 
similar rectangular array of colored dots 
[see illu�tration on page 124]. Player A 
uses a pencil with a black lead. On his 
turn he connects two adjacent black 
dots, either horizontally or vertically. 
His objective is a continuous line con­
necting the left and right sides of the 
field. Player B uses a colored pencil to 
join two adjacent colored dots. His ob­
jective is a line connecting the top and 
bottom of the field. No line is permitted 
to cross an opponent's line. Players draw 
one line only at each turn, and the win­
ner is the first to complete a continuous 
line between his two sides of the field. 
The illustration depicts a winning game 
for the player with the colored pencil. 

last month readers were asked to iden­
-01 tify which one of 12 structures could 

not be built with the seven pieces of a 
Soma cube. The impossible structure is 
the skyscraper. 
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Can the ring be moved to loop B? 

quencies which once 
beyond the horizon. The 

arrier has been tlie complex of 
auroras, and an ionosphere 
cally varies in altitude, all of 
communication blackouts and s 
fluctuations. 

A less well·known obstacle is the multi· 
path phenomenon-the tendency of radia· 
tions to reflect from different layers of 
the ionosphere into two or more signal 
paths. This condition, which under certain 
circumstances produces a confused sig· 
nal, is being overcome at Hughes through 
the use of digital techniques. Frequency 

is made a controllable variable. Then, with '1 
a digital computer to determine the best 
frequencies to use at given times, a com· 
munication system can automatically and 

continuously select its most favorable 
frequency • 

Many openings now exist in this area. 
Your inquiry is invited. Please send 

resume to Mr. J. C. Bailey at: 

the West's leader ill advtltlced electronics 
r----------------------� 
I I 
: HUGHES : I I I I 
L ______________________ � 

Scientific and Engineering St'!lf 
RESEARCH 6 DEVELOPMENT 

• LABORATORIES J"j! 
Culver City, California 
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THE AMATEUR SCIENTIST 
Mostly about some ingenious ways 
of studying the artificial satellites 

Conduct�d by C. L. Stong 

T
here is something about the Hight 
of an artificial satellite across the 
night sky that fires the imagina­

tion of even a casual observer. Some 
people who witness the spectacle for the 
first time come down with a psychologi­
cal disease known as "space fever," and 
rush out to order a high-powered tele­
scope. One consequence is that the tele­
scope business is currently booming. 
Another is that many recently purchased 
instruments have begun to gather dust. 
Before the novice acquires a telescope, 
he should look up an old hand and spend 
a few hours at the eyepiece of someone 
else's instrument. He will learn first of 
all that it is next to impossible to keep 
a satellite in the field of view unless the 
telescope is electronically guided. Even 
when the instrument is equipped with 
such special controls, it adds nothing to 
the view of the naked eye. The satellite 
is brighter, but it is still only a point of 
light. Unless the novice is prepared to 
devote much of his time to observation, 
the purchase of a telescope can be a 

costly mistake. With the exception of 
the sun and the moon and some of the 
planets, celestial objects look about the 
same with or without a telescope. Even 
a serious amateur astronomer can occu­
py himself for years with no equipment 
at all. Of course making a telescope can 
be fascinating, but that is another mat­
ter entirely. 

It is possible to determine the ap­
proximate height, speed, distance and 
orbit of an artificial satellite without see­
ing it-if the satellite broadcasts radio 
signals. The method, which requires a 
modified radio receiver, was described 
in this department last January. The 
same article told how to make an astro­
labe out of three boards to measure the 
height of satellites visually. Now it turns 
out that one does not need even this 
simple equipment. 

Within 12 days of the date the first 
satellite had been launched Jane Shelby, 
a high-school student in Teaneck, N.J., 
observed it without instruments, an­
nounced its period of orbit with an error 
of less than three seconds, and accu­
rately computed its velocity, height and 
orbital inclination. For this accomplish­
ment she was selected as a finalist in the 
Westinghouse Science Talent Search 
last year, placed third and received a 
$5,000 scholarship. 

Her method of observing the orbit of 

ALBERT G. INGALLS 
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Albert G. Ingalls, who had conducted this department of SCIENTIFIC 
AMERICAN from 1928 to 1955, died on August 13. His age was 70. As editor 
of the department and of three widely read books on amateur telescope 
making, and as a tireless personal correspondent, he did more than any 
other man to stimulate and guide the development of optics as an avocation. 

The cause of Ingalls's death was characteristic of his lively spirit. He 
liked to make long trips on his Italian motor scooter, and last year he was 
gravely injured in a collision with an automobile. The accident left him 
almost entirely paralyzed, and he never recovered. The Editors of this 
magazine, and all amateur telescope makers, have lost a good friend. 

a satellite requires the use of a watch 
with a second hand, a few friends and 
the ability to consult a table of trigono­
metric functions. "In 1956," she writes, 
"I jOined one of the Moonwatch teams 
then being organized all over the world 
to track the artificial satellites to be 
launched as part of the International 
Geophysical Year. My group planned to 
observe from the roof of the RCA build­
ing in New York. But midway in our 
preparations the U.S.S.R. put Sputnik I 
on orbit and caught us by surprise. After 
the first two or three alerts, it was neces­
sary for the group to shift its base of 
operations to the borough of Queens 
until more permanent arrangements for 
the RCA-building site could be made. 
This was too far away for me to travel 
in the early-morning hours, so I decided 
to organize an informal group in my 
home town of Teaneck. 

"The team of eight members was re­
cruited from the Bergen County Astro­
nomical Society. We had no equipment 
and only two experienced observers. Ac­
cordingly the technique of observing 
had to be simple. One team member was 
designated as timekeeper and the others 
as observers. The timekeeper's watch 
was set beforehand by telephone time 
signals and checked afterward to deter­
mine whether the recorded times should 
be corrected. 

"Each observer was assigned a sec­
tion of the sky in which to keep naked­
eye watch for the satellite. As soon as 
the object was sighted, all observers fol­
lowed its motion across the sky. This 
technique had the advantage of con­
forming to human nature: most observ­
ers, especially novices, watch the satel­
lite as soon as it is spotted anyway. Each 
individual called out 'fix' at the instant 
the satellite formed a recognizable con­
figuration with the stars it was passing. 
The eye is surprisingly accurate in 
judging such shapes. The timekeeper 
recorded the time to the nearest second 
and the name of the observer who made 
the fix. The observers plotted the posi­
tion of each fix on a star chart. The coor­
dinates of the plotted positions were 
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read from the charts after the satellite 
had passed out of sight. 

"Four good fixes of the third-stage 
rocket of Sputnik I were recorded on 
the morning of October 15, 1957. The 
following morning we made several 
good fixes on the rocket and also one on 
the satellite itself. The data were for­
warded immediately to the Smithsonian 
Astrophysical Observatory as a possible 
check on the orbit calculated from re­
ports submitted by the official Moon­
watch teams. 

"My objective was to learn as much 
about the orbit as possible from the ob­
servations made by the Teaneck team. 
The observations had been plotted as 
hours, minutes and seconds of right as­
cension, and degrees and minutes of de­
clination. This is the system used to 
designate the positions of stars. The 
celestial sphere is divided by imaginary 
coordinates resembling the lines denot­
ing latitude and longitude on the earth. 

Celestial latitudes are measured in de­
grees, minutes and seconds of the angle 
made by the earth's axis and an imagi­
nary line connecting the object with the 
center of the earth. Longitude on the 
celestial sphere is measured in hours, 
minutes and seconds from the meridian 
which passes near the right-hand star in 
the 'W' of the constellation Cassiopeia. 
This is designated Oh OOm (0 hours and 
00 minutes) right ascension. Observa­
tions made in this way were converted 
into those of the so-called 'horizon' sys­
tem. In this system the point beneath 
the observer is called the nadir; and the 
one directly overhead, the zenith. The 
altitude of a stellar object is specified in 
the system as the height of the object 
above the horizon in degrees. Its azi­
muth with respect to the observer is its 
compass direction measured in degrees 
away from true north. Because of the 
earth's rotation the position of zero 
longitude on earth with respect to celes-

tial zero longitude changes with the 
clock. Hence in computing the positions 
and motions of celestial bodies, time 
must be taken into account. 

"The hour angle which was on the 
meridian at the time of our observations 
was calculated from the fact that the 
sun entered the constellation Libra at 
2:27 a.m. Eastern Standard Time on 
September 23. This meant that on that 
day right ascension Oh OOm was on the 
meridian at 00:00 hours (midnight) 
E.S.T. Teaneck is less than one degree 
from the 75th meridian-so close that no 
correction for local time is necessary. 
Star time, as measured by the Oh OOrn 
celestial meridian, differs from sun time 
by a little less than four minutes per 
day. So four minutes for each day since 
September 23 were subtracted from our 
local time. To this I added the time after 
midnight. The result showed that at 
5:55 a.m., the time at which we began 
our observations on October 15, the 

S. I. Gale of Plainfield, N. J., made this photograph of the rocket carrier of Sputnik III on August 8 

13 1 
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Celestial triallgle made by an artifi·cial satellite, the zenith illld the celestial north pole 

hour angle on the meridian at Teaneck 
was 7h 55m• 

"When it is plotted on a globe, the 
position of a satellite forms one corner 
of a triangle on the celestial sphere; the 
other two corners are formed by the ob­
server's zenith and the celestial north 
pole [see illustration on this page). The 
angular distance between the zenith 
['A' in the illustration) and the North 
Pole ['C' in the illustratiol1) is the com' 
plement of the observer's latitude ['B'). 
Similarly the line a is the complement 
of the satellite's declination, and the 
angle at C is the difference between the 
hour angle on the meridian and the right 
ascension of the satellite. The comple­
ment of the altitude of the satellite is c, 
and the angle at A is the satellite's azi­
muth if the object is in the eastern half 
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of the skv, or 360 degrees minus the 
angle of azimuth if it is in the western 
half of the sky. 

"The angle at C, and a and b are 
known. The unknowns can be found by 
simple arithmetic employing the values 
of the sines and cosines of the three 
known quantities, as taken from a table 
of trigonometric functions. The cosine 
of a is multiplied by that of b. The sine 
of a is next multiplied by the sine of b, 
and the product is multiplied by the 
cosine of the angle at C. The sum of the 
two products is equal to the cosine of c. 
The angle at A is determined in the same 
way. Its sine is equal to the sine of the 
angle at C multiplied by the sine of a, 
the product then being divided by the 
sine of c. 

"The positions thus found are then 

plotted on an ordinary globe of the 
earth. If the land markings are ignored 
and only the coordinates used, this is an 
excellent way to visualize pOSitions on 
the celestial sphere. A thread stretched 
through the points as accurately as pos­
sible on a great circle Imikes interpola­
tion easy. By this means I found the 
points on the globe where the satellite 
crossed an east-west line through the 
zenith, and estimated the times at which 
the crossings occurred on each morning. 
The interval was 23 hours, 53 minutes 
and 51 seconds, which gave a figure of 
95 minutes, 35 seconds for the orbital 
period of the satellite, a result which is 
probably accurate to within two or three 
seconds. 

"By extrapolating the apparent path 
of the satellite to the two points where 
it crosses the horizon, I found the angle 
at which the satellite crossed an east­
west line through the point of observa­
tion. The orbit of the satellite, together 
with the meridian passing through Tea­
neck and the equator, forms the sides 
of a spherical triangle, as shown in the 
accompanying illustration [page 134). 
Here g represents the orbit, f the meri­
dian and e the equator. Because the 
angle at E as well as f (the latitude of 
Teaneck) and the right angle at G are 
known, the inclination of the orbit to 
the equator can be found. The cosine 
of the angle at F is equal to the cosine 
of f multiplied by the sine of the angle 
at E. 

"This calculation gave a value of 68 
degrees for the inclination of the orbit. 
The method is not too accurate unless 
the satellite passes nearly overhead and 
the observations are made close to the 
horizon. 

"Having established the period of the 
satellite, I calculated its average height 
and velocity by means of the elementary 
formulas of mechanics. The gravitational 
pull acting on the satellite must just 
equal the force necessary to keep a body 
at that altitude. The two forces may 
therefore be equated: 

GMm mV" 

R" R 

"In this equation G is the universal 
constant of gravitation (6.66 X 10-8). 
M is the mass of the earth (5.975 X 1017 
grams). The mass of the satellite (m) 
appears on each side of the equation 
and hence cancels out. V is the velocity 
of the satellite, and R is the radius of the 
orbit. Because the velocity of the satel­
lite is also equal to 27l'R/T, in which T 
is the period of the satellite in seconds, 
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11·53 

--
Man-Machine Relationships: - A New Field for Scientists and Engineers -

-

A new field for Operations Research Specialists, Engineers, Com­

puter Programmers and Behavioral Scientists has arisen from 

System Development Corporation's work on relationship of men 

and machine systems. 

It involves two major projects: 1 creating and conducting large­
scale training programs in present and planned air defense sys­
tems; and 2 operational computer programming for SAGE. 
Attaining the most effective interaction between men and ma­

chines is of prime importance. It requires intensive effort in an 

unusual combination of technical and scientific areas; it is a new 

field of endeavor. 

Both activities also have these elements in common: they are 

constantly changing • they are long-range in nature • they are 

essential to the welfare of the United States. 

The close interrelationship of these two major projects, the widely 

diversified specialties involved in them, and the dominating influ­

ence of man-machine relationships make SDC's work unique. 

Operations Research Specialists, Engineers, Computer Program­

mers, Behavioral Scientists-all find their assignments reflect the 

unique qualities of this new field. 

The expanding scope of SDC's work has created a number of 

positions in these fields. Inquiries are invited. Address: R. W. 
Frost, 2420 Colorado Ave., Santa Monica, California, or phone 

collect at EXbrook 3-9411 in Santa Monica. 

1l·53A 

SYSTEM 
DEVELOPMENT 
CORPORATION 
Santa Monica. California 

An independent non-profit organization. 
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YOUR LOGICAL CHOICE IS 
A UNITRON REFRACTOR 

The beginner, advanced amateur, and pro­
fessional alike turn to UNITRON for com­

bined optical and mechanical excellence. 
Invest in a UNITRON-the telescope that 

has stood the test of time. 

UNITRON 2.4" Altazimuth Refractor with UNIHEX 
Complete with eyepieces for 100X, 72X, SOX, 3SX; 

UNIHEX Rotary Eyepiece selector; altazimuth 

mounting with slow motion controls; tripod; 5X 

viewfinder; sung lass; and cabinets. only $125 

UNITRON'S 6" and 4" Equatorial Refractors 
17 UNITRON REFRACTORS TO SElECT FROM 

SATELLITE TELESCOPE ... 

1.6" ALTAZIMUTH . 
2.4" EQUATORIAL .. 
3" ALTAZIMUTH 
3" EQUATORIAL . 
4" ALTAZIMUTH 
4" EQUATORIAL ... 
6" EQUATORIAL .. 

........ $ 75 
75 

225 
265 
435 
465 
785 

5125 
AU 1nstruments fully uuaranteed. Shipmell' cnlfCSS col­
lect. Prices include standard accessories. Send check or 

M.O. or 20% deposit with balance C.O.D. 
TIME PAYMENT PLAN AVAILABLE! 

G'ET UNITRON'S FREE CATALOG and 38 page. 
OBSERVER'S GUIDE. This valuable introduc­
tion to astronomy is yours for the asking. 

Contents include-
• Observing the sun, 

moon, planets and 

wonders of the sky 

• Constellation map 

• Hints for observers 

• Amateur clubs 
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it is possible to write an eyuation for the 
height (h) of the satellite in which T 
is the only variable quantity: 

h = 6.2137 X 10-6 X ,3/ G M r - 3,959 \j 47T-

"The average velocity of the satellite 
in miles per second is given by the equa­
tion; V = (27T/T) X (h + 3,959). Per­
forming the indicated arithmetic gave 
values of 325 miles as the average 
height of Sputnik I, and 4.68 miles per 
second (17,200 miles per hour) as its 
average velocity. 

I 
f the amateur does not wish to recruit 

observers, he can record satellite 
transits with an ordinary camera. The 
shutter is opened at the beginning of 
the transit and closed at the end. The 
time is noted at the beginning and end 
of the exposure. The stars appear as 
short trails, as shown in the photograph 
on page 131. At a film speed of A.S.A. 
650 (Royal X Pan) the aperture should 
be set at f /4.5. 

For amateurs who prefer to study satel­
lites indoors, David Berger, who is 14 

and lives in Croton-on-Hudson, N. Y., 
submits an "orbit simulator." 

"This simulator," he writes, "consists 
of a rubber sheet stretched over a circu-

lar hole in a piece of plywood, the mb­
ber being depressed in the center by a 
short stick as shown in the accompany­
ing illustration [page 136]. The depres­
sion forms a three-dimensional curve and 
represents the gravitational ReId in the 
vicinity of a body in space. Assuming 
that the edge of the depressed sheet is 
level, a freely rolling body such as a 
steel ball, when placed near the edge of 
the sheet, will roll toward the center of 
the sheet. In effect the ball is 'attracted' 
to the center by a 'force' which depends 
on the depth to which the center is de­
pressed. If the freely rolling ball is 
brought near the edge and given a cir­
cular push, it will orbit around the de­
pression as a 'planet.' The push simulates 
the kick given to a satellite by the Rnal­
stage rocket. 

"The friction of rolling simulates the 
drag of the atmosphere on a satellite. 
The ball accordingly spirals closer to the 
center of the depression. As the average 
radius of the orbit decreases, the curve 
becomes tighter and the ball speeds up, 
just as a satellite does when it spirals 
closer to the earth and is acted upon bv 
the increased pull of the earth's gravi­
tational ReId. One can also demonstrate 
the eccentric orbit of a comet and an or­
bit in which a body escapes. 

"The effect of two bodies acting on a 
satellite in space can be simulated by 
inserting two sticks spaced a few inches 
apart under the supporting bridge. With 

Spherical triangle made by a satellite orbit, the eqllator and a meridian 
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this arrangement and variations of it a 
variety of orbits can be simulated: an 
earth-to-moon orbit in the form of a 
figure eight in which the satellite re­
turns to earth, an S-shaped earth-to­
moon orbit which terminates on the 
moon, and an earth-to-moon elliptical 
orbit which returns to earth." 

Roger Hayward, who illustrates this 
department, admits to being something 
of a table-tap-satellite enthusiast. "David 
Berger," he writes, "deserves a real pat 
on the back for calling the attention of 
high-school-physics teachers to this nice 
demonstration of celestial mechanics. In 
the interest of strict accuracy, however, 
the curve can be improved. The dis­
placement of a point on a circular mem­
brane of rubber which is loaded with a 
force at the center is equal to (2F /T) 
In (a/r). F and T have to do with the 
forces applied and the character of the 
membrane, In is the natural logarithm, 
a is the radius of the membrane and r 
is the radius of the point in question. 
This formula indicates that the force 
acting toward the center on a ball rolling 
on the curve would vary inversely with 
the radius. Such a force would give rise 
to elliptical orbits. But the 'attracting' 
body would be at the center of the ellipse 
instead of at one focal point, and thus 
would present a most un celestial ap­
pearance. 

"The required surface has a profile of 
the form x=l/y, the slope of which 
varies inversely as the square of the dis­
tance. The difference between this pro­
file and that of the rubber membrane is 
shown in the accompanying illustration 
[top of page 138]. I turned such a sur­
face in a disk of plaster with a lathe. The 
actual shape required is a petal curve 
which is removed from the x=l /y curve 
by a distance equal to the radius of the 
hall. Such a curve is difficult to compute 
but easy to make if the face of the cutter 
has the same radius as the ball. In mak­
ing my surface I turned a series of rings 
in the plaster with the tool depicted here 
[bottom of page 138]. The rings were 
spaced 1/ 10 inch apart. The compound 
rest of the lathe was used to set the 
depth of each cut, and the ridges be­
tween cuts were subsequently smoothed 
off by hand. Plaster cuts nicely but cor­
rodes steel, so the lathe should be cov­
ered for protection. 

"It is not always easy to prepare a 
plaster-cast free of bubbles. This diffi­
culty can be overcome by proper mix­
ing. Fill a container of adequate size 
with water and sprinkle the plaster into 
the center of the bowl by hand. This 
enables you to feel and remove any 
lumps. Plaster should be added until 
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SPACE K·4 DELUXE 
Professional reflecting type telescope for those 
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VERSATILE LABORATORY 

PUMP WITH 

MANY INDUSTRIAL 

APPLICATIONS 

Unusual design makes this pump 
u s e f u l  i n  m a ny c a s e s  wh e r e  
cont a m inat ion, cor rosion, or 
abra sion is a p roblem. One 
continuous flexible tube passes 
through the p ump body, where 
it is exposed to the squeegee 
act ion of a double rotor. Since 
the fluid does not come 'in con­
tact with the pump itself, the 
Randolph P ump can hand le any 
fluid for which there is a flex­
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r esistance. Two models, capaci­
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1018 Rosine Street Houston 19, Texas 

10. 

"BIG" LENSES 
Our selection of diame-
ters and focal lengths is 
the largest in the Un;ted 

States a\'ailable for immediate delivery. Perfect magnesium 
fluoride coated and cemented achromatic telescope objectives. 
. Aluminum tubing and cells available for lenses listed below. 
Send for complete list of other diameters and focal lengths. 

Dia. F.L. EACH Dia. r.L. EACH 

m:: 19:: l l�Jg �*:: �r�" m:gg �lh" 24%" $12.50 314" 40" $30.00 

� �:: �g:: 1: �:�g g�.:' if /h:; Ig�:g� 
MOUNTED AIR SPACED OBJECTIVES 

'l'hc finest American Made. hand-corrected 
air-spaced astronomical objectives; 

mounted in black anodized aluminum cells. 
OIA. F. L. PRICE PRICE 

��::: :g:: 8��t:� 11�:gg �gi gg:��� Il8:gg 
6" DIA. AIR SPACED 

TELESCOPE OBJECTIVE 
Hard c:.oated on 4 surfaces 

f /10-60" focal length MOUNTED $175.00 
UNMOUNTED $150.00 

f /15-90" focal length MOUNTED $175.00 
UNMOUNTED $150.00 

We can supply A L UMIN UM T UBIN G  for the above lenses. 

MOUNTED 1%" 0.0. EYEPIECES 
6 mill F.L. namsden .............. $ 4.75 

12.5 mm F.L. Ramsden . ...... .. . .. 4.50 
] 2.5 mm F.L. Symmetrical ........ 6.00 16 mm F.L. Ertle (Wide Anglc) .. 12.S0 J 8 mm F .L. Symmetl'ical ......... . 6.00 

�2 mm F.L. Orthoscopic . . .... . . . .  12.50 COATING 75C extra 

This 1\1-11 telescope has a brilliant image 4s 
degree apparent field-325 feet at 000 yards. 
The telescope can be adjusted for ing 15 
feeL to infinitY. It has a 2" focus-
ing: eyepiece 28mm focal 
Amici erecting s�'stem. 
fillers. clear, red, amber 
housing to illuminate 
night-time use. 'l'ruly 
hargain YOll were e\'cr 
OrIginal Go\"ernment cost 

- BARGAIN PRICE . . .  SI3.50 

ASTRONOMICAL TELESCOPE 
l"'t'ccislon polished to 1/4 
wave and aluminized. Mil'· 
1'01' mount, rack and pin­

inn, tubing available. 

Free Catalogue "MI L LIONS" of Lenses. etc. 

We pay the POSTAGE-C.O.D.'s you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 
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An amateur's device to sillwlate the orbits of artificial satellites 

the pile rises about an inch above the 
water in the center. The dry heap acts 
as an escape duct for trapped air. Allow 
about five minutes for the air to escape. 
Then the mixture may be stirred gently. 
Under no circumstances should the 
plaster be stirred before water has pene­
trated to the center of the pile, because 
the dry portion will be broken into small 
volumes from which air cannot escape . 

"I cast the disk from which my sur­
face was turned in a mold formed by 
wrapping a strip of gummed paper 
around a thick metal disk so that half 
the strip extended above the edge of the 
metal. The resulting cast was attached 
by sealing wax to a faceplate for ma­
chining. Never pat or trowel wet plaster 
or it will harden unevenly and increase 
the difficulty of accurate machining. 
Permit it to dry thoroughly. Wet plaster 
loads sandpaper quickly. 

"Perhaps some amateur might like to 
investigate an orbit simulator based on 
the attraction of a magnet for a small 
sphere of soft iron. The magnetic force 
varies as the square of the distance, as 
in the case of gravitational attraction. 
Such an arrangement might consist of a 
carefully leveled plate of glass with a 
magnet below its center. If the magnetic 
field is generated by a solenoid, perhaps 
the current could be pulsed to keep the 
'satellite' going. If the pulse is relatively 
light, it should not greatly distort the 
shape of the orbit." 

k previously pointed out in this de­
partment, the two telescopes of a 

binocular must be parallel, both verti-

cally and horizontally, to within 3.73 
minutes of arc for convergence and 1.3 
minutes for divergence ["The Amateur 
Scientist"; SCIENTIFIC AMERICAN, Octo­
ber, 1951, and July, 1954]. Otherwise 
the use of the binocular will result in 
severe eyestrain. Because a binocular 
gives the false impression of rugged con­
struction, many owners are inclined to 
treat the instrument as though it were 
a piece of luggage. In fact, the editor of 
this department once saw the proprietor 
of an optical-goods store use a binocular 
as a tack hammer! Fully half of the new 
binoculars are out of adjustment at some 
position of the hinge by the time they are 
sold; I have yet to find one in good con­
dition after a year of use. That anything 
can be seen through the average glass 
is a tribute to the marvelous accommo­
dation of the eyes. 

The procedure of aligning the tele­
scopes of a binocular is called "collima­
tion," and consists in repositioning the 
lenses and prisms of the instrument ac­
cOt·ding to the results of an optical test. 
Both the test and adjustment are simple 
in principle. The mechanical work may 
prove difficult, however, because many 
binoculars are sealed against moisture by 
a preparation which tends to freeze the 
threaded parts. This may discourage 
some from attempting to adjust their 
own instruments. But one can at least 
make the test for collimation and, if de­
sired, have the work performed by an 
optical repair shop. 

A simple and reasonably precise test 
is described by Allen Naber of Pittsford, 
N. Y. "Basically," he writes, "this test in-
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Good Geophysical Year Project 
A fascinating new field. You can build 
your own Solar Furnace for experimen­
tation-man.}' practical uses, It's easy­
inexpensive---use your scrap wood. \Ve 
furnish instruction booklet. 'l'his sun 
powered furnace will generate terrific 
heat 2000° to 3000°. Fuses enamel 
to metal-pl'oduces many unusual tuslng 

effects. Sets Daper aflame in seconds. Use OUL' Fresnel Lens 
-14%," diameter ... f.1. 14", 

Stock No. 70,130-S package of I .. . ................ $ 6.00 Postpaid 
Stock No. 70,131 -S package of 2 " ............ 11.00 Postpaid 

, 
HAND STROBOSCOPE 

Hold in hand-rotate with finger in 

ring. Use in timing of \'ariolls fly 

wheels or balance wheels in heavy 

machinery; timing any constant 

speed continuous cycle motion. Flexi-
ble black plastic disc-8" dia.-6 slits. 

Friction mounted to prevent breal(age. 

Sturdy wooden handle. 

5tock No. 90.001-5 .............................. $3.35 pstpd. 

Take Telephoto 

Shots Thru 

7 X SO 
MONOCULAR 

Tills Is fine quality. American made instrument-war 

surplus! Act.ually ';6 of U.S. GOl't. 7 :x 50 Binocular. Used 

ror general observation both day and night and to take 

faSCinating telephoto shots with your camera. Brand new. 

$95 value. Due to .1apanese competition we close these out 

at a bargain price. Directions and mounting hints included. 

5tock No. 50.003-5 .......................... $15.00 Pstpd. 

INFRARED SNIPERSCOPE 

TELESCOPE & PARTS 
See in the dark-without being ob­
served. War SUrplus Sniperscope 
l\I-2, contains the famous JP25A 
image tube. Gov't cost about $1200. 
Instrument complete, ready to use. 
Includes Power Pack, infrared light 
source. Will operate from 6 V auto 
battery. Battery or transformer avail­
able. 

5tock No. 85.053-5 .. $150.00 fob. 
Sal'e still more money! Build your 
own Snlperscope! We will furnish in­
structions-parts, including: Power 

Packs, IP25A image tubes, light units, filters. etc. For de­
tails-request FREE catalog "S". 

REPLICA GRATING-LOW. LOW COST 

It's here-after decades of effort! 
Replica Grating-on film-at very 
low I) rice. Breaks up white light 
into full spectrum colors. An ex­
Citing display. 13,400 lines per 
inch, running long way on film 8" 
wide-grating area 7';6". 'fhickness 
about .005". Dispersion about 24°. 
Use it for making spectroscopes, for 
experiments, as a fascinating nov­
elty. First time available such 

large size-so cheaply. Comes in clear plastic protector. 

5tock No. 40.267-5 .... piece 8" X 11 ...... $1.50 pstpd. 
5tock No. 50.180-5 .... piece 8" x 6ft ..... $5.95 pstpd. 

MT. PALOMAR TYPE 
UP TO 270 POWER 

A REAL REFLECTOR TELE5COPE 
Complete with Equatorial Mount. Tripod 

ONLY 

$7450 
COMPLETE 

With this scope }'OU can see the craters on the moon, rings of Saturn. double stars, or a 
newspaper headline at a mile! )firror guaranteed to give theoretical limit of resolution. 
6X Finder. Rack and pin focusing. remO\'able mirror mount, rca I equatorial Illoullting­
only olle adjustment follows slars! Aluminum tube-takes standard eyepieces. You get 
40X Kellner, %" F. L. eyepiece, one Barlow lens to give you up to 270 Power. 

Fill mirror corrected to better than 14" wavelength. 
5tock #85.006-5 ........................................................................................ $74.50 f.o.b. Barrington. N. J. 

See the Stars. Moon. Planets Close Up! 

3" ASTRONOMICAL REFLECTING TElESCOPE 
60 10 160 Power-An Unusual Buy! 

Famous Mt. Palomar Type 

You'll see the Rings of Saturn, the fascinating plallet l'It.ln'l, 
huge craters on the Moon, Star Clusters, 1\loons of Jupiter ill 
detail, Galaxies! Equatorial mount with lock on both axes. 
Aluminized and o\'el'coated 3" diameter high-speed f/IO mirTOI'. 
Telescope comes equipped with a 60X eyepiece and a mounted 
Barlow Lens. giving you 60 to 160 power. An Optical Finder 
Telescope, alwavs so eSJ;ential, is also included. Sturdy, hanl­
wood, portable tripod. 

Photographers! This Is an actual photogr'!lPh 
of the moon taken through our Astronomical 
Telescope by a 17 -year-old student. 

Free with scope: Valuable STAR CHART 
and 272 page " Astronomy Book." 

5tock No. 85.050-5; ................................... $29.95 Postpaid 

Take Photos of the MOON 
Thru Your Telescope! with the EDMUND 

CAMERA HOLDER for TELESCOPES 
Bracket attaches permanently to your reflecting or refracting telescope. ne­
movable rod with adjustable bracket holds your camera over scope's eye­
piece and you're ready to take exciting pictures of the moon. You can also 
take terrestrial telephoto shots of distant objects! Opens up new fields 
of picture taking! 

5UN PROJECTION 5CREEN INCLUDED 
White metal screen is easily attached to holder and positioned behind 
eyepiece. Point Scope at sun, move screen to focus and you can 
see the sun spot.s! 

ALL FOR THE LOW. LOW PRICE of $9.95 
Includes brackets, 28%." rod. projection screen. screws and directions. 
Aluminum ... brackets black crinkle painted. 

Order 5tock No. 70.162-5 ......... $9.95 Postpaid. Send Check or M.O.-Money-back Guarantee. 

SALE! Terrific WAR SURPLUS BARGAIN! Made by B & Land E.K. 
AERIAL CAMERA LENSES Gov't Cost $1218 

Our Price 

24" F.L. f/6. in 23" Long Lens Cone 
$39.50 Used $59.50 New 

Mounted in beautiful brass cells, lenses are 4" dia.-preclsion 4-element t.ype. Aero TessaI' 
and Aero Ektar (no choice). Housed in cone-lO" focal plane beyond cone and permits building 
on a film holder, eyepiece, etc. Lenses easily removed for other uses. Diaphragm is Included-

�g���� ... �y 
2
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5

e��I
.
e �?�rd�a��r.r:�;eng.�dJk��rr. 

f�� ��s
f/ 22. Opens approx. 1" to 31j2". Lens and 
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er�gj ��et!,er���.
le.rs ·

F�� ��e 
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c�;l�AW}·'i-�g�i!:a���� 
(photographing Artificial Satellites). 

Stock No. 85,059-S 24". used. Price $39.50 f.o.b. Utah 
Stock No. 85,060-S 24", new. Price $59.50 f.o.b. Utah 

Send Check or M. O.-Money-back guarantee 

SALE! WIDE ANGLE 
ERFLE EYEPIECE 

TremendOUS bargain! 11/2" f.l.! Focusing metal mount Is 2-11/16" in diameter. 
Consists of 3 coated achromats. 65° field. Govt. cost over $100. Use these with 
the 24" f.l. Aerial Camera Lenses to make a 16 power wide field telescope, etc. 
Stock No. 50.178-S...... . .. ........ only $9.95 Postpaid 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN A5TRONOMICAL MIRROR 
Complete Kits Including Blank, Tool and Abrasives 

All over America amateurs are grindlng their 
own mirrors and maldng expensh'e Telescopes 
cheaply. You can do the same using our Kits. 
These contain mirror blank, tool, abrasives, 
diagonal' mirror and eyepiece lenses. You 
bund instruments ranging in value from $75.00 to thousands of dollars. 

Stock No. 
70.003-5 
70,004·5 
70,005·5 
70,006-5 
70.007·S 

Dia. Mirror 
4'/ .. · 6" 
8" 10" 

12" 

Thickness Price 3,4" $ 7.50 postpaid 1" 11. 95 postpaid 1'/," 19.50 postpaid 1',4" 30.75 postpaid 2'/a" 54.75 postpaid 

Fine. American-Made Instrument at Over 50% Saving WRITE 
FOR FREE CATALOG-S 1 STEREO MICROSCOPE :;rHI::�:t��� 

Up to 3" Working Distance-Erect Image-Wide 3 Dimensional Field 

Now, ready after rears in development-this instrument answers the long standing need 
tor a sturdy, ef'Hcient STEREO MICROSCOPE at low cost. Used in prodUction-in re­
search-in the Jab, shop, factory. or at home; for inspections, examinations, counting. 
chccking. assembling, dissecting-sl)ceding u� and improving Quality . control. 2 sets of 
objectives on rotating turret. Standard I)air of wide field lOX Kellner Eyepieces gi\'e you 
23 power and 40 pon·er. Additional eyepieces available for greater or lesser magnification. 
Helical rack and pinion focusing. Precision. American-made! WE WILL SHIP O� 
1 O-DA Y FREE TRIAL . . complete satisfaction or your money back. 

Order 5tock No. 85.056-5 .............................. $99.50 f.o.b. Barrington. N. J. 
Low Power Supplementary Lens Attachment for abo\'e Stereo--provides 15X down 
to (iX with clear, extra large Ilh" field at 6X. 
5tock #30.276-5 .......................................................................................... $7.50 

80 pages! Over 1.000 items. Optics for the 
Space Era! Huge selection of lenses. prisms. 
war surplus optical instru-

ments, parts and accesso­
ries. Telescopes. Micro­
scopes. Satellite Scopes. 
Binoculars. Infrared Snip­
erscopes, etc. Request 
Catalog-S. 
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The profile of two curves used in orbit simulators 

volves pointing the objectives of the 
binocular directly toward the sun when 
it is at a low altitude and projecting 
the beams from the eyepieces 011 a white 
screen in the shade. When the instru­
ment is focused on infinity, images of the 
sun will appear as two overlapping disks 
of light on the screen. If the instrument 
is supported so that the two telescopes 
are level with each other, the images 
will appear at the same height on the 
screen and the space between their cen­
ters will match the space between the 
centers of the eyepieces-if the instru­
ment is in good adjustment. 

"Although a wall may be used for a 
quick check, accuracy can be increased 
by providing a screen, perhaps two by 
three feet in size, which has been ruled 
with horizontal reference lines an inch 
or so apart. A pair of vertical rulings 
spaced three inches apart near one side 
are also useful as references . The binoc­
ular may be supported by a conventional 
tilt-top tripod or even a block of wood 
clamped to the window sill. Any method 
of support is satisfactory which permits 
the glass to be kept pointed toward the 
sun and level laterally. The screen may 
be tipped forward or backward as much 
as 10 degrees without affecting the accu­
racy, but it must be kept as close to 
a right angle with the sun as possible. 

"In normal use one's eyes never di­
verge, either laterally or vertically, al­
though they do converge from zero in 
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looking at a fairly distant object to as 
much as six or eight degrees in close 
reading. This should be kept in mind 
when collimating a binocular. Errors 
should be in the direction of converg­
ence, not divergence. In other words, the 
distance between the images on the 
screen should be equal to or slightly 
greater than that between the eyepieces, 
never less. Incidentally, the measure­
ment may be made between the edges 
of the images and the corresponding 
edges of the eyepiece lenses instead of 
at the respective centers. It is a good 
idea to mask one of the objectives while 
observing the images to make sure that 
the beams do not cross. Masking the 
right-hand objective, for example, 
should cause the right-hand image to 
disappear . In the case of the average 
binocular placed 10 feet from the screen, 
a convergence or divergence of three 
degrees results in a difference of about 
an eighth of an inch in the distances be­
tween the eyepieces and the images. 

"The objective lenses of most binoc­
ulars are clamped by retaining rings in a 
short length of internally threaded brass 
tubing bored off-center. These 'eccentric 
cells,' in turn, telescope into and are 
secured by eccentric rings, also short 
brass tubes with an off-center bore . One 
or more thin slots usually appear in the 
edge of the retaining rings that faces 
outward. These slots take the spanner 
wrench used for loosening or tightening 

the retaining rings. Such wrenches may 
either be made or procured from an op­
tical supply house. When the retaining 
rings are loosened, the eccentric cell and 
ring may be rotated with respect to each 
other. This adjusts the radial position 
of the lens in any desired direction. The 
image on the screen will move in the 
same direction as the lens. The collima­
tion procedure consists in finding the 
position of the lenses that yields the de­
sired image-separation as described. 

"In the case of many instruments, par­
ticularly the inexpensive imported varie­
ty, the retaining rings are made of soft 
aluminum and the metal may tear away 
at the slots when pressure is applied 
with the wrench. When this happens 
the ring must be cut with a sharp chisel 
such as a hand-engraving tool, removed, 
and replaced with a new ring. Usually 
replacements are not available, so you 
have to make them yourself. In some 
designs the rings are locked by small 
set-screws. They are loosened with a 
watchmaker's screwdriver . Frequently 
the heads twist off. The old screw is then 
drilled out and, after the hole has been 
retapped, replaced by a larger screw. 

"Aside from these complications, it is 
relatively easy to align a glass for a 
single position of the hinge. But colli­
mation at other hinge positions may re­
quire a lot of time and patience. For 
good collimation at all positions of the 
hinge, the barrel of each telescope mus t  
be  parallel to  the hinge. Begin by colli­
mating at an intermediate hinge posi­
tion. The relative position of the images 
is then observed at the ends of the hinge 
movement. The subsequent procedure 
entails finding an adjustment of the ec­
centric rings which will maintail1 the 
relative position of the spots throughout 
the desired range of hinge movement . 
The eccentrics are then rotated symmet­
rically to produce the desired image sep­
aration which, if maintained at the end 
pOSition, completes the job. The opera­
tion is one of 'cut and try,' and requires 
time and patience . Having been through 
it, the amateur will forever after handle 
his binoculars with care."  

ra d i os of th e c u t ter 
( s h o u l d  e q u a l  t h e  ra. d i us 
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A tool to machine an orbit simulator 
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Raytheon Graduate Program 

HAR VARD 

M. l. T. 

CAL TECH 

FOR STU DY AT HARVARD, 
M. I .T. AN D CALTECH 
IN 1959- 60 

The Raytheon Graduate Program has been established 
to contribute to the technical development of scientists 
and engineers at Raytheon. It provides the opportunity 
to selected persons employed by Raytheon, who are 
accepted as graduate students by Harvard University, 
Massachusetts Institute of Technology and California 
Institute of Technology, to pursue at Raytheon's ex­
pense, regular courses of study leading to a master's 
degree in science or engineering in the institution of 
their choice. 

The Program requires, in general, two or three semesters 
of study, depending on circumstances, with the summer 
months spent in the Company's research, engineering, or 
manufacturing divisions. It includes full tuition, fees, 
book allowances and a salary while at school. Students 
are eligible for health, accident, retirement and life insur­
ance benefits, annual vacation and other privileges of 
full-time Raytheon employees. 

To be considered for the Program, applicants must have 
a bachelor's degree in science or engineering, and should 
have outstanding student records, show technical prom­
ise, and possess mature personal characteristics. They 
must be under 30 years of age on September 15 of the 
year admitted to the Program. They may apply for 
admission to the Program in anticipation of becoming 
employees of Raytheon. 

YOU ARE INVITED TO ADDRESS YOUR INQUIRY 
to Dr. Ivan A. Getting, Vice President, Engineering 
and Research, outlining your technical background, 
academic record, school preference, and field of interest, 
prior to December 1, 1958. 

RAYTHEON M A N U FACTURING COMPANY, Waltham 54, Mass. 
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25th Anniversary Double Gift Offer 
Membership in the Science Book Club provides two 

valuable services. First, the Editors carefully evaluate 
the new books in science, and from among them choose 
the most significant volumes in all fields of inquiry. 
Then, these books are made available to members at 
substantially reduced prices. To demonstrate these serv­
ices, we cordially invite you to join the Science Book 
Club now while our 25th Anniversary Offer is in effect. 
Accept any 3 of the volumes on this page - a total 
value of up to $20.75 - for only $3 .89.  Two of these 
books are your free gifts all joillillg; the third is your 
first membership selection. Thereafter, as a member, you 
need take as few as 3 more selections during the next 
12 months, always at reduced Member's Prices. 

SCIENCE BOOK CLUB, INC. 63 Fourth Avenue, New York 3, N. Y. 

Please enroll me as a member and send me the three volumes 
I have checked - two as my Gift Books on j oining, and the 
third as my first Selection, all at the Introductory Member's 
Price of $3.89 (plus postage ) .  As a member, I need take as 
few as 3 more Selections during the next 12 months, always 
at reduced Member's Prices; and each time I start a new series 
of four Selections I will receive a Free Bonus Book. 

o Frontiers of 0 Earth and Its 
Astronomy Atmosphere 

B ��t�:�:��s
E

i�ergy 0 A Treasury of Science 

Western Culture 0 Chemistry Creates 

o Rockets, Missiles a New World 
& Space Travel 0 Theories of The o Atom and Cosmos Universe 

Name . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . .  . 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

City . . . . . . . . . . . . . . . . . . . . . . . .  Zone . . . .  State . . . . . . . . . . . . . . . . . . 
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a remarkable offer from the 

SC I E N C E  B O O K  C L U B  

Any Th ree 
of th ese i m porta nt n ew books 

fo r o n ly S3SS 
with members h i p  

FRONTIERS O F  ASTRONOMY 
By Fred Hoyle 
"New ideas about the structure of the earth 
. . .  formation of the craters and maria on 
the moon, and the origin of the planets and 
the solar system, discussed in a fascinating 
manner." The London Times. 40 pages of 
photographs. List Price $5.00 

ON NUCLEAR ENERGY 
By Donald J. Hughes 
The complete account of the fundamentals 
of nuclear fission and fusion, chain reaction, 
atomic power, nuclear fuel production and 
the uses of radioactive isotopes. 

List Price $4.75 
MATHEMATICS IN WESTERN 
CULTURE By Morris Kline 
"A stimulating and readable book . . . 
unfalteringly clear in explaining mathemati­
cal ideas. Kline has made a genuine con­
tribution to our understanding of mathe­
matics. "  Scientific A merican 

List Price $7.50 
ROCKETS, MISSILES & SPACE 
TRAVEL By Willy Ley 
New, revised edition of this definitive source 
book on rocket development and space 
travel by the noted authority, himself a 
pioneer in the field. List Price $6.75 
ATOM AND COSMOS 
By Hans Reichenbach 
A lucid exposition of the world of modern 
physics, including such subjects as The Dis­
integration of Matter, Light and Radiation, 
Laws of the Atomic Mechanism and The 
Relati vity of Motion. List Price $5.00 
THE EARTH AND ITS ATMOSPHERE 
Edited by D .  R .  Bates 
"This is a stimulating, even exciting book, 
summarizing recent additions to the rapidly 
g r o w i n g  b o d y  of k n o w l e d g e  a b o u t  t h e  
phYSics o f  our planet. "  Science Magazine 

List Price $6.00 

A TREASURY OF SCIENCE 
Edited by Harlow Shapley 
A panorama of the development of modern 
science in the words of Einstein, Ditmars, 
Galileo, Oppenheimer and 70 other disting­
uished scientists. Gives a connected view of 
the physical universe of today. Newly re­
vised. List Price $5.95 
CHEMISTRY CREATES A NEW 
WORLD By Bernard Jaffe; intra. by Glenn 
Seahorg, Nobel Prize Winner in Chemistry 
Here is  a fascinating guide to chemistry. 
from its crude beginnings to modern day 
synthetic fibers, miracle drugs and nuclear 
energy. List Price $4.50 

THEORIES OF THE UNIVERSE 
Edited by Milton K. Munitz . . 
Space, Time and the CreatIOn of the Um­
verse - the first one-volume presentation of 
the development of cosmology from Plato 
to present day astronomers, mathematicians 
and physicists. List Price 56.50 
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by Ernest Nagel 

A HISTORY OF MATHEMATICS, by J. F. 
Scott. Taylor and Francis (63 shill­
ings) . 

T
he history of mathematics repre­
sents in miniature important stages 
in the genesis of liberal civiliza­

tion, and illustrates a pattern of devel­
opment repeated by many human activi­
ties that become prized institutions in 
advanced societies. In its origins mathe­
matics was a menial practice, concerned 
with a narrowly delimited set of special 
problems in agriculture and architecture, 
and consisting of unanalyzed rules of 
thumb for performing measurements 
and calculations. It was gradually trans­
formed into a liberal art, having an un­
bounded range of application and a rea­
soned basis for its products, and widely 
pursued not primarily for its immediate 
practical values but largely because of 
the intrinsic intellectual delights its cul­
tivation yields. 

The decisive first step in this trans­
formation occurred when men became 
aware that the miscellaneous collection 
of practical rules for mensuration could 
be systematically ordered, improved and 
augmented by exhibiting them as the 
inevitable consequences of a few gen­
eral principles. A type of necessity was 
thus recognized that has the force nei­
ther of a despot's arbitrary commands, 
nor of socially sanctioned habits, nor of 
the compulsion of physical events, but 
has the distinctive constraint of rational 
proof. The principles constituting the 
ultimate premises of mathematical dem­
onstrations were regarded during many 
centuries as self-evident axioms, alterna­
tives to which are inconceivable. Indeed, 
mathematics thus conceived served as 
the model to which every genuine sci­
ence, as distinct from mere opinion, must 
conform. Comprehensive philosophical 
theories of the universe and of human 
cognition were devised in order to ac-

BOOKS 
A new description of the 

history of lnathelnatics 

count for the apparent power of human 
reason to grasp with finality the basic 
constitution of the physical and moral 
cosmos. 

The belief in the intuitive certainty of 
first principles limited the scope of math­
ematical analysis for more than two mil­
lennia, even though the grounds for this 
belief and for the philosophies based 
upon it were eventually undermined by 
fresh developments within mathematics 
itself. Meanwhile, however, and despite 
this limitation, an impressive structure 
of demonstrated relations was erected 
upon axiomatic foundations. Even in 
ages dominated by superstitious dogma, 
mathematics thus kept alive the liberal 
idea of reasoned discourse and rational 
proof. But it also supplied indispensable 
intellectual tools for the theoretical ex­
ploration of nature during more pro­
pitious times, its own researches being 
in turn stimulated by the needs of the­
oretical science. 

However, a further step of cardinal 
importance in the emancipation of the 
human intellect was taken when con­
sistent alternatives to the established sys­
tems of mathematics were discovered, so 
that the conception of self-evident 
axioms was radically challenged. The 
traditional domain of mathematics was 
in consequence enormously expanded. 
Heightened standards of rigor and new 
techniques of analysis were introduced. 
And a limitless realm of possibilities was 
opened up for exploitation, yielding 
in unceasing abundance creations of the 
human imagination that are both intel­
lectually enlightening and esthetically 
satisfying. These developments within 
mathematics had repercussions else­
where, most conspicuously in the natural 
sciences, but also in the general climate 
of opinion. Potent critical fire came to be 
directed against entrenched social and 
ethical philosophies which derived their 
intellectual authority from the common 
belief that their ultimate premises, like 
those of mathematics as traditionally 
understood, could not be denied without 
logical absurdity. Among thoughtful. 
men, at any rate, the realization grew 

that claims to factual and moral truth 
could not be adequately founded on 
appeals to intuitive certainties, but had 
to be supported by a responsible consid­
eration of empirical evidence. The rec­
ognition that there are logical alterna­
tives even to our most cherished beliefs is 
a sobering thought. But it is also an idea 
that can emancipate men from intoler­
ant dogma and illiberal provincialism. 
As the late Tustice Holmes once ob­
served, no on� can count himself as civ­
ilized who has not at some time ques­
tioned his first principles. To this eman­
cipation, and to the development of a 
temper of mind that is both rational and 
skeptical, mathematics has made pro­
found contributions. 

A history of mathematics can accord­
ingly be written with different primary 
emphases. It can be written in a broadly 
philosophical spirit, stressing the role of 
mathematics as a civilizing agency, and 
discussing among other things the im­
pact of mathematical discoveries upon 
art, religion and philosophy in general. 
It can be expounded in a sociological 
vein, with a view to exhibiting the influ­
ences changing social and scientific 
needs have had on the direction of math­
ematical research, the uses to which 
mathematical inventions have been put 
in different areas of human concern, and 
the cultural conditions under which 
mathematics has made significant head­
way. It can be elaborated in terms of in­
dividual biographies, describing the in­
fluences of persons, books and circum­
stances upon creative effort. It can be 
presented with chief accent on the log­
ical and methodological questions with 
which different periods of mathematics 
had had to cope and to which answers 
have been found. Finally, and this is 
the form it usually takes, the history of 
mathematics can be an account of topi­
cally classified mathematical achieve­
ments, selected because of their techni­
cal importance and discussed in order 
of their discovery in successive historical 
periods. The various approaches are 
clearly not exclusive alternatives; no one 
of them is inherently superior to the 

141 

© 1958 SCIENTIFIC AMERICAN, INC



others, and in fact most discussions of 
the subject have something to say about 
materials drawn from several of them. 

The present volume belongs, by and 
large, to the last of these alternative 
ways of writing the history of mathe­
matics. Except for relatively brief de­
scriptions of mathematics in ancient sci­
ence and in modern mechanics, and 
apart from occasional references to phil­
osophical issues raised by new depar­
tures in mathematical thought, the book 
is essentially an informative and schol­
arly account of major achievements in 
pure mathematics from ancient times to 
the beginning of the 19th century. The 
author, who is vice-principal of St. 
Mary's College in Middlesex, England, 
and has contributed previously to this 
field, makes good use of secondary stud­
ies in the areas he surveys, especially of 
recent researches on Babylonian and 
Oriental mathematics. However, he bases 
his account primarily on a first-hand fa­
miliarity with the mathematical litera­
ture he discusses. Although he nominally 
ends his story with the work of mathe­
maticians born in the 18th century, os­
tensibly because he does not feel equal 
to presenting an exhaustive survey of the 
enormous and highly specialized mathe­
matical output since then, he does in 
fact describe the main developments far 
into the 19th century-including the dis­
covery of non-Euclidean geometry, the 
elaboration of the "new" projective ge­
ometry, the introduction of a greater 
rigor into mathematical analysis by the 
French mathematician Augustin Louis 
Cauchy, and the beginnings of mathe­
matical logic. Moreover, while no history 
of a science can be intelligible to anyone 
totally untrained in the systematic con­
tent of the discipline, the present one 
explains and illustrates important ideas 
and theorems with which a reader who 
is not a professional mathematician is 
not likely to be familiar. The book breaks 
no fresh ground, and offers no novel in­
terpretations of the materials it presents. 
But Scott writes clearly, and he gives 
unusually full descriptions of segments 
of mathematical history that are other­
wise not readily accessible. Moreover, 
by a happy use of paraphrase and quota­
tion, he succeeds in conveying the flavor 
of various styles of mathematical 
thought; and although he does not dis­
cuss at great length any of the logico­
methodological problems that emerge in 
the course of his story, his account of 
some of this material is often perceptive 
and suggestive. All in all, his book is a 
useful addition to the library of general 
histories of mathematics. 

Approximately a third of the volume 
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deals with developments prior to the 
Renaissance. The ancient Babylonians 
possessed mathematical skills much 
higher than was suspected 50 years ago. 
There seems no doubt, for example, that 
in their ability to handle problems in 
effect requiring the solution of quadratic 
equations they excelled the later Greeks. 
Nevertheless Scott makes out a convinc­
ing case for the older view that it was 
the Hellenes who first created demon­
strative mathematics, and that it is there­
fore with them modern science must still 
be said to begin. Like the ancient Egyp­
tians, the Babylonians were often talent­
ed empirics. They devised workable so­
lutions for a large number of particular 
problems; but unlike the Greeks, they 
apparently had no conception of the 
nature of a general proof, and not even 
a glimmer of the idea of a generalized 
deductive system. An essentially similar 
judgment is offered on the mathematical 
contributions of Oriental antiquity. 

Scott's account of Greek mathematics 
includes an unusually full and valuable 
discussion of the progress achieved in 
trigonometry, and of the part this dis­
cipline plays in Ptolemy's Almagest. He 
also explains in some detail the method 
of exhaustion for evaluating irrational 
geometrical magnitudes, and the way 
the Greeks incorporated the irrationals 
into the number system. However, his 
story of this important problem falls 
short of being adequate, since he avoids 
explicit discussion of the philosophical 
and methodological assumptions under­
lying the Greek view of irrationals and 
non terminating processes. Indeed, Scott 
is obviously more at home with the de­
tails of technical developments in math­
ematics than with the relevant philos­
ophical ideas that often control those 
innovations. For example, he declares 
that Plato had only a secondary interest 
in ethics and politics, and that the Pla­
tonic philosophy was in consequence a 
"mathematical philosophy." Such an as­
sessment not only ignores the intimate 
relation between Plato's concern with 
mathematics and his passionate involve­
ment in moral and social questions; it 
also underestimates the influence of 
moral considerations upon the norms of 
mathematical procedures adopted by 
Plato's followers. Moreover, Scott's own 
stand on a major technical issue is sur­
prisingly insensitive to the philosophical 
import of developments within mathe­
matics itself. In commenting on the ra­
tionale for the repeated attempts to 
prove Euclid's parallel postulate, he as­
serts: "It is not that anyone questions 

- the truth of it; the important point is that 
it is not self-evident, as an axiom should 

be." His apparent acceptance of the as­
sumption that axioms must be self-evi­
dent, in the face of his own subsequent 
account of the discovery of non-Euclid­
ean geometries, raises legitimate doubts 
about his book as a reliable guide to the 
philosophic significance of the story it 
tells. 

Little space is devoted to the mathe­
matics of the "Dark Ages." Scott exam­
ines neither the question of why they 
were dark, nor the issue of whether they 
were quite as dark as has been common­
ly supposed. But he does attempt to ex­
plain the revival of mathematical activity 
during the Renaissance, in terms of the 
familiar account of the gradual redis­
covery of the Greek mathematical writ­
ings. Of greater interest is his comment 
that with the invention of printing and 
the consequent replacement of the writ­
ten by the printed word, an improved 
mathematical symbolism was required 
which contributed essentially to the 
power of mathematical analysis. How­
ever, he does not expand upon this com­
ment; and he does not do justice to the 
importance of an adequate notation both 
for making complex mathematical oper­
ations manageable, and for suggesting 
new generalizations and constructions. 
Much modern mathematics has un­
doubtedly been generated under the in­
fluence of notational analogies, and a 
detailed study of the history of such in­
fluences remains to be written. More­
over, Scott omits all reference to the 
stimulus that the requirements of an ex­
panding commerce provided to mathe­
matical thought, and to the greater lei­
sure for the pursuit of pure science which 
an improved European economy made 
available. Indeed, he just about inverts 
what is surely the true causal order in 
declaring that "the increased interest in 
mathematics is reflected in the revival of 
interest in navigation, especially in mari­
time countries." It is of course absurd to 
claim that the development of mathe­
matics is simply a response to the chang­
ing demands of practical life. It is no less 
absurd to suppose that advances in 
mathematics by themselves produce so­
cial transformations. In any event, math­
ematical research is not an entirely self­
contained activity; and the direction of 
its progress is not completely unaffected 
by other human concerns. The expansion 
of certain branches of mathematics to 
meet the needs of current social science 
is impressive contemporary evidence for 
this fact. 

Scott's survey of the mathematical 
contributions of the 16th and 17th cen­
turies is rich in detail. Much valuable 
information is supplied on the work of 
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"FORCES OF NATURE," another in a collection of paintings by Simpson.Middleman, 
two talented artists who find in the natural sciences the subject matter for their 
contemporary expressions. Courtesy John Heller Gallery, Inc. 

Conquest of space 

Boeing has geared its facilities, research and man­

power resources to meet the complex technological 

requirements of the space age. The Systems Manage­

ment Office, for example, has responsibility for the 

over-all management as well as the technical research 

and development activities in advanced flight tech­

nology, electro-magnetics and support systems lead­

ing to operational space weapon systems. 

The Boeing Scientific Research Laboratories have 
been established to develop new, fundamental know­

ledge at the frontiers of science. They provide the 

environment of scientific freedom necessary to the 

attainment of this objective. Areas of investigation 

include, but are not limited to, hypersonics, energy 

conversion, solid state physics, magneto-hydro­

dynamics, nuclear and plasma physics, advanced 

propulsion systems, and the effects of high tempera­

tures on structures and materials. 

Boeing engineers and scientists are currently at work 
on an Air Force assignment for Phase I development 

of Dyna-Soar, a manned space vehicle which will 

orbit at speeds approaching 18,000 miles an hour 

and be capable of re-entry and normal landing. 

Dyna-Soar and other advanced projects at Boeing 

offer exceptional space-age opportunities to engineers 

and scientists of all categories. Drop a note now to 

Mr. Stanley M. Little, Department B-80, Boeing 
Airplane Company, Seattle 24, Washington. 
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FOR 

SCIENCE READERS 

HUMAN 
POTENTIALITIES 

By Gardner Murphy 

The mature work of one of the 
eminent psychologists of our 
time. It brings to bear the find­
ings of modern science in a .pro­
vocative exploration of the 
future directions of man's de­
velopment. $6.00 

FRONTIERS IN 
SCIENCE 

Ed. by Edward Hutchings, Jr. 

A fascinating tour of the labo­
ratories, observatories and field 
stations on the "growing edge" 
of research today. Linus Paul­
ing, J. Robert Oppenheimer, 
Fred Hoyle, George W. Beadle 
and Sir Charles Darwin are 
among 30 contributors. $6.00 

THE ACADEMIC 
MARKETPLACE 

By Cap/ow & McGee 

A startling analysis of personnel 
practice in American univer­
sities today-and its effect on 
the spirit and goals of higher 
education. $4.95 

ON THE MAGNET 
By William Gilbert 

Luxurious, boxed facsimile of 
the famous Gilbert Club trans­
lation, out of print since 1900. 

$8.50 

the early algebraists; and the achieve­
ments of some of them, such as the 
gifted Dutchmen Simon Stevin and 
Albert Girard, are presented more fully 
than in most general histories. There are 
excellent descriptions of anticipations of 
coordinate geometry, and of the great 
strides taken toward the invention of 
general methods for drawing tangents 
and calculating volumes-problems that 
are now handled by the differential and 
integral calculus. An unusually full treat­
ment is also accorded to the invention of 
decimal fractions and logarithms. Scott 
rightly assigns great importance to these 
innovations as indispensable steps to­
ward making mathematics a tractable 
instrument in the solution of physical 
problems. He gives his readers a vivid 
sense of the obstacles John Napier had 
to overcome in arriving at the notion of 
logarithm. Napier had no conception 
of fractional or negative exponents, 
and he developed his ideas in terms of 
kinematic conSiderations, involving cor­
respondences between arithmetic and 
geometric series of velocities. 

The discussion of Rene Descartes's 
contributions is especially illuminating. 
As is well known, Descartes was by no 
means the first to use coordinates in 
the study of geometry. His ori.ginality 
consisted, as Scott makes clear, in de­
vising a better notation for this purpose, 
in referring several curves to a single set 
of axes, and above all in establishing a 
general correspondence between geo­
metrical and algebraic problems, so that 
the former can be handled uniformly 
by the more powerful algebraic methods. 
In this connection Descartes also eman­
cipated mathematical analysis from the 
then current assumption that the square 
of a quantity, for example, must repre­
sent an area and never a length; and 
more generally, that a quantity raised to 
a power greater than unity must repre­
sent a configuration with a dimensional­
ity greater than one. Because of their ac­
ceptance of this assumption, mathemati­
cians had been understandably puzzled 
by quantities raised to powers greater 
than three, and were in consequence re­
luctant to employ them. Scott is admi­
rably perceptive in calling attention to 
the increased freedom in mathematical 
construction that followed fhe relaxation 
of this restrictive principle. 

Readers unfamiliar with Isaac New­
ton's method of fluxions, and with his 
ideas on the foundations 'Of the differ­
ential and integral calculus, will find 
Scott's careful presentation of these and 
related matters highly instructive and re­
warding. Newton first approached the 
problems of drawing tangents and cal-

culating areas and volumes in terms of 
the notion of infinitesimals (magnitudes 
supposedly neither finite nor vanishing); 
and Gottfried Wilhelm Leibniz re­
mained permanently wedded to it as the 
basis for his independently discovered 
calculus. However, Newton became dis­
satisfied with the idea of infinitesimals. 
He never completely freed himself of 
this idea, and never found a rationale 
for his procedures of differentiation and 
integration. But he eventually worked 
out his method of fluxions, which did 
not require the overt use of infinitesimals 
but was founded on the notion of "prime 
and ultimate ratios" that bears a strong 
resemblance to the modern notion of 
limit. As it turned out, the notation New­
ton used in expounding his method 
proved to be a serious handicap in the 
further development of the calculus in 
England, and it was replaced by the 
superior symbolism Leibniz had devised 
in presenting his own approach. How­
ever, neither Newton nor Leibniz were 
able to supply a logically rigorous foun­
dation for the operations of differentia­
tion and integration. Both of them, 
especially Leibniz, were inevitably op­
portunistic in employing an undoubtedly 
obscure mathematical technique that 
nevertheless was felt to be justified by 
the "correct" results it yielded. Bishop 
Berkeley's derisive critique of Newton's 
method of fluxions as resting on "the 
ghosts of departed quantities" was in 
principle sound. But Berkeley's criticism 
was entirely destructive. It did not ad­
vance the solution of any mathematical 
problems, and it was generally ignored 
by practicing mathematicians. Despite 
its admittedly faulty foundations, the 
infinitesimal calculus continued to be 
widely and fruitfully used until a better 
foundation was constructed for its oper­
ations two centuries later. This instance 
of an intellectual technique, recognized 
by those who employed it as supported 
by dubious credentials but enjoying nev­
ertheless a distinguished and fertile sci­
entific career, is not unique in the history 
of science; other examples can be found 
in Scott's book and elsewhere. A sys­
tematic study of such ideas, and of the 
effects upon their use of essentially neg­
ative criticisms, would be a fascinating 
and valuable contribution to the analysis 
of the human mind. 

The final part of the book discusses, 
among other things, the development of 
analytical methods by followers of New­
ton such as Leonhard Euler, Joseph 
Louis Lagrange and Pierre Simon de La­
place; the growth of probability as a 

branch of mathematics; the previously 
mentioned innovations in various parts 
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of geometry; and the invariably fascinat­
ing story of the progress made in sys­
tematic number theory. In connection 
with the latter theme, there is an ad­
mirable account of Karl Friedrich Gauss's 
Disquisitiones Al'ithmeticae; and a good 
survey is given of other remarkable 
contributions by Gauss. Surprisingly 
enough, however, neither here nor else­
where in the book is differential geom­
etry mentioned; the subject of topology 
is in effect also ignored. Useful thumb­
nail sketches of the lives of eminent 
mathematicians are contained in one 
appendix; in another, brief notes expand 
some of the topics belonging to later 
parts of mathematical history. Six plates 
handsomely reproducing famous pas­
sages from important mathematical 
works add to the value of the book. 

Scott notes in passing that while dur­
ing a given period the center of mathe­
matical activity has sometimes been lo­
cated in one country, such eminence in 
mathematical achievement has often 
shifted from one nation to another. He 
does not explore the question why this 
has been so, nor the cognate query as to 
why there has been such an impressive 
frequency of independent discoveries 
in mathematics, even during centuries 
when mathematicians did not constitute 
an organized fraternity. It is perhaps a 
failing in his presentation that it throws 
no light on questions that are certainly 
pertinent to the history of mathematics. 
But in any event Scott's book has the 
merit of suggesting them. 

Short Reviews 

PEOPLE OF COAL TOWN, by Herman R. 
Lantz. Columbia University Press 

($5.75). The story of a coal-mining 
community, based on a two-year team 
project of interviewing the inhabitants, 
examining town records and observing 
town life. Coal Town-situated, one sup­
poses, somewhere in Illinois-is a one­
industry community which has had a 
wretched past and faces a bleak future. 
It is not un typical. It was founded at the 
beginning of the 19th century in a bar­
ren area. The majority of settlers were of 
mixed Scotch, Irish and English descent, 
and had migrated from the hill country 
of the South. They exchanged a rocky, 
unproductive soil for one which afforded 
a submarginal agricultural living. Grain, 
castor beans, hogs and horses were the 
principal products. Thus the economy 
maintained itself precariously. For the 
great majority of the people life was 
characterized by three major themes: 
"resignation, violence and superstition." 
When coal was found about 1900, cer-

tain major changes in the community 
took place. The economy was trans­
formed; the need for labor increased. 
There ensued a large influx of Negroes 
and of immigrants from central and 
southern Europe. This brought new 
problems. The natives hated the Negroes 
and the immigrants, a feeling which was 
reciprocated. For a time the mines were 
owned by six brothers; later a company 
took over. Under both regimes the min­
ers were ruthlessly exploited until 
unionization secured them better wages 
and other rights. Lawlessness and vio­
lence marked the normal life of Coal 
Town until the 1920s and manifested 
itself intermittently thereafter. Suspi­
cion and hatred brooded over the com­
munity. Despite the operation of the 
mines, Coal Town never enjoyed real 
economic health, although now and 
then, and especially from 1940 to 1948, 
there were boom years. One of the two 
mines closed down in 1948; the other, in 
1956. Whether they will ever open 
again is uncertain. The population, down 
to about 2,300, continues to dwindle. 
Coal Town is not a ghost, but it is half 
dead. The author sets forth what he be­
lieves to be a "common orientation" of 
themes and values present in those who 
have lived there. Human relationships 
in the main are devoid of warmth 
and respect; "human personalities are 
viewed as commodities to be used or 
manipulated." The majority of residents 
lack self-respect and are self-depreciat­
ing. Contemptuous of themselves and of 
one another, they feel isolated: not only 
separated from people but also alienated 
from "any consistent set of life goals 
or purposes." Paradoxically there is 
coupled with their rebelliousness a pas­
sion for conformity to majority values, 
which at least serves as a substitute for 
a true sense of belonging. Anti-intel­
lectualism, hopelessness, cynicism are, 
as one might expect, other aspects of the 
atmosphere which pervades a large sec­
tion of the population. This is a disturb­
ing book. Without generalizing about 
life in a small community as compared 
with life in a larger setting, it is clear 
that many of the ills of Coal Town affiict 
other contemporary U. S. communities, 
large as well as small. Lantz has de­
picted an example of social pathology 
which is unfortunately far from unique. 

I NDlAN AHT OF MEXICO AND CENTHAL 

AMEHICA, by Miguel Covarrubias. Al­
fred A. Knopf ($17.50). This interesting 
and attractive book is the second of a 
trilogy on Indian culture (the first was 
The Eagle, the Jaguar and the Serpent, 
dealing with the Indian art of North 

TORNADOES 
OVER TEXAS 
BY HARRY ESTILL MOORE 

The Full-Scale Story of 
Two Cities in Crisis 
After the two tornadoes dipped 
down into Waco and San Angelo, 
T e x a s, in 1953, 125 w ere d e a d, 
$50,000,000 worth of property was 
destroyed, and the social organiza­
tions of two cities had been wrecked. 
The total effect of these catastro­
phes on the economic,governmental, 
and community structures, and the 
emotional reactions of its victims 
(verbatum reports), have been 

fully documented in TORNADOES OVER 

TEXAS, by Harry Estill Moore, Pro­
fessor of Sociology, at the Univer­
sity of Texas. The first such investi­
gation of its kind, it is rich in its 
implications for the development of 
a theory of disaster, and important 
to all scientists. Only $5.00 

�:eO�:::::c�Y� publication program of 
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NEW 

VanNostrand 
BOOKS 

PHOTOMICROGRAPHY 
2nd Ed. by Roy M. Allen, Sc.D. 

A broad, accurate picture of photomicrog­

raphy and a unique, simply-written guide. 

Includes new de­

signs of micro­

seQ pes, ca meras 

and accessories 

such as the phase 

and interferometer 

microscopes and 

the electron micro­

scope. New methods and applications in 

modern practical usage such as spectral 

bands, infrared, ultraviolet and polarized 

light. A Chapter on homemade equipment 

and darkroom techniques is included. 

425 pages, a bout $8.00 

THE CHEMICAL 
BEHAVIOR OF 
ZIRCONIUM 
by Warren B. 

Blumenthal, 
National Lead 

Company 

Complete research data, including useful 

rules governing the properties of Zirconium 

and its compounds.425 pages, about $9.50 

MISSILE ENGINEERING HANDBOOK 
by C. W. Besserer, Senior Technica: Staff, 

Ramo-Wooldridge Corp. 

Important handbook data a'nd a glossary 

of guided missile and space flight terms. 

Fourth volume in the series "Principles of 

Guided Missile Design". 614 pages 

$14.50 

APPLIED REACTOR METALLURGY 
by Walter D. Wilkinson and William F. 

Murphy, both of Argonne National Laboratory. 

This important volume covers the metal· 

lurgy of uranium, plutonium, thorium, beryl­

lium, zirconium, liquid metals, and other 

materials vital to the use of nuclear reactors. 

392 pages $5.60 

DYNAMICAL ANALOGIES 
2nd Ed. by Harry F. Olson, RCA Laboratories, 

Princeton, N. J. 

The analogies between electrical, mechani­

cal acoustical systems and magnetic sys­

tems, invaluable as an aid in solving various 

problems of dynamical systems. 288 pages. 
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Probably $5.75 
Dept. R 

Van Nostrand 
120 ALEXANDER STREET 

PRINCETON, N. J. 

America) which Covarrubias did not 
live to complete. Though not a profes­
sional archaeologist, Covarrubias spent 
years of his life studying prehistory and 
Indian civilizations. He pored over the 
ancient writings, directed field explora­
tions and, as a gifted artist, had a feeling 
for the connections between creative 
forms which conferred a special quality 
upon his archaeological speculations. In 
this volume he examines the preclassic 
cultures: the first agriculturists, the mys­
terious and exciting sculpture of the 
Olmecs (i.e., the "people of the rubber 
country") and the works of the little­
known people of western Mexico; the 
classic period, marked by "the great 
theocracies" which produced the famous 
architecture and sculpture of Teoti­
huacan, Monte Alban, Mitla and of the 
Maya area of Yucatan, Chiapas, Quin­
tana Roo and Guatemala; the historical 
period of the Toltec Renaissance, the 
Mixtecs and Tenochtitlan (now Mexico 
City), the seat of the Aztec empire. Hun­
dreds of the author's illustrations in 
black and white and in color portray 
statues, jewelry, masks, frescoes, tomb 
decorations, figurines, steles, glyphs, 
vases, bowls, facades, shields and other 
art objects; also included is an album of 
64 pages of striking photographs. The 
photographs, it must be said, are much 
better than the color plates, which, 
whether because the originals or the 
reproductions are at fault, do not convey 
the vivid impression of Covarrubias' best 
work. 

kIMAL BEHAVIOR, by J olm Paul Scott. 
The University of Chicago Press 

($5). This book is described as both an 
introduction for the general reader and 
a text for students. It is not easy to com­
bine these different purposes, but the 
author has been highly successful. His 
survey is clear, simply written and un­
failingly interesting. It draws upon his 
own researches at the Roscoe B. Jackson 
Memorial Laboratory and the studies of 
many other workers in the engrossing 
field of ethology. Among the topicS dis­
cussed are various ingenious methods 
of studying adaptive, "agonistic" and 
"allelomimetic" behavior of birds and 
mammals; the measurement of motor 
capacities of arboreal monkeys, lobsters, 
earthworms, sticklebacks and octopuses; 
behavior as physiologically determined 
by fluctuations in blood sugar; the rela­
tionship between hormones and fighting 
in cats, mice and other animals (fighting 
does not seem to occur in the absence of 
external stimulation, so it would appear 
that there is no basic drive to fight) ; the 
learning abilities of a one-celled animal 

such as a Stentor, and of rats, dogs and 
wolves; the theories of Pavlov and B. F. 
Skinner; experiments in crossing the 
barkless basenji and the cocker spaniel 
to determine whether timidity, crouch­
ing, jumping and other traits are in­
herited; social behavior, social organiza­
tion, intelligence and communication in 
animals; behavior and evolution. A re­
markable series of experiments involved 
the tiny wasp Habl'Obracon. The fact 
that the male and female of this species 
show markedly different sex behavior 
led the geneticist P. W. Whiting to col­
lect some 50 gynandromorphs (animals 
who because of accidents to the chromo­
somes are part male and part female in 
appearance), and to test their behavior 
with females and caterpillars. Strange 
antics followed: wasps with female 
heads and male bodies were indifferent 
to females, and even though they had no 
stingers went through the male motion 
of stinging caterpillars; when the head 
was male and the body female, the crea­
ture flipped its wings at females but paid 
no attention to caterpillars. Scott's book 
is filled with such fascinating items. 

A COMPREHENSIVE DICTIONARY OF 

PSYCHOLOGICAL AND PSYCHOANA­

LYTICAL TERMS, by Horace B. English 
and Ava Champney English. Longmans, 
Green and Co. ($8). A discipline cannot 
live without words, but words can cor­
rupt and destroy it. This explains the 
importance of good science dictionaries, 
which are as much works of criticism 
as they are guides to usage. No sub­
jects are in greater need of such serv­
ices than psychology and psychoanalysis. 
The vocabularies of both these wildly 
flourishing branches of study are 
plagued by amateurishness, pretentious­
ness and a general professional weakness 
for fancy terms. As Goethe wrote in 
Faust: "When ideas fail, words come 
in very handy." English's Student's Dic­
tional'Y of Psychology, first published 
in 1928, was well received, and he now 
presents, in collaboration with his wife, 
a compendium based on 30 years of 
study and compilation. The present vol­
ume appears to be a most refreshing, 
sensible and witty guide. The authors 
recognize that a lexicographer cannot 
"sweep back a tide of usage"; however, 
he need not be what Samuel Johnson in 
self-derision called a "harmless drudge." 
In addition to giving thousands of defi­
nitions of terms from astasia-abasia 
through ZYZ (a nonsense syllable used 
in memory experiments, "with which it 
seems suitable to end this dictionary"), 
the work offers several hundred brier 
encyclopedic articles which comment on 
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groups of related terms and terminolog­
ical problems. Included in this list are 
such diverse terms as aggressiveness, 
mathematical model, consciousness, nar­
cissism, zenoglossophilia (a passion, not 
unknown to the professionals for whom 
the dictionary is intended, for words of 
foreign origin), sex education, fiducial 
limits, bogus erudition, the01'y-begging, 
N01'dic mce, factor analysis, tmu111ato­
philic diathesis (a barbarism for ac­
cident-proneness), hydrophobophobia 
(fear of hydrophobia!), positivism, peer 
group, libido, noise, entropy, intelligence 
quotient, miscegenation, momls, infor­
mation theory, indecency. Examples of 
definitions: Adiadochokinesis means (1) 
the inability to make rapid alternating 
movements, and (2) incessant move­
ment. The Englishes' comment: "Alas, 
all this struggle for a precise word, only 
to have it end up in a contradiction. 

Ad-i-ad-o-cho-KIN -e-sis 
Is a term that will bolster my thesis 
That 'tis idle to seek 
Such precision in Greek 
When confusion it only increases." 

Folie d deux means insanity in pairs. But 
why, ask the authors, resort to French? 
One might use "doEble psychosis" or 
even "gruesome twosome." Formication: 
"a sensation as of ants or other insects 
crawling on the skin. Distinguish from 
'ants in the pants.' " 

A NTON VAN LEEUWENHOEK AND HIS 

ft "LITTLE ANIMALS," by Clifford 
Dobell. Russell & Russell, Inc. ($10). 
An unaltered reprint of a noted biogra­
phy, published in 1932, of the first man 
to describe bacteria. Dobell, himself a 
well-known worker in the microbiology 
which was founded by Leeuwenhoek, 
for 20 years stole odd hours from an ex­
tremely busy schedule to discharge this 
"labour of love." He had to teach himself 
Latin and 17th-century Dutch and even 
palaeography to be able to read and 
translate the Leeuwenhoek manuscripts 
in the library of the Royal Society. A 
large part of the book consists of English 
renderings of all Leeuwenhoek's famous 
letters pertaining to microbiology. Leeu­
wenhoek had little schooling, but he 
had extraordinary skill as an instrument­
maker, a marvelous imagination and an 
unquenchable curiosity. Above all he 
wanted to see how the tiny things of 
nature are made and how they work. 
Unaided and impelled by a divine mad­
ness, he literally discovered a new world. 
He made more than 200 microscopes 
with magnifying powers of 40 to 270 
diameters. He observed insects, rotifers 

and a host of other "animalcules." He 
investigated and described blood cor­
puscles, the capillary circulation, the 
lens of the eye, muscle fibers, the tubules 
of dentin. His comparative studies of 
spermatozoa are a landmark of biology. 
He contributed to anatomy, histology, 
physiology, embryology, botany, zoolo­
gy, chemistry, crystallography and 
physics. With a specially devised appa­
ratus he watched the explosion of gun­
powder under the microscope; though 
he nearly blinded himself, he succeeded 
in seeing what he wanted to see. He dis­
covered protozoa and bacteria "in or­
ganic infusions in the course of a crazy 
attempt to find out, by the microscopic 
examination of macerated peppercorns, 
why pepper is hot!" Dobell remarks that 
Leeuwenhoek was "terribly short of 
words, and could only talk in the com­
monest and most ungrammatical and 
old-fashioned language." But this did 
not stop him from saying everything he 
wished to say. To the Philosophical 
Tmnsactions of the Royal Society of 
London alone he made 112 contribu­
tions, and for the Paris Academy of 
Sciences he wrote 27 mem0irs. His 
style is homely, discursive and delight­
ful. In 1931 the Royal Netherlands 
Academy of Sciences made arrange­
ments to publish a 20-volume edition 
of Leeuwenhoek's letters. Only four 
volumes have appeared thus far, and 
the project is in danger of collapsing 
for lack of subscribers. This would be 
a pity, as C. B. van Niel says in his in­
troduction to the reissue of the Dobell 
biography. Leeuwenhoek was one of 
the great figures of science-a questing 
spirit interested in knowledge for its 
own sake. 

THE UNIQUENESS OF THE INDIVIDUAL, 

by P. B. Medawar. BaSIC Books, Inc. 
($4). Graceful and informative essays 
by a noted British biologist. The subjects 
include aging and natural death, scien­
tific method, Lamarckism and imperfec­
tions (biological) of man. The final essay 
(which

' 
gives the book its title) reports 

on researches by the author and his asso­
ciates on skin grafting, which have pro­
duced valuable and far-reaching knowl­
edge bearing on the "detection and assay 
of individuality, whether in goldfish, 
mice or men." Every human being, says 
Medawar, is genetically unique, and the 
"texture of human diversity is almost 
infinitely close-woven." Inborn diversity 
makes for versatility, which is the key to 
survival in a changing environment. In­
dividuality, however, is not one of man's 
"higher" or "nobler" qualities, for in this 
respect he is "nearer kin to mice and 

BUllETIN OF THE ATOMIC SCIENTISTS 

A Magazine of Science and Public Affairs 

The Bulletin was founded in 

1945 by scientists to help prevent 

the catastrophe of atomic war 

through an informed public opin­

ion. 

It has survived more than a 

decade as the only magazine re­

flecting the mutual impact of 

science and public affairs. 

Leading physical and social 

sCientists, public figures and pol­

icy makers keep the reader 

abreast of the advances and 

problems in this field. 

Take advantage of the Special 
Introductory Rate of: 

one year for only $4.00 

Send your order to: 
Bulletin of the Atomic Scientists 

5750 Ellis Avenue, Chicago 37. Illinois 

Study a.t ll.o:rne 

'VVitll. tll.� 

UNZVERSZT"'Y" 
of CE-i:ZC.A.GO 

CREATIVE RECREATION . . .  
sha re the resources of the University , W H E R­
EVER YOU A R E ,  for a l ife- long investment 
in inte l l ectua l se l f-improveme nt . . .  what­
ever your goal: write a bette r report or fine 
poem, l e a r n  statistics or the c a l culus ,  invest 
your money more wis e l y ,  increase your u n d e r· 
sta nding of Toynbee's philosophy or of your 
adolescent offspring. 

FOR THE MATURE MIND . . .  
con s i d e r  the advantages of using your l eisure 
creative l y  through our unique Home-Study 
curriculum FOR ADULTS . . .  in a l l ,  150 
courses in M a thematics a n d  Statistics,  Psy­
chology a n d  H uma n R e l a tion s ,  G re a t  Books ,  
Astronomy, Lib r a ry Science ,  Philosophy , Se­
ma ntics,  Ame ric a n  History, Pharmacology, 
Archeology, and othe r fie l d s. 

INDIVIDUAL INSTRUCTION ... 
e n joy a stimu l a ting conve rsation-by-ma i l  with 
a Unive rsity i nstructor. Begin at a n y  time 
. . .  study at your conve nie nce ,  AT HOM E 
. . .  e a rn a c a d emic c redit.  For ful l informa ­
tion, write f o r  t h e  Home-Study ANNOUNCE-

j' 
':':;:�:;��;:;

'

d
C

'
H �C'::O 

Box SA-10S, Chicago 37, III. 

147 

© 1958 SCIENTIFIC AMERICAN, INC



goldfish than to the angels ; it is not his 
individuality but his awareness of it that 
sets 'man apart." 

THE MATHEMATICAL THEORY OF EPI-
DEMICS, by Norman T. J .  Bailey. 

Hafner Publishing Company ( $6.75 ) .  
The mathematical theory of epidemics 
was founded about 50 years ago with the 
work of William Hamer and Sir Ronald 
Ross. Considerable progress has since 
been made, especially with the help of 
new mathematical methods of handling 
random processes. This monograph by 
a University of Oxford reader in biom­
etry surveys the results which have 
been attained, considering both deter­
ministic and stochastic theories of epi­
demic phenomena. 

pLATO'S COSMOLOGY ( $1 .75 ) ,  PLATO'S 
THEORY OF KNOWLEDGE ( $1 .75 ) ,  

PLATO AND PARMENIDES ( $ 1 .60 ) ;  edited 
by Francis MacDonald Cornford. The 
Liberal Arts Press, Inc. Francis Corn­
ford, the late Laurence Professor of 
Ancient Philosophy in the University of 
Cambridge, was the translator and editor 
of a number of Plato's dialogues . Several 
of his authoritative and valuable edi­
tions, enriched by extensive commen­
taries, are here reprinted in paperbacks. 
Included are The Theaetetus and The 
Sophist ( Theory of Knowledge ) ;  The 
Timaeus ( Cosmology ) ;  The Parmenides 
and its fragment Way of Tmth. Scholars 
will appreciate the republication of these 
writings in a well-printed, inexpensive 
format. 

A PICTURE HISTORY OF SHIPS, by C. 
Hamilton Ellis. The Macmillan 

Company ( $5.95 ) .  More than 400 pic­
tures make up this history. They illus­
trate, among other things, Mekhet Rii's 
traveling boat, Noah's Ark, Eskimo kay­
aks, the Oseberg ship, the Santa Maria, 
Spanish galleons, British shipyards, 
Chinese junks, Nelson's Vanguard, the 
naval bombardment of Copenhagen, the 
first steam tug, H .M .S .  Agamemnon 
( which laid the first Atlantic cable ) , the 
Great Eastern, the famous hydrographic 
survey ship Challenger, Mississippi 
stern-wheelers, the Monit01' and Merri­
m ac, several great ship fires, the London 
East India docks, the grotesque ship 
Cleopatra ( which was built around the 
obelisk of Thutmose III and carried it 
from Alexandria to London ) ,  clippers, 
tankers, channel packets, royal yachts, 
whalers, Sir Ernest Shackleton's En­
durance, early and modern submarines, 
the battle of Jutland, the sinking of the 
Lusitania, sundry aircraft carriers, land­
ing craft, destroyers and other warships, 
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lightships and lighthouses, and the 
U.S .S .  Missouri. 

Notes 

MICROWAVE MEASUREMENTS, by Ed­
ward L. Ginzton. McGraw-Hill Book 
Company, Inc. ( $ 12 ) .  A textbook treat­
ing the basic forms of electrical measure­
ments' encountered in the microwave re­
gion of the electromagnetic spectrum. 

AND THERE WAS LIGHT : THE DISCOV­

ERY OF THE UNIVERSE, by Rudolf Thiel . 
Alfred A. Knopf ( $6.95 ) .  A translation 
of a German history of astronomy for 
the general reader. The emphasis is on 
personalities and dramatic episodes ; the 
hard ideas have been carefully processed 
so as not to bruise anyone. 

PRIMITIVE ART, by Franz Boas. Dover 
Publications, Inc. ( $1 .95 ) .  An un­
abridged reprint, including more than 
323 photographs, drawings and dia­
grams, of a classic of art history and 
anthropology first published in 1927. 

INTUITIONISM : AN INTRODUCTION, by 
A. Heyting. North-Holland Publishing 
Company ( $3.60 ) . An introduction to 
the intuitionist philosophy of mathe­
matics by one of the leaders of this 
school. 

CLOUD STUDY, by F. H. Ludlam and 
R. S. Scorer. The Macmillan Company 
( $2.95 ) .  An attractive pictorial guide to 
clouds from cumulus mediocris to cir­
rostratus nebulosus, selected from the 
large collection of photographs owned 
by the Royal Meteorological Society. 

THE PLANET JUPITER, by Bertrand M.  
Peek. The Macmillan Company ( $8.50 ) . 
Gathered in this volume are the observa­
tional data that have been slowly ac­
cumulating, the theories based upon 
them, and the known facts regarding the 
physical features of the largest of the 
nine planets that revolve around the sun. 
For the serious student of astronomy. 

OCKHAM : PHILOSOPHICAL WRITINGS, 

edited and translated by Philotheus 
Boehner. Nelson ( 2 1  shillings ) .  A selec­
tion, presented in facing Latin and Eng­
lish text, from the logical, ethical and 
metaphysical writings of the 14th-cen­
tury English scholastic philosopher Wil­
liam of Ockham. Ockham is best remem­
bered for his principle ( Ockham's 
Razor ) which holds that an argument 
must be shaved down to its simplest and 
essential terms ( "Entities must not be 
multiplied bevond what is necessary" ) .  
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STRAIGHT TALK TO ENGINEERS 
from Donald W. Douglas, Jr. 

President, Douglas Aircraft Company 

You may wonder what the future holds for the 

engineer who decides to build his career in the 

aircraft/missile industry. 

In terms of permanent demand, this industry 

probably requires a greater proportion of engi­

neers to total personnel than any other. Here at 

Douglas we are now employing more engineers 

than we did during World War II. 

In regard to professional standing, the air­

craft/missile industry deals always with the 

latest state of the art in every engineering and 

scientific specialty involved. Its engineers are in 

one of the best informed and highest prestige 

fields in their profession. 

Whatever your present activity, if you decide 

to move into aircraft, missile and space tech­

nology, we would like to talk with you. 

Please write to Mr. C. C. LaVene, 

Douglas Aircraft Company, Box 620-N, 

Santa Monica, California 
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To a man floating weightless around Space Station level positions in the fields of electro-mechanical com­
C, these are perhaps meaningless words-but solid ponent development and system analysis. 
footing is highly important to most of us who live Well qualified, experienced men will find solid foot-

and work on the surface of the earth. ing in this permanent, progressive, and successful 
Autonetics has established a solid footing in iner- organization-plus the chance to create and to grow 

tial guidance through 12 years of successful develop- in one of today's most challenging fields. 
ment and production of airborne and ocean-going But time's a-wasting. Now is the time to find out 
systems, as well as systems for space applications. what the future holds for you at Autonetics. 

T he healthy growth of the Autonetics Guidance Please send your resume to Mr. K. K. Benning, 
Engineering department- based on a number of Manager, Employment Services, 9150· E. .Imperial 

highly diversified contracts-has created new senior- Highway, Downey, California. 

NERVE CENTER OFTHE NEW INDUSTRIAL ERA Autonetics 
A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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News from the International Conference on the Peaceful Uses of Atomic Energy 

Test track for new research 
in nuclear fusion power 

GENEVA, SWITZERLAND. A model of 

this unique "test track" for nuclear fusion 

re search is fa scinating scientists here. 

Called the "C Stellarat or," it promises to 

be a significant step toward the genera� 

tion of useful power from controlled ther­

monuclear reaction s. In side the racetrack­

shaped tube y ou see here, is otope s of 

hydrogen ga s (derived from the water s 

of the world) will be confined by mas sive 

magnetic force s and heated t o  million s 

of degree s ... to obtain kn owledge f or 

initiating and c ontr olling nuclear fusion 

re a c ti o n s f or u se f u l  ele ctric a l  p ower. 

Princeton University scientists developed 

this c oncept .. . and w orking with the 

Atomic Energy Commis sion, chose Allis­

C h a l m e r s a n d  the Ra d i o  C or p or a ti o n  

o f  America t o  e ngineer a n d  b u il d  the 

complex equipment required for the full­

scale Stellarator facility. Allis - Chalmers, 

Milwaukee 1, Wisconsin. 

ALLIS-CHALMERSpOWER FOR A GROWING WORLD 
Construct!':!n Machinery Division· Engine-Malerial Handling Division. Farm Equipment Division. General Products Division -Industrial Equipment Division' Nuclear Power Division. Power Equipment Division' Allis-Chalmers International 
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"Voyages to the moon and neighboring 
planets haunted the imagination 
oj more than weak minds." 

Wild schemes proliferated after the 
Montgolfier brothers sent their first balloon 
aloft in 1783. The most gloriously fantastic was 
La Minerve, proposed in 1804 by Etienne 
Gaspard Robertson, a Paris aeronaut. This 
aerial gingerbread specified a hydrogen balloon 
150 feet in diameter, accommodations for 
60 people and lavish appointments­
promenades, theatre, observatory, clinic and 
gymnasium. Robertson suggested that a group 
of scientific gentlemen spend several months 
aboard to explore the possibilities of flight. 
La Minerve never got beyond the 
pamphlet stage. 

From Chapter 4 0/ "Dynamic America," a history 0/ 
420 pages and 1500 illustrations to be published soon 
by Doubleday & Company and General Dynamics 
Corporation, 445 Park Avenue, New York 22, N. Y. 

GENERAL DVNAMIC:S 
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