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Another new development using 

B. F. Goodrich Chemical raw materials 

Start with fibrous 
glass yarn, add a 
manufacturer who 
knows what Geon 
vinyl materials can 
do, and you come 

up with a new super-tough yarn that's 
headed for sales stardom - in a new 
type window screen, for instance! 

Glass threads are treated with a for
mulation of Geon resin. The result: 
yarn with high tensile strength and 
abrasion resistance. It is fire and chem
ical resistant. It can be heat-sealed to 
vinyl film for extra reinforcement. 

Name your color-and you can get it. 
Window screens woven of this yarn 

are but one outstanding example, with 
other uses in the offing. 

Geon has a way of sparking good 
sales ideas. For Geon materials come 
in a variety of forms to fit so many 
needs-resin, plastic granules, liquid 
latex. They can be used for extrusions, 
molding, casting, coating or dipping. 
They can make products resistant to 
heat and cold, wear, oils, greases and 
many chemicals. Perhaps a Geon ma
terial can help you develop or improve 
products-we'll help with technical 

Outstanding durability
won't stretch or corrode 

advice. Just write Dept. D-5, B. F. 
Goodrich Chemical Company, Rose 
Building, Cleveland 15, Ohio. Cable 
address : Goodchemco. In Canada: 
Kitchener, Ontario. 

GEON RESINS. GOOD-RITE PLASTICIZERS • • •  the ideal team to make products easier, better and more saleable 

GEON polyvinyl materials • HYCAR American rubber • GOOD-RITE chemicals and plasticizers • HARMON colors 
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for faater fledgling. 

J
ET pilots still have to learn to fly in propeller
driven aircraft, so the Air Force has adopted the 

high-speed T-28 as its advanced trainer - a plane 
specifically designed for preparing future jet pilots_ 

For this newest and most modern trainer, Goodyear 
Aircraft Corporation builds the complete wing 
assembly - as well as components for the ship's 
empennage-at Goodyear's Litchfield Park plant in 
Arizona; and optically clear Rotoform canopies, 
plus wheels and brakes for the T-28, at its Akron 
plant. 

This production ability is typical of Goodyear Air
craft, which has complete facilities for building the 
largest type aircraft in use today-as well as the engi
neering skill it takes to produce such highly technical 
devices as electronic computers, radar assemblies, 
radomes and many other types of aviation equipment 
used on all military and commercial aircraft today. 

This flexibility-in engineering, design, testing and 
fabrication-makes Goodyear stand out as America's 
most versatile aircraft manufacturer. 

If you would like more details on the unique "air 
support" provided the aviation industry by Goodyear 
Aircraft, write: Goodyear Aircraft Corporation, 
Department 65, Akron 15, Ohio. 

Complete wing ossemblies-built by Goodyear Aircraft-for North 
American Aviation's T-28 airplane. The T-28, newest and most 
modern of the Air Force training planes. actually carries more 
equipment thon the famed Mustang fighter of the Second World War. 

OPPORTUNITIES UNLIMITED-for engineers! 

Goodyear Aircraft has many apportunities in 
research, design, development and production of 

AIRPLANES • AIRSHIPS • HELICOPTERS • GUIDED 
MISSILES • ELECTRONIC COMPUTERS • AIRCRAFT COM
PONENTS • RADOMES • BONDED SANDWICH STRUcTURES 
• RADAR STRUCTURES • WHEELS and BRAKES and many others. 
Submit a brief resume of your qualification. and experience, or write today for 
an application blank and further information. Addre .. : Dr. K. Arn.tein, Vice 
Pre.ident of Engineering, Goodyear Aircraft Corporation, Akron 15, Ohio. 

* PROUD OF ITS PART IN AVIATION'S 50 YEARS OF PROGRESS * 

We th;nkyou'll like THE GOODYEAR TELEVISION PLAYHOUSE-ev.,y other Sunday-NBC TV Network 
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FOR 
SAL'I 
(as good as new) 

one typhoon 
three mountain ranges 
100 sq. miles of ocean 
17 jet planes in flight 
a fast moving freight train 
an assortment of other targets 

HILLYER RADAR TARGET SIMU· 
LATORS take the guesswork out of 
the development of radar systems, 
and devices which operate from radar 
indicator presentations. 

We can simulate clouds and other 
weather phenomena, terrain and sea 
characteristics-and at the same time 
supply single or multiple moving tar
ge,ts. Thus, in the laboratory you are 
able to test the ability of a radar 
system to discriminate between m�v
ing targets and mass targets-at WIll. 

Simulators for evaluating the ef
fects of complex targets on radar 
systems are a specialty of Hillyer 
Instrument Company. Such simula
tors pay off handsomely-in engi
neering time sav¢-in assur�mce ?f 
perfect operation' at field testmg-m 
checking and evaluating components 
d u r i n g  development-in testing 
equipment for final approval. 

With a Hillyer Simulator at its com
mand, your engineering staff is pro
vided with operational facilities which 
convert a laboratory into the world 
in which your equipment must live. 

We would be pleased to discuss com
plex target simulators with you at your 
convenience. 

HILLYER 

INSTRUMENT 
COMPANY, INC. 
54 Lafayette Street 
New York 13, N. Y. 

LETTERS 
Sirs: 

Your excellent article on chelation by 
Harold F. Walton [SCientific American, 
June] gives the impression that the Swiss 
chemist Gerold Schwarzenbach origi
nated this interesting "new" branch of 
chemistry about eight years ago. Actual
ly the term "chelation" was applied at 
least 23 years ago. 

Reference is made to a communication 
from the Laboratory of Organic Chem
istry of the University of Wisconsin in 
The Journal of the American Chemical 
Society (Vol. 154, page 3686; Septem
ber, 1932), of which the undersigned is 
a co-author. This may be the Rrst time 
chelation was "discovered" in the U.S. 
On the same page, however, a footnote 
refers to an article by Sidgwick and 
Brewer, published in The Journal of the 
Chemical Society (Vol. 127, page 2379; 
1925) and a book by Sidgwick, The 
Electmnic Theory of Valency, published 
by the Oxford Press in 1929. 

It was while doing research in 1930 
with Dr. Homer Adkins and taking a 
course in advanced physical chemistry 
under Dr. Farrington Daniels (current
ly president of the American Chemical 
Society) that the undersigned ran into a 
puzzling phenomenon in the laboratory 
which only chelation could explain. 

ROBERT N. ISBELL 

Colonel, USAF 
Director of Nuclear Applications 
Office of Deputy for Development 
Headquarters, Air Research and 

Development Command 
Baltimore, Md. 

Sirs: 
The Rnding that the universe is twice 

as large and twice as old as previously 
believed ["A Larger and Older Uni
verse," by George W. Gray, Scientific 
American, June] provides a striking tes
timonial to the remarkable insight of 
Albert Einstein. When Einstein Rrst 
formulated the relativistic equations for 
the form of the universe in 1916-17, he 
was forced, by his assumption of a static 
universe with a uniform distribution of 
matter, to introduce an arbitrary cor
rection factor lambda in order to make 
his equations apply to a universe of Rnite 
dimensions. Later, the "cosmological 
constant" (as lambda came to be called) 
turned up again, when Georges Lemaltre 
put forward the theory of an expanding 
universe. In particular, lambda was in
cluded in the expanding universe equa
tions of A. S. Eddington, in which it 
served to reconcile the calculated age of 
the universe, to some extent at least, with 

observation. Without lambda, at any 
rate, the calculated age of the universe 
would have come out less than the 
known age of the earth's crust. 

Now, although he had originally in
troduced it, Einstein always disliked 
lambda and soon abandoned it. When 
others pointed out that lambda was re
quired by known astrophysical data, 
Einstein replied that lambda destroyed 
the economy and elegance of the cos
mological equations and that the data 
demanding its inclusion was really very 
sketchy and might well prove wrong. He 
was, it may be added, substantially alone 
in this position; virtually all other cos
mologists accepted lambda, 

The developments so ably described 
by Gray proved Einstein right. The age 
of the universe is related inversely to 
Edwin P. Hubble's constant of reces
sion, h, the constant describing the out
ward flight of the galaxies. The Rnding 
that the universe is twice as large as 
hitherto supposed cuts the calculated 
value of h in half. Halving h yields a 
plausible age for the universe from the 
cosmological equations (about 3.5 bil
lion years) without the use of lambda. 

LEONARD ENGEL 

Larchmont, N. Y. 

Sirs: 
In his very interesting article "The 

Mortality of Trout" [Scientific Ameri
can, May], Paul R. Needham states that 
the sampling of Sagehen Creek indicated 
the presence of 176 trout over six inches 
long per mile. He also states that the 
stream contained more than 24,900 
trout, a total of 647 pounds. 

If my calculations are correct, this 
means an average weight of Jf ounce 
per trout! Small wonder the anglers 

Scientific American. August, 1953, Vol. 189, 
No.2. Published monthly by Scientific American. 
Inc., 2 West 45th Street, New York 36, N. Y.; 
Gerard Piel, president; Dennis Flanagan, vice 
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Post Office as second·class mattcr June 28, 1879, 
under act of March 3, ]879. Additional entry at 
Greenwich, Conn. 

Editorial correspondence shoulll be addressed to 
The Editors. SCIEN'l'IFJC AMERICAN, 2 West 45th 
Street, New York 36, N. Y. l\lallllscripts are sub. 
mitted at the author's risk and will lIot be returned 
unless accompanied by postage. 

Advertising correspondence sholild be addressed 
to .Martin 1\1. Davidson, Advertising l\Janager, 
SCIENTIFIC AMEnICAN, 2 West 45th Street, New 
York 36, N. Y. 

Subscription correspondcncc should be ad
dl"essed to Circulation l\Ianager, SCIENTIFIC AMERI. 
CAN, 2 West 45th Street, New York 36, N. Y. 

Change of address: Please notify liS 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 uddresses. illciudiJIi: postal 
zone numbers, if any. 

Subscription rates for U.S.A. and possessions: 1 
year, $5; 2 years, $9; 3 years, $12.50. Canada and 
Latin America: 1 year, S6; 2 years, S10; 3 years, 
$14. All other countries: 1 year, S8; 2 years, $12; 
3 years, S16. 
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Beaker at left: Club soda poured into 

empty container produces only a slight 
effervescence. 

Beaker at right: Club soda poured into 

beaker containing a trace of pure 

glycyrrhizin (a licorice derivative) pro

duces an abundant white foam. 

LICORICE-stabilized foams are rich, white and durable 
If a rich, stable foam is necessary or desirable in any of your products 
or processes, don't overlook licorice. 

All licorice extracts, including Flotite, a secondary extract, are 
prolific foam producers. Many licorice-stabilized foams are tough and 
durable - their tiny bubble structure remains stable in some systems 

for hours on end. Adequate knowledge of these facts might lead to 

substantial improvement in some product or process of your own. 
The foam-producing characteristic of licorice-combined with its 

efficiency as a wetting, dispersing and conditioning agent-has aroused 

widespread interest in new uses and improved applications of both 
the primary and secondary extracts. Recent developments have 
launched a new wave of licorice research and prompted industrial 
concerns in a score of industries to start experimental work. 

Other new and potentially valuable uses for licorice (without special 
emphasis on its foam-producing quality) are listed in the right-hand 
column. If anything in this list has even a remote association with 
your products or problems, or if the foaming quality of licorice 
interests you, it may pay us both to get together. Feel free to send 
for the informative material offered. A sample of one or more licorice 
products will also be sent if requested on your business letterhead, 
and without obligation. 

Some New or Potential Uses for Licorice 
And Licorice Derivatives 

Flotation agent in ore separation • Stabilizing 

acid latex • Component in feeds for horses, 

cattle and chickens· Soothing ingredient in cough 

syrups • Therapeutic agent in treatment of Addi

son's Disease • Soft drink flavor • Aging and 

mellowing smoking pipes • Prolonging foam in 

porter and ale • Improving meat and fish sauces 

Antioxidant to keep chewing gum fresh· Flavor 

for ice cream 

Write today for your free 

copy of "The Story of 

Licorice." We will mail it 

promptly. You're sure to 

find it interesting, and 

you might find it profita

ble as well. 

MACANDREWS & FORBES COMPANY 
Licorice and Licorice Products · Since 1870 

• 200 Fifth Avenue, New York 10, N.Y. Plant: CaIDden, New Jersey 
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NEW IDEAS IN MEASUREMENT 

Can they help you improve your products? 

FACTS ON STRESS, strain, vibration and other 

characteristics can help you improve the design 

and performance of your products. Brush instru

me nts help you get design and operating data 

easily and quickly. The applications of these instru

ments, and many n ew ideas that may help solve 

your particular measurement problems, are pre

sented in this new oooklet "Instruments for Modern 

Meas urements". Sen d for your free copy today. 

BRUSH ELECTRONICS n CO��!NY 

INDUSTRIAL AND RESEARCH INSTRUMENTS =' � The Brush Developmwt Co. 
PIEZQ·ElECTRIC MATERIALS ACOUSTIC DEVICES _ _ _ BnlJhEleclrollics Com/)alty 

MAGNETIC RECORD�N�GL!E�Q U�'�P�M�E!N!T __ ������� :--�� L. __ �i�sa�,�,o�p�er�a:lil�,g:u�n� it�o:f

� 
U LTRASO NIC EQUI PMENT 

IHi"'!,li"'t1 CleviteCorpora t ioll • 

... ----.. 
CONTENTS 
Electrical Measurements 

Physical Measurements 

Surface Measurements 

Resistance· Welding 
Measurements 

Ultrasonic Energy Applications 

Electro-Acoustical 
Measurements 

Textile Measurements 

BRUSH ELECTRONICS COMPANY, DEPT. B-8 
3405 Perkins Avenue, Cleveland 14, Ohio 

Please send free copy of "Instruments for 
Modern Measurements", 

Name __________________________ __ 

Company ________________________ __ 

Tit Ie __________________________ __ 

Address ________________________ _ 

City ___________________ State ____ _ 

complained-the author was counting 
the angleworm bait rather than the 
fish. 

HOWARD W. MATTSON 

New York, N. Y. 

Sirs: 
Mr. Mattson's arithmetic is perfectly 

correct. Counting half-ounce trout is in
deed possible and, as a matter of fact, a 
half-ounce trout is fairly large. In Sage
hen Creek 22 trout measuring from 5.9 
to 6.3 inches were taken during the 1952 
sampling program; their average weight 
was only 1.28 ounces. During the same 
period we found that the average weight 
of a sample of 56 trout fingerlings rang
ing' from 1.7 inches to 2.4 inches in 
length was only .05 ounce. 

The greater part of the estimated 
24,900 trout in Sagehen Creek were 
smaller than the six-inch size. Some read
ers may recall that only 176 trout were 
found to exceed the six-inch size in each 
mile of stream. Therefore, according to 
our calculations, for the total 10 miles 
there were approximately 1,760 trout 
over six inches long in the stream at the 
time of sampling. 

PAUL R. NEEDHAM 

Department of Zoology 
University of California 
Berkeley, Calif. 

Sirs: 
A shocking error on page 8 of your 

June issue is hereby called to your atten
tion. It is hoped that you will not attempt 
to evade responsibility by use of the 
time-worn excuse that publishers should 
not be held responsible for errors in ad
vertisements. 

The gent with rolled-up shirt sleeves 
and poignant expression executing the 
Beethoven Fifth plays E natural with the 
right fifth finger, at the same time play
ing F natural and E flat with the left 
thumb and index finger! 

This cannot be in Beethoven. Not only 
are you, inadvertently of course, con
tributing to the delinquency of young 
musicians, but worse, this casts the 
shadow of doubt upon every word and 
picture in your publication. For example, 
how can one be certain when you men
tion one billion light years that the cor
rect distance isn't one billion and one, or 
perhaps even two, light years? 

Let us hope that this will result in 
mending your ways. It should prove that 
advertisements in Scientific American 
are read, and that your subscription list 
does not lack cranks. 

EDGAR ROSENTHAL 

New York, N. Y. 
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To encourage you and your family to collect and appreciate the great Art Treasures of the World 

We Invite You To A ccept for only $100 
Both of these Portfolios-32 Paintings by 

VAN GOGH -TOULOUSE-LAUTREU 
faithfully reproduced in Full Color-Framing size 11 x 15 inches. Ideal for walls. and for Portfolio· display. 

Now JOu can collect the best·loved paintings of Rembrandt, Degas, Renoir, 
:and other great artists at a fraction of the usual cost! 

p:g�:N
�t 

lie����_ift���e� !ia:�!, w�r����re�c!!�r�:i �:��������s 
h��: 

crea�ed a remarkable opportunity for you and your children. 
Each of these renowned speclaUsts has selected 16 of the greatest master

pieces by the artist whose work he knows best-Van Gogh. Degas, Rem
brandt. Renoir. El Greco, Cezanne, and others equally famous. 

As an Introduction to this program of ART TREASURES OF THE WORLD 
we Invite you and your famUy to examine two beautiful collectors' Portfol1os of paintings by Van Gogh and Toulouse-Lautrec-32 paintings reproduced in 
exquisite full color, 30 of which are mounted on 11" x 15" rea.dy·tcrframe 
mats. Each portfolio is handsomely bound with a full color 11lustrated cover 
and covered w�th acetate. Although these Portfolios are sold to subscribers 
a.t. $2.95 each, you may have both the Van Gogh and Toulouse·Lautrec Col
lections for only one dollar. 

So perfectly do these magnificent reproductions duplicate the brilliant 
colors, Intricate detail and fine shadings that art teachers confidently use 
them as substitutes for the originals! So perfectly in fact, that you w1l1 be 
tempted to reach out and feel the textures of pigment and canvas ... run 
your fingers over the visible brush marks! 

AN ART EDUCATION AT YOUR FINGERTIPS 
In hJs own words each authority contributing to this program bas simply 
and clearly explained why the artist deserves to rank With the immortals 
of art; what there is about his works that keep them fresb and inspiring 
through the changing decades. 

Here for you and your famUy to enjoy, are the breathtaking scenes, stUl 
Ufes, landscapes, nudes, portralt.s that have brought pleasuJ;'e to countless 
art lovers. students. chlldren. 

Tum picture-poor walls into In addition. you wUl receive a course in Art AppreCiation. With every port .. 
colorful conversation pi�s! folio a treatise by a famous scholar on such subjects as color; composition; 

technique; abstraction; w11l be sent to you. The course is distributed only 

The monthly Art CoursC! 
is .n handsome 7" x 10" 
bl'ochurC! filled with fa� 
mous paintings to help 
you better undC!rstand 
and appreciate 31't. 

to members. 
BREATHTAKING BEAUTY FOR PICTURE-POOR WAllS 

The same radiant beauty that. draws miHlons of people to see these master
works in the museums and galleries wlll fill your home with breathtaking 
color and design. And, since all the matted reproductions are identical in 
size, you calJ. interchange "pictures 1reely-make your walls a gallery of great 
art. for as l1ttle as 19t each! 

" 

HOW THIS COllECTOR'S PLAN OPERATES 
Mail the coupon at once, toge"ther with your dollar, and we w11l promptly 
send you your Van Gogh and 'roulouse-Lautrec Portfolios and a free copy of 
the first treatise of your Art AppreCiation Course. In addition, we will be 
happy to extend to you the courtesy of an Associate Membership. Associa.te 
Membership does not obligate you to 'Purchase any" additional PortfoUos ever! 
However, each month as" each new collection Is released it will be announced 
to you in advance for the special member's price of only $2.95. If you do not 
wish to purchase any particular Collection, simply return the form provid
ed for t1)at purpose. A section from the Art Appreciation Course wUl be 
Jncluded free with every Portfolio 'You accept: 

" Because of the infinite care required to produce these matchless reproduc .. 
tlOns the supply is necessarlly limited. Therefore, we earne"stly request that 
you ta.ke advantage of this ama.zing Introductory otter, send your dollar 
for the Van Gogh and Toulouse-Lautrec Collections nowt 

ART TREASURES OF THE WORLD, 100 AYE. OF THE AMERICAS, N. Y. 13, N. Y, 
In Canada: 1184 Casllefield Ave .• Toronto 10. Ontario 

Acclaimed By Critics •. Artists 
and Art Loversl 

"The next best thing to owning the original paint .. 
ings. The brush strokes are so distinct you can al .. 
most feel the paint surface." 

Louise Bruner. Cleveland Hews 
"Monumental productions . • •  The unusual quality 
of the color plates comes nearer. to �xact repro.. 
duction of color and brqsh work than any we have 
seen." 
Ernest Watson. Editor. American Artist Magazine 
"Every reproduction in this series is worth framing." 8altlmore News Post 
"The series is sumptuous no less, priced 80 amaz
ingly low it will make you blink in disbelief. The 
art lover who doesn·t take a look at these is doing 
himself an injustice." St. Louis Globe Dispatch 
UNo praise can be too high for tbis • . •  venture." 

[os Angeles Times 
u • • •  the quality of the reproductions in the series 
does seem miraculous • .  :' 

Clement Greenberg. Hew Yorle Times 

p----------------. 
I Art Treasures of the World. Dept. 564 SA·S' I 

100 Avenue of the Americas. New York 13, N. Y. I I Please send me the Van Gogh and Toulouse-Lautree . 
I Portfolios of 32 ful1·color, framing·size reprodue- I 
I ������n
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I Portfolio of reproductions by a famous painter, I 
I including a new section from the: Art Appreciation I Course. which'} may purchase at the special mem .. 
I ber's price ot only $2.95 for both, plus delivery I 

tharge. However, I may decline to accept any or aU 
I of the Portfolios offered. to me. I 
I I 
I Nam ...................................................................................................... - . 
I Addr ...................................................................................................... I 
I . I 
I ��!�di��···�dd�·��·;� .. ·11ii4·"c�·�t·i;;i�i-l°;:�:·;··T������"l'o:···o�t;;i·; I 
�----------------� 
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Gasket Materials to 
Tolerances of + 5% 

Asbest os-mbber gasket materials by Rogers Corporation feature 
superior thickness control plus homogeneity and dimensional stability. 

U NIFORM AND PRECISE THICKNESS of Rogers 
DUROID gasket materials assure even compress
ibility over entire surface of the packing. Now 
your aIlowances for gasket thicknesses can be 
actual - not wishful - and fastening torques can 
be standardized, an advantage that gains in 

importance as assembly operations are increas
ingly mechanized. 

MADE BY THE BEATER SATURATION METHOD, a 
manufacturing technique in which Rogers has 
maintained leadership since 1932, DUROID gas
ket materials are thoroughly mixed in a water 
slurry. Asbestos fibres are blended with the rub
ber to form a homogeneous sheet, free of pres
sure-weak lumps of uncoated fibre. 

OFFERING AN AMAZINGLY HIGH RATIO of tensile 
strength to density, DUROID gasket sheeting is 
available in three series of materials. In each 
series, formulations can be varied quite easily to 
meet specific requirements for compressibility 
and recovery. 

DUROID 3100 SERIES - Neoprene-base asbestos 
recommended for use with oil, gasoline, freon and 
in water systems with anti-freeze. DUROID 3102 
conforms with Spec. MIL-G-7021, Class 2 and 
AMS 3231. 
DUROID 3200 SERIES - Buna-N and asbestos 
recommended for oil, aromatic and non-aromatic 
fuel systems in which high temperatures and high 
pressures will be developed. DUROID 3200 con
forms with AMS 3232F requirements. 

DUROID 3300 SERIES - GR-S and asbestos recom
mended for water, anti-freeze and steam systems. 
Will sweIl in oil or gasoline applications. 

YOU NAME IT-WE'LL MAKE IT-AND FABRICATE IT, TOO 

DURO IDS ELECTRICAL PLASTICS SHOE 
INSULATION 

Molding 
MATERIALS 

for Gaskets, for Motors, Compounds for Counters, 
Filters, Transformers, and Midsoles, 
Electronics ... Generators ... laminates liners 

'"t" You can specify ±.002" for thick
nesses up to .031" and ±.003" for 
gouges up to Ya", for most grades. 

FOR ALL GRADES 
Gauges: .015" to 1/8". Sheet 

size for .015" is 

25" x 72"; for all 

other gauges sheet 

size is 50" x 72". 

Rogers supplies DUROID gasket 

materials in sheets or in fabrica

ted form, plain or graphite-coated. 

For test data, please write Dept. 

5, Rogers Corporation, Manchester, 

Conn. 

���.-. ,*"",. 
YOU SAVE WHEN ' ROGERS fABRleATfS 

--"""---""",,,,, 
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50 AND 100 
YEARS AGO 

AUGUST, 1903: "Mme. Curie, the 
discoverer of polonium, maintains that it 
is not yet decided whether polonium is 
an element or not. The supposition that 
any radioactive substance is a separate 
element was verified in the case of ra
dium, but is rendered uncertain by the 
phenomena of induced radioactivity. 
The case of polonium is rendered doubt
ful by the fact that the spectrum shows 
only the rays of bismuth. On the other 
hand, it is possible to concentrate the 
radioactive substance contained in radio
active bismuth, and this would not be 
possible if bismuth alone were present." 

"H. Haga and C. H. Wind maintain, 
against the criticism of B. Walter, not 
only that they have photographed a true 
diffraction effect of Rontgen rays, but 
they have obtained even more unmis
takable evidence of it than they had 
before. The values for the wave-length 
of X-rays deduced from their observa
tions differ widely, but are in any case 
extremely small, and more of the order 
of the size of a molecule than of the or
der of length of light waves." 

"According to M. Allegretti the Edi
son phenomenon, consisting of the pas
sage of electricity from the extreme 
negative end of the £lament of an in
candescent lamp to a metallic plate in
troduced into the bulb, has not yet been 
fully explained, although much work has 
been done upon it by Preece, Fleming 
and others. The main question is as to 
whether we have here a phenomenon 
of ionization or a true projection of 
negative particles. The author believes 
that the phenomenon is primarily due to 
ionization, but that at the higher vacua 
it is enhanced by the production of 
cathode rays which may be deflected by 
a magnet in the same way as the ordi
nary cathode rays." 

"The designs for our latest battleships 
of the Louisiana and Connecticut class 
are marked by an omission.of one of the 
most effective offensive elements of the 
modern warship, an omission which may 
be considered so serious that it is ques
tionable whether these ships, large, 
swift, and powerful as they are, can be 
reckoned as strictly first class. We refer 
to the fact that no provision whatever 
has been made for the installation of 
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Nowa new 

synthetic 

helps 

dial.telephone 
. service 

Unrolled view (one· third size} of capacitor 
unit wound with "Mylar." The transparent 
film is only 0.0005" thick yet stands handling 
without breaking. 

In a large, modern telephone office, two million relay contacts await the orders of 
your dial to clear a path for your voice. They open and close a billion times a day. 

AMONG the elements that guard your dial telephone service are 
electrical capacitors. They help prevent the formation of arcs that pit and 
may eventually destroy relay contacts. But millions more of these capacitors 
are needed each year. How could they be made less costly? 

Bell Laboratories engineers, on the lookout for new materials, became 
alert to the possibilities of the new "Mylar" polyester film. A product of 
the Du Pont Company, "Mylar" is chemically the same as Du Pont's "Dacron" 
polyester fiber used to make fabrics. Bell engineers discovered that it also 
had remarkable dielectric properties-of just the right kind to help their 
capacitor problem. 

The film takes the place of impregnated paper formerly used to separate 
the metal foil electrodes. It is tougher, stands more voltage and needs no 
impregnation. The new capacitors require no protective housing and are 
much smaller and less costly. 

Here is another example of the way America's technology advances 
through the sharing of knowledge. Just as Bell Telephone Laboratories 
makes many of its discoveries-the Transistor, for example�available to 
other companies, so does it adapt the inventiveness of others when it can 
hel p your telephone service. 

BELL TELEPHONE LABORATORIES 
Improving telephone service for America provides careers for creative men in scientific and technical fields 
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m METAL PROTECTIVE & 
PAINT-BONDING CHEMICALS 

"GRANODINE"® zinc phosphate coatings improve paint 
adhesion on steel fabricated units or components-auto
mobile bodies, refrigerators, washing machines, cabinets; 
and stampings, castings, and forgings. 

"LlTHOFORM"® zinc phosphate coatings make paint stick 
to zinc alloy die castings, zinc or cadmium plated sheet 
or components, hot dip galvanized stock, galvanneal, 
galvanized signs, siding, roofing, etc. 

"ALODINE"® amorphous protective coatings improve 
paint adhesion and corrosion-resistance on aluminum 
products-wall tile, signs, aircraft parts, rocket motors, 
etc.; aluminum strip, aluminum sheet stock, trailers, boats, 
and other aluminum assemblies and surfaces. 

"PERM.ADINE"® zinc phosphate coatings provide 
rust- and corrosion-resistance for nuts, bolts, screws, 
hardware, tools, guns, cartridge clips, architectural 
items and other steel and iron products. 

"THERMOIL·GRANODINE"® manganese-iron phos
phate coatings provide wear-resistance (anti-galling, 
safe break-in of friction or rubbing parts) for friction 
surfaces such as pistons, piston rings, gears, cylinder 
lines, camshafts, tappets, crankshafts, rocker arms, 
etc.; and rust proofing for small arms, weapon com
ponents, hardware items, etc. 

"GRANODRAW"®. zinc-iron phosphate coatings im
prove drawing, extrusion, and cold forming opera
tions on blanks and shells, heavy stampings, tubs, 
tubing for forming or drawing, wire, rod, bumpers, 
parts to be formed prior to plating or painting. 

"DEOXIDINE"@ phosphoric acid metal cleaners remove 
rust, neutralize rust producers, clean chemically and 
prepare metals for painting. 

"RODINE"@pickling acid inhibitors save acid, save 
metal, and improve pickling operations. 

AMERICAN CHEMICAL PAINT COMPANY 
GENERAL OFFICES: AMBLER, PENNSYLVANIA 

Detroit. Michigan Niles. California Windsor. Ontario 
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torpedo tubes, and this at a time when 
the latest ships of the foreign powers are 
using them in large numbers. The rea
son for omitting the torpedo from our 
new warships is to be found in the dis
astrous behavior of this weapon in the 
two last naval wars-that between China 
and Japan and our own Spanish war of a 
few years later. In each war there were 

. instances of vessels being destroyed by 
the explosion of their own torpedoes. But 
it is a fact that the risk has been entirely 
eliminated, and the weapon is perhaps 
the most deadly element in the arma
ment of a modern warship." 

"It will be remembered that last year 
Prof. Rutherford produced striking evi
dence for the view that, in the very slow 
break-up of radium that is concomitant 
with its radioactivity, the inert gas he
lium is one of the products formed. Re
cently Sir W. Ramsay and Mr. F. Soddy 
have succeeded by means of the spec
troscope in detecting helium in the gases 
extracted from a radium salt. If, as the 
present observations indicate, the ra
dium salt shines spontaneously in the 
dark largely by light belonging to the 
different element helium, another im
portant step is gained in elucidating the 
nature of the instability of such chemi
cal elements of high atomic weight and 
the radioactivity associated with it." 

"On July 4 the dream of the late John 
W. Mackay of girdling the earth with 
his cable and telegraph system was real
ized, for on that day the laying of the 
Manila section of the Pacific cable was 
completed. About 10 o'clock in the eve
ning the last connection in the new 
cable was made at Honolulu, and a test 
message was flashed around the world 
in nine and a half minutes." 

"Mr. Edison states that such is the 
destruction wrought by X-rays that one 
of his laboratory assistants, Charles 
Daily, was so seriously injured that it 
was necessary to amputate his left arm 
and the fingers of his right hand. The 
physiological effect mlted is the direct 
result of the killing or paralyzing of the 
white corpuscles of the blood. Mr. Edi
son himself has suffered not a little from 
stomach trouble as the result of experi
ments with X-rays." 

AUGUST, 1853: "The experiments 
with coke as a fuel for the passenger en
gines of the Baltimore and Ohio Rail
road continue highly successful. A few 
nights since the train for Baltimore was 
run through from Cumberland with no 
other fuel, and notwithstanding the de-
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International Business Machines Corporation 
recently installed the first production model of the 

IBM high-speed electronic calculator, the" 70 1." 

c. 

a 

\\1 

Most recent successor to the pioneer large-scale digital calculator 
first developed by IBM in 1944, the "701" solves 
in minutes a problem which would take one man, using 
a desk computer, seven years to complete. 

Miniature Precision Bearings, Incorporated, 

have you .ver 
wond.red how 
precision 
ban bearings 
are made? 

• 

are the originators and pioneer developers of preCISIOn ball bearings in 

miniature sizes (1/10" to 5/16" o.d.). Exclusive l\1PB methods assure thousands 

of discriminating customers ultra quality bearings for vital equipment. 

MPB ball bearings supply the unerring accuracy and proven dependability 

necessary in providing many devices with anti-friction qualities. MPB ball 

bearings function effectively with deft delicate responsiveness under extreme 

operating conditions. They are fully ground, lapped, honed, and/or burnished 

to ABEC 5 tolerances or better. 

The possibilities offered by l\1PB ball bearings are bein
.
g profitably explored 

by leading instrument makers of the future. We would welcome the oppor

tunity to discuss the matter with you. Branch offices in New York and Boston 

and Engineering Representatives in Principal Cities are eager to serve you. 

Ask for detailed data sheets SA 8. 

Immediate delivelJ on most si<.es and plant capacity 
to promptly meet your additional requirements. 

JViiniature precision Bearings 
,""' ... _ 15 ",1,,� ... 16 , ... " • ...."d .. oIor ....,.1. "M'9;"� ....... "lu ••• t�. of 
.h .. ""''''''0<'" •• "nd u" "I .he .. 1I"<'""n .0"'"",,..,"" "" "<<>Ilob!.." 
quol,,,..,, 9''''';>< W",. f"9�""'f;"9 o..�. 101'" ."" 11. ....... N l'1 10< do .... 

Incorporated &IlO> Keene, New Hampshire 

'fJioneer precisionists to the World's foremost Lnstrument manufacturers" save 
space 
weight 
friction 
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AT WHAT YOU CAN DO -

WITH 
SIGMA SENSITIVE RELAYS 

-

-
,. 
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# J''\ 

-
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••• !II ••••••• ,: ..... ·s new Automatic is an 
electromechanical device which does everything that the old·fashioned human _did ex�ept demand a tip. Sigma is crowing about the five Sigma Type 6 
magnetic latching memory relays which, together with a triAin" few hundred 
pounds of machinery, make this all possible. The combination d�es everything 
for you except Improve your� a?d the

. 
rakes in the dough 

as never before, Since the machine IS not subject to strikes, hangover or bad 
temper .

. 
Even the displaced __ are better off because they are now forced 

Into decIsIon - eLlher go on relief or gel a job. 
- ClNStJl?EO {/ "f",f .. �I'(f I�( ""." "'''"f.dvr�r of tfr< rI'II,a we s�.vlrl6e d�cr/6i'T� fl"ve "is tiflrer a t�l1fid $D�' or/dC/{'s � SCll':se of III.lrrlur 

IJccdvse lit. woulthd .t(dr of till S fypt 0/ reference 11I/ull'l"Iae 
,u,d icy. By fire time t"-is WdS (,/Cdr to I/S it UI-iS to. {�te 
to do �"yflfi"p c):'<Cl"t I'rt;'f N dS aJ,ove • •  

'P.s.·n'r tAi, old i"ri fry /, "A r"�rjQl.'te,. r/�'''' 

IG A 
SIGMA INSTRUMENTS, INC. 

40 PEARL ST., SO. BRAINTREE, BOSTON 85, MASS. 

'F Z tAt 8 
lIue'. a blching relay wilh "flly 

on"'lDo�inll p"rl_th"arrnalur ". No 
I>lech."julcalch",lo"'''Handlet 

gowhep lubjeello .hock and Yib ... 
.;on. Conla ctl up 10 4PDT _raled 

Simper"",. 
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tentions by burthen trains, amounting in 
the aggregate to near an hour, the time 
required by the schedule was easily 
made. There was not only an abundance 
of steam, but almost more than the en
gineer could manage." 

"Endeavors are now being made in 
London to form a telegraph company for 
laying down a line in the Atlantic be
tween Ireland and some point on the 
coast of North America (Newfoundland 
no doubt). The length of the submarine 
cable will be about 1,700 miles. The 
estimates made of expenses are from 
$1 million to $3 million. We hope this 
great scheme will be carried out. Then 
we shall be able to communicate from 
New York to London in a few minutes, 
and the racing of steamships and loco
motives, to bring early news, will be
come obsolete." 

"Mr. Wise, the celebrated navigator 
of nearly 200 aerial voyages, writes con
cerning the opinion of SCIENTIFIC 
AMERICAN that, for one vertical flash of 
lightning that reaches the earth, fifty are 
horizontal. 'I think you are correct in 
your conclusion,' he says; 'the dissipation 
takes place in the lower cloud surface. 
I have witnessed the same thing when 
sailing above the lower layer of clouds 
during thunder storms. In rain storms 
there are always two layers of clouds, 
and the heaviest discharges of electric
ity take place when the rain or hail falls 
the fastest from the upper through the 
lower cloud.' " 

"That eminent chemist Justus Liebig 
says in his Lettm's on ChemistTY, 'The 
quantity of soap consumed by a nation 
would be no inaccurate measure where
by to estimate its wealth and civiliza
tion.' By this measure we could justly 
claim for the United States the title of 
the wealthiest and most civilized nation 
in the world. Pillars of soap, busts of 
soap, windows of soap, soap of all colors, 
in all shapes, in all sizes and of all smells 
mark the vast extent of our soap manu
facture. We are no doubt the best 
washed people in all creation." 

"Prof. Pierce spoke on the subject of 
Saturn's ring at the recent meeting of 
the American Association for the Ad
vancement of Science. 'I am now con
vinced,' he said, 'there is no conceivable 
form of irregularity and no combination 
of irregularities,_ consistent with an actu
al ring, which would permit the ring to 
be permanently maintained by the pri
mary if it were solid. Hence, it follows, 
independently of observation, that Sat
urn's ring is not solid.' " 

"The city of New Orleans is severely 
affiicted with yellow fever this summer; 
no less than 200 have died in one day. 
The cholera was not half so deadly." 
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The way we change angles on 

\�1;A, � 
puts a brand new slant on controlling power 

One of these days, when you hop from 
home to the office in your personal 
helicopter, you'll marvel at the way 
you "shift gears" ... from "straight up" 
to "full speed ahead" ... from" side
winder" to " hover". It will be done 
fast, smoothly, accurately. 

Today, helicopter builders are using 
Cleveland Pneumatic's friction-less 
combination of a screw and some balls 
to adjust the angle of the whirling 
blades on the 'copter. This devic e 
is called a "ball-screw actuator". 

Ball-screw actuators are useful in many 
applications in either of two ways ... to 

Cleveland Pneull1.ati.c 

multiply the power of a drive ... or to in
crease its speed. You also get the hair's
breadth accura cy of a metal-to-metal 
drive that eliminates merely-approxi
mate positioning of other systems. 

Somewhere in your product or your 
idea for a product, you may be able to 
use Cleveland Pneumatic ball-screw 
actuators. They've been engineered by 
us in all sizes ... from tiny ones for 
'copter blades to the giants that we make 
to raise and lower bomber landing gears. 

If y o u  w i s h  to know m o r e  a b out 
Cleveland Pneumatic, write for our 
16- page booklet. 

To CUSHION SHOCK 

'"'7(iQ(j �� CLEVELAND 5, OHIO I 
Department 0-8 

BALL-SCREW ACTUATORS. AUTOMOTIVE SHOP EQUIPMENT 
AIR-OIL IMPACT ABSORBERS 

World's Largest Manu/acturer 0/ Aircrolt Landing Gears 

CPT's shock absorber principle com
bines pneumatic and hydraulic cush
ioning. It can control minute vibrations 
or tons of impact. It is the shock ab
sorber for the largest aircraft landing 
gears (CPT is the world's biggest manu
facturer of landing gears), and the same 
principles are often adapted to finger
sized units. May we discuss with you 
how to take the shock out of stopping 
or the motion out of vibration? 

II 
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IS AN EXCITING WORD 
VERSENE*-VANGUARD OF ACH IEVEMENT 
Explorers of old have been replaced by today's researchers. 
The vast unexplored areas that now remain are not far away. 
In fact, they are close at hand and quite within your own grasp. 
Equipped with the new chemistry of chelation and the Versenes 
(the most powerful chelating agents known) a whole new world of 
discovery lies before you. 

VERSENE*- FAMED FOR VERS ATILITY 
Because the Versenes can control cations in solution with mathematical 
precision, these are some of the things that they can do: 
preserve "goodness" in wet-packed foods; increase detergency in soaps; 
prevent metal stains in textiles and papers; stabilize latex, and 
cosmetics; control metal impurities in plating; clean boilers and heat 
exchangers; help purify drugs and stabilize pharmaceuticals; stabilize 
whole blood; promise cure for lead and other metal poisoning; scour 
Orlan to minimize crocking and bleeding of dyestuffs; control enzymes; 
remove heat-coagulable proteins from hides to increase usable yield; 
clean food process equipment. 

DISCOVER VERS ENE* YOU RSELF 
When you want to explore the new chemistry of chelation and 
embark on your own era of "discovery" investigate the Versenes. 
Unduplicated in quality and guaranteed for uniformity of complexing 
(chelating) power, they are made only by the Bersworth 
Chemical Company, under patents and processes originated and 
developed by F. C. Bersworth. Exceptionally stable at elevated 
temperatures and throughout the pH range, the Versenes are 
availal?le by gram or carload. Ask for Technical Bulletin #2 and 
samples. Chemical Counsel on special request. Write Dept. J. 

}0.L,""'"f."j # 
�U;7Hd jJ1edfe � 

BERSWORTH UHEMIUAL UO. 
FRAMINGHAM, MASSACHUSETTS 
"Trade Mark Registered Copyright 1952, Bersworth Chemical Co. 

THE AUTHORS 
DONALD J. HUGHES ("The Nu

clear Reactor as a Research Instrument") 
has been working with atomic piles since 
the first one went into operation in a Uni
versity of Chicago squash court. He was 
born in Chicago in 1915 and educated at 
the University of Chicago, receiving his 
Ph.D. in physics in 1940. Until early in 
1943 Hughes worked at the Naval Ord
nance Laboratory on mine and torpedo 
detectors. Then he transferred to the 
Manhattan District in Chicago and has 
been working in the field of nuclear 
physics ever since. He did research on 
pile neutrons first in Chicago with the 
original pile and later at the Hanford 
Engineer Works when the big pluto
nium-producing reactors were built. 
After the war he joined the Argonne Na
tional Laboratory as director of its nu
clear physics division. In 1949 Hughes 
went to the Brookhaven National Lab
oratory, where he is now. 

HALLAM L. MOVIUS, JR. ("Archae
ology and the Earliest Art") is associate 
professor of anthropology at Harvard 
University and curator of paleolithiC an
thropology in the University's Peabody 
Museum. Since his graduation from Har
vard College in 1930 Movius has been 
digging and studying in such varied lo
cales as Czechoslovakia, Palestine, Ire
land, Java and France. He first worked 
in France in 1948 on a '>\Tenner-Gren 
Foundation grant, where his party 
turned up "a very remarkable art object" 
which led him to the study of the whole 
field of Upper Paleolithic art. This work 
won him the Wenner-Gren Foundation's 
Viking Fund Medal in archaeology in 
1950. This year he is making preliminary 
excavations in the Dordogne of southern 
France. If evidence of prehistoriC occu
pation turns up, the George Grant Mac
Curdy Fund and the Ancient :'vlonu
ments Commission of France, which are 
supporting the work, expect to enlarge 
it over a five- or six-year period. 

C. L. W. SWANSON ("Soil Condi
tioners") has been head of the Connecti
cut Agricultural Experiment Station's 
Soil Department since 1946. There he 
directs a detailed survey of Connecticut 
soils, the first undertaken in the state, 
and continues the research on soil condi
tioners which he reports in his article. 
The possibility of chemical soil condi
tioners had occurred to Swanson before 
they were first announced. In a 1950 
paper he suggested "maybe we could use 
some kind of chemical to hold the soil 
from eroding, which would also act like 
organic matter. Fantastic? So was hybrid 
corn." Born in Iowa in 1910 and raised 
on a farm, Swanson has been in agricul-
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RCA "TV Eye" gives schools a pri
vate TV netw or k, takes talks and 
demonstrations to classrooms. 

In a railroad yard, RCA vidicon cam
era lets employees check car numbers 
at long range. 

RCA vidicon camera in a bank, lets 
tellers verify the signatures on checks 
by television. 

First home television camera, RCA's "TV Eye," connects to any 
TV set-lets you watch children in the nursery or at play. 

" fl 

TIreless TVEye 
New RCA TV camera an alert watchman for home, school, industry 

Based on the vidicon tube, devel
oped by RCA, a new instrument is 
on the way for homes, business, and 
schools -the RCA "TV Eye." 

Light, compact, easy to use, "TV 
Eye" is a camera unit which can be 
connected to standard home receivers 
-makes any of the 23 million TV sets 
now in use a potential closed-circuit 
television system. 

RCA's industrial version of the vid
icon camera has already proved its 
place as an observer and guardian in 
science, industry, transportation, 
business-with new uses still being ex
plored. Wherever distance or danger 
preclude a human observer's pres
ence, the vidicon camera can take his 
place and stand watch. 

"TV Eye" plugs easily into standard 
TV sets. You just switch to the selected 
channel, and see everything that the 
camera sees. 

13 
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• 

• 

5-color, 
medical 
microscope 

Wall Chart 
, 9 6y E. LE I T Z, IN C. NEW YO R K 

£e14 
• The new Leitz Wall Chart 

shows cross-section construc

tion of the Leitz Medical 

Microscope; demonstrates in 

detail the precise mechanism 

of this delicate instrument. 

Hung on your classroom or 

laboratory wall, it aff ords 

you and your students an 

indispensable reference. 

Printed on permanent stock 

in 5 colors. Size: 25" x 38". 

I, . ...... 
t"' ..... 
.no. .... 
4.1\t;�tWn� 
l. n. c... Q. 
'TW� 
t n,£,....... 
.. lAi ¥ 
,, �WWplMe 
r. � Md: '-' ''' 
PQ.1.l ..... . illt Ol!jott 
t, .. T! � __ ,",* 

MEDICAL MICROSCOPE 

plus free 
pamphlet 

--------MAIL THIS COUPON TODAY-------.:l 

14 

E. LEITZ, Inc., 468 Fourth Ave . . N. Y. 16, N. Y. 
Gentlemen: Please send me FREE of charge your 
5-color detailed Wall Chart of the Leitz Medical 
Microscope, plus a FREE copy of "The Microscope
Its Application, Use and Care.'J 

Mail them to _""''''''-=-;:;.-;'''''-.-. ____ _ (SCHOOL OR FIRM) 

(SCHOOL OR FIRM ADDRESS) 

(CITY. ZONE. AND STATE) 

Attn. of ----..(N" A"M""E.
""'T" IT'"lP E") 

_____ _ 

(SIGNED) 

I 
I 
I 
I 
I 
I 
I 
I 

25" x 38" 

• "The Microscope-Its Appli
cation, Use and Care"-a new 

pamphlet that tells you how to 

get best results with your Leitz 

Microscope is also yours for 

the asking. 

Send for both Wall Chart and 
. pamphlet, now! 

ture all his life. After taking his doctorate 
at Iowa State College in 1941, he taught 
for two years at the University of New 
Hampshire before entering the Army for 
a four-year hitch. In 1946 he came to the 
Connecticut station. 

DANIEL MAZIA ("Cell Division") 
went to California, where he is now as
sociate professor of zoology at the Uni
versity of California, because of the "big, 
ripe, juicy sea urchins" that are to be 
found there the year around. He was 
born in Scranton, Pa., and educated at 
the University of Pennsylvania, where 
he took a doctorate in physiology under 
L. V.' Heilbrunn. After a year at Prince
ton University as a National Research 
Fellow, he went to the University of Mis
souri to teach, remaining there until 
1951 with three years out for military 
service as an aviation physiologist_ Hear
ing the call of the sea urchin, he then 
entrained for Berkeley. His work has 
centered on "those aspeots of the struc
ture and activity of the cell that relate to 
heredity," and for these studies the sea
urchin egg is invaluable. Mazia exhibits 
a strong loyalty to his adopted state, say
ing that he had expected to find Berkeley 
the Boston of the West, but now realizes 
that Boston is but the Berkeley of the 
East. He is the father of two daughters 
and spends his spare time "reading and 
loafing and avoiding such activities as 
building ships in bottles and being a 
connoisseur of this or that." 

DUANE AND DUANE H. D. ROL
LER ("Francis Hauksbee") are respec
tively father and son. Duane is assistant 
director of the Hughes Aircraft Com
pany's Research and Development 
Laboratories; Du:;tne H. D. is a teaching 
fellow at Harvard University. The elder 
Roller holds a Ph.D. in experimental 
physics from the California Institute of 
Technology and has spent most of his 
professional career teaching at the Uni
versity of Oklahoma, Hunter College 
and Wabash College. He has also been a 
visiting professor at Harvard University. 

A. J. HAACEN-SMIT ("Essential 
Oils") came to the California Institute of 
Technology, where he is professor of bio
organic chemistry, by way of Harvard 
University and the University of Utrecht 
in the Netherlands_ He was born in 
Utrecht in 1900 and educated at the 
University there. After receiving his 
Ph.D. in 1928 he remained as a faculty 
member in the chemistry department 
until 1936, when he came to Harvard 
University as a lecturer in biochemistry. 
The following year he went to Caltech. 
Haagen-Smit has worked mostly with 
natural products, having done important 
research on plant hormones, alkaloids 
and food flavors in addition to his work 
on essential oils. For the latter studies he 
won the Fritzsche Award of the Ameri-
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for measuring low level potentials-

the narrow span recorder 

CHARACTERISTICS 

Ranges-Recorders: 0-100, 0-200, 
0-500 microvolts, 0-1 mv. 
Indicators: 0-500 microvolts 
0-1.1 mv. 

Stability (after warmup)-1 micro
volt or less for all ranges. 

Accu racy of Adjustment - %% of 
span. 

Dead Zone-0.1 microvolt or 
0.006% of span, whichever 
is greater. 

Pen Speeds-24 or 12 seconds full 
scale travel. 

Input Impedance-3000 ohms. 

Input Signal Range - (to recorder) 
approx. 0.05 microvolt to 
1 mv. 

EXTREMELY low level d-c potentials can be measured accurately 
. .. recorded to high resolution ... and automatically controlled, 

by the self-contained narrow span ElectroniK potentiometer. 

Ideal for radiation measurements, differential temperatures 
and a host of other laboratory applications, the instrument responds 
to signal changes as small as 0.1 microvolt. It spreads spans as 
low as 100 microvolts across the full width of its ll-inch chart. 

Internal design practically eliminates thermal emf's and stray a-c 
pickup. Available models include the strip chart recorder (illustrated), 
Precision Indicator, and circular chart pneumatic controller. 
The instrument incorporates the Brown 40X high gain amplifier, 
mounted right inside the recorder's case. 

This high-gain amplifier is also supplied as a separate 
unit for use in null detection, servo circuits, or other work where 
its extreme sensitivity and high stability prove valuable. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO., Industrial Division, 
4580 Wayne Ave., Philadelphia 44, Pa . 

• REFERENCE DATA: Write for Data Sheet No. 10.0·8 on the Narrow Span ElectroniK Recorder . . •  
Data Sheet No. 10.20·4 on the 40X Amplifier . • •  and for Bulletin 15·14, 
"Instruments Accelerate Research." 

Honeywell 
B ROWN tNST R U ME N TS 
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• Electrical Engineers �--w.: 

• Mechanical EngineerS 
• Chemical EngineerS 

• Servo EngineerS 
• Physicists 

• Operations Research Analysts 
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a 
Alexanelria• Vor9 

A ten-bank, automatic 
calculator designed for 
engi neers, mathemati
cians and operators who 
test, maintain or pro
gram for, electronic 
digital computers. Adds, 
su btracts, multiplies, and 
divides in binary and 
octal number systems, 
and performs binary to 
decimal and decimal to 
binary conversions. 

OTHER BULLETINS 
Magnetic Recordiqg Heads 
Magnetic Shift Register 
Computing Services 
Tope Handljng Mechonisms 

Write for Them 

can Chemical Society in 1950. His in
terest in tastes and odors made him a 
logical man to investigate the highly 
aromatic Los Angeles smog, and he has 
been one of the leading workers in air
pollution studies. This is Haagen-Smit's 
second article for SCIENTIFIC AMERICAN, 
his first, "Smell and Taste," having ap
peared in March, 1952 . 

H. BENTLEY GLASS ("The Genet
ics of the Dunkers") is professor of 
biology at The Johns Hopkins Univer
sity, associate editor of The Quarterly 
Review of Biology, and, at the moment, 
acting chairman of the editorial board 
of the American Association for the Ad
vancement of Science, responsible for 
the publication of Science and The 
Scientific Monthly. What with a weekly, 
a monthly and a quarterly magazine to 
worry about, he remarks, "life is full of 
deadlines." Glass was born in China in 
1906 and had his pre-college education 
in mission schools there. He took his un
dergraduate work at Baylor University 
and his Ph.D. at the University of Texas. 

HELMUT E. LANDSBERG ("The 
Origin of the Atmosphere") is Director 
of Geophysics Research at the Air Force 
Cambridge Research Center. Born in 
Frankfurt, Germany, in 1906, Lands
berg was educated at the University of 
Frankfurt. There in 1930 he took his 
Ph.D. under Beno Gutenberg, famous 
earthquake expert who is now at the 
California Institute of Technology. 
Landsberg came to the U. S. in 1934 to 
take a position at the Pennsylvania State 
College, where he inaugurated a Geo
physical and Meteorological Laboratory. 
In 1941 he transferred to the University 
of Chicago to teach meteorology and 
climatology. When the war broke out, he 
started to do consulting work for the Air 
Force and by 1943 was working full time 
as an operations analyst, making stra
tegic weather and climate studies for the 
20th Air Force. After the war he worked 
for a time on a study of rainfall in Hawaii 
for the Pineapple Growers Association, 
spent a brief period with the U. S. 
Weather Bureau and served with the Re
search and Development Board before 
joining the Cambridge Center. 

JULIAN S. HUXLEY, who in this 
issue reviews George Gaylord Simpson's 
"Life of the Past," is equally famous as 
a biologist and an author. He was born 
in 1887, the son of Leonard Huxlev, a 
writer, and the grandson of T. H. Hux
ley, the great 19th-century biologist. 
Educated at Oxford, Julian Huxley 
taught for many years there and at other 
institutions, including the Rice Institute 
in Texas (for four years before the First 
World War). From 1935 to 1942 he was 
Secretary of the Zoological Society of 
London, and from 1946 to 1948 served 
as Director-General of UNESCO. 
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What JACK & HEINTZ is Joing ahout ... 

OBSOLESCENOE 
Ordinarily, product improvements result in 

costly obsolescence-but not in the case of a 

new Jack & Heintz starter for commercial air

lines. This new design features 10 major im

provements that can be incorporated in 

thousands of earlier models now in service ... 

to lengthen life, improve performance and 

reduce maintenance. 

Our business is to design and build highly 

specialized electrical, electromechanical and 

hydraulic devices. To improve our equipment 

for generating, applying or controlling power 

without creating obsolescence is a fundamental 

J&H engineering objective-in 40 different 

starter models, approximately 90 per cent of 

all parts are interchangeable. 

The name Jack & Heintz on aviation or 

commercial products stands for advanced 

engineering . . . precise manufacturing . • • 

pretested performance. Jack & Heintz, Inc., 
Cleveland 1, Ohio. 

means electrical, hydraulic or mechanical devices designed to solve 

unusual problems of developing power, controlling it or using it. 

Aircraft Generating Equipment-a-c 

and d-c- including Control Systems 

and Components. Electric Starters· 

Actuators and Special Aircraft 

Motors • Custom-built Commercial 

Motors • J&H Eisemann Magnetos 

17 
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· . . FOR CONSTANT 

10% RELATIVE HUMIDITY 

18 

... OR LESS! 
Perhaps you waut to reduce water vapor from an annoying 
Variable to a Constant in air, gases or organic liquids. 
Science and industry do it precisely with Lectrodryers ... 
to dewpoints as low as -llO° F. Relative humidity of 10ro 
isn't uncommon, even in large storage and work areas. 
And, moisture content of organic liquids is being reduced 
to 3 or 4 parts per million ... sometimes less! 

The need for drying has expanded rapidly in the past 22 
years. So much, in fact, that now dozens of different Lectro· 
dryer-* designs are produced to meet the need for dry air, gases 
and organic liquids, in small or large quantities and at low 
and high pressures. 

In recent atomic and supersonic research ... in the develop
ment of wonder drugs ... in high voltage electrical research 
and metallurgical production, drying has served to make 
ideas workable. Predetermined constant control of water 
vapor has become a vital processing tool. 

With Lectrodryer equipment, independent control of tern· 
perature and humidity is available. You can add constant 
dryness to areas as small as laboratory jars or as large as 
warehouses. Perhaps a Laboratory Lectrodryer is all you need 
(0 prove that your idea can work. 

Our files are filled with cases of moisture problems solved 
by our engineers. You can have the benefit of this experience 
and obtain our engineering assistance merely by writing to us. 

DATA AVAILABLE 

The booklet, Because Moisture Isn't Pink, describes 

Lectrodryers in detail, and their application. A more 

technical booklet, The Moisture in Our Atmosphere, 
describes the nature, behavior and measurement of 
water vapor. It's worth a card to get copies for your 
files. Write: Pittsburgh Lectrodryer Corporation, 336 
32nd Street, Pittsburgh 30, Pennsylvania. 

. . .. . . . . . · ···.·�.·�.w.·.·.w. ·�.·.·.·.w. ;;;:;:;:;;;;:;;;;;;;;;;:;;;:;:;;;:;:;�:;�:;�: :;:;:::;:�::::::;::��$ ::;;;;;;;:;:�:;:� 

LECTRODRYER 
*REGISTERED TRADEMARK U.S. PAT. OFF. 

LECTRODRYERS DRY WITH ACTIVATED ALU MINAS 

THE COVER 

The photograph on the cover shows 
a group of Old Stone Age drawings 
(see page 30) in the cave of Niaux 
in southern France. In the center is 
a bison. At upper right is another 
bison pierced by two black and two 
red arrows. At upper left are the legs 
of a third bison; at lower left, the 
head and back of a horse. The 
photograph was made by Romain 
Robert, a French attorney who has 
made many fine pictures of cave art. 
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.hp- 5228 Electronic Counter 

IS YOUR MEASURING PROBLEM HERE? 
FREQUENCY 

Production quantities 

Nuclear radiations 

R.P.S. and R.P.M. 

Power line frequencies 

Very low frequencies 

Frequency stability 

Oscillator calibration 

Pulse repetition rates 

Weight, pressure, tem· 
perature, acceleration 

TIME INTERVAL 

Elapsed time between 
impulses 

Pulse lengths 

Camera shutter speed 

Projectile velocity 

Relay operating times 

Precise event timing 

Interval stability 

Frequency rates 

Phase delay 

Investigate this new, low-cost 
all purpose -hp- counter 

This new electronic counter can save you time and money 
by speeding and simplifying research and manufacturing 
measurements. It is a compact, low-cost, extremely versatile 
instrument offering you accurate frequency, period or time 
measurements. It performs all functions without extra-cost 
modification. Results are displayed instantly and automati
cally in direct-reading form. Unskilled personnel can use the 
instrument immediately without training. 

Model 522B measures rate of occurrences ftom .00001 to 
100,000 per second. It measures time ftom 10 mictoseconds 
to 27.8 hours. Counting is available over periods of 1/1,000, 
1/100, 1/10, 1 and 10 seconds or multiples. Stability of time 
base is 5 parts per million. Time of display can be varied 
to any duration, counts are automatically reset, action is re
petitive. Results are presented direct in cps, kc, seconds m 
milliseconds. Decimal point is automatically indicated. 

The instrument consists of five decade counters, a wide 
range time base plus gating and auxiliary circuits. The un
known is applied to the counters through the gate circuit. 
For frequency measurement this circuit remains open for a 
precise interval controlled by an oven-housed quartz crystal. 

-hp- 522A Electronic Counter 

For applications where wide-range frequency and period measurements 
are desired.Frequencycounting faciliries are identical wirh 522B,except 
gate time for frequency measurement is 1 second or multiples, 3.nd 
srandard frequency counred for period measurement is 100 kc. Decimal 
poinr and time interval measuring circuirs are omitted. $775.00 

Data subject to change without noli,."!', Prices f. o. b. fadory 

SPECIFICATIONS-MODEL 5228 

FREQUENCY MEASUREMENTS: 

Range: 10 cps to 100 kc. 

Accuracy: ± 1 count ± stobility (511 ,000,000 per week). 
Registration: 5 places. Output pulse available to octuate 

trigger circuit for mechanical register to increase count 
capacity. 

Gate Time: .001, .01, .1, 1, 10 seconds. Extendoble to 
multiples of 1 or 10 seconds by manual control. 

Display Time: Voriable .1 to 10 seconds in steps of gate 
time selected. Display can be held indefinitely. 

PERIOD MEASUREMENTS :  

Range: .00001 cps to 1 0  kc. 
Accuracy: ± .03% ± stability (for measurements over a 

10 cycle period). 
Gate Time: 1 or 10 cycle of unknown. Extendable to any 

number of cycles by manual control. (For frequencies 
under 50 to 60 cps.) 

Standard Freq. Counted: 1, 10, 100 cps; 1, 10, 100 kc; or 
external. 

TIME INTERVAL MEASUREMENTS: 

Range: 10 psec to 100,000 seconds (27.S hrs.) 

Accuracy: ± l/sld. freq. counted ± slability. 
Trigger Slope: Pas. or neg. on start and/or stop channels. 
Trigger Amplitude: Continuously adjustable on both 

channels from -100 to + 100 volts. 
Standard Freq. Counted: 1, 10, 100 cps; 1, 10, 100 kc; or 

external. 

Price: $900.00 f.a.b. factory. 

Write for complete details 
HEWLETT-PACKARD COMPANY 
27075 PAGE MILL ROAD . PALO ALTO, CALIFORNIA, U.S.A. 

SALES REPRESENTATIVES IN ALL PRINCIPAL AREAS 
Export: FRAZAR & HANSEN, LTD., New York . San Froncisco • los Angeles 

~ Instruments for Complete Coverage . 
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When there's no time for nDown-Time" try ALCOA ALUMINAS 

� That's what the BG Corporation did! Manu
�� facturers of aviation spark plugs, igniters and 
thermocouples, BG had the task of developing an 
insulator that could withstand the terrific thermal and 
mechanical shocks created by jet engines. Ordinary 
insulators couldn't take the heat. Engines "went down" 
after a few hours flying time. BG's experience with 
ALCOA Aluminas resulted in a ceramic insulator able 
to take the punishment a jet offers. 

Composed largely of ALCOA Alumina, these insu
lators withstand temperatures from 900° F in thermo
couples to 3500° Fin igniters: The development of the 
jet engine was substantially aided by the use of alumi
num oxide ceramic insulators. 

Fuel nozzles, combustion-chamber linings, turbine 
blades, vanes and nose pieces are special kinds of 
services for alumina refractories. But the properties 

of ALCOA Alumina that make it so effective here are 
the same that add life to all refractories. 

If you are dealing in high temperatures, alumina 
refractories will help you increase output ... decrease 
down-time. Let us tell you about it. Write to ALU
MINUM COMPANY OF AMERICA, CHEMICALS DIVISION, 
729-H Alcoa Building, Pittsburgh 19, Pa. 

"SEE IT NOW" with Edward R. Murrow ... CBS· TV every Sunday • • •  
brings the world to your armchair. Consult your newspa per for local 
time and channel. 

Alcoa ® --------e - ''';;;''--

Chemicals 
AI.UMINUM COMPANY OF AMERICA 
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What's Happening at CRUCIBLE 

about HY -TUF alloy steel 

Crucible metallurgists, working closely with aircraft engi
neers, developed new steels specially designed to with
stand the exceptional stresses and severe impact to which 
landing gear assemblies of high speed and heavy bombing 
aircraft are subjected. One of the most successful grades 
used is Crucible HY·Tuf alloy steel. 

Track type landing gear of experimental 8·36 in which HY-Tuf was used 

Convair 8-36 Heavy 80mber 

what HY -TUF is 
HY-Tu£ is a nickel·silicon.manganese·molybdenum alloy 
grade, designed for applications where maximum strength 
and toughness are required. Its typical composition is 0.25 
carbon, 1.40 manganese, 1.50 silicon, 1.80 nickel and 0.40% 
molybdenum. It provides exceptionally high toughness and 
fatigue strength at the extremely high tensile strength levels 
of 200,000 - 240,000 psi., and has an Izod impact strength of 
more than 20 foot pounds. 

, 

aircraft alJll1icatiolls 
HY·Tuf was selected by Convair for the inner cylin. 
der axle assembly of the bogie shock struts of the 
experimental track·type landing gear designed for 
their B·36 heavy bomber. 

Although heavier than the standard wheel assembly, 
the track· type gear distributed weight over a larger 

area. Important weight sav· 
ings were accomplished by a 
combination of good design 
and the use of HY·Tuf high 
strength alloy steel, which 
made possible reduction in 
size of structural parts. 

Douglas uses HY·Tuf in the 
landing gear and arresting fit· 
tings of its A2D Skyshark 
attack plane. Landings, espe· 
cially when made on the flight 
deck of an aircraft carrier in 
rough seas, constitute a rugged 
testing ground for even the 
best of steels. 

Douglas Sky.hark 

== 

Crucible Engineel'ing 

Service Available 

As w i t h  a l l o y  s t e el s ,  th e 
Crucible Steel Company of 
America is the leading pro· 

ducer of special purpose steels. If you have a difficult appli· 
cation problem don't hesitate to call in one of our engineers. 
And when you need any one of an extremely wide variety 
of special steels, you will find them readily available from 
your nearest Crucible warehouse. 

CRUCIBLE first name in special purpose steels 

53��l�-s� 
CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 
Midland Works. Midland, Pa. Spaulding Works, Harrison N. J. Park Works, Pittsburgh, Pa. Spring Works, Pittsburgh, Pa. 

National Drawn Works, East Liverpool, Ohio Sanderson-Halcomb Works, Syracuse, N. Y. Trent Tube Company, East Troy. Wisconsin 
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The Nuclear Reactor 

as a 'Research Instrument 

The blizzard of neutrons in an at01nic pile may be channeled 

to probe the nature of 1natter. Their application in 
. . 

lngenwus 

experiments makes important contributions to basic physics 

N

UCLEAR reactors manufacture, 
among other things, plutonium, 
heat and neutrons. Public atten

tion has centered on the first product, as 
an ingredient of atom bombs, and the 
second, as a potential power source. Sci
entists are almost exclusively concerned 
with the third. As fundamental constitu
ents of matter, neutrons are interesting 
in themselves, and they are one of the 
most powerful tools in the kit of the ex
perimental physicist [see "The Neu
tron," by Ph9ip and Emily Morrison; 

h,' Dona Icl J. Hughes 

SCIEKTIFIC Al\IEJUCAN, October, 19511. 
In pre-reactor days we had to make neu
trons by hand, so to speak, and in small 
quantities. With reactors we are mass
producing them in numbers beyond our 
wildest dreams of a few years ago. The 
torrent of neutrons now available pro
vides us with an ideal means of investi
gating one of the central problems of 
physics-the nature of matter. 

Why are neutrons so effective as 
probes of matter? First, they have no 
electric charge. Unaffected by the clouds 

of negative charge with which electrons 
surround atomic nuclei, neutrons pass 
easily through swarms of atoms. '\Then 
they finally chance to strike a nucleus, 
neutrons penetrate it easily, being equal
ly unaffected by its positive charge. Es
pecially important is the fact that even 
very slow neutrons are highly penetrat
ing. All other experimental projectiles, 
such as protons or alpha particles, must 
move so fast to get into the nucleus of 
the atom that they cannot be used to 
investigate the intricate details of its 

REACTOR at Brookhaven National Lahoratory is used 
solely for experimental purposes. The shield o

'
f the re

actor is at the left; it is pierced with holes that emit 

neutrons. Here most of the holes are plugged, hut one 
is open for a neutron-reflection experiment. The neu
tron "mirror" is at the left end of the long apparatus. 
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GRAPHITE-URANIUM LATTICE 

RECESSED 

EXPERIMENTAL 

HOLE 

CROSS SECTION of the Brookhaven reactor shows its 
experimental features in simplified form. The uranium 
fuel of the reactor is embedded in a graphite moderator, 

HOLE extending into the center of the Brookhaven re
actor is a foot square and 20 feet deep. At the far end 
of the hole may he seen an arrangement of bismuth 

24 

GAP FOR COOLING AIR 

ION CHAMBER 

FOR PILE CONTROL 

CONTROL ROD 

PLUGGED SAMPLE 

IRRADIATION HOLE 

PNEUMATIC TUBE 

"RABBIT" 

which is surrounded by a graphite reflector, which is 
surrounded by a concrete shield. The moderator and 
reflector are pierced with holes that emit the neutrons. 

hlocks. The neutrons that emerge from this hole are 
utilized in experiments involving the "fast chopper" 
(see illustrations at the bottom of the opposite page). 
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structure. Such details can only be ob
served with slow neutrons of accurately 
controlled velocity. 

Second, the neutron is magnetized. 
Thus it reacts with the magnetic fields 
of atoms, yielding valuable information 
about magnetic properties. Finally, the 
neutron is a wave; or rather, like all bits 
of matter, it is both particle and wave. 
Some of the most informative experi
ments we can perform are based on the 
wavelike interaction of neutrons with 
matter. Only the intense beams that re
actors provide make it possible to take 
practical advantage of the wave nature 
of neutrons. 

T
HE very quality that makes neutrons 
so valuable as an experimental probe 

makes them hard to utilize. Charged 
particles are docile beasts. We can speed 
them up or slow them down with electric 
fields, steer and aim them with magnets. 
The uncharged neutrons, however, are 
unaffected by these forces and are diffi
cult to maneuver. Even to know where 
they are is something of a problem since 
they do not announce themselves di
rectly by leaving ion trails in cloud 
chambers or photographic emulsions as 
charged particles do. Before neutrons 
could be put to use a great deal of ex
perimental ingenuity went into learning 
how to manipulate them. 

Experimenting with neutrons means, 
in essence, exposing a piece of material 
to them and observing how they are af
fected. Some may be absorbed, others 
deflected from their original path. The 
"cross section" of various atomic nuclei 
for absorbing or scattering neutrons 
(i.e., the probability that the atom will 
absorb or scatter a neutron that hits it) 
tells us a good deal about the atoms and 
about the neutrons themselves. 

A direct and comparatively simple 
way to use reactor neutrons for cross-sec
tion measurements is to put the material 
being studied inside the reactor. Despite 
their great size, reactors are extremely 
sensitive to changes in the number of 
neutrons available to maintain their 
chain reaction. An accurate measure of 
the availability of neutrons in the reactor 
can be obtained by noting how far the re
actor's control rod must be pulled out 
in order to get the chain reaction started. 
When even a tiny sample of foreign, 
neutron-absorbing material is inserted in 
the reactor, the control rod will have to 
be pulled out measurably farther than 
normally. The extra distance measures 
the neutron absorption of the sample 
and hence its cross section. Another way 
to get this result is with the "pile oscil
lator." Here the sample is moved in and 
out of the reactor at a steady rate so that 
its power level rises and falls. 

I 
N THESE experiments the reactor is 

itself a measuring instrument. For 
most work, however, it serves merely as 

SPIRAL MONOCHROMATOR produces a beam of slow neutrons with uni
form speed. Its slotted cadmium disks are turned on the same shaft. Only 
neutrons of a narrow range of speed will pass through all four of the slots. 

FAST CHOPPER is shown in cross-sectional top view. It is a disk traversed 
by 16 pairs of channels through which neutrons can pass. When the disk is 
whirled in a vacuum at high speed, the neutrons emerge at right in bursts. 

ROTOR of the chopper is made of forged aluminum with plastic inserts 
which form the channels through which the neutrons pass. When the rotor 
is spun at full speed, it is able to chop 1,000 bursts of neutrons per second. 
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BROOKHAVEN-FAST CHOPPER 

HARWELL - LINEAR ACCELERATOR 

BROOKHAVEN - CRYSTAL SPECTROMETER 

ARGONNE - FAST CHOPPER 

COLUMBIA -PULSED CYCLOTRON 

4 7 100 2 4 7 1,000 2 4 7 10,000 
ELECTRON VOLTS 

HIGH RESOLUTION of the Brookhaven fast chopper in the measurement 
of nuclear "cross sections" is illustrated by these curves. The cross section 
of the nucleus, measured in "barns," is the probability that it will absorb 
a bomharding particle. Each curve represents the cross section of the silver 
nucleus when bombarded with neutrons of various energies, measured in 
electron volts. Because the Brookhaven chopper produces neutrons of pre
cisely known energy, it is able to reveal cross sections in unusually fine detail. 
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a neutron source. Neutrons are brought 
out of the pile through holes running 
from the interior out through the shield. 
The beam that pours out of the experi
mental holes contains enormous num
bers of particles in a wide range of ener
gies. The fastest, coming directly from 
fissioning uranium atoms, have energies 
as high as 10 million electron volts. The 
slowest, those that have lost almost all 
of their energy in passing through the 
graphite (or, in the case of some reac
tors, heavy water) moderator, have an 
energy of only .000 1 electron volt. Thus 
the fastest neutrons are some 100 billion 
times more energetic than the slowest. 
Each particle, it must be remembered, 
is also a wave. The formula for particle 
wavelength tells us that it varies inverse
ly with speed. The fastest neutrons in 
the beam have wavelengths of a few 
hundred-thousandths of an angstrom 
unit, even shorter than the diameter of 
an atomic nucleus (an angstrom unit is 
a hundred-millionth of a centimeter). 
The slowest neutrons, on the other hand, 
have a wavelength of SO angstrom units, 
far longer than the distances between 
atoms in crystals. 

In different sections of this broad 
energy spectrum the neutrons have 
wholly different properties, both as to 
the way they must be manipulated and 
as to their effects on matter. High-energy 
neutrons behave like solid pellets; slow 
neutrons lose their particle character 
almost entirely and act like almost pure 
waves. The principal task of the reactor 
experimenter is to sort neutrons of vari
ous speeds and to observe how particles 
of each speed interact with matter. 

T
HE NEUTRON beam divides into 
three main speed ranges. The so

called fast neutrons are those with ener
gies extending from 10 million down to 
about 10,000 electron volts. Below these 
in the hierarchy of energies are "reson
ance" neutrons, from 10,000 electron 
volts to .0 1 electron volt. Finally there 
are the thermal neutrons, with energies 
from .01 to .0001 electron volt. 

In many experiments we do not try 
physically to separate the various par
ticles from one another. Instead we use 
detecting devices that respond only to 
the type of neutron we are studying. 
Thus fast neutrons make themselves 
known by knocking protons out of a 
detecting substance such as paraffin. In 
cloud chambers the protons produce ion 
trails from which we can deduce the 
energy of the particles, and hence the 
energy of the neutrons that produced 
them. Counting the proton tracks of a 
particular energy tells us how many neu
trons of corresponding energy are in the 
beam. Suppose we want to measure the 
cross section of gold for million-volt neu
trons. First we expose the detector to 
the reactor beam and count only the 
million-volt neutrons. Then we put a 
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thin gold foil into the beam and note 
the decrease in these particles, which 
represents the number of million-volt 
neutrons removed by the gold. Most 
basic research in the fast range deals 
with nuclear cross sections, either for 
absorption or scattering. 

R
ESONANCE neutrons are a kind of 

mixed breed. The faster ones must 
be handled like particles, but their ef
fects depend on their wave nature. Hav
ing wavelengths of about the same size 
as nuclear diameters, they interact with 
nuclei in a wavelike ma!1ner. At certain 
wavelengths they resonate with a nu
cleus, which means they are strongly 
absorbed; at slightly different wave
lengths they are "out of tune" and their 
absorption greatly decreases. The neu
tron absorption curve of a particular nu
cleus thus shows sharply separated peaks 
at isolated wavelengths. 

Nuclear physicists are very interested 
in these curves because they promise to 
throw light on one of the murkiest prob
lems now facing us-the internal struc
ture of the nucleus [see "The Structure 
of the Nucleus," by Maria C. Mayer; 
SCIENTIFIC AMERICAN, March, 1951]. 
Is it formless, like a liquid drop, or does 
it have a "shell" structure? The shell 
theory states that neutrons and protons 
occupy fixed orbits or shells in the nu
cleus, much as the electrons do outside 
it. A nucleus whose outermost shell is 
completely filled should be very stable. 
The numbers of neutrons and protons 
required to fill successive shells are 
known as the "magic numbers." 

Neutron absorption experiments give 
some strong evidence for the shell 
model. One of the magic numbers is 
50, and tin contains 50 protons. When 
we compare the absorption spectrum of 
tin with that of silver, we can see that tin 
is indeed unreactive. Whereas the silver 
nucleus finds many neutron energies that 
excite it, tin is apparently satisfied with 
its make-up and rejects all neutrons in
differently. 

B
UT we are still far from having a 

satisfactory theory of the nuclcus. 
We need much more information on the 
activity and energy levels of various nu
clei, and neutron absorption experiments 
are one of the best ways to get it. It is 
essential to find out just which energies 
are absorbed by each nucleus, and which 
rejected. This

' 
means that we must be 

able to distinguish sharply between neu
trons of different speeds. The sharper 
our separation, the greater the resolving 
power of our nuclear spectroscope, and 
the less the chance that what appears to 
be a single absorption peak is really two 
or more separate ones. 

The device with which we are now 
getting the sharpest separations is the 
"fast chopper," recently developed by 
F. C. Seidl at the Brookhaven National 

BORON FLUORIDE 

COUNTER 

CADMIUM 

SHUTTER 

NEUTRON DIFFRACTION experiments at Oak Ridge National Laboratory 
employ the arrangement depicted in this top view. The neutrons emerge 
from the reactor at the top. They are reflected from a crystal set at a shal
low angle as a means of selecting those of a certain energy range. The 
neutrons are then allowed to pass through a second crystal mounted on a 

turntable. This crystal diffracts the neutrons in certain preferential direc
tions; when it is turned, the counter at the bottom will detect the number 
of neutrons diffracted in each direction. In this way the experimenter can 
measure the interaction between the neutrons and the atoms in the crystal. 
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Laboratory. It is a solid disk traversed 
by a few narrow slits through which neu
trons can pass. When the disk is whirled 
very rapidly it acts as a shutter for the 
beam, allowing short bursts of neutrons 
to pass each time a slit swings into the 
proper position. At full speed the chop
per yields 1,000 pulses per second, each 
lasting a millionth of a second. The slits 
are an inch high by .0 1 inch wide. The 
extremely narrow beam that they pro
duce makes it possible to work with 
small samples of material, as little as a 
hundredth of a gram. This means that 
we can experiment with separated iso
topes, which are available only in frac
tions of a gram. 

To detect the neutrons we use a crys
tal that scintillates when they strike it. 
The crystal is set up about 100 feet from 
the chopper. As each burst of neutrons 
traverses the long path, it becomes 
elongated in the direction of motion, the 
fast particles heading the parade and the 
slow ones bringing up the rear. Attached 
to the scintillating crystal are 100 sepa
rate counters, each turned on for suc
cessive intervals lasting a hundredth of 
the total flight time. A beam of light, 
which passes through the slits with each 
burst of neutrons, triggers the counting 
sequence, starting the first counter just 
in time to pick up the first neutrons. 
Thus each counter records particles in a 
very narrow range of speed. To record 
an absorption spectrum the counters are 
read first with an unobstructed neutron 
beam. Then a sample of material is 
placed between the chopper and de
tector and the counters read again. The 
silver spectra reproduced on page 26 
show how much sharper resolution we 
get with the Brookhaven chopper than 
with earlier methods of selecting neu
tron velocities. 

T
HE fast chopper works well with 
neutrons of about 10,000 to 10 elec

tron volts. At the lower end of the reso
nance range, from 10 to .0 1 electron volt, 
the neutron waves are long enough for 
us to take advantage of their optical 
properties. These waves are about as 
long as the distance between atoms in 
crystal lattices and are diffracted by 
crystals just as X-rays are. The angle at 
which they are scattered in a given crys
tal depends on their wavelength, so that 
these neutrons can actually be separated 
according �,o speed in a crystal "mono
chromator. 

Having obtained a beam of single-en
ergy neutrons, we generally use it to 
study other crystals. X-rays, of course, 
have been used in the same way for half 
a century, but neutrons can do things 
that X-rays cannot. Neutron diffraction 
has opened an entirely new field in crys
tal analysis-the investigation of mag
netic structure. 

Every neutron is a tiny magnet. When 
it is scattered by magnetized atoms its 
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deBection depends not only on the "grat
ing spacing" of the crystal lattice but also 
on the magnetic forces. Neutron diffrac
tion patterns are, therefore, different 
from X-ray patterns for magnetic sub
stances, and from the difference we can 
read the magnetic configuration of the 
crystal. 

At several laboratories neutron dif
fraction has been applied to the study 
of anti-ferromagnetic materials. In a 
ferromagnetic substance such as iron 
each atom is a magnet and all the atoms 
are lined up with their north poles fac
ing in the same direction. Anti-ferro
magnets also have magnetized atoms, 
but show no over-all magnetism. This 
has been explained by assuming that the 
individual atoms are aligned, but with 
their north poles pointing alternately in 
opposite directions. There was no way 
of checking this assumption, however, 
until C. G. Shull and J. S. Smart of the 
Oak Ridge National Laboratory tried 
neutron diffraction. They exposed a 
manganese oxide crystal to a monochro
matic beam of neutrons. If the atoms are 
actually arranged according to the 
theory, a neutron will be attracted by 
one, repelled by the next, attracted by 
the third and so on. Because of this 
alternate attraction and repulsion the 
"unit cell" -the fundamental structural 
unit of the crystal-is twice as large when 
viewed by neutrons as by X-rays. The 
diffraction pattern should then contain 
neutrons at positions where there would 
be no energy in an X-ray pattern. Neu
trons were found in the diffraction pat
tern in just these expected positions, but 
only when the crystal was kept at very 
low temperature. At room temperature 
the pattern disappeared, showing that 
the rigid anti-parallel alignment of the 
atoms no longer held good. Other anti
ferromagnetic substances are believed to 
have much more complicated magnetic 
structure than the simple scheme of 
manganese oxide. Knowing how their 
atomic magnets are arranged is impor
tant both for our basic understanding 
of the solid state and for a number of 
potentially useful applications. With 
neutron diffraction we can now find out. 

B
ELOW the resonance range are the 
slowest neutrons, the thermals. They 

have this name because, by repeated 
collisions with carbon nuclei in the re
actor, they have been slowed to speeds 
equal to, and even less than, the average 
vibrational speeds of the graphite mole
cules. These neutrons have energies from 
.0 1 to .000 1 electron volt. At their slow
est they travel only about 600 feet per 
second, corresponding to a temperature 
of only two degrees centigrade above 
absolute zero. 

We have various ways to sort out ther
mal neutrons of different speeds. One of 
these is a slow chopper, which operates 
in the same way as the fast chopper. An-

other is the "spiral monochromator," an 
elaboration of the chopper idea that 
actually filters particles of a single speed 
out of the beam. It is made of a series of 
slotted disks on a single shaft, the posi
tion of the slots being adjustable (see 
diagram on page 25). The disks are set 
so that each successive slot stands at a 
fixed angle to the one before it, or, in 
other words, so that the open path 
through the array of disks is a spiral. 
When the apparatus is rotated, a particle 
entering the first slot at the right speed 
will find each following slot moving into 
position just in time to let it through. 
Particles at other speeds will bump into 
the solid disks. By adjusting the angle 
between the slots or the speed of rotation 
of the shaft we can pick out neutrons of 
any desired speed. 

Very slow neutrons are particularly 
useful for studying the motions of atoms 
in crystals. Moving in the same speed 
range as the particles they bump into, 
the neutrons can gain or lose a large 
proportion of their energy in collisions. 
From the energies of the scattered neu
trons we can infer the motions of the 
atoms in the crystal lattice. 

T
HE WAVELENGTHS of thermal 
neutrons are so long that it becomcs 

just possible to reBect them with mirrors. 
Mirror reflection requires a smooth sur
face, and smoothness is a relative matter 
which depends upon the wavelength in
volved. The longest neutron waves are 
still 1,000 times shorter than waves of 
visible light, so that an "optically 
smooth" surface still looks very rough to 
a neutron. But just as a highway can re
Bect light that strikes it at a grazing 
angle, so a mirror that is rough to neu
trons can reBect them when they strike 
at an exceedingly small angle, about a 
tenth of a degree. 

Neutron mirrors are an effective 
means of measuring nuclear forces. This 
is because the force between the neutron 

. and the atomic nuclei of mirror materials 
determines the maximum glancing angle 
at which reBection is pOSSible. We can 
measure this "critical angle" quite pre
cisely, and so calculate the nuclear force 
accurately. The method can be applied 
to a variety of atoms, since many mate
rials make suitable mirrors. We have 
used highly polished solids, such as iron, 
nickel and beryllium; liquids, such as 
mercury, water and benzene, whose sur
faces are sufficiently flat when quiet; 
gases, such as helium and nitrogen, con
tained in vessels with polished walls. 

R
ECENTLY neutron mirrors have 

given us an accurate measurement 
of one of the smallest of all interactions 
between fundamental particles, the one 
between the neutron and the electron. 
It might seem at first that the force be
tween these two fundamental particles 
should be zero, for the neutron has no 
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charge. According to modern meson 
theory, however, the neutron spends 
part of its life in a dissociated form, split 
into a proton surrounded by a cloud of 
mesons. It is still electrically neutral 
when seen from outside the meson cloud, 
because the negative charge of the mes
ons just balances the positive charge of 
the proton. But inside the cloud, which 
extends about 10.13 centimeter from the 
proton, there is an electric field. An elec
tron inside the meson cloud should be 
attracted to the proton with a minute 
but measurable force. 

When we try to measure this force, 
however, we run into a major difficulty. 
The neutron-electron interaction is about 
10,000 times weaker than that between 
the neutron and the atomic nucleus. It 
is impossible to study the interaction of 
neutrons with isolated electrons, and so 
the force we are after is always masked 
by one very much greater. To sidestep 
the large nuclear force the writer and 
his colleagues at Brookhaven, J. A. 
Harvey, M. D. Goldberg and Marilyn J. 
Stafne, devised a special neutron mirror. 
A block of bismuth was polished on one 
side and fitted into a tank so that a layer 
of liquid oxygen could be placed in con
tact with the polished surface. The neu
trons were reRected from the boundary 
between the two materials. It happens 
that oxygen and bismuth have almost 
exactly the same nuclear interaction with 
neutrons, so the nuclear scattering bal
ances for the two. The electron scat
tering, however, is quite different on 
opposite sides of the dividing boundary 
because each bismuth atom has 83 elec
trons and each oxygen atom only eight. 
So far as the neutrons are concerned the 
experiment is essentially the same as if 
they were reRected from a mirror made 
of electrons alone. The critical angle for 
the mirror thus gives the strength of the 
neutron-electron interaction directly. 

The measured force turns out to be 
much smaller than predicted by the me
son theory; in fact, it can be completely 
accounted for by a small magnetic inter
action between the neutron and electron 
that does not involve the meson cloud 
at all. This means that there is some 
error in the present simple idea that neu
trons exist transien tly as protons and 
mesons. It may be that the proton itself, 
instead of being a point particle, is 
spread out to such an extent that its more 
distant parts act weakly on the electron; 
it may De that the splitting produces 
both positive and negative mesons, 
which cancel the electrical effect. To 
answer these questions fully we will. 
have to design still subtler experiments 
as well as perhaps construct better theo
ries of fundamental particles. 

One thing seems certain. As more re
search reactors are built, and with high
er neutron Ruxes, their neutrons will play 
an increasingly important role in the 
search for the secrets of matter. 

NEUTRON MIRROR experiments at Brookhaven utilized the arrangement 
shown in this side view. The neutrons emerged from the pile at the left 
and were reflected from the boundary between bismuth and liquid oxygen. 

BISMUTH MIRROR is used in the arrangement depicted in the diagram 
above. During an experiment liquid oxygen is poured into the container 
around it. The neutrons emerge from the pile hole through the slit at right. 

CADMIUM BLOCKS form a slit between the bismuth-oxygen mirror and 
the counter which detects neutrons reflected from it. The cadmium absorbs 
stray neutrons, as do the paraffin blocks that are seen in the background. 
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ARCHAEOLOGY 

AND THE EARLIEST ART 

The :n�ightily crea6ve n�en of Upper Paleolithjc France and Spain 

adorned caves with everything fron� finger tracings to paintings. 

\Vhere do these -works fit into history, and -why were they Inade? 

O

F ALL the works of early man, 
none so stirs the imagination of 
his modern descendants as the 

art that is found in the caves of southern 
France and northern Spain. These re
markable representations of animals, 
some of them now extinct, were made 
by various hunting peoples who lived in 
the Upper Paleolithic period-some 
10,000 to 20,000 years ago. The art takes 
five main forms: finger tracing, engrav
ing, bas-relief, sculpture and painting. 

,by HallamL. "\IovillS, J1'. 

All these were done on the cave walls; 
in addition many fine works appear on 
fragments of bone, ivory and stone. This 
is called art mobilier, or portable art. To 
it belongs a group of small round statu
ettes, mostly of women, that is found 
from western Europe to east-central Si
beria. Because the motivation of this art 
form appears to differ from that of the 
others, it will not be discussed here. 

The art of the caves is often called 
"cave man's art" or "Cro-�1agnon art," 

but neither description is satisfying. 
There are very few indications that its 
creators actually lived in the caves; they 
normally camped either on the terrace 
in front of the cave or in the shelter of 
an overhanging rock. The so-called Cro
.\1agnons were only one of several races 
of Homo sapiens inhabiting southern and 
western Europe at the time. To attribute 
all the cave paintings to them is more 
than an oversimplification: it is wrong. 

Every form of art reflects the culture 
of the people who created it-the eco
nomic basis of their subsistence, their 
social organization, their ceremonial life. 
Since the remains of more than one Up
per Paleolithic culture which produced 
talented artists are found in southern and 
western Europe, it is hardly surprising 
that the time and the region should be 
represented by more than one style of 
art. But the fact that numerous styles of 
artistic expression can be distinguished 
is not generally appreciated. The famous 
French prehistorian Henri Breuil has 
found that the art styles of the Upper 
Paleolithic can be grouped in two princi
pal cycles named after the cultures with 
which they are associated: (1) the 
Aurignacian-Perigordian and (2) the 
Magdalenian. Where do these cycles fit 
into the time scale provided by the natu
ral sciences? 

T
HE GREAT ANTIQUITY of the 
cave art was established beyond any 

reasonable doubt before the close of the 
19th century. It was obvious that, if the 
bone, ivory and stone objects of the art 
1110bilier were unearthed in direct asso
ciation with other remains of an ancient 
culture, they were contemporary with 
it. Indeed, it was the understanding and 
appreciation of the art mobilier that led 
the 19th-century investigators to turn 
their attention to the wall art. The an
tiquity of both forms was emphasized by 
the fact that many of the animals they 

PRINCIPAL REGIONS in which cave art is found are shown in color. The depicted-the mammoth, woolly rhinoc
areas covered with vertical lines show the maximum extent of glaciers. eros, reindeer, saiga antelope, bison, wild 
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PRINCIPAL FORMS of cave art in addition to paint
ing are finger tracings ("macaroni" pattern at lower 

left), engravings (lower right) , bas reliefs (upper right) 
and sculptnre (center). At upper left is stenciled hand. 
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ox, wild horse, cave lion and cave bear
were either extinct or had emigrated to 
other parts of the earth. There was much 
other evidence. Was it not sufficient 
proof of high antiquity, argued the early 
archaeologist Edouard Piette, that cer
tain of the engravings found in southern 
France had been executed on mammoth 
ivory and reindeer antler which had later 
been turned to stone by the processes of 
fossilization? Emile Rivere demonstrated 
that the cave of La Mouthe in the de
partment of Dordogne, the walls and 
ceilings of which were adorned with 
many fine drawings, had been sealed by 
deposits similar to those in which the 
remains of the Magdalenian culture 
were found. While excavating an Upper 
Perigordian layer in the cave of Pair
non-Pair in the department of Gironde, 
Fran<;:ois Daleau found that it covered a 
large number of wall engravings, ap
parently of Aurignacian age. 

As indicated by the chart on page 34, 
Paleolithic archaeology deals with an 
enormous span of time extending from 
the emergence of man as an erect-walk
ing, tool-using mammal to shortly before 
the beginnings of written history. This 
period of perhaps a million years covers 
the entire Pleistocene epoch of geology, 

when vast ice sheets advanced and re
treated four times, much of the land was 
reshaped, and the flora and fauna of the 
earth were profoundly changed. The 
four great glaciations were separated by 
interglacial periods in which the earth's 
climate was even warmer than it is at 
present. 

Throughout the entire span of the 
Paleolithic period man was a food
gatherer depending for his subsistence 
on hunting wild animals and birds, fish
ing and collecting wild fruits, nuts and 
berries. The stone tools that were made 
by these men fall into three main "tra
ditions." One is the core tradition, in 
which the tool was made by chipping 
flakes from a "core." The second is the 
flake tradition, where the flakes them
selves were used as tools. The third is 
the blade tradition, in which the flake 
was specially shaped before it was de
tached from the core. It is the blade 
tools that are characteristic of the Upper 
Paleolithic cultures in western Europe. 
Since cave art is found in association 
with blade tools, it is placed in the Up
per Paleolithic. Indeed, there is no evi
dence whatsoever to suggest that art of 
any kind is older than this period. 

The Upper Paleolithic period is di-

Facing bison in the cave of Portel (France) 

vided into the Lower Perigordian, the 
Aurignacian, the Upper Perigordian, the 
Solutrean and the Magdalenian. Al
though the oldest art is definitely identi
fied with the Perigord ian and Aurigna
cian, it is difficult to date these stages 
of cultural development. To say that 
they began 20,000 years ago is merely a 
reasonable guess. For the age of the 
Magdalenian culture, in which the cave 
art reached its climax, we have much 
better evidence. Because its culmina
tion was contemporary with the final 
stages in the retreat of the European ice 
sheet, we can say that it goes back about 
12,000 years. All the art of the Upper 
Paleolithic falls between these two lim
its. 

It is not so easy to correlate figures 
painted or incised on the exposed wall 
or ceiling of a cave with the culture that 
gave rise to them. Sometimes engravings 
of animals unearthed in a clearly identi
fiable cultural stratum are almost identi
cal with other representations on the 
walls of the same cave. In the cave of 
Hornos de la Pella in northern Spain, 
for instance, a piece of bone was found 
engraved with the hind quarters of a 
horse; this representation closely resem
bled a wall drawing in another part of 

Horse in the cave of Portel 

Goat and pig in the cave of Niaux Horse's head and deer in the cave of N iaux 
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the cave. The resemblance is so striking 
that the engraving could well have been 
the artist's preliminary sketch before he 
committed himself to the larger "can
vas"! In other places fallen blocks with 
paintings or engravings on them have 
been discovered in known cultural hori
zons. In the Aurignacian and Upper 
Perigordian hearths of the Labattut and 
Blanchard rock shelters in the Dordogne, 
paintings have been unearthed whose 
style can be related to the figures painted 
on the walls and ceilings of caves in the 
same region. Of course such fallen blocks 
can only be older than the layers of 
earth that contain them. But this does 
not tell us how much older they are. 

J
UDGMENTS concerning the age of 

primitive art that are based entirely 
on stylistic considerations can be very 
misleading. The Abbe Breuil has none
theless suggested that the perspective of 
Upper Paleolithic art can be employed 
to establish its period. Some of the draw
ings utilize what is called perspective 
tordue, or contorted perspective, in 
which the horns and hooves of certain 
animals are turned so that they face the 
observer. Breuil believes that this per
spective is characteristic of the Aurigna-

Horse in the cave of Portel 

cian-Perigordian cycle. Beginning in 
Upper Solutrean time and extending 
throughout Upper Magdalenian, the 
perspective is thought to resemble the 
more realistic modern convention. 

Following a similar line of reasoning, 
several experts maintain that sculpture 
must have preceded the earliest line 
drawings. Because of the fundamental 
difficulty of rendering a three-dimen
sional object on a two-dimensional sur
face, these workers believe that the 
earliest representations of three-dimen
sional shapes must have been exact 
copies in sculptured form. Although this 
theory is plausible, it is only partly sup
ported by the facts. It is true that sculp
ture in the round occurs more common
ly in the portable art of the first cycle 
of the Upper Paleolithic than in the 
second, but at the same time simple line 
engravings and finger drawings have 
been identified with the very earliest 
horizons. 

The oldest convention of all is rep
resented by finger tracings in the layer 
of damp clay found on the walls of eel" 
tain caves. These tracings describe 
meandering, interlacing patterns, in
cluding the so-called "macaroni" pat
terns. They also form drawings of a 

primitive sort. Often superimposed on 
the finger tracings are the earliest en
gravings-simple outline drawings in 
which the eye is frequently omitted. 
These look as though the shadow of the 
animal had been projected on the cave 
wall and a shallow outline scored around -
it with a burin, or graving tool. When 
one considers the economy of these na
turalistic drawings, their vigor is all the 
more remarkable. Associated with these 
first attempts at true design are vague 
geometrical patterns the true signifi
cance of which is not clearly understood, 
although most scholars agree that they 
are magical symbols. Also dating from 
very early times is a series of human 
hands, frequently with mutilated fingers, 
which stand out as negative paintings 
against a red or black background. Posi
tive tracings of hands likewise occur, 
and it is generally thought that these 
stencil drawings represent Upper Paleo
lithic man's first attempts to use color. 

The oldest true paintings of animals 
are in simple areas of color or are mere
ly colored outlines in red, yellow or 
black that are stylistically related to the 
earliest engravings. Then the artist's 
mastery of his medium begins to be
come apparent. The rudimentary sil-

Horse in the cave of Niaux (France) 

Bison in the cave of La Pasiega (Spain) Bison in the cave of Altamira (Spain) 
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lplt) _ The cave art was produced by the cultures of the Upper Paleolithic. 
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houettes assume a greater precision of 
form, and are executed in a more refined 
manner. In the early representations 
each animal was depicted with only two 
legs. As the artists ventured further into 
realism, the animals were shown with 
four legs. Even now, however, the 
hooves of ruminants such as the bison 
are turned with the cleft facing the ob
server. The horns are similarly drawn 
in perspective tordue. The drawing is 
nonetheless lively and possesses a tre
mendous illusion of movement. Next the 
paintings become delicately modeled, 
sometimes even in two colors; often the 
contours are accentuated by incised 
lines. A great many of the paintings are 
done in black or red line, but others 
utilize a wide range of colors from a 

delicate yellow to the darkest brown. In 
the two-color paintings black and red 
were normally employed. 

The engravings of this stage reflect 
two very interesting developments. In 
one the outline of the animal is dis
continuous, composed of short and more 
or less parallel dashes that are often in
clined at an angle to the main direction 
of the outline. These apparently depict 
the animal's hair. In the other develop
ment the body of the animal is partly 
filled in with long parallel striations rep
resenting the hair but cleverly arranged 
to suggest shading. Although the techni
cal skill of Magdalenian art is consider
ably greater than that of the Aurigna
cian-Perigordian, all the fundamental 
artistic concepts of the later period were 
established in the earlier. In the Mag
dalenian these principles came to full 
flower with the development of true per
spective and paintings rendered in many 
colors. 

W
HAT were the means by which the 
Upper Paleolithic artists achieved 

these rich expressions? We have very 
little knowledge of how they made 
sculptured figures on blocks and bas
reliefs on the limestone walls of the 
caves. Presumably the stone was chipped 
away with a flint chisel or pick held in 
one hand and hit with a stone hammer 
in the other, but this has never been 
confirmed. More is known about the 
technique of engraving. Both in the case 
of the wall art of the caves and the art 
mobilier these were unquestionably 
made with flint burins, which are found 
in great quantities in the archaeological 
deposits of the localities where engrav
ings have been discovered. In a cave in 
the Pyrenean region of southern France 
one of these tools was actually found on 
a small ledge just below a very fine en
graving of a cave lion. 

Upper Paleolithic man collected and 
used several kinds of pigment in prepar
ing the colors of his paintings. Naturally 
occurring ochres were most commonly 
employed, and small caches of this ma
terial are often found in the deposits of 
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his dwelling sites. The ochres consist of 
iron oxides mixed in various proportions 
with earth, clay and other substances. 
They range in color from the various 
reds of the oxide known as hematite to 
the chocolate, orange and yellow of 
limonite. Manganese oxide yielded a 
blue-black pigment. Jet-black was ob
tained from carbonaceous matter such 
as burned bones. Unless colors of vege
table origin that have long since disap
peared were prepared, no other pig
ments are known to have been employed 
by the Upper Paleolithic artist. For this 
reason the cave paintings are in a wide 
range of red, yellow, brown and black 
shades; no true blues, greens or whites 
have ever been observed. 

It is believed that the pigment was 
first ground to a fine powder, and then 
placed in shells or in small tubes made 
from hollow segments of long bones 
stopped up at one end. At several cave 
sites these tubes and shells have actually 
been found with traces of ochre in them. 
They are associated, moreover, with flat 
stone palettes on which the pigments 
were ground. Next the powdered mate
rial was mixed with some fatty sub
stance, easily obtained from the animals 
regularly killed in the hunt, and the 
paint applied to the cave wall. We do 
not know exactly how the paint was 
applied. Although there is no reason to 
deny the possibility that some kind of 
brush was used, no such object has ever 
been found. In any case, the necessary 
materials were available: many of the 
contemporary animals had long hair or 
wool, an adaptation to the cold climate 
of late glacial times. Apparently some 
sort of wooden or bone stamp covered 
with skin was also used; in many paint
ings the outline of the animal has been 
rendered by a series of punctuations 
shaped as if they were made by a stamp 
dipped in coloring matter and pressed 
against the cave wall. . 

The paintings and engravings are 
often located a considerable distance 
from the entrance to the cave. To view 
these galleries, which are sometimes 
situated deep in the interior of hillsides, 
the visitor requires either a large miner's 
acetylene lamp or a powerful electric 
torch. Upper Paleolithic man must also 
have needed some kind of artificial light, 
not only when he wished to create his 
art but also when he wanted to visit it. 
Surelv he did not enter the cave merelv 
bv seiZing a burning brand from his fire 
-he required proper lamps. Lamps of 
stone, similar to those still used by the 
Eskimos, have indeed been found. Car
bonaceous matter inside them indicates 
that the fuel was probably either animal 
fat or marrow, and the wick some kind 
of moss. Animal skulls and slabs of stone 
with irregular basin-shaped depressions 
were also used for this purpose. Al
though the illumination from such lamps 
must have been poor, it would have 

PERSPECTIVE TORDUE, or contorted perspective, is illustrated h:" 
this copy of a painting in the cave of Lascaux in the Dordogne. The 
hooves of two bison are twisted so that theil' clefts face the observer. 

lasted for several hours at a fairly con
stant intensity. 

W
HEN we ask why Upper Paleolithic' 

man went to such trouble, and why 
indeed he created his art at all, we must 
remember that he lived in a rigorous and 
demanding environment. To him suc
cess in the hunt was the difference be
tween plenty and near or actual starva
tion; this we know from the lives of 
primitive hunting peoples existing in 
similar climatic conditions today. Such 
peoples do not draw merely for the sake 
of expressing themselves, or creating a 
beautiful picture, or making records of 
the animals they hunt. Art to them is a 
means of propitiating the spirits of the 
animal world. This is borne out by the 
fact that almost without exception Up
per Paleolithic cave art is found in 
places that are perpetually dark; the 
artists even preferred the most inaccessi
ble corners of the caves. Thus it seems 
clear that the pictures were not solely 
for decorative purposes. We can further 
appreciate that we are not dealing with 
art for art's sake when we consider the 
engravings and paintings which are 
virtually hidden and can only be found 
with the greatest effort. 

It is also likely that certain crannies 
of the caves were particularly sacred, 
and that the spells cast there were 
thought especially effective. This possi
bility is enhanced by the fact that, even 
when there was plenty of wall space 
in a cave, the artists repeatedly used 
the same panels, piling their pictures 
one upon the other like palimpsests, not 
hesitating to destroy older ones oj' great 
artistic merit. Since paintings and en
gravings are by no means found in every 
Upper Paleolithic cave, it further seems 
possible that certain caves were regular
ly dedicated to magical and religious 
ceremonies. As far as we can determine 
there were in each region a few places 

of the same age that should probably he 
considered true "sanctuaries." 

Thus it seems that from prehistoric 
times groups of people at the hunting 
and gathering level of subsistence have 
practiced ceremonial magiC to ensure 
either abundance of game or success in 
the hunt. Even today the Australian 
aborigines paint figures of animals and 
other signs on cave walls which have 
significance in connection with hunting 
ceremonies; it is probable that similar 
rites were performed in western Europc 
during Upper Paleolithic times. On this 
basis one can imagine that the remote 
galleries of these dark underground 
labyrinths once witnessed witchcraft 
and ritual dances accompanied by the 
songs and cries of men in a state of 
ecstasy. Such an hypothesis of thc magi
cal and relig:ous significance of Upper 
Paleolithic art explains a whole series of 
facts the meaning of which would other
wise be obscure. One may speculate that 
the stenciled or negative hands on thc 
cave walls reflect possession or power, 
that the darts or arrows pierCing certain 
animals signify the casting of a spell on 
the game. 

B
UT this aspect of a stage in man's 

prehistoric cultural development has 
forever vanished, and wc can do no 
more than speculate about it. In the final 
analysis the only reality is that our fee
ble attempts at reconstruction are, to 
quote the French investigator Annette 
Laming-Emperaire, "far behind the liv
ing reality as it was felt, thought and 
experienced by our very distant fore
fathers, with all that this implied in be
liefs, faith and creative foree." Nor 
should we, in assessing the significance 
of Upper Paleolithic art, neglect the 
natural creativeness of the individual 
artist. For in dealing with man and his 
works one must never lose sight of their 
essential humanitv. 
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Soil Conditioners 
The wonder chemicals that burst upon the agricultural 

world last year have now been tested in the experiment 

stations. An account of what the tests have indicated 

K
AZING CLAIMS have been made 
for the new soil conditioners. 
Some hail them as wonder 

chemicals which, sprinkled on the 
ground, turn clay or sand to rich, loose 
topsoil in a few hours, removing all need 
for organic matter and the back-break
ing labor of digging and cultivation. 
More modest statements are that the 
chemicals stick clay particles in soil to
gether into crumbs or aggregates, thus 
changing hard, cloddy and crusted soil 
into one more suitable for crop growth. 
But the soil must first be worked to get 
it into suitable tilth; then the chemicals 
must be applied and mixed thoroughly 
into the broken up soil; finally, it must 
be wetted to make the chemical act on 
the clay particles, "fixing" the mellow 
condition of the soil. These claims eli
minate no work but do maintain that a 
favorable physical condition is produced 
lasting over the growing season and pos
sibly longer. But are the soil conditioners 
really practical, or just a glamorous nov
elty? Enough tests have now been run to 
begin to strike a balance. 

The great German chemist Justus 

by C. L. W. Swanson 

Liebig discovered more than a century 
ago that chemicals could aid the growth 
of plants. Using sulfuric acid on bones 
to release their phosphorus as plant food, 
he founded the vast chemical fertilizer 
industry which today is said to be re
sponsible for about 20 per cent of our 
greatly increased crop yields. If chemi
cals can thus supplement the natural 
fertility of our soils, why not a chemical 
to substitute for the humus and clays 
which in the best soils are bound to
gether in loose clumps, thus improving 
soil structure? This was the question 
which the Monsanto Chemical Company 
asked its research staff, and which led to 
the organic compounds now used as syn
thetic soil conditioners. It is a discovery 
that may well rank in importance with 
chemical fertilizers. But it must be 
viewed in the perspective of what soil 
conditioners are, how they work, how 
they are best applied, and exactly what 
they can and cannot do. 

SOIL CONDITIONERS continue to 
multiply on the market, but nearly 

all belong to one of three classes of mate-

rials: polyacrylates, polyvinylites and, 
smallest in volume, cellulose derivatives. 
Other materials being investigated are 
lignins, silicates and the versatile sili
cones, all of which improve soil struc
ture but have such drawbacks as high 
alkalinity, waterproofing effects or diffi
culty in application. Another conditioner 
recently introduced from Europe is a 
ferric ammonium compound, claimed to 
be especially useful in alkaline clay soils. 
Low in cost, it will probably be limited 
in use to some of our western soils. 

The two synthetic conditioners most 
Widely available are a modified hydro
lized polyacrylonitrile (yellow in pow
der form) and a vinyl acetate and maleic 
acid compound (white). These are sold 
under many trade names in powders, 
flakes or liquids. Being able to take up 
water, they are usually mixed with an 
inactive diluent in strengths of 25 or 40 
per cent to reduce deterioration in stor
age as well as to facilitate application in 
the proper small amounts. Chemically 
they are long-chain polymers, with 
molecular weights in excess of 50,000, 
related to the synthetiC fibers and plas-

CRACKING OF SOIL planted to corn at the Connec
ticut Station was prevented by soil conditioner. At left 

is an untreated Cheshire fine sandy loam; at right, the 
same soil with 1,000 pounds of conditioner per acre. 
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tics. One of them, in fact, is a basic raw 
material for Orlon, Dynel and other 
acrylic fibers. Since these materials have 
no nutrient value, their first limitation is 
that they cannot serve as fertilizers. 

Functionally the conditioners are wa
ter-soluble polyelectrolytes, which sim
ply means that in solution their mole
cules have many electric charges. These 
charges attract clay particles in the soil 
like a magnet, forming many small 
lumps or aggregates. This, indeed, is the 
way in which natural soil conditioners, 
the decomposition products of such or
ganic materials as manure, compost and 
other plant residues, bind soil particles 
together. (In addition, of course, many 
natural conditioners are also fertilizers.) 
The resulting structure improves soil 
aeration, moisture balance and the abil
ity of plants to take up foods. But where
as the natural conditioners are readily 
broken down by bacteria and must often 
be replenished at the end of a season, 
the synthetics are much more stable. 
Once added to the soil they "set" quite 
rapidly, resist bacterial attack and do 
not leach out. In tests to date their effects 
have lasted as long as three years. 

This advantage, however, leads to an
other limitation. Research by W. P. 
Martin and his associates at the Ohio 
Agricultural Experiment Station shows 
that 24 hours after application most of 
the chemical has acted on the soil. With
in 48 to 72 hours chemical action is es
sentially complete. This lag can cause 
trouble in greenhouse potting. If the 
conditioner and soil are mixed and wet
ted immediately before potting, some of 
the conditioner will act on the walls of 
the pot, causing the soil to stick to them. 
In outdoor applications, if it rains before 
chemical action takes place, the soil will 
be dispersed by the beating rain and the 
chemical will set the soil in this dis
persed condition, leaving it poorer than 

before. Tillage may break up such dis
persed or slaked soils, but it is then 
doubtful whether the conditioner will be 
of as much use. 

M ANY DISAPPOINTING results in 
using soil conditioners probably 

stem from a misunderstanding of how 
they act. They stabilize the existing soil 
structure pretty' much as they find it. 
Hard, lumpy, sandy, slaked or "run to
gether" soils cannot be made into soils 
of good tilth simply by the application 
of the chemicals. If not worked in, the 
conditioners act only on the top eighth 
of an inch or so of soil. Once applied, 
they do not, like nitrogenous fertilizers, 
work down in the soil as the season pro
gresses. If a soil is in poor tilth, the con
ditioners will "fix" this poor tilth. Actu
ally, of course, it is almost impossible to 
add conditioners to a soil without dis
turbing it in some way, whether by 
spading, hoeing, harrowing or disking, 
which in themselves improve tilth. 

Therefore the method of application 
is extremely important. This past season 
the Connecticut Agricultural Experi
ment Station ran some tests to determine 
the amounts required, the ease of appli
cation and the efficiency of various soil 
conditioners in powder v. liquid form. 
One test, for instance, took place on plots 
of snap beans in Cheshire fine sandy 
loam, using varying amounts of five soil 
conditioners. 

Regardless of form, it was found that 
if the chemicals were put down in ex
cessive amounts-the largest quantity 
used here was 3,125 pounds per acre to 
a three-inch depth-they retarded ger
mination, repressed plant growth and 
produced lower yields than the un
treated plots. Being essentially plastics, 
the conditioners literally plasticized the 
soil. Part of the chemical remained on 
the surface, binding it into a gummy 

mass which hardened into clods on dry
ing, like a wet plowed field in spring. 
Better results and yields are obtained by 
applying much smaller amounts. These 
range from 500 to 1,000 pounds per acre 
to a three-inch depth, depending on 
type of soil. This works out to about one 
to two pounds per 100 square feet. In 
this Connecticut test, possibly because 
the clay content of the soil is low com
pared with test plots elsewhere, the 
lower of these amounts worked best. 

Sometimes the recommended amounts 
are too small. When the specifications 
of some manufacturers were followed, it 
was found that the application was too 
thin, covering too large an area with too 
little chemical. More disconcerting was 
the failure of some packagers to indicate 
the percentage of active ingredient, 
which one needs to know in order to in
crease or decrease the rate of applica
tion as conditions warrant. Some formu
lators seem deliberately to recommend 
dilute, unsatisfactory applications to 
make their product appear more efficient 
than others. 

Generally the powder forms were 
found to be more practical and easier to 
apply than the liquids. They can be dis
tributed by the usual fertilizer equip
ment, though they tend to blow about 
in windy weather. The liquids are hard 
to handle: they are slippery, slimy, sticky 
materials to mix and apply. Some are 
more soluble than others, but all require 
large amounts of water. At a rate of 
1,000 pounds per acre the least soluble 
types plug up spray nozzles. For large 
areas, application in solution is not prac
tical and in the higher concentrations it 
is nearly impossible. 

Liquid conditioners may have a place 
in such specialized uses as surface treat
ment of seed rows to prevent crusting 
and to improve emergence of seedlings. 
M. T. Vittum and N. Peck of the New 

ABSORPTION OF LIGHT was also improved by con
ditioner. On February 24 the cracked, wet, untreated 

soil at the left absorbed some 50 fewer foot-candles of 
light than the dark, crumbly, treated soil at the right. 
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TOBACCO SEEDLINGS were adversely affected under some conditions. 
The seedlings at left were treated with conditioner; those at right, with peat. 

York State Agricultural Experiment Sta
tion at Geneva have developed machin
ery to do this which sprays a two- to four
inch band of conditioner from a nozzle 
mounted just behind the planter shoe of 
a tractor-planter. It can be accurately 
controlled to spray concentrations vary
ing from .02 to 2 per cent. Knapsack 
sprayers may also be used. Fast emer
gence of seeds and improved stands are 
reported on carrots, beans, peas, beets, 
cotton, lettuce, radishes and tomatoes. 
Such use is practical because treatment 
involves only the top quarter-inch of 
soil, and liquid sprays can be more uni
formly applied here than powders, 
which are difficult to work into shallow 
depths. The cost of such narrow-band 
applications is said to be as low as $5 
per acre, which would make them more 
economic than treatments running into 
hundreds and thousands of dollars. 

THE EFFICIENCY of soil condition
ers is harder to assess than the rate 

and ease of their application. It seems 
to vary with the soil, crop and amount 
of conditioner appropriate to each. Some 
tests have shown increased yields, others 
decreased. Soil scientists are still experi
menting to find the answers. In general, 
lettuce, snap beans and carrots have 
shown increases in the Connecticut Sta
tion tests. But other crops, such as to
bacco seedlings in loamy sand, grew 
faster and more vigorously in peat
treated rather than synthetically condi
tioned soil. These tests were on soils dif
ferent from the one reported earlier and 
they required higher rates of application 
for best results. 

Lettuce was planted in three Connec
ticut soils: Carver loamy sand, low in 
clay (4 per cent); Enfield very fine 
sandy loam, intermediate and highly 
erosive; and Buxton clay loam, the state's 
most clayey soil (30 per cent). Four 
rates of dry conditioner (200, 1,000, 
2,000 and 4,000 pounds per acre) were 
tried on each soil to a depth of three 
inches and these were compared with 
manure applications and with untreated 
plots. The same amount of commercial 
fertilizer was added to each. In all cases 
except two, where plant disease retarded 
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and killed some plants, the chemical 
conditioners increased yields. Oddly the 
biggest percentage increase (325 per 
cent at the 4,000-pound rate) was in the 
Carver soil, a result which runs counter 
to prevailing research showing that soils 
low in clay are least improved by con
ditioners. Actually, however, on a waight 
basis the best improvement shown was 
in the heavy clay of treated Buxton soils, 
which produced two or three times more 
lettuce than untreated plots. Manure in
creased yields, but not as much as the 
heavier rates of conditioner. In every 
case increasing amounts of conditioner 
improved tilth or aggregation. 

The Pennsylvania Agricultural Exper
iment Station has reported increased 
yields of sweet corn, potatoes, tobacco 
seedlings and greenhouse roses in struc
turally poor soils treated with condition
ers. The West Virginia Station, testing 
for tomatoes, beans, cabbage, corn, car
rots and cucumbers, found that only 
bean yields were increased. The Ohio 
Station obtained no significant increases 
of potatoes and sugar beets on a Brooks
ton Silty clay loam, but on this same soil 
marketable carrots were increased 21 
per cent. Corn and red beets likewise 
showed marked increases on treated 
Paulding clay, and field corn on a Miami 
silt loam subsoil yielded 15 bushels per 
acre more than on similar untr6!ated 
soils. The U. S. Salinity Laboratory at 
Riverside, Calif., testing alkali soils, in
creased production of sweet corn and 
found that conditioners greatly im
proved both saline and non-saline soils 
under irrigation. 

Some tests have been made on condi
tioners combined with fertilizers in or
der to apply both in one operation. Ohio 
Station research indicates that such mix
tures are not entirely compatible, tend
ing, particularly in the mixture of fer
tilizer with polyacrylates, to deter soil 
aggregation. However, field tests show 
that this effect is not too significant, since 
aggregation as well as corn yields were 
improved in soils so treated. Plant tissue 
analyses showed that conditioners, in 
turn, have no effect on the uptake of 
fertilizer elements. 

In general, greater aggregation and 

better results have been obtained in fine
textured soils rather than coarse. Some 
research also shows that the chemicals 
work more effectively on clays that are 
low in cations, but this is not conclusive. 
Other factors such as organic matter, 
salt content and soil reaction probably 
also enter into it. Treated soils warm up 
earlier in the spring because their loose 
structure causes them to dry out faster, 
become darker and absorb more of the 
sun's rays. Measurements in Connecticut 
last February 24 show 50 foot-candles 
more light being absorbed by condition
er-treated soils. Earlier spring planting 
is feasible in these more friable soils. 

OTHER SPECIAL advantages accrue 
from soil conditioners. They may 

prove useful in combatting erosion. Tests 
by H. L. Borst of the Ohio Station show 
that, in a three-month period, treated 
agricultural soils lost five inches less 
water and 3,400 pounds less soil per acre 
than untreated soils. They may be par
ticularly useful in holding soil on raw 
banks and slopes until vegetation de
velops. The Connecticut State Highway 
Department finds that conditioners con
trol erosion fairly well in such places and 
to some extent aid grass growth. Though 
they are not equal to hay mulch for these 
purposes, they do not blow away on 
steep slopes and they allow less mulch 
to be used. For tlle straight growing of 
grass, soil conditioners are not of much 
use on old lawns but they may improve 
new lawns, especially if the soil is clayey, 
and providing they are mixed well into 
the soil before seeding. 

All preliminary data indicates that 
there is a long road of research ahead 
before these new chemicals may ·be said 
to be practioal on a wide scale. Research 
so far suggests that there is an optimum 
tilth or aggregation to be achieved for 
each soil to promote the best plant 
growth. Chemical conditioners offer a 
tool for ascertaining this optimum. Not 
enough research has been done to indi
cate conclusively that any one chemical 
is better than the others. Some repmt 
that the polyvinylites are more effective. 
The Connecticut Station tests thus far, 
on the other hand, gave the edge to the 
polyacrylates. The chemicals just have 
not been evaluated sufficiently to rate 
them as to their rela tive effectiveness. 

THEY can never in their present form 
fill the role in the soil of organic mat

ter. While organic matter decomposes 
and loses its aggregating effects quicker 
than the chemical soil conditioners, it 
provides food for the microorganisms 
without which a soil cannot be produc
tive. However, the tests here recited 
show that all the soil-conditioner chemi
cals tested do stabilize the soil, provided 
sufficient amounts are used and are 
thoroughly worked in. This is a notable 
and useful achievement capable of fur
ther development. 
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_____ Kodak reports to laboratories on: 
a roundup of materials for color photography ... our recent contribution to the 

improvement of bread ... better inspection of electron tube assemblies 

Color 

A color photograph speaks more 
eloquently than one in black-and
white. Here, then, is a rundown of 
the products we offer for imparting 
this eloquence and the additional 
informational capacity it adds to 
photography. 

Kodachrome Film everybody 
knows about. Comes in 16mm and 
8mm for movie cameras and 35mm 
for still cameras. "You press the 
button, we do the rest"-our old 
slogan. 

Kodacolor Film is for roll film 
cameras. We process to a negative 
without additional charge, and then 
from your Kodak dealer you order 
prints or enlargements. No projec
tion, no holding up against the light. 
. Beyond these two that are fa

miliar to millions of amateurs there 
is Kodak Ektachrome Film. It comes 
in roll and sheet film form, and you 
(or a local lab) convert it to a trans
parency. If you'd rather have a 
print to look at, we can make you a 
Kodachrome Enlargement, provided 
your original is 4" x 5" or less. 
If it's larger, we suggest a print by 
the Kodak Dye Transfer Process. 
This you can undertake yourself 
or leave to a commercial labora
tory for a creation of smashing 
visual impact. 

(If smashing visual impact is 
more important to you than strict 
objectivity, you can work the Kodak 
Flexichrome Process. This starts 
from any good black-and-white 
negative and allows you to assign 
the colors by hand.) 

Finally, if you'll be wanting sev
eral duplicates at minimum cost, 
particularly of exhibition size and 
with the color brilliance so easily 
achieved in a transparency, make 
your original negative on Kodak 
Ektacolor Film and your duplicates 
on Kodak Ektacolor Print Film. 

Your Kodak dealer sells all these 
items and also the Kodak Color Hand
book ($4) that del pes deeply into the 
details. Write Eastman Kodak Com
pany, Rochester 4, N. Y., if you hope 
any difficulty finding out what you want 
to know. 

Bread 

Ever since the first neolithic house
wife baked the first loaf of short
ening-bearing bread, substances 
known as monoglycerides have been 
formed by the splitting of fats in the 
baking process. Your own digestive 
system carries this splitting even 
farther, since it converts 30 or 40 
per cent of any fat you eat into 
monoglycerides. 

The interesting thing is that if be
fore you bake a loaf of bread you 
add about J /40 of an ounce of pure 
monoglycerides to the shortening 
that goes into it, you significantly 
improve the tenderness, texture, 
volume, and crumb structure of the 
product. Monoglycerides have been 
manufactured for this purpose for 
some years, but they have really 
come into their own only recently 
when our high vacuum stills began 
concentrating them from reaction 
mixtures which previously consti
tuted the only available commercial 
form of monoglycerides. Now the 
shortening for several of the best 
known bread brands in the land is 
enhanced with our new Myvatex 
Food Emulsi/ier-a 50-50 mixture 
of our distilled monoglycerides with 
prime lard. It would have been hard 
to predict this as the culmination of 
certain experiments in producing 
high vacuum undertaken years ago 
to solve a minor problem of the 
photographic film business. 

Myvatex Food Emulsifier looks like 
this. If you happen to be in the baking 
business and are looking about for an 
emulsifier permitted under the new Fed
eral Brand Standard, by all means send 
for a sample and technical data Fom 
Distillation Products Industries, Roch
ester 3, N. Y. (Division of r---..., 
Eastman Kodak Com- I ��j I pany). . . 

Tube inspection 

We want to make sure that every
body interested in the manufacture 
of electron tubes knows about this 
machine. Stands to reason it should 
have a beneficial effect on the prob
ability that a given tube at a given 
point in a given circuit will function 
at a given instant as the designer 
intended it to. Why? Because it per
mits the gals who inspect tube as
semblies to do their inspection in 
comfort at high magnification. All 
they have to do is look into the box 
to see any part of the assembly 
magnified 20 times. It isn't just a 
shadow the gal sees either, but the 

actual surface appearance. As she 
rotates the tube assembly on the 
fixture, she can in a matter of a few 
seconds check grid and cathode 
spacing and uniformity and the con
dition of the various welds. Without 
refocusing, she can come down to 
lOX and a wider field of view by 
means of the gearshift-like lever 
at the left. A hand wheel at her right 
hand brings different planes of the 
assembly into focus. A picture of 
ease she sits, and so she should be, 
if her eyesight and alertness are to 
play fair with the finished product 
rejection rate and the finn's quality 
reputation. 

This is a special tube-inspection per
sion of the Kodak Contour Projector. 
Quotation and full details from Eastmal/ 
Kodak Company, Special Products Sales 
Dipision, Rochester 4, N. Y. Kodak 
Contour Projectors also do a fine job 
for those whose minds these days are 011 
transistors iI/stead of subminiature tubes. 

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

and services with which the Eastman Kodak Company and 

its divisions are • • •  serving laboratories everywhere 
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Production 
costs 

• 
are In 
for a 
clipping 

�� 
�/ 

What would your design engineers think of 
a new material, glass fiber· filled yet readily 
moldable, with unheard of impact strength 
ranging up to 27 foot-pounds per inch Izod? 
(Special folder available.) 

This is one of the new plastic compounds 
of the" working" class ... the multi-purpose 
phenolics ... developed by Durez to extend 
into new fields the economies of the molding 
process. In your business they may be the rurn
ing point in eliminating numerous machining, 
assembly, and other operations. 

Further possibilities for cutting costs are in 
a lustrous yet resilient new rubber-filled Durez 
phenolic, and still another that ends the danger 
of corrosion of silver contacts. 

These new kinds of materials invite your 
investigation with more than dollar economies 
in mind. Look into them for products that 
look better, serve longet, and sell easier! 

Durez phenolic specialists will gladly confer 
with you and your custom molder. 
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*Owens·Corning Fiberglas 

01lY monthly "Dltrez PlttStics News" will 
keep yolt informed on indllStry's !lses of 
Dltyez. IVrite, on office letterhead, to 
DUREZ PLASTICS & CHEMICALS, INC_ 
808 Walck Rd., North Tonawanda, N_ Y_ 

PHENOLIC PLASTICS that fit the lob 

W here the Money Goes 

M
ORE than half of all scientific re

search and development in the 
U. S. is now sponsored and paid 

for by the Federal government. The Na
tional Science Foundation has analyzed 
the current Federal research subsidies to 
non-profit institutions and published a 
report which was summarized in a re
cent issue of Science. 

Of the $1.9 billion disbursed for re
search and development by the Govern
ment (mainly the Defense Department 
and Atomic Energy Commission) last 
year, $338 million went to non-profit in
stitutions, mostly large universities. A 
total of 225 schools did Government 
work, but five institutions accounted 
for 55 per cent of it; one institution (not 
named) got $70 million in Government 
funds for the year. Half the money went 
to "research centers," such as the Los 
Alamos Scientific Laboratory and The 
Johns Hopkins Applied Physics Labora
tory. The NSF pointed out that work 
done in these centers is almost entirely 
military in character. 

Some $71 million of the $338 million 
was allotted to basic research. Applied 
research took $170 million, and develop
ment work, $77 million. The physical 
sciences got the lion's share, 72 per cent, 
while 19 per cent went to biological 
science and 3 per cent to social science. 

The NSF analysts raised these ques
tions: Should universities do so much 
military research? Should the Federal 
funds be spread among more institu
tions? Is too much being spent in the 
physical sciences and too little in the 
biological and social? 

Materials Wanted 

THE layman, reading almost every 
day of the invention of another "won

der" fiber or "miracle" metal, may sup-

SCIENCE AND 
pose that engineers now have more ma
terials than they know what to do with. 
The engineers see the matter differently: 
they find themselves frustrated at every 
turn bv the limitations of their matcrials. 
Last li10nth the magazine Materials & 
Methods published a catalogue of the 
outstanding needs. Some of the items: 

:--1aterials which will behave well at 
extremely high and low temperatures. 
In jet engines, new power generators 
and some new high-temperature chem
ical processes, efficiency demands new 
materials which will not lose strcngth 
or corrode under great heat. 

More basic knowledge about the be
havior of metals. :-.1etallurgy is still an 
empirical science which cannot predict 
such qualities as fatigue resistance or 
impact strength in a new allov but can 
only discover them by testing. 

Metals of higher purities than are 
now commercially available. As an ex
ample of what can be accomplished, the 
British are now producing 99.999 per 
cent pure aluminum, with which they 
make electrical capacitors having 10 
times the shelf life of previous units. 

New alloys to substitute for stainless 
steels, because of the critically short 
supply of nickel. Ceramic coatings of 
low-alloy steels are becoming popular 
but they are too thick and too brittle 
for many purposes. 

Better conductors and heat-resistant 
insulators for miniature circuits in elec
tronics. 

Improvements in wclding and solder
ing for such metals as aluminum, mag
nesium and titanium. The wonderfully 
stable new fluorocarbons also will be 
more useful to engineers when ways are 
found to bond them to themselves and 
to other materials. In general the pro
fusion of new alloys and plastics has run 
ahead of the ability to join them to one 
another. 

New Chairman for AEC 

13WIS L. STRAUSS, financier, has 
been chosen by President Eisen

hower as chairman of the Atomic Ener
gy Commission to succeed Gordon Dean. 
He began his career as private secretary 
to Herbert Hoover when thc latter 
headed the U. S. Food Administration in 
Europe after the First World War. 
Strauss later joined the investment bank
ing firm of Kuhn, Loeb & Company amI 
was made a partner in 1928. During 
World War II he served in the Navy and 
on the Interdepartmental Committ

'
ee on 

Atomic Energy, retiring in 1946 with the 
rank of rear admiral. He was then ap
pointed by President Truman as one of 
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THE CITIZEN 
the original Atomic Energy Commis
sioners. Often in conflict with the other 
AEC members, he opposed the sending 
of radioactive isotopes to Norway and 
the exchange of atomic information with 
the British. 

Dean, the retiring chairman, is under
stood to be planning to join the banking 
firm of Lehman Brothers. 

Bronk to Rockefeller Institute 

D ETLEV W. BRONK has been elected 
president and chief executive officer 

of the Rockefeller Institute for Medical 
Research. He will resign the presidency 
of The Johns Hopkins University but con
tinue as president of the National Acad
emy of Sciences and of the American As
sociation for the Advancement of Science. 
He said he had accepted the new posi
tion "because it will provide unusual op
portunities to devote much of my time to 
research ... while developing a unique 
international institution for the further
ance of science and for the advanced 
training of scientific investigators." 

The Rockefeller Institute will merge 
its scientific and policy direction under 
its new president. It plans to "increase 
its facilities for training talented young 
investigators and for working more in
timately with universities." 

AD-X2 Again 

THE controversial battery additive 
AD-X2, which set off an upheaval in 

the National Bureau of Standards, is to be 
looked into by a distinguished panel of 
chemists appointed by Detlev W. Bronk, 
president of the National Academy of 
Sciences. Headed by Zay Jeffries, retired 
vice-president of the General Electric 
Company, the committee includes E. K. 
Bolton of E. 1. du Pont de Nemours & 
Co., Inc.; W. G. Cochran of The Johns 
Hopkins University; J. G. Kirkwood of 
Yale University; Victor K. LaMer, of Co
lumbia University; L. G. Longsworth of 
the Rockefeller Institute for Medical Re
search; Joseph E. Mayer of the Univer
sity of Chicago and John C. Warner, 
president of the Carnegie Institute of 
Technology. 

The Senate Small Business Commit
tee, which had said it would not hold 
hearings on the additive for fear of "be
clouding" the issues, nonetheless held 
some last month. The first witness was 
Tess M. Ritchie, manufacturer of AD-X2. 
Ritchie refused to disclose his "secret 
formula" for the material, which, he said, 
he had hit upon accidentally after 1,600 
trials. He said that besides the chief in
gredients, sodium sulfate (Glauber's 

Tall Tale' 
Take Paul Bunyan now, he was born 
to do big things. Outgrew his first 
cradle in a week, and his second an' 
third before they was even finished. 
Finally put him in a twenty-foot 
trough his old man built overnight 
and anchored off Kittery Point. But 

DOW CORNING SILICONE NEWS 

NEW FRONTIER EDITION 
TWELFTH OF A S ERIES 

Paul got restless out there and rocked -_ ...... 
so hard he made a tidal wave that 
swamped towns from Bath to Ban
gor. Hearin' folks talking about what 
to do with him, Paul wades ashore 
and disappears into the tall timber, 
wearing his cr'adle like a cap. 

to Fabulous Fact 
Same's true of silicones. Ever since 
they were born in a laboratory at 
Corning Glass Works, silicones have 
outgrown their kettles and stills 
faster than Dow Corning could build 
them. And we've built them fast. 
Productive capacity was doubled, 
redoubled and doubled again in the 
first eight years. We're celebrating 
our Tenth Anniversary by building 
new plants faster than ever because 
engineers have learned that silicones 
make the impossible practical. 

They're among the Fabulous Facts 
of our times ... facts that match 
the tall tales retold in these col
umns and assembled now in a useful 
new SILICONE booklet entitled 

Tall Tales 
and Fabulous Facts 

Like the tall tales our ancestors 
told to make the dark forests and 
endless plains seem less over
whelming, silicones happily 
resolve complex problems in 
design, production and mainte
nance. 

Moil ,hi. eoopO" TODA Y 
lor your FREE COpy 01 Tall 
Tal •• and Falwloo. Foci. 

Dow Corning Corporation • Department 

Name 
\ 

W·8 • Midland, Michigan 

TiUe _____ _ 

>Company __________ > 

Address __________ > > _____ _ 

41 

© 1953 SCIENTIFIC AMERICAN, INC



making research pay 

NDA, the senior independent nuclear en

gineering firm in the United States, has 

placed at the disposal of leading companies 
its experienced staff of engineers, physicists 
and mathematicians. We at NDA have pro

duced tangible and practical results for 
our clients by employing advanced technical 

research and design in such fields as nu
clear reactors and power plants, the uses 
of radioactivity, high speed digital com

puters, mineral resources, heat transfer and 

other high-performance engineering prob

lems. Major clients include the U. S. Atomic 

Energy Commission, The Babcock & Wilcox 

Company, Bell Telephone Laboratories, Inc., 

Carbide & Carbon Chemicals Company, The 

Detroit Edison Company, The Dow Chemical 
Company, The International Nickel Company 

and Pratt & Whitney Aircraft. 

On request: "Collected Papers on Atomic Power for 
Civilian Use." Write, on your company letterhead, to 
NDA, 80 Grand Street, White Plains, New York. 

Nuclear Development Associates, Inc. 

DICHROIC 
DO YOU NEED 

HI-EFFICIENCY 
MIRRORS OR 

Liberty Hi-Efficiency dichroic mirrors or filters divide 
the incident light into reflected colored beams and trans
mitted colored beams. They have negligible absorption. 
They are extremely durable-highly resistant to corro
sion by salt or other corrosive agents and to deteriora
tion by solvents. 

Liberty mirrors and filters usually are specially pro
duced to satisfy to a maximum degree the specific 
reflection and transmission qualities required [or an 
application. They can be produced to peak reflection at 
approximately any part of the spectrum. 

Liberty Hi-Efficiency dichroic filters possess rather 
sharp bands. However, these bands are not as sharp as 
the well-known "interference filters", and are not in
tended to replace them. Liberty filters find application 
where high selective transmission is the determining 
requirement. 

Liberty Hi-Efficiency dichroic mirrors and filters are 
made in standard production sizes up to 20" x 30"; 
larger sizes available on special order. 

Liberty Hi-Efficiency dichroic mirrors and filters can 
be produced with electrical conducting properties in the 
order of 20 to 40 ohms per square area. 

We invite your inquiries on orders o[ one of a kind
or thousands. Each will receive our early and most ex
perienced attention. Liberty Mirror Division, Libbey' 
Owens'Ford Glass Co., LM-583 Nicholas Bldg., Toledo 
3, Ohio. 

F I L TE R S ? 

SLUE 

WHITE LIGHT 

REO AND 
YelLOW GREEN 

I 
BLUl DICH�OIIC H-+-H+--NJ-MIRRO�T 

_ ...... 00 ' .. '0 •• 00 >0 00< ,0 •• • a .","" 

WA11llNG1H IN M'''IMIt'ON!. 

LIBERTY vacuum-deposited COATINGS 
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LIBERTY MIRROR DIVISION 

LlBBEY·OWENS·FORD GLASS co. 

salt) and magnesium sulfate (Epsom 
salt), it contained "a couple of other 
agents" or "trace elements." "I don't 
know too much about what's in it my
self," the inventor remarked. 

Allen V. Astin, director of the Nation
al Bureau of Standards, testified that the 
Bureau knows what is in AD-X2 to an ac
curacy of five parts per million. The 
magnesium and sodium sulfate in a $36 
carton of the product would cost five 
cents at wholesale, he said. As to the 
trace elements, they are found in propor
tions of one hundredth of 1 per cent or 
less and "usually come in sodium and 
magnesium sulfate as you buy it." Astin 
reiterated his confidence in the Bureau's 
testing procedure and in the worthless
ness of AD-X2 for extending the life of 
batteries under conditions of normal use. 

W O1'cester Tornado 

'fHE New England tornado of June 10 
was spotted on a radar screen at the 

Massachusetts Institute of Technology 
while it was still in its formative stage 
some 45 miles outside of Worcester. The 
M.LT. observers traced the storm on its 
destructive course and probably had 
more detailed data on it than anyone 
else. The one thing they did not know 
was that they were watching a tornado. 

As Hal Foster noted in his article on 
"Radar and the Weather" in Scientific 
American last month, radar does not dis
tinguish between thunderstorms and tor
nadoes. The only clue that the watchers 
in Cambridge had to the unusual feroc
ity of the blow was the height of the dis
turbance as measured on their range
height indicator. Thunderheads have 
never been seen to rise higher than 
45,000 feet, but the top of the storm over 
Worcester was well above the 50,000-
foot limit of the M.LT. scope. Reports 
from various sources after the storm gave 
its approximate height as 14 miles. 

The radar instrument, built by the 
Raytheon Company, is being tested by 
M.LT. for the U. S. Army Signal Corps. 
With further development of the appara
tus and the technique of reading its 
signals, the investigators hope to be able 
to tell a tornado from a thunderstorm. 

Electron Interferometer 

THE old disputed question as to 
whether light had the nature of 

waves or particles gave rise to two classic 
tests for identifying waves. One is dif
fraction: the breaking up of a beam of 
light by a very narrowly spaced grating 
so that its waves alternately reinforce 
and cancel one another and therebv form 
a diffraction pattern of light and dark 
bands. The second test is the interferom
eter: an instrument in which a beam of 
light is split in two, one of which trav
els a longer route than the other, so 
that when the two beams are reunited 
their waves are out of phase and the 
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Want to "hang a Watch" in a 

furnace ••• and make it run? 

Something as technically difficult is:being done now. For 
instance, the "buckets" (paddles) and turbine rotor as
semblies we make for aircraft jet engines. 

These buckets have to stand up against 10,000 revolu
tions a minute and a flame 1400° hot. Yet, they are made 
to closer tolerances than many of the parts in your watch 
and your automobile. 

To accomplish this, the Jet Division developed a special 
technique to finish-forge unusual tougher-than-steel alloys 
to accurate curves even smoother than glass ... with no final 
machining required! And we helped develop the alloys. 

You're probably planning a new product ... or how to 
make a present one better, stronger, at lower cost. Now 
is the time to call on the Jet Division for recommendations 
and technical advice. 

" We offer you our experience in making more jet-engine 
"buckets" and turbine rotors than any other producer. 

JET DIVISION 

Clhompson Products. Inc. 
DEPARTMENT J5-B • CLEVELAN1) 11, OHIO 
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PLANT ... 
Whatever the junction, Librascope 

simplified Computers and Controls 

are introducing new efficiency ... in 

plant, product and process control of 

c o n ti nu ous or b a tc h  production. 

Whatever your specijic need . . . 

Librascope, Inc., designers and manu

f acturers of both Analog and Digital 

Computers and Controls, can give 

you functionally d esigned equipment 

packaged to give the utmost in relia

bility and performance. 

PRODUCT ... 
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PROCESS 

ana Iyzed-controlled 
by Librascope ... 

Whatever your p r o blem-s o l vi n g  
background i n  engineering o r  physics, 
if you are experienced in computers, 
instrumentation, circuitry, and/or 
magnetic d e vices, you will wan t  to 
know more about Librascope's plans 
for the future. 

TheSimultaneous Equation Solver, 

an integral part of Baird 
Associates, Inc. new spectograph, 
is a simplified analog computer 

that resolves the machine's 
complex data output. 

If you desire the challenge of advanced 

design fields, write to Dick Hastings, 

Director of Personnel. 

IBItASCOPE-
I N C  0 0 A 

1607 FLOWER STREET, GLENDALE 1, CALIFORNIA 

A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 

result is a pattern of interference fringes. 
Twenty-five years ago C. J. Davisson 

and L. H. Germer showed that electrons, 
like light, have the nature of waves by 
the first of these tests. They produced a 
diffraction pattern by passing electrons 
through a crystal as the grating. Now a 
group of physicists at the National Bu
reau of Standards have achieved the 
second, clinching proof that electrons 
really are waves: they have constructed 
an electron interferometer with which a 
split beam of electrons produces inter
ference fringes just as light does. 

The wavelength of electrons is only 
about one 100,000th that of light waves. 
Hence the electron interferometer must 
be a much more refined instrument. The 
electrons are passed through a succession 
of three copper crystals only about four 
10-millionths of an inch thick. The beam 
is split and then recombined; when it 
emerges from the third crystal it contains 
a pair of differently diffracted rays. The 
difference in length of path of the two 
rays can be controlled by moving the 
first crystal back and forth or by expos
ing the electrons to electric or magnetic 
fields as they pass through the crystal 
array. 

The instrument was designed by L. 
Marton, J. A. Simpson and J. A. Suddeth. 
They hope that when they have per
fected it, it will serve as an extremely ac
curate measure of length, electric and 
magnetic field gradients and electron 
wavelengths. 

The Electricity of Viruses 

LIOW viruses attach themselves to the 
r wall of a bacterium before they in
vade it is a question that greatly interests 
virologists. Theodore Puck and Bernard 
Sagik, biophysicists at the University of 
Colorado, have performed an ingenious 
experiment which supports the idea that 
it is a simple electrical process. 

The targets for the viruses in their ex
periment were not living bacteria but ion 
exchange resins. It has been known that 
bacterial viruses attach themselves to 
cells only when positive ions are present. 
This suggested that both viruses and 
cells normally are negatively charged, 
and that the positive ions make it pos
sible for them to get together by neutral
izing the repulsive force of the like 
charges. The Colorado experimenters 
found that viruses readily attached 
themselves to positive resins, and would 
not stick to negative resins unless posi
tive ions were added. They proved that 
cells, like viruses, also are negative: they 
attach to positive but not to negative ex
changers. 

When certain bacterial viruses attach 
to a resin, they begin at once to separate 
into a protein and a nucleic acid fraction. 
This parallels exactly their behavior in 
cells, where the nucleic acid is injected 
into the cell and the protein "coat" re
mains outside. Puck and Sagik, writing 
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18th dynasty Egyptian glass amphoriskos, made in 
1500 B.C., looks as new as the day it came inta being. 

Attractive, three· dimensional 
dials and nameplates ... tubu
lar glass handles ... glistening 
PYREX brand oven windows ... 
modernize and keep ranges 
looking new for years. 

When archeologists opened the tombs 
of the ancient Pharaohs, they were able 
to visualize the world of 1500 B.C. 

Vividly, too-for the glass cosmetic 
jars, vases, bottles and beads they 
found looked as new as the day they 
were made. 

The fact that glass will not rust, fade, 
deform or discolor can be important to 
you, too. It means that you can use glass 
to help keep your product looking new 
and help assure its lasting quality and 
value. 

But glass does more. It modernizes 

your product, too. Much of the fresh, 
new look of today's architecture, auto
mobiles and appliances comes from 
extensi ve use of glass. 

If you have a product idea, no matter 
how big or small, it will pay you to get 
the facts on this versatile material. Its 
"new look," its transparency, corro
sion resistance, light transmission, or 
electrical properties may make glass 
just the material you need. You'll find 
a host of ideas in the 12-page illus
trated booklet, "Glass, Its Increasing 
Use In Product Design." 

As components of machines, 
glass can give you corrosion 
resistance, visibility or many 
other properties at economical 
cost. It may be blown, pressed 
or drawn to your requirements. 

Sparkling glass by Corning adds 
sales appeal to houseware 
articles. Women like its ease of 
cleaning-and they know and 
trust the PYREX trade-mark. 

r----------------------------� 

I CORNING GLASS WORKS, 78 Crystal Street, Corning, N. Y. I 
I I Vf CORNING GLASS WORKS 

r CORNIN G, NEW YORK 

I Please send me your 1 2-page illustrated booklet, "Glass, Its Increasing I 
I 

Importance In Product Design." I 
I Name I 
I I 
I Company I 
I Address I 
I I 
I City Zone ___ State I 
I PYREX ;s a registered trade-mark in the U. S. of Corning Glass Works. I 
�----------------------------� 
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Ni-Span Diaphragms 
by Bendix-Friez 

ARE HEAT TREATED IN A VACUUM 
FURNACE ... THEN TUKON TESTED 

FOR HARDNESS 
The vacuum furnace in our laboratory 

radiantly heats diaphragms to obtain 
proper hardness and correct thermo
elastic properties. The extremely high 
vacuum prevents oxidation. 

Then we Tukon test our diaphragms for 
hardness. This is precision testing. It is a 
mechanized check, with an optical reading. 

Other Bendix-Friez Advantages 

In our engineering laboratory, that is 
devoted exclusively to diaphragm develop
ment work, we have electronic micro
meters for measuring motion. We have a 
mass spectrometer leak detector. 

We have hot and cold pressure cham

bers that permit us to simulate the extreme 

conditions to be found in industrial appli

cations_ We have automatic barometers. 

We use a primary standard barometer 

for ultra precise indicating and recording, 

against which are calibrated working 

standards. All this equipment and our 

sources of supply are yours. All yours too, 

is our years of experience starting with 

our original research on radiosondes. 

For further information, write to L. E. 
Wood, Chief Engineer, address below. 

EXPORT SALES: Bendix International Division 

72 Fifth Avenue, New York 11, New York 
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in The Journal of Experimental Medi
cine, suggest that the splitting is the re
sult of simple electrostatic forces. 

Chemical Genetics 

IF you ground up two animals of the 
same species and subjected the re

mains to chemical analysis, could you tell 
them apart? The Italian geneticist 
Adriano A. Buzzati-Traverso has been 
investigating this question-a question 
of the connection between chemistry 
and genetics. He squashes fruit flies on 
filter paper and analyzes their com
position by paper chromatography. His 
tentative conclusion is that genetically 
identical flies are also chemically iden
tical, but their chemical constitution is 
recognizably different if they differ by 
so much as a single gene. 

Buzzati-Traverso performed his ex
periments at the University of Califor
nia, where he is a visiting professor. He 
reports in Pl'Oceedings of the National 
Academy of Sciences that members of a 
genetically pure strain of Dl'OsophiZa 
melanogaster yielded a remarkably uni
form array of spots in a chromatograph, 
regardless of differences in the insects' 
diet. Males, however, differ in composi
tion from females, and females change 
somewhat with age. 

Buzzati-Traverso cut off the flies' 
heads and worked only with differences 
in form, such as wing shape or size. 
Flies with different wing shapes gave 
different chromatographic patterns. The 
chemical analysis even disclosed reces
sive genes: a fly with one dominant and 
one recessive gene for a certain character 
showed a different pattern of spots from 
an identical-appearing fly with two 
dominant genes. Thus chromatography 
can uncover hidden genetic differences. 

Buzzati-Traverso has not yet tried to 
identify the compounds that make up 
the spots. He hopes that biochemists will 
soon tackle this job. He has, however, 
taken one preliminary step toward find
ing out what type of compounds he is 
dealing with. He decomposed fly tissue 
in water before analyzing it and found 
that the differences in the patterns dis
appeared. This he interprets to mean 
that different individuals build the com
plex compounds of their bodies out of 
the same starting materials, but that the 
way in which they put the compounds 
together is governed by the genes. 

Tagged Cortisone 

SCIENTISTS studying the biochemi
cal action of cortisone now have a 

powerful new research tool. For the first 
time the hormone has been prepared in 
radioactive form, making it possible to 
trace its course through the body. The 
molecule has been labeled with an atom 
of carbon 14 in place of normal carbon 
at the "number 4" position. The synthesis 
was a cooperative accomplishment by 
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Reduce costs! Use GE Scopemaster for 
1000/0 visual x-ray inspection 

Provides more than ample sensitivity in high
speed examination of light-metal castings, 
molded plastics, intricate assemblies, etc. 

SCOPEMASTER's screen-object distance can be 
varied to magnify image, and a single control moves 
the sample longitudinally or transversely. Unit is 
fully protected for stray radiation. 

100% fluoroscopic x-ray inspection can prove a valuable 
tool in your plant. Pioneered for the aircraft industry, 
the GE SCOPEMASTER saves producers and users of 
light metal alloy castings time and money in catching 
defective parts. The accuracy of its inspection is attested 
by its use on airframe castings where failure could cause 
a serious accident. It is vastly superior to sample inspec
tion by other means, and costs are far lower than with 
any other method of comparable thoroughness. 

Other jobs on which x-ray fluoroscopy has been success
ful include checking small electrical components for 
incomplete or improper assembly. In the molded plastics 
industry, it has helped establish manufacturing technics. 
And in the production of small ordnance items, it replaced 
destructive spot tests - salvaged 90 to 98% of lots that 
previously would have been rejected in their entirety. 

The SCOPEMASTER is another example of how 
General Electric is harnessing x-ray to the needs of in
dustry. If there's a testing or inspection trouble spot in 
your plant, x-ray may be the answer. Ask your GE x-ray 
representative for an evaluation, or write your require
ments to X-Ray Department, General Electric Company, 
Milwaukee 1, Wisconsin, Rm. TT-8. 

GE.NERAL. ELECTRIC 
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THE RELIABLE ELECTRONIC MEMORY 

MAGNETIC DRUM STORAGE SYSTEMS 
for Rapid-Access Data Storage 

The Magnetic Storage Drum has proved to be the most versatile 
rapid-access electronic memory yet developed. ERA pioneered 
the" development of these systems. Today, you can select from the 
family of ERA Magnetic Storage Drums, a model with character
istics best suited to your requirements-without the necessity of 
costly special development. ERA Magnetic Drum Memory Systems 
provide all of these features: 

• LARGE STORAGE CAPACITY allows a recorded 
density as high as 2200 binary digits per square 
inch. 

• HIGH SPEE D of associated equipment permits stor
age or reading of data at rates up to 125,000 
digit-groups per second. 

• CONTINUE D RE-USE of recording surface-record
ing heads are not in contact with drum surface 
and no wear occurs. 

• NON-VOLATILE STORAGE means stored informa
tion is unaffected in the event of power failure. 

Send us your requirement. Write on your 
business letterhead to: Engineering Re
search Associates Division of Remington 
Rand Inc., 1902 West Minnehaha Avenue, 
St. Paul W 4, Minnesota. 

��7:it���I�-
1902 West Minnehaha Avenue, Dept. 5-8, St. Paul W4, Minnesota 
DIGITAL COMPUTERS ... DATA· HANDLING SYSTEMS ". MAGNETIC STORAGE SYSTEMS .. 

INSTRUMENTS ... ANALOG MAGNETIC RECORDING SYSTEMS .. COMPUTING SERVICE 

the U.S. Public Health Service, the 
Sloan-Kettering Institute for Cancer Re
search, the Worcester Foundation for 
Experimental Biology, the Upjohn Com
pany, and Charles E. Frosst and Com
pany of Canada. 

New Work in Birth Control 

RESEARCH on contraception by 
physiological rather than mechani

cal methods is making considerable 
progress, according to a recent report in 
Science by Paul Henshaw of the Planned 
Parenthood Federation of America. 
Some of the new approaches are far 
enough advanced to justify pilot studies 
by volunteer couples, he says. 

The studies have two objectives: (1) 
to improve the fertility of childless 
couples, and (2) to develop a reliable 
and convenient form of contraception by 
pill, injection, timing. or a combination 
of these methods. 

Seven different approaches are being 
investigated. One is research on hor
mones and enzymes that affect fertility. 
A second is a study of spermatoxins and 
related substances. A third is an investi
gation of bacteria, yeasts and other or
ganisms that cause temporary infertility. 
A fourth is investigation of the fluid 
media that carry the sperm and eggs. A 
fifth is the effects on fertility of vitamins, 
metallic ions and other elements of food. 
A sixth is study of the psychic and sen
sory stimuli that affect the endocrine 
system. A seventh is research on the 
rhythm of ovulation. 

One promising method seems to be 
the use of an inhibitor against the 
enzyme hyaluronidase, which helps the 
sperm enter the egg. The inhibitor, phos
phorylated hesperidin, has been given in 
tablet form to 300 couples. It was re
ported that no conception occurred 
while they were taking the prescribed 
treatment and that 220 of the couples 
had normal offspring after stopping it. 
Laboratory studies of the desert tea herb 
Lithospermttm I'llderale, used by Ameri
can Indians of the Southwest, also have 
been encouraging. The plant contains a 
factor which acts on the pituitary and 
prevents the release of a hormone con
trolling the production of germ cells. 

The Girl Next Door 

Do modern city dwellers marry neigh
borhood sweethearts? J. R. Marches 

of the University of Maryland and Gus 
Turbeville of the University of Minne
sota recently examined the marriage sta
tistics in the city of Duluth and reported 
their findings in the American] oumal of 
SOCiology. 

Analyzing 300 marriage licenses, they 
found that: 5.67 per cent of the couples 
lived at the same address; 20 per cent 
lived within five blocks of each other; 42 
per cent lived within 20 blocks. 
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Get All the New TV Channels 
With a Mallory Converter 
No tampering 'with your set 
No sacrifice of VHF channels 
To receive all channels, both old and new, in any area ... the 
simple, practical means of converting any TV set is with a 
Mallory UHF Converter. 

Unlike the "tuning strip" method of conversion-which 
requires a service installation for each new station-the 
Mallory Converter covers any and all channels. What's more, 
it is easily connected-in just a few minutes. 

The Mallory Converter has proven itself, wherever it has been 
installed, since the first UHF statior:. went on the air. It is but 
one of the many contributions Mallory has made not only to 
television but to the fast-growing electronics industry. Mallory 
Batteries power tiny transistor hearing aids ... electronic 
instruments ... walkie-talkies. Mallory Capacitors, Vibrators, 
Switches and Resistors are vital components in communica
tions equipment. 

In the metal working field, Mallory Resistance Welding Elec- t 
trodes have brought new economy to the fabrication of auto
mobiles, steel pipe, pots and pans. Special Mallory Alloys 
answer the need for better materials in many different forms 
... from electrical contacts to gyroscope rotors. 

If you have a problem within the scope of our activi-
ties, perhaps we can help you find ways through 
Mallory components to reduce costs ... improve per
formance ... better your products. Write us today. 
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WE'RE CASTI NG 

IN SECTIONS 

W hy do a race-driver's eyes light up when he talks about aluminum 

engine blocks and heads? "Sweet, cool running ... improve high

compression performance ... the engine weighs 150 pounds less." 

For these reasons, auto makers have wanted to use aluminum 

blocks and heads in passenger cars. But costs have been too 

high. So, it was big news to the industry when we said, "We 

have a new way to make aluminum blocks. The cost-slightly 

higher than iron ones!" 

Engineers in our Development Division knew that the water 

passages in engine heads make casting expensive. Delicate, 

intricate cores are used to form these holes (Fig. 1). They often 

break. Frequently, they shift as the molten metal is poured around 

them. This ruins the casting. 

Our idea was to design an engine in sections . . .  like a sliced 

loaf of bread (Fig. 2). These small castings would be easier and 

less expensive to make. Then we would stack them up with 

Alcoa 
---------. ���,....;;®---
Alulnlnuln 
ALUMINUM COMPANY OF AMERI CA 
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ENGINE HEADS 

IN CLEVELAND 

gaskets of brazing metal between. 

A pass through a brazing furnace and presto, the casting would 

fuse into a complete head. No cores. No rejects. No clogged passages. 

Putting the idea to work wasn't that easy. Alloy selection took 

time. Brazing temperatures were tricky. Even when we got sound 

castings, our job wasn't finished. 

Perhaps the castings were too strong in some places, too weak 

in others. To find out, we coated them with brittle lacquer and 

assembled a complete engine (Fig. 3). We loaded it until the lacquer 

cracked and showed where stresses lurked. Castings were tested 

on tension-compression machines, using electric strain-gages to 

duplicate the pressures of actual operation (Fig. 4). Shaving a little 

metal here-adding a little there-we made the castings still 

stronger, more efficient. 

The engines are now on test. Reports are downright spectacular. 

MORAL: This problem has something in common with your product or process • . .  the way it was solved. 

Did you notice that it was divided into four parts? First, the Alcoa engineer with automotive 

experience knew the problems of the industry. Then basic Alcoa research suggested alloys and 

procedure. Alcoa testing equipment proved the theories of basic research-made further refine

ments. Lastly, Alcoa's process development labs suggested ways to mass produce it. 

Alcoa engineering, research, test and development can put your product or process head and 

shoulders above competition. Now is the time to call your local Alcoa sales office, or write: 

ALUMINUM COMPANY OF AMERICA, 2182·H Alcoa Building, Pittsburgh 19, Pennsylvania. 

P. S. Ask for a copy of "Road Map to a Better Product." It shows in detail the facilities at your disposal. 
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The idea 

that was piped 

all through 

industry! 

Lengths of Republic Electric Weld Casing are rapidly joined together and lowered hundreds or 
thotlSands of feet into an oil or gas well to litle it with tough steel-to protect its walls agaimt 

the tremendous presStlres that otherwise might cause collapse of the hole. 

TWENTY YEARS AGO, Republic engineers and 

metallurgists gave the oil and gas industries a 
new kind of steel tubular product. It was electric weld 
pipe - casing, tubing and line pipe-with advantages 

of uniformity never before attained in mass production. 

This new pipe was made by a process of electric resist
ance welding developed by Republic SteeL It was 
uniformly round, uniform in wall thickness and uni
formly strong throughout every inch. These qualities 
have improved pipe performance far beyond the oil 
industry, in fact - throughout all industry. Millions 
of feet of casing and tubing and thousands of miles 
of line pipe in service have proved the dependability 

of the process. 

Since its beginning, Republic Steel has kept alert to 

the changing needs of steel users. It has pioneered, not 

only in steelmaking, but in the fabrication of steels. 
Out of this has come Republic's present-day 3-FoLD 
SERVICE FOR STEEL USERS: 

1 . The production of the best possible steels and steel 

products in ever-increasing variety. 

2. The recommendation of specific steels and steel 
products based upon thorough study of the need. 

3. The assistance of trained engineers and metallur
gists whose job it is to see that you get the results 
you want from Republic Steel Products. 

This does not mean we make any pretense at knowing 

all your answers. But we do know steel-and we fabri
cate steel into many products. From this dual experi
ence, we have been able to assist many customers to 

more profitable results_ Perhaps we can help you, also. 

REPUBLIC STEEL 
GENERAL OFFICES • CLEVELAND 1, OHIO 
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Cell Division 
Called lnitosis, it lS the process by which units of living lnatter 

duplicate thel11Selves. Its delicate apparatus lS now investigated 

by the relnarkable feat of isolating it frOln the rest of the cell 

I
T SEEMS to be a necessity of the bi

ological world-though exceptions 
exist-that any living mass of more 

than microscopic size be composed of 
cells. The capacity of cells to grow, in 
the sense of adding to their content of 
chemical substances that do not exist in 
the inorganic world, is limited. In gen
eral-though again there are exceptions
a cell can only double its mass. Thus any 
significant growth requires the produc
tion of new cells, and this involves the 
process of cell division. We can add con
tinuously to the amount of living matter 
only by multiplication, and the multi
plication takes place by division. 

AI! this is commonplace today, but it 
seemed so unreasonable a century ago 
that it was not even accepted by Theo
dor Schwann and Matthias Jakob 
Schleiden, the two German biologists 
who are generally credited with the 
founding of the cell theory. Cell division 
had actually been seen and described 
many times by skillful microscopists. But 
an observation is seldom acceptable if its 
consequences seem unreasonable, and 
the dictum that every cell must arise by 
the division of a pre-existing cell did seem 
unreasonable. Schwann and Schleiden 
were much more reasonable when they 
proposed that new cells arise by a proc
ess analogous to the formation of crystals 
in a solution. They were merely wrong. 

"Ve now understand the reasons why 
cells must always arise from cells and by 
a process that seems excessively compli
cated. It is because the history and capa
bilities of a cell are determined by the 
threadlike chromosomes in its nucleus, 
and the various forms of life can main
tain their historical continuity only if the 
chromosome patterns are transmitted 
from cell to cell. If the biological world 
is essentially conservative in its tenden
cies, it is because the chromosomes are 
so stable. The elaborate process of cell 
division that we call mitosis perpetuates 
them in all their stability. 

Of all the activities that we can see in 
the cell, mitosis is the most complicated, 
and its machinery is about the most 

by Daniel lVlazia 

elaborate that a cell can manufacture. 
Hereinafter we shall refer to this ma
chinery as the mitotic apparatus. Any
one who has ever attempted to make a 
satisfactory diagram of the process, or 
teach it to a class of normally unrespon
sive freshmen, will grant that its com
plexity is real. A machine of beautiful 
geometric perfection is temporarily 
created out of the seeming formlessness 
of the cell and operates with eXfluisite 
coordination. 

The Strategy of Mitosis 

Let US consider what happens. We be
gin

. 
with the so-called "resting cell," a 

cell that is busy enough in other ways 
but has not yet gone through the travail 
of giving birth to two daughter cells. The 
chromosomes are contained in the nu
cleus and look like nothing at all. We 
know they are there from chemical and 
genetic data, but the lovely compact 
threads that we always visualize when 
we think of chromosomes usually are vis
ible only during mitosis. In the resting 
cell there is no evidence of the mitotic 
apparatus, except that in favorable cases 
a small body appearing either single or 
double sometimes is detected near the 
surface of the nucleus. This is what we 
call the centriole or centrosphere. 

What happens when this resting cell 
begins to divide may be regarded in two 
phases. First, the mitotic apparatus is 
formed. The centrioles divide, separate, 
and as they separate throw out what 
seem like radiating systems of fibers, ap
propriately called asters. These appear 
to find their way to opposite poles of the 
cell and to be connected by fibers run
ning from one centriole to the other. This 
group of fibers is called the spindle. 
Meanwhile the previously invisible chro
mosomes are becoming visible as slender 
threads while the nucleus fades away. 
Then the threads become more compact. 
In a most remarkable way the chromo
somes find their way to the equator of the 
spindle; that is, a plane exactly midway 
between the two centrioles and at right 

angles to a line connecting them. Here 
we have the culmination of this remark
able set of preliminary maneuvers. Now 
the mitotic apparatus is fully formed. At 
some point along the way it becomes 
possible to observe that each of the chro
mosomes has doubled. More precise evi
dence suggests that the real duplication 
process has occurred much earlier than 
the visible appearance of twin threads. 
In fact, it is now thought that the dupli
cation takes place during the resting 
stage, which would mean that mitosis 
was a process for distributing the prod
ucts of a reproductive step that had al
ready been completed. 

The second and perhaps more dy
namic stage of mitosis is the movement 
of one complete set of chromosomes to 
each pole, and, coordinated with this, 
the division of the whole cell so that each 
set of daughter chromosomes goes to one 
of the daughter cells. It is here that we 
see the mitotic apparatus in action, mov
ing the chromosomes apart, often push
ing the cell out of shape, and somehow 
controlling the location of the wall that 
will finally separate the daughter cells. 
Finally we have two daughter cells, each 
with half of the mother's substance and 
each with a complete set of chromosomes 
seemingly identical with those' of the 
mother. These daughters go back into a 
resting stage by a process that roughly 
resembles a movie of the first steps of 
mitosis run backward. The chromosomes 
disappear from view and a nucleus is 
formed. 

The process has many variations. In 
plant cells we ordinarily do not see as
ters. Animal cells divide by what looks 
like a process of pinching in two; plant 
cells build a new wall. In both cases the 
barrier between the two daughter cells is 
formed exactly where the equator of the 
spindle was located. Some single-celled 
animals have bizarre systems of mitosis. 
In the bacteria the very existence of the 
mitotic system of cell division was 
doubted until recently. Edward DeLa
mater and Stuart Mudd of the University 
of Pennsylvania have reported that they 
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ISOLATED MITOTIC APPARATUS of the sea-urchin 
egg is revealed in a photomicrograph made by John D_ 
Roslansky of the University of California. There are 

three specimens: two at the upper left and one at the 
lower right. The two round light areas in each appara
tus are the centers; surrounding them are the asters_ 

can see in dividing bacteria what look 
like typical mitotic figures. Some stu
dents of microorganisms are not con
vinced; the difficulty rests on the sheer 
smallness of the cells and of the alleged 
mitotic figures. It is nonetheless signifi
cant that the trend is toward a unified 
picture of how cells divide. 

The discovery of mitosis in the years 
around 1880 is a remarkable chapter in 
the history of biology, if only for its lack 
of drama. There was no one discoverer, 
although Walther Flemming of Germany 
may be credited with unifying the ob
servations that he and others had made. 
There were no brilliant laboratory acci
dents here, but only powers of observa
tion and imagination which awe the bi
ologist of today. These men knew noth
ing about the significance of chromo
somes; they had to observe the individ
ual stages out of proper sequence and 
most often in dead cells. One wonders 
whether there are 'microscopists today 
who with this kind of information could 
piece together the logical sequence of 
mitosis in space and time. 
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Mitosis may be a rapid affair. It is not 
unusual for cells to go through the whole 
process in 30 minutes, and it is unusual 
for it to take more than a few hours. The 
preparatory phases take the longest; 
once the mitotic apparatus is fully 
formed, the actual process of division 
may take only a matter of minutes, al
most as though the cells had snapped 
apart once the apparatus was there. 

So much happens in this process that 
it would scarcely make sense to ask the 
question: "What is the mechanism of mi
tosis?" Knowing as much as we do of 
what takes place at the level of the mi
croscope, and as little as we do of what 
happens below the level of the micro
scope, we will be wise to restrict our 
questions to the material nature of the 
mitotic apparatus, to the way in which it 
is formed and to the forces involved in 
the crucial movements of cell division. 

Movement and Mechanism 

The'symmetry of the mitotic appara
tus inspired a number of interesting 

physical models based on the operation 
of electrical and magnetic forces. In most 
cases it would appear that the chromo
somes are being pulled through a liquid 
by special fibers which run from the 
poles and are attached to a definite re
gion of each chromosome. This region 
has been called by various workers the 
centromere, kinetochore or simply "the 
spindle fiber attachment." The convinc
ing reasons for this "contractile fiber" 
hypothesis are two. First, each chromo
some generally takes the form of the let
ter V or J or a rod, with the point facing 
the pole. This is what we would expect 
if a limp thread were dragged through a 
liquid. Second, the point of attachment 
is always the same for a given chromo
some. If the point is eliminated when the 
chromosome is broken by X-rays or an
other agency, the chromosome does not 
move at all. There are, however, disturb
ing exceptions. Some years ago Charles 
W. Metz, now at the University of Penn
sylvania, described a case in the fly 
Sciara in which the chromosomes 
pOinted the wrong way! This has never 

© 1953 SCIENTIFIC AMERICAN, INC



been explained in terms of the contractile 
fiber hypothesis. 

Various mechanisms have been pro
posed to explain the division of the cell 
mass, especially in those cases where a 
pinching, or "furrow" is involved. One 
hypothesis involves the so-called "con
tractile ring." This hypothesis suggests 
that, at the time of division, a layer 
around the equator of the mitotic ap
paratus actually contracts and pinches 
the cell in two. It is based in part on 
some interesting experiments by Doug
las Marsland of New York University. A 
contractile ring would have to be a rigid 
layer of colloid in the gel state. Such a 
gel, Marsland predicted, would become 
soft and liquid under high pressure, on 
the order of 500 atmospheres. Beneath 
the surface of cells there is a thin layer of 
gel called the cortex, and Marsland was 
able to show that the application of high 
pressure did make this layer more liquid. 
Experiments on dividing cells revealed 
that pressures which liquefied the cortex 
also prevented the cell from dividing. 
Whether or not the contractile ring hy
pothesis proves to be true, these experi
ments demonstrate that a semirigid cor
tex plays an essential part in cell division. 

A more detailed hypothesis on the me
chanics of cell division in cases where 
asterS are present and a furrow is formed 
has been elaborated by Katsuma Dan of 
Tokyo Metropolitan University in Japan. 
Some years ago Dan devised a very 
simple means of following the move
ments of the cell surface during division. 
He applied tiny particles of clay to the 
surface of cells, and some of these ad
hered. Then, with great patience, he 
measured the distance between two par
ticles during cell division. His results 
were most unexpected. At the region of 
the furrow, where the surface would be 
expected to stretch, the distance between 
the particles actually decreased. 

As the furrow forms, the cell elongates. 
The spindle, too, is longer from pole to 
pole. Dan pictures the spindle as a stiff 
body that pushes the centers apart. At 
this point the rays of the asters, growing 
in all directions, appear to have joined 
the surface of the cell. The rays of the 
opposite asters cross at the equator. 
Dan's ingenious proposal is that, when 
the asters are pushed apart, the tips of 
the rays are brought closer together in 
the region where they cross. If, as he im
agines, the tips are attached to the cell 
surface, their movement will collapse it 
at a point midway between the centers. 

Ordinarily the asters are of equal size, 
and the center of the spindle is the equa
tor of the cell; thus we expect the cell to 
divide into equal halves. But if one aster 
is much larger than the other the mid
point of the spindle will be displaced 
from the equator toward the smaller 
aster. In this case Dan predicts an un
equal division, with the smaller daughter 
cell containing the smaller aster. This is 

PROGRESS OF MITOSIS is outlined in schematic form. As the cell pre
pares to divide, chromosomes appear in its nucleus. The mitotic apparatus 
then forms and draws the divided chromosomes apart. The cell finally 
pinches in two and gives rise to two new cells, drawn in smaller scale. 
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ISOLATION of the mitotic apparatus is depicted in 
the four photomicrographs on these two pages. The 
first photograph shows a dividing sea-urchin egg in 

cold alcohol, which is used in the initial stage of 
isolation. The second photograph shows an egg that has 
been treated with the detergent digitonin ; the cell is 

confirmed by observation, and is a strong 
point in favor of his view. 

In Dan's theory the work of cell di
vision is accomplished by the push of the 
lengthening spindle at the time the cell 
is seen to divide. Last year two biologists 
at Cambridge University in England, M. 
M. Swann and J. M. Mitchison, proposed 
a mechanism which is a compromise be
tween the contracting-ring theory, in 
which the mitotic apparatus has no role 
in the division of the cell mass, and Dan's 
theory, in which the role of the mitotic 
apparatus is paramount. According to 
Swann and Mitchison, the furrow is due 
to an active stretching of the cell surface 
by the unfolding of molecules that were 
previously rolled up and did not occupy 
as great an area. They consider that the 
mitotic apparatus may determine the 
position of the furrow and guide it in
ward as in Dan's model. 

The Nature of the Apparatus 

But neither through microscopic ob
servation nor ingenious physical models 
can we achieve a feeling of intimate con
tact with the realities of cell division. 
The formulation has lacked substance, 
which in the biology of 1953 means a 
treatment in terms of identifiable mole
cules undergoing reactioI).s translatable 
into the language of chemistry. What is 
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the stuff of the mitotic apparatus and 
how are its constituents assembled into 
this heautiful little gadget? Answers to 
these questions solve no problems of 
mitosis, but put flesh between the bones 
of physical speculation and the clothing 
of microscopic appearance. 

In the past year an opening toward the 
answers to these questions has been 
found in experiments conducted at the 
University of California by Dan and the 
author. The direct way to obtain the 
answers is clear enough. One should iso
late the mitotic apparatus from dividing 
cells in pure form and in quantity and 
study its chemistry and its structure. 
Other bodies in the cell-nuclei, chromo
somes, mitochondria-have been isolated 
and studied with great profit. But the 
problem here is a little more difficult. 
The mitotic apparatus is a temporary 
structure. It appears in the cell only 
when it is dividing, and changes con
tinuously in the course of division. It is 
not freely suspended but is embedded in 
the substance of the cell. What is worse, 
it is extremely unstable in its living en
vironment. If a dividing cell is damaged 
mechanically or treated with one of a 
number of chemicals, the mitotic ap
paratus simply disappears. 

In order to experiment on the isolation 
of the mitotic apparatus in quantity, it 
was obviously necessary to work with a 

large population of cells, all of which 
were dividing synchronously. Dan and I 
were fortunate to have on hand, in the 
tide pools of the Pacific shore, the mate
rial of choice. For many years students 
of cell division have worked with the 
eggs of sea urchins, which may be in
duced to divide by fertilizing them with 
sperm cells. If a very large number of 
eggs are inseminated at a given time, all 
will divide synchronously. The whole 
mitotic process from the time of fertiliza
tion may take an hour or so, but so uni
form is the cell population that 90 per 
cent of the cells will be seen to be form
ing division furrows within a period of 5 
to 10 minutes. Thus we could experi
ment with masses of cells which repre
sented for the most part any desired 
stage of the mitotic process. 

Because the mitotic apparatus is so 
unstable it was necessary to find a means 
of stopping the process with the least 
damage and the least chemical change. 
After many experiments, very cold 
(minus 10 degrees centigrade) dilute 
ethyl alcohol proved to be suitable. 

Attempts to isolate the mitotic ap
paratus by the conventional method of 
mechanical disintegration of the cells 
were so discouraging that we turned to 
a fresh, though not necessarily original, 
approach. If the mitotic apparatus were 
chemically different from other things in 
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not broken but its cytoplasm h as begun to dissolve. 
The third photograph shows the apparatus of several 
eggs after they h ave heen hroken with digitonin ;  the 

apparatus is isolated hut it is still surrounded with the 
dispersed cytoplasm. The fourth photograph shows the 
isolated apparatus at a ma gnification of 400 diameters. 

the cell, could we not find some means 
of "dissolving" the cell in such a way as 
to liberate the apparatus? 

We knew of agents that dissolve ( sol
ubilize is the more precise word) cell 
structures without excessive damage to 
the molecules of which they are com
posed. Foremost among them are the 
detergents, substances with a soaplike 
action. At first we worked with syn
thetic detergents of the varieties com
monly encountered in the dishpan and 
the laundry tub. We found that Duponol 
( sodium lauryl sulfate) was effective in 
solubilizing the cytoplasm of the divid
ing sea urchin eggs, but that it dissolved 
the mitotic apparatus as well. 

Looking at the research in retrospect, 
it is evident that we should then have 
tested gentler detergents; it was per
haps fortunate that instead we attempt
ed to analyze the conditions that de
termined whether or not a body would 
be solubilized by a detergent. Our ap
proach may serve as an illustration of 
the role played by informed guesswork 
in research. First, we imagined that the 
mitotic apparatus was composed of pro
teins, an assumption for which there was 
slight factual basis. The cell generally 
employs proteins in the establishment of 
structure, and especially does so in the 
elaboration of fibrous structures. How 
are protein fibers formed and what are 

their properties? One mechanism of fiber 
formation is the establishment of the so
called disulfide (S-S) bridges between 
molecules. Protein molecules contain 
sulfur in the form of sulfhydryl (SH) 
groups. If, on two adjacent protein units, 
the hydrogens are removed ( which is 
another way of saying that oxidation has 
occurred) , the sulfur atoms of the two 
molecules may be linked in a disulfide 
bridge. Thus may fibrous chains be 
formed. 

The disulfide bonds are very strong, 
so it is difficult to dissolve structures 
formed by them. In 1935 David God
dard and the late Leonor Michaelis, 
working at the Rockefeller Institute for 
Medical Research, showed that the rea
son why wool and similar proteins were 
so stable and insoluble in chemical solu
tion was because they contained so many 
disulfide bridges. If, by the addition of 
an agent such as thioglycolic acid, the 
disulfide bonds were converted back to 
sulfhydryl bonds ( a  reversal of the oxi
dation described above) , wool became 
soluble. 

What does all this have to do with 
the mitotic apparatus? If the apparatus 
dissolves in Duponol or other strong de
tergents, the logical conclusion would 
be that the fibers of the spindle and 
asters are not formed by disulfide 
bridges. We drew the less logical con-

clusion that there were too few disulfide 
bridges to make the fibers sufficiently 
resistant. We then guessed-there is no 
other word that would be entirely hon
est-that there might be a larger number 
of potential disulfide bridges (SH 
groups) which could be converted to 
actual bridges (S-S bonds) by the addi
tion of an oxidizing agent. On this as
sumption we treated the eggs briefly 
with a solution of hydrogen peroxide be
fore adding the detergent. 

The experiment-every step of which 
was based on inference as to how the 
cell might make the fibers of the mitotic 
apparatus-worked. The detergent dis
persed everything in the cell except the 
mitotic apparatus, which was left in
tact! The contaminants could then be 
removed by letting the heavier mitotic 
apparatus settle out under a small cen
trifugal force. By repeated washing in 
this manner, a sediment composed of 
"pure" mitotic apparatus could be col
lected. The method set no limits on the 
number of dividing cells that could be 
used; it was possible to isolate enough 
of the mitotic apparatus for relatively 
large-scale chemical analysis. 

The microscopic study of the isolated 
mitotic apparatus immediately supplies 
interesting information. Whatever the 
stage of mitosis, the whole apparatus 
may be isolated in one piece containing 
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UNEQUAL DIVISION involves a 
large aster and a small one. This is 
the isolated apparatus of a clam egg. 

all the elements that entered into the 
description of mitosis. This proves that 
the cell does make a physically inte
grated apparatus for carrying out the 
cell-division process. An interesting re
sult is obtained when one isolates the 
mitotic apparatus from clam eggs or 
other cells which do not divide into 
daughter cells of equal size. In these 
cases the asters are also of unequal size, 
the larger aster being at the end where 
the larger cell will form. Thus observa
tions of isolated mitotic figures confirm 
Dan's theory as to how the plane of cell 
division is located. In general, observa
tions of the isolated mitotic figures con
firm the picture that had been obtained 
by earlier microscopists, but everything 
is much clearer and observation does not 
depend upon violent killing and staining 
procedures. The most interesting result 
of observing the isolated figures is the 
fact tha't they are isolated at all. This sig
nifies that the dividing cell performs 
some chemical act, common to all parts 
of the apparatus, that makes it chemi
cally different from everything else either 
in the dividing or the resting cell. This is 
a logical consequence of the fact that the 
isolation procedure works. While the 
procedure does not solve the "secret" of 
mitosis, it assures us at least that there is 
one, and one that can now be studied. 

We now know something about the 
chemistry of the apparatus. It is com
posed mostly of protein, as was original
ly guessed. There is present a small 
amount of ribonucleic acid, and, of 
course, the contents of the chromosomes. 
Other constituents are suspected but not 
yet proved. The "weight" of a single 
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ABNORMAL DIVISION of the sea-urchin egg gives rise to an isolated 
mitotic apparatus with four poles instead of the usual two. In this appara
tus, isolated by an older method, the chromosomes cannot be perceived. 

mitotic apparatus has been determined : 
it is found that the apparatus involves 
about 2 per cent of all the protein in the 
egg at the time of its first division. This 
will certainly vary as cells of different 
kinds are investigated. 

To what extent was the guess that the 
mitotic apparatus is formed by the link
ing together of protein molecules 
through sulfur bridges a legitimate one? 
A logical way to test this is by attempt
ing to reverse the process. If the guesses 
were accurate-and the success of an ex
periment does not in itself prove that the 
assumptions which led to it were correct 
-then the mitotic apparatus should be
come soluble in detergent if the S-S 
bridges were reduced to unlinked SH 
groups. The experiment would be com
parable to that by Goddard and Michae
lis on the solubility of wool. The same 
reagent, thioglycolic acid, was used
and the predicted results wer..e obtained. 
After treatment with this reagent, the 
mitotic apparatus was soluble in deter
gent. Therefore the idea that the fibers 
are formed through sulfur bridges is a 
tenable one. Once the protein of the mi
totic apparatus is in solution, further in
formation may be obtained. By the use 
of the ultracentrifuge, which measures 
how fast molecules settle under very 
strong gravitational forces, one can ob
serve the size of the molecules. It ap
pears that most of the apparatus consists 
of molecules about the size of "ordinary" 
proteins, such as the albumin of egg 
white. This might be considered the unit 
which the cell strings out by sulfur 
bridges to form the fibers of the mitotic 
apparatus. 

While much could be learned from the 
mitotic apparatus isolated by peroxide 
and Duponol, the method was still a 
rough one. By the standards of the bio
chemist, peroxide is a rather violent re
agent, and the isolation involved the 
creation of unnatural sulfur bridges 
which did not exist in the original cells. 
Following the same line of reasoning, 
now fortified by experiment, the prob
lem could be simplified. If the "natural" 
mitotic apparatus depended upon disul
fide bridges but contained relatively few, 
could we not use a detergent that was 
just strong enough to solubilize the other 
materials of the cell and just weak 
enough not to solubilize the mitotic ap
paratus? If such a detergent were avail
able the peroxide could be omitted and 
the whole treatment would be gentler. 
After some trials such a detergent was 
found. It is a natural detergent: digi
tonin, which is obtained from the com
mon foxglove. George Wald of Harvard 
University had used this substance some 
years ago to solubilize the visual pig
ments of the eye without damaging them 
chemically. Recent experiments in our 
laboratory have shown that digitonin 
alone will disperse the cell content and 
liberate the mitotic apparatus. 

There is every reason to think that the 
isolated mitotic apparatus is now closer 
to its natural condition. Its structure re
mains intact down to fine details. A merit 
of the newer method is that the chromo
somes, which were often difficult to see 
when isolated by the old method, are 
preserved. But again we must raise the 
question: was the reasoning that led to 
the successful isolation correct? If it was, 
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the isolated mitotic apparatus could 
have fewer S-S groups and still be more 
soluble in thioglycolate than was the 
apparatus prepared by the old method. 
This proved to be the case. 

The Centers 

Now a new and challenging fact 
emerges. Let us consider, for this soon 
becomes the heart of the problem, how 
the beautiful geometry of the mitotic ap
paratus might be achieved. On visual 
evidence alone the old masters of micros
copy believed that the centrioles were 
in fact centers which formed the fibers of 
the mitotic apparatus. Since the appear
ance of these bodies varies so much from 
cell to cell, let us use the general term 
"center." The fibers do seem to grow out 
of the centers. No alternative hypothesis 
has been proposed, although it is often 
suggested that one group of fibers, those 
connecting the chromosomes to the 
poles, may originate in the chromo
somes. Translating into chemical lan
guage, we may set up the working hy
pothesis that the form of the mitotic ap
paratus is determined by centers at 
which fibers are made by a process in
volving the formation of disulfide bonds. 
The peculiarity of these centers would 
be that they provide conditions favoring 
such a polymerization. Recent observa
tions on the mitotic apparatus isolated 
by the digitonin method lend some sup
port to such a line of thought. If the mi
totic apparatus is given a very mild ex
posure to thioglycolic acid, everything 
dissolves but the spherical central region 
of the asters. This seems to be in fact the 
region where the S-S bridging of the pro
teins is strongest. We are a long way 
from understanding how the mitotic ap
paratus is formed, but the availability of 
the isolated apparatus and now the iso
lated centers should permit us to feed 
chemical information into the theory of 
mitosis as it evolves. 

Optical Tools 

Mitosis cannot be understood merely 
as a series of chemical transformations. 
It is a dynamic mechanical process, a 
matter of push and pull, stress and strain. 
';Vhat tools have we to study this aspect 
of the problem? The most refined tool, 
and one that is being used most effective
ly, is the so-called polarization micro
scope. Where molecules are oriented, 
and take on other than random arrange
ments, they influence the speed and di
rection of beams of polarized light pass
ing through them. The orientation may 
be the result of the architectural opera
tions of the cell, as in the formation of 
the mitotic apparatus, or the result of 
mechanical stresses. The influence of an 
object composed of oriented units on a 
beam of polarized light is measured as 
its birefringence. Birefringence is actual-

ly the difference between the speed of a 
beam of polarized light through the ob
ject when the light waves are vibrating 
parallel to an axis of the object, and the 
speed of a beam vibrating at right angles 
to this axis. The axes are obvious in the 
case of an object such as an elongated 
fiber. What is important is that the bire
fringence may measure the degree of 
orderliness in the arrangement of the 
molecules or the extent to which the 
molecules themselves are non-symmetri
cal. In the case of a fiber composed of 
long and slender units, the birefringence 
will increase if all the molecules are 
made to lie parallel to one another. It 
will decrease if for any reason the in
dividual molecules become shorter or 
fatter. 

Researchers whose main interest has 
been the problem of mitosis have in re
cent years refined the polarization micro
scope to the point where we may now 
hope for a real surge of information 
about the arrangement of molecules in 

the mitotic apparatus. A few examples 
will illustrate the kinds of information 
that we can expect. Some years ago a 
German pioneer in the field, 'vV. J. 
Schmidt, showed that the mitotic spindle 
was birefringent, and that the birefrin
gence decreased when the chromosomes 
were separating. This demonstrated that 
the fiber system of the spindle had as its 
basis a system of fibers of molecular di
mensions, aligned more or less parallel 
to the visible fibers. The decrease in bire
fringence indicated either that fewer of 
the molecules were aligned along the 
axis of the spindle or that the molecules 
were contracting. Schmidt's methods 
were not sufficiently sensitive to detect 
small-scale changes. Recently Swann 
and Mitchison have refined the micro
scope so that much smaller degrees of 
birefringence can be measured, and tlle 
measurement can be made on a movie 
of the dividing sea-urchin egg. They 
were able to show that the decrease in 
birefringence as the chromosomes moved 

CENTERS of the mitotic apparatus are isolated by treatment with thio. 
glycolic acid. These centers are frol11 the dividing eggs of the sea urchin. 
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MOLECULES ARE OXIDIZED with hydrogen peroxide (H202) to remove 
hydrogen (H) from the sulfhydryl groups (SH) of the mitotic apparatus. 
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REACTION IS REVERSED with thioglycolic acid, which has a sulfhydryl 
group. The hydrogens of these groups join with sulfurs of disulfide bonds. 

BONDS ARE BROKEN by reduction hack to sulfhydryl groups. The mole
cules of the thioglycoIic acid, however, are now joined hy disulfide honds. 
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apart was not uniform, but began near 
the chromosomes and spread toward the 
poles. Swann has proposed that the 
changes that take place in the spindle 
during chromosome separation are ini
tiated by one or more substances pro
duced by the chromosomes. An engag
ing feature of this hypothesis is the way 
in which it demonstrates how a few facts 
(even when incorporated into a hy
pothesis that is difficult to prove) may 
resolve a seeming contradiction. For 
years cytologists have debated whether 
the chromosomes are pulled toward the 
poles or themselves provide the momen
tum for their migration. Swann's experi
ment reveals that both the spindle and 
the chromosomes may play an active 
part. This is often the outcome of such 
"either-or" controversies. 

Microscopic research on mitosis has 
been both stimulated and plagued by de
bates as to whether this or that part of 
the mitotic apparatus was real or was an 
"artifact" produced by the technique of 
preparing the cell for observation. At 
one time the reality of even the chromo
somes was debated; the question of their 
existence was only resolved by the ulti
mate court of appeal-observation in the 
living state. The controversy as to the 
reality of the fibers in the mitotic appara
tus has continued to rage, though ob
servations of the fibers in living cells 
have been reported by Kenneth Cooper 
of the University of Rochester and by 
others. In the opinion of the writer, the 
polarization microscope has solved this 
problem. Shinya Inoue, a young grad
uate student working under Cooper at 
Princeton University, designed and built 
a polarization microscope capable of de
tecting and measuring smaller degrees 
of birefringence than had previously 
been possible in biological material. 
With this instrument he has studied the 
mitotic figures in many kinds of living 
cells, and in every case he has been able 
to detect distinct spindle fibers. The 
fibers, which contrast so poorly with the 
background material in ordinary light, 
stand out vividly in polarized light by 
virtue of the arrangement of the mole
cules in them. 

The reader is sure to ask about the 
contributions of the electron microscope 
to the study of mitosis. Living material 
cannot be examined in this instrument 
because the beam of electrons with 
which it resolves very small objects must 
be focused in a vacuum. Thus the appli
cation of the electron microscope to the 
study of mitosis is already beset by argu
ments as to whether the observations 
made with it are real or artifacts. 

The difficulties could have been pre
dicted from the troubles of pre-electron 
microscopists. "Seeing" depends on con
trast, and the electron microscope, how
ever great its magnifying power, de
pends on a rather high degree of contrast 
( difference in density of matter between 
an object and its surroundings) in order 
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POLARIZED LIGHT PHOTOMICROGRAPH made by Shinya Inoue 
shows the mitotic spindle in a living cell of the worm Chaetopterus. 

to show an object at all. It is perhaps for 
this reason that the mitotic apparatus, 
observed while it was embedded in the 
other constituents of the cell, has seemed 
so structureless even to skilled electron 
microscopists. On the other hand, the 
isolated mitotic apparatus promises to 
show a great deal of structure. Patricia 
Harris of our laboratory has made photo
graphs of the isolated mitotic apparatus 
which, even at the relatively low powers 
employed thus far, reveal a number of 
interesting details. It seems, for example, 
that the spindle fibers are not straight 
and continuous from pole to pole, but 
appear to be formed by an end-to-end 
union of fibers from either pole at the 
equator. As everyone would have pre
dicted, the fibrous appearance of the 
spindle is not due to distinct fibers with 
nothing between them; the spindle is 
more like a sheaf of threads with a ten
dency to lie side by side. What will be 
seen as the full resolving power of the 
electron microscope is brought into play 
cannot yet be predicted. So powerful is 
this tool that we are forced to proceed 
slowly toward the highest magnifica
tions, using each step to provide the 
l andmarks for the next. 

Exceptions 

If we survey the whole living world, 
we see that mitosis is the most common 
mechanism for distributing the heredi
tary birthright, and the most fundamen-

tal features of mitosis are the formation 
of a "plate" of doubled chromosomes 
and the formation of a spindle which will 
guide each of the daughters of chromo
some doubling to the opposite pole. 
There are important exceptions to this 
typical pattern. In the growth of our own 
muscles, for example, nuclei may repro
duce by mitosis without the formation of 
new cells around them. Growth keeps 
pace with the number of nuclei, and the 
result is huge cells with many nuclei. 
There are instances where, after the di
vision of nuclei alone has given rise to a 
large cell, the cell suddenly builds a wall 
around each nucleus so that we end up, 
after all, with as many cells as there are 
nuclei. This process is of great practical 
importance, for the formation of infec
tious spores in many microorganisms is 
due to it. How new cells can be marked 
out without a mitotic apparatus to guide 
the process we do not understand at all. 

As mentioned earlier, we cannot de
tect asters in many cells, especially those 
of plants. Nor have the centers toward 
which the chromosomes of plants mi
grate been identified visually as the dis
tinct bodies called cenh·ioles. In some 
very common instances, such as the di
vision of white blood cells and other cells 
that crawl like amoebae, the division is 
accompanied by lively movements. Such 
divisions look for all the world as though, 
once the forming daughter cells decide 
that they are daughter cells, they try to 
crawl away from their sisters and thus 

• Koppers now offers these new low-cost 
"KTPL" Styrene Resins in four different 
molecular weight ranges-relatively low 
to moderately high. The versatility of 
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LIVING MITOTIC APPARATUS is revealed in sea-urchin eggs by polar
ized light photographs. In the top photograph the apparatus is dark ; in the 
bottom one it is light because the  P9larizing filter has been rotated. 
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aid the division process. In many but not 
all of the protozoa. the one-celled ani
mals, there is a peculiar kind of mitosis 
in which the nuclear surface does not 
break down. The spindle forms inside 
the nucleus, which elongates as the 
daughter chromosomes part, and finally 
pinches in two. Even here, where we can 
see neither asters nor mitotic appara
tus outside the nucleus, the cell "knows" 
where the equator of the peculiar spindle 
is, for it pinches into two at the midpoint. 
We also have, in such diverse instances 
as mosquito gut cells and certain plant 
cells, "endomitosis," which involves 
neither cell division nor even the separa
tion of the daughter chromosomes into 
new nuclei. The chromosomes simply di
vide and remain together in the same 
nucleus. 

The advance of biology is an interplay 
of generalization and exception, and at
titudes toward exceptions tell us more 
about biologists than they do about bi
ology. To the writer it seems that the 
diverse patterns of cell multiplication 
will emerge as variations on a simple de
sign once we learn something of what 
lies beneath the surface. 

Applications 

In the full context of nature the bi
ological world is characterized by con
tinuous growth, limited only by the re
sources and hazards of the physical 
world. But, just as human beings fancy 
themselves as being more than mere de
scendants and ancestors, so the life of an 
organism is largely a vacation from the 
propagation of its kind . Even single cells 
do not add to their store of living matter 
during division, but only between di
visions. In higher organisms the pattern 
of development is a counterpoint of di
vision and organization. In the embryo 
the frequency of mitosis decreases be
fore the forms and specializations of the 
adult come into being. �Then a group of 
cells reverses this pattern, we have a 
cancer. What sets mitosis into motion 
and what stops it? We have only a few 
scattered facts to marshal against these 
questions . In general, the mass of a cell 
must reach a critical maximum value be
fore it begins to divide. If we keep am
putating part of an amoeba so that it 
never reaches full size, it never divides. 
We also have learned in the last few 
years that mitosis is a process which dis
tributes equally between the daughter 
cells chromosomes which have doubled 
before mitosis begins. It is conceivable 
that the control of mitosis involves re
straints on the synthesis of new chromo
some material. 

What artificial restraints can we place 
on mitosis, short of simply murdering 
cells? We know several kinds. One is to 
suppress the synthesis of the nucleic 
acids of the chromosomes. This is what 
happens when we expose cells to mild 
doses of X-rays or other ionizing radia-
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tioll from which they generally recover. 
Heavier doses of radiation upset mitosis 
by breaking up the chromosomes. So far 
as we know, most biological effects of 
radiation involve the formation and the 
integrity of the chromosomes. Chemicals 
that duplicate these effects are called 
radiomimetic-mimickers of radiation. 
On the other hand, ionizing radiation 
seems to have little effect on the mitotic 
apparatus apart from the chromosomes, 
but many chemicals do. Substances such 
as the plant derivative colchicine pre
vent the formation of the mitotic spindle, 
but do not affect the chromosomes. The 
chromosomes go through their complete 
mitotic cycle, but cannot be separated 
because there is no mitotic apparatus. 
The result is a single cell with a double 
portion of chromosomes. Such antimi
totic agents have been used successfully 
in the palliation, but not the cure, of can
cer, and have been useful where it was 
desirable to breed organisms such as 
food plants with twice the parental ra
tion of chromosomes. It goes without 
saying that a reasonable approach to the 
problem of controlling mitosis will de
pend on understanding mitosis itself. 

Biology has few generalizations that 
can be dignified by the word "law," and 
to most of these there are exceptions. But 
no exception has been discovered to the 
law that every cell must arise from an
other cell. This generalization makes 
sense once we have discovered the essen
tial accomplishment of mitosis : the de
ployment of the chromosomes so that 
each daughter cell is assured a full repre
sentation of all the chromosomes in the 
mother cell. 

The essential meaning of mitosis can 
be learned from microscopic observation 
alone, and was learned many years ago. 
Now we begin to see some progress to
ward a deeper understanding of what 
actually is happening in the dividing 
cell. Through the combined efforts of 
those who study virus reproduction and 
those who investigate cell division, we 
may hope to have some insight into the 
mechanism whereby the chromosome 
material is duplicated before mitosis be
gins. But there are aspects of the mitotic 
process that do not lend themselves so 
well to analysis by current means. The 
problems that are being attacked suc
cessfully are those which fit pretty well 
into current trends of biophysical and 
biochemical research which any steady 
reader of this magazine will recognize. 
But if we ask how the chromosomes 
come to align themselves in the correct 
geometric plane before they separate 
and how sister chromosomes find their 
way to opposite poles, we discover that 
we are dealing with an order of problems 
that does not fit into current methods 
or ways of thinking about biological 
events. While we are learning a great 
deal about the chemistry of cells, we are 
a long way from understanding how any 
part of the cell knows where it is. 
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Francis Hauksbee 
In a senes of ingenious experiments this uneducated artisan 

first established a connection between electricity and light 

and lay the groundwork for new disco{)eries In electrostatics 

T
HE NAME of Francis Hauksbee is 
not associated with any of the 
landmarks in the history of elec

trical theory. But Hauksbee, who per
formed his experiments in the first 
decade of the 18th century, asked dis
turbing questions, toppled obstructive 
theories, perfected equipment for more 
ambitious research and in general set 
the stage for spectacular advances in the 
knowledge of electricity that came later 
in the century. 

One of the most fruitful tasks that 
can engage the historian of science is to 
retrace the steps by which some imagina
tive pioneer of an earlier era worked his 
way toward new knowledge. It is not 
necessary that the pioneer should have 
reached his goal; indeed, his failures 
may be as instructive as his successes. 
Hauksbee is an admirable subject for 
this kind of biography. Although little 
is known of his life or personality, the 
record of his experimentation is remark
ably complete. From these carefully il
lustrated documents one can readily fol
low the logic of his investigations. 

It has been said of Hauksbee that he 
started to study a new optical phenome
non and "found himself studying elec
tricity. Up to the end of the 17th century 
there was apparently not the slightest 
notion of a connection between elec
tricity and light; no one supposed, for 
instance, that such familiar and striking 
phenomena as the aurora, lightning and 
St. Elmo's Fire were electrical in origin. 
At the time Hauksbee was beginning his 
work-he was most productive from 
1703 until his death in 1713-"elec
tricity" still meant little more than "the 
ability to attract straws and other small 
objects that is acquired by any one of 
about two dozen substances, such as 
amber and glass, upon being rubbed." 
By the time his work was ended, the con
nection between light and electricity was 
evident, though the governing principles 
were not yet understood. 

T HE optical effect which attracted 
Hauksbee's attention was called 

"barometric light." It had been discov
ered in 1675 by the French astronomer 
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Jean Picard, who observed that a glow 
or flash of light appeared in the space 
above the mercury in a barometer tube 
when he moved the instrument. Picard 
reported the phenomenon to the French 
Academy; it attracted much attention, 
and for a time there was considerable 
controversy as to its nature. By Hauks
bee's day, however, scientists were gen
erally agreed that the light came from 
sulfur ·or a "phosphorus" supposedly 
present in the mercury. 

The barometric light is explained to
day roughly as follows. When the mer
cury splashes and moves over the sur
face of the glass tube, both glass and 
mercury become electrified. This is an 
example of the familiar phenomenon 
called "electrification by friction": when 
two dissimiliar substances are brought 
very close together by rubbing and then 
are separated, they are found to be op
positely electrified; the one substance 
has lost electrons, leaving it positively 
charged, while the other substance has 
gained these electrons and thus is nega
tively charged by an equal amount. Now 
the air and mercury vapor in the top of 
the barometer tube contain some 
charged molecules (ions); also present 
are some free electrons. These various 
charged particles are set in motion un
der the influence of the charged glass 
and mercury; and, since the top of the 
tube is a partial vacuum, there are few 
collisions among gas molecules to slow 
this motion. The particles, especially the 
tiny electrons, therefore acquire suffi
cient speed to ionize additional gas 
molecules upon colliding with them. 
Thus the number of moving charges, 
and the electric current, increases. The 
flashes of light result when the charged 
molecules, by any of several processes, 
lose their charge or otherwise lose the 
energy which they gained as a result of 
the collisions. 

Modern work on electric discharges 
in gases is usually done with a long 
glass tube containing the gas and 
equipped with two metal terminals at 
the ends. These terminals are kept op
pOSitely charged by having them con
nected to a high-voltage source. So long 

as the gas pressure in the tube is at
mospheric, practically no electric cur
rent occurs between the terminals. But if 
the gas is gradually pumped out of the 
tube, resulting in greater distances be
tween the molecules, the current in
creases; then between the terminals 
there appears a thin streamer of light, 
its color depending on the kind of gas in 
the tube. With further pressure reduc
tion, the light spreads out to fill the 
whole tube. This is characteristic of the 
familiar neon advertising sign. As more 
gas is removed, dark spaces appear in 
the column of light. Finally, at the low
est pressures, so few molecules remain 
to act as potential sources of energy that 
the light disappears entirely. 

Much of this explanation depends on 
discoveries made long after Hauksbee's 
day, and he never reached any such co
herent understanding of the phenome
non he studied. Nevertheless, he did 
show that friction was an essential factor 
in barometric light and that this effect 
was related to what in his time was 
called electrification. From there he was 
led to further experiments with electri
cal charges-both at normal air pressure 
and when the air was partly evacuated 
-which are an essential part of the 
groundwork on which the modern theory 
of electricity rests. 

W E KNOW so little about Hauksbee's 
background that it" is difficult for 

us to understand how he became in
volved in scientific experimentation. We 
gather that he was an artisan of little 
formal schooling; his writings show him 
to have been almost illiterate compared 
with other prominent scientists of the 
day. Nevertheless, he became a member 
of the Royal Society of London. One may 
guess that his skill at constructing instru
ments and his unusual genius for experi
mentation were what brought him into 
association with the members of that 
body. According to the official Record of 
the Society, "In 1707 Dr. Douglas and 
Mr. Hauksbee were . . .  employed to pre
pare experiments, and were paid for do
ing so, but do not appear to have borne 
the title of curator." The facilities af-
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forded Hauksbee by the Society must 
have been a factor in helping him be
come the most active experimentalist of 
his day. 

But granting that Hauksbee was pur
suing interests somewhat unusual for an 
] 8th-century artisan, we can readily 
guess why he was attracted to the prob
lem of the barometric light. In the pref
ace to his book, Physico-Mechanical 
Experiments on Various Sub;ects 
( 1709), he acknowledges his indebted
ness to the great Robert Boyle. It was 
Boyle who, on hearing that the air pump 
had been invented by Otto Von Guericke 
in Germany, had various models of such 
pumps constructed for his own extensive 
vacuum researches. As one of Boyle's im
mediate and most active successors, 
Hauksbec perfected a double-cylinder 
pump that was to set the design for such 
devices for the next 150 years. With this 
skill and interest in vacuum techniques, 
Hauksbee would naturally have been 
drawn to the study of Picard's light. He 
may even have discovered the effect in
dependently, for the first of all his pub
lished papers was "An Experiment, to 
show the cause of the descent of the mer
cury in the barometer in a storm" 
(1704). 

In any event we find him in 170.5 re
porting experiments on the capacity of 
mercury to produce light in a glass vcs
sel. From the plan of these experiments 
we may suppose that he had alrcady 
guessed the relevant factors in the pro
duction of the barometric light to be thc 
motion of mercury over glass and thc low 
pressure of the gas in the vesscl. Al
though this working hypothesis may ap
pear obvious to us, apparently no onc 
else had phrased it, consciously or un
consciously, during the four decadcs fol
lowing Picard's discovery. 

Hauksbee tested the two parts of his 
hypothesis in turn. '\lith the equipment 
depicted in the drawing at the right, he 
proved conclusively that the motion of 
the mercury over the glass is esscntial: 
The flashes of light occurred when drops 
of mercury slid down the glass, but never 
when they merely stuck to it. Then, to 
find what degree of vacuum was neces
sary for the effect, he varied the amount 
of air present in the vessel. No light 
Hashes appeared until about half the air 
had been removed. As the vacuum was 
increased beyond that point, the light in
tensity gradually rose to a peak and then 
fell away until it seemed to disappcar. 
This led Hauksbee to conclude that some 
air must be present if the phenomenon is 
to occur. In at least one experiment he 
attached to the pump a mercury pressure 
gauge (apparently an open-tube manom
eter). The lowest pressure he could 
obtain with his pump was roughly 1/60 
of atmospheric pressure; but the light 
Rashes occurred only at pressures be
tween about 1120 and 112 atmosphere. 
In truth, when the pressure was one at-

mosphere-that is, when the vessel was 

not evacuated at all-shaking the mer
cury around over the glass produced 
"little bright sparks"; but these, Hauks
bee noted, differed markedly in appear
ance from the more diffuse light seen 
when the vessel was partly evacuated. 

H AUKS BEE now broadened the prob-
lem by asking whether mercury and 

glass were the only substances that could 
produce the light flashes when rubbed 
together in rarefied air. Here he used a 
"machine for giving a swift motion to 
bodies in a vacuo." This device consisted 
of a wooden wheel with a large number 
of amber beads fastened around its rim 
and so mounted that when it rotated the 
beads pressed against a series of woolen 
pads. The wheel was placed within a 
glass vessel which could be evacuated; a 
hand-operated belt and pulley arrange-

Fig.J-

ment turned the rim of the wheel at 
speeds up to "something more than one 
third of a mile in a minute."' Upon start
ting the air pump and setting the wheel 
in motion, Hauksbee observed flashes in 
the rarefied air. 

He tells next how he replaced the 
beaded wooden wheel with a small glass 
globe; when the globe was rotated so as 
to rub against the woolen pads in the 
evacuated vessel, the light again ap
peared. He also rubbed glass against 
oyster shells, wool against oyster shells, 
and so on. In every case the light ap
peared in the rarefied air, although with 
varied intensity_ Thus he had proved 
that the nature of the substances rubbed 
together was not crucial to the experi
ment; the governing factors were the 
friction and the rarefaction. 

After a brief diversion to unrelated ex
periments on the specific gravity of water 

BAROMETRIC LIGHT apparatus used in Hauksbee's early experiments is 
reproduced from the Philosophical Transactions for 1705. Outer vessels 
in Figures land 2 were evacuated, and the mercury agitated in 1 by bub
bling air through the reservoir and in 2 by pouring the liquid from funnel 
over inner vessel. At bottom are other arrangements of mercury in vacuum. 
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FRICTION IN A VACUUM was produced in the jar 
atop the stand at right. The spindle within the jar 
turned in a tightly-fitted leather gasket; below was a 

pump which maintained the vacuum. The object to be 
rubbed was mounted on the spindle and pressed against 
woolen pads that were attached to a stationary bracket. 

and the rise of water in capillary tubes in 
a vacuum, Hauksbee returned to the 
problem of light produced by rubbing. 
He now employed his productive imagi
nation to design a modified machine that 
was much easier to construct and hand
ier to use. Instead of enclosing the ro
tating glass globe in an evacuated vessel, 
he evacuated the globe itself, sealing it 
so that the air could not re-enter. With 
the container thus eliminated he could 
use a larger globe, one of about nine 
inches diameter; moreover, he could rub 
the spinning globe simply by laying his 
"open and naked hands" lightly upon it. 
When he did this the light appeared in
side the sphere. By placing his hands so 
that they touched as much as possible of 
the globe's surface, he produced a light 
so bright that, in a darkened room, 
"words in capital letters were clearly 
legible by it." 

Hauksbee now turned back to the 
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original problem of the light in the ba
rometer. Suppose that one did not shake 
the barometer, but rubbed the upper, 
evacuated part of the tube with the 
hand. He tried this and the light ensued. 
At this point, in the summer of 1706, 
Hauksbee may have begun to feel con
fident that the barometric light was 
closely related to the electrification pro
duced by rubbing glass and other sub
stances. That he had reached this point 
in his reasoning is certainly suggested by 
the fact that he next took up a study of 
"the extraordinary electricity of glass." 
He began with reactions that were al
ready well known in his day: A glass 
tube that had been rubbed with paper, 
say, would attract pieces of brass leaf or 
other light objects; and these objects, 
upon striking the tube, would sometimes 
adhere to it and at other times be vio
lently repelled. He spoke of the "efflu
vium" that reaches out from the tube to 

the brass leaf, thus indicating that he had 
some knowledge of earlier electrical 
work; for it was by postulating a mate
rial but invisible effluvium, which sup
posedly connected any electrified body 
with surrounding objects, that investiga
tors for more than a century and a half 
sought to explain electrical attraction. 

Soon Hauksbee's electrical experi
ments became more novel. He held a 
rubbed tube close to his face and his 
cheeks felt as if "pusht with the points of 
a considerable number of weak hairs." 
In this discovery of the "electric wind," 
as it is now called, he saw new proof that 
electrified bodies emit a material effl u
vium. Today the electric wind is known 
to be a stream of charged air particles 
that are repelled by the electrified body. 

Now the air pump came back into 
plav. Hauksbee evacuated the glass tube 
and, upon rubbing it, observed the fa
miliar light. But even when rubbed most 
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vigorously the tube no longer drew the 
brass leaf to itself, "notwithstanding it 
was held within a quarter of the distance 
at which it had been attracted before." 
He did notice some slight motion of small 
parts of the brass leaf, but suspected that 
even this attraction would have disap
peared if the last traces of air could have 
been removed from the tube. 

Hauksbee deserves much sympathy 
here, for he was dealing with very com
plex phenomena. He had clearly em
barked on these electrical experiments in 
the belief that electrification by friction 
(triboelectrification) and the production 
of the light by friction were in some way 
related. Yet, after obtaining good elec
trical results with his glass tube, he 
evacuated it to produce the light and 
found its attractive property greatly 
weakened. He was justified at this point 
in suspecting that the tube, if perfectly 
evacuated, could not be electrified at all. 
Since at this time electrification was de
fined as the ability. of a rubbed object to 
attract or repel other objects, there could 
be no question of electrification in the 
absence of attraction or repulsion. We 
shall see later that it was Hauksbee him
self who, in effect, extended the defini
tion of electrification to include the abil
ity to produce light in rarefied air and 
sparks in the open air. 

At this stage of his work Hauksbee 
changed his mechanical rotator into "

a 

machine of a new contrivance" by shift
ing the axis of the spinning glass vessel 
from the vertical to the horizontal posi
tion. This developrpent is illustrated by 
the engraving at the right. Upon evacu
ating the vessel and setting it spinning 
under his open hands, he found that it 
again "succeeded in respect to the light 
produced." 

His next step was especially important 
to the investigators who followed him. 
He let the air back into the glass vessel 
and proceeded to use the machine for 
the usual electrical experiments of at
traction and repulsion. From antiquity 
up to that time (1706) all such experi
ments had been performed by holding a 
piece of amber, glass or other similar 
substance in a fixed position and rubbing 
it by hand-a slow, awkward and usually 
laborious process. Hauksbee, by placing 
his hands on the spinning glass vessel, 
could effect the rubbing at a tremendous 
rate and with comparatively little effort. 
In brief, he had invented what is often 
called the triboelectric generator. 

THIS INVENTION has in the past 
� been generally credited to Von Gue

ricke, who in 1672 described a large ball 
of sulfur mounted on an axle to which 
was attached a crank. Laying his bare 
hand on the rotating ball, he had ob
served a number of phenomena that we 
now know were electrical. However, Von 
Guericke's interest was in developing a 
new theory of the earth's rotation, and 

the sulfur ball was intended as a model 
of the rotating earth. Thus he did not de
vise it as an electrical generator or use it 
for investigating electricity. �'loreover, 
his device and the experiments with it 
seem to have been unknown to electrical 
experimenters in England and France 
until nearly three decades after Hauks
bee had published his work. Since 
Hauksbee built his generator to study 
electricity and since it had an immediate 
and important effect in that area, he 
should be regarded as the effective in-

ventor of this early electrical machine. 
Hauksbee now moved on to a new 

group of experiments, some of which 
were spectacular. He mounted a second 
glass globe within an inch of the one on 
the generator, but set up to spin inde
pendently. This second globe he evac
uated, the one on the generator being 
left unexhausted. He then put both ma
chines in motion and placed his hand on 
the generator globe, "the effluvia of 
which in a little time reaching the ex
hausted globe" immediately produced in 

TAB. VII. 

ELECTRIC GENERATOR was a spinning globe that could be rubbed by 
hand. In other experiments a cylinder with threads attached to its walls 
replaced the globe. Figure 1 shows the position of threads when cylinder 
is uncharged and stationary. In figure 2 the cylinder is rotating but is 
not yet charged. Figures 3 and 4 show the effect of charging the cylinder. 
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it a "pretty vigorous" light, "without the 
assistance of a touch from anything else 
to influence it." 

Soon he found that it was unnecessary 
to rotate the second vessel. He noted, 
after merely holding an evacuated tube 
close to the generator globe, that it was 
"very surprising to see what large flashes 
of light would be produced in the long 
glass tube without its touching the glass 
in motion or itself being either moved or 
provoked by an immediate attrition." 

In thus showing that light appeared in 
an exhausted vessel when it was merely 
held near an electrified globe, Hauksbee 
came very close to discovering the im
portant principle that any object be
comes electrified temporarily when it is 
in the vicinity of, but not touching, an
other object that is already electrified. 
This later came to be called charging by 
"influence" or by "electrostatic induc
tion." 

But although Hauksbee accurately ob
served and described charging by influ
ence, he did not discover it as a new 
phenomenon because he managed to fit 
it into the old theories. He was of course 
puzzled when the light appeared in an 
unrubbed evacuated vessel, but he even
tually hit on an ingenious explanation: 
the vessel was being rubbed by the ef
fluvium issuing from the hand-rubbed 
generator globe. Thus he "saved" the 
prevailing notion that only rubbing an 
object could produce either electrifica
tion or the barometric light. At the same 
time, he missed the discovery that these 
phenomena are also produced by "influ
ence." 

If the effiuvium can serve as a rubbing 
agent, then it must have a certain stiff
ness and act much like a solid body. 
Hauksbee was here following a false 
trail, but the experiments he performed 
were nevertheless most fruitful for his 
successors. Having noticed that bits of 
thread appeared to be "equally at
tracted" by all parts of an electrified 
bpdy, he began a study of this phenome
non with the aid of an electroscope 
which he had specifically designed for 
the purpose. It was made by suspending 
short lengths of thread from a semicir
cular wire. This wire he fastened con
centric with a glass cylinder mounted on 
his generator in the manner depicted on 
the preceding page. When the cylinder 
was rotated and was electrified by plac
ing the hand on it, each thread moved 
until it pointed toward the axis of the cyl
inder. Upon replacing the cylinder by a 
glass globe, Hauksbee found that all the 
threads pointed toward the center of the 
electrified sphere. 

FOR MORE THAN a century it had 
been known that bits of iron placed 

near a magnet on a table tend to arrange 
themselves in a definite pattern. Now 
Hauksbee was showing that threads sus
pended in the "field," as it is now called, 
of an electrified body likewise assume 

definite pOSitions. His conjecture was 
that the threads were held in their radial 
positions by the substantial effiuvium 
issuing from the electrified body. 

What he next observed was also new 
and, moreover, quite complicated. While 
using his electroscope, he found that the 
loose end of a thread was repelled by his 
finger when both finger and thread were 
close to an electrified body and yet had 
not touched it. His explanation was that 
the finger displaced the "solid" effiuvium 
surrounding the electrified body, and the 
effiuvium, in turn, pushed away the loose 
end of the thread. 

Then he moved his finger toward the 
fastened end of the thread and was sur
prised to see it attracting this portion, 
although neither finger nor thread had 
been rubbed to electrify them. This he 
could not explain. A satisfactory explana
tion had to await the discoveries, after 
Hauksbee's day, of charging by influ
ence, electrical conduction and the exist
ence of the two kinds of electrification, 
positive and negative. 

Wondering whether the hollow glass 
globe of the generator emitted the ef
fluvium in the inward direction, as well 
as the outward, he tied threads to a 
wooden disk mounted inside the globe 
in such a way that the threads did not 
touch the glass. The experiment did not 
work very well at first, but eventually he 
was able to show that these inside 
threads did assume radial positions when 
the globe was rubbed. Since only the 
outer surface of the globe had been rub
bed, whereas threads supported either 
inside or outside were affected, he in
ferred that the effiuvium was coming, not 
from the surface, but from the solid mat
ter of the glass. 

Upon bringing his finger close to, but 
not touching, the electrified globe, he 
saw it repel the loose ends of the threads 
inside, just as it had done when the 
threads were outside the globe. Seeming
ly the finger was pushing the "solid" ef
fluvium through the glass. "But what is 
still more strange," he said, "[this ef
fluvium,] although so subtle as seeming
ly to permeate glass, will not (as I have 
taken notice of in a former experiment) 
affect a thread through a piece of muslin. 
Now whether the muslin absorbs the ef
fluvium, or what other laws it may be 
subject to, I cannot tell, but sure I am 'tis 
very amazing." 

Eventually he hit on a way to adapt 
the effiuvium hypothesis to these "amaz
ing" results: the effiuvium, though it be
haves like a solid body, can pass freely 
through the substance from which it 
originates-here the glass-but not easily 
through other materials, such as muslin. 
If this hypothesis were valid, it would 
follow that the effiuvium originating 
from, say, rubbed sealing wax, would not 
pass freely through glass. But upon hold
ing a stick of rubbed sealing wax close to 
the glass globe, Hauksbee found to his 
disappointment that it attracted the 
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loose ends of the threads inside. So did 
rubbed amber when held near the globe. 
The only way that he could find out of 
this difficulty was to suggest that there 
must be something much alike in the 
make-up of glass, sealing wax and pre
sumably the various other substances 
which, in his time, were known to be
come electrified when rubbed. Other
wise, he could not "conceive how the ef
fluvium of one can penetrate with such 
case through the body of the other." 

ONE fi nal Ha uks bee experimen t should 
be mentioned because, when it was 

repeated by the French chemist Charles 
du Fay, it led him to discover "positive" 
and "negative" electrification. Hauksbee 
first observed that a piece of brass leaf, 
which had been attracted to and had 
touched an electrified glass tube, was 
thereafter repelled and could be "hunted 
about a room" with the tube. The Hoat
ing brass leaf retreated, he explained, be
cause it was pushed away by the stiff ef
fluvium surrounding the tube. This be
havior had been noticed by others, but 
what he next saw was really novel. As 
soon as the retreating leaf touched some 
unelectrified object, such as the wall of the 
room, it not only ceased to be repelled 
but also was attracted by the electrified 
tube. This sudden reversal of perform
ance could not be accounted for by the 
effluvium hypothesis. New discoveries 
and concepts were needed, and these 
came several decades after Hauksbee's 
time. Then it could be explained that the 
brass leaf, upon touching the positively 
charged glass tube, itself became posi
tively charged by conduction and was re
pelled by the tube. But when the leaf 
touched the room wall, it lost this posi
tive charge and was attracted to the tube. 

Lacking the concepts just mentioned, 
Hauksbee understandably could not fit 
all of his observations into a single con
ceptual scheme. Nevertheless, his con
tinual effort to modify the notion of the 
cffluvium bore fruit; it provided him with 
a succession of working hypotheses, each 
leading to new experiments and often to 
new .factual knowledge. 

At first glance Hauksbee's contribu
tions to electrical science may seem to 
have been negative. So few facts and no
tions about electricity had accumulated 
in the preceding centuries that the sub
ject appeared to be very simple. The 
new phenomena that Hauksbee uncov
ered were uncoordinated and at variance 
with existing notions; they raised ques
tions that could not immediately be an
swered. Yet it is when traditional beliefs 
are thus challenged, when established 
theories are seen to be unsatisfactory, 
that vigorous inquiry gets under way. 
When the problems to which Hauksbee 
called attention were solved, a rapid ad
vance in electrical science became pos
sible. He opened a new frontier in an 
area of knowledge that had been com
paratively inactive for 100 years. 
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ESSENTIAL OILS 

The aromatic exudations of plants are esscntial to the ancient 
pcrfume and flavor i ndustry and to rnodern chen1ical technology. 
'�/hy plants make them, ho\vever, is still in1pcrfectly understood 

X
l J ORANGE PEEL, when sharply 

bent, ejects tiny ail draplets. 
These may be seen as flashes af 

fire in the flame af a match held nearby, 
ar as aily spats an paper. Cantrary to. the 
behavior af fatty ails, hawever, these 
spats gradually disappear, carrying with 
them the adar af arange peel. In this 
simple experiment we have isalated an 
essential ail and learned abaut its typical 
characteristics: its valatility, plant arigin 
and ability to. calTY the fragrance af a 
plant. We can guess why such ails are 
called "essential," far to. the flavar and 
perfume industry they are the plants' es
sential parts ar quinta essentia, as 
chemists af the !\1iddle Ages called them. 

A claser laak at the arange peel shaws 
numeraus small pares easily distinguish
able fram the surraunding tissue. Cut
ting a thin slice af peel we abserve under 
a micrascape that the ail is cantained in 
many spherical ail glands. Nature shaws 
many types af such ail glands. In pine 
trees they have lang canals fram which 
cssential ails and resins are released anly 
by deep gashes in the tree. In many leafy 
plants they are external glands, cavered 
anly by a thin membrane which breaks 
at a tauch. Often the heat af the sun is 
enaugh to. evaparate substantial amaunts 
af ail. The "burning bush," Dictal11nllS 
albus, is a spectacular example. During 
the day it releases so. much ail that the 
whale plant can be ignited by a match 
held same distance away. Usually vala
tile ails are given aff in much smaller 
amaunts which can anly be detected by 
micrachemical methads. Califarnia sagc 
excretes 10 to. 20 milligrams af arganic 
campaunds per kilagram af plant per 
haur. These vapars, candensed by lead
ing them thraugh caaled traps, have thc 
true fragrance af the plant. 

Such pracedures for callecting the es
sences af plants and flawers might be 
useful far a scientific investigatian, but 
they are tao. expensive far a cammercial 
pracess. Far this the French perfume in
dustry has a mare practical salutian 
called enf/eumge, which makes use af a 
well-knawn and sametimes disagreeable 
praperty af fats to. adsarb and hald adars 
rather tenaciausly. Freshly picked Haw-
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ers are spread aut an glass plates cavered 
with highly purified adarless fat. The 
platcs are stacked an tap af each ather in 
waaden frames in such a way that layers 
are farmed in which the flawers are sur
raunded by a thin film af fat. After the 
fat has adsarbed mast af the adars, the 
essence is extracted with alcahol and the 
alcahal remaved to. leave a cancentrated 
flaral extract. These extracts are the fa
maus absalutes af enf/ewrage, so. true to. 
the natural adar that they farm the base 
af many expensive perfumes. Fram a 
thausand kilagrams af tuberases six to. 
seven kilagrams af absalute is abtained, 
af which anly ane kilagram is the true es
sential ail. Cansidering the law yield and 
the tremendaus labar in valved in han
dling, prices af a few hundred dallal'S per 
aunce are nat astanishing. 

An impartant feature af enf/eurage is 
that the flawers keep an praducing vala
tile substances while the adsorptian in 
fats gaes an. This is nat true of salvent 
extractian, a secand methad far cancen
b'ating fragrances fram Rawers. This 
methad immediately staps the flawer's 
productian af ails, hence yields are anly 
ane half to. ane third thase af enf/eurage. 
Nevertheless, since salvent extractian re
quires less hand labar, mast flaral ex
tracts are naw prepared by this methad. 
The salvent used is generally a highly 
purified petraleum ether, free fram anv 
fareign adars. Allawed to. penetrate the 
Hawers in specially built extractars, it 
dissalves aut the adariferaus substances 
tagether with same waxes and calaring 
matter. The salvent is then drawn aff in 
a vacuum, leaving behind a cancentrated 
Rawer ail retaining the delicate adar af 
the ariginal. This is the pracess generally 
applied taday in sauthern France
Grasse and Cannes-yielding ails af high 
quality from such flawers as jasminc, 
tuberase, janquil, hyacinth, acacia, mi
masa and vialet. 

SOLVENT EXTRACTION is by no. 
means a cheap process and is used 

anly in abtaining the mast delicate 
Hawer ails. When ails from leaves, stems, 
raats 0.1' seeds are extracted, steam dis
tillatian is used. Extensive descriptians 

af this classical pracess are given in the 
first handbaak an distillatian, printed in 
A.D. 1600. It cantains directians far the 
preparatian af ails af spike, turpentine, 
juniper and rasemary. A flask cantaining 
water and plant material is heated aver a 
fire, and the steam praduced carries aver 
the valatile ails, which, after passing 
thraugh a kind af fractianating calumn, 
candense in the receiving Hask where the 
insaluble ail separates from the water. 
This simple pracedure using the simplest 
af stills is emplayed by farmers in dif
ferent parts af the warld dawn to. the 
present day. 

In a mare madern versian af steam 
distillatian the steam is produced in a 
separate still and is then blawn thraugh 
the plant material. This methad pra
duces the tremendaus amaunts af ails 
turned aut by the naval-stares industry, 
a name surviving from the days when 
tars and pitch fram the crude alearesins 
af pine trees were used in the canstruc
tian, repair and preservatian af waaden 
ships. Taday the industry has entirely 
different custamers, but the term naval 
stares is still used far the steam distillate, 
turpentine, ahd the residual tarry and 
aily products af the pine. This industry, 
centered araund Geargia, Flarida and 
Oregan, praduces abaut 25 million gal
lans af essential oil and ane million tans 
af resins per year. These find their way 
into. a multitude af uses ranging fram sal
vents in paints and varnishes to. frathing 
agents, sprays, palishes, disinfectants, 
deadarants, sweeping ails, writing and 
printing materials. The chemical indus
try uses many af the ail and resin cam
panents as starting materials in the syn
thesis af valuable products. Far instance, 
pinene, the main canstituent, is chemi
cally canverted to. camphar, which gaes 
into. the making af cellulaid and films. 
Other campanents are canverted to. paly
mers, terpenes, phenal resins and plas
ticizers. 

The rising madern demand far ter
penes is fartunately met by the utiliza
tian af aId pine stumps still remaining 
fram cut-aver virgin farests. Enlightened 
use af existing farests, caupled with an 
intensive reforestatian pragram, pram-
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ises a continuing supply in the future. 
The U. S. essential oil industry also sup
plies millions of pounds of oil used in the 
flavoring industry. Oils of peppermint, 
spearmint, orange, lemon, sassafras, bit
ter almond, mustard and wintergree'n 
find their way into candies, ice cream or 
soft drinks. For medicinal purp<1ses, 
small amounts of oil of erigeron, worm
wood, wormseed and tansy are pro
duced. To satisfy the demands of these 
industries dozens of oils are imported 
from all parts of the world. 

To FIND OUT what these oils really 
are, it might be well to return to our 

first experiment, wherein we pressed 
some oil from the peel of an orange. For 
chemical investigation we need at least a 
few ounces of oil, and we might follow 
the practice of the Italian orange presser, 
who squirts the oil on a sponge until it is 
saturated. Next he squeezes the oil from 
the sponge into a pail. We are probably 
not as skilled as the Italian farm boy, 
who handles some 3,000 oranges and 
collects about three pounds of oil a day. 

Nevertheless, after a few hours we shall 
have enough oil to start the analytical 
work. A fractional distillation shows that 
the bulk of the oil, boiling at 349 degrees 
Fahrenheit, consists mainly of one com
pound made up of molecules composed 
of 10 carbon atoms and 16 hydrogen 
atoms. It is identical with a compound, 
limonene, isolated from lemon oil. Fur
ther analysis shows that this main com
ponent is accompanied by small amounts 
of alcohols, aldehydes and acids. 

Looking only at the carbon skeletons 
of these components, two groups emerge. 
One, which includes decyl aldehyde, 
octyl alcohol, caprylic, capric and acetic 
acid, has carbon linkages of different 
lengths, with the carbon atoms forming 
regular chains like strings of beads. The 
other group is quite different. AU three 
compounds in this group consist of 10 
carbon atoms, eight of which form a 
regular chain, while the remaining two 
are attached somewhere along this chain. 
Their position on the chain, however, is 
not haphazard, as a survey of the hun
dreds of similar compounds from differ-

OLEORESINS from gashes in southern pine and from old pine stumps 
form the biggest essential oils industry: turpentine and certain terpenes. 

• MC-305 is the easiest to mold of 
Koppers "high impact" series of 
Modified Polystyrenes. It has been 
used in such large area moldings as 
refrigerator door liners, air condi
tioning housings, and television 
masks and tube protectors. 

MC-305's high resistance to shock 
and impact minimizes danger of 
damage to molded sections during 
ordinary production line handling 
as well as during actual use. Its 
shock resistant qualities also make 
MC-305 an excellent material for 
toys and novelties. 

Possibly you have a product that 
can be made better or faster or less 
expensively with Koppers Modified 
Polystyrene. To help you choose the 
right Koppers material for your 
particular job, we have preparo::d a 
new technical bulletin detailing the 
properties of Koppers Modified 
Polystyrenes. Write today for your 
free copy. 

Chemical Div., Dept. SAP-83, 
Pittsburgh 19, Pennsylvania 

Sales Offices: New York' Boston ' Philadelphia 
Chicago • Detroit · Los Angeles 
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Ultrasonic 

BEFLECTOSCOPB 

TESTING 

NOW AVAILABLE FOR ANY DESIRED 

TERM THROUGH ECONOMICAL 

SPERRY IN SPECTION SERVICE 
Sperry Ultrasonic Testing makes it possible 
to conduct your periodic inspections of 

machinery and other production equip
ment rapidly and dependably without 
time and money-wasting disassembly, Pen
etrating up to 30 feet in solid metal, this 
latest and finest of the non·destructive 
testing methods locates hidden defects not 

detectable by the most careful visual in. 
spection. 

ReOectoscope Testing is available when 
you need it on an economical basis. Hire 
at:" experienced inspection engineer using 

a Sperry Reflectoscope for any desired 
time from 4 hours up. 

Write Now Fo, Complete Inlormation 
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DANBURY. CONNECTICUT 
o Please put me on your mailing !ist 

for Industrial Application Reports. 

o Have 0 SPERRY Representative drop in' 
when he's in the area. . 
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NAME ____________ __ 

TITLE 
COMPANY __________ ___ 

CO. ADDRESS _________ ___ 

CITY _____________ _ 

ZONE _____ STATE _____ __ 

H 3 C -COOH ACETIC ACID 

H 3C -CH2-CH2-CH2-CH2- CH2-CH2-COOH CAPRYLIC ACID 

H 3 C -CH 2 - CH 2 - CH 2 - CH 2 - CH 2 -CH 2 - CH 2 - CH 2 - COOH CAPRIC ACID 

H 3 C - CH 2 - CH 2 -CH 2 -CH 2 - CH 2 - CH 2 - CH 2 - CH 2 - CHO DECYlALDEHYDE 

H 3 C - C = CH - CH 2 - CH 2 - C = CH -CHO • CITRAL 
I I 

CH CH 

OH 
r 

H 3 C ..... C = CH - CH 2 - CH 2 - C - CH = CH 2 lINALOOL 
I I 

CH3 CH3 

[ I 
H 2 C = C - CH -CH 2 - CH 2 - C = CH - CH 2 lIMONENE 

I I 
CH3 CH3 

ORANGE OIL has many built-up isopentane (five-carbon chain) compo
nents. The major one is fragrant limonene, first identified in lemon peel. 

ent oils shows. There is a recurrence of a 
five-carbon isopentane unit which is 
typical for these structures: 

C 
I 

C-C-C-C 

When two of these isopentane units 
are coupled, as in limonene or citral, the 
name terpene is used, a reminder that 
this type of compound was first discov
ered in turpentine. In this double-iso
pentane group we find valuable perfume 
and flavor compounds, such as geraniol 
from oil of roses and menthol from oil of 
peppermint. In the higher boiling frac
tions of the oils, the building principles 
of the terpenes is continued in com
pounds consisting of three isopentane 
units. Since they contain one and a half 
times as many carbon atoms as the ter
penes, they are known as sesquiterpenes. 
They, too, are valuable perfume com
pounds, and among them are the odorif-

erous principles of sandalwood and lily 
of the valley. The occurrence of this iso
pentane pattern presents an interesting 
problem, especially in view of accumu
lated evidence that this type of structure 
is a building principle quite frequently 
seen in both plants and animals. 

Still other members of the terpene 
series were found in the residues from 
the steam distillation of oleoresins. Resin 
consists for the most part of acids such 
as abietic acid, a compound with 20 
carbon atoms belonging to the group of 
diterpenes. An important member of this 
group is phytol, which is part of the 
molecule of chlorophyll, the green pig
ment of plants. Interesting higher ana
logues consisting of six isopentane units 
are found in the saponins, present in 
soap root. Other triterpenes are squa
lene, found in liver, and lanosterol, a 
constituent of wool fat. Still higher poly
mers are found in the yellow and orange 
pigments known as carotenoids, present 

STEAM DISTILLATION is the oldest method for getting essential oils from 
plants. A primitive Javanese distillation apparatus here extracts cananga oil. 
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IDEAS HAVE PROPEL lEO THE DETERGENT INDUSTRY through a period 

of soaring growth. Until recently, chemists were limited to a small 

group of basic materials around which to build their formulae. Now the 

detergent industry, with a wide range of "building blocks" at its disposal, 

can construct a variety of products to do specific cleaning jobs. That vast 

new markets have been tapped is evidenced by the estimated 1952 syn

thetic detergent production-over 1.7 billion pounds, or a 4-fold growth 

in a 5-year period. 

IDEA-CHEMICAL 

produces a versatile detergent that 
makes a laundry's washday simpler 

Delicate fabrics ... hard water 

.. . a c i d i c  w a s h  s o l u t i o n s

these are problems facing com

mercial laundries, problems that 

demand maximum versatility in 

the detergents used as washing 

powders. 

That's one reason why the de

tergent industry is turning with 

increasing interest to an Idea

Chemical from Du Pont-Lorol * 
5 Fatty Alcohol - a  mixture of 

saturated higher fatty alcohols 

ranging from ClO to CIS. One 

manufacturer, for example, uses 

this Idea-Chemical as a basic 

raw material in the manufacture 

of a washing powder reported to 

be "ideally suited to the vary

ing conditions encountered in 

Write for our new booklet on Polychemicals 
products for industry 

These products for the detergent industry are typical. Polychemicals pro

ducts for industry include amides, alcohols, esters, organic acids, sol

vents, resins and plastics. For more information about products which 

may be useful in your industry, send for our new booklet, "Products of 
the Polychemicals Department." You'll find descriptions, properties, 

uses, possible applications and other data. Write on your business let

terhead for your copy. We will gladly cooperate with you on any appli

cations for Polychemicals products you would like to investigate. 

E. I. DU PONT DE NEMOURS & CO. (INC.) • POL YCHEMICALS DEPT. 598 • WILMINGTON 98, DEL, 

commercial laundries." Pro

duced as the sodium salt of the 

sulfated fatty alcohols, this de

tergent is not affected by hard 

water and retains its cleaning 

power in acidic washing solu

tions. In addition, it thoroughly 

-yet safely-cleans nylon, ray

ons, silks and other fine fabrics. 

But "Lorol" 5 Fatty Alcohol is 

only one of the Idea-Chemicals 

from Du Pont helping the deter

gent industry do a better job. 

HydroxyaceticAcid-used in the 

formulation of mild but effective 

acid detergents for cleaning dairy 

equipment-is another example 

of how the i�dustry is finding 

ever-increasing applications for 

these versa tile chemical products. 
*REG. u. S. PAT. OF ... 
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Linear accelerometers 
are manufactured by 
Statham Laboratories for 
measurement in ranges 
from ± 0. 5g to ± 1,000g. 
Unbonded strain gage 
accelerometers have higher 
natural frequency than 
is usually attainable with 
other types of pickoffs. For 
maximum possible output, 
the mechanical construction 
of these instruments is 
such that movement of the 
suspended mass produces 
a change of resistance 
of all four arms of the 
complete balanced bridge. 
The resistive nature of the 
bridge permits the use of 
these accelerometers in either 
A.C. or D. C. circuits. 

Please request 
Bulletin No. 4.0. 

LAB 0 RAT 0 R I E.S 
• los Angeles 64, Calif. 

" 

VACUUM STILLS fractionate fruit and flower extracts used in perfumes, 
which are obtained by modern steam or solvent extraction processes. 

in orange peel and in many flowers. Fi
nally we see the elementary unit re
peated 1,000 times in such polyterpenes 
as rubber and caoutchouc. 

M'ANY THEORIES have been given 
to account for this characteristic 

terpene pattern, and many intermediates 
have been postulated in their synthesis. 
The availability of isotopiC material has 
made it possible to test some of these 
hypotheses, and it was found that the 
carbon atoms of isotope-labeled .acetic 
acid are incorporated into the molecules 
of the terpenes. It was even possible to 
assign a distinct origin to each carbon, as 
arising from the methyl or carboxyl 
group of acetic acid. The pattern of syn
thesis finally emerging is as follows: 

M-C-M-C-M-C-M-C-
I I 

M M 

Here M represents the carbon of the 
methyl, and C that of the carboxyl 
group. Similar experiments in the bio
logical synthesis of fatty acids have 
shown that these, too, are derived from 
the coupling of acetate molecules, in 
which the carbons of the methyl and car
boxyl groups alternate. The formation of 
the terpenes is apparently related to the 
fundamental processes of fat synthesis, 
and the occurrence of both straight and 
branched-chain compounds in many oils 
is no longer surprising. 

THE DIVERSITY of products con
tained in the oils raises the question 

whether they have some particular func
tion in the plant. There is no doubt that 
some of the higher terpenes-phytol and 
carotenoids-take part in the assimilation 
processes leading to carbon dioxide for
mation. However, we are at a loss to ac
count for most of the oil constituents. 
Some may serve as a means of attracting 
or repelling insects. Others may give pro-

tection against wounding or function as 
reserve food. 

At best these explanations apply only 
to isolated cases. As a rule the oils ac
cumulate during the lifetime of the 
plant, and after death the oil is found to 
persist. The guayule plant, which ac
cumulates from 15 to 20 per cent of its 
dry weight in the poly terpene rubber, 
never makes use of this energy source. 
The naval stores industry draws largely 
from the supply of oils and resins left in 
stumps which have been in the ground 
hundreds of years. This resistance to de
composition might well be the reason for 
the accumulation of the oils in the plants. 
Their interfering action in many biologi
cal reactions may cause thickening of the 
surrounding cells and changes in the 
normal metabolism, resulting in the for
mation of cork and mucilaginous layers 
with low permeability to the oil. 

The essential oil vapors do reduce the 
amount of water lost by the plant, and 
also decrease its movements toward light 
and in response to gravity. This rather 
non-specific effect may be of importance 
to the plant on hot and sunny days when 
excessive transpiration has to be avoided. 
However, at present it is as premature to 
endow the oils with certain functions as 
it is to regard them as mere waste prod
ucts of plant metabolism. 

In the past the chemical investigation 
of the essential oils has contributed ma
terially to the development of organic 
chemistry, and it still continues to pro
vide interesting examples of the syn
thesizing ability of plants and animals. 
Following the pattern set by nature, the 
perfume and flavor industries have 
learned to duplicate some of the natural 
materials by artificial synthesis, thus 
bringing good perfumes within the reach 
of many. This increased use has in turn 
created a greater demand for the natural 
oils, which are still indispensable in qual
ity products. 

© 1953 SCIENTIFIC AMERICAN, INC



�iiii;l -
Three reasons 

why Lockheed in California 

offers 

better careers for engineers 

This capacity to develop and produce 

such a wide range of aircraft is important to career

conscious engineers. It means Lockheed offers 

you broader scope for your ability. It means there is more 

opportunity for promotion with so many development 

and production projects constantly in motion. It means your 

future is not chained to any particular type 

of aircraft-because Lockheed is known for leadership 

in virtually all types of aircraft. 

Lockheed's versatility in development and 

production is also one of the reasons it has an unequaled 

record of production stability year after year. 

Lockheed 

I Diversified Production 

Huge luxury airliners, cargo transports, fighters, bombers, 

trainers and radar search planes are rolling off 

Lockheed assembly lines. Twelve models are in production. 

2 Diversified Development Projects 

The most diversified development program in Lockheed's 

history is under way-and it is still growing. 

The many types of aircraft now in development indicate 

Lockheed's production in the future will be as 

versatile as it is today - and has been in the past. 

3 Diversified Living 

You work better in Lockheed's atmosphere of 

vigorous, progressive thinking-and you live better in 

Southern California. You enjoy life to the full 

in a climate beyond compare, in an area abounding 

in recreational opportunities for you and your family. 

AIRCRAFT CORPORATION 

Burbank, California 
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The Genetics of the Dunkers 
1n the hands, ears and blood of the l1�elnbers of this 

small religious sect a geneticist finds e()idence for 

an important force in human e()olution: genetic drift 

T
HE DUNKERS, a small, sober 

religious sect that originally set
tled in eastern Pennsylvania, 

possess a characteristic of great 
-
interest 

to human geneticists. They are a group 
genetically isolated by strict marriage 
customs in the midst of a much larger 
community. Their beliefs have kept 
them distinct for more than two centu
ries. When Milton S. Sacks, director of 
the Baltimore Rh Typing Laboratory, 
and I were searching for a group in 
which to study how present blood-type 
and other hereditary differences arose in 
human populations, we turned to the 
Dunkers. Not only were they ideal for 
the study but also they opened up a 
larger area of inquiry. In them it is pos
sible to perceive how racial differences 
which today distinguish millions of men 
first emerged and became set, so to 
speak, in small populations. 

For 20 years anthropologists and ge
neticists have been increasingly aware 
of the importance in evolutionary proc
esses of population size. In prehistoric 
times, when man was a hunter and gath
erer, the world was sparsely inhabited. 
Hunting tribes are never large-1,000 
people or so at most-and each tribe must 
range a rather large area to secure food 
and clothing. To keep this area inviolate 
and the tribe intact, primitive social cus
toms include a simple avoidance of out
siders as well as active hostility, head
hunting and cannibalism. Such customs 
tend to keep each tribe to itself and to 
make intermating between tribes quite 
rare. This was the period in human his
tory when racial differences must have 
arisen and become set. 

Such traits were probably established 
either by natural selection or by genetic 
drift, a term which may be explained as 
follows. In large populations chances in 
opposite directions tend to balance-e.g., 
boy babies would generally equal girls 
in number-and the frequency of any ge
netic trait is expected to repeat itself 
generation after generation. But in small 
groups chance fluctuates more around 
the expected norm. No single family, for 
instance, is certain to have an equal 
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number of boys and girls, and a predict
able number of families will have all one 
or the other. If, in a small population, the 
initial proportion of brown eyes and blue 
were equal, the following generation 
might by chance have 45 per cent brown 
eyes and 55 per cent blue. This variation 
would then be expected to repeat itself 
by genetic law. However, the next gen
eration might again by chance return to 
the 50-50 ratio or might shift to 40 per 
cent brown and 60 blue. If the latter 
were to happen, the expectation for the 
next generation would again be shifted, 
and this cumulative change by pure 
chance is what is meant by genetic drift. 
The phenomenon might continue until 
the whole population was either blue or 
brown eyed. Which ever way it went, 
once it had gone all the way it could not 
easily drift back. At that point it would 
be fixed in character until some mutation 
of the gene for eye color occurred. The 
chance of this in a small population is 
low, because the probability that a single 
gene will mutate is generally only one in 
100,000 or even one in a million. 

The actual operations of genetic drift 
are hard to pin down at this late date. 
Some present-day primitive peoples have 
been observed to have sharp divergences 
of inherited traits. The Eskimos of Thule 
in northern Greenland, where we are 
building a big air base, have a much 
higher frequency of the gene for blood 
group 0 (83.7 per cent) and a lower fre
quency of the gene for blood group A (9 
per cent) than other Eskimos. They live 
far to the north and rarely mingle with 
the more populous Eskimo communities 
of the south. The Thule tribe numbers 
only 57. While its differences are prob
ably due to genetic drift, we cannot rule 
out the possibility that some pressure of 
natural selection has operated more 
rigorously on blood-group genes in the 
far north than in the milder south. 

A parallel case occurs in the aborig
ines of South Australia, whose traits 
have been studied for more than a dec
ade by Joseph B. Birdsell of the Uni
versity of California at Los Angeles. 
Among the South Australian desert 

tribes is the Pitjandjara, whose fre
quency of the gene for blood group A 
exceeds 45 per cent. To the west is a 
tribe of the same stock but having a 
much lower frequency of the group A 
gene (27.7 per cent); to the east is an 
apparently unrelated tribe with a fre
quency of this gene still lower (20 to 25 
per cent). All three tribes are much more 
nearly alike in frequency of genes for the 
blood group MN. This is a situation to be 
expected from genetic drift, for it is not 
likely that in small populations chance 
will act on unrelated genes in the same 
way. But here again it is impossible to 
prove that genetic drift is the real agent. 
Each tribe has its own slightly different 
territory, customs and way of life: who is 
to say that it is not natural selection in a 
particular environment which has fav
ored the marked increase of blood-group 
A in the Pitjandjara? 

To get at the elusive drift in the fre
quencies of alternative kinds of genes, a 
small community of known origin is re
quired, existing as nearly inviolate as 
possible in a larger civilization. After 
some discussion, it became apparent to 
Sacks and me that these requirements 
might happily be met right here among 
various German religious sects which im
migrated to the U. S. in the 18th and 
19th centuries. Not only are many of 
these sects still held together by strict 
rules regarding marriage, but also we 
have precise knowledge of their racial 
origins. This gives a starting point for 
comparison, since the present genetic 
composition of their homeland is also 
known. Moreover, they are now isolated 
in a much larger population, which pro
vides an even more important basis for 
comparison. If natural selection or inter
marriage were to influence their gene 
frequencies, these frequencies would 
shift from those of the homeland toward 
those characteristic of the large sur
rounding population. But if any sharp 
divergencies showed up, they would be 
attributable not to natural selection but 
to genetic drift. 

After some exploration, a Dunker 
community in Pennsylvania's Franklin 
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DUNKERS of the study described in this article live in 
Franklin County, Pa. Although they seldom marry out· 

side the sect and their dress differs frOlll that of their 
neighbors, their customs are not otherwise unusual. 
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GENETIC DRIFT is depicted by disembodied eyes. The group labeled 1 
represents a small population in which 50 per cent of the people have brown 
eyes (dark in drawing) and 50 per cent have blue eyes (light). Group 2 
shows a second generation in which 45 per cent of the people have brown 
eyes and 55 per cent have blue eyes. Group 3 indicates a third generation in 
which, if the proportion of brown eyes to blue did not return to that of the 
first generation, the percentages might be 40 for brown eyes and 60 for blue. 

County was settled upon. No small part 
in influencing the choice was played by 
Charles Hess, a young medical student 
at the University of Maryland and a 
Dunker. He became interested in the 
project and gave invaluable help in col
lecting information and blood samples 
and in winning the cooperation of the 
Dunkers, without which the project 
could not have been carried out. 

T
HE DUNKER sect, more formally 
known as the German Baptist 

Brethren, was founded in the province 
of Hesse in 1708, with a second center 
arising at Krefeld in the Rhineland. Be
tween 1719 and 1729 some 20 families 
from the latter place and 30 from the 
former completely transplanted the sect 
to the New World, settling around Ger
mantown, Pa. Over the next century the 
Dunkers doubled in number, and nearly 
all of them were descended from the 
original 50 families. To marry outside 
the church was a grave offense followed 
by either voluntary withdrawal or ex
pulsion from the community. By 1882 
the sect had grown to 58,000 and spread 
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to the Pacific Coast. Under this steady 
drain to the frontier the Pennsylvania 
groups remained fairly stationary in 
numbers. The Franklin County or Antie
tam Church community, the subject of 
this study, seems never to have grown 
larger than a few hundred persons up to 
1882. 

In that year a schism split the church 
and further contracted the size of this 
and other communities. For some time 
there had been trouble between those 
who wished to retain all the old tenets 
of the sect and those who wanted some 
relaxation of the more restrictive rules 
governing baptism, foot-washing, love 
feasts, head coverings for women, sober 
dress for men and the like. An open 
rupture finally separated the strict Old 
Order, as well as a Progressive group, 
from the main body, which went on to 
form the present-day Church of thE' 
Brethren. The Franklin County com
munity studied by us remained in the 
Old Order, which from that day to this 
has numbered only about 3,000 people 
scattered in 55 communities over the 
country. 

In all visible respects the Franklin 
County Dunkers live as their neighbors 
live. Most of them are farmers, though 
some have moved to the county's two 
medium-sized towns. They own cars 
and farm machinery; most have modest 
but comfortable frame houses; their 
food is typically American; the children 
attend public schools; medical care is 
good. Distinctions of dress are not con
spicuous to the degree seen, for example, 
in the better-known Amish sect. Except 
for strict adherence to their religion, the 
Dunkers are typical rural and small
town Americans. In marriage pattern the 
community is not wholly self-contained. 
Over the last three generations about 13 
per cent of their marriages were with 
members of other Old Order communi
ties and about 24 per cent with converts, 
a factor taken jnto account in our study. 
Thus in each generation somewhat more 
than 12 per cent of the parents in the 
community came in from the general 
population. The equalizing force of this 
"gene flow" from outside would of course 
tend to make the Dunkers more like 
everyone else in hereditary makeup. The 
effects of genetic drift, if perceptible, 
would have to be large enough to over
come the equalizing tendency. Alto
gether the community now numbers 298 
persons, or 350, if children who have left 
the church are included. For several 
generations the number of parents has 
been about 90. This, then, is exactly the 
type of small "isolate" in which the phe
nomenon of genetic drift might be ex
pected to occur. 

T
HE CHARACTERISTICS chosen 
for study in the Dunker group were 

limited to those in which inheritance is 
clearly established and in which alterna
tive types are clear-cut, stable and, so far 
as is known, non-adaptive. The fre, 
quency records of these characteristics 
were available for both the West Ger
man and North American white popula
tions, or at least the latter. Complete 
comparisons could be made for frequen
cies of the four ABO blood groups (0, A, 
B and AB) and the three M N types (M, 
MN and N). The Rh blood groups were 
almost as good. Although no Rh fre
quenCies are available from West Ger
many, other European peoples have 
been studied, the English very exten
Sively, and it is evident that all West 
Europeans are quite similar in this re
spect. Four other traits were examined in 
which the Dunkers could at least be 
compared with the surrounding Ameri
can population. These were: (1) the 
presence or absence of hair on the mid
dle segment of one or more fingers, 
known as "mid-digital hair"; (2) hitch
hiker's thumb, technically called "distal 
hyperextensibility," the ability to bend 
the tip of the thumb back to form more 
than a 50-degree angle with the basal 
segment; (3) the nature of the ear lobes, 
which may be attached to the side of the 
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head or hang free; and (4) right- or left
handedness. 

The findings were clear-cut. They 
�how that in a majority of all these fac
tors the Dunkers are neither like the 
West Germans nor like the Americans 
surrounding them, nor like anything in 
between. Instead, the frequencies of 
particular traits have deviated far to 
one extreme or the other. Whereas in 
the U. S. the frequency of blood group 
A is 40 per cent and in West Germany 
45 per cent, among the Dunkers it has 
risen to nearly 60 per cent, instead of 
being intermediate as would be expect
ed in the absence of genetic drift. On 
the other hand, frequencies of groups 
B and AB, which together amount to 
about 15 per cent in both major popula
tions, have declined among the Dunkers 
to scarcely more than 5 per cent. These 
differences are statistically significant 
and unlike any ever found in a racial 
group of West European origin. One 
would have to go to the American In
dians, Polynesians or Eskimos to find thc 
like. The ancestry of all 12 persons with 
blood groups B and AB was checked to 
find out whether their B genes had been 
inherited from within the community. 
Only one had inherited this blood factor 
from a Dunker ancestor in the Franklin 
community; all the others had either 
been converts or married in from other 
Dunker groups. Evidently this gene was 
nearly extinct in the group before its re
cent reintroduction. 

The three MN types showed even 
more unexpected trends. These have al
most identical frequencies in West Ger-

EAR LOBES either hang free or are 
attached to the head. Among Dunkel's 
there are fewer attached lobes than 
among the U. S. population as a whole. 
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many and the U. S.: 30 per cent for type 
M, 50 for MN and 20 for N. In the 
Dunkers the MN percentage had dimin
ished slightly, but frequencies for the 
other two types had deviated radically. 
M had jumped to 44.5 per cent and N 
had dropped to 13.5. One would have to 
go to the Near East or look in Finland, 
Russia or the Caucasus to find any whites 
with hereditary MN distributions like 
these. Only in the Rh blood groups do 
the Dunkers not differ greatly from their 
parent stock or adopted land. As against 
an average of close to 15 per cent for the 
Rh-negative type in both English and 
U. S. populations, the Dunkers show 1 1  
per cent. 

From the other traits in which com
parisons were made almost equally 
striking conclusions can be drawn. With
out going into details, the Dunkers had 
fewer persons with mid-digital hair or 
hitchhiker's thumb or an attached ear 

--���------�� 

��l 
\J��---�'" 

lobe than other U. S. communities. Only 
in right- and left-handedness, as in the 
Rh blood types, do the Dunkel'S agree 
well with the major populations used 
for comparison. 

T
HERE SEEMS to be no explanation 
for these novel combinations of 

hereditary features except the supposi
tion that genetic drift has been at work. 
To clinch the matter, the Dunkers were 
divided into three age groups-3 to 27 
years, 28 to 55 years and 56 years and 
older-roughly corresponding to three 
successive generations. When the ABO 
blood types were singled out, it was at 
once apparent that their frequencies 
were the same in all three generations. 
It follows that the unusual ABO dis
tribution is of fairly long standing and 
antedates the birth of anyone still liv
ing. When the same analysis of MN 
blood types was made, however, a very 

THREE OTHER CHARACTERISTICS were studied. One was "hitch
hiker's thumb" (hand at top), the ability to bend the end of the thumh 
backward at an angle of more than 50 degrees. The second was "mid-digital 
hair" (hands at lower left), or hair on the middle segments of the fin
gers. The third was right-handedness v. left-handedness (hand at right). 
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different story emerged. In the oldest 
generation the }"I and N genes were ex
actly the same in frequency as in the 
surrollnding population. In the second 
generation the frequency of M had risen 
to 66 per cent and N had dropped to 34. 
] n the third generation this trend con
tinued, i\'1 going to 74, N sinking to 26. 
'While other genes remained unaltered 
in fretluency, these genes were appar
ently caught in the act of drifting. 

Let us consider the phenomenon a 
little more deeply. There can be no 
doubt from these instances that genetic 
drift does occur in small, reproductively 
isolated human groups in which the par
ents in any one generation number less 
than 100. Drift is probably somewhat 
effective, though slower, in populations 
two or three times that size. Such were 
the tribes of man before the dawn of 
agriculture. How inevitable it was, then, 
that numerous hereditary differences, 
perhaps of a quite noticeable but really 
unimportant kind, became established 
in different tribes. It is my opinion, no 
doubt open to dispute, that most in
herited racial differences are of this kind 
and were not materially aided by natural 
selection. 

Some traits, of course, must originally 
have been fixed by selection. Dark skin 
is probably a biological advantage in the 
tropics, while pale skin may be an ad
vantage in weaker northern light. The 
same may hold for kinky hair as against 
straight hair, for dark eyes as against 
light eyes, and the like. Many possibili
ties of this kind have been suggested in 
a recent book, Races: A Study of the 
Problems of Race Formation in Man, by 
Carleton S. Coon, Stanley M. Garn and 
Joseph B. Birdsell. I remain skeptical 
when I think of the prevailing hairless
ness of man in many regions where 
more body hair would have helped to 
keep him warm. I am particularly skep
tical of any selective advantage in blond
ness, "the most distinctive physical trait 
or group of traits shown by Europeans." 
1 t seems more likely that these traits con
fer no advantage to speak of, in Europe 
or elsewhere. I would add that if blonds 
had been eliminated by selection in other 
parts of the world, and if a blond type 
happened by genetic drift to become 
established in Europe, then it could have 
persisted and spread in large populations 
and given rise to the p:'esent racial dis
tribution of the blond .caucasoid or 
"Nordic" man. 

T
HE STUDY of the Dunker commun
ity confirms the suspiCion of many 

all th ropologists that genetic drift is re
sponsible for not a few racial characteris
tics. Further studies along these lines, to
gether with studies of mortality and fer
tilitv in contrasted hereditary types, may 
in time tell us which racial traits were 
established because of selective advan
tage and which owe their presence solely 
to chance and genetic drift. 
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THE ORIGIN 
OF THE ATMOSPHERE 

Air is the product-of vast events in the geologic past. The 

kno\vledge acquired by many SCIences may be brought 

together to provide a reasonable account of its history 

MOST of us take the Earth's 
mantle of air for granted and, 
except for slight annoyance at 

some of its weather, regard it as stable. 
Yet the atmosphere has undergone a dra
matic evolution and it is still changing 
slowly. What it has evolved from and 
what it is changing to are matters for 
conjecture, with considerable leeway for 
scientific debate. But neither the first nor 
last stages of the Earth's atmosphere ap
pear to be compatible with any life 
processes we know. 

Before plunging into the speculations 
which support this view, it might be well 
to examine the present composition of the 
air we breathe. Here the facts are at least 
ascertainable, even if they have not all 
been ascertained as vet. At the Earth's 
surface air is a well�known mixture of 
oxygen and nitrogen, plus small amounts 
of carbon dioxide and the rare gases 
argon, neon, krypton and xenon. This 
mixture is almost constant in propor
tions, with only minute local and sea
sonal fluctuations. Other constituents 
of the lower atmosphere, especially 
water vapor and dust particles, are 
quite variable, changing rapidly with 
altitude. Above six to nine miles there 
is good evidence that water vapor is al
most completely absent, and dust de
creases rapidly the higher we go. The 
gassy constituents, however, remain fair
ly constant at least 44 miles up, though 
99 per cent of the air mass is below 25 
miles, while traces of air have been ob
served well above 600 miles. 

In the uppermost 2 per cent of the air 
variations and reactions occur. At about 
nine miles photochemical processes be
gin to take place, the most prominent 
being the formation by short-wave solar 
radiation of ozone, the three-atom form 
of oxygen. At about 14 miles the ozone 
layer is at its maximum, and any sudden 
removal of this layer, which absorbs 
much of the burning ultraviolet radiation 
from the sun, could threaten all life on 
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Earth. At about 44 miles samples of air 
recently brought back by rocket.indicate 
that some change in equilibrium begins 
to occur, with lighter constituents in
creasing over heavier ones. The precise 
extent of this gravitational de-mixing of 
the atmosphere at high altitudes is not 
yet known. At still higher altitudes spec
trographic studies identify such different 
constituents as nitrogen oxides, deu
terium oxide and formaldehyde, while 
the proportions of other gases appear 
radically changed compared to surface 
values. 

At the outer limits of the atmosphere, 
under the naked bombardment of solar 
and cosmic radiations, there is a veri
table witches' brew of molecules and 
atoms, both in electrically neutral and 
ionized states. During the hours,of dark
ness many photochemical reactions re
verse themselves, causing a continual 
stirring and changing of physical form. 
These ionospheric phenomena are main
ly of interest in studying radio propaga
tion, but they also have an important 
bearing on the first problem to be met 
in considering the origin of the atmos
phere, which is: Why hasn't the atmos
phere streamed off into outer space? 

The escape of gases from the Earth is 
governed by two sets of factors. One is 
their temperature and density at the per
imeter; the other is the size, mass and 
gravitational pull of the Earth. To over
come the latter, a body shot upward 
must exceed a speed of seven miles a 
second to escape into space. Escape 
velocities for other planetary orbs of dif
ferent size and mass range from only 1.5 
miles per second on the moon to 3.1 on 
Mars, 6.5 on Venus and 38 miles per 
second on giant Jupiter. The higher the 
escape velocities required, the lighter the 
gases which can be retained, for light 
molecules have higher average velocities 
than heavy ones. The average velocity 
for hydrogen in the Earth's atmosphere 
is 1)4 miles per second, while that for 

heavier nitrogen and oxygen averages 
only 34 mile per second. The speed and 
direction of individual molecules are 
governed by the frequency of collision 
with other molecules, which in turn is 
determined by heat and density. Thus it 
becomes a statistical problem as to how 
often individual molecules in collision 
near the boundary of the atmosphere will 
achieve velocities sufficiently higher 
than average, in the right direction, to 
escape from the Earth. 

We can calculate for a given tempera
ture in the highest regions the time it 
would take a given gas to escape. Most 
temperature estimates for the region 
above 185 miles center, with some uncer
tainty, around 2,370 degrees Fahrenheit. 
At this heat it would take only about 
4,000 years for most of the hydrogen to 
escape. However, it would require 104" 
and 1051 years respectively for nitrogen 
and oxygen to disappear. Since the Earth 
thus far is only an estimated three billion 
years old, these two gases are not likely 
to vanish very soon. One difficulty, how
ever, is the problem posed by helium. 
This gas is continuously formed on Earth 
by radioactive processes, yet it has not 
accumulated in the atmosphere, hence it 
must be continuously escaping. But at 
2,370 degrees F. it would take about 
4 X 1013 years to escape, which is over 
10,000 times the estimated age of the 
Earth. Lyman Spitzer, Jr., of Prince
ton University suggests that if tempera
tures at these heights reached 4,200 de
grees for only 2 per cent of the time
and such sporadic increases could read
ily be caused by radiation from solar 
eruptions-then the eS9ape of helium 
would be accounted for. 

From these calculations we may see 
that the Earth can, indeed, hold an at
mosphere of essentially its present com
position for a long period. Nothing in 
this implies, however, that there will be 
no further changes in its composition, 
and we may now ask the question: Has 
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the atmosphere's composition always 
been the same? 

An answer can be arrived at by ob
serving the present status of the rare 
gases. These are heavy enough to be 
permanent ingredients in the atmosphere 
and so inert that they must have been 
present in any original atmosphere the 
Earth might have had. The signal fact is 
that the rare gases are present here in 
only small amounts, much smaller than 
those known elsewhere In the universe. 
At the same time, oxygen, nitrogen, car
bon dioxide and water vapor are present 
in much greater abundance than else
where. The relative distribution of the 
clements in the universe has been deter
mined by spectroscopic analysis of solar 
and stellar matter and by chemical 
analysis of meteorites. These show that 
the rare gases are present here in only a 
few millionths to a billionth of their cos
mic abundance. Now, since the solar 
system and probably the known universe 
are generally assumed to have been 
formed simultaneously, the Earth should 
have obtained a reasonably proportion
ate share of the various elements. Some 
of these could have escaped later. The 
minute fraction of rare gases left here 
leads to the conclusion that early circum
stances were such that the Earth lost all 
its original atmosphere. 

At this point we will have to indulge 
in some speculation about the early 
physical stages of the Earth. No matter 
how our imagination pictures them, we 
cannot get around the postulation that 
the surface temperature was very much 
higher than it is now. At higher tempera
tures, on the order of 14,.500 degrees F., 
most gaseous substances would escape 
rapidly. Geochemical reasoning indi
cates that the earliest atmosphere con
tained some compounds of chlorine, 
Huorine, bromine, iodine and sulfur, as 
well as ammonia. At such heats, how
ever, this rather unhealthy mixture could 
not have lasted for very long, and At
mosphere I must have vanished almost 
instantly as geological time goes. 

As the molten rocks cooled very rapid
ly in the second stage, they probably 
gave off gases which dissolved in the 
melt. Among these were water vapor, 
carbon dioxide and nitrogen, in about 
that order, and they probably comprised 
at least 90 per cent of Atmosphere II. 
Surface temperatures were then several 
hundred degrees. This stage may be 
compared with present-day exhalations 
and conditions around active volcanoes, 
and while it would be bold to assume 
that there is complete correspondence, 
this is likely to be as good an assumption 
as we can make. Volcanic exhalations 
vary considerably one from another, and 
even from one eruption to another. But 
suppose we take the mean composition 
of gases from Halemaumau in Hawaii. 
Here water vapor is 68 per cent of the 
gases by volume, carbon dioxide is 13 

HF 

ATMOSPHERE I enveloped the Earth when it was very much hotter than it 
is today. It is thought that ammonia (NHs) and compounds of such elements 
as hromine (Br), chlorine (C1), fluorine (F) and sulfur (S) were present. 

ATMOSPHERE II replaced Atmosphere I as the Earth cooled somewhat. 
Its principal constituents were prohahly carhon dioxide (C02), water 
(H20) and nitrogen (N2). This mixture resemhles a modern volcanic gas. 

ATMOSPHERE III succeeded Atmosphere II when the Earth cooled suffi
ciently for water vapor to condense into oceans. This atmosphere may have 
contained some oxygen liherated hy the photochemical hreakdown of water. 

ATMOSPHERE IV is the air of today. The carhon dioxide of Atmospheres 
II and III has heen fixed in photosynthetic plants (green) and carhonate 
rocks. The plants are similarly responsihle for replenishing the oxygen. 
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CONSTITUENT I SYMBOL I PER CENT 
(BY VOLUME) 

NITROGEN I N 2 78.084 

OXYGEN I O2 20.946 

ARGON I A .934 

CARBON DIOXIDE I CO2 .033 

NEON I Ne .00001818 

HELIUM I He .00000524 

METHANE I CH4 .000002 

KRYPTON I Kr .00000114 

HYDROGEN I H 2 .0000005 

NITROUS OXIDE N20 .0000005 

XENON Xe ,000000087 

STABLE CONSTITUENTS of the 
air are given in this table. Nitrogen 
and oxygen comprise 99 per cent. 

per cent and nitrogen 8 per cent, with 
the rest mainly sulfurous fumes. If At
mosphere II was of similar terrigenic 
origin, then it is important to note that 
there was no free oxygen, 

This brings us to the question: where 
did atmospheric oxygen come from? It is 
now the second most abundant element 
on Earth and the one, of course, most 
important to life. There are three hy
potheses. The first assumes that free 
oxygen was created in an early high
temperature stage of Atmosphere II by 
thermal dissociation of water vapor into 
hydrogen and oxygen, but this has many 
objections, the chief one being that the 
oxygen thus liberated would promptly 
recombine on contact with hot surface 
rocks. The second hypothesis proposes 
that oxygen was freed at a later, cooler 
stage by photochemical dissociation of 
water vapor in the upper atmosphere, 
but the difficulty here is to place enough 
water vapor at such altitudes to account 
for all the oxygen now in the air. Given 
a couple of billion years it might be pos
sible, and at least some oxygen may well 
have been created by this means. The 
third hypothesis is the most attractive, 
for it explains the presence, accumula
tion and maintenance of oxygen by the 
photosynthesis reaction of carbon diox
ide in plants giving off free oxygen. 

The main drawback to the third hy
pothesis is that it requires plant life and 
hence a much later and cooler stage in 
the development of the Earth. But if we 
insert a few steps in the evolutionary 
process we may get to the point where it 
adequately describes what took place. 
As Atmosphere II cooled it would soon 
reach the critical temperature (705 de
grees F,) at which liquid water can exist 
simultaneously with vapor. On further 

cooling, oceans could form. Once the 
temperature went below the boiling 
point of water (212 degrees F.) most of 
the water vapor would condense. Some 
of the carbon dioxide would then disap
pear, part of it dissolving in the water 
and part going into the formation of 
limestones and dolomites made up of 
calcium and magnesium carbonates. 

This probably marked the end of At
mosphere II, of relatively short duration 
on a geological scale, and the beginning 
of Atmosphere III. From here on 
changes in the atmosphere become very 
slow indeed. There would be a slow 
feeding-in of gases from volcanic proc
esses, along with slow interactions of 
weather processes on land and solution 
and sedimentation processes in the seas. 
At the beginning, Atmosphere III prob
ably was not too radically different from 
II, except in lower temperatures and dif
ferent proportions of gases. Initially 
these might have been about 74 per cent 
carbon dioxide, 15 per cent water vapor 
and 10 per cent nitrogen. 

We now have to visualize a further 
slight but rapid cooling to about 160 
degrees F" at which point life proc
esses could begin. We cannot cover all 
the speculations on this point, but it is 
important to note that some living cells 
can live in an atmosphere without oxy
gen. The present purple sulfur bacteria 
are an instance of this, producing or
ganic matter in a carbon dioxide atmos
phere. Some such organisms may have 
been the first living things on Earth, pre
paring the way for the earliest green 
plants, which in turn would supply most 
of the free oxygen to support higher 
forms of life. Further evolution would 
bind about 40 per cent of the carbon di
oxide in Atmosphere III, while the rest 
went into the deposition of carbonate 
rocks. Perhaps two billion years were re-

CONSTITUENT SYMBOL 

WATER VAPOR H2O 

OZONE 03 

HYDROGEN PEROXIDE H202 

AMMONIA NH3 

HYDROGEN SULFIDE H2S 

SULPHUR DIOXIDE S02 

SULPHUR TRIOXIDE S03 

CARBON MONOXIDE CO 

RADON RoEm 

DUST (SOOT, 
ROCKS AND SEA SALT) 

VARIABLE CONSTITUENTS are 
also given. There is even some varia
tion of stable gases above 44 miles. 

© 1953 SCIENTIFIC AMERICAN, INC



1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I "(u-\" 

«? ,!) �.""" 
I 
I 
I 
I 
I 
I 
I 

JlI oving toww·d the space frontier

world records for rockets 

250 miles altitude 
and piloted rocket planes 

j Ai} 15 miles altitude 
I and 1238 m.p.h. 
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-the Douglas Skyrocket and Wac-Corporal 

How soon will man cross the Space 
Frontier? Already, Douglas.built planes, 
rockets, and missiles-including the 
Wac.Corporal and D·558·2 Skyrocket
have probed at its fringes. 

weightless, as in a flight through space, 
while the Wac rocket, set in the nose of 
the V -2, travelled one-quarter of the way 
to the proposed orbit of a man-made 
satellite. Most important, both records 
came during normal research-planned 
to keep the United States and its Armed 

Forces out in front in the fields of guided 
missiles and supersonic aircraft. 

In a record climb, the Douglas D-558-2 
reached an altitude where its pilot was 

Army's Wac shown leaving JI-2 

Performance of Skyrocket and Wac
Corporal is proof of Douglas leadership 
in all phases of flight. Farther and faster 
with a bigger payload is the basic rule of 
Douglas design. 

First in Aviation 
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quired to transform Atmosphere III into 
the present nitrogen-oxygen mixture of 
Atmosphere IV. During the past billion 
years this atmosphere has probably been 
essentially in a state of equilibrium, Pro
duction and consumption of the various 
gases balance. The major producer in the 
process is the volcanoes; the big fly
wheels are plants and the oceans, 

One instance may be given to show 
how tidy is this balance, Argon consti
tutes nearly 1 per cent of our present 
atmosphere, being the third most fre
quent element in it. Where did it come 
from? Most atmospheric al'gon is in the 
isotopic form of argon 40, while a small 
fraction is argon 36. Argon 40 has ap
parently been formed by the radioactive 
decay of potassium 40, a rare, radioac
tive isotope of the more common potas
sium 39. At any rate, all the argon 40 
now in the air can be accounted for by 
slow accumulation from this source. 

Thus it may be shown that the Earth's 
atmosphere is in the fourth stage of a 
long evolution since the creation of the 
planet, Where do we go from here? 
Some scientists have. looked at the other 
planets to find an answer, reasoning that 
one or another of them may have passed 
the present evolutionary stage of the 
Earth, Most of the planets on which we 
have any information, such as Venus, 
Jupiter and Saturn, seem to have atmos
pheres still in a much earlier phase than 
the Earth's, The only one that appears to 
fit a later stage is Mars, but there are 
major initial differences between Mars 
and the Earth. One is its lower density 
and hence much lower escape velocity. 
The present Martian atmosphere seems 
to be mainly nitrogen, argon, carbon 
dioxide and water vapor. No oxygen has 
been noted in the spectrograms, What
ever oxygen may have been present has 
either escaped or has been used up in the 
oxidation of rocks. But it is not probable 
that the Earth's oxygen will escape and 
it is a moot question whether it will be 
used up, so Mars provides only the 
cloudiest of answers. 

The big question on Earth is the influ
ence of human activity on the atmos
phere, There is some evidence that in
dustrial life has increased the amount of 
carbon dioxide in the air, while in cer
tain areas such gases as nitrous oxide, 
carbon monoxide and sulfur dioxide are 
definitely on the increase, Solid suspen
sions and radioactive debris are also be
coming more prominent. So far, how
ever, nature holds the upper hand and 
cleanses many of the pollution products 
from the atmosphere with rainfall. 
Meanwhile photosynthesis still adds oxy
gen to the air in a mighty stream. It is 
only reasonable to conclude that further 
billions of years may elapse before At
mosphere V, with its possible composi
tion of nitrogen, argon, carbon dioxide 
and water vapor, spells a grand-scale 
finiS to most terrestrial life. 
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by Julian S. Huxley 

LIFE OF THE PAST, by George Gaylord 
Simpson. Yale University Press 
($4.00). 

I 
SUPPOSE that most people, if 
asked to name the outstanding re
cent achievement of science, would 

answer the discoveries of modern phys
ics in the subatomic world. It is true 
that these discoveries are in the proper 
sense of the word fundamental, since 
they concern the ultimate bases of mat
ter and energy, and that their applica
tions in the sphere of atomic fission are 
uniquely spectacular and alarming. But 
to my mind they are not so essential 
as the achievement characterized by the 
one word evolution. 

I use the term essential advisedly. The 
major upshot of the achievement of evo
lutionary science has been the realization 
that the universe in general and life in 
particular is not a machine but a proc
ess. All reality is in a perfectly proper 
sense evolution, and its essential fea
tures are to be sought not in the analy
sis of static structures or reversible 
changes but through the study of the 
irrevocable patterns of evolutionary 
transform a tion. 

The magnitude of the evolutionary 
achievement has been obscured by the 
fact that it has been dispersed over a 
number of separate fields-geology, 
cosmology, biology, archaeology and his
tory-and that even in the key field of 
evolutionary biology it has .been spread 
over a long period of time. It is now 94 
years since the revolution in biological 
thought was started by Charles Darwin 
with the publication of his Origin of 
Species. But before the revolution could 
be consummated, the separate sciences 
of comparative anatomy, embryology, 
ecology, animal behavior or ethology, 
paleontology, cytology and finally genet
ics had still to be independently de
veloped, and then their partial contribu
tions synthesized in a comprehensive 
whole. 

This period of synthesis has occupied 
the past 25 years. We are now begin
ning to reap some of its fruits in the 
shape of a revivified taxonomy, a sci
entific nahlral history, a new approach 
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The modern view of evolution and how 
the paleontologist has contributed to it 

to human genetics, a truly biological 
paleontology, and above all a clear gen
eral picture of the evolutionary process 
to whose framework we can relate all 
the partial disciplines and separate facts 
of both the biological and the human 
sciences. 

As a result, evolutionary science has 
endowed man with a new extension of 
awareness. Just as the telescope provid
ed an exosomatic sense organ which ex
tended man's spatial range of vision and 
laid the basis for a new awareness of the 
cosmic universe, so evolutionary science, 
on the basis of the sensory extension pro
vid�d by the microscope, has become a 
human organ which gives a new aware
ness of our planetary world. 

George Gaylord Simpson has played 
a leading role in the synthesis of evolu
tionary thought. He could not have done 
this had he not been one of the world's 
outstanding paleontologists, with an 
immense output of first-class research, 
and had he not early realized that 
paleontology cannot be adequately pur
sued or properly understood without a 
knowledge of other branches of biology. 
Perhaps more than any other living man, 
Simpson has made paleontology come 
alive as a truly biological science. In this 
short but pregnant book he succeeds ad
mirably in conveying to the educated 
layman (and, I may add, to his non
paleontological colleagues in other scien
tific fields) an understanding of this vital 
branch of biology. 

Let me enumerate some of his most 
important points. In the first place, he 
makes it clear that the modern evolu
tionary biologist, whether working on 
taxonomy in the world's museums, on· 
evolutionary genetics in the laboratory 
or the field, on ecology and ethology, or 
on the trends of evolution as disclosed 
by fossils, must always think in terms 
of populations. The old concept of an 
individual "type," which has underlain 
most of the work on zoological and 
botanical classification, must be repudi
ated. It was derived from theological 
ideas about creation or from metaphysi
cal ideas about nature, and, though use
ful for a time as a means of introducing 
order into the bewildering range of or
ganic forms, it is now a hindrance to 
scientific progress. 

When we examine the actual course 
of evolution in a well-documented fossil 

series, we find that at any one moment of 
time, represented by a particular geo
logical horizon, the fossils show a con
siderable range of variation in their 
adaptive characters. The example given 
by Simpson is the variation in size of 
molar teeth in Ectocion. This primitive 
hoofed mammal first appeared early in 
the Cenozoic period, which began some 
60 million years ago and extends to the 
present. If we move on to the next fossil
bearing horizon, we find that evolution 
has taken place: the average length of 
the teeth has increased, thus providing a 
better adaptation for chewing vegetable 
food. The shortest teeth are now absent, 
and there are a few teeth that are longer 
than any of the earlier ones. But the bulk 
of the new population overlaps with the 
old, though the proportion of short teeth 
is lower and of long teeth higher. This 
trend continues into a third and later 
horizon. 

The old method of classifying by types 
divided the fossils into species accord
ing to absolute length of teeth: the 
earliest population was thus assigned to 
three separate species, the next also to 
three species, excluding one from the 
earlier horizon and including a "new" 
one. This makes nonsense of the facts: 
it is biologically impossible for three al
most identical species, obviously leading 
the same way of life, to coexist in a single 
area. What really happened was a 
gradual shift, in average and in ex
tremes, of a various population. The 
modern biologist classifies all these fos
sils of Ectocion as a single species but 
allots subspecific rank to the populations 
from the three successive horizons. 

It is worth recalling that, when Dar
win wrote the Origin, no single long
continued evolutionary trend among 
fossils had yet been brought to light; 
this had to wait for 20 years until 1879, 
when the U. S. paleontologist O. C. 
Marsh demonstrated all the essential 
stages in horse evolution. In the three 
quarters of a century since then, large 
numbers of well-documented fossil 
series have come to light, both among 
vertebrates and invertebrates, so that 
paleontology today has largely become 
a science of evolutionary trends. 

As a result we can now definitely ex
clude one of the main earlier theories of 
evolution, that of orthogenesis, of 
straight-line evolutionary trends in 
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definite directions under the influence 
of some inner "force" or "urge." As Simp
son makes abundantly clear, this simply 
does not square with the facts. Trends 
never continue in a straight line for the 
whole of their course. Indeed they are 
never single: they are composed of many 
separate trends, which affect different 
characteristics at different times, and 
operate at different rates in different 
lines of descent. 

Meanwhile the progress of genetics 
had made it equally clear that the sec
ond of the three main theories of evolu
tion, that of Lamarckism or inheritance 
of acquired characteristics, was also ex
cluded by the facts. We are thus left 
with the neo-Darwinian or selectionist 
theory, which makes natural selection 
primarily responsible for evolutionary 
change. Simpson, in common with most 
modern biologists and virtually all mod
ern geneticists, subscribes to this view 
(though he prefers to call it "the mod
ern evolutionary synthesis," since it 
brings together facts and ideas from ev
ery branch of biological science) . 

He makes it clear that both the rate 
and the direction of evolutionary change 
are related primarily not to rate or di
rectedness of mutation but to intensity 
and direction of selection. And this in 
turn, he might have added, depends on 
what is available in the way of evolution
ary opportunity. 

We may apply this last concept to one 
of the major facts about evolutionary 
trends which recent study has revealed
the frequency of parallel evolution, the 
way in which related but separate lines 
of some given group will show closely 
similar trends in time. This is well ex
emplified by the evolution of the horse 
family, which has now been worked out 
in great detail (and excellently sum
marized by Simpson himself in his recent 
book Horses). Over and over again we 
find the main adaptive themes of the 
group being repeated (though always 
with minor variation of extent and tem
po) in several independent stocks or 
species. During the later evolution of the 
family, for instance, we observe the re
duction of side-toes and specialization of 
the central hoof, and other adaptations 
conducive to swift running on open 
plains; the increase of the height of the 
molar teeth, the evolution of a special 
hard layer of enamel, and other adapta
tions conducive to better mastication of 
grasses. 

Here the external evolutionary oppor
tunity was provided by the evolution 
and spread of the grasses over the open 
plains produced by the drier climate of 
the later Cenozoic; the internal oppor
tunity was provided by the as yet un
realized potentialities of the horse stock 
for specialized exploitation of these new 
conditions. For some 1.5 million years 
the opportunity was essentially the same 
for all the various kinds of horses; and 

accordingly they all evolved in a similar 
direction. 

Another field in which the old static 
ideas have been rendered obsolete is 
that of biogeography, the geographical 
distribution of animals and plants. When 
I was an undergraduate, and indeed for 
some time after I had become a pro
fessor, it was still generally agreed that 
the world could be neatly divided into 
a small number of Zoogeographical 
Realms or Regions. There was some dis
pute as to the precise boundaries of some 
of the regions, especially between spe
cialists who found that boundaries de
termined for the distribution of one 
group would not always fit that of an
other, but in general the idea of a static 
map of regions was accepted as the goal 
of biogeography and all that remained 
was to define its accuracy. 

Today, however, this concept has 
been replaced by that of a few major 
blocks of land, corresponding to the 
main continental areas of today, which 
have undergone recurrent separation 
and reunion during geological time. 
Separation permits and indeed promotes 
independent differentiation, with the 
development of special and often unique 
characteristics in the local fauna and 
flora. Union, on the other hand, pro
motes migration between major blocks 
and reduces the degree of their special 
biological peculiarities. 

For many cases, such as the North 
American and Eurasiatic blocks and the 
North and South American blocks, we 
have now abundant documentation on 
their past history from the late Cre
taceous period, which preceded the 
Cenozoic. In the South American block 
we find three strata or historical layers 
of mammals. The first entered the area 
from the north by a land connection 
around the very beginning of the Ceno
zoic, and gave rise to an assemblage of 
creatures quite unlike that produced by 
the mammalian stock elsewhere, notably 
the armadillos, anteaters, tree sloths and 
various types now extinct. 

The second stratum consisted of what 
Simpson calls the island-hoppers-less 
primitive placental mammals which 

later managed to enter South America 
by way of the chain of islands which 
then stretched along the region we now 
call Central America. These included an 
early primate stock which radiated into 
all the prehensile-tailed, flat-nosed mon
keys of the modern New World, and a 
set of primitive rodents which were 
largely extinguished later in competi
tion with the immigrants of the third 
stratum. 

This third layer entered South Amer
ica in force when the land connection 
with North America was reestablished, 
and included representatives of almost 
all the advanced groups of placental 
mammals, including carnivores, pigs, 
deer, horses and tapirs, camels and 
llamas, rats and mice. The present land 
fauna of South America is the resultant 
of these three distinct immigrations, of 
their subsequent differentiation in isola
tion over different periods of time, and 
of their competitive interaction. 

Some of the most striking discoveries 
of modern paleontology concern a field 
in which Simpson has been preeminent 
-the rate of evolution. This can con
veniently be measured, once enough fos
sil material has been collected, by the 
number of new genera produced by a 
group in each million years of evolu
tion. In general it is found that advanced 
groups, whose high degree of organiza
tion has given them a dominant position 
in the world of life, have a faster rate of 
evolution than primitive groups. Thus 
even the successful invertebrate phylum 
of brachiopods (Iampshells) produced 
only from one half to nearly four genera 
per million years, while true fish pro
duced one and a quarter to over seven 
genera. (The highest figure for "pre-fish" 
or placoderms was three, while the still 
more primitive jawless pre-fish never 
reached two.) 

Then there is a striking difference be
tween aquatic and terrestrial fonns, the 
greater variety of the land habitat acting 
as a stimulus to more rapid evolution. 
The still half-aquatic Amphibia barely 
reached two genera per million years, 
while the reptiles, for most of their his
tory, varied between 5 and 12. The 

The fossil of an extinct ganoid fish 
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mammals in their heyday of the Ceno
zoic reached nearly SO! 

Finally, in no group does the rate 
stay constant. Bursts of relatively rapid 
change, resulting in much greater diver
sification of the group, alternate with 
periods of slower evolution. Thus the 
lampshells had one peak of rapid change 
in the middle Paleozoic (about SOO mil
lion years ago) and another still higher 
one in the middle Mesozoic (about 150 
million years ago). The reptiles had two 
bursts, one around the end of the Paleo
zoic (more than 200 million years ago), 
the other during the Cretaceous around 
100 million years ago. 

Wherever we have adequate knowl
edge, we can relate bursts of change 
either to the opening of a new environ
ment or habitat, or to the acquisition of 
new types of organization permitting 
better exploitation of an existing habitat. 
The former was the case with the first 
reptilian burst, which marked the real 
conquest of the land by vertebrates. The 
latter is illustrated by the explosive 
evolution of the placental mammals in 
the Cenozoic, which was the outcome 
of their higher organization with re
spect to temperature regulation, care of 
young and brain development. 

This is one of the most interesting 
facts of evolution, and I wish that Simp
son had amplified it in terms of the con
cept of evolutionary opportunity. Some
times the opportunity is provided by 
an accident of dispersal, as when the 
ancestral ground-finches were blown out 
to the Galapagos Islands, where they 
found an area almost free of predators 
and competitors, and were therefore 
able to differentiate into the entire fam
ily of the Geospizidae (which more than 
anything else convinced Darwin of the 
fact of evolution). Sometimes it is pro
vided by a geographical accident, as 
when Australia was cut off from access 
by land animals after the entry of the 
primitive marsupial mammals. These 
found an opportunity which elsewhere 
was denied them by the competition of 
the evolving placental mammals and 
blossomed out during the Cenozoic into 
the extraordinary assemblage of crea
tures in Australia today. 

I have no room to go into the many 
curious and interesting details which 
Simpson manages to bring out in this 
small book: the explanation of the 
Devil's Corkscrews of Nebraska as the 
burrows of an extinct species of small 
beaver; the fact that for 400 million 
years carnivorous sea snails have been 
killing other shellfish by boring holes 
in their shells with the aid of a horny 
tooth ribbon; the perfectly sensible ex
planation of the strange development of 
the coiled oysters and some of the later 
ammonites, which had been used by 
mystically-minded paleontologists as 
proof of inner urges driving the stock to 
extinction; the meaning of the fantastic 
bony rigging borne by the Pelycosaurian 
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reptiles on their backbones, now eluci
dated as primitive temperature-regulat
ing devices serving to absorb or radiate 
heat as required; the amazing tech
niques by which fossils of various sorts 
are made to yield their secrets. 

There are a few small points of criti
cism. In characterizing the main groups 
of plants and animals, which he does 
with admirable conciseness in an appen
dix, Simpson occasionally omits what 
seem to me important biological fea
tures. Thus he fails to mention the major 
characteristics of sponges, namely that 
they have evolved neither mouths nor 
the rudiments of nervous tissue. Similar
ly he neglects a central feature in the 
evolution of land plants-the gradual 
subordination of the gametophyte to the 
sporophyte generation-and their final 
liberation from the need of water for 
fertilization. 

Again, in maintaining that the mono
tremes or egg-laying mammals of Aus
tralia do not represent "a stage of evolu
tion ancesh'al to all other mammals," 
but "might be classified as therapsid 
reptiles," he seems to be adopting an 
illogical position. They secrete milk, they 
show incipient temperature regulation, 
they possess true hair, and their jaw-ar
ticulation is of mammalian type. This 
assemblage of diagnostic mammalian 
characters cannot well have been de
veloped independently on two separate 
evolutionary occasions, and if it does not 
constitute them mammals, I do not see 
what meaning we can give to that term. 
They may not themselves be an ances
tral group, but they must be derived with 
little change from forms at an ancestral 
stage of true mammalian organization. 

These, however, are minor points. In 
general the evolutionary biologist can 
have nothing but praise and gratitude 
for this resume, which so admirably il
luminates the whole subject of paleon
tology and therefore the history of life. 
Many specialists seem afraid of com
mitting themselves to broad generaliza
tions about the course of evolution. 
Simpson, I am glad to say, is not among 
their number. He does not hide away 
among the trees of his special knowl
edge, but is willing to look at the forest 
of the whole vast subject and tell us 
about its form and its significance. 

While reminding us that extinction is 
commoner than survival, and that most 
surviving lines eventually come to a 
dead end in their evolutionary develop
ment, he also traces a picture of the 
rarer, but in the long run, more signifi
cant trends of improvement. Among 
these he rightly singles out the increase 
of awareness and understanding as the 
most important. As he says in his final 
chapter, "of all the progressions seen in 
the history of life, this most merits the 
name of progress, that is, not merely 
cumulative change but also change for 
the better." 

Nor does he hesitate to draw conclu-

sions about man and his place in the 
evolutionary process. He points out that 
the modern view on species' and on 
classification, which is replacing the old 
formalistic and non-evolutionary system 
of types and rigid taxonomic categories, 
is not merely of interest to professional 
biologists and museum specialists, but 
"profoundly affects our whole under
standing of the world of life . . .. Ulti
mately it affects man's understanding of 
his own destiny and his place in the 
universe." 

And he concludes the book with a 
splendid assertion of the evolutionist's 
view of man. Man, he writes, "stands 
alone in the universe, a unique product 
of a long, unconscious, impersonal, ma
terial process, with unique understand
ing and potentialities. These he owes to 
no one but himself and it is to himself 
that he is responsible. He is not the 
creature of uncontrollable and unde
terminable forces, but his own master. 
He can and must decide and manage 
his own destiny." 

We should be grateful to Simpson, not 
merely for his brilliant account of the 
facts and findings of his science of pale
ontology, but for this illuminating dis
tillation of its broader significance and 
profounder values. 

Short Reviews 

BIOLOGICAL HAZARDS OF ATOMIC EN-
ERGY, edited by A. Haddow. Oxford 

University Press ($9.00). In October, 
1950, a conference on the biological 
hazards of atomic energy was convened 
in London by the Institute of Biology 
lind the Atomic Scientists' Association. 
The papers read at the meetings, repro
duced in this book, are of unusual inter
est. They make it possible for the first 
time to gain a balanced picture of a 
danger both more and less serious, more 
and less terrifying than is commonly 
believed. Among the more noteworthy 
contributions are discussions of the cell 
and heredity under ionizing radiation 
by C. D. Darlington ("it is a long chain 
of events that connects the first damage 
to the cell with the ultimate good or evil 
done to the human race"); genetic ef
fects of radiations by D. G. Catcheside; 
the "long-term" genetical hazard of 
atomic energy by K. Mather; the influ
ence of radiation on the human race as 
a whole by E. B. Ford ("the genetic ef
fect of atomic energy will be wholly bad 
because it will slightly increase the sum 
of misery and wastage against which the 
race must battle"); the fate of cells de
scended from individual cells of an irra
diated tissue by G. Pontecorvo ("a fun
damental field of radiation genetics in 
which the present knowledge is almost 
nil"); tumor induction by penetrating 
radiations by A. GHicksmann. In con
sidering the moral issue C. A. Coulson 
insists, as Norbert Wiener, Sir Henry 
Dale and a few other scientists have 
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done, that the scientist, far from being 
justified in claiming that he is merely a 
disinterested seeker of knowledge and 
therefore not responsible for the misuse 
of inventions and discoveries, has a spe
cial moral responsibility to see to it that 
his work contributes to humatl welfare 
rather than to universal destruction. The 
final essay by Kathleen Lonsdale brings 
to notice an appalling fact, namely that 
among uranium mine workers (and to a 
lesser extent among gold miners) there 
is an enormous frequency of cancer 
deaths. In the Czechoslovakian city of 
Joachimsthal, according to a paper pub
lished in 1939, the deaths from cancer 
among miners aged 35 to 44 were more 
than 30 times as great as in a similar age 
group of males in Vienna. Comparable 
statistics describe conditions at Schnee
berg in Germany, and in areas surround
ing the South African gold mines. Dr. 
Lonsdale points out that in rich uranium 
deposits (Canada and the Belgian Con
go) the uranium oxide content of the 
ore is 50 per cent or more and every ton 
of ore contains about .1 gram of radium; 
yet the maximum permissible quantity 
of radium in the human skeleton is 
.0000001 gram, a quantity which will 
occur, "in every gram of dust in the 
mines." 

ENCYCLOPEDIA OF ABERRATIONS, ed
ited by Edward Podolsky, M.D. 

Philosophical Library ($10.00). Abasia 
is a loss of the power to walk; abrosia is 
the refusal to eat; abulia is a severe im
pairment of the will; acathisia is the in
ability to sit down; aeschrolalia is a 
stream of filthy talk; anamastasia is the 
lack of energy to rise from a recumbent 
to a sitting position; basophobia is a fear 
of standing up; brontophobia is the ex
treme dread of thunder; chasmus hys
tericus is hysterical yawning; contrec
tation is the impulse to touch members 
of the opposite sex indiscriminately; 
gammacism is childish talk by an af
fected person; head-banging is plain 
head-banging; heterolalia is using words 
that are not intended by the speaker; 
hypobulia is haste in making decisions; 
hypophonia is inability to speak above 
a whisper; kakorrhaphiophobia is an 
exaggerated fear of failure; Munchau
sen's syndrome is a passion for gaining 
admittance to hospitals by giving out a 
Munchausen-like medical history; os
phresiolagnia is the delusion that every
thing has an unpleasant odor; triakaidek
aphobia is irrational fear of the number 
13; uranomania is the delusion that one 
is of divine or heavenly origin. These 
samples are from a cooperative work to 
which numerous psychiatrists, psycho
analysts and psychologists have contrib
uted. Many of the definitions are short 
and not always adequate; some, such as 
the discussions of folie a deux, dementia 
praecox, body image disturbances, nar
colepsy, Nun's Melancholy, manic de
pressive psychosis, anxiety, amnesia are 

journal articles simply incorporated into 
the encyclopedia, apparently without 
any attempt to edit them. Despite the 
fact that some of the entries plainly dis
play verbomania (torrent of words, 
spoken with compulsive force) this is an 
absorbing book, in which almost every
one will find all his friends and at least 
part of himself described with distress
ing fidelity. 

THE FUTURE OF CITIES AND URBAK 
REDEVELOPMENT, edited by Cole

man Woodbury. The University of Chi
cago Press ($9.00). URBAN REDEVELOP
MENT PROBLEMS AND PRACTICES, edited 
by Coleman Woodbury. University of 
Chicago Press ($7.50). These symposia 
are the "chief products" of the Urban 
Redevelopment Study, financed by a 
grant in 1948 from the Spelman Fund 
of New York to a group of housing and 
planning organizations. The study was 
for the purpose of examining the prob
lem of doing away with "the major forms 
of physical blight in cities and bringing 
about changes in urban structure and 
institutions contributing to a favorable 
environment for a healthy civic, eco
nomic and social life for all urban dwell
ers." This worthy objective is celebrated 
in two worthy and rather ponderous vol
umes. The essays in the first book treat 
topics such as the goals and methods of 
redesigning cities, the bearing of indus
trial location on city planning, the needs 
and desires of the city dweller, and the 
municipal government aspects of the 
problem. In the second volume among 
subjects considered by various experts 
are "measuring the quality of housing in 
planning for redevelopment," the eco
nomics of population densities and urban 
patterns, the relocation of families, and 
related legal and economic matters. 
These are careful, solid studies of a 
pressing subject; so solid, unfortunately, 
that only the speCialist will have the 
stamina to tunnel through them. 

WORLD RAILWAYS, edited by Henry 
Sampson. Rand McNally & Com

pany ($25.00). For the second edition 
of this massive and engrossing hand
book, which attempts to do for railways 
what the two famous Jane's manuals do 
for fighting ships and aircraft, the editor 
has mended certain shortcomings of the 
first and has added a considerable 
amount of fresh material bringing the 
work up to date. There is offered, for 
the sober use of railroad men and the 
delectation of enthusiasts, information 
on 1,447 railways, e.g., Aberdeen and 
Rockfish (U. S.), Arcata and Mad River 
(U. S.), Ostsjaellandske J ernbane Sels
kab (Denmark), Coatzacoalcos and 
Campeche (Mexico), Ybbs-Kemmel
bach (Austria)" Zumarraga a Zumaya 
(Spain), Tallulah Falls (U. S.), Chemin 
de Fer de Sfax a Gafsa (Tunisia). The 
book has 125 maps of rail nets; 594 
photographs of locomotives, wrecking 

What do 

you know 

about 

infectious 

disease? 

What do you know about 
Poliomyelitis 

Diphtheria 

'Influenza 

Tuberculosis 

Plague 

Cholera 

Malaria 

Yellow Fever 

The Future of Diseases? 

One of the world's leading viro

logists calls the control of in
fectious disease "the greatest 

human success" of man against 
his environment. 

But, implicit is the warning 
that biological warfare and 
man-made epidemics remain 
one of the greatest threats to 
civilization, even survival. 

THE NATURAL 
HISTORY OF 
INFECTIOUS 

DISEASE 
by Sir Macfarlane Burnet 

$4.50 at all bookstores 

CAMBRIDGE UNIVERSITY PRESS 
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this brain 

vvill run your 
factory tornorrovv 
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It's a versatile substance that will 
convert blueprints to machined con
tours-regulate process flows-and 
synchronize complex operations. 
By serving countless "memory" and 
"thinking" functions, it makes pos
sible the "AUTOMATIC FACTORY 
OF THE FUTURE"-the factory that 
will meet the price and quality com
petition of tomorrow. 

This "brain" substance is MAG
NETIC TAPE. It can reme mber 
numbers, dimensions, contours, tem
peratures, pressures, operational 
sequences, or practically any "intel
ligence" that is convertible to elec
trical impulses and amplitudes. With 
this remembered information it can 
activate and control any desired 
mechanical response. Its applica
tions to "automation" are limitless. 

Machines and controls that respond 
to tape signals are being developed 
by the major electrical manufactur
ing corporations in the U.S. The 
t a p e  d evi c e s  t h e m s e lve s - f o r  
audio, data and control purposes 
are a specialty of the Ampex Cor
poration, acknowledged leader in 
magnetic tape technology. for 
more information about this new 
and rapidly growing field, write 
today to Department 0-1275. 

934 CHARTER STREET 
REDWOOD CITY, CALIFORNIA 

cranes, switches, coaches, freight cars, 
sleeping and dining cars, tank cars and 
hoppers, lounge cars, refrigerator cars, 
control boards, refueling and watering 
platforms and cable cars; 256 drawings 
of structures and gradient profiles, and 
550 pages of text and statistics. 

THE TROPICAL RAIN FOREST, by P: W. 
Richards. Cambridge University 

Press ($12.50). An extensive study of 
all that is known of the great evergreen 
forests in the tropical lowlands of South 
America, Africa and Malaysia, which 
constitute about half of the entire world's 
forest area. Richards' ecological survey 
is addressed to zoologists and geogra
phers as well as to botanists and forest
ers. A handsome and particularly well
illustrated volume. 

S ECOND ANNUAL REPORT ON STRESS, 
by Hans Selye and Alexander Hora

va. Acta, Inc. ($10.00). A guide to the 
literature with brief commentaries on 
recent developments in a field where 
Dr. Selye, director of the Institute of 
Medicine and Experimental Surgery of 
the University of Montreal, is the prin
cipal figure. The report, in the nature 
of a supplement to Selye's Stress ( 1950), 
lists pertinent articles in more than 
4,000 publications. 

THE EPIGEN£TICS OF BIRDS, by C. H. 
Waddington. Cambridge University 

Press ($7.00). A valuable review by a 
leading British geneticist of the litera
ture since 1930 on the experimental em
bryology of birds. Epigenetics, in Wad
dington's usage, means "the science con
cerned with the causal analysis of de
velopment." He offers an orderly survey 
of a large, active and important branch 
of biological research, and adds his own 
illuminating comments. Illustrations. 

ATLAS OF THE WORLD'S RESOURCES, 

.'-\. . VOL. II: THE MINERAL RESOURCES 
OF THE WORLD, by William Van Royen 
and Oliver Bowles in collaboration with 
Elmer W. Pehrson. Prentice-Hall, Inc. 
($12.00). A cooperative work describ
ing in text, maps, graphs and charts the 
location, practical availability, basic 
processing methods and output of the 
world's mineral reserves. The book cov
ers the minerals of greatest commercial 
importance: coal, petroleum, iron ore, 
manganese, bauxite, copper, lead, zinc, 
tin, uranium, phosphate rock, graphite, 
mica, potash, salt, asbestos, sulfur and 
so on. 

SEAWEEDS AND THEIR USES, by V. J. 
Chapman. Pitman Publishing Corp. 

($6.00). An interesting general account 
of these abundant and valuable plants. 
Chapman explains why the algae, 
though an almost inexhaustible source 
of fertilizer, food, medicines and chemi
cals, have not supported a flourishing in-

dustry anywhere except in Japan. He 
also predicts that when certain problems 
are solved and a few prejudices over
come-and particularly when shortages 
grow more acute-seaweeds will come 
fully into their own as a source of food. 

PERSOC\'ALITY: IN NATURE, SOCIETY 
AKD CULTURE, edited by Clyde 

Kluckhohn and Henrv A. Murrav with 
the collaboration of David M.· Schnei
der. Alfred A. Knopf ($7.50). A com
pendious, wide-angle anthology of pa
pers by various specialists-biologists, 
psychoanalysts, sociologists, anthropolo
gists, psychologists-on the relation of 
the individual to society. This second 
edition presents 13 new essays, includ
ing an interesting paper by Raymond A. 
Bauer on "The Psychology of the Soviet 
Middle Elite." 

SPEECH AND HEARING IN COMMUNICA-
TION, by Harvey Fletcher. D. Van 

Nostrand Company, Inc. ($9.75). A 
thoroughly revised and rewritten version 
of a book published in 1929 and dealing 
quantitatively with every aspect of an 
electrical communication system: the 
talker's method of speech and the sound 
waves he creates, the machine he talks 
into, the transmission line, the receiver, 
the hearing process and the relevant be
havior of the listener. Several chapters 
summarize 30 years of work by Bell 
Telephone Laboratories on the percep
tion of speech by listeners having nor
mal hearing. For specialists. 

EXPERIMENTAL NUCLEAR PHYSICS, 
VOL. I, edited by E. Segre. John 

Wiley & Sons, Inc. ($ 15.00). The first 
volume of what promises to be a most 
useful cooperative attempt to keep the 
experimentalist abreast of the tech
niques, findings and theoretical inter
pretations developing in nuclear re
search. The five main divisions are de
tection methods, passage of radiation 
through matter, nuclear moments and 
statistics, nuclear two-body problems 
and elements of nuclear structure, 
charged-particle dynamics and optics. A 
very well-produced volume. 

l\1 EDICINE AND PATHOLOGY, edited by 
H V. Zachary Cope. Her Majesty's 
Stationery Office ($ 11.00). The first vol
ume of the United Kingdom Official 
Medical History of the Second World 
War, an extensive project in which 17 

additional volumes are in the making, 
dealing with the medical record of the 
fighting services, the national health at 
the beginning of the war, the expansion 
of the Health and Medical Services to 
meet war conditions on the civilian 
front, problems of wartime nutrition, 
medico-social changes, migrations of 
the civilian population to meet wartime 
requirements, industrial medicine, and 
related topiCS. An invaluable reference 

© 1953 SCIENTIFIC AMERICAN, INC



survey of the single major, undiluted 
benefit of the last war. 

ENCYCLOPEDIA OF AMERICAN HISTORY, 
edited by Richard B. Morris. Harper 

& Brothers ($6.00). A very handy little 
reference manual with three main divi
sions: �e first is a basic chronology from 
10,000 B.C. to the election of Eisen
hower; the second is a topical chronology 
tracing certain basic topics such as ter
ritorial expansion, transportation and 
communication, the Constitution and the 
Supreme Court, the American econo
my, science and invention, thought and 
culture; the third is a collection of 300 
biographies of notable Americans. There 
are numerous maps and charts, and a 
full index. 

Notes 

ALL ABOUT SHIPS & SHIPPIl'G, edited 
by Edwin P. Harnack. Faber & Faber 
Limited ($5.50). Ninth, revised edition 
of a fat little illustrated handbook con
taining an immense amount of accurate 
information on the making and sailing of 
ships, navigational methods, the history 
of the British merchant navy, tides, 
weather, lighthouses, signals, emblems, 
buoys, docks, yachting and so on. 

BODILY CHAl'GES IN PAIl', HUNGER, 
FEAR AND RAGE, by Walter B. Cannon. 
Charles T. Branford Company ($5.00). 
A reissue, which will be widely wel
comed, of a famous pioneer study of the 
relations between emotional excitement 
and physiological change. 

THE COLLECTED WORKS OF BERNHARD 
RIEMANN, edited by Heinrich Weber 
with a supplement by M. Noether and 
W. Wirtinger. Dover Publications, Inc. 
($4.95). Reissue of the second edition, 
in the original German with a new Eng
lish introduction by Hans Lewy, of the 
collected papers of a mathematician 
whose work not only foreshadowed but 
opened the gate to the modern revolu
tion of the physical sciences. This is the 
most recent of an admirable series of re
prints of out-of-print claSSiCS, an under
taking for which Dover Publications de
serves the thanks of the scientific com
munity. 

ASTROPHYSICS, THE ATMOSPHERES OF 
THE SUN Al'D STARS, by Lawrence H. 
Aller. The Ronald Press Company 
($ 12.00). An advanced monograph cov
ering methods and results of the study 
of stellar atmospheres and solar-terres
trial relationships. Topics include atomic 
and molecular spectra, the gas laws, the 
emission and absorption of radiation, 
the Fraunhofer spectrum and solar phe
nomena. 

THE HISTORY OF ENGLISH LAW BE
FORE THE Tn"IE OF EDWARD I, by Sir 
Frederick Pollock and Frederic William 

Maitland. Cambridge University Press 
( $25.00). This masterpiece of English 
historical and legal scholarship is also a 
stately work of literature; a reissue of 
the second edition is more than wel
come. The book, indispensable for stu
dents and specialists, can be recom
mended to any reader seriously inter
ested in the growth of social and politi
cal institutions in medieval England. 

THE OUTER LAYERS OF A STAR, by 
R. v. d. R. Woolley and D. W. N. Stibbs. 
Oxford University Press ($8.00). This 
book in the International Sel'ies of Mono
gmphs on Physics is concerned with "the 
relations between the total radiation 
from a star, its color, and the lines in the 
star's spectrum." Its point of departure is 
the work of A. S. Eddington, E. A. 
Milne and S. Chandrasekhar on radiative 
equilibrium. 

STATISTICAL THERMODYNAMICS, by 
Sir Ralph Fowler and E. A. Guggen
heim. Cambridge University Press 
($10.50). Third impression, with minor 
corrections, of the standard student's 
version of the late Sir Ralph Fowler's 
notable study Statistical Mechanics. 

PROGRESS Il' NUCLEAR PHYSICS, VOL. 
II, edited by O. R. Frisch. Academic 
Press, Inc. ($9.25). Eight papers, mostly 
by British scientists, reporting on various 
atomic energy investigations: nuclear 
paramagnetic resonance, neutron-proton 
interaction, fission, the shell model of 
nuclear structure, ionization by fast par
ticles and other topics. 

THE THEORY AND ApPLICATIONS OF 
HARMONIC INTEGRALS, by W. V. D. 
Hodge. Cambridge University Press 
($5.50). The second edition of a stand
ard monograph, with misprints and er
rors corrected, and one or two minor 
additions. 

CONFORMAL MAPPING, by L. Bieber
bach. Chelsea Publishing Company 
($2.25). English translation by F. Stein
hardt of the fourth edition of this excel
lent introduction to conformal geometry. 

THE STARS ARE YOURS, by James Sayre 
Pickering. The Macmillan Company 
( $3.95). This revised edition of a book 
by a Hayden Planetarium lecturer in
cludes references to recent discoveries 
and a new section on star names and the 
location of planets. A pleasant all-around 
account for beginners. 

MAKERS OF MODERN SCIEl'CE. Charles 
Scribner's Sons ($4.00). This book con
tains three biographies: one of Charles 
Darwin by Paul B. Sears, one of Sig
mund Freud by Gregory Zilboorg and 
one of Albert Einstein by Leopold In
feld. An agreeable package for the gen
eral reader. 
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FRENCH 
GERMAN 
SPANISH 
ITALIAN 
RUSSIAN 

JAPANESE 
NORWEGIAN 

No Textbook 
Can Teach You 

To Speak 
• 

LEARN AT HOME 
With LlNGUAPHONEWorld's 
Standard Conversational 
Method, you bring a foreign 
land right info your own home. 
You LISTEN and LEARN an
other language in the same 
easy, natural way you learned 
English long before you went 
to school. 

AT HOME, you hear native 
men and women speak about 
everyday matters, you listen
you understand-YOU SPEAK, 
read and write, correctly, eas
ily, naturally, as they do. You 
can learn in 20 minutes a day. 

Used internationally by sci
entists, schools, colleges, gov
ernments, Armed Services and 
business firms for personnel 
training. Over a million home
study students of all ages. 

STOP Wishing-START Talking 
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Send me your FREE book. 
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CITY .. ............................... ZONE ...... STATE ...... . . 
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PUBLICATIONS ON 

COMPUTERS & ROBOTS 
P 2: COMPUTERS AND AUTOMATION (formerly THE 
COMPUTING MACHINERY FIELD). Monthly except June, 
Aug. Articles on computing machinery, automatic control, 
cybernetics, robots, etc. Reference information: roster of 
OI'ganizations, etc. Annual subscription ...................... $4.S0 
p 6: CONSTRUCTING ELECTRIC BRAINS. Reprint of 
thirteen published article�. Explains simply hoW an auto
matic computer is constructed: how to make it add, sub
tract, multiply. divide, and solve problems automatlcal.ly, 
using relays or electronic tubes or other devices. Contams 
many examples of circuits.. . ......... $2.20 
P 10: THE CONSTRUCTION OF LIVING ROBOTS. Pamphlet. 
Discusses the properties of robots and of Iivin:;: beings. 
and out.lines how to construct robots made ont of hard
ware Which will have the essential pl'operties of livin,� 
beings. Gives circuit diagrams .................................... $ 1. 00 
P 1: CONSTRUCTION PLANS FOR SIMON, the Small "Ie
chanical Bl'ain. Complete plans, circuits, essential wil'ing 
diagrams, pm·ts list, etc., enabling Simon to handle num
bers up to 255, and to perform nine mathematical and 
logical operations..... ... ................ . ......... $5.50 
P 3: CONSTRUCTION PLANS FOR SQUEE, the Robot SQuir-
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"hnnds", takes them to his ··nest··. there leaves them, 
and then goes hunting for more nu\s .......... ............... $4.00 

SYMB OLIC LOGIC 
P 16: SYMBOLIC LOGIC-TWENTY PROBLEMS AND SO
LUTIONS. Report. Contains some problems by Lewis Cal"
l'oll and John Venn (out of ))rintJ, and many othel' new 
problems. Guide tv using symbolic lo:;dc In actual situa-
tion5. . ....................................................................... SI.80 
P 5: BOOLEAN ALGEBRA (THE TECHN IQUE FOR MA
NIPULATING 'AND'. 'OR', 'NOT', AND CONDITIONS) AND 
APPLICATIONS TO INSURANCE; also DISCUSSION. He
print. Explains in simple language: what Boolean alg{'bl'a 
H;; how to reco$nize the relations of Boolean algebra 
when expressed In ordinary words: anu ho'''' to calculale 
with it. Contains problems. solutions, comments, dis-
cussion. . ...•................ . .................................... ..... . . . . .  51.20 
P 4: A SUMMARY OF SYMBOLIC LOGIC AND ITS PRAC
TICAL APPLICATIONS. Pamphlet. Rules fOl' calculating 
with Boolea!} algebra. Other pm·ts of symbolic logic. Ap
plicatio'1s of Bool�an algebra to computing machinery, 
circuits, and contracts. Many complete problems and so· 
lution::;. . ................... $2.50 
P 14: CIRCUIT ALGEBRA_INTRODUCTION. Pamphlet. Ex
plains simply a new algebl'a (Booleun algebl'u modifi{'d to 
Include time) till" applies to on-off circuits, usin:.: relays. 
electronic tubes. rectifiers, gates. flip-flops, delay lines. 
etc. Covers both static and sequential circuits. Appllca· 
tions to contl·ol. progranuning, and computing". Problems 
and solutions involving cil·cuils... . . ..... 51.80 
Your money is returned at once if you are not satisfied. 
You can sec these for almost nothing-why not take a look 
at them? Send request direct-not through a dealer. (P.S. 
We also offer 8 nlDl'e pubJiclltions. and 2fi courses by mail. 
'Ve have students in 46 states and territol'ies, 12 fOl'eign 
c:;:a,ntries. Ask us for infurmation.) 
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THE AMATEUR SCIENTIST 

Conducted by Albert G. Ingalls 

R
EADERS of SCIENTIFIC AMEHICAN 

need no introduction to Stanley 
Meltzoff. His cover paintings 

have adorned many issues of this pub
lication in the past five years. But unless 
you happened to meet him emerging 
from the surf at Shark River, N. J., with 
flippered feet and swimming mask you 
would never recognize him as a frogman, 
skin diver and amateur ichthyologist. 
This sport and amateur science is be
coming popular this summer, but Melt
zoff took it up in 1948. 

"For as long as I can remember," he 
says, "our family has summered on the 
beach. We all learned to swim early and 
our big sport was body-surfing. During 
late spring and early fall, when the 
breakers run high, you swim out 200 
yards or so, catch a big one and skim 
back on your belly like a surfboard. We 
always dreaded July and August because 
then the Atlantic settled down like a 

compre55cd 
air - up to 
3000lbs_pcr 
sq. In. 

5Urc. 

On the popular dirersion of free diring, 
and a well-built Cassegrainian telescope 

millpond and that ended the thrills. At 
least that was the way it was until five 
years ago. 

"Then one day in mid-July a gadget in 
a sporting goods store caught my eye. It 
was a swimming mask; an oval of rub
ber molded around a disk of shatter
proof glass. I bought one on impulse. 
That week end, as usual for the season, 
my companions on the beach consisted 
of a dozen or so bass fishermen idly cast
ing their lines into the surf and pulling 
them back empty, and a group of elderly 
ladies who enjoyed bobbing up and 
down close to the lifelines. The fisher
men's persistence always puzzled me. 
Everyone knew the beach had been 
fished out for years. 

"I fitted the mask over my eyes and 
nose and waded out beyond the ladies. 
I kicked off and dipped below the sur
face. The spectacle left me stunned. It 
was like floating in air. The sandy bot
tom curved away steeply into a cold, 
eerie blue. But within 100 yards the 
water was alive with clouds of bass-big 
ones by the hundreds. Cautiously I 
drifted down among them. Instead of 
darting away, the bass seemed to accept 
me as one of their own, lazily staying 
just beyond reach. Some weighing up to 

25 pounds were wandering in and out 
among the ladies. 

"Something had to be done about 
those fish. I rushed to our cottage and 
came back with a bamboo pole sharp
ened to a point. As things turned out, the 
bass were quite safe. My excited thrusts 
simply threw me off balance and robbed 
the spear of its force. Finally I gave up. 
But why weren't the fishermen hooking 
anything? I dove toward their lines to 
find out. At that moment, I suppose, I 
became seriously interested in the ways 
of things that live in the sea. The next 
day I bought a pair of rubber swim fins 
and I have been skin diving ever since. 

"A few hours under water disclosed 
the reason for the fishermen's plight. The 
bass simply recognized the tackle as a 
clumsy fraud and kept their distance. 
They quickly learned to steer clear of 
men-fish, too. With a spear gun powered 
by rubber bands, bought that first sea
son, I took several hundred pounds of 
fish. A half-dozen other enthusiasts also 
learned spear fishing. But by the end of 
the summer, the bass had learned to 
circle casually just beyond our range. In 
contrast the small, unhunted species 
came as close as ever. 

"That season I also learned of some 
important advances in the art of skin.div
ing. The snorkel had appeared some 
years before. This is a short length of 
plastic tubing which enables you to 
breathe while doing a dead-man float. 
One end is fitted with a mouthpiece 
which is gripped between the teeth; the 
other has a float valve which rides on the 
surface and closes automatically when 
submerged. The swimmer breathes 
through his mouth under water and ex
hales through a rubber flap valve in the 
mouthpiece. A snorkel enables the most 
inexperienced swimmer to float for hours 
without lifting his face from the water. 
Whenever you see something interest
ing below, you simply hold your breath, 
do a jackknife flip and down you go. 
Ordinary swimmers can dive to 30 feet 
and experts go down beyond 100. 

Cutaway of the aqualung mechanism 

"I also learned with disappointment 
that our waters off New Jersey are rarely 
as clear, or as densely populated with 
striped bass, as on that first day. The sea 
has a climate of its own and often ad
verse conditions cut visibility to a foot 
or less, espeCially near harbors or the 
mouths of rivers heavy with silt. That 
is why the clear waters of California and 
the Mediterranean make those localities 
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world centers of skin diving. As in many 
U. S. lakes, good visibility is characteris
tic there throughout the year." 

Good underwater seeing means a lot 
to Meltzoff, who is first of all an artist. 
Although the sea anemones and their 
relatives which coat the floor of tropical 
seas in brilliant colors do not thrive off 
the Jersey coast, he finds an endless chal
lenge in the more subdued and less fa
miliar forms in northern waters. At first 
he was content to make short dives for a 
hurried examination of the bottom, but 
such glimpses were not very satisfying. 
Moreover, Meltzoff wanted to try paint
ing under water. For this he needed a 
means of staying below for longer 
periods, but conventional diving gear 
was out of the question. A deep-sea div
ing suit with air pump, tender and acces
sories costs thousands of dollars and 
gives the diver little freedom of action. 
He is tethered to his pump by an air hose. 
His shoes weigh 40 pounds or more. To 
move, he must adjust his buoyancy by 
means of a manually operated valve con
trolling the pressure in his suit. A slight 
error may cripple him for life. Hence, 
except for a few daring enthusiasts such 
as Dr. Jerome Schweitzer, the dentist ex
plorer and diver of New York City, not 
many amateurs were attracted to ocea
nography until a solution was found for 
the problem of entering the hydrosphere 
safely and inexpensively for extended 
periods. This happened in 1943, though 
the U. S. did not learn of it until after the 
war. Captain J acques-Yves Cousteau 
tells the whole thrilling story in a current 
best-seller, The Silent World. A gunnery 
officer of the scuttled French Navy, Cou
steau was waiting out the Italian occupa
tion by skin diving off the Riviera. There 
he and two swimming companions, 
Frederic Dumas and Philippe Tailliez, 
got an idea for a self-contained com
pressed-air lung. He submitted it to 
Emile Gagnan, an expert on industrial 
gas equipment, and together they 
worked out the practical details. The re
sult was the aqualung, a device that has 
revolutionized diving and enabled com
parative laymen to penetrate a vast new 
frontier as primeval as the land surface 
of 20,000 years ago. When it is realized 
that this is the last virgin territory of the 
Earth, the importance of the aqualung 
becomes apparent. 

The aqualung has three major parts: 
a bottle of air compressed to 150 atmos
pheres, which is strapped to the diver's 
back; a two-stage pressure-reduction 
mechanism or "demand regulator" which 
automatically supplies air on demand 
at pressure equal to that of the sur
rounding water; and a loop of flexible 
tubing leading out of and back into the 
regulator, through which tube the diver 
inhales and exhales by means of a special 
mouthpiece in its center. This differs 
from earlier compressed-air devices, re
lying on manually controlled valves and 
a continuous, wasteful flow of air, chiefly 

in its ingeniOUS two-stage air-pressure 
regulator. In the first stage the air is ex
panded to a constant pressure of about 
six atmospheres, controlled by a flexible 
diaphragm and compressed spring ar
rangement. In the second stage this air is 
admitted on demand to a larger cham
ber where a larger diaphragm in contact 
with the water equalizes the pressure to 
match that of the surrounding medium, 
no matter what the depth. Anyone who 
has tried to breathe through a garden 
hose while submerged will appreciate 
the necessity of 'having air supplied at 
pressure corresponding with the depth. 
It is impossible to expand the lungs 
against the weight of water at a depth of 
six feet, J. Fenimore Cooper and his In
dians to the contrary notwithstanding. 

As Cousteau explains it, when a diver 
inhales from the aqualung he slightly 
reduces the pressure on the inside of the 
second-stage diaphragm. This actuates a 
demand valve which permits air to flow 
from the first stage until the pressure re
turns to equilibrium with the water on 
the outside of the diaphragm. When the 
diver exhales, his breath passes up the 
second section of the tube to a rubber 
flap valve situated near this diaphragm, 
which means that it is expelled at the 
pressure of the intake. Since all internal 
and external pressures are thus in equi
librium, the diver receives little sub
jective indication of depth. Although the 
total weight of the apparatus is 50 
pounds, it is so designed that it is 
buoyantly balanced under water. The air 
supply is sufficient to permit a diver to 
work for half an hour at a depth of 100 
feet, and he can breathe effortlessly 
down to about 300 feet. An automatic 
warning device operates as the air sup
ply nears exhaustion, giving the diver 
about five minutes in which to surface. 

A third type of diving apparatus, in
vented in time for World War II, also 
enables the swimmer to make free dives. 
This is the so-called "re-breather" device 
in which a trickle of oxygen flows con
tinuously into a closed system of tubes 
and filters that re-circulate the initial 
supply of air and remove the waste prod
ucts of respiration. No telltale bubbles 
emerge from this system and hence it 
was extensively used for underwater de
molition by the fighting frogmen. Melt
zoff and his diving companion, James 
McCloskey of Port-au-peck, N. J., be
lieve that with further development the 
re-breather system may displace the 
aqualung. Pound for pound, oxygen 
should permit longer dives than air. But 
under water, they admit, it is tricky stuff. 
Pure oxygen at a depth pressure of 50 
feet becomes a poison giving rise to con
vulsions and other violent reactions. 
Present re-breather apparatus is subject 
to malfunction, and the very existence of 
a variety of designs indicates the need 
for more development. McCloskey al
ways tells beginners intent on purchas
ing war-surplus re-breather equipment 
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G.M. R.eavis 
10 inch Ca.s5eg rdin ian 

Reflector 

4R.P.M 

An amateur's third telescope 

at bargain pl�ices to remember that frog
men were classed as expendable. 

In contrast, Meltzoff and McCloskey 
point out, not a single fatality has been 
traced to the malfunctioning of an aqua
lung despite tens of thousands of dives. 
"Perhaps the greatest hazard of the 
aqualung to inexperienced swimmers," 
says Meltzoff, "is the perfection with 
which it works. You tend to forget that 
it is there. You are carried away with 
the environment and ignore the fact that 
you are a fragile trespasser out of your 
accustomed medium. Properly ballasted, 
you can sit in a chair while observing 
life on the bottom with all the feeling of 
comfort and security you enjoy in your 
living room. Breathe deeply and your 
lungs lift you on an effortless glide to
ward the surface. Exhale, and you pla�e 
down. You fly without flapping! It is easy 
to forget that you are a land animal. At 
great depths nitrogen concentrates in 
your blood with all the effects of heady 
wine. As Cousteau has observed, in this 
state of transport it sometimes requires 
a supreme act of will to avoid pulling out 
your mouthpiece and offering it to a 
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passing fish. It is well for the aqualung 
beginner to avoid dives below 60 feet, 
even though he has a lot of snorkel ex
perience." 

McCloskey, like Meltzoff, also learned 
to dive as a boy. His first equipment con
sisted of an inverted bucket fitted with a 
window and supplied with air via a gar
den hose and automobile tire pump. 
"The helmet still has its place in amateur 
diving," he says, "but compressed air is 
a lot safer. Moreover, you can swim 
wherever you want to go. While sta
tioned in Florida during the war, for ex
ample, I became interested in barracuda. 
They are supposed to be man-eaters. 
Knowing something about the habits of 
fish, I didn't believe it. I have a theory 
that the experienced skin diver is in no 
more danger than any big game hunter. 
Wild animals tend to avoid conflict un
less provoked or cornered. Florida is 
filled with tales of swimmers who sup
posedly lost their lives to barracuda. I 
could not discover a single individual 
who ever witnessed such an attack. All 
the tales shared one feature in common: 
'A distant relative once knew a man 

who had heard a shrimp fisherman 
say . .  .'  Finally I went down for a free
swimming look, something you cannot 
do in a helmet. Within the first five min
utes I spotted three barracuda idling 
peacefully among the bathers in Miami 
Beach. One warning shout of 'barra
cuda' would have sent them all scram
bling for shore. 

"This is not to say that barracuda will 
not attack. Once, while studying the 
habits of parrot fish off the Coca River I 
happened to glance behind me and 
there, not more than 15 feet away, was a 
huge silvery shape at just about my level. 
He was at least eight feet long and must 
have weighed 500 pounds. To my dis
may, I discovered that he was taking an 
interest in me. He wore a nasty expres
sion and bared his teeth. Then I realized 
that he was between me and the beach. 
Perhaps he thought he was cornered. 
Animals can get some strange ideas. I 
promptly exhaled and cautiously planed 
toward the bottom, 100 feet below. After 
a few seconds the barracuda gave his 
tail an uneasy flip and then tore out of 
there like a racing dirigible, obviously as 
relieved as I was. 

"The worst encounters I have experi
enced during dives have been with those 
creatures which every bather in tropi
cal waters knows about: crabs, Portu
guese men-of-war, sea nettles, and other 
animals that pinch or sting when you 
ignore their rights. I must confess that I 
always feel uncomfortable when sharks 
are around. I do not know why this 
should be so. None has ever made a pass 
at me. The professionals say that sharks 
are unpredictable beasts, so I've decided 
to leave them for some graduate student 
on the lookout for a pregnant subject for 
his doctor's thesis." 

Meltzoff and McCloskey make a good 
diving team: one is interested in record
ing the sights of the sea, and the other its 
sounds. McCloskey has a background in 
electrical engineering and is an execu
tive in a thriving young firm making 
electronic computers. Friends have sug
gested that he should write a book some
day entitled The Noisy World as a 
companion to Cousteau's volume. Mc
Closkey is interested in developing a hy
drophone to be worn like a hearing aid. 
His tentative design incorporates a local 
oscillator for beating against supersonic 
vibrations. This would enable him to 
hear sounds well beyond the normal 
range of human hearing. He also hopes 
to build a magnetic tape recorder for 
underwater use. Fish have a mysterious 
way of acting in unison when exposed to 
a variety of stimuli. If they talk, Mc
Closkey'S proposed apparatus should 
enable the amateur to eavesdrop. The 
development of sensitive ship hydro
phones during the war established the 
fact that fish vibrate over a broad range 
of frequencies, but the operator could 
not link the sounds with the species be
cause he could not see under water. A 
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hydrophone-equipped skin diver would 
not be hampered by this limitation. 
Whales have been known to emit certain 
supersonic vibrations in a group of radar
like pulses, possibly as an aid to naviga
tion. Some fish sounds can be heard 
without electronic aid. Groupers, says 
McCloskey, occasionally make a harsh, 
grating noise, ane Cousteau has ob
served that any thrashing near the sur
face seems to attract the attention of 
sharks. Perhaps they are sensitive to sub
audible vibrations. Some work is already 
under way on this subject at various 
oceanographic institutions, but any sig
nificant findings must await further cata
loguing of fish sounds. 

"Equipped with an underwater lung," 
says McCloskey, "the skin diver finds 
himself in a territory as virgin as that of 
Linnaeus-a vast expanse of the un
known, by no means limited to ichthy
ology. Fish naturally hold the greatest 
interest for our club because most of us 
started as spear fishermen. But show me 
the hunter who is not also an amateur 
naturalist. This year our club is cooperat
ing with Rutgers University on a census 
of New Jersey's coastal fish-a project 
suggested by Meltzoff. Eventually, we 
hope to map the 'swimways' of the vari
ous species just as the bird-banders have 
helped to chart the flyways of game fowl 
and other birds. In addition we hope to 
learn much more about our shore life. 
Until the advent of the compressed-air 
lung, these studies were largely confined 
to the zone that extends between the 
tides. Now we can observe what happens 
to the sea-mats, squirts, shrimp and 
other small crustacea at high tide. 

"And what possibilities the lung opens 
to the fellow who lives near a fresh
water lake! There the water stratifies far 
more sharply than in the sea, and aquatic 
life zones itself accordingly. I have done 
very little fresh-water diving, but that 
little revealed no great difference in 
technique. In salt water I must weigh 
off with about seven pounds of lead at
tached to my belt. Fresh water diving 
requires only three or four pounds." 

The other day we asked Meltzoff a 
question that had been on our mind for 
several weeks; what about the "bends"? 
"First of all," he said, "it should be 
understood that the compressed-air lung 
is not a toy. You can hurt yourself with 
it. Below 50 feet excess nitrogen in the 
blood forces you to decompress on the 
way up for various periods at various 
levels, depending on the duration of 
your dive. If you stay at 100 feet for an 
hour you must decompress at 20 feet for 
16 minutes and at 10 feet for another 16 
minutes. But if you are at 100 feet for 
only 25 minutes you can surface without 
decompression. Experienced skin divers 
do not worry about the bends. However, 
beginners have been known to hurt 
themselves seriously in water only 20 
feet deep by an effect which has nothing 
to do with the bends. As the diver begins 

his ascent his lungs are filled with air 
under pressure proportionate to the 
depth. During ascent the pressure of the 
surrounding water drops. Unless the 
diver continues to breathe as he rises the 
difference in pressure between a depth 
of 20 feet and the surface can rupture his 
lungs. On the other hand, if he remem
bers to exhale while ascending he can 
surface from a depth of 100 feet without 
a lung. The first requirement for com
pressed-air diving is experience and this 
is best acquired by training with a 
snorkel. The aqualung is no substitute 
for skill in underwater swimming." 

TELESCOPE-BUILDING has not 
been treated in this department for 

month�, but it continues, easily at the 
rate of several new amateur telescopes a 
day. Each is individually designed by its 
builder around basic principles de
scribed in Amateur Telescope Making. 
Each therefore embodies interesting 
original features. A lO-inch Casse
grainian reflector built by G. M. Reavis, 
a linotype operator of Fresno, Calif., is 
no exception. His is not, however, a first 
telescope. Like nearly all novices, Reavis 
began by building a simple six-inch 
Newtonian which he used for several 
years to gain experience. 

In a Cassegrainian the light rays are 
received by a concave mirror at the 
lower end of the tube, then reflected to a 
small convex mirror near the top, from 
which they are reflected again through a 
central hole in the primary mirror into 
the eyepiece. To permit a more comfort
able angle of observation, Reavis added 
a third reflection near the eyepiece by 
means of a flat diagonal mirror. While 
the Cassegrainian, being folded into 
short compass by its secondary mirror, 
may be thought of as the equivalent in 
magnification of a Newtonian telescope 
four times as long, it is much more diffi
cult to make and is not recommended for 
the beginner. Nor is the lO-inch Casse
grainian the easiest size to encompass, 
its volume, weight and cost being 4.6 
times that of a six-inch. Reavis spent 
$200 and more than two years on and 
off, with time out to make a 3)f-inch re
fractor, in building his Cassegrainian. Its 
primary mirror is tiS and its spherically 
convex mirror amplifies the image four 
times. Equipped with a giant eyepiece 
of Bf-inch focal length, the telescope 
magnifies 133 times. Reavis says that 
"even with this much power the wide 
field lens takes in the full image of the 
moon, showing a wealth of detail, and it 
is truly a marvelous sight. 

"Each of the two finding telescopes 
riding on the main telescope," he con
tinues, "has a three-inch objective lens. 
I usually pick up the object on the short 
one, a ri\"hest-field (wide-field) refrac
tor of 12 power, then switch to the long 
one which has a 23lf-inch focal length 
and magnifies 50 times, though with a 
narrower field. All this is unnecessarily 
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elaborate, as such finders aren't r�ally 
necessary. However, they are often used 
as separate telescopes served by the 
main mounting and they do greatly im
press guests." 

Reavis made his own patterns for the 
mounting and did most of the machine 
work on his lathe. He finds that the tele
scope is rigid enough except when a 
Southern Pacific freight locomotive 
pounds along within 1,000 feet, convert
ing it temporarily into a seismoscope. 
Four one-inch bolts embedded in con
crete adjustably hold a B�-inch steel 
plate to which the heavy-wall, six-inch 
steel-pipe pedestal is welded. A rugged 
ring welded to a rigid plate is attached to 
the top of this pipe with four Allen set
screws, permitting easy removal and ad
justment. "Here, however, the welding 
stopped," Reavis writes, "and I used 
bolted angle iron to attach the side plates 
and the latitude plate, because welding 
would have warped everything. 

"The bearings are housed in cast-iron 
pillow blocks. The heavy T for the polar 
and declination axes was cast from a pat
tern I made. The polar axis is a two-inch 
shaft with a ball thrust bearing at its 
lower end and a Torrington needle bear
ing at its upper." Roger Hayward, the 
illustrator, who is also an architect and 
amateur mechanic, commented after 
making the drawings for this article: 
"Torrington bearings are of particular 
interest because they take so little room. 
Amateurs should take more advantage of 
them. These are the only kind of roller 
bearings in which the outside of the 
shaft runs directly on the rollers, and 
thus the amateur can turn this surface 
for himself. The rollers are small, har
dened steel rods, l�-inch in diameter or 
thereabouts." 

Reavis continues: "The drive consists 
of a 12-watt Telechron motor giving four 
revolutions per minute and working 
through the gear train shown in the 
drawing. This gives sun time rather than 
sidereal time, but it holds the telescope 
on an object as long as I want to look. I 
had to use mitre gears because I didn't 
allow enough room between the two 
vertical side plates for the motor and 
gears. The motor was larger than I had 
expected, and I had to put it on the out
side of one plate and, in order to get 
clearance for the 96-tooth gear, I had to 
cut a slot in the other side plate. There 
is a friction clutch on the 60-tooth gear. 
You set the telescope on some object and 
it starts tracking wherever you pOint it." 
Since perfect telescopes are as uncom
mon as perfect people, this department 
often urges builders to confess their mis
takes, which may thus help others to 
avoid them. Many have willingly 
pointed out imperfections, at least in the 
telescopes. 

At first Reavis felt so kindly toward 
the compound telescope that he writes: 
"How gratified I am that I made one in
stead of a Newtonian of equal diameter 

and equivalent focal length, for I like 
better being at the bottom end of a short 
tube than standing on a ladder to look 
into the side of a tube which in this case 
would be 16 feet long. Best of all is the 
ability to get high powers with nothing 
stronger than a l�-inch eyepiece." Mter 
some months of use he was only a little 
less enthusiastic, finding that the secon
dary mirror gave better definition with 
its outer quarter-inch zone masked, 
which, of course, gave less illumination. 
He plans to refine the secondary. He 
adds: "The compound type suffers in 
comparison with other types in that the 
field of view doesn't have as much con
trast as with a Newtonian or a refractor." 
Theoretically the quality of optical 
workmanship needs to be increased in 
proportion to the square root of the num
ber of surfaces in the optical train, and 
thus a two-mirror telescope should have 
optics 1.4 times more precise than the 
one-mirror variety, while a three-mirror 
telescope should have optics 1.7 times 
more precise. 

By counterweighting the secondary 
mirror, Reavis brought "outboard" 
stresses inboard where they are neutral
ized and cannot distort the supports. It 
is the same principle as that explained 
by Russell Porter in Amateur Telescope 
Making, page 131, and in Amateur Tele
scope Making-Advanced, page 375. 
The sliding rod permits adjusting the 
secondary mirror lengthwise in the tele
scope to place the image approximately 
in the focal plane of the eyepiece. This is 
a convenience when design calculations 
have erred a little. 

Reavis contributes a new method for 
cutting clean channels in pitch laps 
without having chips flying all over a 
room. "Pour the lap, then pencil on it the 
outline for the channels, cover each with 
Scotch tape, cut them out with a razor 
blade, peel off the tape and your chan
nels are almost as neat as Porter drew 
them." He polished his mirror until a 
150-power microscope was required to 
show very tiny pits near its edge. For the 
same purpose Fred Ferson of Biloxi, 
Miss., with much experience in making 
pitless optical surfaces of a kind that few 
amateurs make, uses a 10-power jewel
er's loupe magnifier with the light from 
an unfrosted lamp bulb shining oblique
ly on the surface. Undiffused light from 
the narrow filament creates stronger 
shadows of the pits than light from a 
frosted bulb. 

Walter J. Kastner, Jr., of Union, N. J., 
has described his method of searching 
for pits and studying them while grind
ing a mirror. "Mter roughing out the 
mirror with the coarsest size of abrasive, 
dry it and hold it between the eye and 
a lamp bulb about four feet distant, with 
the ground surface facing you. Observe 
closely the manner in which the pits dis
perse the light. Each pit larger than 
average is seen to stand out clearly. After 
one 'wet' with the next size of abrasive, 
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inspect the mirror in the same manner. 
The light will be seen to be more evenly 
diffused, except where the largest pits 
were and are; hence they will now look 
worse than ever. After four or more 
'wets' with the same size abrasive the 
surface will diffuse the light more or less 
evenly, but you will still see extra-large 
pits. You may then decide that a little 
more grinding will remove them but 
even if you try this for 5, 10 or 15 'wets' 
you will still see extra-large pits. The 
probable reason is that new pits are 
made each time you begin a new 'wet,' 
because extra-large grains dig out new 
pits which are not fully ground out when 
that 'wet' is finished. Therefore forget 
about them and start the third size of 
abrasive and repeat the observing. Keep 
doing this for each remaining size of 
grains. You will observe that even with 
the finest size of abrasive, there are small 
pits that you can never seem to remove. 
They can at least be reduced in size by 
avoiding pressure on the disk, even to 
lifting up on it and grinding very slowly 
until the sound caused by these larger 
grains is replaced by the smooth grind
ing of equal-sized grains. 

"Please don't tell me," Kastner adds, 
"that my abrasives have been contami
nated. Even after stirring the grains in 
water, letting them settle, and using only 
the top part, pits appear." Unfortunately 
nothing as simple as elutriation or wash
ing will remove the "cobblestones and 
brickbats" with which the graded sizes 
are contaminated when the manufac
turer produces them, and which his 
methods of grading do not exclude. In 
Amateur Telescope Making: Book Three, 
to be published later this year, a method 
will be described by which the optical 
worker can extract this "road ballast" 
from his abrasive grains and be done 
with the scratches and outsized pits 
caused by them. 

Speaking of new books, F. Twyman's 
PI' ism and Lens Making, first published 
during the war and now issued in a sec
ond edition with its text almost quad
rupled, may be considered in that cate
gory. It is accurately subtitled "A text
book for optical glassworkers" and, while 
it is poorly suited to the beginner, being 
aimed at the professional, it should ap
peal to the advanced amateur. Though 
it deals with quantity production as well 
as single operations, its chief value to the 
amateur is its omnibus nature. The au
thor, for 40 years managing director of 
the British optical firm of Adam Hilger, 
Ltd.,  has obviously been guided by the 
same motive as the editor of Amateur 
Telescope Making in bringing together 
within the covers of a single book a wide 
variety of scattered data on practical 
optics. Thus the reader may open it any
where and browse to advantage in its 
622 pages. It also contains a chapter on 
microscope lens making. The book may 
be had through the Jarrell-Ash Com
pany, Boston, Mass. 
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ve 'hi -ule II. Plwrm. 

A medium in which 

medicine is administered. 

Example: GLYCERINE! 
Did you know that Glycerine is 
reported to be an ingredient in 
one out of four prescriptions, in 
hundreds of proprietary remedies, 
in over 50% of all liquid medica
tions compounded by druggists! 
The reason for this wide accept
ance? Glycerine's unusual combi
nation of physical and chemical 
properties just can't be matched. 

If you're developing a new drug, 
cosmetic, or food product, check 
the advantages of using Glycerine 
as a vehicle. 

New Tonic for Anemia 
For example, a new tonic for 
anemia has been developed which 
contains iron and ammonium 
citrate, peptonized iron, liver con
centrate, rice bran concentrate, 
thyamine hydrochloride, ribofla
vin, niacin, and vitamin B12, 
c ompounded in a highly stable 
Glycerine base. The manufacturer 
reportedly tested various types of 
vehicles and found that Glycerine 
provided the best stability, and 
also gave a better tasting product. 

Balance of Properties 
But Glycerine's ability to act as a 

vehicle is only part of the story. 
You can count on versatile Glyc. 
erine to serve as-

humectant 
solvent 
plasticizer 
sweetener 

lubricant 
demulcent 
suspending agent 
chemical intermediate 

Booklets on the application of Glyc. 
erine in the drug and cosmetic, food, 
protective coatings, and textile fields 
are available. For your copy, write to 
Dept. S, Glycerine Producers' Associa
tion, 295 Madison Ave., N. Y.17, N. Y. 
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10 VITAMIN CAPSULES 

2 SHOWER CURTAINS 

ACTIVATED 

CARBON 

AGRICULTURAL 

CHEMICALS 

PLASTICIZERS FINE 

CHEMICALS 

PROTECTIVE 

COATINGS 

EVERY TIME this big unloading 
bucket bites into a bargeload of coal, 
we're starting another chemical mir
acle on its way to you. Your new 
synthetic fiber suit, the drug that 
"knocked" your flu so fast and the 
bright enamel on your new car could 
all have been born in the coal chemi
cal recovery mains of our coke ovens. 

But this may be the real miracle: 
From our coking operations we pro
duce not only coke and coal chem
icals, but we follow through with 
basic products like pig iron and 
cement on one hand and finished 
chemical products like Pittsburgh 
Insecticides and Dyestuffs on the 
other-all in one continuous, interlocking 
operation. This highly developed in
tegration-and it now embraces ten 
operating divisions-requires consid
erable engineering skill and years to 
perfect. But the payoff is the unusual 
production efficiency and product 
quality control that have become 
synonymou� with Pittsburgh Coke 
& Chemical. 
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Tomorrow's paper takes to water! 
Spectacular indeed are the great log drives that bring pulp wood to the paper 
mills of America. But equally spectacular, and of more practical significance to 
users of paper, are the new and interesting qualities the paper industry is 
giving to its products. 

One of the most remarkable of these qualities is wet strength-the ability of 
paper to remain strong even when completely water-soaked. Paper 
manufacturers impart this quality through the use of American Cyanamid 
Company's MELOSTRENGTH* Resin-and you reap the benefits in stronger 
paper towels, wiping tissues, bags, laundry tags, meat wrappers, food 
containers, maps, blueprints and many other paper products. 

Here is an example of how the paper industry, working closely with the 
chemical industry, is giving you constantly increasing value in the products 
it makes for you. 

• ( 

AMERICAN � COMPANY 

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 

Materials/or the Paper I"dustry-Olle of the MallY Illdustr;es Served by Cyanamid 
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