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Things are different—up there!

You would be amazed at the tricks nature plays in the stratosphere

As aviation progress has carried man farther into the upper
air, he has found that nature has many tricks up her sleeve
in the stratosphere. Many things that worked well on the
ground wouldn’t do as well, or failed completely, in the
space beyond the clouds. Things are truly different up there.

CARBON BRUSHES ARE AN EXAMPLE—These brushes
are the contact points that carry electricity between mov-
ing and stationary parts of motors and generators. They’re
in electric razors, sewing machines, huge diesel locomotives
—and in modern aircraft.

THEY COULDN'T STAND ALTITUDE—Today’s high-flying
planes require literally hundreds of small electric motors
and many carbon brushes. Here was one of nature’s quirks,
for brushes which worked well on the ground and at lower
altitudes couldn’t take the thin, dry air of the stratosphere.
They’d spark and quickly disintegrate. And if the brushes
failed, the motors also would fail.

UCC FOUND THE ANSWER—The people of Union Carbide
attacked this problem. Through research they developed
special carbon brushes that worked uniformly well at all
altitudes, making stratosphere flying a practical reality.

OTHER AIDS TO FLYING—Better carbon brushes that keep
motors and generators running, alloy metals that stand the
terrific heat of jet engines, plastic insulation for high-alti-
tude wiring, and oxygen that provides the breath of life in
the upper air—these are but a few of the many UCC prod-

ucts that are helping aviation reach new heights.

FREE: Learn more about the interesting things you use every day.
Write for the illustrated booklet “Products and Processes” which tells
how science and industry use the ALLOYS, CARBONS, CHEMICALS,
GASES, and PLASTICS made by Union Carbide. Ask for booklet C.

UnioNn CARBIDE

AND CARBON CORPORATION

30 EAST 42ND STREET mjj NEW YORK 17, N. Y.

UCC’s Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include
NATIONAL Carbons ¢ ACHESON Electrodes * EVEREADY Flashlights and Batteries « PRESTONE and TREK Anti-Freezes
ELECTROMET Alloys and Metals « HAYNES STELLITE Alloys * PREST-O-LITE Acetylene « PYROFAX Gas
DYNEL Textile Fibers * BAKELITE, KRENE, and VINYLITE Plastics «+ LINDE Oxygen ¢ SYNTHETIC ORGANIC CHEMICALS
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BUSINESS IN MOTION
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Here is another example of thorough collaboration
between a supplier and a customer, and the values
obtained thereby. The case involves the production
and bending of copper tube whose wall is rather thin
relative to its diameter. The tube is formed into ex-
hausts for fine pleasure craft, sailed the country over
in both fresh and salt water. The boat builder speci-
fies copper for this application, because of its corro-
sion resistance, which means long life, economy, and
the satisfaction of yachtsmen.
However, the tube is not bent
at the shipyard; an outside
bending firm applies its skill
to this exacting task.

e When Revere suggested
that it was a good source of
supply for copper tube, we
were promptly turned over to
the fabricator of exhausts,
with the statement that he
was the one to be satisfied,
that his high requirements had to be met, and that
the boat company would merely inspect exhausts to
make sure that they met specifications, including not
only dimensions and curvatures, but the complete
absence of cracks and wrinkles where the tube is bent.
e This at first glance seemed to be an unusual prob-
lem. The exhausts run in size from two to three and
a half inches, outside diameter, with a wall of .049
inch. That wall was dictated by the desire to save
weight. If the exhausts had been made of rustable ma-
terials, naturally they would have been much thicker
and heavier. Revere’s Technical Advisory Service
visited the tube bender’s plant and studied produc-

tion methods. Complete details were discussed with
the Methods Department at the Revere Mill which
would be responsible for quality. Everybody realized
that here was a challenge. The mill, fortified by exact
knowledge of what was needed, set up special stan-
dards of control over roundness, concentricity and
temper.

e Production tube worked perfectly from the very
beginning. No wrinkling or tearing has been encoun-
tered by the firm which bends
the tube. This is a tribute to
their skill, as well as ours.
The happy people who enjoy
life afloat in the boats con-
taining these copper exhausts
have no idea of the care and
attention given by so many
people to a part of which they
may be entirely unconscious,
but which serves in its own
way to protect their pleasure
and their investment in carefree yachting.

e Perhaps you, too, have problems which can be
solved successfully by complete collaboration with
your suppliers. If you give them, as this tube bending
company gave us, every opportunity to study produc-
tion methods and end uses, perhaps they may be able
to find ways and means to lessen rejects, speed up pro-
duction, save you money. Don’t hesitate to ask. After
all, in every bill there is an unseen item for the cost of
the knowledge, experience and skill necessary to pro-
duce fine materials. You might as well obtain the plus
values that lie behind the gallons or pounds or feet
or tons of what you buy.

REVERE COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
Executive Offices: 230 Park Avenue, New York 17, N. Y.

SEE REVERE'S ‘MEET THE PRESS’ ON NBC TELEVISION, SUNDAYS
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IS A KEY WORD

CHELATION —KEY TO CHEMICAL CONTROL

When the control of cations is part of your chemical problem,
Chelation provides a solution. These troublesome metallic

ions cause the contamination that frustrates chemists and
spoils formulas, processes and products. They exist in

liquids and fluids of all kinds. So far, the chemistry of chelation
is the only key to their control.

VERSENES®— KEY TO CHELATION

The Versenes, stable at high temperatures throughout the

pH range, are powerful chelating agents. They give mole-for-mole
control over contaminating cations in solution. By grasping and
binding these troublesome metallic ions into strong chelate
(claw-like) ring structures, Versene renders them harmless.

It makes them lose their ionic identity and cease all interference
with their environment. Thus do Versenes provide the

key to chelation.

VERSENES® — YOUR DOOR TO DISCOVERY

As we now stand on the threshold of tomorrow, we hold these
“keys” out to you. Through them has already come the stabilization
of whole blood, the decontamination of radioactive surface
substances, the metallic detoxification of live blood, bone and
tissue and the reduction or elimination of chemical spoilage

in industry, agriculture and medicine. Can you afford to ignore
them? Write Dept. J- for Technical Data and Samples.

Chemical Counsel on request.

\\: i'é -!2 /, Zé z

BERSWORTH CHEMICAL (9.

FRAMINGHAM, MASSACHUSETTS

Copyright 1953 — Bersworth Chemical Co.
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LETTERS

I have read with great enjoyment the
interesting and informative article by
Gérard de Vaucouleurs on Mars in the
May Scientific American. However, as a
lover of the planet Venus I should like
to point out that this planet has a better
right than Mars to be considered, next to
the Moon, our closest neighbor in the
solar system.

As the orbits of Venus and the Earth
lie in nearly the same plane, a good ap-
proximation to the average closest dis-
tance of approach can be obtained by
substracting the mean distance between
the Sun and Venus from the mean dis-
tance between the Sun and the Earth.
That is, 93 million miles minus 67.2 mil-
lion miles leaves about 26 million miles.
At every inferior conjugation the Earth
and Venus would be roughly this dis-
tance apart, whereas Mars never can get
closer than 34 million miles.

If one should take into account certain
asteroids such as Eros, which can come
nearly as close as 14 million miles, or
Hermes, which approached closer than
one million miles, or Adonis, Apollo, Al-
bert, Amor or Icarus, Mars would seem a
relatively distant body.

STEPHEN H. FORBES

Moylan, Pa.

Sirs:

It was with great interest that I read
the article on low-speed aerodynamics in
“The Amateur Scientist” of Scientific
American for April. We here at the Aero-

Scientific American. June, 1953, Vol. 188,
No. 6. Published monthly by Scientific American,
Inc., 2 West 45th Street, New York 36, N. Y.;
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president
and treasurer. Entered at the New York, N. Y.,
Post Office as second-class matter June 28, 1879,
under act of March 3, 1879. Additional entry at
Greenwich, Conn.

Editorial correspondence should be addressed to
The Editors, Scientiric Ayenrican, 2 West 45th
Street, New York 36, N. Y. Manuscripts are sub-
niitted at the author’s risk and will not be returned
unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,
ScienTiric AMERICAN, 2 West 45th Street, New
York 36, N. Y.

Subsecription correspondence should be ad-
dressed to Circulation Manager, SCIENTIFIC AMERI-
CcAN, 2 West 45th Street. New York 36, N. Y.

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

Subsecription rates for U.S.A. and possessions: 1
vear, $5; 2 years, §9; 3 years, $12.50. Canada and
Latin America: 1 year, $6; 2 years, $10; 3 years,
$14. All other countries: | year, $8; 2 years, $12;
3 years, $16.
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AUGMENTED BASIC X-RAY DIFFRACTION

% The NoreLco line of X-ray analytical equipment is designed with integrating
components—each of which can be added progressively to the basic X-ray
Diffraction Unit— providing maximum utility ranging from film techniques, through
automatic recording diffractometry, to rapid X-ray spectrographic analyses.

This feature of progressive growth is engineered into NoreLco X-ray

analytical equipment to enable laboratories with limited financial resources to

utilize the outstanding facilities offered by this vital analytical science. With simple
modifications, the automatic recording provided by the Diffractometer or

the quantitative identification of elements may be accomplished with the X-ray
Spectrograph. An outstanding NoreLco feature.

LAMWO'MMMMJ%&MMMMM

PHILIPS

COMPANY, INC.

Dept.IH-7 * 750 South Fulton Avenue, Mount Vernon, N. Y.
n Canada: Rogers Majestic Electronics Ltd., 11-19 Brentclifte:Road, Leaside. Toronto 17, Ontario

Serving Science
and Industry
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Turn hours into minutes mlh auiomam dntn unul!sls...

the Teleploﬂer

plots graphs
10 times faster
than by hand

operates from IBM cards or
keyboard digital input

A new problem has developed in modern science
and engineering—the problem of manual plotting

The slowness, fatigue, human errors of
manual plotting frequently cause serious time
lags, increase expenses and overhead.

The Teleplotter solves that problem. Plotting
50 points per minute, it is faster, cheaper,
more accurate than manual plotting.
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How it operates:

Data is introduced into the
Teleplotter by IBM equipment or
by the Teleplotter keyboard.

The Teleplotter Reading-Head, housing
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® photo-electric “‘eyes,” travels over the
. graph paper, counts grid lines and
z spaces, prints a symbol when its counts
4 coincide with the IBM or keyboard data.
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Vital data:
Plotting speed —50 points per minute, ~ “*
approximately 10 times faster <
than manual plotting
Plotting area—26 x 55 inches or less
Plotting accuracy — .25 mm(paper 2
stretch does not affect accuracy) =
Scale factors —five factors, with ¥
independent selection for A
each axis
Plots X-Y data on linear or
logarithmic paper
Time required to set up Teleplotter
for operation —negligible

Applications: 3
Experimental uses =
Plots wind tunnel data; static and

structural test data; fractionating £
tower design data, etc. %
Plots results of manual calculations 5
and results of automatic electronic 3
calculating machines to detect 1
random errors. 7

Theoretical uses

Plots theoretical curves and results
of theoretical calculations.

General uses

Plots insurance tables; stock market,
statistical and financial records;
production control data; results
of engineering studies and analyses;
management control data.

Plots results of continuous i
process operations for supervision 3
and control purposes. £
T R TR TRl TR -__:E:,:{,r_fagq
s ! 23,

Teleplotter Technical Bulletin 103 will be mailed you upon request.
Coupon below is for your convenience.

Computing Service
Your computing and data reduction problems,
large or small, can be handled quickly,
efficiently by Telecomputing’s staff. Time
and cost estimates will be presented if you
will send information defining your problem.

Mr. Preston W. Simms, Dept. SA-7
Telecomputing Corporation, Burbank, California
Please send me Teleplotter Technical Bulletin 103.

Name
Company
Street address

Cityand State

TELECOMPUTING

CORPORATION, BURBANK, CALIFORNIA
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physics Department of Mississippi State
College recently had the pleasure of
having as our guest Professor Ichiro Tani
of the University of Tokyo. While here,
Professor Tani showed us the results of
experiments which he performed just
after the last war when “aeronautical
aerodynamics” was forbidden to scien-
tists in his country. Among these experi-
ments were some concerning the curving
of baseballs. His tests were made both in
wind tunnels using smoke to detect the
flow directions and also with pitched
balls whose path, velocity and rotational
speed were recorded with strobo-flash
cameras.

Dr. Alexander Lippisch, the father of
the delta-wing aircraft, also a recent
visitor to this campus, has developed
some striking techniques for utilizing
smoke in low turbulence tunnels to pic-
ture the flow patterns around his models.
Dr. Lippisch also published some years
ago in Air Trails a series of articles on the
aerodynamics of model airplanes.

At the present time our department is
engaged in a low-speed flight-research
program sponsored by the Office of
Naval Research. Many other colleges
and institutions throughout the country
are engaged also in this program. Our
work here is mainly concerned with con-
trolling the laminar and turbulent boun-
dary layers for the purpose of both low
drag and high lift.

I agree that there is a tendency in
modern aerodynamics to neglect the
low-speed range in favor of the perhaps
more glamorous high-speed flight. There
can be no doubt that a thorough under-
standing of the basic mechanism of flow
at low speeds will benefit technology at
all speed ranges. And since, as you have
shown in your article, the tools necessary
to conduct such research are simple,
cheap and readily available there exists
a wonderful opportunity for the amateur
to make some substantial contributions
in this interesting field.

JOSEPH J. CORNISH

Mississippi State College
State College, Miss.

Sirs:

I have read the stimulating article by
Albert 1. Lansing in the April issue of
your magazine. In this excellent piece of
work, Dr. Lansing found that the sur-
vival time and size of the offspring of
consecutive generations of young rotifer
females were superior to those of old fe-
males. Inasmuch as he worked with a
genetically homogeneous population and
thought that he had kept the environ-
mental conditions entirely constant, he
drew the conclusion that this had to be
explained by the presence of at least one
substance responsible for “aging” and
perhaps also for variations in growth.

I wonder whether Dr. Lansing’s re-



How we can sponge up unwanted impaet
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CLEVELAND PNEUMATIC
TOOL COMPANY
Dept. D-7 ¢ Cleyeland 5, Ohio

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

World’s Largest Manufacturer of Aircraft Landing Gear

Perhaps it is destructive vibration; !
perhaps crushing impact. We know world’s largest manufacturer of this
how to control both with impact ab-
sorbers using air and oil, or oil alone, These facilities and knowledge are
engineered for precise control.

Whatever your product—if it is subjected  to earth at tremendous velocities. The
to unwanted impact, that impact may  principles we apply work as well ab-
cost you money. Our knowledge of im-  sorbing pounds as they do tons. Size
pact-absorption can be important toyou.  is no obstacle—biggest, smallest, or

in-between. Our skill has made us the

kind of product.

ready for your engineers to draw upon.

The world’s largest “impact absorbers” ~ Write for the booklet which will give
are the landing gears we make for giant  you a brief idea of these facilities and
aircraft. They cushion tons crashing typical product applications.

Combining the screw with balls makes
Cleveland Pneumatic’s patented ball-screw
actuator drive with as little as 10 % friction . ..
compared to as much as 50 % for ordinary screw
drives.You can cut the weight of a drive system,
reduce its space, lessen its cumbersomeness,
increase its control accuracy, and provide
pinpoint positioning. Let our engineers work
out your ideas for our ball-screw actuators.
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The PROTECTION
of ALUMINUM

Drawing courtesy of Piasecki Helicopter Corporation, Morton, Pennsylvania

THE H-21 Piasecki Tandem Helicc;;oter—'rhe “Work Horse"
—is ideally suited for rescue work in areas inaccessible by
other means, and in all kinds of rough weather.

For durable paint adhesion and high corrosion-resistance
aluminum parts of the “Work Horse” are Alodized. The
“Alodine” protective coating chemical bonds paint, extends
paint life, and protects unpainted aluminum.

Because of its economy, effectiveness, and ease of applica-
tion, the Alodizing process is finding wide-spread use in the
aircraft field and in other industries fabricating products
of aluminum.

Alodized aluminum meets the requirements of Military Specifica-

tion MIL-C-5541. Write or call for coating and process data on
’Alodine”’.

AMERICAN CHEMICAL PAINT COMPANY
General Offices:

AMBLER, PENNSYLVANIA
Detroit, Mich. Niles, Calif. Windsor, Ont.

CHEMICALS

PROCESSES

© 1953 SCIENTIFIC AMERICAN, INC

sults could not be interpreted different-
ly. We have been interested in the aging
of rats. As is well known, subsequent lit-
ters of a rat usually show deterioration
in that the litter size and the weight of
the young are smaller and the numbers
of stillborn are larger among the fourth
or fifth litters than those of previous lit-
ters. This can be explained by damages
brought about by environmental in-
fluences (deficiencies, infections, etc.)
which affect the whole rat and particu-
larly the uterus so that the ovum even-
tually finds an inadequate environment
for its development.

In my opinion a similar interpretation
could be given to Dr. Lansing’s results.
It is quite possible that the environ-
mental conditions selected by him dam-
aged the uterus of his older females suf-
ficiently to bring about unfavorable re-
sults. The offspring of young females, on
the other hand, are constantly favored
by excellent intra-uterine conditions;
this selection may lead to improved off-
spring.

Such an interpretation would make
unnecessary the assumption of a special
aging substance. The whole present evi-
dence makes it more plausible that death
occurs as a consequence of disease
caused by external influences rather than
by a substance the unavoidable forma-
tion of which leads to suicide.

HANS KAUNITZ, M. D.

College of Physicians and Surgeons
Columbia University
New York, N. Y.

Sirs:

Dr. Kaunitz would have an excellent
point if the rotifer were viviparous; it is
not. The egg is laid in the medium, and
embryonic life is entirely outside the
maternal body. In addition, the fact that
the aging effect is reversible (in my
papers but not in the Scientific American
article) rules out genic changes and en-
vironmental influences as listed by Dr.
Kaunitz.

ALBERT I. LANSING
School of Medicine

Washington University
St. Louis, Mo.

Erratun

In the SciexTiFic AnERICAN de-
partment “Science and the Citizen”
for May, a computing machine
manufactured by the International
Business Machines Corporation was
described as having a weight of
10,000 tons. The weight of the ma-
chine is 22,000 pounds.




How to Speak Up
to a Jet...

T take-off and at full-power in combat, the blast-

ing roar of the jet bomber’s engines is so loud that
pilots and crew can’t even hear their own voices. Yet
clear, continuous communication is vital.

Airplane interphone equipment developed during
World War II was not built to out-talk a jet engine.

That job called for new equipment to shut out jet
thunder and stand up in the extremes of temperature
and pressure in the stratosphere. And it had to be
done by equipment so small that the Air Force coined
a word for it ... sub-miniature.

LEvery single part of the equipment had to be rede-
signed to new requirements of selectivity and size.

A major factor in the successful production of
these sub-miniature units was the Mallory-developed
Tantalum Capacitor. A fraction of the size of former
tvpes, and able to operate in tiny, sealed instruments
at boiling-point temperatures, Mallory’s Tantalum
Capacitor helps clarify voice transmission waves and
bring them clean, undistorted to all stations.

Just as the bomber crew can count on the Mallory
Tantalum Capacitor to help them speak up to their
jets, so can you rely on the Mallory capacitors in
today’s television and radio sets for dependable per-
formance that means extra pleasure.

If you have a product or process that touches
the fields of electronics, electrochemistry or
metallurgy, you may find that Mallory’s expe-
rience, products and facilities in these fields
can be of real help to you.

* P.R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA
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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 SPEED of associated equipment permits stor-
age or reading of data at rates up to 125,000
digit-groups per second.

® CONTINUED 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 Res
search Associates Division of Remington
Rand Inc., 1902 West Minnehaha Avenue,
St. Paul W4, Minnesota.

Division of

1902 West Minnehaha Avenue, Dept. S-7 , St. Paul W4, Minnesota

DIGITAL COMPUTERS . . . DATA-HANDLING SYSTEMS ... MAGNETIC STORAGE SYSTEMS. ..
INSTRUMENTS . . . ANALOG MAGNETIC RECORDING SYSTEMS ... COMPUTING SERVICE
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20 AND 100
YEARS AG(

JULY, 1903: “Sir William Crookes, in
an address before the Congress of Ap-
plied Chemistry in Berlin, discussed the
phenomenon of radioactivity and its
significance in our present theory of
matter. “The existence of electrical atoms
or electrons, the constitution of Rontgen
rays and their passage through opaque
bodies, the emanations from uranium,
the dissociation of the elements—all
these isolated hypotheses are now fo-
cused and welded into one harmonious
theory by the discovery of radium. In-
dulging in a “Scientific Use of the Imagi-
nation,” and pushing the hypothesis of
the electronic constitution of matter to
what I consider its logical limit, we may
be, in fact, witnessing a spontaneous dis-
sociation of raditm—and we begin to
doubt the permanent stability of matter.
The chemical atom may be actually suf-
fering a catabolic transformation; but at
so slow a rate that supposing a million
atoms fly off every second, it would take
a century for weight to diminish by one
milligramme. Our views today of the
constitution of matter may appear satis-
factory to us, but how will it be at the
close of the twentieth century? Are we
not incessantly learning the lesson that
our researches have only a provisional
value? A hundred years hence shall we
acquiesce in the resolution of the mate-
rial universe into a swarm of rushing
electrons? ”

“Santos-Dumont’s new airship, the No.
9, has been tried in the neighborhood of
Paris with considerable success. The
tests thus far made may be considered as
experiments with the new egg-shaped
forms of balloon before building a larger
airship on the same plan. The vessel is
the smallest airship ever built. Its gas
capacity is only 340 cubic yards. The
new No. 9 is not intended to make any
great speed, as the balloon body is of
egg-shaped form and travels with the
large end foremost. This construction
makes it steadier than the pointed form.
Hence the balloon is not as likely to
pitch. The experimental No. 9 having
proved so successful, the new No. 10,
which is to be the largest airship yet
built, and which will carry ten persons,
will be constructed on the same lines.”

“Our English contemporary, Nature,
in a recent article, makes a statistical



Birthplace
of the

Transistor
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The Transistor, that revolutionary new electronics device,
is a product of telephone research. It was conceived, in-
vented and developed at Bell Telephone Laboratories by
men in search of ways to improve telephone service. It
was announced just five years ago.

The Transistor can do most of the things that vacuum
tubes can do—and others, too—but it is not a vacuum
tube. It works on entirely new physical principles. Rugged,
simple and tiny, the Transistor uses incredibly small
amounts of power—and then only when actually operating.

Transistors promise smaller and cheaper electronic
equipment and the spread of electronics where other equip-
ment has not been able to do the job as economically. They
are already at work in the Bell System, generating the sig-
nals that carry dialed numbers between cities, and selecting
the best route for calls through complex switching systems.
Engineers see many other possibilities: for example, as
voice amplifiers in telephone sets to aid the hard of hearing,
and as switches.

Bell Telephone Laboratories at Murray Hill, N. J. Other labora-
tories are in New York City and at Whippany and Holmdel, N. J.

Recognizing the tremendous possibilities of the
Transistor in every phase of the electronics industry, the
Bell System has made the invention available to 40 other
companies. Thus, again, basic research to improve telephony
contributes importantly to many other fields of technology
as well.

TRANSISTOR SUMMARY
Basically, a Transistor is a tiny wafer of germanium with three
electrodes, over-all about the size of a coffee bean.

It can amplify signals 100,000 times on much less power than
a pocket flashlight requires. This opens the door to its use in

smaller telephone exchanges where vacuum tube equipment would
be too costly to operate.

Unlike a vacuum tube, the Transistor has no vacuum and no
filament to keep hot. It operates instantly, without “warm-up”
delay. The Transistor can also be used as an electric eye and to
count electrical pulses.

BELL TELEPHONE
LABORATORIES

Improving telephone service for America
provides careers for creative men in scientific and technical fields.

. 9
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ACCELEROMETERS
Linear Transmitting

Many

products...
One Standard

ANGULAR TRANSMITTERS
Pitch, Yaw, Pitot Static
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 PRESSURE SWITCHES
Absolute + Differential

Gage

“Instrument Quality ’ g

PRESSURE TRANSMITTERS

Absolute = Differential

There is one characteristic common to all | Gage * (Resistance type)

Giannini instruments—they are built to
rigid, instrument-quality standards. They !
are instruments with an earned reputation !
of offering the utmost in mechanical and
electrical fineness—resulting from outstand- STEPPING POSITIONERS
ing craftsmanship and rigorous calibration, \ Intermittent Rotary
testing and inspection procedures. Your | Power
job requirements can be met or exceeded
by Giannini IQ instruments.

TEMPERATURE DEVICES

For high or low
temperature

For catalog and engineering data
on these and other
fine instruments write-

/G iannini

G. M. GIANNINI & CO., INC.;, PASADENA, CALIFORNIA, EAST ORANGE; NEW JERSEY

10
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comparison of the provision for univer-
sity education in Great Britain and the
United States, in which some truly re-
markable results are shown. It seems
that in the United Kingdom, with a
population of 41,000,000, there are
25,500 university or university college
students, or say six to each 10,000 in-
habitants, while in the United States,
with 76,000,000 inhabitants, there are
97,100 students, or 12.77 for each 10,000
inhabitants. The amount donated by pri-
vate individuals for higher education in
the period from 1871 to 1901 was eight
times greater in the United States than
that given for similar purposes in Great
Britain; while, to say nothing of the in-
come from state land grants, the amount
provided by the state for higher educa-
tion in the United States is six times as
much as the government grants for the
same purpose in Great Britain.”

“Perhaps in no other country in the
world is the work of the investigator in
fields of scientific inquiry so little ap-
preciated at its true worth as in the
United States. If Americans seem cold,
other nations on the contrary seem more
than warm in their praise of scientific
work. Not the least striking example of
the heights to which the enthusiasm of a
warmhearted race may soar in its ap-
preciation of one of its members, is af-
forded by the greeting accorded to Mar-
coni on the occasion of his recent visit to
Rome. What American scientist or in-
ventor was ever welcomed at a railway
station by a deputation of city authori-
ties and by a multitude of cheering
countrymen? Not only the students of
the colleges shouted an Italian welcome
to him, but little school children seemed
carried away by the popular fervor, and
added their voices to the outburst of
their elders. Not even a heavy downpour
of rain could check the Italian ardor.”

“Mme. Curie, having obtained about
a decigramme of pure radium chloride
by fractional crystallization of radiferous
barium chloride, has endeavored to de-
termine the atomic weight of radium.
The results of her experiments show that
the atomic weight is 225, with a prob-
able uncertainty of not more than one
unit, radium being considered a bivalent
element.”

JULY, 1853: “A terrible riot occurred
on June 22nd at the residence of Dr.
George A. Wheeler, of New York, caused
by the finding of some human bones on
the premises. A mob of 3,000 collected,
armed with clubs, axes and stones. Dr.

Wheeler’s store and dwelling were at-
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G. M. Giannini and Co. Inc.,

a pioneer in remote control and indicating

instrument development, is the foremost
manufacturer of toroidally wound low torque
potentiometers. Microtorque and Rotostepper unit
combinations have been used in many unusually
difficult control instrument applications.

Miniature Precision Bearings

incorporated, pioneered and developed the first miniature radial ball
bearings. From a group of five original ball bearings, mps has designed and
developed a completely integrated line of more than 130 types and sizes many
of which now form the basis for international standardization. This extensive
variety of mPB ball bearings makes possible the application of anti-friction and
freedom from attention qualities in thousands of miniaturization projects.

mpB ball bearings are fully ground, lapped, and/or honed to ultra precision
finishes (ABEC 5 or better). They are torque tested, ultrasonicly cleaned, sup-
plied in specific tolerances and classified within the tolerances for prompt
assembly and maximum service. mpB ball bearings are normally supplied in
10 design series, from 1/10” to 5/16” o.d., of selected chrome bearing steel.
Most are also supplied in stainless steel, some in beryllium copper, and all are
assembled with best quality balls.

More than a million wps ball bearings have played a vital part in the efh-
cient operation of aviation instruments, railway and marine indicating and
recording devices, cameras, medical appliances and other equally fine mecha-
nisms. The wealth of engineering knowledge gained through participation in
an extraordinarily broad field of application is available to you.

Our facilities have been expanded so that we can now schedule prompt
delivery of most sizes. Our completely new and enlarged catalog is now
B ~~ . being distributed, and will be gladly mailed if you request Bulletin SA7.

Iniature precision Bearings

Incorporated Keene, New Hampshire
save
[T .. . . ; 4 ace
Pioneer Precisionists to the World's foremost Instrument Manufacturers spa
weight
friction
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Change Meters

Cole Plug-In Meters

You can change or replace meters in five
seconds in your production line or control
panel. Eliminate down time and dismantling.
Simply pull out one meter and push in the
other. No special tools are required.

Only [FCOLE-]Plug-In Meters give you this
time- and money-saving convenience, plus the
following:

1. Availability in all ranges. You specify it;

we can supply it.

[ECOLEJengineering consultation serv-
ice. Our years of custom-building can aid
in your meter problems.

3. Two sizes to choose from: 3-inch and
4-inch. The 3-inch is available in round
or rectangular cases. The 4-inch is avail-
able in a rectangular case.

IN PRODUCTION LINE TEST STATIONS — Change
meters to accommodate changes in specifica-
tions without fuss or delay. Give your produc-
tion line a new flexibility. “Go and No-Go”
dials fairly shout to the inexperienced operator.
They eliminate guesswork and errors.

IN LABORATORY AND FIELD TEST UNITS —
Meters are the parts most frequently damaged
in these installations. With Plug-In Meters,
replacement takes practically zero time.

IN CONTROL PANELS — Even the very finest
meters may go wrong occasionally. Replace-

Instant

") Make it Possible!

ment in most cases requires a substantial shut-
down period and the services of an electrician
and an assistant. With Plug-In Meters, replace-
ment time can be reduced to five seconds. And
anyone can make the change.

To take advantage of this new convenience
in metering, you need only install ZCOLE-]
Receptacles in your present panel or control
system. Then you can plug in ammeters or volt-
meters in any ranges required.

For 24 years [-COLE-| has manufactured a
complete line ot highest quality custom-made
testing devices. Besides their efficiency and
convenience [ZCOLE-] Plug-In Meters incor-
porate all of the high accuracy and rugged
construction of the finest meters.

takes pride in its proved ability to
deliver special-order high-quality instruments,
whether of the plug-in type or not, with a
speed that will surprise you. Years of custom
manufacture have geared our plant to meet cus-
tomer specifications on short notice. All work,
including dial marking, is done under one roof.

Fill in and mail the
coupon for quick information
on Plug-In Meters.

-COLE- jmﬁm%‘fo@w

Yes, | want more infermation on

NAME.

PIug—In Meters.

TITLE

COMPANY

STREET ADDRESS, OR BOX NUMBER

CITY.

ZONE STATE

*PATENT PENDING

A-57
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tacked, the inmates driven out, and the
premises completely gutted. Not one of
the mob who had his arm or leg broken,
but would run or get carried to a doctor
to get it set, and how could he do this
unless he was acquainted with the anat-
omy of the human body?”

Gail Borden, Jr., to whom was
glanted a Councﬂ \1edal at the World’s
Fair of 1851 for his celebrated meat bis-
cuit, has taken measures to secure a
patent for some exceedingly valuable
improvements in preparing and concen-
trating sweet milk in such a manner that
incipient decomposition is completely
prevented. We have kept a quantity of
this milk for three months, and although
it has stood in a tolerably warm place,
it is as sweet today as when we first
received it.”

“A number of gentlemen are making
arrangements for the purpose of setting
in operation a Metropolitan Telegraph
for communication with all parts of New
York City. The present idea is to estab-
lish in the upper part of the town ten
offices, and wires connecting with the
office in Wall St. They will transmit brief
messages for a very small sum, and must
necessarily do a large business. In fact,
it is not improbable that the telegraph
may be so extended as to do nearly all
the real business correspondence be-
tween uptown and downtown. The post
office is too slow, and we want such a
telegraph.”

“Professor Faraday of London, the
celebrated electrician, has been experi-
menting on table-turning, ‘not,” he says,
‘that it was necessary on my own ac-
count, for my conclusions respecting its
nature were soon arrived at, and are not
changed.” Assuming that the tables were
moved by a quasi-involuntary muscular
action of the operator, Faraday’s first
point was to prevent the mind’s having
any undue influence over the effects pro-
duced. The point was to determine the
place and source of motion, that is to
say, whether the table moved the hand
or the hand the table. To ascertain this,
indicators were constructed. As soon as
the index is placed within view, and the
operator perceives that it tells truly
whether he is pressing downwards only,
or obliquely, then all effects of table-
turning cease, even though the operator
perseveres till he becomes weary and
worn out.”

“We have in our possession a photo-
graphic likeness of the Moon, painted by
herself in the reflecting telescope at
Cambridge, Mass. The artist was Mr.
Whipple of Boston, whose fame is co-
extensive with our country. He has lately
made great improvements in taking
lunar photographic pictures by daguer-
reotyping them on glass prepared for
that purpose.” )



Wherever chemical quality counts...

STANDARD
oF
PURITY

For
Educational
Laboratories

For Product Planning
and Development

SETTING THE PACE IN CHEMICAL PURITY SINCE 1882
BAKER & ADAMSON Recyoniic and 7pe Chonivals
GENERAL CHEMICAL DIVISION

ALLIED CHEMICAL & DYE CORPORATION
* 40 RECTOR STREET, NEW YORK 6, N. Y.
Offices: Albany* e Actlanta ¢ Baltimore* * Birmingham* e Boston* ¢ Bridgeport* ¢ Buffalo*
Charlotte* o Chicago* ¢ Cleveland* ¢ Denver* ¢ Detroit* * Houston* e Jacksonville
Kalamazoo ¢ Los Angeles* ¢ Minneapolis ® New York* e Philadelphia* ¢ Pitsburgh*
Portland (Ore.) e Providence* e St. Louis* * San Francisco* ¢ Seattle ¢ Yakima (Wash.)
In Wisconsin: General Chemical Company, Inc., Milwaukee
In Canada: The Nichols Chemical Company, Limited * Montreal* ¢ Toronto* ¢ Vancouver*

*Complete stocks are carried here.
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A PENETRATING NEW INSTRUMENT FOR

CHEMICAL AND PHYSICAL RE

SEARCH

HIGH - RESOLUTION
n-m-r

\ SPE

CTROMETER

- VI

A

ethyl-alcohol spectrum +

é Nud M
SCOPE TRACE

IDEALIZED
CH_-CH,-OH

*Fluorine samples supplied through cooperation of
Minnesota Mining & Manufacturing Company

tEthyl alcohol observation using a 0.01 cc sample in a
precession field produced by a standard Varian magnet
and power supply. Difference in chemical shift between
center peak of CH3 group and OH peak, 28 milligauss.
Splitting of major peaks into sub-peaks clearly shows
interaction between the magnetic moments of the CH3
and CH, groups. Distance between consecutive individ-
ual sub-peaks (order of 1 milligauss) indicates resolution
in excess of one part in 20,000,000.

VARIAN PRODUCT

RAPID non-destructive analyses based on
gyromagnetic effects by atomic nuclei are
1ow possible with Varian Model V-4300
High-Resolution NeM«R Spectrometer.

Principally applicable to compounds
containing hydrogen or fluorine, nemer
high-resolution techniques are of funda-
mental valve in many applications, in-
cluding determination of molecular
structure and identification of components
in a mixture.

Ability of the Varian V-4300 to
detect differences in the nemer spectra
from structyral isomers is graphically
shown at left. Comparison of these traces
against those of known fluorine compounds
permits identification of structure in the
isomers.

High degree of resolution attainable
with the Model V-4300 Spectrometer is
shown in the nemer signal from the hydro-
gen nuclei in ethyl alcohol.

NUCLEAR MAGNETIC RESONANCE
SPECTROSCOPY distinguishes between
the various elements or isotopes on
the basis of spin and magnetic prop-
erties displayed by atomic nuclei.
The sample is placed in a magnetic
field to set up energy levels between
which radio-frequency transitions
occur. These transitions are observable
as n.m.r signals by using special elec-
tronic techniques. Because the n.m.r
signals from a given isotope are sensi-
tive to variations in chemical bonding
(due to magnetic shielding effects of
surrounding electrons), meaningful
spectra, of the type illustrated, are
obtained.

Further details concerning n.m.r tech-
niques, this instrument, and other ap-
paratus applicable to a wide variety of
isotopes, can be obtained by writing:

Varian Associates,
Dept. AECY

Palo Alto, California
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THE AUTHORS

WILLIAM McD. HAMMON (“Gam-
ma Globulin in Polio”) directed the field
tests which established the effectiveness
of gamma globulin for short-term im-
munization against p()li()myelitis. He is
professor and head of the Department of
Epidemiology and Microbiology of the
Graduate School of Public Health at the
University of Pittsburgh. He was born
in Columbus, Ohio, in 1904. After high
school Hammon decided to be a mis-
sionary and entered the Pittsburgh Bible
Institute, where he studied “a little of
everything—theology, agriculture, print-
ing, mechanics, the building trades.” He
took a course in tropical medicine at the
Belgian School of Tropical Medicine in
Brussels, and then spent four years with
his wife in the African Congo, building
a mission, running an industrial school
and operating a dispensary. In 1930
Hammon decided to go into full-time
medical work and returned to the States
to get an M.D. at the Harvard Medical
School and a degree at the Harvard
School of Public Health, where, under
the direction of Hans Zinsser, he began
to do virus research. He spent 10 years
on the faculty of the University of Cali-
fornia and transferred to his present po-
sition in 1950. He has specialized in
work on virus diseases that attack the
nervous system.

LAWRENCE P. LESSING (“Hydra-
zine”) is a member of the Board of Edi-
tors of SciExTIFIC AMERICAN. His back-
ground was briefly outlined in the May
issue.

HAL FOSTER (“Radar and the
Weather”) recently joined the U. S.
Weather Bureau as its first and, so far,
only radar meteorologist. He is now at
work on the West Coast on the study of
cloud-seeding that he mentions in his
article. He learned the new art of radar
meteorology by practicing it for four
years with the Weather Radar Research
Project at the Massachusetts Institute of
Technology. Born in 1920, Foster went
no further than high school in his formal
civilian education, but in the Air Force,
which he joined in 1939, he attended
weather schools. After serving in the

-Pacific Theater from 1943 to 1945, he

was assigned to the Weather Bureau-
Army-Navy Central in Washington to
make analyses of upper-air charts for the
U. S. He left the service in 1948 as a
warrant officer and went to work on the
M.LT. project, remaining there until he
took his present post last year.

PAUL C. MANGELSDORF
(“Wheat”), one of the leading workers
in the U. S. on the genetics of crop



Ship arriving from the Near East unloading licorice root
at the MacAndrews & Forbes Company's Camden pier.

LICORICE is also a promising industrial product

All licorice extracts—including the secondary extract, Flotite—are active
foam producers. Licorice-stabilized foams have a tough, durable bubble
structure—a fact that might be of enormous importance to you!

Flotite has found wide application as a wetting, dispersing and foam-
ing agent in various industrial products. Today it is being discovered,
or rediscovered, by some of America’s blue-chip corporations. Now,
more than ever, Flotite is being used experimentally in the develop-
ment of new products and the improvement of many in general use.

A similar interest is being shown in the primary licorice extracts.
These are suitable as flavor modifiers in certain foods, and as flavor
modifiers, plus foam producers, in beverages with relatively low acid-
ity. In these fields, too, research is being stepped up.

Is this research justified? The tobacco industry says yes by using
over 20,000,000 pounds of licorice yearly to improve the flavor of its
products. Pharmacy says yes in finding licorice irreplaceable.

Do you have a problem that licorice or one of its derivatives might
help you solve? Feel free to write us about it. We should like to
supply working samples and more information. (For additional uses
of licorice, refer to the column at your right.)

Some New or Potential Uses for Licorice

And Licorice Derivatives

Flavor for ice cream * Antioxidant to keep chew-
ing gum fresh ¢ Prolonging foam in porter and
ale * Soft drink flavor ¢ Aging and mellowing
smoking pipes * Improving meat and fish sauces
Therapeutic agent in treatment of Addison’s
disease * Component in feeds for horses, cattle
and chickens ¢ Soothing ingredient in cough
syrups * Stabilizing acid latex ¢ Flotation agent
in ore separation

Write today for your free
copies of “The Story of
Licorice” and “Licorice:
Dark Mystery of Indus-
try.” They’ll be mailed
promptly. You're sure to
find them interesting, and
you might find them prof-
itable as well.

&> MACANDREWS & FORBES COMPANY

“é Licorice and Licorice Products + Since 1870
200 Fifth Avenue, New York 10, N.Y. Plant: Camden, New Jersey

© 1953 SCIENTIFIC AMERICAN, INC

15



Tnstantly

_'_Pa,u'd Scanning SPECTROPHOTOMETER

CHANGES
CHARTED

The remarkable speed of this new patented AO Instrument has caught the
imagination of scientists everywhere. It offers untold possibilities in monitor-
ing flowing processes, following transient phenomena, comparing transparent
liquids, gases, and solids. A reflection attachment produces curves from
opaque materials.

Tracing 60 separate curves per second on the face of a cathode ray tube,
the AO Spectrophotometer fuses them into a “moving picture” of color
changes over the entire visible spectrum from 400 to 700 millimicron wave
length. A roomy sample chamber accommodates transparent samples up to
100 mm thick. A reflection attachment will produce data from opaque
surfaces as small as 1 inch square. Permanent records can be made with
any of the standard 5" oscilloscope cameras.

See the AO Rapid-Scanning Spectrophotometer at your earliest convenience.
For further information, write Dept. U178.

American Optical
INSTRUMENT DIVISION
pErraLe 1% alw vRRR
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plants, dates his interest in cultivated
plants from childhood. His father was a
Kansas florist and seedsman. Young
Mangelsdorf studied wheat- and corn-
breeding at Kansas State College and
after graduation in 1921 went to the
Connecticut Agricultural Experiment
Station as an assistant geneticist. He
worked there under Donald M. Jones
and took graduate work at Harvard un-
der Edward M. East—these two played
major parts in the development of hy-
brid corn. From 1926 to 1940 Man-
gelsdorf was agronomist at the Texas
Agricultural Experiment Station, where
he produced hybrid corn strains for the
Texas climate and developed new varie-
ties of wheat, oats and barley. He went
to Harvard in 1940 and is now profes-
sor of botany and director of the Harvard
Botanical Museum. Since 1941 Mangels-
dorf has been Consultant for Agriculture
with the Rockefeller Foundation, help-
ing underdeveloped countries produce
more corn and wheat. He has written
two other articles for SCIENTIFIC AMERI-
caN, “The Mystery of Corn,” in July,
1950, and “Hybrid Corn,” in August,
1951.

HANS KALMUS (“More on the Lan-
guage of the Bees”) takes up the story
where August Krogh left it in his article,
“The Language of the Bees,” in our Au-
gust, 1948, issue. A geneticist who holds
degrees in zoology and medicine, Kalmus
is especially interested in the genetics of
sense perception, on which he wrote in
the May, 1952, issue of this magazine.
He was born in Prague and taught at the
German University there until 1939,
when he took refuge from the Nazis in
Great Britain. He is now a lecturer in the
Department of Biometry, Eugenics and
Genetics at the University of London.
During the war he did experiments on
high-pressure physiology in a study of
the problems of escape from submarines.
He has written three books, one of
which, Genetics, is published in the Eng-
lish Penguin series. Kalmus is a founding
member of the International Society for
the Exploration of Biological Rhythms.
In his leisure hours, he says, he used to
be a “keen sprinter” and still enjoys ski-
ing, hiking and mountain climbing.

JAMES R. NEWMAN, who edited
and wrote the introduction for Leonhard
Euler’s memoir on the Koenigsberg
Bridges in this issue, is a member of our
Board of Editors and conductor of the
Books department. He was born a doc-
tor’s son in New York City in 1907,
graduated from the Columbia Law
School in 1929 and later developed a
love for mathematics and science. He
practiced law, served the Government in
many capacities during World War II,
as special assistant to the Undersecretary
of War and chief intelligence officer of
the U. S. Embassy in London, and after



Clinching power of Monel Pop
Rivet is tested against two thick

090" gauge) strips of hardened
2457 aluminum alloy held opart

by metal bearings. Note head of

Strips begin to pull together as
hand tool (collet at right) draws
mandrel head back through
blind end of rivet. Rodical ex-
pansion coused by swallowed

Pop Rivet clinches down strips
with increosing power until high
strength steel mandrel breaks
under 1800 pound force exeried
by patented hand tool. Mandrel

Simplicity of Pop Rivet and vari-
able tecl heads enable unskilled
operators fo sel up to 1200 rivets
per hour in blind ossemblies,
confined spaces and wherever a

mandrel heaod shows why rivet
requires tough, ductile metal.

(left)
from inside hollow rivet.

steel mandrel projecting

A blind rivet

Maybe you have a product that isn’t performing the
way you want it to. And maybe your problem is to
find the right metal.

The makers of “pop” rivets had just such a
problem.

Here they’d come up with a wonderful idea — a
rivet that could be set from one side of the work
simply by yanking a steel mandrel through its hollow
body. The “pop” rivet would do things no other rivet
on the market would do so well, or so inexpensively.
Still, it wasn’t quite right for every job...

What they needed was a metal strong enough to
clinch tightly and stay tight... ductile enough to
“upset” and form a head properly...resistant enough
to give the back of its hand to corrosives.

Inco Nickel Alloys

strength depends on rivet diam- hellow rivet can be used.

eter, from 7 64 to 3 l6-inch

that may open your eyes

Of course, a single metal with all these advantages
isn’t too easy to find. The manufacturers had tried
other metals before they tried Monel®. But they
didn’t have to try any others afterward. Monel was
their answer; it had every characteristic needed.

Does this rivet maker’s success open your eyes to a
new possibility for solving some problem of your own
by using Monel or another INCO Nickel Alloy?
Let’s work it out together.

The International Nickel Company, Inc.
67 Wall Street, New York 5, N. Y.

“Pop’’ Rivets, long known as Tucker Blind Rivets in Great Britain, are now
being produced in the U.S. for the first time by J. C. RHODES & COMPANY,
branch of UNITED SHOE MACHINERY CORP., New Bedford, Mass.

MONEL® e “‘R""® MONEL * “‘K'"® MONEL « “KR"’® MONEL » **S"'® MONEL
INCONEL® « INCONEL *“X""® o INCONEL ““W''® ¢ INCOLOY® « NIMONIC® ALLOYS ) |
NICKEL+ LOW CARBON NICKEL « DURANICKEL®
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Micro Bearings Measure Up

¢ « + in this electronic “'Climate Survey System’’

To combat the problem of smog and atmospheric pollution,
Beckman & Whitley, Inc., of San Carlos, California recently
introduced this electronic recording anemometer and wind direc-
tion instrument, called a “Climate Survey System.” It is used
to measure the extremely slow air movements associated with
such conditions. Prime requirements include an exceptionally
low stall point, constant operation throughout a wide range of
temperatures, and satisfactory linear recordings despite varying
speeds.

We are proud that Micro Ball Bearings measure up in every
respect. Used at both ends of the anemometer drive shaft,
Micro bearings combine low friction with smooth performance
under varying temperature and wind conditions. Processed to
a true Micro-finish, they help insure complete uniformity in every
instrument.

If you have a problem that calls for savings in friction, weight
or space, it will pay you to contact Micro.

wwor BALL BEARINGS

NEW HAMPSHIRE BALL BEARINGS, INC. 1 Main Street, Peterborough, N. H.

CHECK THESE MICRO ADVANTAGES

® Precision Tolerances ® Availability .
Fully processed 1o a true micro-finish.  Small-quantity orders for items in pro-
Tolerances are ABEC-5 and betler. duction are shipped either from stock or
as the next run comes through. Large
® More Sizes and Types quantities are scheduled for earliest pos-
Available in 135 sizes and types down  giple delivery prevailing at time of order.
to .04" bore, 13" O.D. Materials include
chrome, stainless steel and beryllium
copper. Special items and materials
. considered.

Free Caotalog
Send today for Cal-
alog No. 53 which
gives full specifica
® Engineering Assistance tions and appltcc:i
Top staff of desi i okl tion data on a

P A Ny 1 types and sizes of
to help customer: at any time. Micro Ball Bearings.
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the war was counsel to the Senate Com-
mittee on Atomic Energy and helped
draft the Atomic Energy Act. On the
side he did a great deal of writing; the
well-known book Mathematics and the
Imagination, which he wrote with Ed-
ward Kasner in 1940, is still popular. He
held a Guggenheim Fellowship in 1946
and 1947. Newman now devotes all his
time to writing and editing. His recent
books include The Tools of War and The
Control of Atomic Energy, the latter
with Byron Miller. An able chess player,
he recently defeated a former champion
of the Manhattan Chess Club in three
successive games.

KNUT and BODIL SCHMIDT-
NIELSEN (“The Desert Rat”) have col-
laborated in investigating the physiology
of desert mammals. Knut was born in
Trondheim, Norway, in 1915 and edu-
cated at the universities of Oslo and
Copenhagen. At Copenhagen he studied
with August Krogh, Nobel laureate in
physiology and medicine, and received
a doctorate of philosophy in 1946. While
at Copenhagen he married his mentor’s
daughter Bodil. She was born in Copen-
hagen in 1918, holds a dental degree
and Ph.D.; and has done much work in
general physiology. The Schmidt-Niel-
sens came to the U. S. in 1946 and have
successively been on the faculties of
Swarthmore College, Stanford Univer-
sity and the University of Cincinnati.
They are now at Duke University, Knut
as professor of zoology and Bodil as an
assistant professor. Both members of this
husband-and-wife team hold Guggen-
heim Fellowships for a study of water
metabolism in camels.

LOREN C. EISELEY (“Is Man Alone
in Space?”) is chairman of the Depart-
ment of Anthropology at the University
of Pennsylvania and curator of early
man in the University Museum. Born in
Lincoln, Neb., in 1907, he attended the
University of Nebraska, took his doc-
torate at the University of Pennsylvania
and developed a wide range of interests,
from general biology to cosmology. In
anthropology he has specialized in ar-
chaeological studies of man in the New
World and has done extensive field re-
search in the western U. S. and Mexico.
Eiseley also is a prolific writer, both in
and outside his professional field. He
was one of the editors of a recent Wen-
ner-Gren Foundation publication en-
titled An Appraisal of Anthropology To-
day. His short stories and verse have
appeared in popular magazines. He has
contributed two previous articles to
SCIENTIFIC AMERICAN, “Antiquity of
Modern Man” in July, 1948, and “Is
Man Here to Stay?” in November, 1950.
This year Eiseley is on leave from the
University of Pennsylvania on a grant
from the Wenner-Gren Foundation “for
the purpose of doing some writing.”



Will the product you

plan to make...

an alloy so fough you may not
yet have heard of it?

a man-made infernoc?

You may even have a twist or two of your own to add
to the problem the Jet Division helped solve for jet
aircraft engine builders . . .

The “buckets” (paddles) on the turbine rotor at the
rear of a jet engine whirl around about 10,000 times a
minute, pulsed by a white-hot blowtorch of flame. To
withstand this roaring inferno, the bucket surfaces
and curves must be forged even smoother than glass.
They must be made of an alloy tougher than the tough-
est steel. They must ““take” this red-hot ride for hours
without stretching out, or ““creeping”, from centrifugal
force and heat.

The Jet Division makes more buckets for America’s
engine builders than any other manufacturer. We forge
super-strength alloys into finished parts so smooth and
accurate that they need no costly, lengthy finish-
machining or polishing.

If your product or product-to-come must meet one of these
conditions . . . two . . . three, or, even a brand new one, it
can pay you to get in touch with us now.

JET DIVISION

Thompson Products, Inc.

CLEVELAND 17, OHIO
AN N

o>
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Manufactured under patent license from General Motors Corporation.

NEW,...1ho- BRUSH SURFINDICATOR"

a practical shop tool for measuring surface roughness

With this new, portable inspection tool you can make
surface roughness measurements on the production line. The
operator merely guides the pickup over the piece to be
inspected and then reads surface roughness in average micro-
inches on the meter.

The SURFINDICATOR is always reliable because the unit
is equipped with a set of Precision Reference Specimens.
These permit checking accuracy of the instrument at any
time and provide a set of standards for absolute calibration.
Using SURFINDICATORS, several plants in different locations
can all produce parts to the same surface roughness specifica-
tions. Get the complete story on the SURFINDICATOR now !
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THE COVER

The painting on the cover shows
several plant species associated with
the evolution of modern wheat (see
page 50). Tied with a blue ribbon
at the upper left are Aegilops squar-
rosa (left), a wild grass, and ein-
korn (right), the first cultivated
wheat. Each of these species has
seven chromosomes. Together with
a piece of bread in the center of the
painting are two heads of wild em-
mer, the immediate ancestor of the
second oldest cultivated wheat,
which has 14 chromosomes. At the
lower right is a head of common
wheat, which has 21 chromosomes.
These specimens are from the Eco-
nomic Herbarium of Oakes Ames
in the Harvard Botanical Museum.
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DESIGNING WITH ALUMINUM

This is one of a series of information
sheets which discuss the properties of
aluminum and its alloys with relation to
d Extra or of the
series will be supplied on request.
Address: Advertising Department, Kaiser
Aluminum & Chemical Sales, Inc., 1924
Broadway, Oakland 12, California.
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ELECTRICAL CHARACTERISTICS

HIGH CONDUCTIVITY-WEIGHT RATIO OF ALUMINUM ALLOYS
USEFUL IN VARIED ELECTRICAL APPLICATIONS

USEFULNESS of a material for electri-
cal applications depends substantially
on such considerations as cost, avail-
ability, strength, weight, workability,
and permanence as well as upon the
electrical properties themselves. Alu-
minum ranks well in all factors, and
as a result finds many electrical uses
besides those in the field of power
transmission and distribution, where
it occupies a commanding position.

Per pound and per dollar,aluminum
candeliver more electrical energy than
any other material. Aluminum of EC
(Electrical Conductor) grade, hard
drawn (H19 temper), has a minimum
conductivity of 60.97% of the Inter-
national Annealed Copper Standard
on the basis of equal volume, but its
conductivity is 204% for equal weight.
In wire and cable design, volume con-
ductivity is the factor commonly used.
But in other electrical applications
the mass conductivity may be more
important.

Aluminum alloys also have
good conductivity

The values above apply to metal of
99.45% minimum purity. But it is
worth noting that practically all alu-
minum alloys have good electrical
conductivity, especially on the basis
of equal weight —a circumstance which
may well be utilized advantageously
in the design and manufacture of elec-
trical equipment, fittings and parts
having other requirements in addition
to electrical conductivity.

Conductivity decreases with the ad-
dition of various alloying elements,
but to a less degree than might be ex-
pected. The accompanying bar charts
illustrate the relative conductivity of
a number of widely used alloys on
both the volume and weight bases.
While they do not imply specific rec-
ommendations for electrical applica-
tions, the charts show graphically that

RELATIVE ELECTRICAL CONDUCTIVITY
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rod, bar, wire, forging stock, extrusions
and casting ingot. Their availabilities
are as follows:

ALLOY

EC Sheet, plate, wire, conduc-
tor, bus bar.

2S Sheet, plate, rod, wire,
forging stock, extrusions.

63S Extrusions.

508 Sheet, plate.

356 Casting ingot.

1S Rod, bar, wire.

61S Sheet, plate, rod, wire,
forging stock, extrusions.

14S Sheet, plate, rod, wire,
forging stock, extrusions.

24S Sheet, plate, rod, bar, wire,
extrusions.

758 Sheet, plate, forging stock,
extrusions.

on a comparative basis most commer-
cial alloys of aluminum possess good
electrical properties.

The alloys charted include repre-
sentative non-heat-treatable and heat-
treatable types of wrought and cast-
ing alloys, and all standard forms of
aluminum mill products—sheet, plate,
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These alloys include a range of tensile
strengths up 83,000 psi for 75S-T6,
the strongest commercially produced
aluminum alloy, which on a weight
basis has practically equal conductiv-
ity with copper. The tensile strengths
of several other heat-treatable alloys
are also greater than that of hard-
drawn copper.

Also, a cable or bus bar of EC alu-
minum, having a tensile strength of
27,000 psi, will have a total breaking
strength in tension close to that of a
copper cable or bus of equivalent
resistance because of the somewhat
greater cross-sectional area required.
An aluminum bus will have greater
bending strength because of the in-
creased section modulus.

The greater peripheral area of an
EC aluminum conductor of equal re-
sistance to a copper conductor means
that it will dissipate more heat at a
given temperature. This, combined
with a lower inherent skin-effect, gives
the aluminum conductor a current
carrying capacity which varies from

PLEASE TURN TO NEXT PAGE m»
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DESIGNING WITH ALUMINUM Continued

78% to 84% (depending on size) of
the same-size copper conductor.

Present applications
suggest future uses

The progress made in recent years in
successful electrical applications of
aluminum indicates an accelerating
rate of development. Thousands of
fractional horsepower motors have
beenand are being produced with alu-
minum magnet wire stator windings.
Some changes in manufacturing tech-
niques were required, but no serious
problems were met in actual practice,
including aluminum-to-copper con-
nections where they were required.

Similarly aluminum wire is being
used, and giving good performance, in
transformer windings and discharge
lamp ballasts. Use of aluminum has
even made it possible to build larger
turbine driven generators than ever
before because of its combination of
light weight and good conductivity,
permitting higher rotor speeds with-
out exceeding safe centrifugal force
limits.

Aluminum sheet is standard mate-
rial today in the manufacture of elec-
tric light bulb bases and lamp sockets.
The alloys generally used have a vol-
ume conductivity of 42% and 35%,
respectively. Aluminum in these ap-
plications has better conductivity than
brass, is more economical and is easily
fabricated.

Cast aluminum is regularly used in
the rotors of induction motors, with
lower costs for both metal and fabri-
cation. An important additional ad-
vantage is that cooling fans may be
cast integrally with rotor bars and
collector rings. Aluminum rod and bar
(screw machine stock) are used for
battery terminals, and similar appli-
cations.

Because it provides a high ratio of
area to volume by being rolled to ex-
tremely fine gauges, aluminum foil is
standard in capacitors. The surface
area is generally increased further by
etching the foil.

Connections for aluminum

Different types of connections and dif-
ferent techniques are employed with
aluminum. Though not all problems
have been solved yet, the important
fact is that satisfactory connectors and
methods for aluminum-to-aluminum
and aluminum-to-copper connections
are available and have proved them-
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selves in practice. The use of welding
to connect aluminum with copper
shows much promise and is being ex-
ploited increasingly; it appears to per-
form satisfactorily in service despite
the difference in the coefficients of
thermal expansion for the two metals
and provides excellent joint conduc-
tivity.

The oxide coating which forms on
the surface of aluminum when exposed
to air is insulating in nature and must
be removed or penetrated when mak-
ing a connection. Suitable contact and
sealing pastes are available which as-
sist in establishing a good electrical
connection while at the same time pre-
venting re-formation of a new oxide
film.

(Incidentally, it is possible to take
advantage of this oxide coating as an
insulator. A thickness of .001” is ca-
pable of withstanding 1000 volts, and
the oxide may be built up to as thick
as .006”. This property is being used
in some current-limiting reactors,
where it hasbeen found that with alu-
minum windings the enameling of
alternate layers of strands is unneces-
sary to provide the insulation needed
to reduce skin-effect and eddy-current
losses. Being stable when heated, the
oxide may provide advantages in some

lkaiser Alwmi,
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applications over other normally used
coverings such as organic coatings.)

Savings offer strong
aluminum inducement

With its characteristics of less weight
and substantially lower per pound
cost,the savings inmetalcoststhrough
the use of aluminum present an op-
portunity for substantial economies.
In some cases, it is true, manufactur-
ing costs may rise somewhat until
techniques are developed, but seldom
enough to wipe out the metal saving.
On the other hand, economies in fabri-
cation, handling and shipment will un-
doubtedly be achieved.

It is important also that the price
of aluminum is relatively stable and
that expanding aluminum production
is steadily increasing its availability.

The broad advantages that alumi-
num offers in electrical applications
are well worth investigating. Services
of experienced Kaiser Aluminum en-
gineers are available for consultation
and assistance on your design and
manufacturing problems. Call the
nearest Kaiser Aluminum sales office
or write Kaiser Aluminum & Chemical
Sales, Inc., 1924 Broadway, Oakland

Uiy
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The general use of hard surfacing consists of overlaying the
work piece with a different alloy. This is done to improve the
properties of a specific area of the work piece from the stand-
point of resistance to abrasion, heat, corrosion, or a com-
bination of these properties. Hard surfacing rods of the
Rexweld type are ordinarily never recommended for join-
ing, but only for overlay on such products as valves, oil pump
parts, mixer shafts.

here’s how BEXWELD is made

Rexweld, a very high alloy material, is melted in small fur-
naces. It is tapped into small ladles and poured into molds
in sizes of 14" diameter and larger. Prior to processing the
rod further, each heat is thoroughly tested for weldability.
After test, the rod is cut off with an abrasive wheel and
ground. It may be shipped flash ground or centerless ground
for gas welding. If long lengths are required for automatic
or semi-automatic gas welding, the rod is butt welded to the
desired length. For arc welding, the rods are coated and
tested for arc weldability. After finishing,the rod is marked
to identify grade and is ready to ship.

|CRUCIBLE

53 gears of | Fioe | stretimaking

here are some REXWELD features

Cut welding time: Rexweld builds up and holds an edge
better, reducing the amount of welding time.

Increase production: Rexweld flows more readily on flat
surfaces. In machine gas welding operations valve com-
panies have reported an increase in production per shift
using Rexweld.

Less porosity tendency: Because of its smoother flowing
and better wetting properties Rexweld has less tendency
for porosity.

Better wearing quality: Tests have shown that Rexweld
has better wearing qualities.

BEXWELD ups die production 10 times

A well-.known Chicago forging concern employs a hot-
working upsetting operation that consists of upsetting a
2" piece of round stock 4” long to a 134" thickness with
a 4” OD. This blank is then hot formed and trimmed;
made ready for machining into an automotive transmis-
sion gear. Before hardfacing with Rexweld, the company
averaged 4,000 to 5,000 pieces per set of upsetter plates.
With Rexweld the upsetter plates turned out 45,000
pieces. Then, the plates were removed, re-hard surfaced
and used again!

This concern is also using Rexweld for building up cut-
ting edges for intricate hot-work blanking dies, such as
the male and female cutting edges of a seven-fingered
star-shaped die set. Due to the intricacy of the dies, it is
very difficult to build up cutting edges eliminating check
cracking which would cause spalling deposits, but
Rexweld is doing it every day at this plant.

engineering service available

If you are looking for ways to increase the life of your
tools and production equipment, or you have a problem
that hardsurfacing can solve, feel free to call in Crucible.
Our hardsurfacing and welding specialists can help you.
Crucible Steel Company of America, General Sales and
Operating Offices, Pittsburgh, Penna.

first name in special purpose steels

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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Gamma Globulin in Polio

The field trials have most significantly shown that small

amounts of antibody are sufficient to prevent the disease,

a fact that enhances the prospect of a successful vaccine

HE DISCOVERY that gamma

I globulin can prevent poliomye-

litis is only a roadmark on the way
to conquest of the disease. Gamma glob-
ulin’s success is, paradoxically, much
less important than its shortcomings,
which have been immensely valuable in
showing what must be done to control
polio, and how this may be accom-
plished.

To see why gamma globulin is not a
final answer to polio we must examine
the differences between active and pas-
sive immunization. Active immunization
means that the body itself plays an ac-
tive part in creating the immunity. After
acquiring the disease in a natural man-
ner or being inoculated with the disease-
producing organism or an essential part
of it, the body forms its own antibodies,
which then stand ready to defeat any
new invasion by other members of the
same tribe of organisms. Sometimes the
vaccine is a living microbe of a com-
paratively harmless strain; an example
is the cowpox virus injected to protect
against smallpox. The immunity induced
by this kind of vaccination may last
many years, possibly even a lifetime. For
many diseases there is as yet no safe liv-
ing vaccine; the organism must be
“killed,” i.e., inactivated so that it cannot
multiply in the body. Such vaccines are
used against influenza, encephalitis,
typhus, cholera, whooping cough, teta-
nus and diphtheria. These vaccines must
be made of large numbers of organisms,
often must be given in a series of injec-
tions spaced weeks or months apart, and
produce a limited immunity lasting only
one year or a few years, depending on
the disease and the medium used for the
injection.

In passive immunization antibodies
themselves, rather than the disease

by William MeD. Hammon

agent, are injected into the body, which
plays no role in producing or maintain-
ing immunity. The antibodies are ob-
tained from the blood of human or ani-
mal donors. If the serum is from an ani-
mal (e.g., diphtheria antitoxin from
horses), its effect is transient. The hu-
man body destroys these foreign sub-
stances in 8 to 10 days, frequently with
serum sickness and hives as associated
reactions. A subsequent injection of the
same serum may lead to a severe or dan-
gerous type of reaction. Hence serum
from animals is obviously for emergency
use only and is repeated only under ex-
ceptional circumstances. Human serum
or gamma globulin has none of these re-
actions and furthermore is slowly ex-
creted by the body. The rate of excre-
tion is measured in half-life, that is, the
length of time it takes for half the mate-
rial to be eliminated. The half-life of
gamma globulin is about three weeks in
children and two weeks in adults. The
larger the dose, the longer the patient
will have an effective level of antibody,
but at best the immunity given by a
single injection lasts for only a few weeks
or months.

The one big advantage of passive im-
munization is its immediate effect. If an
infection has already occurred, the se-

rum goes into action immediately upon
injection. Thus measles, polio and some
other diseases can sometimes be checked
even though the injection is given sev-
eral days after the patient has been in-
fected. Most virus vaccines will not
work, however, unless they are injected
before or very shortly after infection.

AMMA GLOBULIN is the fraction

of the blood that contains most of
the antibodies formed to combat infec-
tions. It is removed from the blood plas-
ma by a chemical fractionating process
developed by E. J. Cohn of Harvard
University. Removal of the gamma
globulin does not substantially reduce
the effectiveness of the plasma in com-
batting shock and replacing blood fluid;
in fact, in some ways the remaining plas-
ma is better: it can be stored longer and
the fractionating process eliminates the
jaundice-producing virus which caused
so much trouble in World War II.

The gamma globulin, extracted as a
powder, is diluted to a 16 per cent
water-white, slightly opalescent, viscous
solution which, with a little preserva-
tive, can be kept under refrigeration for
many years. For a short period of storage
it does not need to be refrigerated.

Let us now consider the use of gam-

ANNOUNCEMENT

For the past three years SciExTiFic AMERICAN has devoted its September
issue to a single topic. In 1950 the topic was the history of science during
the first 50 years of this century; in 1951 it was the human resources of the
U. S,; in 1952, self-regulating machines. This year the September issue
will be devoted to fundamental questions of science. It will contain a series
of articles by outstanding scientific workers, each of whom will discuss a
basic problem in his field of investigation.
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DRIED BLOOD PLASMA in the watch glass at the globulin shown at the right. For clinical purposes the
left can be fractionated to yield the amount of gamma gamma globulin is diluted to a 16 per cent solution.

B, ke b

ELECTROPHORESIS DIAGRAMS show gamma glob- diagram at left is a plasma fraction; gamma globulin

ulin before and after fractionation. Each peak in the is second from right. At right is gamma globulin alone.
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ma globulin against polio. Experiment-
ers had known for some time that large
amounts of serum from a convalescent
monkey could protect another monkey
from the disease. Yet serum from a con-
valescent child frequently had no pro-
tective effect on a monkey. Polio re-
searchers, not realizing that the reason
for this was the existence of three differ-
ent types of polio virus which do not
produce immunity against each other,
were in some doubt as to whether the
human body formed polio antibodies. In
1948 the writer and E. C. Roberts at the
University of California showed by a se-
ries of tests that the human body defi-
nitely does produce antibodies following
polio infection.

Meanwhile two other groups of scien-
tists—one at the Children’s Hospital of
Philadelphia under Joseph Stokes, Jr.,
and the other at the Michigan State
Health Department under S. D. Kramer
—demonstrated independently that large
doses of gamma globulin protected labo-
ratory mice against a strain of polio now
known as the Lansing type. Stokes urged
that gamma globulin be tested in human
patients. He had conducted tests on
children in 1932 using whole blood, and
the results seemed encouraging. How-
ever, nearly all investigators believed,
on the basis of the animal experiments,
that the gamma globulin dose for hu-
man beings would have to be imprac-
ticably large—measured in pints.

In 1949 we suggested in a paper be-
fore the Academy of Pediatrics in San
Francisco that no comparison should be
made between a highly artificial direct
brain injection of virus into a mouse or
monkey and a naturally acquired infec-
tion in man. Perhaps a small amount of
antibody would prevent polio in man
just as it did in measles. Without a hu-
man trial one would never know. Almost
simultaneously David Bodian at The
Johns Hopkins School of Public Health
found that antibodies against all three
types of polio were present in signifi-
cant and almost equal amounts in a lot
of Red Cross gamma globulin made
from a pool of serum from many thou-
sand adult donors. Interest slowly grew,
and the National Foundation for Infan-
tile Paralysis arranged for us to present
our views to a group of scientists and
advisers for discussion. Many of them
said, “Why not try it? It might work
and no harm would be done.” Others
said, “It is ridiculous to think it would
work better in man than in animals.”
Still others insisted that many more ani-
mal tests should be made.

E WERE encouraged by the Foun-
dation to plan a human field test,
which was finally arranged on a pilot
scale for the summer of 1951. This was
to determine whether medical societies
and enough parents would participate in

BLOOD IS FRACTIONATED in a new machine developed by E. J. Cohn
and his associates at Harvard University, where the photographs on these
two pages were made. The machine is placed beside the donor, whose blood
fractions are channeled into plastic bags by the centrifuges at the top.

areally large-scale trial. The pilot project
was launched with Lewis L. Coriell, di-
rector of the Camden Municipal Hospital
for Infectious Diseases, as assistant and
Stokes as consultant. Utah County,
Utah, was selected as the area; it had a
serious polio epidemic. We planned to
inject 5,000 children, half with gam-
ma globulin, the other half with inert
gelatin as control. “Project Lollipop”
went off astonishingly well. Physicians
brought their own children to be first
in line at the public clinics. They and
hundreds of laymen volunteered their
time. The churches urged parents to
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participate. In half the time planned,
5,767 children were injected. Six cases
of polio developed among these chil-
dren. Only one of the cases occurred in
the group that got gamma globulin, and
this child developed the disease five and
a half weeks after the injection. The re-
sults did not prove very much: purely
by chance six tosses of a coin may easily
produce just one head or one tail. All
the test showed was that we could ex-
pect to get the cooperation of physicians
and the public in a larger field trial.
There were other favorable develop-
ments at about the same time. We suc-
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ceeded in protecting suckling baby mice
against polio with gamma globulin by
a new method: giving virus into the ab-
domen and injecting minute doses of
gamma globulin intramuscularly as in
man. At the same time Bodian reported
that he had found polio virus circulating
in the blood of chimpanzees and a spe-
cies of monkey several days before the
animals showed signs of illness. The
animals had been infected with special
virus strains which produced the dis-
ease when given by mouth. He also
showed that in these special animals
and with these special strains doses of
gamma globulin approaching those we
had used in Utah offered protection.
Dorothy M. Horstmann of the Yale Uni-
versity School of Medicine simultaneous-
ly reported virus in the blood in animals
under the same special circumstances.
They both suggested that if antibodies
were present while the virus was circu-
lating in the blood, they might entrap
the virus and prevent it from entering
the nervous system. This hypothesis is
inviting, but much evidence is still re-
quired before it can be accepted as the
mechanism that regularly occurs in man.

ALL THIS impelled the Foundation to
have us go ahead with large trials of
gamma globulin. They were carried out
in July, 1952, in Harris County, Texas,
where 33,137 children received injec-
tions in our clinics, and in Woodbury
County, Iowa, and contiguous Dakota
County, Nebraska, where 15,868 chil-
dren participated. The latter area had
so severe an epidemic and so large a
proportion of the children participating
that it became obvious we would have
to go no further for an adequate answer
to the primary problems.

During the next few months teams of
physicians and physical therapists care-
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fully followed up all cases of polio that
came to their attention in the test areas.
As in the first test, none of the attending
physicians or parents knew which chil-
dren had received gamma globulin and
which only gelatin. Finally, late in the
fall, the Foundation unlocked in its New
York office the code that identified the
material given to each child so that we
could determine what substance had
been injected into those children who
later developed paralysis. There could
be no doubt of the result—gamma globu-
lin had won.

In the first week after injection 12
paralytic cases occurred among those
receiving gamma globulin. Their paral-
ysis was so slight that only a careful
muscle analysis disclosed it. Within 60
days half of them had completely recov-
ered and none had enough involvement
to serve as a handicap. Among the con-
trol group given gelatin there were 16
paralytic cases; only one of these recov-
ered completely and several had severe
residual involvement.

During the next four weeks seven
cases developed in the globulin group
and 39 in the non-protected group. By
the end of the fifth week the difference
began to disappear, and by the ninth
week and thereafter equal numbers of
cases occurred in both groups.

lUST WHAT does this mean? Is polio-
J myelitis no longer to be feared? No—
emphatically no! Optimism has risen en-
tirely too high. Gamma globulin is only
a passive protection, and it is temporary,
averaging five to eight weeks with the
dosage we used (.14 cubic centimeter
per pound of body weight). Moreover,
the basic material from which this pro-
tection comes is human blood, a limited
commodity. Supplies of gamma globulin
have been increased, as the armed forces

and civil defense have agreed to extrac-
tion of the substance from their plasma,
and commercial biological manufactur-
ers have begun to process gamma globu-
lin from the blood of professional donors
and from human afterbirths, a source
otherwise wasted. But there is no possi-
bility that we shall ever have enough of
the material to come anywhere near pro-
tecting the whole susceptible population
against polio.

The use of gamma globulin for gen-
eral immunization is fantastically spend-
thrift of a scarce resource. In Iowa and
Nebraska, which last year experienced
one of the severest epidemics ever to oc-
cur in this country, the mass injections
gave protection that was needed by only
one child in every 250 to 300 injected,
and the protection was good for only
five to eight weeks. In Texas, where the
outbreak was much less severe but more
protracted, the protection was needed
by only one of every 2,000 children in-
jected. In most areas considered epi-
demic, mass gamma globulin injections
would serve to protect about one child
of every 15,000 injected for an average
of about six weeks. An average dose for
a child (seven cubic centimeters for a
child weighing 50 pounds) requires a
pint of blood from one adult donor.
What does one do if the danger lasts
more than five or six weeks—give an-
other injection?

More economical and efficient ways
to use gamma globulin probably can be
found. For instance, the injections might
be given only to vulnerable members of
families in which a case is discovered.
It is estimated that if any pregnant
women in such families, and all persons
under 30, were injected as soon as a
case in the family was recognized, this
would serve to prevent paralytic polio
in one out of every 200 to 300 persons

A\ camma cLosutin
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WEEKS AFTER INJECTION

EFFECTIVENESS OF GAMMA GLOBULIN in the field trials was shown by

matching the number of polio cases among children injected with gamma globh-

ulin against the number of cases among children injected with the gelatin control.
Each bar represents the total number of cases in its group up to that week.
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injected. It might also reduce the sever-
ity of the disease in a much larger addi-
tional number of cases. Even so, this use
of gamma globulin is not nearly as ef-
fective as its use against measles, where
the source of infection is almost invar-
iably a diagnosed case and the mother
knows which of her children have not
already had the disease and need protec-
tion.

HE MOST important value of the

gamma globulin field tests undoubt-
edly lies in the knowledge they give us
regarding what amount of antibody is
needed for protection. Formerly it was
believed that large amounts had to be
present in the blood. This erroneous idea
offered what appeared to be an insur-
mountable barrier for a killed polio vac-
cine to overcome in order to achieve
active immunization. Safe live mutants
of all three types of virus were not in
view. Now the problem has changed
markedly for the better. The antibody
level in the blood after present gamma
globulin injections cannot even be de-
tected by our available tests. Thus to
provide protection we need only pro-
duce a vaccine which will stimulate and
maintain for a reasonable time a barely
detectable amount of antibody against
the three types of virus. Perhaps it would
suffice to give an injection in infancy
and at several intervals thereafter. Yet
the problem of waste would remain, be-
cause for each hundred who actually
needed protection we would have to
vaccinate millions who never would
have become paralyzed.

Many of the technical difficulties that
still stand in the way of producing an
effective vaccine seem to be yielding to
current research. Two mutants of Type 2
virus are being explored for a living
vaccine, while killed vaccines including
all three viruses are showing encourag-
ing results. The latter type will probably
be available first. However, since the
killed virus vaccine is an entirely new
biological product and is beirig produced
in tissue from another species of animal,
a long period of careful testing for safety
will be necessary. This leaves us with
only gamma globulin for an indefinite
time to come. We must emphasize again
that any attempt to achieve a large-scale
reduction in the incidence of polio with
gamma globulin is bound to be wasteful
and disappointing. This infection pro-
duces strange paradoxes. In its usual
form polio is so much milder than
measles that it does not seem to justify
the shotgun methods required to control
it, for the same agent can be used to
much more efficient advantage in
measles. Yet polio is far more feared than
measles. There is a much greater de-
mand for an agent to control it, and
when such an agent is found, it will be
used more extensively.

(]
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FIELD TRIALS were conducted in Utah, Texas and two adjacent counties
in Iowa and Nebraska. In these photographs children await injection in
Provo, Utah (top); in Houston, Texas (middle) ; and in Sioux City, lowa.
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HYDRAZINE

This nitrogen compound was p:ropelled out of obscurity mm German

rocket motors. Its highly reactive molecule. related to ammonia

in makeup and origin, is the basis of a new range of chemicals

YDRAZINE is an intriguing new
H material. Indeed, many chemists
believe it would be hard to
imagine a more reactive and versatile
chemical. It is the substance that fueled
the first rocket aircraft in history, flown
by Germany in the closing days of World
War II, and it is a leading candidate to
fuel the rockets and guided missiles of
the future. It is the important ingredient
in a whole spectrum of chemicals devel-

THE MOLECULE of hydrazine is
shown in perspective (top) and with
N-N axis perpendicular to the page.

30

by Lawrence P. Lessing

oped recently, including tuberculosis
drugs, other pharmaceuticals, dyes, de-
tergents, surfactants, antioxidants, agri-
cultural and rubber chemicals, textile
and reducing agents, not to mention
plastics and synthetic fibers. Hydrazine,
in short, is a starting material for an en-
tirely new branch of chemistry.

It is a compound of great energy—a
six-atom molecule of two nitrogen atoms
and four highly reactive hydrogen atoms
which are quick to join with oxygen and
other elements in chemical combustion
or transformation. The molecule’s con-
figuration provides a versatile unit for
building other compounds. It is shaped
somewhat like a rod-and-ball mobile, the
double-linked nitrogen atoms forming a
strong axis, with hydrogen pairs swing-
ing off asymmetrically from both ends.
While the hydrogen atoms are very
active, the nitrogen atoms are so strong]y
bonded that any reaction violent enough
to rip them apart releases large amounts
of energy. Hydrazine is about a third
more energetic than TNT but is a far
smaller molecule: its molecular weight
of about 32 is little more than that of
two oxygen atoms. Hence it is one of the
most concentrated forms of chemical
energy known.

Yet the substance does not explode
upon simple impact or under friction. In
its usual commercial form, hydrazine
hydrate, it is no more dangerous than
gasoline. In the open air it burns ener-
getically with a blue flame. In a closed
space it is more hazardous: hydrazine
vapor decomposes with air or water,
which it picks up from the atmosphere,
into a spontaneously combustible mix-
ture. It is also readily detonated at low
temperatures by an electric spark or by
contact with traces of certain metals,
chiefly copper and iron. Thus hydrazine
may be used as an explosive or burned as
a fuel. With the proper techniques and
precautions it may also be put through
slower and more fruitful reactions to
yield many products. All this, plus its
avidity for oxygen and its similarity to
water in physical properties, make it a
most unusual chemical.
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Hydrazine’s primary significance lies
in the fact that it is an active inorganic
analogue to an organic hydrocarbon. It
belongs to a family of chemicals known
as the hydronitrogens, which contains
some 13 basic compounds, beginning
with ammonia. Ammonia, with one ni-
trogen and three hydrogen atoms, is
analogous to the first member of the
hydrocarbon series, methane, and hy-
drazine is an analogue of the second
hydrocarbon, ethane. Up to now the
hydronitrogens beyond ammonia have
not played a very large role in industrial
chemistry. In general, the inorganic
chemicals are much less reactive and
versatile than the organics and have had
nothing like the organics’ spectacular in-
dustrial growth. Elemental nitrogen of
course is an inert gas, and even useful
ammonia does not have the structure for
any great building up of different com-
pounds. But hydrazine is a different af-
fair entirely. It is the first hydronitrogen
and one of the few inorganics with a
reactivity and with structural possibili-
ties as a building block that can compare
with those of the prolific organics. Just as
the organic hydrocarbons have given
rise to an immense kingdom of chemi-
cals, which has now grown to well over
500,000 compounds, hydrazine promises
to be the beginning of a new empire of
hydronitrogens.

OR MORE than half a century hydra-
zine has been an interesting labora-
tory chemical and little more. It was first
identified in a diazo derivative by the
German chemist Emil Fischer in 1875.
Twelve years later it was isolated by a
compatriot, Theodor Curtius. In 1907
Friedrich Raschig hit upon a cumber-
some but ingenious method for produc-
ing the substance by oxidizing ammonia
with sodium hypochlorite. Many chem-
ists played with hydrazine but invariably
dropped it because it seemed too diffi-
cult and uneconomic to produce.
Theoretically it should be easy to put
together two atoms of nitrogen and four
of hydrogen. It should also be cheap, for

both elements are nearly as free as air.



When the Haber process for fixing nitro-
gen from air in the form of ammonia
scored its revolutionary success 35 years
ago, chemists thought it should not be
too difficult to synthesize hydrazine and
start a great efflorescence of nitrogen
chemistry. They tried electric-arc dis-
charge, photochemical techniques and
straight chemical methods, but all either
yielded too meager an amount of hydra-
zine or required such huge amounts of
power as to be impracticable. The major
block is that at the temperature at which
hydrazine is formed it rapidly breaks
down again.

Today there is still no direct process
for the synthesis of hydrazine. But dur-

ing World War II the Germans began to
produce hydrazine by the old Raschig
method because they needed a special
rocket fuel and cost was no object. Since
a rocket must carry its own oxidant as
well as fuel, it requires a light fuel of
high thermal efficiency and energy con-
tent. In addition, the combustion prod-
ucts thrown out of the tail nozzle must be
as light as possible for highest velocity,
yet of good density for maximum thrust.
Thermodynamically the ideal fuel is one
rich in hydrogen rather than carbon.
The Germans tried many fuel combina-
tions, but found none more powerful
than hydrazine. They used two combina-
tions—hydrazine hydrate and methanol

SALT MAKES MORE CHLORINE

(called C-stoff) and hydrazine and hy-
drogen peroxide (T-stoff)—to power
their rocket fighter planes, the Me-163
and the BP-20, which climbed at the
astounding rate of seven miles a minute.

The Raschig process is tricky and
costly. The whole first stage of synthesis
—in which hypochlorite reacts with am-
monia to form chloramine, and chlora-
mine then reacts with excess ammonia to
produce small amounts of hydrazine—
must be heavily refrigerated in order to
cool and hold the hydrazine formed. If
the concentrations and temperatures are
not just right, and massive excesses of
ammonia are not present, the reaction
flips over into unwanted products. At
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THE METHOD used to produce hydrazine is Raschig’s
synthesis of 1907, one form of which is shown here.
Starting upper left, chlorine, caustic and heavy excess
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of ammonia are put through refrigerated synthesis,
then through recovery to get out ammonia and salt, fi-
nally through dehydration for a concentrated product.
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best the yield is only a 10 per cent solu-
tion of hydrazine in water. The water
must then be removed, and since hydra-
zine’s boiling point is very close to
water’s, it takes elaborate condensation
equipment and expensive amounts of
heat to distill the solution to the required
80 to 85 per cent concentration of hydra-
zine hydrate. Hydrazine being a touchy
compound, explosions were not infre-
quent in the early days. The cost of hy-
drazine at the beginning was about $50
a pound. If the Germans had not been
determined to have it, there probably
would not yet be a hydrazine industry.

FTER the war the U. S. swiftly began

to develop liquid-fuel rockets. The
Office of Naval Research took a particu-
lar interest, and other military branches
also sponsored experimental production
and research. Two companies soon un-
dertook to produce hydrazine. During
the war a small New Jersey chemical
specialties firm, the Fairmount Chemical
Company, had supplied small amounts
of the chemical to make azides for shell
detonators. After the war the Mathieson
Chemical Corporation, having sent a
team to Germany to study the available
data on hydrazine production, set up a
broad research program and a semi-pro-
duction unit at Niagara Falls. It had
large sources of ammonia, chlorine and
caustic soda (the raw materials) and
was getting ready to expand from ferti-
lizers into a broader line of chemicals.
The Fairmount Company recently
completed a $150,000 hydrazine plant,
quadrupling its production, at Newark,
N. J. It is using a variant of the Raschig
synthesis, starting with urea instead of
ammonia. And last month the Mathieson
firm brought into production a new $2.2
million plant at Lake Charles, Louisiana.
Its plant is close to large supplies of
chlorine and ammonia and to ample nat-
ural gas for heating. It employs a modi-

MALEIC HYDRAZIDE is a remarkable growth retardant developed from

fied, continuous Raschig synthesis with
many engineering improvements, chiefly
in the condensation section. Its output
will make Mathieson the largest hydra-
zine producer in the U. S.

Thus this year for the first time the
U. S. will have substantial quantities of
hydrazine. The military services have
priority on the output, but some of it will
be available for other uses. Last year
German hydrazine hydrate undersold
the domestic product in the U. S. by
about 35 per cent, but this spring both
Fairmount and Mathieson, with their
new plants coming in, cut their prices.
Fairmount reduced the price for single-
drum quantities by about 40 per cent,
and Mathieson nearly halved its bulk
prices to about $2.50 a pound by hydra-
zine content. At $2.50 a pound, tonnage
hydrazine represents a notable engineer-
ing achievement with the roundabout
Raschig process. The Mathieson engi-
neers believe that even with this process
further improvements in efficiency will
eventually bring the price down to about
50 cents a pound.

Economic and competitive forces are
inextricably a part of the development
of any chemical. To become useful a
chemical must first be available at a
reasonable price, otherwise it remains a
laboratory curiosity of no wide benefit to
the world. Large industrial develop-
ments of a product cannot take place
without an assured source of it. Not until
enough of it gets into industrial labora-
tories can development even begin.
Once it is available, however, the pro-
liferation of products is often amazing.

So far well over 2,000 hydrazine com-
pounds have been made or investigated.
The Mathieson chemists have studied
more than 800 intermediate and deriva-
tive hydrazine compounds. They have
discovered a new type of basic hydra-
zine, and the company is now building a
pilot plant for it. During the past year

hydrazine. Test-sprayed on parkway grass, it cut mowings from 19 to two.
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the company has supplied hydrazine to
some 300 research organizations, more
than 100 of which now have research
projects going on the substance. E. I. du
Pont de Nemours & Co., Inc., has no
fewer than five such projects.

HE industrial chemist’s interest in

hydrazine is almost purely structural.
Hydrazine’s double nitrogen bond, par-
ticularly in conjunction with organic
compounds, can be used to build up an
enormous variety of straight-chain, ring-
shaped and cross-linked molecules with
new and unusual properties. Hydrazine
also can be linked up with itself or with
other inorganics, including metals, but
these products are either unstable or less
versatile than the organic linkages. Thus
far the hybrid organic hydrazines have
found the most uses, real and potential,
and they run the gamut of the chemical
industry.

There are, to begin with, the pharma-
ceuticals. Last year a spate of publicity
greeted the trials of isonicotinic acid
hydrazide as a treatment for tubercu-
losis. The new drug (which actually uses
only miniscule amounts of hydrazine)
has drawbacks, chiefly the fact that it
quickly induces resistant strains of the
tubercle bacillus. But in conjunction
with streptomyecin it is a highly useful
treatment, and a new group of more
powerful hydrazine derivatives which do
not develop resistance, called the thio-
carbanilides, are now under laboratory
test. With more research these hydrazine
drugs may yet prove to be, as they have
already been hailed by one practitioner,
“the greatest chemotherapeutic agents
since the sulfa drugs.”

Many other hydrazine derivatives are
showing promise, less conspicuously but
no less dramatically, against disease.
One is Apresoline (1-hydrazinophthala-
zine), which in tests at Vanderbilt Uni-
versity has shown ability to reduce blood
pressure in essential and malignant hy-
pertension. There is another large group
of new drugs called the nitrofurans,
based on hydrazine semicarbazones and
furfural, a chemical obtained from oat
hulls. One of these, Furacin, is added to
poultry feed to combat coccidiosis. The
newest, Furadantin, is a broad-spectrum
systemic drug which seems especially ef-
fective against urinary tract infections.
And hydrazine is being employed in the
isolation of hormones and in the syn-
thesis of vitamins, new sulfa drugs, his-
tamines, antibiotics and many other
complex pharmaceutical compounds.

A second great field for hydrazine is in
agricultural chemicals. As its drug action
suggests, the substance is toxic, and this
toxicity is being built into promising new
insecticides and pesticides, now under
test by the U. S. Department of Agricul-
ture. From hydrazine has been made a
chemical to kill mites—the first such
agent that is not toxic to birds that feed
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HYDRAZINE FUELS in combination with oxidizers
such as hydrogen peroxide are the most powerful prac-
tical rocket propellants known. The chart compares the

on the poisoned mites. Another hydra-
zine product is a powerful fungicide.
More advanced and revolutionary in
effect is the compound maleic hydrazide.
This substance was discovered in 1949
by D. L. Schoene and Otto L. Hoffman
of the U. S. Rubber Company’s Nauga-
tuck Chemical Division, who were
searching for a fungicide. They found
that maleic hydrazide could retard the
growth of many plants without harming
them. In proper small amounts and spray
mixtures, it apparently halts temporarily
the metabolism of the growth tips in cer-
tain plants and grasses. It selectively
kills some broad-leaved weeds. Maleic
hydrazide is rapidly being adopted as a
spray to stop the sprouting of onions and
potatoes in storage, to prevent the flow-
ering and tasseling of tobacco and hy-
brid corn, to retard the blossoming of
fruit trees until all threat of frost is past
and to prevent the re-growth of leaves
on defoliated cotton plants until me-
chanical cotton-pickers can get to them.
It may also be a Godsend to those who
dislike lawn-mowing. In three seasons
of tests on grass plots along the Merritt
Parkway in Connecticut, treatment with
this chemical has reduced the number of
mowings from 19 to 2 per season. Grass
control opens a wide field, but one that
has had to be approached with caution.
This spring the material, under such
trade names as Kem-Cut, has been put
on the market for householders; it is
recommended only for controlling grass
along borders and walks. Maleic hydra-
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zide already is the largest single con-
sumer of hydrazine.

_&9 an industrial chemical, hydrazine’s
most useful properties thus far are
its narrow vapor range and its strong re-
ducing action. It is used in reducing
compounds to separate rare metals in
a pure state from their salts and oxides,
and it is the basis of new techniques for
thinly plating metals and plastics and
for mirroring glass. As an antioxidant,
small quantities of it in the water reduce
to almost nil the formation of scale on
boilers in steam power plants. This use
alone could absorb all the present pro-
duction of hydrazine. A hydrazine mono-
bromide compound with a narrow vapor
range has been developed as a soldering
flux for copper and brass; the flux vapor-
izes away at the precise moment when a
strong soldering bond is finished, leaving
no corrosive residues on the metal. It is
now used in soldering all Ford radiators.
Hydrazine’s physical structure may
well be used to synthesize new nitrogen-
ring dyestuffs. Its solvent and cross-link-
ing abilities have given birth to new
compounds for softening and vulcaniz-
ing rubber. Combined into rod-shaped
molecules with nitrogens at one end and
fatty acids at the other, it acts as a de-
tergent. It also can be built into powerful
wetting agents, crease-resistant coatings
for textiles, disinfectants and the like.
Finally, there are its possibilities in
plastics and fibers. Until hydrazine is
much lower in price, it will not be an at-
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earliest hydrazine mixtures and other propellants or
explosives in heat values per gram molecule and the
theoretical jet velocities produced in feet per second.

tractive raw material for this competi-
tive market. Most of the big plastics pro-
ducers, however, have hydrazine proj-
ects, and all the major synthetic-fiber
makers are busy investigating hydrazine
in their elongated giant molecules. Hy-
drazine fits particularly well into the
polyamide type of fibers—the nylons and
Dacron. It provides more versatile quali-
ties than other raw materials: for in-
stance, a finer denier with more elastic-
ity and strength. It also adds new quali-
ties to straight plastics, such as the ureas.
Hydrazine’s role probably will be to
provide more tailor-made types of plas-
tics and fibers for a wider range of uses.

P]YDRAZINE’S potentialities as a

- rocket fuel—the use which brought
the chemical out of obscurity—still lurk
in the background. Some of the secret
new military projects are said to require
fuels that can deliver very high energy
for short intervals. Hydrazine is certainly
one of those fuels. The military does not
have a corner on rockets, however. Re-
cently the speculative logistics of a long-
range rocket to the moon has been shift-
ing from atomic power, with its attend-
ant shielding difficulties, back to chemi-
cal fuels. There, too, hydrazine has its
proponents.

Regardless of such extraordinary em-
ployment, hydrazine will soon be able to
stand on its own in peaceful chemical
development. And what has gone before
is only the beginning for this many-
faceted molecule.
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Radar and the Weather

The abiity of water drops to reflect radio signals provides

a new tool with which meteorologists are extending the scope

of their observations and seeing storms in much finer detail

MONG the many modern tools with
A which U. S. meteorologists are at-
tacking the problem of doing
something about the weather—tools
which range from giant digital com-
puters to nylon stockings (for measuring
raindrop sizes)—is an array of more than
100 radar stations spotted around the
country. They are being used to locate
and follow hurricanes, tornadoes, thun-
derstorms and other disturbances and to
research in detail the anatomy and de-
velopment of each type of storm. This
article reports what radar has accom-
plished so far in exploring the mysteries
of the weather.

The story of how the value of radar
for studying storms came to be discov-
ered is well known by now. When mili-
tary radars entered the very short wave-
length (microwave) region of the spec-
trum during World War II, “weather
clutter” began to appear on the radar
scopes. This was a nuisance from the
standpoint of detecting targets, but it
proved to be a discovery of first impor-
tance to meteorologists. It was Arthur
Bent, a worker in the wartime Radiation
Laboratory at the Massachusetts Insti-
tute of Technology, who found that
radar could detect raindrops and did the
pioneer work in applying radar to mete-
orology.

What radar detects in the atmosphere
is precipitation—particles of water in its
various forms, such as rain, sleet and
snow. The size of particles it will “see”
depends, of course, on its wavelength. A
radar of 10- to 25-centimeter wavelength
will get echoes only from large drops; a
3-centimeter radar will see very small
raindrops; a l-centimeter radar signal
will be reflected by the finest rain and by
most clouds. The trouble with the very
short waves, however, is that they are
strongly absorbed by moisture in the air,
and they are useless in most rain because
too little of the radar beam’s energy is
reflected back to give an echo on the
scope. It is calculated that the ideal
compromise for examining storms would
be a radar of five or six centimeters. The
military radars that have been used up to
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now are not especially good for weather
work. The first radar designed specifical-
ly for weather study will soon be placed
in operation by the U. S. Air Force
Weather Service. Developed after 10
years of engineering and field tests, it is
a 3.2-centimeter set with 250 kilowatts
of power. This instrument, called the
AN/CPS-9, will be stationed at strategic
locations throughout the U. S. and will
permit a much more thorough investiga-
tion of the weather than has been pos-
sible heretofore.

WHAT do the echoes from precipita-
tion in the air tell the observer? In
the first place, they give the precise lo-
cation and extent of a storm, since the
reflected echoes tell its distance and di-
rection from the radar transmitter. Fur-
thermore, an experienced observer can
interpret the character of the storm it-
self from the picture on the scope. The
size of the precipitation particles can be
estimated from the strength of the echoed
signals; for instance, a single drop of
water two millimeters in diameter will
return as strong an echo as 4,096 drop-
lets one fourth that size. Thus a thunder-
storm, which contains many large drops,
will give a much stronger return than a
light rain, which is usually composed of
relatively small drops. By proper adjust-
ment of the receiver gain the observer
can also locate the sections of most in-
tense precipitation within a storm. The
echo pattern discloses not only the na-
ture of the precipitation but the stability
of the atmosphere. Echoes returned
through stable air tend to have fuzzy
edges, whereas in turbulent air they tend
to be sharp-edged and clearly defined.
What the operator sees on his radar
screen depends on how the set is being
used and how its echoes are presented.
In weather work the two most useful
types of presentation are the PPI (Plan
Position Indicator) and the RHI (Range
Height Indicator). The PPI screen
shows a flat map of the circular region
above the radar, traced out as the an-
tenna scans the sky in a continuous rota-
tion. The RHI scope shows a vertical
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slice of the atmosphere along the direc-
tion in which the antenna is pointing. On
this screen the distance of an echo from
the left-hand side of the picture measures
the distance of the target, and the height
of the echo signal above the base line
tells the target’s height above the ground.

On the radar scope an observer can
watch the birth, growth and dissipation
of a storm, see snowflakes melt into rain-
drops high in the air, follow a storm pat-
tern as it moves across country and map
air currents, all from his stationary shack.

Radar is especially useful in following
a hurricane. To locate exactly the “eye”
of a hurricane has always been a difficult
matter, and one needs to locate it to
determine accurately where the storm is
going. Radar can “see” the spiral bands
of rain that wind into the center of a
hurricane as far as 200 or sometimes
even 350 miles away. It tracks the
storm’s path and the speed with which
it is moving. Many power companies and
commercial offshore operators along the
Gulf Coast now use radar as a standard
piece of equipment to guide their opera-
tions during the hurricane season.

Tornadoes also are tracked by radar.
The precipitation pattern of a tornado
cannot be distinguished by radar from
that of a severe thunderstorm, but when
the disturbance is known to be a tornado
the radar can track it and warn com-
munities in its path.

A great deal of engineering effort is
now being expended in the development
of a lightweight airborne radar set that
can be used by aircraft in flight as a
means of avoiding thunderstorms, severe
icing, turbulence or other dangerous con-
ditions. Such a set can also provide
warning against collisions with aircraft
or mountains.

Radar has been employed for some
time to measure the velocity of the winds
aloft. It tracks a kite-like target carried
by a balloon drifting with the wind. As
the target rises through the atmosphere,
its position is recorded by the radar at
30-second or l-minute intervals. From
these records simple calculations give
the average wind velocity at various



THUNDERSTORMS and heavy rain showers move cessive pictures (reading from left to right) follow the
across the PPI screen as a cold front passes over the hourly progress of the storm. The photographs in this
set. Concentric range marks are 20 miles apart. The suc- article were provided by the U.S. Army Signal Corps.
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STABILITY OF THE AIR can be deduced from the

character of the echo. Stable air, in which precipita-

levels in the atmosphere. The measure-
ments can be made day or night, regard-
less of visibility conditions, and to great
altitudes. They are now a routine part of
the observations for daily weather fore-
casting.

\Y’f HEN the new meteorological radars

" are installed throughout the coun-
try, we shall have far more complete
coverage of weather conditions in the
U. S. than we have now. All our knowl-
edge of weather patterns at present
comes from local records taken at some
500 weather stations spread across the

RANGE HEIGHT INDICATOR (RHI) presentation

gives a cross-sectional view of storm regions. The dis-
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country. We must interpolate the con-
ditions in the areas between the stations.
With a network of radars we shall be
able to watch the entire atmosphere over
the U. S. and plot the fine-scale details
of precipitation patterns. We shall then
be able to follow each precipitation cell
as it forms, develops and dissipates, and
as it moves with the wind fields.
Already radar makes it possible to
forecast the weather very accurately for
four to six hours ahead. By tracking a
rainstorm it allows a precise prediction
as to when rain will start and stop in a
given locality. These short-term forecasts
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tion tends to be light and steady, gives fuzzy sig-
nals like those in the first two photographs. Turbu-

would be especially useful to pilots ap-
proaching an airport, to promoters of
sporting events and to housewives trying
to decide whether to hang out the laun-
dry. The new radar network may extend
such forecasting to 12 or 24 hours.

An RHI radar scope often can show
the freezing level in the atmosphere. A
layer of melting snowflakes just below
this level shows up as a bright band on
the scope. Thus an airplane pilot can be
warned at what altitude he will find icing
conditions in a given region. The bright
band gives information about the turbu-
lence of the air as well: a narrow band

tance of any point along the hase line from the left tells
how far it is from the radar. The vertical distance above




lent air brings showery storms whose echoes are much
more sharply defined, as in the second pair of photo-

means stable air and a thicker band in-
dicates turbulence.

Examination of precipitation cells
with the RHI radar provides a most in-
teresting means of judging wind condi-
tions aloft. When the cell is vertical or
nearly so, obviously the wind speed must
be about the same at all levels. But when
the cell is tilted at an angle to the
ground, this is an indication that the
wind speed is increasing at a constant
rate with altitude. From the degree of
tilt of the cell, observers can estimate the
wind speeds at various altitudes.

It is in meteorological research, rather

than in observing or forecasting, that
radar has so far played its main roles.
With it cloud physicists have been study-
ing how clouds form, develop and dis-
appear. They have also found that it can
measure the total amount of rain that
falls on a given area. The radar yardstick
for rainfall has been developed by corre-
lating the strength of the echoes from a
rainstorm with actual rainfall rates as
measured by rain gauges. As a result we
have today a means of recording with
fair accuracy the total amount of rain
that falls on a watershed, and this should
be of great value to forecasters in antici-

graphs. The sizes of these storms can be judged from
the range rings, which mark off intervals of 25 miles.

pating possible floods. When the system
has been developed and put into general
use, it should greatly reduce the losses
from flash floods. The same system will
also measure snowfall, which can be dis-
tinguished from rain because it gives a
very different echo.

WITH RADAR, meteorologists today
are giving intensive study to severe
storms. Every hurricane approaching the
U. S. is carefully watched by radar
throughout its life cycle. Continuous
photographs are made of the radar
scopes. From these records come de-

the base line measures the height of the point above
the ground. The horizontal bright band seen in the pic-
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ture at far right about half an inch above-the base in-
dicates icing conditions at a height of about 6,000 feet.
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tailed information on the size of the cells,
the curvature of the cellular bands and
the height, speed and track of the storm.
Comparison of each hurricane with its
predecessors is adding little by little to
our knowledge of the mechanics in-
volved.

Similar studies of tornadoes have
shown that these cyclones usually form
at the intersection of two lines marking
sharp changes in pressure in the atmos-
phere. They are likely to start in a region
of active thunderstorm cells. Tracking
these lines with radar promises to help
detect tornadoes as soon as they form.

There is still much to learn about the
common thunderstorm itself. Here too
radar is providing new, detailed infor-
mation not previously available. It was
one of the chief tools used in the very
thorough study of thunderstorm struc-
ture, the “Thunderstorm Project,” di-
rected by Horace R. Byers of the Uni-
versity of Chicago [see “Life of a Thun-
derstorm,” by Roscoe R. Braham, Jr.;
SCIENTIFIC AMERICAN, June, 1950].
Much of the data are still in raw form,
and researchers will be analyzing them
for years. The study has been described
in a book entitled The Thunderstorm.

A Dbasic problem in meteorology is
how a raindrop grows as it falls through
the atmosphere. This is what determines
whether a rainstorm develops into a light
drizzle or a torrential downpour. To fol-
low the progress of falling particles,
radar is pointed vertically into a storm
and the intensity of the return signal is
measured at intervals of one-tenth of a
mile or so from the ground up through
the top of the echo. The average particle
size at any level can be calculated from
the strength of the echo. The calcula-
tions are checked by sending up air-
planes to probe the storm at various
heights.

Radar is an ideal tool to study the
effects of cloud-seeding. It can trace the
cloud structures before and after seed-
ing and show the changes that take
place. Radars are now being installed
as a major tool in a new Artificial Cloud
Nucleation Project of the U. S. Weather
Bureau which will soon be in operation
on the West Coast.

THUNDERSTORM is shown in profile on the RHI scope. The horizontal

lines mark 5,000-foot intervals. White dots along base are five miles apart.

\ ITHIN a few years radar has been
'V responsible for more advance in the
basic knowledge of the weather than any
other instrument or device in the history
of meteorology. It has placed a powerful
new weapon in the hands of the mete-
orologist, one that permits a stationary
observer to consider the three-dimen-
sional structure of an extremely large
volume of the atmosphere and to study
the minute changes constantly occurring
in the over-all pattern. In the practical
realm the infant science of radar mete-
orology has already made possible ad-
WIND PATTERNS at various altitudes can be read on the RHI picture Vvance warning of severe storms, with a
from the distortions they produce in the storms which fall through them. large saving of lives and property.
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Kodak reports to laboratories on:

a new cellulose acetate sheeting . .. doubling the speed of infrared-sensitive film ...
identifying solids by refractive index . .. checking precision gears

Cellulose acetate sheeting

To the attention of those who quest
for a flexible dielectric capable of
maintaining its high transparency
under prolonged chemical and ther-
mal assault, we commend our new

Kodapak IV Sheet. Its substance is
cast cellulose triacetate, a most du-
rable thermoplastic. It is diaphanous
stuff, of the proverbial crystal clar-
ity, but we also make it in matte
form. It is an excellent electrical in-
sulator, has higher folding endur-
ance and bursting strength than its
predecessors (quantitative data on
request). It is readily heat-embossed
or drawn. It comes in thicknesses
from .001” to .010”. The thick
gauges come in 20” x 50” and 25” x
40” sheets, and those below .003”
come in sheets of 25” x 40”7, 30” x
40”, and 40” x 40”. It is easy to seal
by dielectric heating, but if you
want to cement it without resorting
to special cements, we suggest you
first determine whether Kodapak 1
Sheet won’t serve your purpose
better.

Kodapak Sheet is supplied by us only
in quantities of 200 pounds and over. If
you need only a little, we can refer you
to a local distributor. Write Eastman
Kodak Company, Cellulose Products
Sales Division, Rochester 4, N. Y. (The
answer, like all correspondence from
Kodak, will come in an envelope with a
Kodapak window.)

Infrared aerial film

The speed of Kodak Infrared Aero-
graphic Film has just been doubled,
without adverse effect on sharpness
or contrast. To aerial photographers
this means that the same exposure
they would give Kodak Super-XX
Aerographic Film with the custom-
ary yellow filter will now suffice for

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

infrared work, such as taking in-
ventory of standing timber with a
filter that passes only red and in-
frared.

We mention this to non-members
of the aerial photographic fraternity
for two diverse reasons: 1) to call
attention to the latest notch of prog-
ress in the service which the com-
mercial aerial photographer can
render his clients (i.e. better infra-
red pictures under worse condi-
tions); 2) to remind the earthbound
that the fast new infrared film—as
well as Kodak Super-XX and Kodak
Tri-X—is available for whatever
purpose they have in mind in widths
of S¥4”, 514”7, 77, and 91" and
lengths from 9 to 390 feet.

If you'd like a list of commercial
aerial photographers or if you'd like to
find out how to buy aerial film, write to
Eastman Kodak Company, Govern-
ment Sales Division, Rochester 4, N. Y.

(No mistake, the division deals with
private enterprise t00.)

Refractive index liquids

In this day of polarography, x-ray
spectrography, infrared spectropho-
tometry, mass spectrometry, nuclear
magnetic resonance, etc., it may be
considered primitive (among the
excessively sophisticated) to iden-
tify a solid compound by immersing
it in a liquid of matching refractive
index to make it disappear without
dissolving. We think it is not primi-
tive at all but even elegant, in the
scientific sense. On page 214 of the
current catalog of Eastman Organic
Chemicals there appears a list of 39
organic liquids with their refractive
indices, ranging from Methanol at
n}d = 1.3289 + .0005 to Diiodo-
methane at 1.7400. If you order
them in lots of 10 or more, we can
supply them in 25-cc glass-stop-
pered bottles. Since most are priced
at 60¢ each in this size, you and we
can, for as little as $6 plus postage,
work out a deal on a set.

If you don’t have a copy of **Eastman
Organic Chemicals, List No. 38" from

which to make your selection, write
Eastman Organic Chemicals Depart-

ment, Distillation Prod- =
10)74

ucts Industries, Rochester
3, N. Y.
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Gear testing

The Kodak Conju-Gage Gear
Checker is purely a mechanical de-
vice. It has little to do with photog-
raphy, optics, chemistry, electrons,
x-rays, or crystal structure. Its func-
tion is to determine how well a gear
works. (We got into this sort of
thing through building fire-control
equipment.)

A gear’s job is to transmit angu-
lar motion uniformly from one shaft
to another. The precision with

which it accomplishes this task can

be tested by measuring variations in
center distance when the gear is run
with a master of known accuracy.
There’s the rub. If the gear you are
interested in must be of the highest
obtainable accuracy, what will you
use as a master? Naturally, we
wouldn’t ask the question if we
didn’t know the answer. It is a
Kodak Conju-Gage Worm Section,
which resembles a rack and is pro-
duced by thread grinding, a process
not subject to the accuracy limita-
tions that come into play on a cir-
cular gear. The Worm Section and
the instrument we build to use it
might interest you if you have any
gear worries.

There’s more to the gear art than
meets the eye of the casual observer. As a
gentle introduction to this lore, we can
send you ‘““A Practical Approach to
Gear Quality” and “The Kodak Conju-
Gage Gear Testing Principle.” Both are
free from Eastman Kodak Company,
Special Products Sales Division, Roch-
ester 4, N. Y.

Prices quoted are subject to
change without notice.




Phenolics

PRODUCTION
SPEED

L

IMPACT
STRENGTH

A4

ELECTRICAL
VALUES

...for expressing
better product ideas

BETTER

® When you are thinking of materials for use
in new or improved products. .. or processes
...at the least cost consistent with required
performance, remember the way of electricity
with Durez phenolic plastics. They get along
fine together, but they never mix.

Electrical current goes about its business
while these non-conductive plastics go about
their business of resisting impact and other
mechanical stresses, water, heat, abrasion, and
many chemicals.

Phenolics can serve you profitably as base
materials molded into lustrous surfaced units,
or as resins applied to a product or integral in
it. Size of moldings is limited only by press
capacity. Many compounds offer combinations
of properties unavailable in any plastic until
Durez developed them.

Your engineers and molding men can ob-
tain help in advancing your product plans from
Durez — specialists in phenolics for 32 years.

Our monthly ‘Durez Plastics News’’ will
keep you informed on industry’s wses of
Durez. Write, on office letterbead, to

DUREZ PLASTICS & CHEMICALS, INC.
807 Waick Rd., North Tonawanda, N. Y.

PHENOLIC PLASTICS that fit the job
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Milestone

r I VHE Atomic Energy Commission
last month announced “a mile-
stone in the history of atomic ener-

gy.” It has succeeded in proving that the
breeding of nuclear fuel is possible—a
key question for the practicability of
atomic power. The Commission’s experi-
mental breeder reactor at Arco, Idaho, is
now producing at least as much new
fuel as it is burning.

The breeder reactor, which was de-
scribed in the December, 1952, issue of
SCIENTIFIC AMERICAN, burns uranium
235 in its core and converts a blanket of
non-fissionable U-238 to plutonium. The
success of the breeding experiment,
about which scientists have been hope-
ful but by no means certain, means that
all the available uranium in nature may
be used as nuclear fuel. It should also be
possible to breed fissionable material
from thorium, but this has not yet ac-
tually been accomplished.

Gordon Dean, chairman of the AEC,
cautioned in his announcement that the
news does not mean “economic power
from atomic fuels is here.” He pointed
out that the chemical process to extract
the newly bred fuel is at this stage “one
of the most expensive aspects of the
atomic energy business,” and that breed-
ing is so slow that a reactor may have to
operate five or more years before it re-
turns the original fuel investment. The
first power reactors may not even use
the breeding principle. Nevertheless,
Dean declared, we are now at the “cross-
roads in atomic power policy. . . . The
last remaining technical obstacle is to
learn how to build atomic power plants
so cheaply that the power they produce
will be competitive with that from con-
ventional fuels.” This job, he indicated,
is one that should be shared by private
industry in a competitive way.

A start toward private participation
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SGIENCE AND

has already been made. Four industrial
groups have been studying the technical
feasibility of building reactors to pro-
duce commercial power. A declassified
version of their first reports has just been
made public by the AEC. All conclude
that dual-purpose reactors can be built
now and all agree that atomic-electric
power can be produced economically in
the near future only as a by-product of
plutonium.

The four study groups are the Com-
monwealth Edison Company and Public
Service Co. of Northern Illinois, the
Dow Chemical Company and Detroit
Edison Company, the Monsanto Chemi-
cal Company and Union Electric Com-
pany and the Pacific Gas & Electric
Company and Bechtel Corporation.
Under the terms of their research agree-
ments with the AEC, the groups limited
their investigation to power-plus-pluto-
nium reactors of a type that “might be
built within the next few years.” Three
of the teams proposed specific designs
for such reactors, while the Dow-De-
troit Edison study discussed the problem
in general terms.

Commonwealth Edison and Public
Service suggested two designs. One is a
graphite-moderated uranium reactor us-
ing helium gas to carry heat from the
reactor to the boilers. The companies
estimate that an installation to produce
47,000 kilowatts of useful power would
cost $40 million. The second proposed
design is a uranium reactor using heavy
water under pressure as both moderator
and coolant. A unit producing 211,500
kilowatts is estimated to cost $118 mil-
lion (of which $41 million is the cost of
the heavy water). The companies be-
lieve that the second of these designs has
the “best economic possibilities” but the
first could be built more quickly and
would be subject to fewer engineering
uncertainties.

Pacific Gas and Bechtel Corporation
also proposed two reactor types. One is a
uranium reactor moderated by heavy
water and cooled by ordinary water. It
would have a net power of 100,600 kilo-
watts and would cost $41 million. The
other is a uranium fast breeder (no
moderator) cooled by liquid sodium,
estimated to produce 145,300 kilowatts
and to cost $51 million.

Monsanto—Union Electric’s choice is
a uranium and graphite reactor cooled
by liquid sodium. They place the unit’s
output at 554,000 kilowatts and its cost
as $61 million.

Dow—-Detroit Edison concluded that
a tast breeder reactor using liquid fuel
and a liquid metal coolant is the most
promising line of approach, but did not
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go into detailed specifications for build-
ing one.

All the studies agreed that with
present materials and techniques nuclear
boilers would have to operate at steam
temperatures and pressures substantially
lower than in conventional generating
systems and would therefore be less ef-
ficient. Some of the reports indicate that
the cost of the plants should be written
off against the plutonium sold rather
than the power produced.

Smaller Nucleus

HE nucleus of the atom is some 15 to

20 per cent smaller in diameter and
about twice as dense as had been sup-
posed, according to measurements made
with a new nuclear yardstick by James
Rainwater and Val Fitch of Columbia
University.

Their measuring rod was negative mu
mesons, produced in Columbia’s 385-
million-electron-volt  cyclotron. When
such mesons are aimed at a piece of mat-
ter, some are captured by the field of
attraction of individual nuclei and begin
to revolve around these nuclei in the
same manner as planetary electrons. The
mesons then lose energy, dropping from
one orbit into another until they fall into
the nucleus. Each orbital drop is accom-
panied by a burst of radiation which car-
ries away the lost energy. Since mu
mesons are 210 times as heavy as elec-
trons, their corresponding orbits are 210
times closer to the nucleus. The inner-
most orbit, or “K shell,” is so close that a
meson in this orbit revolves partly within
the fringes of the nucleus itself. The
strong forces within the nucleus affect
the energy radiated by the meson when
it drops into the K orbit. From the
measured strength of this effect Rain-
water and Fitch calculate the size of the
nucleus.

The diameter of a nucleus has been
thought to be 1.4 to 1.5 X 1013 centi-
meters multiplied by the cube root of
the number of protons and neutrons the
nucleus contains. The new measurement
changes the figure to 1.2 X 1013, Since
a 15 per cent reduction of the diameter
of a sphere reduces its volume almost by
half, the nuclear particles must be
crammed into about half the space they
had been thought to occupy.

Supercritical Boiler

THE efficiency of a steam turbine de-
pends largely on the temperature
and pressure of the steam that runs it.
Pressures in common use now are ap-
proaching the magic figure of 3,206

DOW CORNING SILICONE NEWS

NEW FRONTIER EDITION

TWELFTH OF A SERIES

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
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 cradle like a cap.

to Fahulous 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,

Firal in Silicones

Dow Corning Corporation e Department W-7 o Midiand, Michigan

Mail this Cowpon TODAY Name — ~ ___ Title .

DOW CORNINE for your FREE Copy of Tall e
CORPORATION Toles ond Fabulous Fach L
Address .
Midiand, Michigan ey Zone State
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A Spectrograph
for only s1495!

For
Teaching

For |ndum‘|01

%" 12 Meter

STIGMATIC GRATING
Model

Now, at the lowest price in the
spectrograph field . . . the
Bausch & Lomb 12 Meter
Stigmatic Grating Spectro-
graph! Concave 40x80mm
Certified-Precision Grating

cho;nlor]!!

4700-7400A
(First order)
1850-3700A

(Second order)

2250-6250A
SPECTRUM (First order)

COVERAGE

15A/mm
(First order]
7.5A[mm
(Second order)

16A/mm
(Fest order) gives you unbelievably fine
line quality on a wide range
of non-ferrous metals and

RESOLVING alloys, lubricants, pig-

POWER ments, pharmaceutical

products, and many other
materials. Takes 10”7
length of 35mm film; extremely fast . . . short exposures. Sturdily
built for stability and years of daily, practical use. Compact design:
length, 5'; width, 1%5’; height, 1’. Complete with 3'x4” optical bed
to accommodate all current B&L accessories.

WRITE FOR SAMPLE SPECTROGRAM

AND COMPLETE INFORMATION
Find out how this low-cost instrument can efficiently
fill your spectrographic needs. Write to Bausch &
Lomb Optical Co., 78119 St. Paul St.,
Rochester 2, N. Y.

BAUSCH ¢ LOMB CENTENNIAL

Bausch & Lomb quﬁﬂﬁ Specirographs
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pounds per square inch, the “critical”
pressure of steam. When water is con-
verted into steam at a pressure above
this figure, it does not boil but all of it
vaporizes at once. Steam at supelcliti—
cal pressure has never been used in a
commercial boiler, Now the American
Gas and Electric Company announces
that it is building a power plant which
will operate with steam at 4,500 pounds
per square inch and a temperature of
1,150 degrees Fahrenheit. This pressure
is almost double that of any present
steam plant, and the temperature 50 de-
grees higher.

Operating at supercritical pressure
will not only improve efficiency but also
eliminate the need for a drum to sepa-
rate steam from boiling water, the big-
gest and heaviest single piece of equip-
ment in today’s power plants. The boiler
of the proposed plant is to be the “once-
through” type, described by Philip
Sporn, president of American Gas and
Electric, as “in effect, a continuous run
of tube into which water is pumped at
one end and out of which highly super-
heated steam is delivered at the other.

Most modern power plants employ
the “reheat” principle, leading steam
back through the boiler for further heat-
ing after it has passed part way through
the turbine. The new plant will have a
double reheat system, with the steam
returning to the boiler twice.

“The use of higher pressures, higher
temperatures and new ideas in reheat,”
said Sporn, “will make possible not only
new world standards of efficiency in gen-
eration of steam-electric power but ulti-
mately will make possible capital reduc-
tion by compressing the size of units
and bringing about more effective utili-
zation of materials.” He predicts that
such plants may eventually convert 50
per cent of the energy of coal into elec-
tricity—an efficiency half again as high
as the best obtained today.

The new plant, with a capacity of
120,000 kilowatts, is expected to cost
more than $12 million.

Genesis by Lightning

NEW way to make organic com-

pounds was reported last month by
a young chemist at the University of
Chicago. But perhaps “new” is not the
right word, for some scientists believe
that this method is hundreds of millions
of years old; that it is, in fact, the meth-
od used by nature herself when she
started life on the earth.

The experiment was made to test a
theory, championed by the University of
Chicago chemist Harold Urey, as to
how life began. It suggests that a billion
years ago or so the earth’s atmosphere
consisted of methane, ammonia, hydro-
gen and water vapor. Under the action
of lightning discharges or of ultraviolet
radiation, these compounds were split
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IDEAS HAVE ENABLED THE PETROLEUM INDUSTRY to power our
nation on wheels with ever-increasing efficiency. Crude oil produced an
abundance of gasoline in 1951. But if the oil had been refined by 1900 tech-
niques, we would have been short 33 billion gallons! Today we are able to
be the world’s largest per capita consumers of petroleum, thanks to ideas
evolved by the more than 30,000 businesses and 1,900,000 people in the

oil industry.

R IS ———

IDEA-CHEMICALS
help oil clean as it lubricates

... increase oil's power to fight friction

Alone, oil cannot effectively clean
away thedirt deposits which form
in the working parts of machines.
It can lubricate, cool, seal and
cushion, but it cannot clean with-
out a special chemical additive.

That’s why the petroleum in-
dustry is so interested in a group
of Idea-Chemicals from Du Pont
—“Lorol”’* fatty alcohols. These
versatile straight-chain alcohols
are used as intermediates in the
preparation of lubricant deter-
gent additives which help oil
purge and dissolve lead salt, car-
bon, oil decomposition products
and other deposits. .. keep them
in suspension, where they can do
no harm.

Write for our new booklet on Polychemicals
products for industry

These products for the oil industry are typical. In all, there are over 100
Polychemicals products for industry—amides, alcohols, esters, organic
acids, solvents, resins and plastics. For more information about products
which may be useful in your industry, send for our new booklet “Prod-
ucts of the Polychemicals Department.” You’ll find descriptions, prop-
erties, uses, possible applications and other data. Write on your business
letterhead for your copy. We will gladly cooperate with you on any
applications for Polychemicals products you would like to investigate.

* REG. U.S. PAT. OFF.

E. 1. DU PONT DE NEMOURS & CO. (INC.) » POLYCHEMICALS DEPT. 597 « WILMINGTON 98, DEL.
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DuPont “Lorol” fatty alcohols
work for the petroleum industry
in other ways, too. They’re used
in the manufacture of lubricant
additives which serve as pour-
point depressants and viscosity-
index improvers. And they have
been suggested as intermediates
in the preparation of synthetic
lubricants.

But “Lorol” fatty alcohols are
only one example of the chemi-
cal products from the Du Pont
Polychemicals Department help-
ing the oil industry do a better
job. The list includes Crystal
Urea, Methanol, “Hexalin” cy-
clohexanol, Adipic Acid and Hy-
droxyaceticAcid—tonameafew.

BC vy par OFF

BETTER THINGS FOR BETTER LIVING
+ s+ THROUGH CHEM ISTRY

Polychemicals

DEPARTMENT

CHEMICALS » PLASTICS
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First in created-metals for better products
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This new cancer-fighting unit gives off radiation
from Cobalt 60—an isotope born of atomic
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Get in touch with a Carboloy engineer for
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“Carboloy” is the registered trademark for the products of the
Carboloy Department of General Electric Company

CARBOLOY

DEPARTMENT OF GENERAL ELECTRIC COMPANY

11199 E. 8 Mile Road, Detroit 32, Michigan
Plants at Detroit ana Edmore, Michigan.

ALNICO PERMANENT MAGNETS

for lasting magnetic energy

CEMENTED CHROME CARBIDES

for exceptional resistance to corrosion, along with
erosion and abrasion resistance

CEMENTED TUNGSTEN CARBIDES

for phenomenal cutting, forming, wear resistance

HEVIMET

for maximum weight in minimum space, and for
radioactive screening

© 1953 SCIENTIFIC AMERICAN, INC

into free radicals which recombined in
chance ways to form more complex
molecules. The new substances were
dissolved in the oceans and continued
to react with one another, building ever
more complicated structures. Eventually
a protein molecule, with the magic prop-
erty of reproducing itself, happened to
be put together. The rest was a matter
of time.

A few months ago Urey put one of
his students, Stanley L. Miller, to work
to try to reproduce the first steps in the
process. Miller assembled a mixture of
methane, ammonia and hydrogen over
boiling water in an air-tight glass system
and circulated the vapor continuously
past an electric spark. By the end of a
day the mixture turned pink; after a
week it was a deep, muddy red. Then
Miller analyzed the products by paper
chromatography. The results exceeded
his and Urey’s expectations. The brew
contained amino acids—the building
blocks of proteins. Miller definitely iden-
tified glycine, alpha-alanine and beta-
alanine. There were fainter traces of sub-
stances which may be aspartic and bu-
tyric acids, and still other amino acids
may be present in smaller amounts. The
substances could not have been made by
living organisms in the mixture, because
the experiment was run at the tempera-
ture of boiling water, and bichloride of
mercury was added to prevent contami-
nation during the analysis.

Reporting his results in Science, Mil-
ler adds that modifications of his pro-
cedure might make this a commercially
useful method of manufacturing amino
acids.

The Earth Is a Hothouse

Y adding six billion tons of carbon
dioxide to the atmosphere each year,
man’s industrial activity is slowly warm-
ing up the earth. So says Gilbert N.
Plass, physicist at The Johns Hopkins
University. He told a recent meeting of
the American Geophysical Society that
he had recalculated the opacity of car-
bon dioxide to long-wave heat radiation
and found it to be much greater than
had been thought. This means that car-
bon dioxide in the air acts like the glass
in a greenhouse roof, allowing short-
wave heat to come in from the sun and
preventing the escape of longer heat
waves from the earth.

Plass estimates that at the present
rate of industrial activity the amount of
atmospheric carbon dioxide will double
by the year 2080. That increase would
raise the temperature of the earth by
about 4 per cent, and the gas will prob-
ably trigger a further rise by another
process. By blocking the loss of heat
from the tops of clouds and reducing the
temperature differential between their
tops and bottoms, it will weaken the at-
mospheric convection currents that are
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responsible for rainfall. So the climate
may become clearer and drier, allowing
still more heat from the sun to reach the
earth’s surface.

Conversely, Plass reasons, a decrease
in carbon dioxide in the air would lead
to a wetter and cooler climate. He be-
lieves that such a decrease may have
been responsible for glaciers. In the
millions of years of mountain-building
that preceded each glacial period, the
weathering of new rock may have cap-
tured a great deal of the atmosphere’s
free carbon dioxide and thus have cooled
the climate enough to allow glaciation to

begin.

Human Cancer in Rats

NE of the major obstacles to cancer
research has been the inability to
grow human cancers in laboratory ani-
mals. This barrier has now been
breached at the Sloan-Kettering Insti-
tute for Cancer Research in New York
by Helene Wallace Toolan, who has
succeeded in transplanting human can-
cerous tissue into cortisone-treated rats.
Dr. Toolan got onto the new tech-
nique through the finding that X-rays
seem to lower the rats’ natural genetic
defense against implantations of foreign
tissue, perhaps because X-rays reduce
the white blood count. But only half of
the irradiated rats successfully grew bits
of human tissue, and the growth could
not be maintained long. When it was
learned that cortisone also caused a se-
vere reduction of white blood cells, Dr.
Toolan began using this drug on her
rats. She then achieved 90 per cent ef-
fective transplants. Moreover, the re-
sulting tumors were bigger and more
vigorous than in the X-rayed animals.
By repeating the cortisone dose, they
could be grown for up to 30 days. Thus
far one bit of human cancer about four
millimeters square has been transplanted
and grown through eight generations in
150 rats.

Sloan-Kettering expects this to speed
up cancer research enormously. Experi-
menters will now be able to try cancer
treatments on the transplanted human
cancers. By the end of this year Dr.
Toolan will have enough human cancer
in rats to test all of the some 4,600 sub-
stances that Sloan-Kettering examines
each year for their possible cancer-in-
hibiting properties.

Antivivisectionists in Retreat

rI‘HE antivivisection movement in the
U. S. has been reduced from a na-
tional campaign to mere local harassing
actions, says the National Society for
Medical Research. The Society reports
a major change in climate, with the anti-
vivisectionists instead of scientists now
on the defensive.

The Society, which has campaigned
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for the cause of animal experimentation
since 1946, says that the Hearst news-
papers have given up the antivivisec-
tionists’ cause. Its libel suits on behalf
of scientists against the Chicago Herald-
American were settled out of court early
this year. The publisher announced that
the paper’s editorial policy had changed
with the death of William Randolph
Hearst. Since then, says the Society, the
paper “has been giving . . . animal ex-
perimentation . . . a straight play.” An-
other indication of the change in policy
was the New York Journal-American’s
virtual silence during the 1952 debate
over the Hatch-Metcalf Act, which made
animals available for experimentation.
Antivivisectionists are concentrating
on making animals difficult for scientists
to obtain. The American Humane Asso-
ciation, the national clearing house for
local animal welfare groups, is cam-
paigning to defeat legislation which
would provide animals for research. But
most medical schools are now able to
get animals under state or local laws or
by working arrangements with humane
society pounds. The only places where
difficulties remain are Boston, the Dis-
trict of Columbia and Pennsylvania.

Soapless Opera

SYNTHETIC detergents are causing
trouble in sewage disposal systems.
The first recorded case occurred in a
small Pennsylvania town in 1947, On a
Friday a large manufacturer passed out
samples of his new detergent to almost
every home in the community. By the
following Monday the local sewage
treatment plant was buried beneath a
mountain of slimy, sour-smelling foam.
As more and more housewives and in-
dustries began to use synthetic deter-
gents, more and more plants had to com-
bat foam. It soon appeared that the
chemicals had other bad effects on the
treatment systems.

The problem was recently reviewed
at a meeting of the American Chemical
Society and the conclusions were sum-
marized in Chemical and Engineering
News. In addition to their foaming ac-
tion, detergents interfere with the op-
eration of settling tanks, because they
emulsify the solid particles. They kill
many of the bacteria used in biological
sewage purification. They promote slime
growth in sewer pipes. Their phosphorus
salts get into lakes and ponds and en-
courage rapid multiplication of un-
wanted algae.

A small share of the difficulties must
be laid to the consumers rather than the
chemicals. Some of the most popular
household detergents need have no
foaming action, but because housewives
like to see copious suds the manufactur-
ers add a foaming agent. This provides
a rich lather not only in the kitchen sink
but also in the disposal plant.
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Wheat

The grass that bears our daily bread is synonymous

with European civilization. What is the basis of its

usefulness, and what is the origin of modern wheat?

HEAT is the world’s most wide-

N ‘ / ly cultivated plant. The wheat

plants growing on the earth
may even outnumber those of any other
seed-bearing land species, wild or do-
mesticated. Every month of the year a
crop of wheat is maturing somewhere in
the world. It is the major crop of the
U. S. and Canada and is grown on sub-
stantial acreages in almost every country
of Latin America, Europe and Asia.

Apparently this grain was one of the
earliest plants cultivated by man. Car-
bonized kernels of wheat were found re-
cently by the University of Chicago ar-
chaeologist Robert Braidwood at the
6,700-year-old site of Jarmo in eastern
Iraq, the oldest village yet discovered—
a village which may have been one of
the birthplaces of man’s agriculture.
Through the courtesy of Dr. Braidwood
I have had an opportunity to study some
of these ancient kernels and compare
them with modern kernels, carbonized
to simulate the archaeological speci-
mens. The resemblance between the an-
cient and modern grains is remarkable.
There were two types of kernels in the
Jarmo site; one turned out to be almost
identical with a wild wheat still growing
in the Near East, and the other almost
exactly like present-day cultivated wheat
of the type called einkorn. Evidently
there has been no appreciable change in
these wheats in the 7,000 years since
Jarmo.

When he domesticated wheat, man
laid the foundations of western civiliza-
tion. No civilization worthy of the name
has ever been founded on any agricul-
tural basis other than the cereals. The
ancient cultures of Babylonia and Egypt,
of Rome and Greece, and later those of
northern and western Europe, were all
based upon the growing of wheat, bar-
ley, rye and oats. Those of India, China
and Japan had rice for their basic crop.
The pre-Columbian peoples of America
—Inca, Maya and Aztec—looked to corn
for their daily bread.

What are the reasons for this intimate
relation between the cereals and civiliza-

50

by Paul C. Mangelsdorf

tion? It may be primarily a question of
nutrition. The grain of cereal grasses, a
nutlike structure with a thin shell cover-
ing the seed, contains not only the em-
bryo of a new plant but also a food sup-
ply to nourish it. Cereal grains, like eggs
and milk, are foodstuffs designed by na-
ture for the nutrition of the young of the
species. They represent a five-in-one
food supply which contains carbohy-
drate, proteins, fats, minerals and vita-
mins. A whole-grain cereal, if its food
values are not destroyed by the over-re-
finement of modern processing methods,
comes closer than any other plant prod-
uct to providing an adequate diet. Man
long ago discovered this fact and learned
to exploit it. Guatemalan Indians man-
age to subsist fairly well on a diet which
is 85 per cent corn. In India people some-
times live on almost nothing but rice.
Such diets do not meet the approval of
modern nutritionists, but they are bet-
ter than those made up too largely of
starchy root crops such as potatoes,
sweet potatoes or cassava, or of pro-
teinaceous legumes such as beans, peas
and lentils.

Perhaps the relationship between
cereals and civilization is also a product
of the discipline which cereals impose
upon their growers. The cereals are
grown only from seed and must be
planted and harvested in their proper
season. In this respect they differ from
the root crops, which in mild climates
can be planted and harvested at almost
any time of the year. Root-crop agricul-
ture can be practiced by semi-nomadic
peoples who visit their plantations only
periodically. The growing of cereals has
always been accompanied by a stable
mode of life. Moreover, it forced men to
become more conscious of the seasons
and the movements of the sun, moon and
stars. In both the Old World and the
New the science of astronomy was in-
vented by cereal growers, and with it a
calendar and a system of arithmetic.
Cereal agriculture in providing a stable
food supply created leisure, and leisure
in turn fostered the arts, crafts and
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sciences. It has been said that “cereal
agriculture, alone among the forms of
food production, taxes, recompenses and
stimulates labor and ingenuity in an
equal degree.”

From Grain-chewing to Bread

Today wheat is the cereal par excel-
lence for breadmaking, and it is used al-
most exclusively for that purpose. But it
is quite unlikely that breadmaking, a
complex and sophisticated art, came sud-
denly into full flower with the domesti-
cation of wheat. Man may have begun
by merely parching or popping the grain
to make it edible. Primitive wheats, like
other cereals, were firmly enclosed in
husks, called glumes. Heating makes the
glumes easy to rub off and allows the
kernel itself to be more easily chewed or
ground into meal. The scorching and
parching of grains is still practiced on
unripened cereals in parts of the Near
East. In Scotland until recently barley
glumes were sometimes removed by set-
ting fire to the unthreshed heads. The
Chippewa Indians still prepare wild rice
by heating the unhusked kernels and
tramping on them in a hollow log.

Hard-textured cereal grains with a
certain moisture content explode and es-
cape from their glumes when heated.
In America the first use of corn was un-
doubtedly by popping. The earliest
known corn had small vitreous kernels,
and archaeological remains of popped
corn have been found in early sites in
both North and South America. In India
certain varieties of rice are popped by
stirring the kernels in hot sand. Many
villages in India have a village popper
who performs this service for his neigh-
bors and provides himself with food by
taking his toll of the product.

The botanical as well as archaeologi-
cal evidence, though meager, indicates
that wheat was first used as a parched
cereal. The dwellings at Jarmo contain
ovens which prove that this primitive
economy knew the controlled use of heat.
All the very ancient prehistoric kernels



so far found are carbonized as if they
had been over-parched. In itself this evi-
dence is not telling, since only carbon-
ized grains would be preserved indefi-
nitely, but it is in harmony with other
evidence. Finally, the most ancient
wheats are species whose kernels would
not be removed from the husks merely
by threshing. The simplest method of
husking them to make them edible
would have been parching.

Probably the second stage in progress
was to grind the parched grains and soak
the coarse meal in water to make a gruel.
For the toothless, both old and young,
this must have been a life-saving inven-
tion. Gruel or porridge is well known as
a primitive form of food. A gruel pre-
pared from parched barley was the prin-
cipal food of the common people of
ancient Greece. American Indians pre-
pared a kind of porridge from corn,
which has its modern counterpart in
“mush” and “polenta.”

A gruel allowed to stand for a few
days in a warm dwelling would become
infected with wild yeasts. Fermenting
the small amounts of sugar in cereal, the
yeasts would have produced a mild al-
coholic beverage. This would have
pointed the way to leavened bread. It is
questionable which art developed first—
brewing or breadmaking. Some students
believe that brewing is older even than
agriculture, but there is no supporting
archaeological or historical evidence. On
the contrary, the earliest Egyptian reci-
pes for beer described a process in which
the grain was first made into half-baked
loaves, which then became the raw ma-
terial for beer-making. There is no doubt
that brewing and the making of leavened

bread are closely related arts, both de-
pending upon fermentation by yeasts.

Modern breadmaking, however, had
to await the appearance of new types of
wheat. It is as much a product of the evo-
lution of wheat as it is one of human
ingenuity.

From Wild Grass to Wheat

Wheat differs from most cultivated
plants in the complexity of its variations.
True, the other major cereals, rice and
corn, are each differentiated into thou-
sands of varieties, but these form a con-
tinuous spectrum of variation and hence
are classed as a single botanical species.
Wheat is separated into distinct groups
which differ from one another in many
ways and are therefore classified as
separate species under the single Old
World genus Triticum. The domesti-
cated wheats and their wild relatives
have been studied more intensively than
any other group of plants, cultivated or
wild, and from these studies, truly inter-
national in scope, a picture is beginning
to emerge of the evolution of wheat
under domestication.

Authorities differ on the number of
distinct species of wheat. This article
follows the classification of Nikolai Vavi-
lov, the Russian geneticist and botanist
who, with his colleagues, brought to-
gether for study more than 31,000
samples of wheat from all parts of the
world. Vavilov recognized 14 species;
other botanists have recognized fewer or
more. All authorities agree, however,
that the wheat species, whatever their
number, fall into three distinct groups,
determined by the number of chromo-

J.I. .“'_.E' . 4"\ L
Wheat field and farm buildings
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somes in their cells. The chromosome
numbers (in the reproductive cells) of
the three types are, respectively, 7, 14
and 21. They were discovered by T.
Sakamura in Japan in 1918 and slightly
later, but independently, by Karl Sax in
the U. S. The numbers are closely as-
sociated with differences in anatomy,
morphology, resistance to disease, pro-
ductiveness and milling and baking
qualities. It is interesting to note that
August Schulz, a German botanist, had
arranged the wheats into these three
groups in 1913, well before their chromo-
some numbers were known.

The 14- and 21-chromosome wheats
have all arisen from 7-chromosome
wheat and related grasses, through hy-
bridization followed by chromosome
doubling. The cultivated wheats are the
most conspicuous example of this “cata-
clysmic evolution,” described by G.
Ledyard Stebbins, Jr., in his article in
ScienTiFic AMERICAN of April, 1951. It
is the only known mechanism by which
new true-breeding species can be
created almost overnight.

Since different wild grasses have been
involved in wheat’s evolution, the
species differ not only in the number but
also in the nature of their chromosomes.
Relationships of different sets of chromo-
somes are determined by studying the
degree of chromosome pairing in the
reproductive cells of hybrids. If the pair-
ing is complete, or almost so, the chro-
mosome sets (genoms) of the parents
are regarded as identical or closely re-
lated. If there is no pairing, the parental
genoms are considered to be distinct.
Four different genoms, each comprising
seven chromosomes, designated A, B, D
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FOURTEEN SPECIES OF WHEAT are shown actual
size. From left to right they are Triticum aegilopoides
(wild einkorn), T. monococcum (einkorn), T. dicoc-

and G, are recognized in wild and cul-
tivated wheats.

Another important difference in
wheats is in their heads. Primitive cereals
and many wild grasses have heads whose
central stem is brittle and fragile, break-
ing apart when mature and providing a
natural mechanism for seed dispersal.
When such cereals are threshed, the
heads break up into individual spikelets
(clusters of one or more individual grass
flowers) in which the kernels remain
firmly enclosed in their husks. Under
domestication this characteristic, so es-
sential to perpetuation of the species in
the wild, has been lost. New forms have
evolved, not only in wheat but in other
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cereals, in which the stems are tough
and the heads remain intact when ma-
ture. In such cereals threshing alone re-
moves the kernels from their glumes.
The cereals with free-threshing, naked
grains are much more useful to man,
especially for milling and baking, than
those that cling stubbornly to their
husks. In wheats, therefore, the naked
varieties have almost completely super-
seded the primitive forms.

Ancestors
The 7-chromosome wheats, probably

the most ancient, consist of two species:
T. aegilopoides and T. monococcum,
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coides (wild emmer), T. dicoccum (emmer), T. durum
(macaroni wheat), T. persicum (Persian wheat), T'. tur-
gidum (rivet wheat), T. polonicum (Polish wheat), T.

known as wild einkorn and einkorn. Car-
bonized kernels of both were found at
Jarmo, but whether they are the only
wheats occurring in this ancient village
site remains to be seen. Both species of
einkorn have fragile stems and firm-
hulled seeds. Their spikelets contain but
a single seed, hence their name. Each
has the same set of chromosomes, genom
A, and they hybridize easily together to
produce highly fertile offspring. Culti-
vated einkorn has slightly larger kernels
than the wild form and a slightly
tougher stem. Its heads do not fall apart
quite so easily when ripe. Except for
these slight differences the two species
are essentially identical, and einkorn is



timopheevi (which has no common name), T. aestivum
(common wheat), T. sphaerococcum (shot wheat), T.
compactum (club wheat), T. spelta (spelt) and T.

undoubtedly the domesticated counter-
part of the wild species. Apparently lit-
tle significant change has been wrought
in them over the centuries.

Wild einkorn has its center of distri-
bution in Armenia and Georgia of the
Soviet Union, and in Turkey. It also oc-
curs in the eastern Caucasus and in
western Iran. Westward from Asia
Minor it is a common grass on the sides
of low hills in Greece and Bulgaria and
a weed in the well-drained vineyards of
southern Yugoslavia. Cultivated einkorn
originated, according to Vavilov, in the
mountains of northeastern Turkey and
the southwestern Caucasus. However, if
my identification of the kernels at Jarmo

is correct, and if Jarmo represents the
beginnings of agriculture, einkorn may
have been domesticated first slightly
farther south in eastern Iraq. Certainly
it is an ancient cereal. Carbonized grains
of it have been found in neolithic de-
posits of the lake-dwellers and in many
other sites in central and northeastern
Europe. Impressions of einkorn have
been identified in neolithic pottery in
Britain and Ireland. There'are no records
of its prehistoric occurrence in India,
China or Africa.

Einkorn is still grown in some parts of
Europe and the Middle East, usually in
hilly regions with thin soils. Its yields
are low, usually not more than 8 to 15
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macha (macha wheat) . The first two species have 7 chro-
mosomes; the following seven, 14 chromosomes; the last
five, 21 chromosomes (see table on next two pages).

bushels per acre. A bread, dark brown in
color but of good flavor, can be made
from it if it is husked, but it is more com-
monly used as a whole grain, like barley,
for feeding cattle and horses. Einkorn’s
importance lies not in its present use but
in its progeny. It is the ancestor of all
other cultivated wheats, with the pos-
sible exception of the type called emmer.
Einkorn’s descendants all have in com-
mon the set of seven chromosomes called
genom A,

Second Stage

In the next stage of evolution are the
14-chromosome species, of which Vavi-
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lov recognized seven. All these have
come from the hybridization and chro-
mosome doubling of a 7-chromosome
wheat with a 7-chromosome related wild
grass. The wheat parent in each case
was undoubtedly einkorn, or possibly in
one instance its wild relative, since all
the species possess the genom A. But the
wild-grass parent remains to this day un-
identified and is the chief botanical mys-
tery in the origin of cultivated wheats.
This parent contributed a genom B to all
in the group except one species. Edgar
McFadden and Ernest Sears of the U. S.
Department of Agriculture have sug-
gested that genom B may have been de-
rived from a species of Agropyron, a
genus of weedy grasses which includes
the pernicious couch grass of the north-
eastern U. S. Only one of the 14-chromo-
some wheats is found wild. This species,
which is called wild emmer, is indigenous
to southern Armenia, northeastern Tur-
key, western Iran, Syria and northern
Palestine.

Closely resembling wild emmer, and
possibly derived directly from it by do-
mestication, is emmer, the oldest of 14-
chromosome cultivated wheats and once
the most widely grown wheat of all. An
alternative possibility, however, is that
emmer is the product of hybridization
between einkorn and a 7-chromosome
wild relative. The fact that crosses of
wild and cultivated emmer are some-
times partly sterile indicates that the two
forms may not be closely related and
that one may be the product of an an-
cient hybridization and the other of a
more recent one. There is at least no
doubt about the antiquity of emmer.
Well-preserved spikelets scarcely differ-
ent from those of modern emmer have
been found in Egyptian tombs of the
Fifth Dynasty. Emmer may well have
been the chief cereal of the Near East
from very early times to the Greco-
Roman period, for until the Jarmo find
it was the only wheat found archaeo-
logically in early sites of that region. Re-
mains or impressions of it have also been
common in neolithic sites in continental
Europe, Britain and Ireland.

Emmer, like einkorn, has a fragile
stem and clinging hull. Good bread and
fine cake and pastry can be made from
it, but most emmer today is fed to live-
stock. Some varieties are uite resistant
to stem and leaf rust, the principal dis-
eases of wheat, and have been useful in
plant breeding,

The 14-chromosome wheats were the
first to produce species with tough stems
and with kernels that thresh free from
their glumes. Four such species are
known: durum (macaroni), persicum
(Persian), turgidum (rivet) and polo-
nicum (Polish). All have a more recent
history than einkorn or emmer. The
oldest, durum, first appeared in the
Greco-Roman period about the first cen-
tury B.C. One of the most recent, Polish
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wheat, unique for its massive heads and
long, hard kernels, did not appear until
the 17th century. None of these wheats
except durum is of great commercial im-
portance today. Durum wheat, the best
variety for the manufacture of macaroni,
spaghetti and other edible paste prod-
ucts, is grown fairly extensively in Italy,
Spain and parts of the U. S. Rivet wheat
is of some interest because it is the tallest-
growing (four to six feet high) and under
ideal conditions one of the most produc-
tive. However, its grains are soft, yield-
ing a weak flour unsuitable for bread-
making unless mixed with stronger
wheats. One variety of rivet called “mira-
cle” or “mummy” wheat, with massive
branched heads, has been persistently
exploited as a rare and valuable wheat
claimed to have been propagated from
prehistoric grains discovered in ancient
Egyptian tombs, usually in the wrap-
pings of a mummy. The story in all of
its versions is a complete fabrication.
Wheat kernels, like seeds of other plants,
are living metabolic systems with a maxi-
mum life expectancy of about 10 years.
Furthermore, there is no evidence that
rivet wheat was ever known in ancient
Egypt.

One additional 14-chromosomewheat,
T. timopheevi, which has no common
name, deserves mention. This species
was discovered in this century by Rus-
sian botanists and is known only in west-
ern Georgia, where it is grown on a few
thousand acres. The species is of botani-
cal interest because its second set of
seven chromosomes, designated genom
G, is different from that of any of the

other 14-chromosome wheats. It is also
of great practical interest because it is
resistant to virtually all diseases attack-
ing other cultivated wheats, including
rusts, smuts and mildews. In the hands
of skilled wheat breeders it may become
the ancestor of improved wheats for the
next century.

Third Stage

The 21-chromosome wheats, of which
there are five, are as a group the most re-
cently evolved and the most useful to-
day. All are cultivated; none has ever
been known in the wild. All are products
of the hybridization of 14-chromosome
wheats containing the genoms A and B
with a wild 7-chromosome relative of
wheat (almost certainly a grass species
of the genus Aegilops) containing the
genom D. All are believed to have arisen
from such hybridization after man,
spreading the revolutionary art of agri-
culture, exposed his earlier cultivated
wheats to hybridization with native
grasses.

Two of the 21-chromosome wheats,
T. spelta (spelt) and T. macha, are, like
einkorn and emmer, hard-threshing spe-
cies. T. macha, like T. timopheevi, is
confined to western Georgia, where it is
grown on not more than a few thousand
acres. Spelt was once the principal
wheat of central Europe. No archaeolog-
ical remains of it have been found in
the Near East or any part of Asia. There
is no doubt about the hybrid origin of
spelt, for it has now been synthesized
by McFadden and Sears and independ-

CHROMOSOMES

LATIN NAME COMMON NAME | NUMBER | GENOMS | GROWTH | GRAINS
T. AEGILOPOIDES WILD EINKORN 7 A | WD _ HULLED {
T.MONOCOCCUM | EINKORN 7 A | cuLTIVATED | HULLED |
T.DICOCCOIDES WILD EMMER 14 AB WILD | HuLieD
T. DICOCCUM EMMER 14 AB CULTIVATED | HULLED
T. DURUM MACARONI WHEAT 14 AB CULTIVATED | NAKED |
T. PERSICUM PERSIAN WHEAT 14 AB CULTIVATED | NAKED |
T. TURGIDUM RIVET WHEAT 14 AB CULTIVATED | NAKED
T.POLONICUM POLISH WHEAT 14 AB CULTIVATED | NAKED
T. TIMOPHEEVI 14 AG CULTIVATED | HULLED
T. AESTIVUM COMMON WHEAT 21 ABD CULTIVATED | NAKED
T.SPHAEROCOCCUM | SHOT WHEAT 21 ABD CULTIVATED | NAKED
T. COMPACTUM CLUB WHEAT 21 ABD CULTIVATED | NAKED |
T. SPELTA SPELT 21 ABD | CULTIVATED | HULLED |
T. MACHA MACHA WHEAT 21 ABD CULTIVATED | HULLED l

SOME CHARACTERISTICS of the 14 species, as well as their distribution

and antiquity, are given in this table. The genoms are sets of inherited charac-
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ently by H. Kihara in Japan. In both
cases the researchers concluded that the
botanical characteristics to be sought in
the unknown 7-chromosome parent of
spelt were possessed by Aegilops squar-
rosa, a completely useless wild grass
which grows as a weed in wheat fields
from the Balkans to Afghanistan. Both
researchers hybridized this wild grass
with wild emmer. McFadden and Sears
doubled the chromosome number by
treatment with colchicine; Kihara was
fortunate in discovering a case of natural
doubling. The hybrid was highly fertile
and similar in characteristics to culti-
vated spelt. As a final step in a brilliant
piece of inductive reasoning and genetic
experimentation, McFadden and Sears
crossed their synthesized spelt with nat-
ural spelt and obtained fully fertile hy-
brids. The results leave no doubt that
the wild grass used in this experiment is
one of the parents of cultivated spelt,
and they suggest strongly that the other
four 21.chromosome wheats are like-
wise hybrids in which the genom D has
been derived from the same grass or a
species close to it.

These experiments suggest that cul-
tivated spelt originated in the region
where the species of wild grass and wild
emmer overlap. But the primitive hulled
form of spelt has not been found there.
An alternate possibility is that the wild
grass hybridized not with wild emmer
but with the cultivated species, which
has had a much wider distribution. Vavi-
lov concluded that hulled spelt origi-
nated in southern Germany. Earlier
Elisabeth Schiemann, Germany’s lead-

ing student of cereals, had placed it in
Switzerland and southwest Germany.
Both centers are not far from the north-
eastern limits of the area in which culti-
vated emmer and the wild grass are
known to have occurred together. Thus
the botanical and historical evidence are
not far apart in indicating a central Eu-
ropean origin.

The remaining three species of 21-
chromosome wheats are T. aestivum
(common), sphaerococcum (shot) and
compactum (club). They are the true
bread wheats, accounting for about 90
per cent of all the wheat grown in the
world today. The three are closely re-
lated and easily intercrossed. Whether
they are the product of three different
hybridizations between 14-chromosome
wheats and wild grasses, or of three di-
verging lines of descent from a single
hybridization, is not known. Club and
shot wheat differ from common wheat
in a number of details whose inheritance
is governed by a relatively small num-
ber of genes. It is possible, therefore, that
the three species are descended from
a single hybrid ancestor. Common wheat
or something very like it has recently
been produced by Kihara by crossing
14-chromosome Persian wheat with the
wild grass used to synthesize spelt. Its
chromosome number has not yet been
doubled, but its botanical characteristics
are those of common wheat.

Where and when the modern bread
wheat first occurred are still matters for
conjecture. Since Persian wheat is
known only in a limited area in north-
eastern Turkey and the adjoining states

GEOGRAPHICAL DISTRIBUTION

of the Soviet Union, common wheat very
probably originated there. Kernels of
shot wheat have been found at the most
ancient site in India, Mohenjo-Daro,
dated about 2500 B.C. A wheat found
in neolithic store-chambers in Hungary
has been identified as club wheat. Im-
pressions of grains of bread wheat, either
common or club, have been found in the
neolithic Dolmen period, dated between
300 and 2300 B.C. The earliest archae-
ological wheat in Japan, dated in the
third century, is regarded by Kihara as
a bread wheat. And since the 14-chro-
mosome wheats evidently are recent in-
troductions in China, it is possible that
the wheat described in the Chinese
classics for the Chou period (about
1000 B.C.) is a 21-chromosome bread
wheat. All these items, none in itself
conclusive, indicate that the bread
wheats originated before the time of
Christ but later than einkorn or emmer.
A conservative guess would put their
origin at approximately 2500 B.C.

A Historic Explosion

Whether the bread wheats originated
earlier than this or later, and whether
they had one hybrid origin or three, they
represent today the most rapid increase
in geographical range and numbers of
any species of seed-plant in history.
They are now grown in all parts of the
world from the Equator to the Arctic
Circle. Originating probably not more
chan 5,000 years ago in the general re-
gion of Asia Minor, the new species
have increased at an average rate of

EARLIEST EVIDENCE

VESTERN IRAN, ASIA MINOR, GREECE, SOUTHERN YUGOSLAVIA

PRE-AGRICULTURAL

ASTERN CAUCASUS, ASIA MINOR, GREECE, CENTRAL EUROPE

4750 B. C.

/ESTERN IRAN, SYRIA, NORTHERN PALESTINE, NORTHEASTERN TURKEY, ARMENIA

IDIA, CENTRAL ASIA, NORTHERN IRAN, GEORGIA, ARMENIA, EUROPE, MEDITERRANEAN AREA, ABYSSINIA I

ENTRAL ASIA, IRAN, MESOPOTAMIA, TURKEY, ABYSSINIA, SOUTHEASTERN EUROPE, U.S.

AGESTAN, GEORGIA, ARMENIA, NORTHEASTERN TURKEY
BYSSINIA, SOUTHERN EUROPE

PRE-AGRICULTURAL
4000 B. C.
i 100 B. C.

NO PREHISTORIC REMAINS

NO PREHISTORIC REMAINS

BYSSINIA, MEDITERRANEAN AREA

17TH CENTURY

/ESTERN GEORGIA

20TH CENTURY

{ORLD WIDE

NEOLITHIC PERIOD

ENTRAL AND NORTHWESTERN INDIA

2500 B.C.

OUTHWESTERN ASIA, SOUTHEASTERN EUROPE, U.S.

NEOLITHIC PERIOD

ENTRAL EUROPE

BRONZE AGE

/ESTERN GEORGIA

teristics, or combinations of sets. The chromosome num-
ber is a clue to the evolution of wheat. The species with
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20TH CENTURY

larger chromosome numbers descended from those with
smaller by hybridization and chromosome doubling.
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HEAD of common wheat is dissected to show the rachis (lower right) which
bears the spikelets. Enclosing each kernel is a hearded glume. In some varie-
ties the beard is ahsent. At lower left is a single spikelet of spelt, which
during threshing remains intact and attached to a joint of the rachis.
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about 75,000 acres per year until they
now occupy almost 400 million acres.
Their evolution and dispersal have been
explosive phenomena in which man’s
principal part has been to recognize
their usefulness and to open up new ag-
ricultural areas for their culture.

The particular value of the bread
wheats lies not only in their productive-
ness and in their free-threshing, naked
kernels, but in the peculiar quality of
their gluten, the protein component. Of
all the cereals only the bread wheats are
capable of producing the light, flufly,
leavened breads we know today.

All known species of cultivated wheat,
except einkorn and possibly emmer,
came into existence spontaneously. Man
played no part in their origin except as
he spread their culture and their oppor-
tunities for natural hybridization over
the earth. There is no evidence that an-
cient man gave much attention to selec-
tion of superior forms, or if he did, no
evidence that he succeeded. The culti-
vated einkorn of today is scarcely dif-
ferent from the einkorn of millennia ago,
and it, in turn, is no great improvement
over wild einkorn. Essentially the same
can be said about emmer. Consequently,
to speak of primitive man as a plant
breeder is to attribute more purposeful-
ness to his activities than the evidence
warrants.

Within the past century, especially
since the rediscovery of Mendel’s laws
of inheritance in 1900, vast programs of
wheat improvement have been under-
taken in almost all the wheat-growing
regions of the world. These have been
especially successful in the U. S. and
Canada, where a constant succession of
new varieties has been introduced.
Scarcely any state of the Union today
grows extensively the principal varieties
of wheat grown 50 years ago.

Early in the century the most com-
mon method of wheat breeding was
“pure-line” selection as invented by
Wilhelm Johannsen, a Danish botanist
and geneticist. Johannsen had concluded
from experiments on garden beans that
self-fertilized plants such as beans, peas
and cereals are racial mixtures of many
pure lines, differing from one another in
many characteristics but each genetical-
ly uniform. Continuous selection can
have no effect in changing the charac-
ters of a genetically pure line, but a mix-
ture of lines can be separated into its
component parts and improvements ef-
fected by propagating the superior lines.

In practice the wheat breeder selects
hundreds of individual heads from a va-
riety, threshes each one separately and
grows the progeny of each in a short row
called a head row. In succeeding gen-
erations more and longer rows are
grown, and the pure lines, each origi-
nating from a single head, are compared
in productiveness and other character-
istics. Among wheat breeders in the



U. S. it is standard procedure at this
stage to use rows 16 feet long and one
foot apart. Rows of this length and spac-
ing simplify computation, since the yield
of grain in grams can be converted to a
bushel yield per acre by simply pointing
off one decimal place. The more prom-
ising lines are increased still further in
field plots and eventually one is chosen
as the best, is named and is distributed
to farmers.

The two outstanding U. S. varieties
produced by pure-line selection are both
Kansas products. The first, Kanred
(Kansas Red), was selected by Herbert
Roberts of the Kansas Agricultural Ex-
periment Station from Crimean, a hard,
red, winter-type wheat introduced from
Russia by Mark Carleton. The first head
selections were made in 1906, and the
improved pure line first distributed for
commercial growing in 1917. By 1925
Kanred wheat, the product of a single
head only 19 years earlier, was grown
on nearly five million acres in Kansas,
Nebraska, Colorado, Oklahoma and
Texas. The second Kansas wheat, Black-
hull, is the product of a single head
selection made in 1912 from a field of
Turkey wheat by Earl Clark, a farmer
and plant breeder. Blackhull, like Kan-
red, was first distributed in 1917. By
1929 it occupied almost six million acres,
principally in Kansas and Oklahoma.

The Hybrid Wheats

Pure-line selection merely sorts out
from a variety the superior lines already
there; it creates no new genetic com-
binations. To form a new variety the
breeder employs hybridization. He se-
lects as parents two varieties with the
characteristics he seeks to combine. For
example, one parent may be chosen for
its superior milling and baking qualities,
the other for its resistance to disease. To
cross these two the breeder first emascu-
lates one of them by removing the an-
thers, the male pollen-containing organs,
with delicate forceps when these organs
are full-grown but not yet ripe. Then he
covers the emasculated head with a
small glassine bag to prevent uncon-
trolled pollination. A few days later,
when its female organs, the stigmas,
have become receptive, the operator
pollinates them with ripe anthers taken
from the second parent.

Such pollinations produce seeds that
grow into first-generation hybrid plants.
These are quite uniform and nothing is
accomplished by practicing selection
among them. But in the second and sub-
sequent generations genetic segregation
creates new combinations as numerous
and diverse as the hands in a shuffled
deck of cards. The opportunities for cre-
ative selection are enormous. It is in the
early generations following a cross that
the plant breeder shows his skill, for at
this stage he must select for propagation

KERNEL of common wheat is photographed in cross section at the Northern
Regional Research Laboratory of the U. S. Department of Agriculture.
The interior of the kernel is the endosperm, from which flour is made.

BRAN, or outer layer of the kernel, is shown in this photomicrograph made
at the Northern Regional Research Laboratory. At the bottom of the photo-
micrograph, which enlarges these structures 600 times, is the endosperm.

those combinations which approach
most closely the ideal wheat he has in
mind and discard those which do not
meet his specifications. Eventually ge-
netic segregation produces pure lines.
One of the earliest and greatest
achievements in hybrid wheat was the
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development of the Marquis strain. This
variety, a hybrid of early-growing Hard
Red Calcutta from India and Red Fife
from Poland, was produced in Canada
by Charles Saunders, cerealist for the
Dominion from 1903 to 1922. The cross
from which Marquis wheat was derived
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to Persian wheat (14 chromosomes, genom AB). When
this wheat was crossed with another grass (genom D),
common wheat (21 chromosomes, genom ABD) resulted.

EVOLUTION of common wheat is outlined. Wild ein-

korn (7 chromosomes, genom A) evolved into einkorn,
which, crossed with a wild grass (genom B), gave rise
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had been made in 1892 by his brother
Arthur under the direction of his father,
William Saunders, who had been hy-
bridizing wheats since 1888. The new
hybrid was promising from the begin-
ning. It was a few days earlier than the
spring-planted varieties then commonly
grown in Canada, thus often avoiding
the first frosts. The grain yielded a
cream-colored, strongly elastic dough
with strong gluten and excellent baking
qualities. Marquis wheat later set new
standards for baking quality. By 1907,
four years after the initial head selec-
tion, there were 23 pounds of seed. Dis-
tribution to farmers began in the spring
of 1909. News of the new wheat spread
swiftly from the prairie provinces down
into our own spring-wheat belt. By 1913
Marquis seed was being imported into
Minnesota and the Dakotas at the rate
of 200,000 bushels per year. In 1918
more than 300 million bushels were pro-
duced, and the superiority of this variety
over those previously grown was a factor
in meeting the food shortage of World
War I, just as 25 years later hybrid corn
was a similar factor in World War II.

For 20 vears Marquis was the “king
of wheats” in Canada and the U. S., and
during this period it served as a standard
both in the field and in the milling and
baking laboratory. Marquis was also
used extensively as a parent in new hy-
brids and is the ancestor of many im-
proved wheats, including Tenmar, de-
veloped in Kansas by John Parker;
Ceres, produced in North Dakota by
L. R. Waldron, and Thatcher and New-
thatch, bred by Herbert K. Hayes and
his associates in Minnesota.

Today most new wheat varieties are
produced by controlled hybridization
rather than by pure-line selection, which
is little used. The modern wheat breeder
has many objectives. Usually his princi-
pal one is productiveness, but involved
in this are many factors, including re-
sistance to diseases and tolerance of un-
favorable environmental conditions. To
test new wheats for these characteristics,
breeders have invented devices and
methods for subjecting wheat to artificial
drought, cold and epidemics of disease.

Breeders v. Fungi

Breeding for disease resistance is es-
pecially important because wheat is a
self-fertilized plant which, except for
natural hybridization and occasional
mutations, tends to remain genetically
uniform. A field of wheat of a single va-
rety, especially one originating from a
single head, contains millions of plants
which are genetically identical. If the
variety happens to be susceptible to a
disease, it serves as a gigantic culture
medium for the propagation of the dis-
ease organism, usually a fungus. Thus
the growing of new varieties over large
acreages increases the hazards from

those diseases to which thev are sus-
ceptible. The result is a never-ending
battle between the wheat breeders and
the fungi.

The breeding of wheat for resistance
to stem rust, a devastating disease, is a
prime example. There are many kinds
of stem rust. Pathologists, led by Elvin
Stakman of the University of Minnesota,
have devised ingenious methods of iden-
tifying them by inoculation of different
hosts. The wheat breeder then develops
a new variety which is resistant to the
predominating races of stem rust. This
is distributed to farmers and its acreage
increases rapidly. But while the wheat
breeder is hybridizing wheats, nature is
hybridizing rusts. The reproductive
stage of stem rusts occurs not on wheat
but on an alternate host, the common
barberry. On this plant new races of
rust are constantly created. Although
most of them probably die out, one that
finds susceptible wheat varieties may
multiply prodigiously and in a few years
become the predominating race. The
wheat breeder then searches the world
for wheats resistant to the new hazard
and again goes through all the stages of
producing a new hybrid variety. The
competition between man and the fungi
for the wheat crop of the world is a
biological “cold war” which never ends.

A wheat breeder must seek not only
disease resistance and productiveness
but also milling and baking quality. In
modern mass-production bakeries with
high-speed mixing machinery, dough
undergoes stresses and strains which it
was never called on to endure when
kneaded by hand in the home. As a re-
sult wheat breeders have been com-
pelled to subject their new productions
to elaborate milling and baking tests
which simulate the processes of com-
mercial bakeries. A new wheat that
proves superior in the field may be re-
jected in the laboratory.

In spite of the difficulties involved,
the development of more productive va-
rieties of wheat is one of the surest ways
of increasing the food supply and rais-
ing living standards. VWhen Mussolini
drained the Pontine swamp in Italy, the
Italian wheat breeder Alzareno Stram-
pelli produced new varieties of wheat
which flourished in the fertile soils newly
opened to cultivation. An important part
of the well-publicized Etawah Village
Improvement Program in India is the
growing of improved varieties of wheat
developed by British and Indian geneti-
cists. Mexico’s agricultural program,
sponsored by the Rockefeller Founda-
tion in cooperation with the Mexican
Government, owes much of its success
to new rust-resistant varieties of wheat.
Crossing the old varieties of Mexican
wheat with rust-resistant wheats from
the U. S., South America, Australia and
New Zealand, the U. S. breeder Norman
Borlaug and his associates, working
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closely with Mexican technologists, have
bred new varieties so resistant to rust
that they can be grown in Mexico’s sum-
mer rainy season as well as in the winter
dry season, heretofore its only season
for growing wheat. The bulk of Mexico’s
wheat acreage is now devoted to new
hybrids developed since 1943, while
acreage and production have expanded
substantially.

Hybridization among wheats is usu-
ally confined to varieties of one species,
but interspecific hybrids also are em-
ployed and sometimes are successful. A
notable example is the development of
Hope wheat by McFadden from a cross
of Marquis with Yaroslav emmer, a 14-
chromosome wheat extremely resistant
to stem rust, leaf rust and several other
diseases. From this hybrid, which was
partly sterile, McFadden succeeded in
developing a 21-chromosome wheat
which has a high degree of resistance to
many races of stem and leaf rust. Un-
fortunately Hope wheat has a grain
somewhat lacking in milling and baking
qualities and the variety has never be-
come important commercially. It has,
however, been the parent of many mod-
ern varieties of wheat which are com-
mercially grown, including Newthatch
in Minnesota, Austin in Texas and sev-
eral of the new varieties developed in
Mexico.

New Cereals

A future possibility in wheat breeding
is the creation of whollv new types of
cereals by species hybridization fol-
lowed by artificial chromosome dou-
bling, a man-made counterpart of
wheat’s earlier evolution in nature. In
the U.S.S.R. and the U. S. wheat has
been crossed with rye to produce a
fertile, true-breeding hybrid cereal
which combines the chromosomes of
both. The hybrid, neither a wheat nor a
rye, is more resistant to cold than wheat
is, but less useful as a bread-making ce-
real. It has not become popular. Wheat
has been crossed with a perennial wild
grass to produce a new perennial cereal
for which Russian agronomists have
made fantastic claims. A field of this
wheat, once planted, will, according to
the Russians, yield a crop of grain year
after year with little or no further at-
tention except to gather the annual
harvest. It turns out that this perennial
“wheat” may have some promise as a
forage grass for livestock, but so far little
bread has been made from it and few
people have been fed by it.

The idea of producing new cereal spe-
cies by hybridization and chromosome
doubling is, however, quite sound, and
the possibilities inherent in it are far
from exhausted. Some day new wheat
species consciously created by man may
replace those which arose spontaneously
in nature,
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More on the Language
of the Bees

A sequel to our article of 1948. which told how bees communicate

by dancing. Now it has been shown that. among other things. they

sense the time and distinguish the members of diﬂerent colonies

r I YHE STUDY of communication
among bees has become in recent
years a source of unending fasci-

nation and astonishment to biologists.

When the Austrian zoologist Karl von

Frisch discovered the amazing dance

language by which bees tell one another

where to find food (see “The Language
of the Bees,” by August Krogh; Scien-

TIFIC AMERICAN, August, 1948), he

started a spate of investigation which

has led to one surprise after another.
Observers of bees have always real-
ized that they have an eflicient system of
communication; there was a time when
some thought bees actually talk to one
another like people. It is true that
present-day investigators have not ex-
cluded the possibility that bees exchange
audible sounds, but von Frisch showed
clearly that their main method of “talk-
ing” is their symbolic dance on the comb.
By the kind of dance and the direction

by Hans Kalmus

of pointing, in relation to the sun, a bee
tells other bees in the hive the distance
and direction of a place where nectar,
pollen or some other bee food can be
found.

Von Frisch’s deciphering of the dance
language opened the way to the discov-
ery of many things about bees” percep-
tions and behavior. One of the most in-
teresting is the fact that their eyes are
sensitive to the polarization of light, so
that they can tell the position of the sun
even when they can see only a small
patch of blue sky. This is a sensitivity
which the human eye lacks; to see what
the sky looks like to a honeybee, we must
look through a mosaic of polaroid filters.

We have now carried the exciting
story of bee communication a step fur-
ther—and in a quite unexpected direc-
tion. Wonderful as the dance language
of bees is, this newly-discovered method
of communication is in some ways per-

COMB IS CLEANED by worker bees. By giving sugar syrup containing ra-
dioactive phosphorus to six bees in a colony of 25,000, it was discovered
that within a period of four hours 62 per cent of the foraging hees and
between 16 and 21 per cent of the hees on the combs had shared the syrup.
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haps even more interesting. It has to do
with the bees’ metabolism and sense of
smell.

HE BEHAVIOR of a bee, like that

of other animals, is governed to a
large extent by its hunger—or the op-
posite. Every beekeeper knows that
starved bees will sting not only man and
beast but other bees, whereas a well-fed
colony will lazily tolerate all sorts of
poking around by outsiders. Apparently
a bee’s food-collecting activities are
partly controlled by the degree of full-
ness of its honey bladder. When a forag-
ing bee has filled and distended its
honey bladder to a certain size, it re-
turns to the hive. If an experimenter
seizes a full bee which is about to take
off from a syrup dish for home, and
makes it disgorge some syrup by gently
squeezing its abdomen, the bee will
usually return to the dish to fill up again.
On one occasion a snip of an experi-
menter’s scissors which accidentally cut
a feeding bee in two provided a dra-
matic demonstration of the powerful ef-
fect of a slack honey bladder. The bee,
like the famous horse of Baron Mun-
chausen, went on drinking from the
syrup dish for many minutes, pumping
an enormous amount of liquid through
its open abdomen, before it finally
dropped dead.

Our studies of the effects of food on
bee behavior came about through the
discovery of a metabolic clock which
operates in these insects. The famous
Swiss neurologist and entomologist
Auguste Forel, who liked to have break-
fast in his garden, found himself unable
to do so because swarms of bees regu-
larly invaded his table every morning at
breakfast time. Why did they come at
just that time—was it the position of the
sun, the temperature, the opening of
flowers? I made some experiments and



et
b theodhed

o w56 0w 20

=

NUMBER OF VISITS

e 5
B+ Do o6 B B0 0
e e e
aththeat

o

bt bt S

e

oklme|welwel |

n

’ d||

¥
& B Wi | BENE
& ¥ (&% || ¥ | ¥ |

0 n 12

o4 % 2% B B

oo oo |
o e o e

i hsthed

coihat Rt b

&
L]

Al
3L 31

8 9

HOURS
METABOLIC CLOCK of hees was demonstrated by bered members to the dish were counted. The second
feeding them at the same dish for four days between group was subjected to ether; the third, to cold. The

9 and 11 a.m. (red area). The top group was then bottom group was a control. The first and third groups
treated with carbon dioxide and the visits of its num- arrived late because their metabolism had heen slowed.

6l

© 1953 SCIENTIFIC AMERICAN, INC



found that the bees’ time sense is gov-
erned by the state of their metabolism.
Bees which are fed for several consecu-
tive days at a certain hour—say between
9 and 11 a.m.—will return to the feeding
place at or a little before that hour each
day. But if they are exposed to cold near
freezing or to carbon dioxide, which
slows their metabolic processes, their
visit to the feeding place may be delayed
for several hours. (Experiments on ants
have shown that their time sense also is
controlled by their body chemistry.)

It shortly developed that the metabo-
lism of bees controls many other things
besides their time sense. For instance, it
seems to regulate the division of labor in
the hive. A newborn worker bee spends
its first days cleaning the cells of the
honeycombs and feeding the brood.
During this time it develops “feeding
glands.” From about the 10th to the
20th day it takes on various other tasks:
some workers guard the entrance to the
hive; others clean the hive, receive food
and build combs. Now the feeding
glands atrophy and wax-producing
glands develop. Finally, in the last peri-
od of the worker’s life it becomes a
forager for pollen and honey, and its
wax glands decline. But the many in-
vestigators who have studied bee colo-
nies have been impressed by the plastic-
ity and adaptability of the workers. A
poor feeding season or an accident can
cause some of them to change their func-
tions. Moreover, it is well known that
a change of diet can transform them: for
instance, when worker bees are trans-
planted into queen eells and fed a pro-
tein-rich diet they may develop into
substitute queens.

Now experiments with radioactive
tracers, performed by C. R. Ribbands
and H. L. Nixon at the Rothamsted Ex-
perimental Station in England, have

A

demonstrated a remarkable sharing of
food among the bees in a colony. In one
experiment six bees from a colony of
some 25,000 were fed a little sugar
syrup containing radioactive phospho-
rus. Within four hours 62 per cent of all
the colony’s foraging bees and between
16 and 21 per cent of the bees on the
combs were radioactive. After 27 hours
76 per cent of the foragers and 43 to 60
per cent of the bees on the combs were
radioactive, and after 47 hours all the
large larvae in unsealed cells also had
radioactivity. Considering this rapid and
widespread  food-sharing, and the
known effects on bee development of
differences in diet, it seems reasonable
to conclude that metabolic differences
are the main cause of labor differentia-
tion within a bee colony. (Incidentally,
this experiment was of considerable
practical interest to beekeepers, because
it showed that a slow-acting insecticide
—e.g., parathion—may have a devas-
tating effect on a bee colony, and a food-
borne disease similarly may rapidly
permeate the colony.)

LL THIS was followed up by a most
surprising discovery: differences in
food may result in marking off one col-
ony of bees from another! A quarter of
a century ago von Frisch and G. A.
Rosch in Germany noticed a phenome-
non which suggested that a bee colony
as a whole may have a distinctive odor
of its own. They observed that after
scouts from two distant hives had fed at
two different dishes placed close to-
gether, the later arrivals from each col-
ony usually went to the dish visited by
their own scouts and not to the other.
Apparently each colony identified its
own dish by the odor. Curiously, this
observation was disregarded for a long
time, but recently Ribbands and I con-
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DISTINGUISHING ODOR of a bee colony was shown by first training bees
of colony A to visit dish @, then training bees of colony B to visit dish b.
The dishes were separated by a screen C. When the bees were allowed to
visit the dishes freely, a significant number of them went to the correct dish.
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firmed the finding at the Rothamsted
Station. We proceeded to investigate the
origin of the colony odor.

We started by experimenting with
two obviously different colonies of bees
—yellow Italian and black Swiss. Their
hives were placed some distance apart.
Scouts from the two hives were trained
to visit and drink syrup from two differ-
ent dishes, placed only two feet apart.
While the entrance of hive A was
blocked so that bees could not leave it,
bees from hive B were fed at dish b; then
hive B was blocked and bees from hive
A were fed at dish a. After the scouts
had been trained, both hives were un-
blocked and observers were stationed at
each dish to count the visitors. During
a four-hour observation period the dish
to which the yellow scouts had been
trained was visited by 31 newcomers
from the yellow hive and 14 from the
black hive. At the other dish there were
13 yellow visitors and 29 black ones.
Since it is highly improbable (only one
chance in 1,000) that such dispropor-
tions could occur strictly at random, we
can assume that the first dish had a dis-
tinctive attraction for the yellow bees
and the second for the black bees. And
apparently, judging by the behavior of
the bees as they approached the dishes,
the attraction was the odor.

We had used different types of bees
because it was thought that the odor
differences between colonies might be
genetic in origin. But when we repeated
the experiment with bees of the same
breed, we found, quite unexpectedly,
that separate colonies of the same breed,
and even the two halves of the same
colony after being split apart, developed
distinctive odors by which their mem-
bers recognized them. In these experi-
ments we marked feeders at the two dif-
ferent dishes with paint of two different
colors to identify them. Then we opened
the two hives in the evening and count-
ed the marked bees. Again we found
that foragers from a given hive tended
to feed at the same dish.

\ E NOW undertook a series of ex-

periments to find out whether the
differences in colony odor were due to
differences in diet. In one experiment
we removed the queen from a colony
and divided the colony into three parts,
each consisting of five combs. We set
the three divided parts of the hive on
sites 10 yards apart. Then we poured a
mixture of heather honey and treacle
over one of the sub-colonies and left the
other two unfed. We proceeded to test
the three new colonies, two at a time,
for dish preferences. The bees from the
colony which had been fed the honey
and treacle showed a definite prefer-
ence for a dish visited by their own
scouts. When the bees from the two un-
fed hives were compared, they fed indis-
criminately from both of the two dishes
placed before them. But they preferred
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you can’t measure
surface temperatures

accurately with a Toy
g,

Ever look inside a shiny mechanical
toy? Inside—where the *"Work” is
done—you don’t find the quality that
says craftsmanship, performance
and durability.

Apply the same test of quality when
you choose a surface temperature in-
strument . . . look inside!

Hold an Alnor Pyrocon in your
hand . . . feel the fine balance . . .
notice the all-metallic case and shat-
ter-proof glass. These things speak
of quality design and particular at-
tention to detail. BUT that isn’t
enough to judge performance of a
Pyrocon—or any instrument. Look
closely at a Pyrocon!

Look at the Yoke . .. where the thermo-
couples are attached. Notice that
neither plate connection is grounded.
With plates of chromel and constantan
alloy...afeature developed by Alnor.

Look at the Movement . . . and see why
we guarantee accuracy of +29% under
allambient temperatures and all com-
binations of arms and couples. High
circuit resistance and low current de-
mands produce a movement of ex-
treme sensitivity and high, constant
accuracy.

Look at the Magnet . . . Alnico, of
course. Its large size creates high flux
density that directly affects sensitivity.
Notice too the machined pole pieces
that also increase accuracy through-
out the scale range.

. . . And you’ll see why the Alnor
Pyrocon is the recognized leader in
the field of surface temperature indi-
cation. These Alnor features are the
result of years of manufacturing expe-
rience. .. pioneering design and con-
tinuing research.

ILLINOIS TESTING LABORATORIES
Rm. 548, 420 N. La Salle,
Chicago 10, IIl.
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ORIGIN OF ODORS was demonstrated by separating a colony into thirds,
D and E unfed and F fed with heather honey and treacle. The number of
bees that visited the dish to which they had been trained indicated that
the bees from the hive that had been fed heather honey and treacle were
more readily distinguishable than the hees from the other two hives.

these dishes to the one favored by the
pre-fed hive.

This experiment was made in the
early fall, when natural sources of food
for the bees were disappearing. During
the summer, when a rich variety of food
was available to the bees, the split parts
of a colony usually developed distinctive
odors within a few days. It seems that
even a small difference in diet between
one colony and another is sufficient to
insure mutual recognition among the
members of a colony and the detection
of “foreigners.” It would be interesting
to find out whether different colonies re-
tain this distinctiveness when they all
feed on the same diet.

There may be other reasons for odor
differences among colonies, such as the
absence or condition of the ueen or the
strength and composition of the colony.
But our experiments seem to show that
those differences which guide the colony
in following its scouts are due to diet.

"IHE DISCOVERY of the colony-odor

phenomenon raises two interesting
questions. In the first place, it suggests
that bees possess an extremely acute
sense of odor discrimination, far more
sensitive in some respects than man’s.
They must be able to distinguish be-
tween mixtures of odors in which the
percentages of the individual constitu-
ents differ very little. But an even more
interesting point is the question as to
what part the colony odor may play in a
colony’s social functions.

Bees, as everyone knows, are extreme-
ly clannish, and one colony will some-
times engage another in a fierce battle.
Whether they fight depends on circum-
stances: clever beekeepers often can in-
troduce a new queen into a colony or
even combine two old colonies into one
without any great outburst of hostility.
But when hungry, bees are apt to gang
up against strangers. Toward the end of
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summer bee colonies often rob one an-
other of their honey, and there may
ensue a battle at the entrance to a hive,
or on the combs, which kills thousands
of bees. In the darkness of the hive the
bees apparently can tell friend from foe
by the odor. We witnessed a bee battle
in an experiment in which two colonies
of bees were fed together on a dish con-
taining syrup and a sand bottom. As long
as there was plenty of syrup, the two
colonies fed together fairly amiably. But
when the syrup gave out, the bees be-
came very agitated. First they dug furi-
ously in the sand, and then they began
to fight. They tried to drag one another
away from the dish and took to stinging
one another. In the main it was colony
against colony in the fighting. We could
tell this because the colonies were of
visibly different types—one light Italian
and the other dark Caucasian. The com-
batants were generally paired by op-
posites—light against dark.

In all likelihood scent plays a part in
this violent tribal behavior. As to what
the prime function of the colony odor is,
however, we can only speculate. Bees
are often seen to fan their abdominal
scent glands near the hive entrance, per-
haps to help guide the colony’s foragers
home. Sometimes they fan their scent
over a rich source of food in the field,
leaving an odor which will guide their
colony mates there. Like dogs, which
also have great powers of olfactory dis-
crimination, bees mark a neighborhood
with their distinctive body scent. It may
be that in so doing they stake out a terri-
tory, as an English robin does.

At all events, it seems certain that bee
colonies achieve much of their com-
munication and social cohesion by
means of their diet and metabolism. We
shall doubtless learn a great deal more
that is interesting and profitable as we
gain a better understanding of their
metabolic language.



We gambled on the future

and the auto industry cashed in

@Here, at Muehlhausen Spring Division of
Standard Steel Spring Co., precision-rolled
U-S'S CariLLoy Spring Rounds are coiled
without centerless grinding. CARILLOY Rounds
have minimum decarburization, and they cost
less to use.

this precision mill rolls CariLLOY Coil Spring
Rounds with extreme accuracy. Tolerances are
half of standard: .004” on the diameter, in-
stead of the usual .008”, and only .006” out
of round, compared to .012” on ordinary rolled
bars.

N the early days of the develop-
ment of coil springs for front sus-
pensions of automobiles, the only
steel that was available was an ordi-
nary hot-rolled bar from which as
much as .035" of metal per side had
to be removed by grinding to insure
freedom from harmful seams, pits,
and decarburization. This cost
money, was wasteful and time con-
suming.

We at United States Steel felt
there was a better way of doing this,
so we put our best engineers on the
problem.

Using a mill especially equipped
for the purpose, they devised an in-
genious method of producing hot-
rolled bars to eliminate harmful de-
fects and most of the grinding ex-
pense. Rolled by this method to half
the standard tolerances, with half
or less the amount of decarburiza-
tion, these CARILLOY Precision

Rolled Coil Spring Rounds can be
used ‘““as furnished’ or with only a
small amount of centerless grinding.

This exclusive development has
paid off in two ways. It has paid off
for the automobile manufacturer in
that his costs are reduced and spring
performance is of the highest order.
And it has paid off for us because
these CARrRILLOY Precision Rolled
Coil Spring Rounds are now used in
over half of the coil springs in new
automobiles.

Better steels and better steel prod-
ucts like this are continually being
developed by United States Steel’s
vast and never-ending research ac-
tivities. We invite you to make use
of our facilities to help you solve any
problems you may have involving
the more efficient use of steel. Simply
write to United States Steel, Room
2814-Y, 525 William Penn Place.
Pittsburgh 30, Pa.

3-1635
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LEONHARD EULER
AND THE KOENIGSBERG BRIDGES

In a problem that entertained the strollers of an Kast

Prussian city the great mathematician saw an important

principle of the branch of mathematics called topology

Leonhard Euler, the most eminent of Switzerland’s scien-
tists, was a gifted 18th-century mathematician who enriched
mathematics in almost every department and whose energy
was at least as remarkable as his genius. “Euler calculated
without apparent effort, as men breathe, or as eagles sustain
themselves in the wind,” wrote Francois Arago, the French
astronomer and physicist. It is said that Euler “dashed off
memoirs in the half-hour between the first and second calls
to dinner.” According to the mathematical historian Eric
Temple Bell he “would often compose his memoirs with a
baby in his lap while the older children played all about
him”—the number of Euler’s children was 13. At the age of
28 he solved in three days a difficult astronomical problem
which astronomers had agreed would take several months of
labor; this prodigious feat so overtaxed his eyesight that he
lost the sight of one eye and eventually became totally
blind. But his handicap in no way diminished either the vol-
ume or the quality of his mathematical output. His writings
will, it is estimated, fill 60 to 80 large quarto volumes when
the edition of his collected works is completed.

The memoir published below is Euler’s own account of one
of his most famous achievements: his solution of the cele-
brated problem of the Koenigsberg bridges. The problem is a
classic exercise in the branch of mathematics called topology
(see “Topology,” by Albert W. Tucker and Herbert S. Bailey,
Jr.; SciENTIFIC AMERICAN, January, 1950). Topology is the
geometry of distortion; it deals with the properties of an
object that survive stretching, twisting, bending or other

changes of its size or shape. The Koenigsberg puzzle is a so-
called network problem in topology.

In the town of Koenigsberg (where the philosopher Im-
manuel Kant was born) there were in the 18th century seven
bridges which crossed the river Pregel. They connected two
islands in the river with each other and with the opposite
banks. The townsfolk had long amused themselves with this
problem: Is it possible to cross the seven bridges in a con-
tinuous walk without recrossing any of them? When the puz-
zle came to Euler’s attention, he recognized that an important
scientific principle lay concealed in it. He applied himself to
discovering this principle and shortly thereafter presented his
simple and ingenious solution. He provided a mathematical
demonstration, as some of the townsfolk had already proved
to their own satisfaction by repeated trials, that the journey
is impossible. He also found a rule which answered the ques-
tion in general, whatever the number of bridges.

The Koenigsberg puzzle is related to the familiar exercise
of trying to trace a given figure on paper without lifting the
pencil or retracing a line. In graph form the Koenigsberg pat-
tern is represented by the drawing on the left at the bottom
of this page. Inspection shows that this pattern cannot be
traced with a single stroke of the pencil. But if there are eight
bridges, the pattern is the one at the right, and this one can be
traced in a single stroke.

Euler’s memoir gives a beautiful explanation of the prin-
ciples involved and furnishes an admirable example of the de-
ceptive simplicity of topology problems.—James R. NEwMAN

HE BRANCH of geometry that

deals with magnitudes has been

zealously studied throughout the
past, but there is another branch that has
been almost unknown up to now; Leib-
nitz spoke of it first, calling it the “ge-
ometry of position” (geometria situs).
This branch of geometry deals with rela-
tions dependent on position alone, and
investigates the properties of position; it
does not take magnitudes into considera-
tion, nor does it in-
volve calculation
with quantities. But
as yet no satisfactory

by Leonhard uler

or of the method to be used in solving
them. Recently there was announced a
problem which, while it certainly seemed
to belong to geometry, was nevertheless
so designed that it did not call for the
determination of a magnitude, nor could
it be solved by quantitative calculation;
consequently I did not hesitate to assign
it to the geometry of position, especially
since the solution required only the con-
sideration of position, calculation being

definition has been
givenof the problems
that belong to this
geometry of position
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of no use. In this paper I shall give an
account of the method that I discovered
for solving this type of problem, which
may serve as an example of the geometry
of position.

The problem, which I understand is
quite well known, is stated as follows: In
the town of Koenigsberg in Prussia there
is an island A, called Kneiphof, with the
two branches of the river Pregel flowing
around it. There are seven bridges—a, b,
¢,d, e, f and g—cross-
ing the two branches
[seeillustration at the

The figure at right can be drawn in one stroke; the one at left cannot
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top of page 68]. The
question is whether
a person can plan a
walk in such a way
that he willcross each



of these bridges once but not more than
once. I was told that while some denied
the possibility of doing this and others
were in doubt, no one maintained that it
was actually possible. On the basis of the
above I formulated the following very
general problem for myself: Given any
configuration of the river and the
branches into which it may divide, as
well as any number of bridges, to deter-
mine whether or not it is possible to cross
each bridge exactly once.

The particular problem of the seven
bridges of Koenigsberg could be solved
by carefully tabulating all possible paths,
thereby ascertaining by inspection which
of them, if any, met the requirement.
This method of solution, however, is too
tedious and too difficult because of the
large number of possible combinations,
and in other problems where many more
bridges are involved it could not be used
at all. . . . Hence I discarded it and
searched for another more restricted in
its scope; namely, a method which would
show only whether a journey satisfying
the prescribed condition could in the
first instance be discovered; such an ap-
proach, I believed, would be simpler.

h/’ 'Y ENTIRE method rests on the ap-

propriate and convenient way in
which I denote the crossing of bridges,
in that I use capital letters, A, B, C, D, to
designate the various land areas that are
separated from one another by the river.
Thus when a person goes from area A to
area B across bridge a or b, I denote this
crossing by the letters AB, the first of
which designates the area whence he
came, the second the area where he ar-
rives after crossing the bridge. If the
traveler then crosses from B over bridge
f into D, this crossing is denoted by the
letters BD; the two crossings AB and BD
performed in succession I denote simply
by the three letters ABD, since the mid-
dle letter B designates the area into
which the first crossing leads as well as
the area out of which the second leads.

Similarly, if the traveler proceedsfrom
D across bridge g into C, I designate the
three successive crossings by the four
letters ABDC. . . . The crossing of four
bridges will be represented by five let-
ters, and if the traveler crosses an arbi-
trary number of bridges his journey will
be described by a number of letters
which is one greater than the number of
bridges. For example, eight letters are
needed to denote the crossing of seven
bridges.

With this method I pay no attention to
which bridges are used; that is to say, if
the crossing from one area to another can
be made by way of several bridges it
makes no difference which one is used,
so long as it leads to the desired area.
Thus if a route could be laid out over the
seven Koenigsberg bridges so that each
bridge were crossed once and only once,
we would be able to describe this route
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Leonhard Euler (pronounced oiler); born Basel 1707; died Petrograd 1783

by using eight letters, and in this series
of letters the combination AB (or BA)
would have to occur twice, since there
are two bridges, @ and b, connecting the
regions A and B. Similarly the combina-
tion AC would occur twice, while the
combinations AB, BD, and CD would
each occur once.

Our question is now reduced to
whether from the four letters A, B, C and
D a series of eight letters can be formed
in which all the combinations just men-
tioned occur the required number of
times. Before making the effort, how-
ever, of trying to find such an arrange-
ment we do well to consider whether its
existence is even theoretically possible or
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not. For if it could be shown that such
an arrangement is in fact impossible,
then the effort expended on finding it
would be wasted. Therefore I have
sought for a rule that would determine
without difficulty, as regards this and
all similar questions, whether the re-
quired arrangement of letters is feasible.

For the purpose of finding such a rule
I take a single region A into which an
arbitrary number of bridges, a, b, ¢, d,
etc., lead [middle illustration on the next
page]. Of these bridges I first consider
only a. If the traveler crosses this bridge,
he must either have been in A before
crossing or have reached A after cross-
ing, so that according to the above
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This trip is possible though the Koenigsberg one is not

method of denotation the letter A will
appear exactly once. If there are three
bridges leading to A and the traveler
crosses all three, then the letter A will
occur twice in the expression for his
journey, whether it begins at A or not.
And if there are five bridges leading to
A, the expression for a route that crosses
them all will contain the letter A three
times. If the number of bridges is odd,
increase it by one, and take half the sum;
the quotient represents the number of
times the letter A appears.

ET US now return to the Koenigsberg
problem [top illustration above].
Since there are five bridges leading to
(and from) island A, the letter A must
occur three times in the expression de-
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scribing the route. The letter B must oc-
cur twice, since three bridges lead to B;
similarly D and C must each occur twice.
That is to say, the seriesof . . . letters that
represents the crossing of the seven
bridges must contain A three times and
B, C and D each twice. But this is quite
impossible with a series of eight letters
[for the sum of the required letters is
nine]. Thus it is apparent that a crossing
of the seven bridges of Koenigsberg in
the manner required cannot be effected.

Using this method we are always able,
whenever the number of bridges leading
to a particular region is odd, to deter-
mine whether it is possible in a journey
to cross each bridge exactly once. Such a
route exists if the number of bridges plus
one is equal to the sum of the numbers
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which indicate how often each individu-
al letter must occur. On the other hand,
if this sum is greater than the number of
bridges plus one, as it is in our example,
then the desired route cannot be con-
structed. The rule that I gave for deter-
mining from the number of bridges that
lead to A how often the letter A will oc-
cur in the route description is independ-
ent of whether these bridges all come
from a single region B or from several
regions, because I was considering only
the region A, and attempting to deter-
mine how often the letter A must occur.

When the number of bridges leading
to A is even, we must take into account
whether the route begins in A or not. For
example, if there are two bridges that
lead to A and the route starts from A,
then the letter A will occur twice—once
to indicate the departure from A by one
of the bridges and a second time to indi-
cate the return to A by the other bridge.
However, if the traveler starts his jour-
ney in another region, the letter A will
occur only once, since by my method of
description the single occurrence of A
indicates an entrance into as well as a
departure from A.

Suppose, as in our case, there are four
bridges leading into the region A, and
the route is to begin at A. The letter A
will then occur three times in the expres-
sion for the whole route, while if the
journey had started in another region, A
would occur only twice. With six bridges
leading to A, the letter A will occur four
times if A is the starting point, otherwise
only three times. In general, if the num-
ber of bridges is even, the number of
occurrences of the letter A, when the
starting region is not A, will be half the
number of the bridges; when the route
starts from A, one more than half.

Every route must, of course, start in
some one region. Thus from the number
of bridges that lead to each region I
determine the number of times that the
corresponding letter will occur in the ex-
pression for the entire route as follows:
When the number of the bridges is odd,
I increase it by one and divide by two;
when the number is even, I simply di-
vide it by two. Then if the sum of the
resulting numbers is equal to the actual
number of bridges plus one, the journey
can be accomplished, though it must
start in a region approached by an odd
number of bridges. But if the sum is one
less than the number of bridges plus one,
the journey is feasible if its starting point
is a region approached by an even num-
ber of bridges, for in that case the sum is
again increased by one.

'L\ Y PROCEDURE for determining

whether in any given system of
rivers and bridges it is possible to cross
each bridge exactly once is as follows:
First I designate the individual regions
separated from one another by the water
as A, B, C, etc. Second, I take the total
number of bridges, increase -it by one,



and write the resulting number at the
top of the paper. Third, under this num-
ber I write the letters A, B, C, etc., in a
column, and opposite each letter I note
the number of bridges that lead to that
particular region. Fourth, I place an
asterisk next to each letter that has an
even number opposite it. Fifth, in a third
column I write opposite each even num-
ber the half of that number, and opposite
each odd number I write half of the sum
formed by that number plus one. Sixth,
I add up the last column of numbers. If
the sum is one less than, or equal to, the
number written at the top, I conclude
that the required journey can be made.
But it must be noted that when the sum
is one less than the number at the top,
the route must start from a region
marked with an asterisk, and . . . when
these two numbers are equal, it must
start from a region that does not have an
asterisk.

For the Koenigsberg problem I would
set up the tabulation as follows:

Number of bridges 7,

giving 8 (=7+1)
A 5 3
B 3 2
Cc 3 2
D 3 2

The last column now adds up to more
than 8, and hence the required journey
cannot be made.

Let us take an example of two islands
with four rivers forming the surrounding
water [bottom illustration on the oppo-
site page]. Fifteen bridges, marked a, b,
¢, d, etc., across the water around the
islands and the adjoining rivers. The
question is whether a journey can be
arranged that will pass over all the
bridges, but not over any of them more
than once. I begin by marking the re-
gions that are separated from one an-
other by water with the letters A, B, C,
D, E, F—there are six of them. Second, I
take the number of bridges (15) add one
and write this number (16) uppermost.
Third, I write the letters A, B, C, etc., in
a column and opposite each letter I write
the number of bridges connecting with
that region, e.g., eight bridges for A,
four for B, etc. Fourth, the letters that
have even numbers opposite them I mark
with an asterisk. Fifth, in a third column
I write the half of each corresponding
even number, or, if the number is odd, I

This figure requires only one stroke

add one to it, and put down half the sum.
Sixth, I add the numbers in the third col-
umn and get 16 as the sum. Thus:

16
A* 8 4
B* 4 2
c* 4 2
D 3 2
E 5 3
F* 6 3

16

The sum of the third column is the
same as the number 16 that appears
above, and hence it follows that the jour-
ney can be effected if it begins in regions
D or E, whose symbols have no asterisk.
The following expression represents
such a route:

EaFbBcFdAeFfCgAhCiDkAmEnAp-
BoEID.

Here I have indicated, by small letters
between the capitals, which bridges are
crossed.

Y THIS METHOD we can easily
determine, even in cases of consider-
able complexity, whether a single cross-
ing of each of the bridges in sequence is
possible. But I should now like to give
another and much simpler method,
which follows quite easily from the
preceding, after a few preliminary re-
marks. In the first place, I note that the
sum of the numbers written down in the
second column is necessarily double the
actual number of bridges. The reason is
that in the tabulation of the bridges
leading to the various regions each
bridge is counted twice, once for each of
the two regions that it connects.

From this observation it follows that
the sum of the numbers in the second
column must be an even number, since
half of it represents the actual number of
bridges. Hence . . . if any of the numbers
opposite the letters A, B, C, etc., are odd,
an even number of them must be odd. In
the Koenigsberg problem for instance,
all four of the numbers opposite the let-
ters A, B, C, D, were odd, while in the
example just given only two of the num-
bers were odd, namely those opposite D
and E.

Since the sum of the numbers opposite
A, B, C, etc., is double the number of
bridges, it is clear that if this sum is in-
creased by two in the latter example and
then divided by two, the result will be
the number written at the top. When all
the numbers in the second column are
even, and the half of each is written
down in the third column, the total of
this column will be one less than the
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20,000 psd high frequency
pressure cell Length 514%,

SR-4° DEVICES IN INDUSTRY...
_ USES UNLIMITED

P
In the static testing of rocket fuel systems, Aber-
THE deen Proving Ground needed a transducer which
PROBLEM: could respond to the high pressures and frequen-

cies encountered.

To meet this need, Baldwin designed and manufactured
100 special SR-4 Pressure Cells with the necessary high
accuracy and high frequency response.
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1. High Accuracy—pressure versus voltage outputs are
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1 "
3. Limitless Frequency Response — attached piping or
vessel reaches its frequency response limit before the
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N

4. Versatility—these SR-4 Pressure Cells are all inter-
changeable so that they may work into the same in-
struments. They also work easily into an oscilloscope
and can be used to operate a potentiometer.

The uses for Baldwin SR-4 devices in industry are unlimited

. measuring load, pressure or torque more accurately
and economically. Wide range of standard capacities avail-
able. Please write Dept. 3244,
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C-119 for the U.S. Air Forces.
“FAIRCHILD provides paid vacations and liberal health and
life insurance coverage. We work a 5-day, 40-hour week.
If you feel you are one of the men we are looking for,
write me. Your inquiry will be held in strictest confidence,

of course.” M ﬂ/ﬁ? %

*Walter Tydon, widely known aviation engineer and aircraft designer
and veteran of 25 years in aviation, is Chief Engineer of Fairchild’s
Aircrafr Division.

ENGINE AND AIRPLANE CORPORATION N

A FRAIRCHILD A 2

HAGERSTOWN, MARYLAND

© 1953 SCIENTIFIC AMERICAN, INC

This figure requires two strokes

number at the top. In that case it will
always be possible to cross all the
bridges. For in whatever region the jour-
ney begins, there will be an even num-
ber of bridges leading to it, which is the
requirement. . . .

Further, when only two of the num-
bers opposite the letters are odd, and the
others even, the required route is pos-
sible provided it begins in a region ap-
proached by an odd number of bridges.
We take half of each even number, and
likewise half of each odd number after
adding one, as our procedure requires;
the sum of these halves will then be one
greater than the number of bridges, and
hence equal to the number written at the
top. But [when more than two, and an
even number] of the numbers in the
second column are odd, it is evident that
the sum of the numbers in the third col-
umn will be greater than the top num-
ber, and hence the desired journey is im-
possible.

Thus for any configuration that may
arise the easiest way of determining
whether a single crossing of all the
bridges is possible is to apply the follow-
ing rules:

If there are more than two regions
which are approached by an odd num-
ber of bridges, no route satisfying the re-
quired conditions can be found.

If, however, there are only two regions
with an odd number of approach bridges
the required journey can be completed
provided it originates in one of these
regions.

If, finally, there is no region with an
odd number of approach bridges, the re-
quired journey can be effected, no mat-
ter where it begins.

These rules solve completely the prob-
lem initially proposed.

FTER we have determined that a
route actually exists we are left with
the question how to find it. To this end
the following rule will serve: Wherever
possible we mentally eliminate any two
bridges that connect the same two re-
gions; this usually reduces the number
of bridges considerably. Then—and this
should not be difficult—we proceed to
trace the required route across the re-
maining bridges. The pattern of this
route, once we have found it, will not be
substantially affected by the restoration
of the bridges which were first elimi-
nated from consideration—as a little
thought will show. Therefore I do not
think I need say more about finding the
routes themselves.



Electrical Characteristics

SENSITIVITY

0.149, of span or 4 microvolts,
whichever is greater.
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+ 4% of scale span or 45
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PEN SPEED
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The Desert Rat

A remarkable little animal can live in an environment such

as Death Valley on dry food and no water at all. It is only

recentl;;y that this physiological mystery has been solved

r I YHERE IS a common impression
that no higher animal can live
long without drinking water. Cer-

tainly this is true of man and many other
mammals; we need water at frequent
intervals, and in a very hot, dry desert a
man without water cannot last more
than a day or so. An animal such as the
camel can survive somewhat longer, but
sooner or later it too must drink to refill
its supply.

Yet we know that the waterless desert
is not uninhabited. Even in desert areas
with no visible drinking water within
scores of miles, one will often find a fair-
ly rich animal life. How do these animals
get the water they must have to live?
The body of a desert mammal has about
the same water content (65 per cent of
body weight) as that of a drinking ani-
mal, and it generally has no more toler-
ance to desiccation of the tissues, some-
times less. For many desert animals the
answer is simple: they get their water
in their food. These animals live on juicy

BANNER

TAILED KANGAROO RAT

spectabilis) from the Santa Rita Range of Arizona is

by Knut and Bodil Schmidt-Nielsen

plants, one of the most important of
which is cactus. The pack rat, for exam-
ple, eats large quantities of cactus pulp,
which is about 90 per cent water. Thus
it is easy to account for the survival of
animals in areas where cacti and other
water-storing plants are available.

There are, however, animals which
can live in areas altogether barren of
juicy vegetation. An outstanding ex-
ample is a certain general type of desert
rodent which is found in all the major
desert areas of the world—in Africa, in
Asia, in Australia and in the southwest-
ern U. S. Although the rats of this type
seem to have evolved independently in
the several areas and are not related to
one another, all of them are similar in
appearance and habits and all seem to be
able to live with a minimum of water.
How they do so has long been a puzzle
to biologists.

During the past few years we have in-
vestigated intensively a rodent of this
type—the so-called kangaroo rat that

= B Rt L0 e
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lives in deserts of the U. S. Southwest.
In a field laboratory in Arizona and in
biological laboratories at Swarthmore
College, Stanford University and the
University of Cincinnati we have studied
the kangaroo rat’s habits and physiology,
and we now have a good understanding
of how this rodent is able to get along on
a diet so dry that other animals would
soon die of thirst.

THE LITTLE kangaroo rat is not ac-
tually related to the kangaroo,
though it looks a great deal like one. It
hops along on long hind legs, and it has
a long, strong tail which it uses for sup-
port and steering. It lives in a burrow in
the ground by day and comes out for
food only at night. The animal thrives in
the driest regions, even in the bare sand
dunes of Death Valley. Water to drink,
even dew, is rarely available in its natu-
ral habitat. The kangaroo rat apparently
has only a short range of movement—not
more than a few hundred yards—and

N e R G Y
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(Dipodomys photographed in thelaboratory. It is called the kangaroo
rat because of its powerful hind legs and long tail.
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As a direct result of the manufactur-
ing methods used, all Allen-Bradley
molded fixed resistors have a generous
safety factor. These Bradleyunits are
conservatively rated at 70C ambient
temperature—not the 40C commonly
used. Under continuous full load for
1000 hours, the resistance change is
less than 5 per cent. They withstand all
extremes of pressure and humidity. It
is these factors that are responsible for
the Bradleyunit quality reputation.

Bradleyunits are specially packed to
keep the leads straight; they can be
cut to size in batches of 50 units.
Made in standard R.T.M.A. values
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Allen-Bradley Co.
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Milwaukee 4, Wis.
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WHITE RAT KANGARQO RAT

WATER LOSSES of the kangaroo
rat (right) and the white rat (left)
are compared at zero humidity.

therefore does not leave its dry area to
find juicy plants. Stomach analyses have
shown that it seldom or never consumes
any succulent vegetation. Its food con-
sists of seeds and other dry plant mate-
rial. In the laboratory it will live in-
definitely without water and with no
other food but dry barley seeds.

The first question to be answered was
whether the kangaroo rat stores water in
its body to carry it over long dry periods.
It was found that the animal’s water con-
tent was always about the same (some
65 per cent of body weight), in the rainy
season or the dry season, or after it had
been kept on dry food in the laboratory
for several weeks. During eight weeks on
nothing but dry barley in the laboratory
some of the animals increased their body
weight, and their water percentage was
as high as at the beginning of the experi-
ment; they had actually increased the
total amount of water in their bodies.
Furthermore, kangaroo rats which were

I
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given watermelon as well as barley to eat
showed no higher water percentage in
their bodies than animals maintained on
a dry diet. They must therefore have
eliminated the excess of water at the
same rate as it was taken in. Altogether
the experiments made clear that the
kangaroo rat does not store water or live
through dry periods at the expense of
its body water.

There is only one way the kangaroo
rat can get any substantial amount of
water on its dry diet. That is by oxidiz-
ing its food. The oxidation of hydrogen
or a substance containing hydrogen al-
ways forms water. Obviously the amount
of water an animal forms in its metabo-
lism will depend upon the hydrogen con-
tent of its food. The amount is simply a
matter of chemistry and is the same in
all animals. Oxidation of a gram of car-
bohydrate (starch or sugar) yields .6 of
a gram of water; of a gram of fat, 1.1
grams of water; of a gram of protein, .3
of a gram of water. Protein produces re-
latively little water because a consider-
able part of its hydrogen is not oxidized
but is excreted with nitrogen as urea.

Now the experimental diet of dry bar-
ley on which the kangaroo rats lived
yields 54 grams of water for each 100
grams of barley (dry weight) consumed.
If there is any moisture in the air, the
barley will also contain a little absorbed
water—about 13 grams per 100 grams
when the relative humidity is 50 per
cent at 75 degrees Fahrenheit. The kan-
garoo rat consumes 100 grams of barley
in a period of about five weeks. Thus
during that period its total intake of
water is between 54 and 67 grams, de-
pending on atmospheric conditions.

HIS is an astonishingly small amount

of water for an animal of its size to
subsist on. It can maintain its water bal-
ance only if its water losses are corre-
spondingly small. The next step, there-
fore, was to find out how the animal
manages to keep its water loss so low, if
indeed it does. We proceeded to measure
its losses of water through the three

",

ZERO HUMIDITY

50 PER CENT RELATIVE HUMIDITY
AT 77 DEGREES F.

WATER BALANCE of the kangaroo rat is shown under two different con-
ditions of humidity. The first and third bars indicate water loss; the second
and fourth, water gain. The term “absorbed water” refers to water in food.
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MEASURES SOUND SCIENTIFICALLY

The G-E Sound-level Meter gives accu-
rate measurement of performance for
manufacturers of sirens, whistles, alarms
and public address systems. Many other
manufacturers use the instrument as an
indication of quality of product. Meets
American Standard Association’s specifi-
cations for sound level instruments. See
Bulletin GEC-665* for more information.

EXACT TIME INTERVAL MEASUREMENT

Measuring time interval between two
events or duration of a single event is
easily done with G.E.’s Time-interval
Meter. Timing of camera shutters (as
shown above), relay performance, and
velocity of moving bodies are among
many possible applications. Measures
intervals from 1/10,000 second to 3
seconds. See Bulletin GEC-410%,

METERS GAS-TURBINE VIBRATION
Vibration displacement, velocity, and

acceleration of gas-turbines is easily
checked with G.E.’s Gas-turbine Vibra-
tion Meter. Instrument covers frequency
range of 30 to 300 cycles per second. In-
dicates whenever turbine fails to meet
maximum allowable vibration. Bulletin
GEC-393* gives more information.

3KTo obtain these publications, contact
your nearest G-E Apparatus Sales Office,
or write to General Electric Co., Section
687-116, Schenectady 5, New York.
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GENERATOR MODEL for cleaning large parts tested by G.E. Henry of G.E.’s General Engineering Laboratory.

Ultrasonics: Out of the laboratory—-
onto the production line

Cleaning metal parts more thorough-
ly in less time is the latest job for Gen-
eral Electric’s Ultrasonic Generator.
Until the last few years limited to
laboratory studles, ultrasonic irradia-
tion is now used in numerous industrial
plants for cleaning small metal parts.
Users report it thoroughly removes
lapping compound, waxes, oils, greases,
and even small residual metal chips
faster and more effectively than other
methods formerly used.

The process has been found effective
either with alkaline or hydrocarbon
solvents and acoustic irradiation speeds
up the cleaning process in a 10-to-1 or
even 100-to-1 ratio. This faster clean-
ing permits parts to be cleaned eco-
nomically in various stages of manu-

facture—speeds production and cuts
reject rates.

Ultrasonic irradiation cleans inacces-
sible corners, small holes, and com-
plicated shapes, eliminating laborious
hand cleaning of complicated parts.

Your nearest G-E Apparatus Sales
Office will be glad to furnish you with
application information on ultrasonics
in your plant. Further information on
cleaning is given in Bulletin GEA-5669*
and the generator is described in Bul-
letin GEC-544%,

Here is an example of the type of develop-
mental engineering—a specialty at General
Electric . . . which provides more and better
instruments and processes for modern
industry. 687-116

e et
GENERAL @D ELECTRIC
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For you—

The latest information
on KOPPERS Synthetic
CHEMICALS

- ; d

L

C-4 Aromatic Solvent
Catechol
Diethylbenzene
Diphenylaminechlorarsine
Dl-tert-BUTYL-para-CRESOL
Divinylbenzene
Ethylbenzene
Impruvol 20®
Impruvol 33®

, “KTPL" Resins
beta-METHYL Umbelliferone
Penacolite® Adhesives
Phthalic Anhydride
Polystyrene Emulsions
Potassium Cyanide
beta-Resorcylic Acid
Resorcinol
Sodium Cyanide
Sodium Sulfite
Styrene Monomer
Sulfuric Acid
Polystyrene

e Bulletin C-3-103, shown here, lists
the properties, reactions and uses of
22 synthetic organic chemicals pro-
duced by Koppers Chemical Division.
Most of these chemicals have estab-
lished commercial applications and
in addition, offer rich, new fields of
investigation to research and develop-
ment chemists. The Bulletin describes
all 22 of the products listed above.

Write now for your free copy.

Koppers Chemicals

KOPPERS COMPANY, INC.
Chemical Division, Dept. SAC-73
Pittsburgh 19, Pennsylvania
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» FRESH WATER
b SEA WATER

WEIGHT CHANGE IN PER CENT

NO WATER

DAYS

WEIGHT CHANGES of kangaroo rats fed either fresh water, sea water
or no water showed that they could drink sea water without ill effects.
Although kangaroo rats normally drink no water, they were induced to do
so by a protein-rich diet that required water for the excretion of urea.

routes by which an animal eliminates
water; in the urine, in the feces and by
evaporation from the skin and the re-
spiratory passages.

There is an animal, the African lung-
fish, which can get along for long periods
without excreting any urine at all. When
the stream or pond in which it is living
dries up, it burrows into the mud and
stays there until the next rain. The emi-
nent authority on the kidney, Homer W.
Smith [see “The Kidney,” by Homer W.
Smith; SCIENTIFIC AMERICAN, January],
has found that during this time the urea
content of the fish’s blood may rise to
the extravagant level of 4 per cent. Can
the kangaroo rat similarly accumulate
waste products and avoid urinating dur-
ing a dry spell? We investigated and
found that it could not: the urea and
salt content of its blood did not rise when
it was on a dry diet or fall when it had a
moist diet. And it continued on its dry
diet to excrete urea as usual.

However, we learned that it could get
rid of its waste products with a very
small output of water. The kangaroo rat
has an amazingly efficient kidney. The
concentration of urea in its urine can be
as high as 24 per cent, whereas in man
the maximum is about 6 per cent. Thus
the kangaroo rat needs only about one
fourth as much water to eliminate a
given amount of urea as a man would.
Its excretion of salts is similarly efficient.
The animal can excrete urine about
twice as salty as sea water!

The reason that a human being cannot
tolerate drinking sea water is that the
body is dehydrated in the process of get-
ting rid of the salts. The saltiness of the
kangaroo rat’s urine suggested that this
animal might be able to drink sea water

© 1953 SCIENTIFIC AMERICAN, INC

and get a net water gain from it. Of
course it was not easy to induce the
kangaroo rat, which normally does not
drink, to imbibe sea water. But we were
able to make it do so by feeding it a high
protein diet (soy beans) which formed
very large amounts of urea and forced
the rat to drink to avoid dehydration.
The animal’s kidney proved able to ex-
crete both the excess of urea and the
salts in the sea water. Drinking sea water
actually enabled the animal to maintain
its water balance. So far as is known, no
other mammal can drink sea water with
impunity.

From the known efficiency of the
kangaroo rat’s kidney we calculated that
the animal uses 13 grams of water to
excrete the waste products formed from
100 grams of dry barley. Measurement
of the water content of its feces, which
are exceptionally dry, showed that it
loses about three grams of water by this
route in metabolizing 100 grams of dry
barley. There remained, then, the ques-
tion of how much water the kangaroo rat
loses by evaporation.

Very little escapes through its skin.
Rodents have no sweat glands except on
the toe pads, and the kangaroo rat has
fewer sweat glands than most rats. All
mammals lose a little water from the skin
even where there are no sweat glands,
and there is reason to believe that the
kangaroo rat suffers less loss by this
route than other mammals. It does, how-
ever, lose a considerable amount of
water by evaporation from its respira-
tory tract. In the extremely dry desert air
this loss could be serious. At zero humid-
ity the loss by evaporation from the skin
and respiratory tract would amount to
some 44 grams of water during the five



U. S. Navy’s most versatile plane
stalks enemy planes, subs and surface craft
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—the Douglas AD-5 Skyraider

Known for varied tactical uses—long-
range attack, troop transport, close air
support, aircraft early warning—the
Douglas AD-5 is also capable of unique
search and anti-submarine missions.

In this operation the AD-5 carries
powerful radar equipment and a search-

light to detect and identify the enemy,
whether on the surface, under the sea or
in the air. Rockets, cannon, and torpe-
does are used to make the kill. Key fea-
ture of the Skyraider is its efficient
performance-to-weightratio, which gives
it extraordinarily long range—plus all

the fire-power of a cruiser’s full salvo.

Adaptability of the AD-5 Skyraider
is another example of Douglas leadership
in aviation. Designing airplanes that can
be produced in quantity to fly faster and
farther with a bigger payload is a basic
rule of Douglas design.

Be a Naval flier—write to:
Nav Cad, Washington 25, D. C.

Depend on DOUGLAS
e
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with headquarters in Mi

Western European countri

by writing to:

CABLES GIANNINITA

GIANNINI ITALIANA S.p.A., VIA ALBERTO DA GIUSSANO 15, MILANO, ITALY

G. M. GIANNINI & €O,, INC.
Pasadena, California, and East Orange, New Jlersey
manufacturers of components for servo-mechanisms-
and computers, has recently established a subsidiary

lano, Italy, where the following

activities will be performed:
¢ Sales and Engineering Office for the distribution
and servicing of Giannini products in Europe.

¢ Research Laboratory and Experimental Shop for
the development of new products etiginating in
Europe. ™

Inquiries are solicited from persons or organizations in

es interested in handling Giannini

products. Please submit full details as to territories covered,
other products handled, organization and sales possibilities,

L TELEPHOMNES 482714-482716
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Some of our customers asked us to coat a prism to be cemented by

a reflectance of 659, to 779,

a cube—the cemented cube to have
with not more than 109} absorption

and the remaining light to be transmitted. The drawing shows a

typical cemented cube, using one of the prisms we supplied.
Liberty Hi-Efficiency dichroic coatings are durable. They handle

and clean easily. May we tackle the job of making some special

dichroic coatings for you?

Liberty Mirror Division, Libbey Owens Ford Glass Co., LM-573
Nicholas Bldg., Toledo 3, Ohio.

e LIBERTY vacuum-deposited COATINGS
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weeks in which the rat metabolizes 100
grams of barley. At a relative humidity
of 50 per cent and a temperature of 75
degrees the loss by evaporation would
be about 25 grams.

E CAN NOW add up the balance

sheet of the kangaroo rat’s water
intake and outgo. At zero humidity its
total intake on a diet of dry barley would
be 54 grams, and the total loss would be
61 grams (14 in the urine, 3 in the feces
and 44 by evaporation). At 50 per cent
relative humidity at 75 degrees the in-
take would be 67 grams and the outgo
only 43 grams. Thus it seems clear that
the kangaroo rat cannot survive on a
barley diet in completely dry air, for un-
der those conditions it has a water deficit
in spite of its marvelous mechanisms for
water conservation. Actual tests showed
that the minimum atmospheric condi-
tions under which the animal can main-
tain its water balance on the dry diet is
10 to 20 per cent relative humidity at 75
degrees.

The desert atmosphere is often some-
what drier than this, but the explanation
of the kangaroo rat’s survival is that it is
a night animal. During the day it stays
in its burrow, where the air is always a
little more humid than outside, even
when the soil seems to be completely
dry. To measure the temperature and
humidity in the burrow we used a tiny
instrument which included a humidity-
sensitive hair hygrometer. The instru-
ment makes a record on a smoked glass
disk, which can be read afterward under
a microscope. The recorder was tied to
the rat’s tail, and the animal dragged it
into the burrow. It was secured by a thin
wire so that the animal could not run
away with the instrument. After 12 hours
we opened the burrow and read the
record. We found that in early summer in
the Arizona desert the relative humidity
inside the kangaroo rat’s burrows ranged
from 30 to 50 per cent, and the tempera-
ture from about 75 to 88 degrees. At
night, in the desert outside the burrows,
the relative humidity varied from 15 to
40 per cent and the temperature from
about 60 to 75 degrees. The protection
of the burrow by day provides just
enough margin to enable the kangaroo
rat to maintain its water balance and
live in the driest of our deserts.

The same protection allows the kanga-
roo rat to survive the desert heat. A
mammal such as man avoids overheat-
ing only by evaporating large quantities
of water. The kangaroo rat cannot do
this, nor can it tolerate a body tempera-
ture of much more than 100 degrees. It
does not sweat or increase evaporation
from its respiratory passages by panting,
as a dog does. If it were exposed to the
daytime heat in the desert, it would soon
perish. The adaptations that permit it to
thrive in the hot desert are its nocturnal
habits and its extraordinary facilities for
water conservation.



A QUESTION FOR ALL ENGINEERS:

Where will you be

10 years from now ?

Will your achievements be recog-
nized? Will you be associated with
distinguished scientists and engi-
neers? Will your work provide a
challenge for your talent and ability ?
Will your position and income be
founded upon your real merit?

At RCA, you’ll find plenty of
“future insurance’ . . . and right now
is the time to investigate RCA
opportunities. Because RCA is now
looking for experienced ELECTRONIC,
CoMPUTER, ELECTRICAL, MECHANI-
cAL, and COMMUNICATIONS ENGI-
NEERS . . . PHYSICISTS . . . METAL-
LURGISTS . . . PHYSicAL CHEMISTS
... CERAMISTS . . . GLAss TECHNOL-
oGIsTs. Whichever your specialty,
there’s a chance of a lifetime for a

career with RCA—world leader in
electronic development, first inradio,
first in recorded music, first in tele-
vision. RCA growth has remained
steady through war and depression
... you’ll find positions open today
in many commercial projects, as
well as military lines.

WHY RCA IS A GOOD PLACE
FOR YOU TO WORK

Facilities for creative engineering are top-
notch. Working conditions and associates
stimulate you. Periodic merit reviews_help
ou advance in grade and income. Your
amily can enjoy pleasant country or sub-
urban living. RCA encourages growth of
your professional status and recognition.
Company-paid benefits—including life, ac-
cident and hospitalization insurance—in-
crease your feeling of security. You look
forward to retirement through a progressive
program. RCA has a modern tuition refund
plan for advanced study at recognized
universities.

Personal interviews arranged in your city.

Please send a complete resume of your education and experience to:

MR. ROBERT E. McQUISTON, Manager, Specialized Employment Division
Dept. 201-G, Radio Corporation of America, 30 Rockefeller Plaza, New York 20, N.Y.

Positions Open In

RESEARCH—DEVELOPMENT—
DESIGN—APPLICATION

in any of the following fields:

RADAR—Circuitry—Antenna Design—Servo Sys-
tems—Information Display Systems—Gear
Trains—Stable Elements—Intricate Mechanisms

COMPUTERS —Digital and Analog—Systems Plan-
ning — Storage Technique — Circuitry — Servo
Mechanisms—Assembly Design—High Speed
Intricate Mechanisms

COMMUNICATIONS — Microwave — Aviation —
Mobile—Specialized Military Systems

MISSILE GUIDANCE—Systems Planning and Design
—Radar and Fire Control—Servo Mechanismg
—Vibration and Shock Problems

NAVIGATIONAL AIDS — Loran — Shoran — Altim-
eters—Airborne Radar

TELEVISION DEVELOPMENT—Receivers—Trans-
mitters and Studio Equipment

COMPONENT PARTS—Transformer—Coil—Relay
—Capacitor—Switch— Motor—Resistor

ELECTRONIC TUBE DEVELOPMENT—Receiving —
Transmitting—Cathode-Ray—Phototubes and
Magnetrons

ELECTRONIC EQUIPMENT FIELD ENGINEERS —
Specialists for domestic and overseas assign-
ment on military electronic communications
and detection gear.

RADIO CORPORATION of AMERICA
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Is Man Alone in Space ?

He sometimes wonders if, on a planet similar to the FEarth,

another genus Homo has arisen. An anthropologist considers

the possibility in the light of what we know of evolution

AN bitterly resists the lonely
M thought that he may be the only
creature of his kind in the uni-

verse. We are basically cosmopolitan; we
long for companionship in the great ad-
venture of space. We want to radio Mars
and get back the equivalent of “How
yuh, boys?” Our hope that we may not
be alone in space is nourished by the
theory of probability. In the millions of
planets and infinity of time—surely there
must be a possibility that man is not a

by Loren C. Eiseley

unique event. If somewhere in the uni-
verse there is a world exactly like ours,
why not a manlike creature there?

The probabilities are less favorable
than they may seem. Man is not simply
a matter of a throw of the dice which
might have fallen just the same way on
another planet. Even if there were an-
other world exactly like ours in all its
physical conditions, we still could not
guarantee that identically the same life
would emerge. Man, life, worlds are the

TANK PLANT, a member of the bromeliad family, is an example of
evolutionary adaptation to one unusual environment. The plant lives aloft
in trees, obtaining water from rain or dew held in its closely fitted leaves.
It is nourished by plant and animal matter that falls into the water.

80
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product of multitudinous concatena-
tions of singular events which could
never be duplicated in their entirety. At
any point in the last billion years the line
of evolution that produced man might
have taken another turning—and we
would never have appeared. The propo-
sition of duplicating man is something
like that of the proverbial monkeys work-
ing through eternity to type Shake-
speare’s works again by chance—only the
probabilities, if any, are much worse,
and time is not infinite but limited.
Opposed to the attempt to project
man across the light-years lies a series of
well-nigh insurmountable physical and
biological obstacles. In considering the
likelihood that man has been duplicated
on remote worlds, two important physi-
cal events have to be considered before
we can turn to the nature of life itself:
the age of the universe and the way in
which solar systems come into existence.
The answer to the first proposition
should indicate the length of time in
which statistical probability has oper-
ated; the answer to the second should
give us some idea as to whether life is a
rare or common occurrence in space.
Ironically enough, there are quite dis-
parate views on both subjects. Fifty
years ago there was a widely held belief
in the infinity of time. While old star
systems burned out and died, new sys-
tems emerged. “Eternal motion,” wrote
one weary Russian in 1875, “does not
cease, and new worlds eternally develop
in place of former ones.” The idea of an
eternal universe allowed the possibility
of the spores of life drifting from the
wreckage of burned-out systems to sys-
tems beginning anew, and an infinity of
time in which man might arise again and
again. But we have now acquired the
growing suspicion that we live in an ex-
panding universe which had an incredi-
ble beginning and threatens to have an
even more fantastic end. Time, in the
only sense we can know it, is limited, sur-
prisingly limited. The evidence, though
we shall not examine it here, is impres-



sive and drawn from diverse sciences. It
has led numerous students to acceptance
of the following conclusion:

At some point approximately 4 to 10
billion years ago, all matter composing
the known universe was concentrated
under inconceivable pressures at one
point in space. In this “monobloc,”
whose contracted density abolishes our
everyday experience of space, time and
matter, life is inconceivable. It could
only emerge later, after the titanic ex-
plosion which sent both space and stars
racing outward upon a course which
threatens to carry the galaxies out of
sight. “Standing on a cool cinder,” re-
marks Canon Lemaitre, “we see the slow
fading of the suns.” Their stores of radio-
active energy, though great, are not in-
exhaustible, and unless some unknown
source of renewal awaits them, they are
destined to go dark.

[N THE LIGHT of this interpretation,
it now becomes clear that whatever
existed prior to the monobloc can have
no bearing on the life of today. Infinite
time is not at our disposal in estimating
life’s capacities, but rather the indeter-
minate moment in the afterglow from a
great explosion whose fires are dying.

A few have attempted to escape the
horns of the dilemma by recourse to the
assumption that matter is somehow
being created continuously in space, al-
though this process has never been ob-
served. In the apt words of Herbert
Dingle of London University, “It ex-
empts us from having to postulate a
single initial miracle on condition that
we admit a continuous series of mira-
cles.” The idea, true or untrue, has no
supporting evidence.

We know that to achieve a single crea-
ture capable of advanced thought on the
Earth has taken over one billion years.
There is nothing in this time span, or in
our knowledge of evolutionary processes,
to suggest the easy duplication of man.
To begin with, while the number of
planetary systems may be large, most
planets, on the evidence from our own
system, probably are unsuitable for life.

The British biologist Cyril D. Darling-
ton argues that “if a creature like man is
a sound proposition on the Earth, then
similar creatures, built on a similar plan,
would also be well fitted to an existence
on other planets.” He dwells enthusiasti-
cally on the advantages of two legs, a
brain in one’s head and the position of
surveying the world from the splendid
height of six feet. Apparently he has
never paused to consider why, if the ad-
vantages of the human body are so ob-
vious, one creature alone, out of the mil-
lion or more species currently inhabiting
this planet, should have assumed this
particular form. Moreover, it has been a
very late experiment, and in spite of its
“superb construetion,” the wounds of its
evolutionary break with its origin still
show quite plainly. In bad sinuses, easy

We wish we had something non-military to crow about. We wish

we were sure how to stay in business without a lot of soft

government money. We wish, when we end a year with a profit,

even after taxes and such, that we could feel " We've earned

that-there, because 26,063.5 people are glad they bought our
product.”” Instead we have to say 156,000,000.00 people have,
grudgingly, paid the check and they admit, grudgingly, that we

probably earned it.”

If you read this journal® you get the impression that the entire
electronic industry is in about the same spot, only in many cases it

hasn’t faced it. Of course one sees exceptions, where some character

has a whole roomful of bottles and firecrackers which will run one

milling machine automatically. But even here it’s usually the result

of a “development program’ sponsored by the poor taxpayer.

The Ph D in charge should watch a Brown & Sharpe #00 screw
machine built any time after 1895 spitting out complicated and
accurate parts every 3-10 seconds! Oh, we know it doesn’t have
feed-back but it works for George, who is top-kick to a half-dozen

#00’s and takes care of the feed-back.

How about doing something Useful with this electronics business?
Just to keep up morale while we’re stuck with military urgency!

P.S. We do make sensitive relays, will dutifully apply them to

military needs, and we’ll jump thru hoops for the commercial
relay user when we find him.
*Not referring to **The Scientific American™

— <« 7 y -t

\
\_/"' I ) ;.f: L
SIGMA INSTRUMENTS, INC.
40 PEARL ST., SO. BRAINTREE, BOSTON 85, MASS.

To kill two birds with one stone. If you bave any dead crows, or care to kill some, send the 4 big
Jeatbers from each wing to C. P. Fisber, co Sigma, and receive 5c apiece plus an enlarged print of
illustration above suitable for framing. Tbis is serious CPF plays the barpsicbord and prefers
genuine crow - quill plectra
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de-mul‘cent.. ...

A substance capable of soothing
an inflamed mucous membrane,
or protecting it from irritation.

Example: GLYCERINE!

An important ingredient in cough
medicines and similar pharmaceu-
tical products is the demulcent.
Manufacturers of leading cough
remedies like Seeck & Kade’s
“Pertussin” and Pine Brothers
Cough Drops rely on U. S. P
Glycerine to provide this soothing
action.

If you’re developing a new
product that will contain a demul-
cent, be sure to check Glycerine.

New Detergent Aerosol

For example, a well-known drug
manufacturer has developed a new
detergent aerosol, containing
Glycerine, which is reported to
lessen respiratory difficulties in
newborn babies. Glycerine and
sodium bicarbonate act in synergy
with the detergent. Together they
create an alkaline medium for
liquefying the mucus secretions
which block the passage of air.

Balance of Properties

But Glycerine’s demulcent action
is only a small part of the story.
You can count on versatile Glyc-
erine to serve as—

humectant lubricant

solvent emollient

plasticizer suspending agent
sweetener chemical intermediate

In each of these uses, long-term
evidence of Glycerine’s safety and
acceptability is on record.

Booklets on the application of Glyc-
erine in the drug and cosmetic, food,
protective coatings, and textile fields
are available. For your copy, write
Glycerine Producers’ Association, 295
Madison Avenue, New York 17, N. Y.

rupture and maladjustments of 50 varie-
ties, including varicose veins and a
plethora of back and foot troubles, man
reveals the imperfections of a bodily ma-
chine still in evolutionary adjustment to
an environmentdifferent from that which
he has only recently escaped. This is not
to denigrate the real values of the human
body and brain, but we must realize the
incredible wanderings by which man has
attained his present position if we are to
estimate the statistical likelihood of a
creature like man emerging on the red
deserts of, say, Mars.

The artists who draw ingenious pic-
tures of two-footed, thin-legged, big-
chested Martians do not bother to con-
sider just how the geologic and geo-
graphical background of Mars might
have promoted (or hindered) such a de-
velopment. Every organism has a history.
Here we can learn from the multitude of
different worlds present on the Earth.
Surely, if any duplications of the life we
know are to be observed, our own planet
should be more apt to produce them
than the unrelated worlds of space.

O BE SURE, we can see examples of

life mimicking life on every hand.
Not long ago the noted deep-sea explorer
Otis Barton climbed into an aluminum
cage in the tropical rain forest of Africa
and was cranked upward into a strange
new world, similar to that of the other
great rain forest in the Amazon basin.
Almost 200 feet above ground, high in
the tree tops, is an interwoven mass of
vegetation teeming with animal life—a
curious attic world. Like the deep sea,
it has no seasons; light is the main con-
sideration. Innumerable plants have
climbed into this sheltered niche above
the floods and turmoil of the world be-
low. Climbing vines as thick as a man’s
thigh loop back and forth. Upon this
mass of supporting cables has settled a
weird assemblage of orchids, ferns and
other strange plants which seek the sun-
light and have learned to dispense with
the ground below. Some are parasitic
upon other plants; some depend on the
precarious debris of their uncertain floor
or the exhalations of trees. The eternal
hot-house damp of the rain forest en-
shrouds them all and makes this dream-
like landscape possible.

In the Amazonian attic are plants,
known as bromeliads, which form tanks
that catch and hold quarts of water.
Dust and humus and drowned insects
collect here to nourish the plants. Tree
toads, frogs and numberless insects live
their lives in these aerial ponds. Mon-
keys and protectively colored green tree
snakes hunt by ancestral paths through
the scent of the orchid gardens.

This world possesses some amazing
duplications of living forms. Henry
Bates, a keen 19th-century explorer of
the Amazon, told how he suddenly en-
countered one day a menacing little
monster which thrust itself through the
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leaves into his face. At first glance the
startled Bates thought it was a poisonous
viper. Actually it was an enormous cater-
pillar, with black pigment spots which
looked like eyes. In the high chambers of
the upper tree world are butterflies of
diverse and distantly related families
which are nevertheless surprisingly alike
in coloration: beetles so burnished that
they shine on the tips of vegetation like
drops of morning dew, sticklike insects
with legs like stiff, angular branches, bits
of dead bark that turn out to be alive,
spiders in the shape of flower buds, flies
masquerading in the dress of stinging
bees, crickets like wasps, brown and
spotted butterflies that look like moldy
leaves.

Resemblance to a dangerous insect or
animal, as in the case of Bates’ caterpil-
lar, offers the protection of a formidable
species to a harmless creature. Mimicry
of a repulsive or ill-tasting species may
save an insect from the birds. Adept

CAMOUFLAGE is another example
of evolutionary adaptation. Here a
caterpillar, a “walking stick” and
a leaf butterfly blend into a twig.



ENGINEERING BRAINS TEAM

WITH ELECTRONIC BRAINS
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AT NORTH AMERICAN AVIATION

The combination of North American’s imaginative
scientists and engineers working with lightning-fast
electronic “thinking’” machines is an unbeatable one
. .. for together they’ve set advanced standards for
guided missile research, development, and design.

Computers like the one being checked above are
used to predetermine the flight pattern of a given
missile design by simulating its flight conditions,and
to solve related problems. North American Avia-
tion engineers also develop and use other electro-
mechanical computers which become the brains of
automatic guidance systems for missiles and for fire
and flight control equipment.

Development of guidance systems for long-range
missiles is just one example of the challenging elec-

tronic and electro-mechanical work being pioneered
in North American’s Missile and Control Equip-
ment Operations. If you like theory, you will find
an exciting career at North American in specialties
such as operations analysis, advanced dynamics,
kinematics, noise, error and information theory,
systems engineering, statistical quality control,
servo analysis, and other advanced fields.

If research, development, or design is your
specialty, you’ll find attractive opportunities in
automatic guidance systems, fire and flight control
systems, radar and airborne communications sys-
tems and other system developments.

Write today for complete information, giving us
your education and experience.
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reality
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controls, Potter & Brumfield

relays, contactors and
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ning and production
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reality through
research
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miniaturization

ruggedization

LK Series, electrical
latch-electrical re-
lease relay, with-
stands 10-G vibra-
tion, 50-G shock.

.sensitization

Ultra-sensitive SS
relay provides op-
eration with sensi-
tivity range from 1
MW to 2W.

acclimatization

Hermetic sealing
protects individual
relays or multiple
groups from dust,
fumes, moisture, etc.

Your inquiries are invited. Write for
new Catalog No. 122 illustrating relays
for every application.
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Export: 13 E. 40th St, N. Y., N. Y,

Sales Offices in Principal U. S. and
Canadian Cities

o

Tiny SM relay typi-
fies miniature de-
sign. Sealed version
weighs less than an
ounce; measures
%v X 17/8'

MIMICRY of the monarch butterfly (top) by the viceroy butterfly (bottom)
is thought to be due to the fact that the former species has an unpleasant
smell which discourages its natural enemies. The viceroy butterfly, which
does not have this odor, is presumably protected by the visual resemblance.

camouflage is so valuable to small life
that natural selection may carry it to high
peaks of perfection. Yet all this mas-
querade is only skin deep. The mimic
never becomes the model, any more than
the walking-stick insect becomes a twig.
The mask may fool the mimic’s enemies,
but it will not deceive a zoologist.

SUCH PRINCIPLES have nothing to
do with the possible duplication of
man on other planets. No animal is likely
to be forced by the process of evolution
to imitate, even superficially, a creature
upon which it has never set eyes and
with which it is in no form of competi-
tion. Nor could an animal, however
gifted in mimicry, ape a man if it came
among men. Aside from the impassable
anatomical obstacles, the individual sit-
ting next to you in the theater could not
conceivably be an insect masquerading
as a man. Even if the body duplication
(down to clothes) was perfect, the crea-
ture’s instinct-controlled brain, its cold,
clock-like reaction, in contrast to our
warm mammalian metabolism, would
make the masquerade hopeless.
Among the plants, too, we note many
parallelisms. Yet the forms of the plants
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do not duplicate one another. Their re-
lationships are not obscured, and what is
even more interesting, a really remark-
able invention such as the bromeliad
reservoirs may distinguish the whole
upper-story world. Nothing like them
is known in the African forest. Their
unique little ponds, making possible the
growth of other aerial plants, have seem-
ingly given the South American forest
roof a luxuriance which the African for-
est cannot totally duplicate. One unique
plant invention, in other words, has af-
fected irretrievably the destinies of a
great variety of other plants, animals
and insects in one particular world. A
historic incident, the rise and diffusion
of a specific, natural invention on one
continent has so channeled a little
stream of life that numerous organisms
will never be the same again because of
the creation of those aerial marshes.
This event does not emerge as in-
evitable. Most curiously, botanists have
noted that the bromeliad water tanks
probably were developed originally not
in the rain forest but in the desert. Here
was an adaptation developed for one
world which paradoxically enabled the
bromeliads to leave that world for a very
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different one—the dappled sunlight of
the orchid gardens. Anyone pondering
the seeming stolidity of the plant world
should consider it well—that long climb
from a desert to a forest top.

It is out of such small events that
worlds are altered beyond recall. As
George Santayana wrote years ago: “An
infinite number of solar systems . . . must
have begun as ours began, but each of
them must have deviated at one point
from ours in its evolution, all the previ-
ous incidents being followed, in each
case, by a different sequel.”

ON THE great tablelands of Tibet, ex-
plorers say, the wind is always
blowing. Dust devils dance endlessly
across the landscape; air eats away the
solid rock. Behind stones, under stones,
buried in the soil, innumerable creatures
hide from the force of the wind. Crea-
tures which in other lands fly free and
high here cower behind boulders or dart
hastily from one bit of shelter to the next.
Some insects have lost their wings. From
birds to beetles, instincts have been al-
tered in order to enable the animals to
contend with this windy world. This is a
land, the space writers sometimes argue,
like the cold Martian desert itself.
Mars, with its thin air, its almost van-
ished oxygen and vast regions of desert,
is a waste planet. A few apparently sea-
sonal color changes suggest but do not
entirely prove the possibility of some
type of vegetation. That vegetation can-
not be of a high order. There is simply
not enough water on the planet to sup-
port a widespread forest and grass cover
like that of our Earth. We need not ex-
plore these well-known facts extensively.
Rather, what I should like to emphasize
is the total lack of seas on Mars. The
planet very early in its history lost a
great deal of its water, and very likely it
never did possess anything like the tur-
bulence of our giant seas. On the Earth
it is the constant circulation of water
from sea to clouds to rivers and back to
the sea that has nourished the higher life.
The fossil hunters tell us that this circu-
lation is probably indirectly responsible
for the appearance of backboned ani-
mals. It is in the rivers of the early planet
that the shape of man was born, for they
were the birthplace of the vertebrates.
Here, then, is one of those deviant
points upon which, as Santayana inti-
mated, the destiny of a world might
hang. A world like Mars, of feeble pud-
dles, of leveled mountains, will breed a
different life, if it breeds life at all. The
pulse of the Earth to a very considerable
extent is the sea’s pulse. The altitudinal
swing of the continents, the great periods
of mountain building, rework the very
shape of life itself. Multitudes of living
things are forced to readapt upon the
land and also in the sea. Upon Mars,
back into a time as far as we can grope,
the water has run scant and small.
Equally scant and small we may expect
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its life to be. Nowhere in all that red
array of sand and rock could a creature
ever rise on a spine like ours. If anything
comes forward in that cold and shrivel-
ing air, it will be pinched and meager
beyond all the imaginings of Earth.

Every day worlds end and worlds be-
gin; last night’s puddle dries in today’s
heat and its little living world blows
away. Day and night, winter and sum-
mer, on the thin edge of the tides or the
immaterial edge of evening, there come
into being lives which are adapted only
to a fine-drawn instant of existence. A
single mutation in an unknown, innocent
virus, a change in the gaseous composi-
tion of the air around us, a rise of tem-
perature by a few degrees—any of these
might sweep the human world away.
Before morning, however, something
else would be creeping up the stairs or
nesting in the abandoned attic.

N THE thin terrestrial film, whose
depth is only the brief distance from
the Pacific deeps to the Himalayan roof
of snow, life has experimented for one
billion years. Its forms in certain in-
stances have lived even without oxygen;
they have endured pressures and rare-
faction and devised incredible, cunning
schemes for survival. The plant and ani-
mal species developed on Earth must
range into the billions. But in all Earth’s
varied worlds man, “the sound proposi-
tion,” has appeared but once.

It is not my contention that in the long
cycles to come some of man’s traits, even
to an advanced brain, may not emerge
once more in other living forms. The
complex life of the social insects has been
repeated no fewer than 30 times in the
long history of diverse and only distantly
related creatures. One thing, however, is
apparent: the same life does not come
again, the same hands will never twice
build the golden cities of this world. The
time stream, the on-pouring, whatever
we may call it, is far more original than
this. It is as though nature had all pos-
sible, all unlikely worlds to make and
would make them before the systems
lapsed away into darkness.

I think sometimes of the account of a
traveler who, far up in the Himalayan
snows, watched in astonishment a flight
of lowland butterflies caught in one of
the mysterious migratory impulses of
their race. High in that desperately cold
and thinning air, the delicate-winged in-
sects, strung out over a great distance in
a long, flickering line, were moving up-
ward! The tattered columns wavered;
stragglers dropped frozen in the snow.
Nevertheless the dying creatures headed
indomitably upward toward the blue ice
of the peaks, their little wings beating in
unison as though the march might have
been boldly outward toward the moon.
They were a living manifestation of dis-
content; they were life going about its
immense business of changing worlds—
or perishing in the attempt.



What General Electric people are saying . ..

L. T. RADER

Dr. Rader is Manager—Electronic and
Specialty Control Planning Study in the
Control Department

Regardless of the principle
chosen, whether it be a new ap-
proach or a modification of an old
one, the skill of the designer in
designing for inexpensive and easy
manufacture often is the difference
between success and failure.

Men with a good knowledge of
manufacturing methods are invalua-
ble in determining if punch-press
stampings can be used instead of
expensive screw-machine products,
or if it is better to use punched
phenolics instead of molded parts.
They develop ingenious methods of
fastening components together, break
a unit down into subassemblies to
give flexibility, make certain that
standard parts are used where possi-
ble, and in general, make certain
that over-all product costs are main-
tained at competitive levels.

Because designers have so many
diverse problems to solve, they are
always willing to try new materials
that may offer design advantages.
It is far ecasier—and less risky—
to make ten samples of a pressure
switch out of a new material and
have them field tested, than it is to
try the same material on a large and
expensive machine.

Because of this, we find that in-
sulating materials such as the sili-
cones, permafil, nylon, and teflon
are applied in small devices almost
immediately upon discovery. Special
magnetic materials like oriented
silicon and alnico have also found
immediate application. Plastics of
every formulation and property and
special metals like stainless steel,
curie metal, beryllium copper, and
Z-nickel have been used immediately
upon development. In the area of
current conduction and interruption,
special alloys made of combinations
of practically all known metals are
used extensively for their special

ropertics. Because of its nature and
Form, small apparatus design eagerly
accepts new materials almost im-
mediately upon their release to in-
dustry and finds useful work for
them to perform.

G. E. Review

C. G. SUITS

Dr. Suits, a Vice President, is
Director of the Research Laboratory
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. . . Some calculations have been
carried out in our laboratory re-
cently, to determine in detail the
quantitative effect of some typical
lattice defects on tensile strength of
metals. For the case of alpha brass
they show that the magnitudes
involved are sufficiently large to
account fully for the experimentally
observed tensile strength of the
actual crystalline material. This re-
cent work has, for the first time,
made possible a quantitative under-
standing of this most important
property of crystals. It would be
difhcult to overestimate the value of
this work for it secems certain that
great progress may be expected from
a full gevclopment of current studies
of crystal defects.

The study of the growth of crys-
tals has provided a particularly good
opportunity to observe the role of
defects and dislocations. When crys-
tals are grown from solution it is
observed that the growth rate may
vary widely from one crystal to
another of the same chemical com-
position, and this difference can be
explained by the relative abundance
and character of the dislocations
present. A particularly important
defect in this case is the lattice dis-
placement known as an edge disloca-
tion. This defect arises from the
displacement of many layers of atoms
relative to their neighbors, on a
line perpendicular to a plane of the
lattice. Consider the function of this
edge dislocation in a crystal exper-
iencing growth from a supersaturated
solution. Atoms from the solution
migrate to the crystal where they
are held by surface forces, which
however are particularly weak on
an atomically smooth plane of a
perfect crystal. In the neighborhood
of the edge disiocation, by virtue of
the geometry, these forces are very

much greater, with the result that
practically all of the crystal growth
phenomena takes place at these
points. The abundance or scarcity
of such defects can thus account for
a vastly different rate of crystal
growth in different crystals of iden-
tical chemical composition, the most
perfect crystals experiencing the
slowest growth.

at The American Philosophical Society
Philadelphia, Pa.

R. E. FALCONER

Myr. Falconer is a meteorologist at
the General Electric Research Laboratory
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. . It seems to the author that
there may be an electrical effect asso-
ciated with the jet stream which can
be readily detected by as simple a
device as a radioactive collector and
a suitable sensitive current indicator
or recorder.

However, before drawing definite
conclusions, observations at other
locations around the country should
be made to determine more definitely
whether the electrical effects ob-
served at Schenectady apply gen-
erally. It is suggested that a network
of such instruments might be useful
for continuously checking on the
location of jet streams. Such infor-
mation might be useful in detecting
the possibuilities of tornadoes, thun-
derstorms, turbulence, and general
precipitation since all appear to be
related to the effects of the jet stream.

The author has now found that a
General Electric photoelectric re-
corder having a sensitivity of 0.266
microamperes shunted to read 0.50
microamperes full scale is about the
right sensitivity to use. Such a
recorder was recently installed and
this eliminates the need for an elec-
trometer which tends to drift and
cause misleading results unless a
frequent zero check is maintained.

at The American Meteorological Society
Washington, D. C.
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by James R. Newman

THE ComMETS AND THEIR ORIGINS, by
R. A. Lyttleton. Cambridge Univer-
sity Press ($5.00).

« LD MEN and comets,” wrote
O Dean Swift, “have been rever-
enced for the same reason; their
long beards, and pretences to foretell
future events.” Anaxagoras and Democ-
ritus attributed comets to “the com-
bined splendor of a concourse of plan-
ets.” Aristotle, a renowned chronicler of
old wives’ tales about astronomy and
meteorology, maintained that comets
were exhalations from the Earth to the
upper atmosphere. This hypothesis was
so widely accepted that comets were
not classified among the heavenly bodies
in Ptolemy’s Almagest.

Whatever the differences in the ex-
planations of their physical nature, mo-
tions and causes, comets were until
recent times universally regarded as pres-
ages, sometimes of happy augury, usu-
ally of death and disaster. The comet’s
sudden and mysterious appearance, its
flaming flight across the sky, the swiftly
changing aspect of its tail, its departure
without a trace—all this inspired awe
and fed superstition. When a comet is
seen, “ther occurris haistily eftir it sum
grit myscheif,” said the Complaynt of
Scotlande in 1549. Shakespeare (in Hen-
ry VI) wrote of “Comets importing
change of Times and States.” Milton’s
image in Paradise Lost is perhaps the
most famous:

On the other side,

Incensed with indignation, Satan
stood

Unterrified;
burned,

That fires the length of Ophiuchus
huge

In the arctic sky, and from his hor-
rid hair

Shakes pestilence and war.

and like a comet

The superstitions have all but van-
ished; myths about comets have been
replaced by more fashionable irrational-
isms. But the phenomenon itself is as
impressive as ever, and as puzzling. The
most recent edition of the Encyclopae-
dia Britannica, for example, reports that
as late as 1946—when the article on
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A general account of comets combined with

an interesting new theory of their origins

comets was written—no plausible expla-
nation of comet formation had been
proposed. In The Comets and their Or-
igins R. A. Lyttleton, a Cambridge
mathematician, expounds a new, coher-
ent and testable theory based on what
he calls the “New Cosmology.” Fred
Hoyle, H. Bondi, and T. Gold have been
in the forefront of the work underlying
Lyttleton’s study.

Lyttleton has explored the volumin-
ous literature on comets and presents its
main features in exemplary style. Tycho
Brahe was the first to demonstrate what
had already been conjectured by that
strange combination of genius and mut-
tonhead, Jerome Cardan: that comets
are true celestial objects, far more dis-
tant than the moon. Tycho suggested
that the path of the daylight comet of
1577 was a circle. Johannes Kepler, not
realizing that comets could return—and
were therefore subject to the rules of
planetary motion which he himself had
so brilliantly unfolded—concluded that
they moved in straight lines. The Ger-
man astronomer Johannes Hevelius con-
jectured their path as parabolic. It was
Edmund Halley who, with the aid of
Newton’s theory of gravitation, finally
solved the problem of cometary orbits.
And the incomparable Robert Hooke,
who rarely, if ever, pronounced on scien-
tific subjects without saying something
sensible, suggested that comet tails were
formed by the pressure of the sun’s rays.
He was extraordinarily prescient: this is
the view now generally adopted by as-
tronomers.

Comets move in highly complicated
three-dimensional curves. When these
are simplified for computational pur-
poses into so-called two-dimensional
“osculating” orbits, it is found that the
orbits are conic sections: hyperbolas,
parabolas, ellipses. The osculating orbit
is the path a comet would follow if it
were subject only to the simple inverse-
square attraction of the sun. While the
sun is the dominating influence and lies
at the focus of the conic, planets such
as Jupiter cast the hem of their gravita-
tional mantle over the comet, thus pro-
ducing perturbations in its motion. In
some instances the effect is very severe
and results in a drastic change of orbit.
Most osculatory orbits are parabolas, but
a slight decrease or increase in the com-
et’s speed converts the orbit into an
ellipse or a hyperbola, respectively.
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Astronomers have now determined
the orbits of about 1,000 comets. The
task is delicate and difficult. When a
comet first comes into view, a provi-
sional path is calculated on the basis of
its behavior for a few days. It is then
kept under constant surveillance so that
its path with respect to the Earth may
be computed with increasing precision.
A crucial reference datum in this com-
putation is the comet’s perihelion point:
it is necessary to ascertain the exact
time at which the comet passes or will
eventually pass in closest proximity to
the sun. For a comet to be periodic, its
orbit obviously must be elliptical; on a
hyperbolic or parabolic journey the
traveler will come to us literally out of
the nowhere and vanish forever into the
beyond. Yet it is precisely this deter-
mination—dependent on minute differ-
ences of curvature and subject to various
circumstances that limit the accuracy of
observation—which is so difficult to set-
tle. Careful tracking may lead to the
conclusion that a cometary orbit is hy-
perbolic near the sun; however, when
the orbit is “extended further outwards
from the observable part and backwards
in time, by calculations making due al-
lowance for the influence of the planets
(Jupiter is usually the main perturbing
agency ), in every case it has been found
that the comet has in fact come in from
a finite distance, and is therefore to be
regarded as a reappearance of a perma-
nent member of the solar system as far
as its orbital motion is concerned.” Since
Kepler’s third law—that the square of
the time of revolution of a planet is pro-
portional to the cube of its mean dis-
tance from the sun—describes the time
of revolution of a comet in its orbit, it
is easy to see that the period of a comet
calculated from a necessarily limited arc
is “only weakly determined.” This un-
certainty helps to explain the extraor-
dinary computational differences among
leading astronomers. To cite only one
illustration: the comet of 1680 has, ac-
cording to the most accurate reckoning
of the German astronomer Johann Franz
Encke, a period of 8,814 years—not 170
years, as found by Leonhard Euler, or
575 years, as Halley calculated, or
5,864 years, as the Frenchman Alexan-
dre Pingré said.

It must not be supposed that more
than a small fraction of the comets chas-
ing around the solar system ever have



or ever will be seen. Even short-period
comets (those traveling their circuit in
less than 100 years) may disappoint us
after a number of visits and fail to re-
turn. Brorsen’s comet of 1846 (period
5.5 years) was not seen again after 1879,
and Holmes’s comet of 1892 (period
7 years) was not found in 1919 or 1928.
Others, such as Encke’s comet in 1944,
are “missed through unfavorable cir-
cumstances but rediscovered at a later
return.” Halley’s comet (period about
77 years) has been reasonably punctual
for at least six centuries and may be
looked for again in the spring of 1986.
Comets of moderate period—of which
about 40 are known—pay their homage
to the sun every 100 to 1,000 years. But
the great majority of comets have long
orbital periods averaging about 40,000
years, according to the noted British ex-
pert A. C. D. Crommelin. It has been
estimated that at least 300 long-period
comets come to perihelion each century;
if, then, the 40,000-year average is
adopted, “we arrive at the amazing but
inescapable conclusion that there must
be at least 100,000 comets in the solar
system with perihelion distances suffi-
ciently small for them to become eventu-
ally observable.” Moreover, there are
many more with perihelion distances too
great for the comets to be seen with
present equipment if they remain in
their existing paths.

About six or seven comets are dis-
covered each year. The way to find one
is to have the qualities which made a
success of Phil the Fiddler—industry,
zeal and attentiveness. Good equipment
and luck also help. In 1896 the U. S.

astronomer Charles Perrine was at the

Lick Observatory making loving obser-
vations of a comet he himself had dis-
covered when he received a telegram
from Kiel stating the position of the
comet at that moment. The telegram
had been jumbled in transmission and
gave an entirely wrong position, more
than two degrees from the correct one.
Perrine, not knowing the message had
been twisted, pointed his telescope to
the indicated place—and found a new
comet. The devotion and perseverance
of astronomers is typified by the almost
incredible labors of Joseph de Lalande
and his staff in computing the date of
the return of Halley’s Comet in 1759.
Monsieur Lepaute, one of Lalande’s as-
sistants, tells the story:

“During six months we calculated
from morning till night, sometimes even
at meals; the consequence of which was
that I contracted an illness which
changed my constitution during the re-
mainder of my life. The assistance ren-
dered by Madame Lepaute was such
that without her we never should have
dared to undertake the enormous labor
with which it was necessary to calcu-
late the distance of each of the two
planets, Jupiter and Saturn, from the
comet, separately for every degree, for
150 years.”

The prediction was that the comet,
having been delayed 100 days by the
influence of Saturn and 518 days by that
of Jupiter, would arrive at perihelion
April 13, 1759. The actual date was
only 32 days earlier, a tribute no less to
the skill of the computers than to the
theory.

What is a comet? Henry Norris Rus-
sell describes it as a “loose swarm of

Daniel’s Comet of 1907 had a fan-shaped tail with several “rays”
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Mr Tompkins*
is back!

This time he uncovers some rather in-
timate details of our personal biology.
He gets injected into his own blood-
stream, and floats around on an obliging
cell until some of the things that happen
to his breakfast nearly happen to him.

Travelling with Mr T. is sometimes
hazardous but never dull:

You will meet his motherly gene and
learn about heredity . . .

You will sidestep a shower of cosmic
rays . ..

You will have a mildly mad talk with
an electronic brain—so much like
your own that it swears when things
go wrong . ..

You will find out what a thought looks
like . ..

You will learn why biologists believe
there is life on Mars; why a bottle
of Scotch would be useful in an
atomic attack; why chlorophyll is
sometimes purple.

Mr Tompkins
Learns the
Facts of Life

By GEORGE GAMOW

*hero of Mr Tompkins in Wonderland and
Mr Tompkins Explores the Atom

With twenty unlifelike illustrations.
$2.75 at all bookstores
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Announcing

Galileo

DIALOGUE ON THE TWO
CHIEF WORLD SYSTEMS
Ptolemaic and Copernican

Translated by Stillman Drake
Foreword by Albert Einstein

A complete modern English translation
of Galileo’s most famous work, aug-
mented with material written by the
author in the margins of his own copy
during his imprisonment for publishing
the book.

This translation is in the lively spirit
of the original which captured the in-
terest of layman and scientist alike at
the dawn of modern astronomy and
physics. With an appendix of explana-
tory and historical notes. 592 pages.
Frontis., facsimile title page, illustrated,
Sept. 26. Cloth, $10.00

At your bookstore

UNIVERSITY OF CALIFORNIA PRESS
Address: Berkeley 4, California

| ——————————————

AMATEUR
TELESCOPLE
MAKING

500 pages, 316 illustrations
$5.00 postpaid. $5.35 foreign

AMATEUR
TELESCOPE
MAKING
ADVANCED

650 pages, 361 illustrations
$6.00 postpaid. $6.35 foreign

Send a postal card for detailed
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Halley’s Comet of 1066 was depicted in the Bayeux tapestry

separate particles” accompanied by dust
and gas. An observer sees it as a (ueer
object with a head that is no head (and
which, in any case, is sometimes miss-
ing), and a tail that conforms to no defi-
nition of a tail found in any dictionary
(and may also be missing). The head,
when it is present, consists of a faintly
luminous cloud, called the coma, en-
veloping a bright something called the
nucleus. The coma is transparent and
undergoes fantastic deformations as it
passes the sun; the nucleus, thought to
be made of “some kind of changing con-
centration of small particles,” also can
be expected to transform itself like a
jinni—a fact which astronomers conven-
iently explain by classifying the nu-
cleus as no more than an “apparent
phenomenon.” The most spectacular
feature of a bright comet is its tail. This
appendage has been known to extend
more than 200 million miles and nearly
180 degrees across the sky. Comets, like
young women presented at the Court of
St. James’s, seem to put on their tails as
they approach the sun. As a general rule,
the closer the perihelion distance, the
more impressive the tail. As a comet ap-
proaches the sun the tail streams behind,
but beyond perihelion it precedes the
comet. This curious behavior is ex-
plained on the theory that the pressure
of the sun’s radiation affects the par-
ticles of the tail in the way the wind
affects a plume of smoke. A comet can
have more than one tail: Borelli’s (1903)
is said to have shown nine.

Comets are luminous partly because
the small solid particles of which they
are composed reflect, diffract and scat-
ter the sun’s light. But their spectrum,
besides showing the familiar solar
Fraunhofer lines, exhibits bright bands
due to the emission by molecules of en-
ergy originally absorbed from solar ra-
diation.

There is considerable variation in the
sizes and shapes of comets and in their
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masses. A few cometary giants are
greater in volume than the sun-itself.
The more normal specimens range in
diameter from 20,000 to 200,000 miles.
In 1909 Halley’s comet, which is not
atypical, had an observed coma 14,000
miles across when it was three times the
Earth’s distance from the sun; at a dis-
tance of two astronomical units the coma
had swelled to 220,000 miles; at peri-
helion it had shrunk to 120,000 miles;
later, at one unit distance, it had in-
creased again to 320,000 miles. The
prime example of shape-changing capac-
ity is Biela’s comet, a short-period wan-
derer (6.6 years). On its visit in 1846
it first startled observers by making its
entrance in pear-shaped form; 10 days
later it shattered the self-confidence of
astronomers by dividing into two sepa-
rate comets which “continued to travel
in practically the same orbit, one pre-
ceding the other by about 175,000
miles.” The twins appeared again in
1852, now eight times farther apart.
They have not been seen since.

Biela’s twinning, by the way, was dis-
covered in the same year as the planet
Neptune. Both events provided oppor-
tunities for the hapless Cambridge as-
tronomer James Challis to demonstrate
his exquisite incompetence. Challis man-
aged to miss finding the planet Neptune
after John Couch Adams had told him
where and when to look for it. His ex-
cuse was that he was searching for
comets. To complete the tableau, he ob-
served the twinning of Biela’s comet but
attributed it to an optical illusion and
failed to publish his finding, explaining
his oversight later on the ground that he
was too busy looking for Neptune.

I think it was Sir John Herschel who
said that a comet could easily be packed
into a portmanteau. Certainly the mass
of a comet is insignificant compared to
that of other celestial objects. The aver-
age comet, Lyttleton suggests, is only
one 10-billionth as massive as the Earth.



Its weight comes to about a million mil-
lion tons—too large for a portmanteau,
but too small to produce observable
gravitational perturbations. Spread this
mass of small stones or rocks through a
volume equal to that of the sun and there
will be plenty of empty space between
adjacent stones. On this assumption it
is not surprising that comets are trans-
parent. Lyttleton puts the density of the
tail at “perhaps far less than” a trillionth
of a trillionth of a gram per cubic centi-
meter, and supposes it to be made of a
mixture of dust and gas. Meteors are
related to comets; one plausible hypo-
thesis is that they are simply the “debris
of disintegrated comets.”

The Lyttleton group’s new theory of
how a comet originates runs something
like this: Genesis begins when the sun
passes through a galactic dust cloud
formed of material ejected in the ex-
plosion of a supernova. The sun’s gravi-
tational attraction starts these particles
flying in orbits which are hyperbolic
relative to the sun. Fix your attention
now on an imaginary line through the
center of the sun parallel to the direction
of its motion—the so-called accretion
axis. The particles of the cloud will con-
verge toward this axis and will collide
when they are at and near the axis at
points behind the sun. If we consider
two inelastic particles of the same mass
moving from points on directly opposite
sides of the accretion axis, and “sym-
metrically placed with respect to the di-
rection of motion of the sun,” it can be
shown not only that a head-on colljsion
will occur on the axis, but that the results
of the impact will be to nullify the trans-
verse components of the particles’ mo-
tion, to leave unaffected the radial com-
ponents away from the sun along the
axis, and “to reduce the originally hyper-
bolic energies of the particles to elliptic
values, and thus bring about their cap-
ture by the sun.” The multiplication of
this and similar effects, involving hordes
of colliding particles, creates a stream
of material trailing behind the sun along
the path of its motion. Part of the stream,
however, flows toward the sun and part
away from it, because out to a certain
distance the sun’s gravitational pull
draws the colliding particles inward
along the accretion axis, while beyond
a certain point material arriving at the
axis has a radial velocity sufficient to
overcome the sun’s captive power. These
particles will escape.

According to the Lyttleton theory the
stream flowing toward the sun is acted
upon by two opposing forces: the sun’s
gravitational field and the internal gravi-
tation of the material within the dense
stream itself. The latter pulls the stream
iogether lengthwise. We may assume,
says Lyttleton, that irregularities of
density in the dust cloud, and the gen-
eral unstable nature of the accretion
process, produce in the stream centers of
attraction around which particles tend to

cluster. While the internal gravitation is
of negligible importance where the
stream is close to the sun, farther out it is
sufficient to promote not only the forma-
tion of local clusters but a lumping to-
gether and separation of the stream into
segments. It is these segments which, ac-
cording to the theory, develop into
comets. One asks why, since this entire
part of the stream is flowing toward the
sun, the comets are not sooner or later
swallowed up by it. Lyttleton answers
that much of the stream’s material does
fall into the sun, but some of the comets
escape this fate by the attraction of
planets, particularly Jupiter and Saturn.
The effect of their gravitational fields is
to endow nascent comets which are fa-
vorably placed with a sufficient angular
momentum to sweep clear of the sun. He
estimates that even if only a small per-
centage of all comets forming in the
stream avoid extinction, “an average
cloud might easily produce several thou-
sand comets” that will survive.

It is impossible not to admire the
working out of Lyttleton’s system. It is
coherent and—for the average reader, at
any rate—excitingly persuasive. Astrono-
mers and cosmologists, even those favor-
ably disposed to the accretion hypothe-
sis, will be harder to persuade; some, I
am sure, will look at Lyttleton’s con-
clusions with a fishy eye. None, however,
will overlook the important fact that the
central idea involves hypotheses “that
can be subjected to quantitative tests—a
teature hitherto completely absent from
cometary theories.” While these tests can
yield confirmation only within orders of
magnitude, their results are not to be
despised, for as the British physicist
Harold Jeffreys once pointed out, most
incorrect physical hypotheses fail such
tests “by many powers of 10.”

This book is not always easy to read,
but I recommend it highly. It impressed
me so much that I now appreciate the
teelings of a certain enthusiastic young
lady from New Jersey (reported by
Mary Proctor in her book on comets)
who on the appearance of Halley’s comet
in 1910 declared her intention of follow-
ing it “wheresoever it went.” Only “tem-
porary seclusion” in an asylum deterred
her from this gallant pursuit.

Short Reviews

FLEAS, Frukes anxp Cuckoos, by
Miriam Rothschild and Theresa Clay.
Philosophical Library ($8.75). THE
Furaar, by James Fisher. William Col-
lins Sons & Co., Ltd. ($7.00). Britisu
Maaarans, by L. Harrison Matthews.
William Collins Sons & Co., Ltd.
($5.00). Each of these volumes main-
tains the standard of an authoritative,
uncommonly attractive British series
known as “The New Naturalist Library.”
The Rothschild-Clay book is an excellent
popular introduction to bird parasites.
Birds have been described as “aviating
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By PATRICK MOORE. A lead-
ing lunar astronomer tells the
story of the moon for travelers by
telescope, space ship or imagina-
tion.

The moon as a world « The universe
around it « Its movements in time
and space  Surface, landscape and
atmosphere « Eclipses « The moon
and the earth  The trip to the
moon e« Life on the moon « The
Lunar Base « How to watch the
moon « Moon books « Moon maps »
Moon pictures « The great ob-
servers.

With colored endpapers maps of
the moon, drawings and photo-
graphs. $3.95

By W. GREY WALTER. This is
the first book to describe recent
discoveries about the mechanics
of the brain which have followed

the invention of the electro-
encephalograph. “I found The Liv-
ing Brain the most exciting book
in years. Part of the excitement it
conveys is wonder and shock at
what men have come to know
about the brain. . .. Part of the ex-
citement, also, is the delight to be
found in Mr. Walter’s style. . . . It
is to be hoped that The Living
Brain will be bought and read by
as many people as The Sea Around
Us. Not even the restless, rhyth-
mic tides that Miss Carson de-
scribes can match in mystery or
significance those that surge
through the cells of man’s brain.”
—MAURICE DOLBIER, Provi-
dence Journal. Illustrated with
photographs and diagrams. $3.95

At all bookstores
W.W.NORTON AND COMPANY
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zoological gardens.” Here from two
recognized authorities one may learn of
the communities of animals, plants and
bacteria which compose these gardens.
Mr. Fisher spent 20 years in preparation
for his exhaustive and fascinating ac-
count of the fulmar, whose name means
“foul gull” This “primitive, rather
stupid, but also successful shabby, white
bird,” which lives in the northern oceans,
is such an efficient sailplane that it can
cross the Atlantic before it is three
months on the wing and can sail to wind-
ward in “the highest storms, and rest on
the water, with great composure, in the
most tremendous seas.” Fisher describes
the evolution of the fulmar, its distribu-
tion, history, spread, exploitation, color
phases, behavior, life-cycle, parasites,
predators and food; “revolutionary
spread” in Iceland, the Faeroe Islands,
Britain and Norway. Matthews” book is
an intelligent and readable survey of the
mammals of the British Isles and seas,
from moles to whales. It is a pleasant and
dependable story, not overburdened
with minutiae, just right for the general
reader. Like other volumes of the series,
these three books have fine illustrations
and helpful bibliographies.

THE PoLicy SciENcEs, edited by Dan-
iel Lerner and Harold D. Lasswell.
Stanford University Press ($7.50). Sym-
posia of social studies are apt to be
tedious and vaporous; this book is an
exception. Its purpose is to describe to-
day’s research procedures in the social
sciences and to explain how knowledge
in this sphere can be applied to practical
problems—primarily, to “guide political
strategy toward world peace.” Some of
the general essays at the beginning of
the book are quite incapable of guiding
anyone anywhere, but these are offset by
a goodly number of sensible and interest-
ing contributions which give substance
to the entire undertaking. Kenneth J.
Arrow of Stanford University writes an
excellent chapter on mathematical
models in the social sciences. It is the
first succinct and widely comprehensible
survey of this important but difficult
subject. Other noteworthy chapters in-
clude Rensis Likert’s discussion of sam-
ple interviewing and the late Hans
Reichenbach’s essay on probability
methods in social science.

’111{13 WorLp’s OI1LFIELDS: THE EasT-
ERN HeEMmisPHERE, edited by V. C.
Illing. Oxford University Press ($20.00).
SyNTHETIC PrODUCTS AND REFINERY
Processks, edited by B. T. Brooks and
A. E. Dunstan. Oxford University Press
(835.00). These comprehensive studies
continue an encyclopedic survey, The
Science of Petroleum, of which the four
main volumes were published in 1938.
Leading experts have brought together
an enormous amount of information on
the petroleum resources and their de-
velopment in Europe (excluding the
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U.S.S.R.), the Middle East, Africa, the
Far East and Australasia. Maps, charts,
photographs and folding plates add to
the usefulness of these supplements to
an authoritative reference work on
which contributors, editors and publish-
ers have lavished meticulous care.

A(ISTOTLE’S PHILOSOPHY OF MATHE-

maTics, by Hippocrates George
Apostle. The University of Chicago Press
($6.00). Aristotle’s views on mathe-
matics are scattered through his works;
he wrote no systematic treatise on the
subject—at least none is extant. The au-
thor of this book attempts to reconstruct
Aristotle’s mathematical philosophy and
to present it in organized form. The net
result is a dense academic essay which
philosophers, historians of science and
students of Aristotle may find useful, are
likely to debate and will certainly enjoy.

APPRAISING PersonaLiTY: THE USE OF
PsycHoroGicaL TESTS IN THE Prac-
TICE OF MEDICINE, by Molly Harrower.
W.W. Norton & Company, Inc. ($4.00).
This book is directed to practicing physi-
cians who are assumed to have the dim-
mest of notions of what projective tests
are, why and when they are adminis-
tered, what information they can yield
and how the physician can use the data
thus gained. Dr. Harrower uses the dia-
logue form with less beauty than Socra-
tes and less brilliance than Freud, but it
serves as a simple if irritating teaching
device. The book will be useful to the
many non-medical people as well as
physicians who have wondered what the
Rorschach is, what it can do and why. It
also describes less familiar tests such as
the Szondi, the Sentence Completion,
the Figure Drawing and the Most Un-
pleasant Concept tests; it indicates how
the Wechsler-Bellevue Intelligence Scale
can be used in appraising personality as
well as intelligence. The absence of the
Thematic Apperception Test and the
Lowenstein and World tests is strange
and unfortunate. Nonetheless, the mate-
rial covered gives a picture of what clini-
cal psychologists can do with the tech-
niques now available.

CHILD PsyCHOTHERAPY, by S. R. Slav-
son. Columbia University Press
($4.50). The founder and leader
group psychotherapy in America has
written a clear and full account of the
psychic life of children and the tools that
have been developed to improve or al-
leviate their emotional disturbances.
Slavson’s concepts of the dynamics of
personality are Freudian. His applica-
tion of these concepts to the treatment of
children derives from Anna Freud.
Many of the group techniques are his
own contribution.

( :ROUP PsycHOTHERAPY, by Florence
B. Powdermaker, Jerome D. Frank
and others. Harvard University Press



($6.50). The U. S. Veterans Adminis-
tration undertook a careful clinical stu-
dy of methods and procedures which
could be used with groups of patients
under the care of therapists using dif-
fering techniques. This book describes
what occurred in group sessions and
contains a careful analysis of the meth-
ods of observation and an evaluation of
what was done.

PSYCHOANALYTIC THEORIES OF PER-

soNaLITY, by Gerald S. Blum. Mc-
Graw-Hill Book Company, Inc. ($3.75).
During the past 25 years theories of per-
sonality have been as common as
measles, but a good bit more difficult to
diagnose and classify. Blum compares
the various theories that are founded on
psychoanalysis, matching Freud’s con-
cepts against those of Jung, Adler, Rank
and Reich and such neo-Freudians as
Horney, Fromm, Thompson, Sullivan,
Kardiner, Erikson and Alexander. He
supplements these comparisons with
critical notes indicating what research
has been done, or might be done, to test
the several concepts. The book does an
excellent job of presenting the essence
of the conflicting theories.

Notes

Jostan WiLLarp Giess, by Lynde
Phelps Wheeler. Yale Umvelslty Press
($4.00). The revision in this new edi-
tion consists mainly of an additional ap-
pendix giving fresh information about
Gibbs’s life from a large collection of
letters recently made available to the
author.

DATING THE PasT: AN INTRODUCTION
10 GEOCHRONOLOGY, by Frederick E.
Zeuner. Methuen & Co., Ltd. ($9.25).
Material has been added to the text, to
the appendix and to the bibliography of
this third edition. The book now carries
developments in the various branches of
geochronology up to December, 1951.

THE MATHEMATICAL THEORY OF
Nox-Uxirory Gaskgs, by Sydney Chap-
man and T. G. Cowling. Cambridge
University Press ($10.50). The second
edition of this well-received account of
the kinetic theory of viscosity, thermal
conduction and diffusion in gases has
minor changes in the text and contains a
group of notes, added in 1951, to bring
the discussion up to date. The publishers
sensibly offer the notes in a separate vol-
ume ($1.00) for the benefit of those who
already own the 1939 edition.

THE PsYCHOANALYTIC STUDY OF THE
Cuip, edited by Ruth S. Eissler, Anna
Freud, Heinz Hartmann, Ernest Kris
and others. International Universities
Press ($7.50). More than 20 papers are
contained in the 1952 volume (the
seventh) of this interesting and well-

establisiied annual. As usual, it covers a
broad range of topics, many of which
will interest parents and workers in the
sphere of social relations as well as psy-
choanalysis.

THE PRINCIPLES AND PRACTICE OF
AviaTioNn MEepiCINE, by Harry G. Arm-
strong. The Williams and Wilkins Com-

pany ($7.50). This is the third edition
of a manual written by the Surgeon Gen-
eral of the U. S. Air Force. The author
has revised and reorganized the text and
has added four new chapters. The scope
of this volume is not confined to military
flying; it will interest physicians general-

ly.

THE PERSONALITY OF ANMaLs, by H
Munro Fox. Penguin Books (50 cents).
Professor Fox has rewritten this delight-
ful little book without diminishing its
charm. He has added two chapters and
provided a new set of illustrations.
Warmly recommended to readers young
and older.

LEcTURES ON THEORETICAL PHYSICS,
(Volume I, Mechanics; Volume III,
Electrodynamics), by Arnold Sommer-
feld. Academic Press, Inc. (Volume I,
$6.50; Volume III, $6.80). English
translations by E. G. Ramberg and Maxr-
tin O. Stern of well-known lectures by a
famous teacher.

ATLAS OF ANCIENT AND CLASSICAL
GEOGRAPHY, revised by John Warring-
ton. E. P. Dutton & Co., Inc. ($4.50).
Eighty pages of maps and plans and a
historical gazetteer compose this revised
version of a handy, authoritative com-
panion to classical studies.

TaHeE WORKs OF ARISTOTLE, Volume
XII, translated into English under the
editorship of Sir David Ross. Oxford
University Press ($3.00). This volume
in the Oxford Aristotle series consists of
“selected fragments” of essays on rhet-
oric, the Pythagoreans, good birth,
wealth, prayer and so on.

THE RIDDLE OF CANCER, by Charles
Oberling. Yale University Press ($5.00).
Revised edition of a widely applauded
introduction to the problems of cancer.
The author is a prominent European in-
vestigator who since 1948 has been di-
rector of the Institute of Cancer Re-
search at the University of Paris.

THE ELEMENTS OF NUCLEAR REAC-
TOrR THEORY, by Samuel Glasstone and
Milton C. Edlund. D. Van Nostrand
Company, Inc. ($4.80). A manual for
persons professionally interested in nu-
clear reactors, published under contract
with the AEC. The topics include nu-
clear structure and reactions, produc-
tion and diffusion of neutrons, homo-
geneous and heterogeneous reactors, re-
actor control,
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Is mankind doomed |
to starvation?

This exciting book is a chal-
lenging answer to the proph-
ets of gloom—not a utopian
blueprint, but a book of
urgent present-day meaning.
An eminent author and a
leading research chemist
show how the means for at-
taining a future of absolute
and inexhaustible abun-
dance through chemistry are
already at hand.
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Conducted by Albert G. Ingalls

R. THEODORE KAZIMIROFF,
D a New York City dentist, is often

called by his friends “the ama-
teur archaeologist of Broadway.” To
officials of the Heye Museum of the
American Indian he is known as one of
the outstanding lay authorities on the
Algonquin and Iroquois tribes. During
the past 34 years Dr. Kazimiroff, now
39, has found more than 45,000 Indian
artifacts, nearly all of them within the
city limits of New York. He has also
taken degrees at Manhattan College and
New York University, married, fathered
an 1l-year-old colleague named Ted,
Jr., attracted professional recognition
for amateur work in the fields of botany,
mineralogy, geology and zoology, and
served as official historian of the Bor-
ough of the Bronx. His patients some-
times have to wait quite a while for
appointments.

Dr. Kazimiroff has carefully cata-
logued his Indian collection and kept a
running account that relates it scien-
tifically to the prehistory of the Ameri-
can Indian. Some day he plans to present
the results of all this work to the Heye
Museum. Judging by the rate at which
the collection is growing, the Museum
may be pressed for room in which to
house it unless Dr. Kazimiroff makes his
presentation soon. This summer he
hopes to reap several hundred new items
from three promising sites on Manhat-
tan Island where building construction
is scheduled to get under way. “I expect
to keep on digging for another 30 years
at least,” he says. “We have barely
scratched the surface. We have a long
way to go before we can claim we know
very much about the way the Indian
lived prior to the coming of the pale-
face.”

Dr. Kazimiroff made his start in ar-
chaeology during the summer of 1919.
His father was a nature student and the
family spent a lot of time in New York
City parks. On one of these nature
walks young Ted’s attention was caught
by a sharp bit of flint in the shape of a
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triangle—a typical Iroquois arrow point.
As Ted bent over to pick it up, the sen-
ior Kazimiroff gave his son the first
rule of the good archaeologist: Never
disturb an artifact until you have care-
fully noted its location and surround-
ings. “It was not many years before I
learned the value of that rule from first-
hand experience,” he says. “Good rec-
ords pay off. Not only do they lead you
to other finds, but like the individual
pieces of a growing jigsaw puzzle, each
specimen helps to spell out the story—
in my case the story of what men and
women were doing on Broadway centu-
ries before skyscrapers displaced the
forests. It is in these stories that I find
the fascination of amateur archaeology.
Unless an object can be related to the
lives of the people who made and used
it, you have added nothing to your col-
lection but a valueless souvenir.

“Archaeology has another strong ap-
peal, too. Like psychoanalysis and other
disciplines that center on people, ar-
chaeology is both an art and a science.
Hence its study never becomes routine
or dull. T sometimes get the discourag-
ing notion that the perfect archaeologist
would have to learn everything about
everything, plus acquiring all the tricks
of a master diplomat. Around New York
City, at least, a gift for diplomacy and
the ability to act fast are almost as vital
to an amateur archaeologist’s success as
his trowel and notebook.

“An experience involving one of my
most important finds illustrates this
point. Back in 1938 when preparations
were under way for the New York
World’s Fair, a group of promoters de-
cided to build a trailer parking lot in
the Ferris Point section of the Bronx,
near the north end of the Bronx-White-
stone Bridge. Their plans called for ex-
cavating a large site adjoining residences
in the vicinity. While driving out that
way early one afternoon I noticed that
the soil had been cut from three sides
of a house so that it was left standing
on a pillar of earth about six feet high.
What attracted me chiefly was a burned
patch in the earth midway up one face
of the pillar—a patch with clean, dark
edges about 18 inches across. That, I
said to myself, must be the remains of
an Indian fire pit. I knew the property
owner could not permit the pillar to re-
main exposed for long because erosion
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on Palomar Mountain

would set in. The foundation needed the
support of a concrete wall. Hence if the
fire pit was to be investigated it was
now or never. Experience had taught
me that in New York City it pays to dig
first and ask for permission later.

“So I pulled my car over to the site
and went to work. I had scarcely
touched the burned patch before an as-
sortment of shells and fragments of pot-
tery began to tumble out. The nature
of the material convinced me that here
was the site of an Algonquin burial
ground, or at least of a village that had
been inhabited for a long time.

“The work had been going nicely for
about half an hour when suddenly the
property owner appeared from around
the corner, waving his arms and de-
manding to know precisely what I
thought I was doing to his house. It
seemed that he was not at all happy
about the trailer project, despite the fact
that he had already collected substan-
tial damages from the contractors. My
digging was just about the last straw. I
talked fast, explained who I was, where
I came from, the importance of the find
to science and wound up with a strong
appeal to his better nature. Finally he
drove off to his job grumbling that I'd
better have that hole filled in by the
time he returned.

“I went on digging, and the farther
I went, the more I found. When the sun
went down, I hooked an extension light
to the battery of my car and kept dig-
ging. It must have been about midnight
when the owner returned. You should
have heard him! By that time I had bur-
rowed in so far that only my heels were
showing. I scrambled out of the hole
and tried to pacify him but it was no
use. He telephoned the police. While he
was talking I piled my notes and speci-
mens into the car and commenced shov-
eling the dirt back into the hole. When I
heard the approach of a siren, I lit out
for home.

“Field archaeology requires the de-
velopment of intuitive gifts much like
those of Sherlock Holmes. One of the
most important of these is ‘differential
perception’—the ability to glance at a
stretch of terrain and single out, almost
subconsciously, any object or surface
feature that departs from the natural
state. Perhaps you spot the thin edge of
a shell protruding from a bare patch in



the grass on the summit of a hill. Mol-
lusks do not grow on hilltops, so you
investigate. Or you may be at the beach
and see a peculiarly roughened pebble
which stands out in contrast with the
myriad that have been polished by the
sand. You look closely and discover that
it is covered with peck marks—a proof
of aboriginal handiwork.

“With practice, many features of the
landscape which previously escaped no-
tice will begin to catch your attention—
a slight rise or depression in the surface
of a vacant lot or hillside, a half-con-
cealed entrance to a natural cave, subtle
changes in the boundary or color of the
strata exposed by a cliff or the walls of
an excavation. It takes only a minute to
check such clues and record them in
your notebook. Most of your entries, of
course, will ultimately prove disappoint-
ing. But every now and then you will
strike it rich. Unless the site is in danger
of immediate destruction, as is frequent-
ly the case when heavy construction is
in progress, you should immediately re-
port your find to the nearest professional
archaeologist.

“As Kathleen Kenyon points out in
her excellent book Beginning in Archae-
ology, all excavation is destruction, and
therefore no inexperienced person
should undertake it on his own. The best
way to acquire experience is under the
direction of a professional archaeologist.
Most professionals welcome the assist-
ance a serious amateur can contribute
during excavations, particularly if the
amateur discovered the site in the first
place. You can always count on the pro-
fessional to give you technical advice by
telephone when a site is about to be de-
stroyed and you have little time in which
to work. Moreover, he will help you
classify and interpret your specimens
and will recommend the best methods
of cleaning and preserving them.

“Archaeology leads into nearly all the
sciences, but especially into botany and
geology. In September, 1944, for in-
stance, I was walking down Broadway
when I noticed a large Scotch elm at
the corner of Broadway and 230th
Street. It was a magnificent specimen
with a trunk nearly five feet thick. Since
the Scotch elm is not native to the U. S.,
I realized that this obviously aged speci-
men must have been planted by very
early colonists. I snapped a photograph,
made a note to investigate the tree’s his-
tory and within a few weeks located
some old maps showing the location of
buildings that had been erected by the
colonists in the vicinity of the tree. Then
through the courtesy of the Kingsbridge
Historical Society I reviewed a collec-
tion of old drawings and early photo-
graphs of the area. Finally I came across
one showing an elm of the familiar out-
line; the branching pattern of a tree is
as characteristic as the fingerprints of a

person. My snapshot and the early pic-
ture of the Scotch elm matched per-
fectly! A little more research uncovered
the full story. The tree once sheltered
Coxe’s Tavern, a famed resort of the
Revolution’s gay blades. The Tavern
stood on the ancient site of the long-
lost Algonquin village of Shorak Apkok.

“The story of the rediscovery of the
site touched off some publicity, but
everyone soon dismissed it. Seven years
later, on the afternoon of May 1, 1951,
I received an urgent telephone call from
the Reverend William A. Tieck, pastor of
St. Stephen’s Methodist Church. ‘You'd
better rush over here right away, he
exclaimed. ‘Theyre cutting your tree
down! I made a hurried excuse to two
patients in the office and dashed off.
The giant elm crashed to the ground
just as I arrived.

“A contractor was about to commence
excavating the site for a new Post Office
building. Remembering Shorak Apkok,
I asked the contractor to call me if his
power shovel bit into anything that
looked like Indian relics. Two days later
he telephoned: ‘We're hitting bones,
and if you want to do anything about
them you Dbetter get over here. I can
give you only a couple of hours.” I called
George Younkheere, a fellow amateur,
and we met at the site. Within a short
time we established the fact that 230th
and Broadway mark the location of a
once bustling Indian village. Near the
end of our precious two hours we located
the skeleton of a white man with a
musket ball in his chest [see photograph
at right]. Unfortunately our operations
were terminated at this point. A dis-
gruntled employee of the contractor tele-
phoned the police that we were digging
up dead people. Local ordinances forbid
the removal of human remains without a
special permit. We huwrried home just
ahead of the cops.”

Dr. Kazimiroff is strongly attracted
by the so-called “banner stones” of the
Indians. These curiously shaped arti-
facts are peculiar to North America and
are found east of the Mississippi from
Florida to the interior of Quebec. Gen-
erally they are made of relatively soft
stone and range in shape from flattened
ellipsoids to fantastic winged forms. All
share a common feature: they are
pierced by a finger-sized hole which ex-
tends through their long dimension.
From the study of banner stones left in
progressive stages of manufacture, it ap-
pears that the hole was made by feed-
ing sand and water to a drill made of a
hollow reed and rotated between the
palms.

Students of Indian lore used to think
that the banner stones were primarily
ornamental and were fitted onto a shaft
and waved like a banner. But this early
hypothesis is not supported by evidence,
Dr. Kazimiroff says. A. C. Parker, of
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the University of the State of New York,
pointed out that the stones might have
been used as flywheels on pump drills.
There are forms in the shape of a pickax
which could have been used as supports
for pipes or, as some insist, as knitting
needles for making nets. Dr. Kazimiroff
suggests that any of the stones would
serve admirably as a tool for dressing
and rounding the shafts of arrows.

“It is most interesting and challeng-
ing,” he says, “that nearly all these
strange artifacts were made either prior
to or immediately following the advent
of the white man in North America.
Banner stones belong to the prehistory
of the Indian. It would seem that either
some object from Europe replaced it or
the intrusion of Europeans so modified
the delicately balanced culture of the
Indian that his banner stone became ob-
solete. Some day the puzzle of these
stones may be solved.

“They have already shed some light
on the Indian’s ways. For example, in
1932 my friend John Johnson picked up
a fragment of dark green soapstone on
a beach along the Sound just north of
the Bronx. It seemed to be part of a
banner stone, because one edge bore a
section of the characteristic hole. In
1939 the two of us were walking along
the same beach when John stopped sud-
denly and began staring over my shoul-
der. When you are out with John, it is

Dr. Kazimiroff excavates a skeletom
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Knife-edge tests made at the focus of the 200-inch mirror

easy to get the feeling that this ‘differ-
ential perception’ business can be car-
ried too far; his practically verges on
the supernatural. But this time instead
of turning in the direction he was look-
ing I happened to glance down at the
sand between his feet, and there was
the upturned end of a beautiful dark
green stone. I gave him a mighty shove,
stooped down and claimed it. We
brushed the sand away carefully, made
our notes and then lifted the stone for
examination. It was the bottom half of
a banner stone. Its color reminded us of
the fragment Johnson had found seven
years before. That night we fitted the
two pieces together and they matched!
We have a local rule that the fellow
who finds the biggest piece of an arti-
fact takes possession of the whole thing.
So John gave his fragment to me. I now
had the bottom half and one upper
quarter. In 1942 Ralph Robertson, an-
other member of our gang, was casually
combing the same stretch of beach and
chanced to pick up the remaining frag-
ment, about 200 feet from the point
where I had made my find. The collec-
tion of this particular artifact thus
spanned 10 years and represented the
work of three persons.

“Now that we had the complete stone,
what did it tell us? We knew that this
variety of soapstone occurs only in a

96

relatively small region of New England.
Thus its presence on a beach near the
Bronx indicated trade between the In-
dian tribes of New England and those
of New York. If all those who picked up
artifacts manufactured from this and
similar rocks would make accurate notes
and inform others of their finds, the
growing accumulation of data might one
day enable archaeologists to map these
ancient trade routes. Many routes, of
course, have already been determined
approximately by this method.

“I would give a great deal to complete
the assembly of a certain banner stone
in my collection. Its workmanship is the
most beautiful I have ever seen. Doubt-
less it is of Algonquin origin, for the
stone work of these quiet people was
far superior to that of the warlike Iro-
quois. Howard Smolleck picked up the
first fragment of this kind. In 1937 three
of us, including Johnny Johnson, packed
our sleeping bags and other gear for a
weekend on Staten Island in the neigh-
borhood known to residents as ‘Indian
burial ridge.” The abundance of sea
food had made this seaward region a
favorite site for the Algonquins for many
centuries—and hence a happy hunting
ground for us. By late afternoon of the
final day each of us had picked up three
or four arrow points, but nothing of par-
ticular interest. Then Howard, who was
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off by himself, spotted a yellowish bit
of stone that looked like a triangular
chip from the unglazed edge of a dinner
plate. We decided it was doubtless part
of a banner stone, but one feature puz-
zled us. A tiny indentation, a sawtooth-
like depression, marked one corner. This
set us really scouring the area. A little
later Johnny found a second fragment,
but it did not fit with Howard’s piece
nor carry the strange marking.

“In 1940 near the same location I dis-
covered two large notched sections, and
one of them fitted with Howard’s frag-
ment. We visited the site many times
after that, but without luck. Then one
dull, threatening day in 1942 I spent
several hours there all by myself. A few
sprinkles were enough to start me home.
When I reached the ferry that connects
Staten Island with Manhattan I learned
that fog had halted traffic on the lower
bay and to kill time I strayed over to the
Staten Island Museum of Arts and Sci-
ences for a chat with the curator. He
was occupied with a visitor. Browsing
by myself through some of the display
cases, I found a chip that looked as
though it belonged with our banner
stone. I asked the curator for his records
on the chip. Sure enough, it had been
found right on our spot—half a century
before. The curator insisted that I take
it home with the compliments of the
Museum. It proved to be the missing
link that tied all our fragments together.
You might call this an example of suc-
cessful field work inside a museum! Two
large sections of the opposite wing are
still missing. We often wonder if they
are buried beyond recovery in the field
or, almost as bad, gathering dust among
the curios of some souvenir hunter. Per-
haps another half-century will turn
them up. If so, we may some day crack
the riddle posed by those challenging
notches.”

Dr. Kazimiroff recently took us on a
personally conducted tour of his collec-
tion. It is largely housed in the over-
sized basement of his home, along with
a shop fitted out for cleaning and proc-
essing specimens. One display case drew
our attention. It held a row of skulls, and
we could not help noticing that the teeth
had been treated with special care. We
asked the doctor for his professional
opinion of the Indian’s oral pathology.

“I can tell you this much,” he said,
“if folks today had teeth like theirs, I'd
have to become a full-time archaeologist
or starve!”

ECENTLY Ira S. Bowen, director of
the Mount Wilson and Palomar Ob-
servatories, reported in the Journal of
the Optical Society of America some
fresh and interesting information on dif-
ficulties that were experienced in adjust-
ing the mirror of the 200-inch telescope.
“The first of the difficult optical prob-
lems encountered in the construction of



this instrument;” he wrote, “arose from
the great size of the 200-inch mirror,
combined with the fact that it must re-
tain its figure in all orientations and
when exposed to the temperature
changes of the outside air at night. Thus
it can easily be shown that the flexure of
a circular disk under its own weight
varies directly as the fourth power of its
diameter and inversely as the square of
its thickness. Even if one follows the
usual practice of keeping the mirror
thickness a constant fraction of the diam-
eter (normally about one eighth), the
flexure increases as the square of the
aperture. Likewise the problems caused
by thermal distortion increase rapidly
with the size of the mirror, since the time
required for a mirror to come to thermal
equilibrium after its surroundings have
made a sudden change in temperature
varies as the square of the thickness of
the mirror.

“In order to attain a maximum stiff-
ness with a minimum weight, the 200-
inch mirror was cast with a ribbed struc-
ture. The over-all thickness of the struc-
ture is 24 inches, while the maximum
thickness of any section is only four or
five inches. This of course has the added
advantage that the time of reaching
thermal equilibrium is reduced by a fac-
tor of about 25 compared to a corre-
sponding solid disk. To decrease thermal
effect further, Pyrex glass was used
rather than ordinary plate glass.

“In spite of these efforts, however, the
200-inch mirror is a very flexible mirror,
compared to most small mirrors. Thus its
flexure under its own weight is the same
as that of a 60-inch mirror one seventh
of an inch thick. Given the conventional
three-point support, it would deflect 500
to 1,000 times the permissible amount.
Obviously it was necessary to provide a
very elaborate support system to elimi-
nate distortion as the telescope moves
from one position to another. For this
purpose the mirror was laid out in 36
approximately equal sections, each cen-
tered about one of the 36 circles in
which the ribs meet. For each of these
sections a balance-type support was pro-
vided. The supports were so designed as
to supply, in all orientations of the mir-

PALOMAR MOUNTAIM
OUSERVATORY

ror, components of force, both normal
and parallel to the surface of the mirror,
equal to the corresponding components
of the gravitational pull on the section of
the mirror assigned to the support. It
was found necessary to design this sup-
port system to balance the gravitational
forces with an accuracy of .1 to .2 per
cent. In operation the mirror floats on
this system of balances. Three of the bal-
ances located at 120-degree intervals in
the outer row are locked in position to
define the mirror.

“It is therefore obvious that for very
large mirrors of this type the support
system must be considered as an integral
part of the optical unit. The only sig-
nificant tests of the mirror are those in
which the mirror is resting on its support
system in the range of orientations in
which it will be used in the telescope. It
was therefore necessary to do the final
figuring of the mirror in the dome on the
mountain, on the basis of tests made
under these operating conditions. This in
turn required the use of a star as a
source, which introduced the various
complications that arise from ‘seeing’
conditions caused by turbulence in the
atmosphere. Thus if one takes an instan-
taneous photograph of a knife-edge test
on a large mirror using a star as a source,
one sees the pattern shown here [see
upper two photographs on the opposite
page]. In general, this schlieren-type
pattern of the air turbulence is moving
very rapidly across the field with the
velocity of the upper air currents. Such a
pattern therefore covers up all but the
grossest knife-edge effects caused by er-
rors in the mirror surface. If, however,
instead of making visual observations or
taking short exposure photographs, one
uses a much fainter star so that exposures
of 20 to 80 seconds are required, it is
found that the turbulence pattern gives
a very good representation of the mirror
errors [see lower photographs on the op-
posite page].

“The grinding and preliminary figur-
ing of the mirror was carried out in the
optical shop in Pasadena between 1936
and 1948. This work was done by Mar-
cus Brown working under the supervision

of Dr. J. A. Anderson. During this period

A commemorative stamp and the postmark of Palomar Mountain

© 1953 SCIENTIFIC AMERICAN, INC

ﬂCNROlVIATIC TELESCOPE OBJECTIVES—Pertect
Magnesium Fluoride Coated and cemented Gov’'t
es made of finest Crown and Fli

ranteed well s

PTICS I

Tor asliononmieat Foles potlting Scopes, o

Oviginal Gov't cost ap tely $100.00 each,
Diameter Tfocal Length Each

54m/m (23%") 300m/m (ll 811”)......$12.50

54m/m (214") 330m/m

S4m/m (218") 390m/m

S54m/m (21%") 508m/m

3dm/m (218") 600m/m

78m/m (3,%"”) 381m/m

80m/m (3/5”) 495m/m

81m/m (37%") 622m/m (2

83m/m (314") 660m/m

83m/m (314") 711m/m

83m/m (3%4") 876m/m (Ji'/z” .

83m/m (314") 1016m/m (40”).

110m/m (434") 1069m/m (4245").
We can supply ALUMINUM TUBING for thc above

<

lenses.

SYMMETRICAL EVEPIECE LENS SET—These sets
consist of two Magnesium-Fluoride coated and ce-
mented achron exact Gov't spacing diagram.
Gives wide flat field.

1738 OB O X) Lens Set 13m/m Dia
54" E.F.L. (13X) Lens Set 18m/m Dia.
MOUNTED EYEPIECE has 2 el
in dia. ned in order to
Cell fits 11/4" tube. 114" B.F.L. (8X

Rectangulai Magnlfymg Lens-—Seconds sells
for $6.50. Size 2” |
First Surface M:rror 14” 16 ’
First Surface Mirror 8"x10” ’/” thick
First Surface Mirror 4"x4"” 1“’ thic
First Surface Mirror 114”x1%" ; ‘” thic
Optical Peep Sight—Use as camera v
er, ete. Dia. 1%2”, weight 1% oz..
LENS CLEANING TISSUE—3500 sheets 7‘/2”
11”. Bargain priced at only... 81

Free Catalogue
'MILLIONS'’ af Lenses, ele.
We pay the POSTAGE—C.0.D.’s you pay postaye
—Satisfaction guaranteed or money refunded if

returned within 10 days—Due to military priori-
ties, delays of 6 to 8 weeks on some items.

A. JAEGERS

« €=

i

691A Merrick Road
LYNBROOK, N.

ENGINEER!

IS YOUR WORK
STIMULATING ?
[ ]
ARE YOU CHALLENGED
BY YOUR JOB?
[
ARE YOU RECEIVING
PROFESSIONAL
\ RECOGNITION? |

SYLVANIA

believes in building men

The company, now in its 51st year,
is expanding rapidly. Net sales this
year exceed 1938 by 16 times.
Additional high caliber men are
needed with training and experi-
ence in all phases of electronics,
physics and mechanics.

Write us about yourself, if your
experience and future plans fit into
this picture.
JOHN WELD
Department E

SYLVANIA ELECTRIC PRODUCTS INC.
Radio and Television Division
254 Rano Street
Buffalo 7, New York

I —

— o e G —— e = . SES S M e e e e —

-

el
~N



UNUSUAL

OPTICAL BARGAINS
IMPORTED MICROSCOPE

100, 200, 300 Power ONLY
(;ood\?ptuct?l qualnhe%, fine focus- $.I *
mg ol the al 200 i
ent l)]utﬂﬁlehg(:uon$ is sur. ~FPostpaid
ngly clear and good 2-
!h R ng | OCULAR
difctight ~ ‘Adjustabie - wiror. 30BJECTIVE
Square smrrc 255 LENSES
%OJ\{\Ulndoxful .
satisfied, your money refunded, RACK &
Comes packed in sturdy, hard PINION
wood case. FOCUSING
Stock No. 70,008-S .. e $14.95 Postpaid
Imporfed 50X Pocke' Microscope. A 57 00 value.
Stock #30,0013-S.ciiiiiiie e $3.49 Postpaid
ASTRO TELESCOPE KITS | HAND §.PE°TR°§°°PE
an amazing offering at

Rulld instrument worth up | only one-half the usual

Grind your own cost for an_instrument of

this type. Direct vision—
nnrror Order by DMirror use mp test your filters
Dia. or for quantitative or
Stock # Size  Pstpd. qualitative work in photog-
rice raphy. Comes in protective
70,003-S....414"....$_7.00 carrying case
70, 04-S i 11.00 Stock No. 50,018-S
70-005-S....: 18.00 $32.50 Ppd.

Complete with Tripod
Unusual Bargain Price

A beautifully made, sturdy, lnu)orlcd
instrument with dozens of uses. Spots
22 caliber bullet holes at 200 yds
All metal body—focuses from approx
ft. to infinity. Achromatic objec-
tive—40 mm dia. —Uulsldo surface low reflection coated.
Smooth slide focusing eyepiece. Eye-lens outside surface
ccated. Lens erectln;{ system. Images right side up. Sturdy
tripod 81/§ hig] also for camexa Max
length 2614”7, 17/s" Weig]
Stock No. 70,0 ...0Only $2| 95 Postpald

NEW HUYGEN TYPE ASTRONOMICAL EYEPIECES
—Imported! Mounted! Precision made! Standard 1%4”

$7.50 Pstpd.
6.00 Pstpd.
8.00 Pstpd.
IQI:S(‘S

Stock No. 30,065- S
(You have a cho 2 powers by rearra
irections m(‘]u(lcd Chrome and bla

Order by Stock No.—=Send Check or M.O. Satisfaction Guar-
anteed !

We have Literally Millions of WAR SURPLUS
LENSES AND PRISMS AT BARGAIN PRICES

Write for Catalog "'S""—SENT FREE!

EDMUND SCIENTIFIC CORP.

BARRINGTON, NEW JERSEY

TREMENDOUS
VALUES!

Top quality brand

new binoculars pre-

cision constructed of

qualitv materials.
6x30

34.
. 3 1 :
bargain 36.00
7x30 cente
all glansen ggle gg,gg
x30 ... .
are UNI- 8x30 cent
COATED* focus 45.00
and 10x30 45.00
10x50
LIGHT- | - C.F. .... 59.50
WEIGHT 12x50 center "
50 69.50
UN"GUATED' The mlemal surfaces of VITA] P s and
front an, ear

! ) Achromatics have been
COATED with Mayne;:um I‘luonde to assure brighter,
sharper, clearer images

POCKET
BINOCULARS

10X - $24.95

Weighs 612 oz.! Palm
Sl/cd Full 10 Power.
C()lor corrected. Achro-
c lens. Perfect
Anothner

in revo-
lutionary Iunocular

developments.

6X DUO- TONE $17.95
Illuslrdted Weighs only 41/ oz.! Has exceptionally wide
of view! Another Unlte(l Binocular economy priced.

7X ALL CHROME $19.95
Sturdy. Precision made. Sharp, clear vision! Sale priced.
511 3 _are precision PRISM Binoculars. Superb craftsman-

ship. Precision made in every detail
15 to 40 POWER

|MPORTED ':‘
in |

FREE

If not Sltlsﬁed k‘eturn for immediate refund. Cash orders

RUSH MAME |
30 DAY NO RISK TRIAL

postpaid. ’s require $2.00 deposit. Genuine leather
case and slraps ‘included with all binoculars. Add Fed. tax.
UNITED BINOCULAR CO., United Bldg —————
9043 S. Western Ave., Dept. ARF-. 2927, DEALERS
Chicago 20. WANTED
Sales Rooms open 9-3:30 Mon. thru Fri.

98

—
he oaﬁﬂvuon

— Pofgmor M

Topographic map of Palomar Mountain

all tests were made with the axis of the
mirror in a horizontal position. The mir-
ror was moved to Palomar Mountain in
November, 1947. After nearly a year
and a half of adjustment and modifica-
tion of the support system the final figur-
ing was carried out by Don Hendrix. A
total of only nine hours of polishing was
required for the final figuring on the
mountain. The accompanying tests, how-
ever, took a total of five months. By pro-
viding for this adjustment of the support
system, followed by final figuring on the
mountain, we were able to avoid the dif-
ficulties that have been encountered in
some large reflectors in which the per-
formance inastronomicalwork wasmuch
poorer than that promised by the labora-
tory tests.”

WITH seeming logic on their side,

many writers and periodicals have
recently renamed Palomar Mountain
“Mount Palomar,” obviously to parallel
the name of Mount Wilson. The Ob-
servatory’s astronomers insist on calling
it Palomar Mountain. Which is correct?
The answer depends upon the answer to
another question. Has the outside world
a right to change a long-established geo-
graphical name against the will of the
local residents?

Palomar means dovecote. The name
was given the mountain by the early
Spanish settlers. From about 1860 to
1880 many people called it Smith Moun-
tain, after “Long Joe” Smith, a rancher
who lived on it until he was murdered by
a ranch foreman infatuated with Smith’s
Indian wife. Between 1880 and 1900
the name Palomar regained equal cur-
rency with Smith. The Ninth Annual Re-
port of the State Mineralogist in 1889
called it Palomar Mountain.
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In 1900 the several dozen residents of
the mountain top petitioned the U. S.
Board on Geographic Names for the res-
toration of the original name, and asked
that the local post office be renamed from
Nellie (the name of the postmistress) to
Palomar Mountain or Palomar. The U. S.
Board on Geographic Names, estab-
lished by Congress to provide a central
authority for standardizing geographic
names and their spelling for official use
in the Federal Government departments,
approved the name Palomar and disap-
proved Smith. The Board’s peculiarly
punctuated decision read: “Palomar:
mountain . . . (Not Smith.).” Following
this ruling, the U. S. Geological Survey’s
local topographic map in the edition of
1903 designated the mountain as “Palo-
mar Mt.”

All this took place years before the
Palomar Mountain Observatory was
thought of. Thus the name Palomar
Mountain was not given to the mountain
by the Observatory. Nor has the Ob-
servatory wished to change the name
even if it could. J. A. Anderson of the
Observatory wrote some years ago: “We
sincerely hope that Palomar Mountain
will always retain its present beautiful
name.

In 1948 the U. S. Post Office issued a
special three-cent stamp depicting the
dome of the 200-inch Hale telescope and
designating it as Palomar Mountain Ob-
servatory. Clean and simple in design,
this azure blue stamp, shown on the
preceding page, as canceled at Palomar
Mountain, Calif., has uncommon artistic
merit, and is prized by philatelists for
additional reasons.

Palomar Mountain is not a typical
mountain peak but a rectangular fault
block of crystalline rocks six miles across



at the top, thrust up about 4,000 feet
above the surrounding country. Its top
is a rolling plateau. The Palomar Moun-
tain post office lies near one edge of the
plateau. The small and unincorporated
hamlet or concentration of houses near
the post office is designated as Palomar
on an Army Map Service topographic
map issued in 1942. The post office near
the hamlet of Palomar serves about 25
families in the locality during most of the
year and several times as many in sum-
mer when the tourist cabins are filled.
The observatory is at the center of the
plateau, three miles from the village.
Adalind S. Bailey, postmistress at
Palomar Mountain, points out that
“‘Palomar Mountain’ has dignity and
character, which ‘Mt. Palomar’ lacks, be-
sides which Mt. Palomar is incorrect.”
It has often been said that the name
Palomar Mountain is irregular and ec-
centric because the generic word
“mount” should properly precede the
name of a mountain. A check of the
names of the U. S. peaks of 13,500 feet
elevation and over, most of which are in
the Rockies and Sierras, shows that only

24 are called “Mount,” while 59 are
named “Mountain.” Such names as Bald

Mountain, Pole Creek Mountain, Roll-
ing Mountain, Fisherman Mountain and
Table Mountain would sound peculiar if
they were reversed. Two famous moun-
tains in Georgia are Kenesaw Mountain
and Stone Mountain. If non-residents
should call these Mt. Kenesaw and Mt.
Stone the residents of Georgia might
blow up higher than Everest Mountain.
There is no logic about names.

l)ATRICK MOORE is secretary of the

part amateur, part professional Brit-
1sh Astronomical Association’s Lunar
Section, of which H. P. Wilkins, author
of the 300-inch map of the moon, is the
director. Moore, with the collaboration
of Wilkins, has written a book titled A
Guide to the Moon, and W. W. Norton
and Company has published it ($3.95).
Though it assumes no knowledge by the
reader of lunar science (selenology)
proceeds well into the study of the
moon’s mapped detail (selenography).
It contains a simple map of the moon,
with a feature-by-feature description of
its surface, by the use of which a sele-
nologist may become a selenographer.
Because of its more advanced chapters
on the lunar atmosphere (one 10,000th
as dense as that of the earth), on the
origin of the craters (volcanic), on the
surface changes (some of which are ac-
cepted by Moore), on life on the moon
(scanty and primitive), on the other side
of the moon (about like this side), and
on future journeys to the moon (realisti-
cally discussed), a selenographer will
find it a worthwhile addition to his li-
brary. Moore is now helping Wilkins
prepare a complete description of the
lunar surface based on the 300-inch map,
to be published within the year.
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Buy your e‘tz'

Medical
Microscope ...

Leitz Monocular

use it for a

|ifetimé

Microscope,

Model GO-L20/92K
Built-in lllumination

Leitz Interchangeable
Inclined Binocular
Microscope,

Model BS 48/92K

Doctors and scientists the world
over still use the Leitz Micro-
scopes they bought and used
in school. They've found them
more durable, and infinitely
more accurate than any other
make they've tried. Take a tip
from these men.

Make a lifetime investment.
Buy a Leitz microscope now.
Ask your dealer for a look at
the Leitz Medical Microscope
and COMPARE it with other
instruments . .. SEE the differ-
ence in workmanship, more
detailed image and ease of

operation.
For details write Dept. SA
E. LEITZ, |nc., 468 Fourth Avenue, New York 16,N.Y,
LEITZ MICROSCOPES « SCIENTIFIC INSTRUMENTS
BINOCULARS « LEICA CAMERAS AND ACCESSORIES
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at PITTSBURGH COKE & CHEMICAL

Yarps. .. steps ... or a stone’s throw. Measure it as you will. The operation
of Pittsburgh Coke & Chemical’s Neville Island plant adds up to one of the
most highly integrated manufacturing plants in the world today.

Within a few hundred yards . .. within a few dozen hours . . . this plant
transforms small mountains of coal into insecticides, dyes, pig iron, cement
and a score of other coal-derived or coal-related products that serve American
industry and agriculture.

Is integration so highly developed as this rea/ly important? We think itis . ..
and so do Pittsburgh Coke & Chemical customers. Because it enables us to
keep an engineering finger on quality at every step of production, and to provide
our customers with a reliable continuity of supplies that can stem only from
an operation that’s genuinely basic. Aren’t those the assurances you want, too?

WAD 4729
P . ' .
COAL CHEMICALS CEMENT C c L]
Cq% » - :
PLASTICIZERS FINE PROTECTIVE
CHEMICALS COATINGS
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Painting is fun today. Even the youngsters can help. Thanks to the new
rubber-base paints which go on so smoothly and evenly you can redecorate
a room in a fraction of the time it used to take.

These new rubber-base or latex paints, which can be used directly over old
paint, wallpaper, and even bare plaster, owe much of their superior covering
power and lasting beauty to titanium dioxide, one of the important pigments
produced by American Cyanamid’s Calco Chemical Division. Because of
its brilliant whiteness and high opacity, titanium dioxide makes white
paints whiter and brightens up pastel colors while adding to their hiding
power. Titanium dioxide is also widely used to make whiter enamels for
refrigerators and kitchen equipment. .. whiter paper, inks, and plastics...
whiter rubber, leather, and other products.

The development of rubber-base paints is just one of the technical advances
made by the paint industry to help make your home more beautiful.
Cyanamid, through new and better materials, is helping the paint industry
to do a better job for you.
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Nere going to paint my' room next’

AMERICAN W COMPANY

30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y,




