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it’s a pushbutton world!... served by the Westinghouse World of Pushbuttons

Push a button—to blast a rocket spaceward! Push a button—to command the lifting power of a multi-
ton crane! Things marvelous and commonplace happen continuously, every time someone pushes a button.

Westinghouse makes these pushbuttons—more pushbuttons, in more types and styles, for more
industrial applications, than anyone else in industry. And we know the importance of making pushbuttons

that respond every time someone pushes the button.

For your pushbutton applications, marvelous or commonplace, select with confidence from the
Westinghouse World of Pushbuttons. For two free brochures (B-7022, B-7274) describing this World,

please write: Westinghouse Electric Corporation, Standard Control Division, Beaver, Pennsylvania. J.30295

you cAN BE SURE...IF 1Ts Westinghouse
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EXPERIMENTAL MISSILE is used by NACA researchers to
study high temperatures at speeds up to Mach 5. The nose
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cone is spun Inconel alloy, polished down to a 2 micro-
inch finish at the tip. Photo courtesy of Aviation Week.

The search to keep a missile’s nose
from becoming its “Achilles’ heel”

Intercontinental ballistic missiles are
designed to plunge back into the
earth’s dense atmosphere at speeds
in the neighborhood of Mach 10.

Temperatures in the thin bound-
ary layer of air surrounding it are
measured in thousands of degrees
Fahrenheit.

How do you keep the nose from
melting?

A sharp, needle-point nose re-
duces aerodynamic drag. But it
doesn’t help dissipate heat. A blunt
nose shape does considerably better,
even though it causes a high pres-
sure drag, and creates intense heat
in the shock wave. One explanation
for the good showing of the blunt
shape is that heat follows the wave—
and just sort of “slides off” the nose.

For experimental purposes, scien-

tists need a nose material that can
be spun into a great variety of
shapes . .. one that maintains struc-
tural integrity far up the tempera-
ture scale. And those are among the
reasons they often select high-
strength, heat-resisting Inconel*
nickel-chromium alloy...

The National Advisory Commit-
tee for Aeronautics, for example, be-
gan using Inconel alloy for tests
after a several-year-long investiga-
tion of materials suitable for use at
high Mach numbers and high tem-
peratures.

Of course, much is still to be
learned about the mechanics of aero-
dynamic heating and its applications
to the design of hypervelocity air-
craft and missiles. But the tests are
indicating how the problems can be

solved. And advances such as those
being made daily by NACA’s re-
search are rapidly leading to perfec-
tion of “The Ultimate Weapon,” the
device that may well prevent war
among men.

Do you have a metal problem? One
that involves high temperatures ...
low temperatures ... corrosion ...
stress . .. fatigue or some other trou-
blesome factor? Inconel alloy or an-
other of the many Inco Nickel Al-
loys may be just the metal you've
been searching for. Our new booklet,
“A Review of Nickel-Base Alloys for
Aeronautical Applications,” is yours
for the asking,

THE INTERNATIONAL NICKEL COMPANY, INC.

67 Wall Street o New York 5, N. Y.

*Registered trademark

INCO NICKEL ALLOYS

NICKEL ALLOYS PERFORM BETTER LONGER
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st~ .
mix imagination with Alcoa Aluminas

and dry gases, liquids, vapors or solids drier than ever before!
Mix imagination and engineering with Alcoa® Activated Alumina in your
drying operation; this ““old reliable’’ among commercial desiccants has
been thoroughly proved in service. Count on it to achieve the lowest dew
points you require. Drying costs are remarkably low because Alcoa

b Activated Alumina can be saturated and reactivated indefinitely without
effective loss of drying capacity. If you have a dehydration problem and
< \% you haven’t tried Alcoa Activated Alumina, you should—at once. For
g i full information and samples
‘ contact the local Alcoa Sales ’
Office or write ALUMINUM ALCOA §. ﬁﬁﬁj
COMPANY OF AMERICA, CHEM- =~ A CHEMICALS "“‘fﬁﬁ, THEATRE
1caLs DivisioN, 706-G Alcoa A """""""""""" Atternate Monday Evenings

Building, Pittsburgh 19, Pa.

For finer products . . . let Alcoa add new directions to your creative thinking!
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HANDS OFF!

This is the calculator with self-control!

It’s the MARCHANT DECI-MAGIC... so
easy to use—because you don’t have to worry
about carriage shifting, dial clearing or decimal
setting. The Deci+Magic does all this for you
... AUTOMATICALLY! You can forget the
calculator and concentrate on the problem.

Less time working out prob-
lems... more time working
with results—because the
Deci-Magic gives you these
important advantages:

« Automatic ““self-control” of dials,
decimals and carriage

« Progressive dial proof of all
entries, all results

o Automatic single-entry squaring

« Automatic accumulation of
products or quotients

« Automatic zeros

MARCHANT

CALCULATORS, INC.

OAKLAND 8, CALIFORNIA

Performing even the most complex cal-
culations is a “hands off”’ operation with
the Deci- Magic. You simply “write” the
problem in the keyboard as you would on
paper . . . and automatically your prob-
lem is solved. The Deci- Magic’s fully
automatic “self-control” takes over on
tabulation, dial positioning and carriage
shifting, and automatically delivers your
answer . . . with the decimal point in the
right place.

Anyone can use the Deci-Magic . . .
and get correct answers. This is vitally
important in engineering and scientific
figurework performed by those who are
not trained calculator operators.

The Deci- Magic can ease the figuring
burden of your staff, providing more time

for creative accomplishment. For full in- |

formation, call any Marchant office or
send the coupon below.

MARCHANT CALCULATORS, INC. - OAKLAND 8, CALIFORNIA

Send full information about the Marchant Deci-Magic
calculator and how it can help us in our figurework.

NAME

PLEASE ATTACH COUPON TO YOUR ORGANIZATION’S LETTERHEAD
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THE COVER

The cover shows the bottom
half-finished roof made of
stressed concrete (see page 25).
The gray sectors are slabs of con-
crete suspended from a web of steel
cables. When all the slabs are in
place, weights are placed on them
to stretch the cables. The spaces be-
tween the slabs are then filled with
concrete. When the concrete has
set, the weights are removed so that
the cables compress the whole
structure. The roof, designed by
Mario G. Salvadori, was built by a
group of Columbia University ar-
chitecture and engineering students
under direction of Bruno Funaro.
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Take a new look at

ZIR{CGIGININGIVI

Now zirconium takes another giant step
...from an expensive rarity to a

readily available special-purpose metal.
Capacity is now on hand for not only
A.E.C. requirements but also
commercial markets. And, as in
titanium, Mallory-Sharon is in the
forefront of this rapid development.

A modern, highly efficient zirconium
and titanium sponge plant at
Ashtabula, Ohio, now makes ,

Mallory-Sharon the largest single
source of metallic zirconium,
and its by-product, hafnium.

Mallory-Sharon’s integrated
production facilities. .. from raw
materials through finished mill products
...mean greater availability and
lower costs.

We're ready now to help you explore
practical commercial uses for
zirconium. Write us for technical
information, or engineering assistance
on specific applications.

For technical facts — Write for new 16-page booklet,
giving technical and application data on zirconium...
L s its excellent corrosion resistance to most acids, alkalies
For availability —As Mallory-Sharon’s large, and combinations of these media...its remarkable
modern, sponge plant reaches full production nuclear properties.
this year, zirconium becomes readily available
for all commercial applications.

PEICE TREND PRODUCTION TREND

For mill products —Zirconium
is now available from
Mallory-Sharon in the form
of rounds, bars and
billets, wire, tubing,
strip, foil, sheet and plate.
Quality and properties
For lower prices — Greater availability will defi- are carefully controlled at
nitely be reflected in lower prices. In many cases, every stage of production.

the improved performance of zirconium parts
much more than offsets their higher material cost.

MALLORY @ SHARON

MALLORY-SHARON METALS CORPORATION - NILES, OHIO

E\Inta/grate)d producer of Titanium e Zirconium e Special Metals
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transistors?

The tiny transistor is a frequent topic of conversation
these days. Consumers are talking about, and buying,
transistorized radios, hearing aids and other products.
Manufacturers are developing new ways to reduce costs
with transistorized automation systems. Industrial de-
signers are transistorizing old products to give them new
sales appeal and make them more efficient.

The transistor does its job much better than a vacuum
tube many times its size—uses less power, generates
almost no heat, and can withstand for long periods of
time, shock and vibration that would shatter a vacuum
tube in seconds.

Either of these small HUGHES transistors amplifies as much
electrical current as the much larger power vacuum tube.

Hughes transistors were developed to the strict stand-
ards and requirements of advanced computers, weapons
systems and missiles. Because of that heritage, HUGHES
coaxially packaged transistors have a much wider range

of application for commercial uses than ordinary tran-
sistors. They are more efficient, will withstand more
abuse, and are readily adapted to machine assembly
methods.

We're mighty proud of HUGHES transistors—which
are made to the same strict standards as all HUGHES
products. HUGHES transistors are subjected to dozens of
test-inspections during manufacture. Reliability is not
only designed into HUGHES products—it’s the “religion”
of everybody who works at HUGHES.

Final assembly of HUGHEs transistors at the new semi-
conductor manufacturing plant takes place under a glass
hood that keeps out dust and moisture.

We will welcome an opportunity to demonstrate to
your engineers why HUGHES transistors are the best in
the industry. And perhaps our wide commercial and
military experience in the design of electronic systems
and components can help improve your product and
profit picture. Please write :

HUGHES PRODUCTS

International Airport Station

Los Angeles 45, California

e |

Creating a new world with ELECTRON}CS i
! HUGHES PRODUCTS ;

I e e )

© 1988, HUGHES AIRCRAFT COMPANY
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RADIOACTIVITY AT WORK..?2

Qur business is radioactivity—applying

This is the second in a series of reports de-
voted to NSEC’s work with the exciting new
tool, radioactivity. Its uses appear endless,
not only in the nuclear industry, but also
in the fields of chemicals, petroleum, phar-
maceuticals, medicine, steel and coal. Ap-
plied radioactivity helps us examine product
and process improvements, indicates ways
to reduce costs, and probes for answers to
complex research problems. With radioiso-
topes and radioactivity, we seek solutions
by methods never before practical or eco-
nomically feasible.

One of our project descriptions may apply
directly to a problem you are facing, or point
up a general application in your field. Take
advantage of NSEC’s specialized skills and
equipment. See how safely and profitably the
phenomena of radioactivity can be put to
work for you.

ACTIVATION ANALYSIS

Where a high degree of quality control is
desired, activation analysis offers a sensi-
tivity far exceeding conventional quantita-
tive analysis. Elements in quantities as
minute as one part per billion can be identi-
fied and measured. Activation analysis is
important in manufacturing, and in research
projects requiring rigid standards of purity.
It is especially useful in the processing of
rare or expensive materials since, in most
cases, only a fraction of a gram of material
is required.

In activation analysis, exposure of the test
sample to a stream of neutrons creates
radioisotopes with distinct radiation char-
acteristics. Even minute quantities of trace
elements are made sufficiently radioactive
that sensitive counting equipment can meas-
ure them. Activation analysis may be per-
formed for as many trace elements as de-
sired in a single small sample.

NSEC offers activation analysis as a com-
mercial service. We can handle complete
testing and analysis or can assist in establish-
ing a standardized procedure for production
line use. Ask Dr. Paul Kruger, Manager of
our Chemistry Department, about this service.

RADIOTRACERS IN
BIOMEDICAL RESEARCH

Radiotracing is proving extremely valuable
in medical and pharmacological research.
Radioactive tracers in infinitesimal amounts
are used to follow the course of a substance
through a living organism. With tracers,
research scientists discover where the sub-
stance goes, how long it takes to get there,
and what happens when it arrives.

Recently, NSEC completed a study deter-
mining the behavior of a radioactive enzyme
for a drug manufacturer. Information was
needed regarding the speed with which the
product was absorbed and how it was dis-
tributed in the body. The experiments pro-
vided valuable data for the manufacturer.
Extended animal tracer experiments are now

it, measuring it, protecting against it

in progress and human studies are about to
be undertaken.

Information about the method and radioiso-
tope selected will soon appear in a scientific
Jjournal. For additional information on this
and similar tracer studies, just write us. Our
report on services for study of the reticulo-
endothelial system is also available.

PROJECT SUNSHINE

When an atomic bomb test is made any-
where on earth, radioactivity is scattered
into the air and carried about by wind cur-
rents. These “hot” atoms fall with precipi-
tation and settle on animals, vegetation,
soil, and water. This fallout contains the
dangerous radioactive nuclide, strontium-90,
and it is desirable to maintain constant
knowledge of the amount.

To monitor this fission fallout, the Atomic
Energy Commission set up “Project Sun-
shine.” NSEC has been active in the pro-
gram since 1955, analyzing samples received
from all over the world. NSEC recently has
been awarded two additional major con-
tracts to measure fallout in Pittsburgh rain-
fall and in particulate material in the air.

Close to half the fallout measurements, and
most of the particulate material analyses in
this country are being conducted by NSEC.

NSEC is one of very few private firms with
the necessary low-level counting equipment
to perform such vital work. This, and similar
apparatus designed and built by our staff, is
used to conduct research that leads to a
better life for us all. Would you like to discuss
the ways it might assist you?

FISSION PRODUCT BEHAVIOR
IN A REACTOR SLURRY

In a proposed nuclear power reactor, the
fuel used is a slurry of uranium oxide and
thorium oxide particles. NSEC made a
preliminary study of the probable distribu-
tion of fission products within the reactor,
to aid in the design of the fuel-decontamina-
tion processes. High pressure, high tempera-
ture studies were made in an autoclave
using reactor-irradiated slurries, as well as
synthetic mixtures of fission products.

NSEC has conducted hundreds of radio-
chemical analyses of experimental nuclear
fuel elements, reactor coolant water and
other reactor components. NSEC also as-
sists in determining fuel burn-up efficiency,
and the rate of gain for breeder reactors.
We are taking part in the development of
nuclear power plants for aircraft, and are
advising many firms which are fabricating
fuel elements for various reactors.

If your work involves nuclear reactors or
components, call us at HOmestead 2-4000 in
Pittsburgh. We'll work with you from the
preliminary environmental radioactivity sur-
vey through the disposal or use of the radio-
active waste.

For more detailed information on our studies and services, just call or write. Pro-
posals and quotations on your specific needs will be made without cost or obligation.
And if you would like to keep informed of the latest developments in this constantly
changing field, just write on your letterhead and ask us to put you on the mailing
list for our monthly publication, ‘“‘Radioactivity at Work.”

NSEC offers a complete assortment of cyclotron-produced, carrier-free radioisotopes
for industrial and research applications. Send for our current price list.

DEPT. SA-3, P. O. BOX 10901,

PITTSBURGH 36, PENNSYLVANIA
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LETTERS

The article by Walter C. Michels in
your April issue will delight the hearts
of many physics teachers who in the past
quarter-century have been caught be-
tween the muddleheaded educationists,
with their emphasis on adjustment, and
the functional boys who saw in high-
school physics nothing more than a pa-
rade of gadgets.

The program described is very similar
to the one we put into effect at Belmont
High School in Los Angeles during the
1930s and early 1940s. In that dreadful
period, when the perverters of John
Dewey were riding high, our emphasis
on fundamentals and the interrelation
of the different fields of physics and
mathematics certainly seems to have
been effective, judged by the number of
our students who went on into scientific
work. Of course they might have done
so anyway; teachers and doctors are al-
ways taking credit for the normal proc-
esses of nature. But at least we did not
retard them.

Excellent as Dr. Michels’s basic plan
is, there is one field in which it could
be expanded, and one attitude to which,
I believe, sharp exception could be
taken.

An excellent case is made for the need
of a bread scientific background for
every citizen who expects to function
intelligently in the modern world. No
thoughtful person can take exception to

f— —
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po]yethy]ene, as we all know,
is pretty versatile stuff. By
varying its molecular weight,
it can be made soft and fluid—
or so hard that even its manu-
facturer doesn’t know what to
do with it! (More about this
from us in future articles.)
Right now, a word about the
low-molecular types, of espe-
cial interest to molders and
textile people.

Slush molding: Molders are
well aware of the advantages
of this process—low pressures, short
runs, inexpensive molds. But they may
not be as aware as they should be of the
advantages of polyethylene for slush
molding. Here’s an entirely new material
for the process—one which “gives the
properties without the problems.” A
mixture of A-C polyethylene with con-
ventional types permits viscosity con-
trol. Polyethylene and slush molding are
opening up a whole new concept of
plastics manufacture—from small toys
to 50-ounce parts—all with fine detail
and warm “lifelike” feel.

Textile finishes: Polyethylene is now
emulsifiable—and that’s good news for
the textile industry, already the largest
consumer of chemicals. A-C polyethyl-
ene emulsions can be used either by
themselves or with other finishes to im-
part a variety of desirable characteris-
tics to both natural and synthetic fibers,
such as soft “hand,” and better wearing
qualities through increased tear strength
and abrasion resistance. Send the cou-
pon for our latest bulletins on these
polyethylene developments.

REPORT ON ROCKET PROPEL-
LANTS. A few years from now, if
somebody tells you his vacation is going

1™

A new concept of plastics manufacture —slush molding with
A-C polyethylene. (Decoys shown are from mold above.)

to be “out of this world,” he may mean
it quite literally. He may be planning a
jaunt to Mars—or the moon. Chances
are he’ll go “by rocket.” And what will
make the rocket go? That’s a question
which is absorbing the attention of
many of our rocket-minded citizenry
today—and for purposes far more press-
ing than space travel.

Nitrogen Tetroxide may prove to be one
of the answers. It’s certainly worth a
longlook into. N204 offers some decided
advantages over liquid oxygen and
hydrogen peroxide as an oxidizer. Com-
pared to liquid oxygen, for instance, it
is strikingly better on a density basis
(1.45 vs. 1.14). It gives 12% greater
range and is far easier to handle, need-
ing no refrigeration. More than an
oxidizer, its energy content contributes
thrust as well. Availability? Sources are

llied

hemical
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A DOOR IS OPENED TO NEW DEVELOPMENTS
ill\l POLYETHYLENE...MISSILES...FOREST FARMING

now adequate and potential
availability is practically un-
limited. The cost is slightly
greater, but all things consid-
ered, it may be cheaper to use
—as a first-stage, dependable
oxidizer.

Of course, there’s nothing ex-
actly “new” about Nitrogen
Tetroxide as a chemical. It be-
came available in pilot plant
quantities 'way back in the
early 1940’s. Today’s demands
for the ideal rocket propellant
give it new and pertinent in-
terest. A new bulletin is avail-
able. Check coupon below.

NEW FOREST-FARMING BIBLI-
OGRAPHY. “Forest Fertilization,” a
300-page bibliography, with abstracts,
on the use of fertilizers and soil amend-
ments in forestry, has been published by
the State University College of Fores-
try, Syracuse University. This book, first
of its kind, is the result of a two-year
study sponsored by Allied’s Nitrogen
Division. It is now available to the pub-
lic at a $3.00 cost-of-printing charge.
Also available, and without charge, are
two booklets translated from German
and Japanese sources describing fertili-
zation practices in those countries.
Send coupon for any or all.

A-C is an Allied Chemical trademark.

—_,——————
| ALLIED CHEMICAL, DEPT. 78-S

: 61 Broadway, New York 6, N. Y.

| Please send me item(s) checked: |
| [0 Slush molding bulletin

| [ Textile finishing bulletin

I [] Nitrogen Tetroxide bulletin

I [ “Forest Fertilization™ ($3.00 enclosed)

| [ German-Japanese booklets |
| Name |
I Position___

| Company

| Address |
l City State |
| Proposed use

| — S




HEAT

versus

TEFLON-

TFE-fluorocarbon resins

FINISHES

Completely stable from
-390°F to +480°F, Du Pont’s
organic plastic finish also
provides outstanding degrees
of chemical inertness,

water repellency, anti-sticking
ability, friction resistance

and dielectric strength

The development of TEFLON Finishes
puts a valuable range of properties into
the hands of the engineer. These heat-
stable, cold-stable fluorocarbon coatings
are available in a whole family of for-
mulas for many uses.

TerLon Wire Enamel, for example, is
now being applied to the magnet wire
going into transformers. As a result, these
transformers resist the effects of high-
temperature operation and are smaller,
lighter—yet more efficient—than any-
thing previously available.

Another TerFLON Finish formula was
applied to laminating platens in a ce-
menting operation. Previously, these hot,
high-pressure platens had accumulated a
burden of hardened cement. But TEFLON
eliminated cement build-up, while resist-
ing the heat and pressures involved.

TerLoN Finishes are successfully be-
ing applied to materials made from the
ferrous metals, chromium, nickel and its
alloys, copper, aluminum, glass, ceramics
and others.

It is applied like paint, then fused at
clevated temperatures to become a part
of the surface it covers. Specific uses for
TerrLoN Finishes include: conveyor

DU PONT INDUSTRIAL

‘('
T

X

chutes, dump valves, extrusion dies, heat-
sealing units, molding dies, packaging
equipment, paint mixers, textile dryving
cans.

This list is far from complete. It is
suggestive, however, of the vast range
of applications where TEFLON Finishes
can increase production and improve
quality.

TABLE 1

Film Characteristics of TEFLON Clear Finish
Power factor (60 cycles to 1 megacycle) ...... 0.0008-0.007
Dielectric constant 20
Tensile strength (in Ibs. per sqg.in.). . 1500 to 2000
Adhesion to metal (in Ibs. pull on a 1-inch-

wide strip) over 850-201 Primer. ... ... .10.3
Resistance to abrasion (grams abrasive
per mil thickness) . . ..2160

Test method: Bell Abrasion Tester
Hardness (in knoop hardness units) 29

Test method: Tukon Hardness Tester
Hardness (Sward Rocker Test) 20

MORE FACTS. Du Pont will be happy to
send you more information about TerLON
Spray Finishes or TerLoNn Wire Enamels.
And if you would like the name of an experi-
enced TEFLON applicator in your area, we'll
be glad to send that along, too.

Just drop us a letter on your company’s
letterhead. Address: Advertising Department,
2502 Nemours Bldg., E. I. du Pont de Ne-
mours & Co. (Inc.), Wilmington 98, Del.

FINISHES

REG. U. 5. PAT. OFF

BETTER THINGS FOR BETTER LIVING

. THROUGH CHEMISTRY
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this basic premise. But what of the his-
torical development of the subject and
the profound sociological effects that
have followed major scientific develop-
ments? Are we to leave the interpreta-
tion of these developments to the scien-
tific illiterates of social studies? Perish
the thought! Besides it would not hurt us
science teachers to give some earnest
thought to historical perspective and
social consequences.

The sad part of Dr. Michels’s article is
his implication that our economy cannot
afford enough qualified physics teachers
to maintain an adequate classroom pro-
gram, and therefore must resort to
money-saving gadgets such as canned
and televised lectures.

This attitude is completely unjustified
both from a standpoint of psychology
and economics. The most firmly estab-
lished educational principle is that the
learning process progresses best when a
competent teacher is in close personal
communication with a moderate-sized
group.

Economically there is still less justi-
fication for this abject surrender to tra-
ditional American niggardliness toward
the intellectual. It has been quite thor-
oughly demonstrated that the American
economy can support anything that the
American people want. Our problem as
teachers is to convince that great amor-
phous mass that education is almost if
not (uite as valuable as alcohol, tobacco
or automobile tail-fins.

THEODORE F. WHITEHEAD

Metropolitan High School
Los Angeles, Calif.

Sirs:

I enjoyed the article on the bathy-
scaph in your April number. I am puz-
zled, though, as to why neither in the
article nor in the bibliography is there
any mention of the basic source of in-
formation on the bathyscaph in print.

This was a book done by Auguste Pic-
card which Oxford University Press pub-
lished in 1956 under the title Earth, Sky
and Sea. In justice to Mr. Piccard’s lit-
erary endeavors and to the translators,
and for what is still the most current and
complete account of the character and
achievement of the bathyscaph, it would
have been a service to have called at-
tention to the book’s existence.

CarrorL G. BowexN

University of Chicago Press
Chicago, Il



MANUTACTURING AND SUFRY U UMIT OF THE BELL SYATEM

A battery of mechanized furnaces . . . auto-
matically controlled by Honeywell instru-
mentation. (Photo courtesy Motorola, Inc.,

Semiconductor Products Division.)

[
[Western Electric]

MOTOROLA

Join these leaders in electroniecs...

in your choice of
Honeywell controls
for crystal growing

Many of America’s best known electronic equipment
manufacturers depend on Honeywell instrumentation for
precise control of their crystal growing operations.

Honeywell control systems provide accurate temperature
regulation that yields crystals of consistently high qual-
ity. These systems include controls for programming the
crystal pull, for power proportioning, and annealing.

Your nearby Honeywell field engineer can give you valu-
able help with your crystal growing process. Call him
today . . . he’s as near as your phone.

MINNEAPOLIS-HONEYWELL, Wayne and Windrim Ave-
nues, Philadelphia 44, Pa.

Honeywell
Tt tw Cotiods-
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the on the Chemical Newsfront

A NEW GUIDEBOOK FOR CHEMISTS who want to explore the vast
chemical resources of calcium cyanamide is now available. Cyanamide,
an exceptionally reactive intermediate, has the unusual ability to react
now like an organic chemical, now like an inorganic. Starting point for
hundreds of useful compounds— biologicals, steel additives, leather
softeners, silver cleaners, insecticides, textile resins, paper resins, coating
resins, plastics — its potential still remains largely unexplored, a constant
challenge to the chemist’s ingenuity. A copy of this 122-page source
book, the most comprehensive ever published, will be sent on your
request. (Industrial Chemicals Division)

-

NOW DEVELOPED IN FLAKED FORM, N-cyclo-hexyl-
benzothiazole-2-sulfenamide has been added to
complete Cyanamid’s line of rubber vulcanization accel-
erators. In this unique flaked form, Cypac* accelerator
eliminates caking often associated with currently avail-
able powders. Its free-flowing properties are of partic-
ular advantage in the automatic compounding of rubber
for tire treads, footwear, heels, soles and similar
products. Cyanamid’s line now ranges from the very
fast-curing mercaptobenzothiazole to the safest
delayed-action DIBS® accelerator, with Cypac falling
between MBTS and NOBS* accelerators in processing
safety. (Organic Chemicals Division)
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FABRICS RECOVER QUICKLY FROM WRINKLES when
treated with new Aerotex* Resin 23, one of Cyanamid’s
minimum-care textile finishes. Cottons or rayons are stabi-
lized or “set” through impregnation and curing of the resin.
Even after repeated launderings, treated fabric springs
back to its original position, requiring only “touch-up”
ironing. Exceptional wrinkle resistance is combined with
high tensile strength and resistance to discoloration from
chlorine bleaches and ultraviolet rays. AEroTex Resin 23
imparts a soft hand, and may be used with other finishes
to give fabrics other desirable properties.

(Organic Chemicals Division)

PHOSPHORIC ACID IS NOW ON TAP at Cvanamid’s new
triple superphosphate plant at Brewster, Florida. A wet
process phosphoric acid— 54% P2O5— it offers the fertilizer
industry an economical way to produce high analysis mixed
goods using less expensive nitrogens and less sulfuric acid
in processing. It will enable fertilizer manufacturers to meet
farmers’” constantly increasing demands for high analysis
plant food. Further information is available on your request.

(Agricultural Division)

#*Trademark

NEED A GELLING AGENT? Gels from low viscosity systems can now
be produced by AM-9% gelling agent. AM-9, a dry powder, forms a
nonviscous solution in water. After the addition of a catalyst, the solu-
tion gels in a predetermined period of time which is controlled by the
amount of catalyst used. Viscosity of the solution remains essentially
that of water until just before the gel is formed, allowing the placement
of the AM-9 gel almost anywhere that water can be introduced. The
gel formed is insoluble in water, organic solvents and alkali. The AM-9
gel is impermeable to water and most organic solvents. The gel is
resistant to fungal attack and is mechanically stable in contact with
water. We will be glad to send a technical bulletin on your request.
(Market Development Department)

__-_-_-_-—"‘—‘—-\
— CYANAMID

AMERICAN CYANAMID COMPANY

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y.

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

with a new
high in
efficiency

A new family of turbines, with guar-
anteed efficiencies of from 75% to well
over 80%, reduced installation require-
ments and long and trouble-free serv-
ice, is now being produced by Stratos.
Earning an excellent reputation in the
chemical and petrochemical industries,
these turbines are available in flow
ranges from as low as 20 scfm to over
1500 scfm.

They include turbines for low-
temperature applications (down to
—400°F) and for high temperature
uses (up to 1200°F). Designed to oper-
ate at pressures up to 3000 psi, these
turbines owe their high efficiency to
their aerodynamic cleanliness, low
wetted areas—and to the attention paid
to detail in aerodynamic, thermody-
namic and mechanical aspects of each
design.

Reliability and safety are designed
into each Stratos unit. Warranted long
life precludes frequent downtime for
maintenance. Special features, such as
fluid sealing and overspeed protection,
are incorporated when required.

For further information on Stratos
turbo-expanders — and industrial com-
pressors—write to:

STRATOS

INDUSTRIAL PRODUCTS BRANCH
Route 109 West Babylon, N. Y.

A DIVISION OF FAIRCHILD ENGINE & AIRPLANE CORPORATION
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20 AND 100
YEARS AGO

JULY, 1908: “Nearly a score of Aero
Club members and others interested in
aviation made the trip to Hammonds-
port, N.Y., to witness the flight of the
Aerial Experiment Association’s third
aeroplane, the June Bug, on the Fourth
of July, for the SCIENTIFIC AMERICAN
trophy. The distance to be covered was a
kilometer in a straight line. The suc-
cessful flight, made by Mr. Glenn H.
Curtiss, was the culmination of carefully
planned efforts for the winning of this
trophy by the Association, a combination
of inventors whose moving spirit and
chief backer is Dr. Alexander Graham
Bell. The speed of the machine was very
nearly 40 miles per hour—39.8 to be ex-
act. Thus it will be seen that this aero-
plane, with the total weight of 650
pounds including the aviator, and with
the expenditure of 25 horse-power, is
capable of very nearly the same speed
that the Wright brothers claim for their
1,000-pound machine with approxi-
mately the same horse-power.”

“It is announced from the Hague that
Prof. Kamerlingh Onnes, of the Univer-
sity of Leyden, who retracted lately his
provisional statement that he had suc-
ceeded in liquefying helium, has now
absolutely succeeded. He obtained, on
July 10, 50 cubic centimeters of liquid
helium, which remained in that state for
50 minutes. The boiling point of the
liquid was 268 deg. C. below zero,
eqquivalent to about 450 deg. below zero
F.

“On Tuesday, July 7, the good ship
Roosevelt started on her second voyage
to the Arctic, and two days later Com-
mander Peary left by train for Sydney,
Cape Breton, where he joined the ship.
From Sydney the ship will go to Hawke’s
Harbour, where 25 tons of whale meat
will be taken on board. At Etaw the ex-
pedition will pick up the Esquimaux,
upon whom reliance will be placed for

‘ the final dash by sled for the North Pole.
Peary expects to reach the North Pole
in the spring of 1909. If he succeeds, the

| news should be received in New York

© 1958 SCIENTIFIC AMERICAN, INC

sometime between August 15 and Sep-
tember 15 of next year.”

“A find of more than usual interest
has been made in Egypt. Early this year
excavators in the Valley of the Tombs of
the Kings at Thebes, working under the
direction of Mr. Theodore M. Davis of
Newport, uncovered a royal burial place.
Inscriptions in the shrine said that Akh-
naton, Pharaoh of Egypt, had made the
tomb for his mother, Queen Thiy. In a
recess in the wall stood four alabaster
canopic jars—jars for holding the viscera
of the deceased—each with a lid exqui-
sitely carved in the form of a feminine
head. But the coffin, lavishly inlaid with
rare stones and colored glass, bore the
name of Akhnaton himself. Dr. G. Elliott
Smith, an eminent osteologist, declared
the bones to be those of a young man of
about 25, powerfully built. It now seems
certain that they are the bones of Queen
Thiv’s great son.”

“The United States Navy possesses in
the scout cruiser Salem the fastest war-
ship in the world. In the recent govern-
ment standardization trial over the meas-
ured mile course off Rockland, Me., this
handsome vessel was driven at a maxi-
mum speed of 26.88 knots, and at an
average speed for five runs, over the
mile course, of 25.95 knots. This result
is particularly gratifying because of the
fact that the Salem is equipped with
Curtis turbines, a type which is distinctly
American, having been developed en-
tirely in this country. The Chester, a
sister ship driven by Parsons turbines,
has the distinction of being the second
fastest warship afloat.”

“Alfred Clarke, a New Yorker by birth
but a resident of Paris for a number of
years, has had a vault constructed in the
cellars of the Paris Opera House, in
which have been placed hermetically
sealed leaden casks containing talking-
machine records of the voices of present-
day singers as well as some orchestral
pieces. The idea is to preserve these rec-
ords for posterity, so that the mellow
notes of Caruso and Melba may be heard
by people who were born many years
after the death of these artists. It was
agreed that the vault might be opened
after 50 years with the permission of the
Ministre des Beaux-Arts.”

“The fifth annual Glidden trophy
tour for automobiles is over a 1,700-mile
course, extending from Buffalo to Pitts-
burgh, thence north to Albany, N.Y.,
east to Boston, north to the Rangeley
Lakes in Maine, and then west through



NEW

DIODE

SPEEDS

VOICES—

AT 6,000,000,000 C.P.S.

How the radio art can be improved through solid state science is illus-
trated by a recent development at Bell Telephone Laboratories. To make
voice signals travel by microwaves they must first be “converted”—caused to
vibrate at billions of cycles per second. To date, it has been possible to
accomplish this conversion only at the cost of appreciable loss of signal energy.
Could a more efficient converter be provided?

In the field of solid state science it was known —as a laboratory curiosity —
that semiconductor diodes can be made not only to convert the frequency of
signals, but also to amplify them. At Bell Laboratories Dr. Arthur Uhlir, Jr.,
and his associates calculated that this amplifying action could be put to prac-
tical use. They proved the point by developing a junction diode converter
which can deliver up to 40 times as much signal energy as previous converters.

This eflicient new converter will be applied in a new Bell System micro-
wave highway able to transmit thousands of telephone conversations and a
dozen television programs simultaneously at six billion cycles per second. In
other forms it is being developed, under Signal Corps contract, for radar and
military communications where more efhicient frequency conversion can also
be used to advantage.

This development is an example of the many different ways in which
Bell Laboratories works to improve your telephone service and communications
at large.

ot
SN

5 %

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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“We taught ourselves

to use the

...it’s that easy.’

PETER M. LANG, Senior Engineer
NUCLEAR PRODUCTS—ERCO DIVISION OF ACF INDUST RIES, INC.

<

‘Our nuclear engineering staff, in developing
commercial power reactors, required a
full-sized digital computer that the entire
group could use. We picked the G-15 and 1
was first to learn its use. I taught myself

in two days without help and in turn taught
two-day classes for other ACF employees.
Many of us had no previous computer
experience, but we are now keeping our G-15
‘hopping’—often seven days a week and
eight to twelve hours a day?”’

THE G-15 GIVES YOU memory and speed of
computers costing four times as much * Typewriter
input-output, paper tape output and 250
characters/sec paper tape input at no added

cost « Punch card input-output available ¢« Extensive
library of programs furnished ¢ Strong user’s

sharing organization * Proven reliability * Nationwide
sales and service * Lease or purchase.

Compuhr

DIVISION OF BENDIX AVIATION CORPORATION

Built and backed by Bendix, the G-15 is serving scores
of progressive businesses large and small through-
out the world. For details, write to Bendix Computer,
Department C-4, Los Angeles 45, California.
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the White Mountain district, across Ver-
mont to Saratoga. At last report the
contestants had reached Boston (960
miles). Out of 30 entrants, the perfect-
score cars remaining were three Pierce-
Arrows, three Peerlesses, three Mar-
mons, two Studebakers, two Hayneses,
two Franklins, a Gaeth, Oldsmobile,
Premier, Ranier, Reo and Thomas.”

JULY, 1858: “The steamship North
Star, from Southampton, arriving at New
York July 20, brought news of the failure
of the Atlantic cable. The Niagara and
Gorgon met on the 28th of June, and
for the third time connected the cable.
They then started afresh, and, the Nia-
gara having paid out over 150 miles of
cable, all on board entertained the most
sanguine hopes of success, when the an-
nouncement was made on the 29th at
9 p.m. that the electric current had
ceased to flow. Professor Morse thinks
from this result that the cable is too
thick.”

“The three steam fire engines lately
built for the Philadelphia fire depart-
ment—the Philadelphia, Young America
and Hope—made a trial of their powers a
few days since, in the presence of a large
concourse of spectators. The result was
creditable to all the machines, but the
Philadelphia was the winner. The Phila-
delphia threw a stream through a 1%-
inch nozzle a distance of 231 feet; the
Young America, 209 feet; and the Hope,
212 feet.”

“The steamship Leviathan has been
re-baptized, and is now the Great East-
ern again.”

“The Dudley Observatory at Albany,
not yet fairly under way, has got into
trouble, and the trustees have summarily
removed Mr. B. A. Gould from the post
of Superintendent Astronomer, for al-
leged impertinence and incivility. In re-
turn, Mrs. Dudley, benefactress of the
institution, has requested a majority of
the trustees to resign, and the Scientific
Council has also reprimanded them. Al-
together it seems as if New York’s quiet
gubernatorial city was going to be the
scene of a great disturbance, and, until
the difficulty is settled, we hope that the
stars. will not miss their accustomed
watching.”



Foxboro
makes a better
instrument

or Foxboro
doesn’t
make it!

Consotrol Control Station undergoing final calibration. Full 4-inch chart width is one of
many advances in small-case panel instruments introduced by this Foxboro development.

FOXBORO

REG. U.S. PAT. OFF.
Creative Design and Manufacture of Instruments and Instrument
Systems for Measurement and Control of Process Variables. The Foxboro Company, Foxboro, Mass., U. S. A.
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Another furst for the §-C 5000. ..

Now . . . the S-C 5000 High-Speed Electronic Printer prints com-
puter data on pre-printed forms five to ten times faster than the
fastest electro-mechanical printers. Invoices, stock records, pre-
mium notices, checks — business forms of all types — can be filled-
in at the rate of 5,000 lines per minute. Such high perform-
ance means dollar savings to users of high-speed data processing
systems . . . less capital investment . . . lower operating costs.

Records Computer Data On Pre-Printed Forms.

New standards of reliability also have been set by the S-C 5000.
Electronic printing, made possible by the unique combination of
the Charactron readout and the Haloid Xerographic process,
eliminates troublesome fast-moving mechanical parts.

Inspect the invoice form on the opposite page, an actual example
of S-C 5000 printing. Note the clarity of each character . . . the
close registration of filled-in data to pre-printed copy. This is
quality printing performed economically by the world’s fastest
printout equipment . . . the S-C 5000 High Speed Electronic
Printer.

Write today for complete specifications and further information
concerning both on-line and off-line applications of the S-C 5000.

A DIVISION OF GENERAL DYNAMICS CORPORATION
1895 Hancock Street ¢ San Diego 12, California .
1L g™

Smc STROMBERG-CARLSON GD
by

Electronic and communication products for home, industry and defense
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MECHANI(A[] THE AUTHORS

[ID CONTROL

Has Advantages
in Thousands of New

Applications! =

3 Dimensional Cams can
be used in applications

.99 [TPVEE)

where ““x”” and “‘y
input variables of

pressure
R.P.M.
altitude

are

e temperature e
o liquid flow °
e speed L]

or any of thousands of other forces
or motions.

e

2" is the instantaneous resultant
or readout of the two input vari- |
ables. z = f(x,y).

Some advantages—

e withstand severe
environmental extremes

fidelity of readout

smaller control size

lighter control weight

dependability

NOW
AVAILABLE . . .
the latest and
most complete
brochure on 2
and 3 dimensional cam control.

Fully illustrated and diagrammed
design, development, application
information. Send for your copy today!

C e ' i
i

-
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T !

me PARKER-

HARTFORD CORPORATION

Franklin Avenue Hartford, Connecticut
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T. Y. LIN (“Prestressed Concrete”)
recently returned from the U.S.S.R.,,
where he headed a U. S. delegation
studying Soviet work with prestressed
concrete. Born in China in 1912, Lin was
educated at Chiaotung University and
the University of California. From 1933
to 1946 he worked as a construction and
design engineer on the Chinese Govern-
ment Railway. In the latter year he
emigrated to the U. S. and joined the
faculty of the University of California,
where he is now professor of civil engi-
neering. Lin’s interest in prestressed con-
crete dates from 1951, when the Uni-
versity was asked by the state to do re-

| search on the first bridge in California

incorporating this material. The results
of the investigation convinced Lin that
the new technique was sound and eco-
nomical. In 1953-54 he spent a year in
Belgium doing advanced work in the
field under a Fulbright grant. Last year
he was general chairman of the World
Conference on Prestressed Concrete held
in San Francisco. In addition to his
teaching and research at Berkeley, he
is a partner in the Los Angeles firm of
T. Y. Lin & Associates, consulting engi-
neers specializing in prestressed—concrete
structures.

C. S. BEALS (“Fossil Meteorite
Craters”) is one of Canada’s most distin-
guished astrophysicists. Since 1946 he
has served as Dominion Astronomer, di-
recting the Dominion Observatory at Ot-
tawa. Born in Nova Scotia in 1899, he
studied physics at Acadia University,
Yale University and the University of
Toronto. In 1924 he went to England
to study atomic spectra at the astrophysi-
cal laboratory of the Imperial College of
Science and Technology. Becoming fas-
cinated by the relationships between
laboratory and stellar spectroscopy, he
entered the field of astrophysics two
vears later at the Dominion Astrophysi-
cal Observatory in Victoria, B.C. He
spent the war years studying problems
of defense against poison gases. Beals is
the author of more than 50 scientific pa-
pers, most of them dealing with atomic
and stellar spectra and the nature of in-
terstellar material. His concern with the
latter subject led him to become inter-
ested in meteorites. As Dominion As-
tronomer he initiated the search for
meteorite craters in Canada which has
already uncovered five probable and sev-
eral other possible craters, ranging in

© 1958 SCIENTIFIC AMERICAN, INC

diameter from three quarters of a mile
to 20 miles. He is interested in paintings
and collects prints.

DONALD R. GRIFFIN (“More
About Bat ‘Radar’ ”) has been interested
in natural history since boyhood, and in
bats since his undergraduate days at
Harvard University. A specialist in the
sensory physiology of animal orientation,
he has devoted a great deal of study to
the radar-like echolocation systems of
bats and other animals, and has written
three articles for SCIENTIFIC AMERICAN
on this subject. Born in Southampton,
N.Y., in 1915, he was educated at Har-
vard and remained there during the war
to do physiological research for the Gov-
ernment. In 1946 he joined the faculty
of Cornell University. He returned to
Harvard as professor of zoology in 1953.
He is married and has four children; his
chief hobby is sailing.

DAVID E. GREEN (“Biological
Oxidation”) is one of the pioneers in the
field of enzyme chemistry. He first be-
came interested in the subject in 1930,
just after his graduation from New York
University. As a summer student at the
Marine Biological Laboratory in Woods
Hole, Mass., he heard about the work
being done on enzymes in England and
decided to go to the University of Cam-
bridge. After taking his Ph.D. there he
remained as a research fellow for seven
years, returning to the U. S. in 1941 to
take charge of the enzyme laboratory of
the College of Physicians and Surgeons
at Columbia University. In 1948 he left
Columbia to become professor of en-
zyme chemistry in the Institute for En-
zyme Research at the University of Wis-
consin; he is now co-director of the
Institute and editor of Currents in Bio-
chemical Research. A native New York-
er, Green acquired his hobby of figure
skating on the rink at Radio City; he
now practices it on Wisconsin and Min-
nesota lakes.

JOSEPH ]. MAIO (“Predatory Fun-
gi”) originally intended to become a
composer and still plays the piano and
violin as a hobby. His interest in preda-
tory plants stems from his high-school
years, when he maintained a collection
of Venus’s-flytraps, sundews and pitcher
plants. A three-year stay in a tubercu-
losis sanatorium made him especially
aware of the activities of microorgan-
isms, and in 1955 he received his B.S. in
microbiology from the University of
Washington and his M.A. two years
later. As a research assistant at the Uni-
versity of Washington School of Medi-
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Circling the earth, the “Explorer” orbits at 18,000 miles per hour from sunlight to darkness, at

to help assure thermal safety.

altitudes varying from 200 to 1600 miles. Inset shows white stripes of Norton ROKIDE “A” applied

Hotter than Fire ... Colder than Ice

ROKIDE® coating protects
the "Explorer’ through tem-
peratures from 600°F to 150°
below zero.

Completing its orbit every 118
minutes, the ‘“Explorer” speeds be-
tween blazing daylight and black
night every hour, through tempera-
tures ranging from 600°F to 150°F
below zero.

The resultant thermal risks, es-
pecially toinstruments, are enormous.
But by striping the satellite’s nose
cone and instrument section with
ROKIDE ‘“A” aluminum oxide spray

coating, Jet Propulsion Laboratory
scientists were able to maintain a
safe internal temperature range.

ROKIDE “A”, “ZS” and “Z” coat-
ings are hard, crystalline refractory
oxides. These Norton developments
have high resistance to excessive
heat, abrasion and corrosion that has
proved valuable not only in reaction
motors and AEC projects, but to
general industry ............... in ap-
plications involving electrical insula-
tion, electronics, bearing surfaces,
erosion resistance, chemical barriers,
material upgrading, surface catalyst
activity and altering emissivity and
characteristics of surfaces.

Facilities for applying ROKIDE coat-

ings are maintained at NORTON
CoMPANY, Worcester, Mass., and at
itsplant 2555 Lafayette Street, Santa
Clara, Cal. For the latest ROKIDE
Bulletin write to NORTON COMPANY,

546 New Bond St., Worcester 6, Mass.

WNORTONp

NEW PRODUCTS

(aking betrer products ...
fo make your products beffer

*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries

NORTON PRODUCTS Abrasives  Grinding Wheels o Grinding Machines « Refractories o Electrochemicals — BEHR-MANNING DIVISION Coated Abrasives « Sharpening Stones e Pressure-Sensitive Tapes
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Last year

Vitro. ..

¢ Mined more than enough uranium, if
used in power reactors, to meet all the
electrical needs of New York City and
its suburbs; and

* Milled more than enough uranium to
supply all the light, heat and power for
New York State and all New England.

Uranium production is only part of the
nuclear activity of Vitro, which is also
active in weapon systems, electronics,
extractive metallurgy and other tech-
nologies of the atomic age.

l More_than any corporate name
e _III'IIO means atmi_e energy

& Research, development, weap yst
& Nuclear and process engineering, design
“®_Electronics development and prod

a Refinery engineering, design, construction
R Uranium mining, milling, and processing

Thorium, rare earths, and heavy minerals
CORPORATION of AMERICA %
& Recovery of rare metals and fine chemicals
;VAircrafl components and ordnance systems

261 Madison Ave.,, New York 16, N. Y. ¢» Ceramic colors, pigments, and chemicals

22
© 1958 SCIENTIFIC AMERICAN, INC

cine heisat present working on bacterial
viruses. In addition to his musical di-
versions he enjoys oil painting.

J. DESMOND CLARK (“Early Man
in Africa”) was born in London in 1916.
Soon after receiving his degree from the
University of Cambridge he was ap-
pointed curator of the Rhodes-Living-

| stone Museum in Northern Rhodesia,

| and he has held that position for the

past 20 years. He is also Secretary to the
Northern Rhodesia National Monuments
Commission. During the war he served
in the British Army in the Somaliland
and Ethiopian campaigns. In both re-
gions he managed to combine archaeolo-
gy with soldiering; he incorporated his
discoveries into a book, Prehistoric Cul-
tures of the Horn of Africa. Since the
war his investigations of prehistoric
African archaeology have centered in
Northern Rhodesia and Nyasaland. Now
on leave in England, he will teach this
fall at the University of Chicago.

HENRY STOMMEL (“The Circula-
tion of the Abyss”) grew up in Freeport,
N.Y., where he spent much of his time
around small boats. Curiously, his first
scientific interest was not oceanography
but astrophysics. Teaching Naval
R.O.T.C. courses in celestial navigation
stimulated his curiosity about the sea,
and since 1944 he has been with the
Woods Hole Oceanographic Institution.
His research interests include the large-
scale ocean circulations, the Gulf Stream
and oceanic turbulence. At present he is
\vorking on a project to set up permanent
installations on oceanic islands for mak-
ing continuous observations of the deep

| sea. By mooring a series of radio-tele-

metering buoys in the sea around

| an island such as Bermuda, for example,

a radio monitoring station can keep
watch on what is happening in the ocean
over an area 1,400 miles in diameter.

F. HAWKING (“Filariasis”) writes:
“My first interest was classics, but as
these did not seem to offer a livelihood,
I turned to science, particularly medi-
cine.” Born on a farm in Yorkshire and
educated at the University of Oxford
and St. Bartholomew’s Hospital, he had
no special interest in tropical countries
until 1930, when an advertisement drew
him to the Liverpool School of Tropical
Medicine. His first opportunity to study
filariasis came in 1937, when he began
two years as a Medical Research Coun-
cil Fellow in Tanganyika and Nigeria.
Since 1939 he has been associated with
the National Institute for Medical Re-

| search in London.



Ancow

the gas that wanted to be alone
...helps man to explore space

Among the various gases in the earth’s atmosphere,
argon is one of the rarest—and most uncongenial. It is
such a poor mixer that it is never found in chemical
combination with other elements.

But scientists at LINDE reasoned that, because argon
doesn’t combine with other elements, it could be effec-
tively used to protect other materials from impurities
and contamination.

Today, LINDE argon protects the tiny filaments in
electronic tubes, helping to make rocket and jet plane
mechanisms, radar, and your television set operate
dependably. In the welding of metals for use in rock-
ets, missiles, and aircraft—or in the production of
titanium—argon is the “invisible curtain” protecting
the metal from impurities.

LINDE argon, 99.99++ per cent pure, is as close to
you as the nearest highway or railroad track. A nation-
wide, flexible distribution system assures satisfaction
of argon requirements for the factory or the laboratory
—in any volume, whenever and wherever needed.

For more than 50 years, LINDE has been extracting
gases from the atmosphere. .. finding better methods
for their practical use. If your industry, plant or shop,
has a special problem involving the use of argon, oxy-
gen, or nitrogen, or the equipment they require, LINDE
can help you. For specific information, call or write
your nearest LINDE office.

LiNDE ComPANY, Division of Union Carbide Cor-
poration, 30 East 42nd Street, New York 17, N.Y.
Offices in other principal cities. In Canada: Linde
Company, Division of Union Carbide Canada Limited.
The terms “Linde” and “Union Carbide” are registered 1
trade-marks of Union Carbide Corporation. ‘
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Alfre(l Marshall...on the tendencies of lluman action

“The laws of economics are to be compared with the
laws of the tides, rather than with the simp]e and exact
law of gravitation. For the actions of men are so various
and uncertain, that the best statement of tendencies,
which we can make in a science of human conduct, must
needs be inexact and fau]ty. This might be urged as a
reason against mal(ing any statements at all on the sub-
ject; but that would be almost to abandon life. Life is
human conduct, and the thoughts and emotions that
grow up around it. By the fundamental impulses of our
nature we all —high and low, learned and unlearned —~
are in our several degrees constant]y striving to under-

stand the courses of human action, and to shape them for
our purposes, whether selfish or unselfish, whether noble
or ignoble. And since we must form to ourselves some
notions of the tendencies of human action, our choice is
between forming those notions carelessly and forming
them carefu“y. The harder the task, the greater the need
for steady patient inquiry; for turning to account the
experience, that has been reaped by the more advanced
physical sciences; and for framing as best we can well
thought-out estimates, or provisional laws, of the ten-
dencies of human action.”

—«Principles of Economics, 1892

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonprofil organization engaged in research on problems related to national security and the pul)lic interest
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Prestressed Concrete

Concrete 1s made stronger by compression; steel, by tension. These

opposing properties are combined to make a building material which

is stronger than reinforced concrete and cheaper than steel alone

ictured on the cover of this issue of
PSCIENTIFIC AMERICAN is a revolu-
tionary building. Its bowl-shaped
roof literally hangs from the building’s
circular frame—like a life net held by a

circle of firemen. But the most remark-
able feature of the structure is not its
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PRESTRESSED CONCRETE ROOF of the National Race Course

by T. Y. Lin

design. The roof is concrete! It repre-
sents a radical innovation in building
material. The concrete is laced with
cables of steel, and the two materials
are wedded in a new way which makes
concrete as supple as a diving board and
gives the steel seven times its usual

strength. The combination is called pre-
stressed concrete. Developed within the
last few years, it is already recognized
as one of the great advances in construc-
tion of the 20th century. Prestressed con-
crete provides builders with a material
of superb strength, flexibility and econ-

The concrete of the roof is only three inches thick. When the Race

at Caracas, Venezuela, projects 90 feet from its supporting pillars. Course opens in October, the grandstand will seat 35,000 people.
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PRIMITIVE EXAMPLE of prestressing is
the barrel. The wooden staves of the barrel
are precompressed, and the metal bands
around them are prestretched. The horizon-

tal arrows indicate the direction in which
the staves are compressed; the vertical ar-
rows, that in which the bands are applied.

26

omy. Thousands of buildings and bridges
have been built of it, and the manufac-
ture of prestressed concrete in the U. S.
is approaching a billion-dollar industry.
It seems not too much to say that in con-
struction we are passing from the age of
steel to the age of prestressed concrete.

The idea is simplicity itself. Suppose
we take a long block of concrete, put a
bar of steel through it lengthways and
tighten nuts at the ends of the bar so
that the steel is stretched and its tension
compresses the concrete. Concrete,
which is strong in compression, also loses
its tendency to crack when thus com-
pressed; the steel, strong in tension, is
tightened by the stretching. The stressed
concrete span will now bear a consider-
able load. It is no longer brittle but actu-
ally resilient. Indeed, with prestressed
concrete we can make a whippy fishpole
or a bouncy diving board!

Prestressed concrete should not be
confused with reinforced concrete,
which simply has steel embedded in it
for support. The novel feature of the new
combination is the built-in stress, which
stores energy in the concrete and the
steel and thereby augments the strength
of both.

The combination has several obvious
advantages. It saves steel, because the
steel sinews are merely cables or slim
rods. The concrete protects the steel
from corrosion and fire. And prestressed
concrete can easily be molded into any
desired form—a dome, a girder, an arch,
a tank or whatever.

r I‘ he prestressing idea is at least us

ancient as the old-fashioned wooden
barrel. The iron bands around the barrel
are prestretched, and the wooden staves
are precompressed. The barrel, when
filled, say, with beer, does not leak; in-
deed, the pressure inside the barrel in-
creases the tension on the hoops that
hold the staves together [see diagram
at the left]. The same principle has been
employed in the U. S. since 1930 in huge
circular tanks, holding millions of gal-
lons of liquid, which are built of con-
crete with tightly wound bands of high-
tensile steel.

As early as 1886 a San Francisco en-
gineer named P. H. Jackson patented the
idea of a prestressed concrete beam. He
buried a steel bar (wrapped in grease
and paper) in the concrete and tightened
the bar with a nut to compress the con-
crete. Unfortunately his system did not
work, because in time the concrete
shrank to the point where his bar, made
of ordinary steel, lost its tension and no
longer compressed the concrete. About
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1927 a French engineer, Eugéne Freys-
sinet, made the idea practicable by using
high-tensile steel, which could be
stretched enough to keep most of its ten-
sion even after shrinkage of the concrete
[see diagrams on page 28]. European
builders took to prestressed concrete for
many of their structures, especially after
World War II, because it conserved
scarce steel. In the U. S. the first use of
prestressed concrete for a structure other
than a tank came in 1950, when a bridge
of this material was built in Philadelphia
with the assistance of G. Magnel of
Belgium, a pioneer in the field. Now
there are thousands of prestressed con-
crete structures in this country, and more
than 200 plants engaged in producing
the new building material. The U.S.S.R.
also has taken it up on a large scale. The
U. S. and the US.S.R. are leading pro-
ducers of prestressed concrete: it is esti-
mated that last year each produced some
1.5 million cubic yards. The U.S.S.R. is
known to be planning to raise its rate
of production to nine million cubic yards
by 1960.

It is apparent that the prestressing
idea can be applied not only to concrete
but also to ceramics and other materials.
For example, prestressed ceramic wings
for airplanes have already been tested.
The prestressing steel gives the wing suf-
ficient strength, and the ceramic surface,
because of its high resistance to air fric-
tion, looks like a promising answer to the
heat barrier. Among other materials to
which prestressing has been successfully
applied are bricks, timbers and even or-
dinary steel, which can be made to bear
heavier loads by prestressing it with em-
bedded sinews of high-strength steel.
But the ideal combination, from the
standpoint of economy and flexibility, is
high-strength steel and concrete.

The use of prestressed concrete on a
large scale did not become feasible until
high-strength steel was made available
at reasonable prices. The steels now em-
ployed can withstand up to 250,000
pounds of tension per square inch of
cross section. In prestressed concrete
they are kept at a tension of about 140,-
000 pounds per square inch—seven times
the tolerance of ordinary steel. The high-
strength steel is about four times more
expensive than the ordinary metal, but
as the demand grows its cost will un-
doubtedly come down.

Now there are many possible ways of

combining the steel and the con-
crete. The one most commonly employed
adds to the compression of the concrete
another most useful mechanical princi-
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PRE-TENSIONING a prestressed concrete beam involves, in a sim-

ple case, (1) stretching a steel rod between two stout abutments.

(2) pouring concrete around the rod and (3), after the concrete
has set, releasing tension on rod so that it compresses the concrete.

Q

_

POST-TENSIONING a prestressed concrete beam involves, in a

similarly simple case, (1) pouring the concrete around an un-

stretched steel rod which is encased in a tube and (2), when the
concrete has set, stretching the rod by means of a screw jack (right).

POST-TENSIONING IS USED to exert an upward force on a pre-

stressed concrete beam by (1) loosely suspending a cable, (2)

pouring concrete around it and (3) stretching the cable with a hy-
draulic jack. The upward force then equals the load on the beam.

PRE-TENSIONING IS USED to exert a similar upward force on a

prestressed concrete beam by (1) stretching between abutments a

cable which is anchored at two points, (2) pouring concrete around
the stretched cable and (3) releasing the tension on the cable.

27
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ORDINARY STEEL does not permit prestressing, for the reason depicted in these drawings.
At top is a beam 100 feet long (the vertical scale is exaggerated with respect to the horizon-
tal) ready for post-tensioning. In the middle drawing the ordinary steel rod has been
stretched one inch, about as far as it will go. In the bottom drawing the concrete has shrunk
one inch, allowing the steel rod to relax so that the concrete beam is no longer stressed.

________________ _E]

HIGH-STRENGTH STEEL makes prestressing possible. At top is a 100-foot beam ready for
post-tensioning. In the middle the high-strength steel rod has been stretched seven inches.
At bottom the concrete has shrunk one inch, leaving the rod still stretched six inches.
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ple—namely, the principle of the suspen-
sion arch. Suppose we embed a curved
steel cable in a concrete beam. The
stretched cable exerts an upward force
on the concrete, counteracting the force
of gravity [see lower diagrams on pre-
ceding page]. If the upward force ex-
actly balances the gravity force all along
the beam, the beam in effect is carrying
no load at all! In practice, of course, a
construction beam (e.g., in a bridge) has
to carry variable and moving loads. But
the beauty of such a prestressed concrete
beam is that it needs to be made only
strong enough to bear the imposed loads;
its own weight is self-supported.

For the various forms and uses of pre-
stressed concrete, three kinds of steel
sinew are employed: steel wires about a
quarter of an inch in diameter, twisted
cables from a quarter of an inch to two
inches in diameter and rods up to an
inch and a quarter in diameter. The
sinews are stretched and tightened in
one of two ways, called pre-tensioning
and post-tensioning. In the pre-tension-
ing process the wires or cables are
stretched first and released from their
end supports after the concrete has
hardened around them; their snap-back
compresses the concrete. In the post-
tensioning procedure the steel wires are
encased in tubes and remain relaxed un-
til after the concrete hardens; then they
are stretched by jacks and their ends are
anchored against the concrete [see illus-
trations on preceding page]. The space
around the wires in the tubes is then
filled with cement by grouting. Various
types of jacks and anchoring hardware
have been developed for this process.

Some tough problems have had to be
solved, by research and sometimes by
costly trial and error. One is relaxation
of the stress, either from loss of the
steel's stretch under high tension or
from shrinkage of the concrete. Another
is corrosion: steel under high tension is
unusually sensitive to corrosion. Fortu-
nately the concrete coverage of the steel
generally is sufficiently watertight to give
excellent protection. Still other problems
have to do with the capacity of pre-
stressed concrete to withstand impacts
and with measurement of its fire-resistive
properties (excellent). With research
and experience engineers are learning to
avoid mistakes and to make the most of
this new material. They are also looking
into variations, such as using glass fibers
as the sinews in place of steel.

In engineering many factors besides
the basic scientific principles are in-
volved in applying any new technique or
material. There are organizational, man-



PRE-TENSIONING PLANT of the Material Service Corporation long. In the line at left the cables are stretched; in the line in the
in Chicago makes prestressed concrete beams for bridges. At lower middle the beams have been cast and are ready to be removed in
left are reels of cable which feed three production lines 600 féet sections by cutting the cable; in the line at right the beams dry.
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PRE-TENSIONED BEAM is made by Ben C. Gerwick, Inc., in San on the finished beam. At right is half of the mold for the beam.

Francisco with a set of cables within it to exert an upward force This half is raised to a vertical position when the concrete is poured.
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WATER TANK in Walnut Creek, Calif., is built by the system of
the Preload Company, Inc. This system involves the principle of

agerial, marketing, legal and even per-
sonal equations to be solved. For exam-
ple, prestressed concrete is most con-
veniently cast in a factory and offers
many of the advantages of factory pro-
duction. But this means that long and
heavy pieces must be transported to the
site of construction. In the U. S., with
its extensive trunk highways and large
truck trailers and cranes, the means of
such transport are at hand. When the
24-mile bridge of prestressed concrete
was built across Lake Pontchartrain in
Louisiana, each span of the bridge,

ROOF AND FLOOR SLAB of prestressed concrete is lifted into
position by hydraulic jacks to make the building of the U. S.

30

weighing 180 tons, was precast in a
plant, carried to the site and set on the
piers from barges. However, many pre-
stressed concrete structures have been
fabricated in the field. This calls for
specially skilled labor at the site, but the
new technique is nonetheless more eco-
nomical and convenient than conven-
tional methods of construction. Often
the prestressed concrete slabs for a build-
ing are cast on the ground and raised to
their positions as floors and roof by hy-
draulic jacks.

So far the use of prestressed concrete
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the old-fashioned barrel. The tank is built up of concrete slabs set
on rubber pads. The whole tank is then tightly wrapped with wire.

has been limited mainly to large struc-
tures such as bridges and buildings. The
material yields great economies in the
building of bridges: engineers estimate
that $2 billion could be saved if pre-
stressed concrete were used for one half
of the bridges planned in the current
U. S. highway building program. Most
of the 289 bridges on the Illinois toll
highway now under construction will be
built of prestressed concrete, and the
saving is said to be $4 million. The state
of California has erected a number of
college and hospital buildings of the

Geodetic Survey in Menlo Park, Calif. The pairs of rods beside the
pillars of the building suspend the slab from the jacks above.



ROOF in Montevideo, Uruguay, was designed by the Preload Com-
pany. Small slabs of concrete are suspended from radial cables.

material; the slabs for these structures
were cast at the site.

The flexible possibilities of prestressed
concrete in buildings are beautifully il-
lustrated by a couple of examples. At
Caracas, Venezuela, the new National
Race Course has a grandstand roof of
prestressed concrete—only three inches
thick—which projects 90 feet from its
supporting pillars so that no posts ob-
struct the view [see photograph on page
25]. The edge of the roof is tipped up-
ward about an inch by the pull of the
steel wires; eventually it will flatten out,

SPAN made of prestressed concrete sections is lifted into position
to make the arch of a bridge on a highway which connects Caracas,

but it will never droop as conventional
cantilevered roofs commonly do. The
other example is a factory in Los Angeles
whose roof, a three-inch slab of pre-
stressed concrete covering 100,000
square feet, is filled with two inches of
water to cool the building. The entire
roof is watertight without waterproofing.
It has carried water for a year now with-
out any leakage.

Prestressed concrete is used around
the world for foundations, dams, roads,
airfield runways, railway ties (in Ger-
many and the U.S.S.R.), even telephone
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The cables are stretched by placing bricks atop each slab. When
interstices between slabs are filled with concrete, bricks are removed.

poles (in Africa). The telephone poles
are expected to last forever. The possi-
ble applications of the material seem al-
most limitless.

Last year a World Conference on Pre-
stressed Concrete, held in San Francisco
under the auspices of the University of
California, was attended by more than
1,200 delegates from 30 nations. Sixty-
four technical papers were presented
and have been published as the Confer-
ence proceedings. They make plain that
this new technology is certain to grow
by leaps and bounds.

Venezuela, with the seaport city of La Guaira. Built by the French
firm of Campenon Bernard, the bridge has a span of 500 feet.
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BRENT CRATER in central Ontario is a shallow depression about and borings reveal that it is a meteorite crater filled with sedi-
two miles across; its circular form, never observed at ground mentary rocks 500 million years old. This photograph and those on
level, shows up clearly from the air. Geophysical investigations pages 34 and 37 were made by the Royal Canadian Air Force.
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FOSSIL METEORITE CRATERS

Canadian investigators have discovered meteorite craters at

least 500 million years old. Clues from aerial photographs

suggest that these fossil explosion pits are fairly common

he surface of the earth near Brent,
I Ontario, is dented with a shallow,
saucer-like depression about 200
feet deep and two miles across. For years
fishermen, miners and lumbermen have
tramped through the woods that cover
it and around its two small lakes with-
out noticing anything unusual about this
bit of topography. Aerial photographs,
however, show that the depression is al-
most perfectly circular [see photograph
on opposite page]. Closer inspection of
the ground, prompted by this observa-
tion, has revealed that in ages past a
deep hole was gouged here in the
primeval granite and gneiss of the Cana-
dian Shield. Later submergence of the
region filled the hole with younger sedi-
mentary rocks. Beneath these sediments
borings disclose a deep layer of shattered
rock, apparently the debris of some gi-
gantic explosion. In fact there is every
reason to believe that this depression is
the “fossil” crater of a huge meteorite
which plowed into the earth and ex-
ploded some 500 million years ago.
The discovery and identification of
the Brent crater demonstrate a virtue of
aerial photography which has great
value to geologists, archaeologists and
other investigators. Pictures taken from
sufficient altitude frequently resolve pat-
terns that go unrecognized by observers
on the ground. A search through some
400,000 aerial-mapping photographs of
Canada has now turned up a dozen cir-
cular topographical features of possible
meteoritic origin, one of them 20 miles in
diameter. The few we have been able
to investigate so far show evidence of
the same cataclysmic origin. It seems,
therefore, that meteorite craters are a
great deal more common on the face of
the earth than was heretofore supposed.
These ancient scars indicate that the
earth has been colliding with large

by C. S. Beals

chunks of iron and stone from outer
space throughout a great part of its his-
tory. They also lay the foundation for a
clear answer to the question, still de-
bated in some quarters, of the origin of
craters on the moon.

Only a century and a half ago so acute
an observer as Thomas Jefferson ex-
pressed doubt that meteorites—“stones
from the sky”—really existed. We know
now, of course, that meteorites fall upon
the earth almost continuously. Most me-
teors are tiny and vaporize as “shooting
stars” in the thin outer reaches of the
atmosphere. Some are big enough to sur-
vive the erosion of the atmosphere and
plunge into the ground. But the really
giant meteorites that explode upon im-
pact and make large craters are so rare
that until quite recently people did not
suspect or else doubted their existence.

rI‘he first meteorite crater to be estab-
lished as such is the great Barringer
crater in the Arizona desert. From a dis-
tance it looks like a low, gray mesa, con-
spicuous against the reddish plain. Its
gentle outer slopes are littered with sand,
broken rock and angular blocks of lime-
stone. Upon climbing to the top, visitors
are astonished by what they see: a tre-
mendous bowl, three quarters of a mile
across and more than 600 feet deep,
ringed by a steeply slanting wall sown
with more fragments of rock. Even to a
nongeologist the crater seems clearly to
have been blasted out of the layers of
limestone and sandstone whose contrast-
ing strata encircle it. Closer examination
shows that these strata have been tilted
upward and outward by the force of the
explosion [see drawing on page 36].
Conclusive evidence of the origin of
this crater is the fragments of the meteor-
ite itself. These lumps of nickel-iron and
iron oxide, found in abundance in and
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around the crater, range in weight from
a fraction of an ounce to more than half
a ton. Years ago several thousand tons
of them were smelted down for com-
mercial purposes, and hundreds of frag-
ments departed in the pockets of sou-
venir hunters. Substantial numbers,
however, found their way into museums
throughout the world. Their high nickel
content and their peculiar crystalline
structure prove that they came from out-
er space.

For years, despite this compelling evi-
dence, many scientists argued that the
crater was the work of a volcano or an
underground gas explosion. D. M. Bar-
ringer, a mining engineer whose name
the crater now bears, saw clearly from
the first time he beheld it that only a
giant meteorite could have blasted out
this great hole in the rock and peppered
the country for miles around with mete-
oritic fragments. Barringer deserves
everlasting credit for sticking to his guns
in the face of what was supposedly the
best scientific opinion of his day. His
stand has been amply confirmed by later
investigation. Borings in the crater and
beneath its rim have revealed a great
deposit of crushed rock containing more
meteoritic fragments.

The age of the Barringer crater has
been estimated at 50,000 years. It has
weathered little in the dry, stable climate
of the region, and so has preserved the
features that unmistakably establish its
origin. Some 20 similar craters and clus-
ters of craters of recent age have since
been found scattered across the conti-
nents. The largest of them, the great
Chubb crater in the northern wilderness
of Quebec, is more than two miles in di-
ameter and a quarter of a mile deep [see
“The Canadian Meteor Crater,” by V. B.
Meen; SCIENTIFIC AMERICAN, May,
1951]. The smallest measures a few
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DEEP BAY CRATER, in northern Saskatchewan, is six miles feet; the difference is probably accounted for by debris pushed in
across and 700 feet deep. Its original depth is estimated at 3,500 by glaciers. It is believed to be at least 60 million years old.
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dozen yards across and a few yards deep.
Invariably the outer slopes of the craters
are gentle, the inner slopes steep (up to
35 degrees). Except where they have
been filled with debris, their floors are
lower than the surrounding plain. Where
they occur in sedimentary rock the strata
have been tilted upward and outward. In
each crater great quantities of broken
and pulverized rock littering the floor,
slopes and surroundings testify to a great
explosion, and other fragments usually
furnish evidence that the missile was a
meteorite.

Depending on their age and location,
these craters have been more or less
modified during geologic history. The
Wolf Creek crater, located in the almost
inaccessible desert of northwest Austra-
lia, most closely approaches the Bar-
ringer model. It is somewhat smaller and
has been filled in to some extent, but it
is otherwise quite similar in character,
having been blasted in sedimentary
rock. Nickel-iron meteorite fragments
place its origin beyond question. On the
other hand, the Chubb crater was
punched in granite subsequently eroded
by glaciers. Most of the loose material
that originally formed part of its rim has
been scraped away, and this may explain
why no meteoritic fragments have yet
been found. The crater is filled to a
depth of 800 feet by a lake which adds
to its scenic splendor but hinders sci-
entific investigation. Nonetheless, its
similarity to the Barringer crater in ma-
jor respects leaves very little doubt as
to its origin. A more intensive search of
the crater may well turn up some mete-
oritic material.

The meteorites that produced these
large craters all fell in prehistoric times.
Two clusters of meteorites have fallen
in Siberia during the 20th century. Each
dug out a widely scattered group of
small craters. The earlier fall, in 1908,
produced an air blast which felled for-
ests, killed herds of reindeer and pro-
duced atmospheric effects at great dis-
tances from the fall. The second fall, in
1947, occurred only a few hundred miles
from Vladivostok [see “The Great
Meteor of 1947,” by Otto Struve;
SCIENTIFIC AMERICAN, June, 1950].
Soviet scientists have found many mete-
orites scattered around its numerous
well-marked craters. It has not been
demonstrated, however, that any of the
meteorites exploded.

All the large meteorite craters are clear-
+ X 1y the products of explosions. But
the usual meteorite, weighing a few hun-
dred pounds or less, buries itself in the

BARRINGER

< 12 MILES -------—->

BESSEL

POSIDONIUS

FAMILY RESEMBLANCE between earth craters (Barringer and New Quebec) and moon
craters (Bessel and Posidonius) is shown by these cross sections from a study by Peter M.
Millman of the Dominion Observatory. The vertical dimension is exaggerated but has the
same relationship to the horizontal for each crater. The broken lines are conjectural.
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CROSS SECTION OF BARRINGER CRATER shows tilting of
rock layers by a meteoritic explosion some 50,000 years ago. Borings
beneath its floor and rim (wvertical lines) have revealed a deep

ground without exploding. Why did
these giant meteorites explode?

A meteorite’s energy is, of course, the
product of its mass and the square of the
speed with which it moves. Observation
of the tiny meteors we see as shooting
stars shows that they hit the earth’s at-
mosphere at speeds ranging from 5 to 45
miles a second; large meteorites almost

certainly arrive at similar speeds. The
shooting star’s energy, however, turns
into heat and light; it literally burns up
in friction with the atmosphere. Even
a 100-pound meteorite will lose more
than 85 per cent of its velocity in forc-
ing its way through the atmosphere
[see graph at bottom of page 39]. By the
time it hits the ground, about 98 per

pocket of shattered rock containing meteorite fragments. Thou-
sands of similar fragments, now mostly removed, have been
found in and around the crater, some as much as five miles away.

cent of its energy will have been dissi-
pated. On the other hand, a meteorite
that weighs 50,000 tons develops much
less air resistance in ratio to its mass
and so loses less than 10 per cent of its
velocity.

Evidently meteorites which are heavy
enough can reach the earth at speeds of
10 to 20 miles a second. Calculations

BARRINGER CRATER, in the Arizona desert, is visible for miles

around. This vertical view emphasizes its resemblance to lunar
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craters formed by meteorites. Cross section at the top of this
page runs roughly from the bottom to the top of the photograph.
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CROSS SECTION OF HOLLEFORD CRATER shows the layers
of limestone and shale deposited in it about 500 million years ago.
Dotted lines show probable profile of its rim, which was eroded

show that an object moving at 20 miles a
second possesses energy equivalent to
65 times its weight in nitroglycerine. In
the instant of collision with the earth’s
surface this energy of motion is trans-
formed to energy of heat and compres-
sion, and the meteorite becomes an im-
mensely powerful explosive. Its detona-
tion deals a tremendous blow to the rock

ments have

at the point of impact, hollowing out the
crater, tilting up the surrounding strata
and reducing vast tonnages of rock to
rubble and powder which are thrown
out of the crater and strewn about the
surrounding countryside. The meteorite
itself is blown to fragments. This ex-
plains why no substantial meteoritic “ore
body” has been found at the bottom of

away before the crater was filled. Beneath its original floor (broken
line) lie rock fragments cemented together. No meteoritic frag-
been found;

they would have rusted away.

any of the large craters and why most of
the fragments are found outside, not in-
side, the crater rim.

It is hard to say just how large a mete-
orite must be to blast out one of these
big craters. Estimates of the mass of the
Barringer meteorite range from 8,500
tons up to nearly eight million tons. One
complication in attempting the estimate

HOLLEFORD CRATER, in Ontario farmland, is obscured by an-

cient erosion, later rock deposits and present cultivation. An aerial
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photograph such as this emphasizes the small differences in vege-
tation and topography which hint at the crater buried beneath them.
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is the question whether the meteorite has
met the earth head-on or has hit it from
behind; i.e., whether the meteorite is
traveling in the opposite or the same di-
rection as the earth. Obviously a meteor-
ite colliding head-on with the earth,
moving at 18 miles per second, will have
a much greater impact than one which
hits the retreating earth.

'I‘he most spectacular meteorite cra-
ters are not on the earth but on the
moon. Some of them, hundreds of miles
in diameter, are visible with a good pair
of binoculars. When viewed through an
astronomical telescope, these great pits
are truly breathtaking. Almost all scien-
tists now agree that meteorites caused
the great majority of them. Most of the
moon’s craters show the same gentle
outer slopes and steep inner walls as
those on the earth. Measurements of the
shadows cast by their walls show an-
other family trait that relates them to
the terrestrial craters: the larger the
diameter of the crater, the flatter is its
profile [see drawings on page 35]. Tak-
ing this cue, the astrophysicist Ralph B.
Baldwin plotted the ratio of the depth
to the diameter for several hundred ex-
plosion craters, ranging in size from
those made by man to the biggest on the
moon [see “The Craters of the Moon,”
by Ralph B. Baldwin; ScIENTIFIC AMER-
1cax, July, 1949]. His plot produced a
smooth curve, with the moon’s lunar

craters at one end, bomb and other man-
made craters at the other, and the ter-
restrial meteorite craters neatly bridging
the gap in between [see chart at top of
opposite page]. Explosions, plainly, must
have caused them all. Only the explosion
of meteorites, some the size of small
moons, could have produced the moon’s
craters.

The tens of thousands of craters that
pock the face of the moon show that at
some time in the past our sister-member
of the solar system underwent an inten-
sive or prolonged bombardment by large
meteorites. The earth must certainly
have sustained some part of this bom-
bardment. On the airless and waterless
moon the craters have been preserved;
on earth they have mostly been erased
by erosion or buried.

r]‘he discovery of the Brent fossil cra-
- ter showed that the processes of
erasure and concealment do not always
go on to completion, even after millions
of years. In our survey of aerial photo-
graphs we have already located a dozen
additional circular features in the topog-
raphy of Canada. Since these photo-
graphs cover only one half of the Do-
minion, it is possible that many more
such features await discovery.
Unfortunately most of the depressions
detected from the air lie in remote, not
easily accessible regions. The two inves-
tigated so far, however, have yielded the

same clear evidence of meteoritic ori-
gin as Brent. One of these is a circular
depression a mile and a half in diameter
located in inhabited farm land near Hol-
leford, Ontario. It was easy in this case
to follow up the lead of the aerial photo-
graph with a fully instrumented survey.
Seismic soundings and measurements of
gravity and magnetism at once indicated
the existence of a deep basin filled with
lighter deposits. Drillings confirmed the
conclusions of these geophysical obser-
vations. Cores from three drill holes [see
photographs below] showed that the
crater is filled with sediments of the
Paleozoic Period to a depth of 800 feet.
Below these sediments are several hun-
dred feet of fractured, granulated and
powdered rock, weakly cemented to-
gether, and beneath these fragments lies
the undisturbed Pre-Cambrian rock of
the Canadian Shield. The diameter-
depth ratio of the crater lands nicely on
the Baldwin curve, though much of the
rim seems to have eroded away even
before the sediments were deposited
within. Like the Brent crater, the one
at Holleford is about 500 million years
old. No meteorite fragments have been
found at either site. Metallic fragments
would long ago have rusted away, and
pieces of rocky meteorite would be prac-
tically indistinguishable from terrestrial
rocks.

The other crater, a spectacular scenic
feature, has often been remarked by

DRILL CORES from the Holleford crater show (left) limestone

from the sedimentary rock with which it is filled, (center) rock
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fragments, now cemented together, which formed its original floor
and (right) the undisturbed bedrock out of which it was blasted.



travelers in the wilderness of northern
Saskatchewan and is the subject of leg-
ends among the local Indians. Called
Deep Bay, it is an almost perfectly cir-
cular appendage of Reindeer Lake, six
miles across and 700 feet deep. In 1956
M. J. S. Innes of the Dominion Observa-
tory made his way to this remote region
by seaplane and boat and developed im-
pressive evidence that Deep Bay is in-
deed a meteoritic crater.

Glaciers have swept away the loose
debris of the explosion, but the bedrock
portion of the rim still rises several hun-
dred feet above the lake shore, high
enough to isolate the bay from the gen-
eral drainage of the area. The rock struc-
tures in which it lies are not related to
the crater but break off short at the rim,
and the rim itself is fractured into huge,
angular blocks. Measurements around
the periphery show gravity increasing
away from the bay in every direction,
which indicates a deep hole partly filled
with loosely packed rocks. According to
Baldwin’s diameter-depth formula, the
crater would originally have been about
3,500 feet deep, but glaciers have prob-
ably pushed in a great deal of material.

The age of this crater is difficult to fix
with certainty. The extent of erosion sug-
gests an age of millions rather than thou-
sands of years. But it is probably much
younger than the Brent and Holleford
craters, because it is not so completely
filled in. Fossils in bits of shale found
around its edge indicate a minimum age
of 60 million years.

hese ancient craters prove that me-

teorites have been hitting the earth
for a very long time, but the known
craters are not yet numerous enough to
indicate that our planet has been as
severely bombarded as the moon. The
main meteoritic bombardment may have
taken place during a fairly brief period
when the moon was particularly ex-
posed—because of the orbital relations
of the earth, the moon and the rest of
the solar system. Or perhaps during the
rain of meteorites the earth was still
molten and the objects sank into it with-
out a trace.

The best hope for an answer to this
question lies in pushing the search for
additional craters. The extension of
aerial photographic surveys over much
of the world is making available a won-
derful store of new material on the
earth’s topography. With scientists in
many countries working on these photo-
graphs, it will be surprising if we do
not before long have news of other an-
cient craters.
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More about Bat Radar”

A sequel to an earlier article which described the capacity

of bats to locate objects by supersonic echoes. This natural

sonar is now known to incorporate extraordinary refinements

it is well to remind ourselves from

time to time that living mechanisms
are often incomparably more efficient
than their artificial imitations. There is
no better illustration of this rule than the
sonar system of bats. Ounce for ounce
and watt for watt, it is billions of times
more efficient and more sensitive than
the radars and sonars contrived by man
[ see table at bottom of page 42].

Of course the bats have had some 50
million years of evolution to refine their
sonar. Their physiological mechanisms
for echolocation, based on all this ac-
cumulated experience, should therefore
repay our thorough study and analysis.

To appreciate the precision of the

In these days of technological triumphs

by Donald R. Griffin

bats” echolocation we must first consider
the degree of their reliance upon it.
Thanks to sonar, an insect-eating bat can
get along perfectly well without eye-
sight. This was brilliantly demonstrated
by an experiment performed in the late
18th century by the Italian naturalist
Lazaro Spallanzani. He caught some
bats in a bell tower, blinded them and
released them outdoors. Four of these
blind bats were recaptured after they
had found their way back to the bell
tower, and on examining their stomach
contents Spallanzani found that they had
been able to capture and gorge them-
selves with flying insects in the field. We
know from experiments that bats easily
find insects in the dark of night, even

when the insects emit no sound that can
be heard by human ears. A bat will catch
hundreds of soft-bodied, silent-flying
moths or gnats in a single hour. It will
even detect and chase pebbles or cotton
spitballs tossed into the air.

In our studies of bats engaged in insect-
hunting in the field we use an ap-
paratus which translates the bats’ high-
pitched, inaudible sonar signals into au-
dible clicks. When the big brown bat
(Eptesicus fuscus) cruises past at 40 or
50 feet above the ground, the clicks
sound like the slow put-put of an old
marine engine. As the bat swoops toward
a moth, the sounds speed up to the
tempo of an idling outboard motor, and
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from banks of loudspeakers to left and right of the four sets of
wires. Man at right holds microphone which picks up bat’s signals.



when the chase grows really hot they are
like the buzz of a model-airplane gaso-
line engine. It seems almost certain that
these adjustments of the pulses are made
in order to enable the bat to home on its
insect prey.

At the cruising tempo each pulse is
about 10 to 15 thousandths of a second
long; during the buzz the pulses are
shortened to less than a thousandth of a
second and are emitted at rates as high
as 200 per second. These sound patterns
can be visualized by means of a sound
spectrogram [see charts on page 43].
Within each individual pulse of sound
the frequency drops as much as a whole
octave (from about 50,000 to 25,000
cycles per second). As the pitch changes,
the wavelength rises from about six to
12 millimeters. This is just the size range
of most insects upon which the bat feeds.
The bat’s sound pulse may sweep the
whole octave, because its target varies in
size as the insect turns its body and flut-
ters its wings.

The largest bats, such as the flying
foxes or Old World fruit bats [ see “Bats,”
by William A. Wimsatt; ScIENTIFIC
AmEeRICcaN, November, 1957], have no
sonar. As their prominent eyes suggest,
they depend on vision; if forced to fly in
the dark, they are as helpless as an or-
dinary bird. One genus of bat uses echo-
location in dark caves but flies by vision
and emits no sounds in the light. Its ori-
entation sounds are sharp clicks audible
to the human ear, like those of the cave-
dwelling oil bird of South America [see
“Bird Sonar,” by Donald R. Griffin;
SCIENTIFIC AMERICAN, March, 1954].

On the other hand, all of the small
bats (suborder Microchiroptera) rely
largely on echolocation, to the best of
our present knowledge. Certain families
of bats in tropical America use only a
single wavelength or a mixture of har-
monically related frequencies, instead
of varying the frequency systematicallv
in each pulse. Those that live on fruit,
and the vampire bats that feed on the
blood of animals, employ faint pulses of
this type.

Another highly specialized group, the
horseshoe bats of the Old World, have
elaborate nose leaves which act as horns
to focus their orientation sounds in a
sharp beam; they sweep the beam back
and forth to scan their surroundings. The
most surprising of all the specialized bats
are the species that feed on fish. These
bats, like the brown bat and many other
species, have a well-developed system of
frequency-modulated (“FM”) sonar,
but since sound loses much of its energy
in passing from air into water and vice

BATS shown in these drawings all use some type of echolocation system except for the
fruit bat Rousettus, which appears at bottom right. The other species represented are the
small brown bat Myotis lucifugus (top), the long-eared bat Plecotus (left center), the large
brown bat Eptesicus (right center) and the horseshoe bat Rhinolophus (bottom left).
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versa, the big puzzle is: How can the
bats locate fish under water by means of
this system?

Echolocation by bats is still such a
new discovery that we have not yet

collision warning device. But the bats’
use of their system to hunt insects shows
that it must be very sharp and precise,
and we have verified this by experiments
in the laboratory. Small bats are put
through their maneuvers in a room full

grasped all its refinements. The common
impression is that it is merely a crude

of standardized arrays of rods or fine
wire. Flying in a room with quarter-inch
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INSECT IS LOCATED by means of reflected sound waves (colored curves). Variation in
the spacing of the curves represents changing wavelength and frequency of the bat’s cry.

BAT RADARS SONAR
EPTESICUS | SCR-268 | AN/APS-10 QSS/T
RANGE OF DETECTION (METERS) 2 150,000 80,000 2,500
WEIGHT OF SYSTEM (KILOGRAMS) 012 12,000 90 450
PEAK POWER OUTPUT (WATTS) 00001 75,000 10,000 600
DIAMETER OF TARGET (METERS) 01 5 3 5
ECHOLOCATION EFFICIENCY INDEX 2x10° 6x10° | 3x1072 2x107°
RELATIVE FIGURE OF MERIT 1 3x107* | 15x107" 107"

COMPARISON of the efficiency of the bat’s echolocation system with that of man-made
devices shows that nature knows tricks which engineers have not yet learned. “Echolocation
efficiency index” is range divided by the product of weight times power times target diame-
ter. “Relative figure of merit” compares the echolocation efficiency indexes with the bat as 1.
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rods spaced about twice their wingspan
apart, the bats usually dodge the rods
successfully, touching the rods only a
small percentage of the time. As the
diameter of the rods or wires is reduced,
the percentage of success falls off. When
the thickness of the wire is considerably
less than one tenth the wavelength of the
bat’s sounds, the animal’s sonar becomes
ineffective. For example, the little brown
bat (Muyotis lucifugus), whose shortest
sound wavelength is about three milli-
meters, can detect a wire less than two
tenths of a millimeter in diameter, but
its sonar system fails on wires less than
one tenth of a millimeter in diameter.

When obstacles (including insect
prey) loom up in the bat’s path, it speeds
up its emission of sound pulses to help
in location. We have made use of this
fact to measure the little brown bat’s
range of detection. Motion pictures, ac-
companied by a sound track, showed
that the bat detects a three-millimeter
wire at a distance of about seven feet,
on the average, and its range for the
finest wires it can avoid at all is about
three feet. Considering the size of the
bat and of the target, these are truly re-
markable distances.

Do the echoes tell the bat anything
about the detected object? Some years
ago Sven Dijkgraaf at the University of
Utrecht in the Netherlands trained some
bats to distinguish between two targets
which had the form of a circle and a
cross respectively. The animals learned
to select and land on the target where
they had been trained to expect food.
Bats can tell whether bars in their path
are horizontal or vertical, and they
will attempt to get through a much
tighter spacing of horizontal bars than
of vertical bars. In gliding through
a closely spaced horizontal array the
bat must decide just how to time its
wingbeats so that its wings are level,
rather than at the top or bottom of the
stroke, at the moment of passage. All
in all, we can say that bats obtain
a fairly detailed acoustic “picture” of
their surroundings by means of echolo-
cation.

Probably the most impressive aspect

of the bats” echolocation performance
is their ability to detect their targets
in spite of loud “noise” or jamming. They
have a truly remarkable “discriminator,”
as a radio engineer would say. Bats are
highly gregarious animals, and hundreds
fly in and out of the same cave within
range of one another’s sounds. Yet in
spite of all the confusion of signals in
the same frequency band, each bat is
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as slanting traces in these spectrograms while the animal was cruis- top spectrogram and at .14 and .22 seconds in the middle spectro-
ing (top), beginning pursuit of an insect (middle) and closing in gram are echoes, which probably come from nearby buildings.
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able to guide itself by the echoes of its
own signals. Bats learned long ago how
to distinguish the critically important
echoes from other distracting sounds
having similar properties.

We have recently tested the bats” dis-
criminatory powers by means of special
loudspeakers which can generate in-

tense sound pulses. We found that a
continuous broad-band noise which all
but drowned out the bats’ cries did not
disorient them. They could still evade
an insect net with which one tried to
catch them; they were able to dodge
wires about one millimeter in diameter;
they landed wherever they chose.

NARROW BEAM which sweeps back and forth is emitted by horseshoe bat in hunting in-
sects. Beam is about 20 degrees wide, has a constant frequency and a pulse length of 50 feet.

WIDE BEAM of short, frequency-modulated pulses is emitted by most bats while hunting.
Each pulse (gray curves) is about 1.5 feet long. Beam is fixed with respect to bat’s head.
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In some experiments A. D. Grinnell
and I did succeed in jamming certain
FM bats, but it was not easy, and the
effect was only slight. We worked on a
species of lump-nosed bat (Plecotus
rafinesquii) which emits comparatively
weak signals. With two banks of loud-
speakers we filled the flight room with a
noise field of about the same intensity
as the bats’ echolocation signals. The
more skillful individual bats were still
able to thread their way through an ar-
ray of one-millimeter wires spaced 18
inches apart. Only when we reduced
the wires to well below half a millimeter
in diameter (less than one tenth the
wavelength of the bats’ sounds) did the
bats fail to detect the wires.

To appreciate the bats’ feats of audi-
tory discrimination, we must remember
that the echoes are very much fainter
than the sounds they emit—in fact,
fainter by a factor of 2,000. And they
must pick out these echoes in a field
which is as loud as their emitted sounds.
The situation is dramatically illustrated
when we play back the recordings at a
reduced speed which brings the sounds
into the range of human hearing. The
bat’s outgoing pulses can just barely be
heard amid the random noise; the echoes
are quite inaudible. Yet the bat is dis-
tinguishing and using these signals,
some 2,000 times fainter than the back-
ground noise!

\Iuch of the modern study of com-
- munication systems centers on this
problem of discriminating information-
carrying signals from competing noise.
Engineers must find ways to “reach
down into the noise” to detect and iden-
tify faint signals not discernible by or-
dinary methods. Perhaps we can learn
something from the bats, which have
solved the problem with surprising suc-
cess. They have achieved their signal-
to-noise discrimination with an auditory
system that weighs only a fraction of a
gram, while we rely on computing ma-
chines which seem grossly cumbersome
by comparison.

When I watch bats darting about in
pursuit of insects, dodging wires in the
midst of the nastiest noise that I can
generate, and indeed employing their
gift of echolocation in a vast variety
of ways, I cannot escape the conviction
that new and enlightening surprises still
wait upon the appropriate experiments.
It would be wise to learn as much as we
possibly can from the long and success-
ful experience of these little animals with
problems so closely analogous to those
that rightly command the urgent atten-
tion of physicists and engineers.



Kodak reports on:

sugar in the lacquer, but first esterified ... how to get started right, or

even wrong...a run of luck in the optical design department

SAIB

SAIB has a viscosity of 100,000 cps
at 86°F. Add 109 ethyl alcohol,
making SA/B-90, and the viscosity
drops to 700 cps. Any of the com-
mercial lacquer solvents thins it
similarly.

SAIB’s heat stability is high, its
volatility is low (BP>550°F). This
translates into lacquers of much
higher non-volatile content at equal
application consistencies. The cus-
tomer has to pay for the solvent,
but only the non-volatiles remain
behind to cover his surfaces for him.

SAIB is compatible with most
resins, plasticizers, oils, and waxes.
Half resin—half plasticizer, it can
be used to soften or to harden. A
coating in which SAIB has replaced
nitrocellulose to the extent of 409
is harder than the unmodified ni-
trocellulose coating. On the other
hand, a typical SA4/B-modified cloth
lacquer showed good flexibility as
cold as —6°F. At the hot end, 168
hours at 220°F drove off 1% of
SAIB, compared with 179 of the
familiar 50 9; castor o0il—50%; DOP
plasticizer combination in a corre-
sponding formulation containing 10
parts plasticizer.

SAIB stands for sucrose acetate
isobutyrate. What a tangled web of
modern economics these three dead-
pan words conceal! Obesity be-
comes a national worry. The public
eats less sugar than the sugar indus-
try would like. Concurrently, indus-
trial alcohol becomes cheaper to
synthesize than to ferment from
sugar. Along come we, the very
people who take oil refinery by-
product olefins and make from
them Tecsol Ethyl Alcohol as well
as n-butyraldehyde for Tenite Bu-

tyrate Plastics and photographic
film. It happens we also get quite
a bit of isobutyraldehyde to dispose
of. So we convert some of it to iso-
butyric anhydride, make acetic an-
hydride from some of our ethyl al-
cohol, and invent a way to esterify
sucrose with these anhydrides. Su-
crose for the first time becomes
something to build upon rather than
chop up. It builds into a most du-
rable molecule, studded with solubi-
lizing groups, packing high molecu-
lar weight (847) with commercially
unparalleled compactness. Thus,
SAIB and bright prospects for sugar
men, coatings men, householders,
and us.

For data on SAIB without the heart
throb, write Eastman Chemical Prod-
ucts, Inc., Kingsport, Tenn. (Subsidiary
of Eastman Kodak Company).

Special sensitized products

A poor, proud, and gentle old man
was once arrested for helping him-
self out at infrequent intervals over
a long period of years by printing a
few crude one dollar bills with
which to buy food. When his story
was made public, it was learned that
upon discovering his interest in the
graphic arts he had written to us
and received basic information on
which he had built his modest skill.

By reading our circulars a person
can no more acquire proficiency in
counterfeiting than he can in auto-
radiography of tissue sections, spec-
trography, astrophysical research,
or investigations with nuclear track
emulsions. Nevertheless, as long as
intentions are legal, it doesn’t hurt
early in the game to obtain from us
the essential facts about the special-
ized photographic materials we
manufacture for these purposes.

New sheets entitled ‘‘Kodak Sensi-
tized Materials for Autoradiography,”
“Kodak Spectrum Analysis Plates and
Films and Kodak ‘Spectroscopic’ Plates
and Films,” and *Kodak Nuclear Track
Materials” are obtainable  without
charge from Eastman Kodak Company,
Special Sensitized Products Division,
Rochester 4, N. Y. He who asks for all
three impresses us with the scope of his
ambitions but strains our credulity a
mite.

Four sharp eyes

After all these years—the recent
ones with high-speed digital com-
puters helping—it surprises outsid-

ers that lens designers should still
expect to find new combinations of
curvatures, refractive indices, thick-
nesses, and spacings that will sub-
stantially improve photographic
lens performance. But they do, to
the pain of the authors of yester-
year’s superlatives. A sort of con-
tinuous auction goes on, at which
optical manufacturers keep bidding
up the number of lines per milli-
meter resolved on film in accord-
ance with Method 7 of MIL-STD-
150.

In 6-inch to 12-inch focal lengths
for 70mm aerial film at relative
apertures around f/2.8 to f/3.5, we
revel for the moment in beating the
previous high by nearly twice. We
have had a run of good luck in re-
cent months. We did it with our
6-inch f/2.8 Kodak Aero Ektar Lens,

(- I\

\

Formula M-360. Here are the mini-
mum resolution figures we get at
full aperture for a sample lens of
this formula photographing high-
contrast, 3-line, clear-on-black reso-
lution targets on Kodak Super-XX
Aerial Recon Film with white light
through a Kodak Wratten No. 12
Filter:

semi-field 0° 2.5° 5° 7.5° 10° 12.5° 15°
lines/mm 56 56 63 62 49 38 33

These figures are very close to
what used to be quoted for the
capabilities of the film itself. Only
nowadays our film people smile at
the conceptual naiveté of a resolving
power figure for film. Only the re-
solving power of the film-lens com-
bination retains some significance.
This significance, too, tends to at-
tenuate after an hour at the black-
board with an earnest man.

There are three other Kodak Aero
Ektar Lenses in this class. They are all
manufactured on contract, not stocked
for off-the-shelf sale. They are not
cheap. They are comparatively heavy.
Distortion, though moderate, exceeds
cartographic limits. Above all else, the
driving force behind these lenses is to re-
duce the need for large size in aerial
cameras. Only organizations whose in-
terest is commercial or professional
need inquire. They should address
themselves to Eastman Kodak
Company, Military and
Special Products Sales,
Rochester 4, N. Y.

This is another advertisement where Eastman Kodak Company
probes at random for mutual interests and occasionally a little

revenue from those whose work has something to do with science
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New |
G-E silicone |
rubber
cures at
room
temperature

General Electric’s new RTV (room
temperature vulcanizing) rubber
cures in any time you select up to 48
hours. It resists heat up to 600°F
and has excellent electrical proper-
ties. Among its present uses are: I

o
Sealing and Caulking N |

RTV compounds form excellent bonds
to primed metal, plastics and glass. |
They are ideal for in-place sealing

and caulking where resistance to tem-
perature extremes, solvents or ozone

is required. Silicone rubber parts can

be bonded with RTV compounds for
“on-the-spot” repairs.

Potting and Encapsulating

Electronic Assemblies

RTV compounds are 100% solids
(solvent-free), cure with negligible
shrinkage and no voids. They have
the outstanding heat resistance and
electrical characteristics of silicone
rubber. With RTV, you can easily
cushion delicate assemblies against
shock and seal them from moist or
corrosive atmospheres.

Mold Making
The unusual dimensional accuracy of
RTV compounds has led to their use
in duplicating complicated parts for
low cost tooling. RTV’s flexibility
makes it easy to remove parts from
a mold. It will release epoxy and
epon resins without a release agent.

Can you put this superior RTV
silicone rubber to work for you? For
more information and a free sample,
write General Electric Company,
Silicone Products Dept., Section
R5CC7, Waterford,N. Y.

GENERAL @D ELECTRIC

Silicone Products Dept., Waterford, N. Y.
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The Cost of Secrecy

any scientists have suspected that
M secrecy restrictions have held
back U. S. scientific progress. A
congressional subcommittee has now
made this view official. In a report sum-
marizing hearings over the past two
years, the House Special Subcommittee
on Government Information concluded
that “the Federal Government has mired
the American scientist in a swamp of
secrecy” and that the classification of
scientific information played a part in
“the nation’s loss of the first lap in the
race into space.”

Soon after the report was released, the
Department of Defense announced that
it was preparing to declassify almost all
documents dated before 1946. Repre-
sentative John E. Moss of California,
chairman of the Subcommittee, de-
scribed this step as “encouraging but
exceedingly timid.” A Department of
Defense spokesman, conceding that it
was “just a step,” described the declassi-
fication problem as a “cancer” which has
been growing for years and will take
time to remove.

The Subcommittee’s report, declaring
that “the only real national security lies
in scientific progress,” recommended
three important changes in security
measures:

1. A system of uniform security clear-
ance applying to all government agen-
cies and defense contractors. This would
end the present system under which a
scientist with top-secret clearance from
the Army must get a second clearance to
do work for the Navy, a third for the
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Air Force and a fourth for the Atomic
Energy Commission.

2. Abolition of the “need-to-know”
rule, which bars even a cleared scientist
from secret information unless he can
show its relevance to the work he is
doing.

3. An end to attempts to classify “basic
laws of nature” as secret.

Witnesses before the Subcommittee
repeatedly counterposed “security by
achievement” to “security by secrecy.”
The classic concepts of military security,
they said, are not applicable today.
“Science,” said one witness, “results not
from a conversation between two human
beings but from a conversation between
a human being and nature. And . . . you
can’t shut nature up.”

cientific witnesses agreed that securi-
ty policies have slowed down scientific
progress and wasted money by forcing
duplication of experiments, by holding
up projects while key scientists are re-
petitively cleared and by inhibiting com-
munication among scientists. Donald J.
Hughes of the Brookhaven National
Laboratory told the Committee that, in
areas of nuclear physics which have been
“open” in the U. S. and secret in the
U.S.S.R., U. S. research is much further
ahead than in areas which have been
secret in both countries.

Several witnesses also said that the
security clearance procedure and the
restrictions on discussion in many im-
portant scientific fields have discouraged
many scientists from tackling problems
in these fields. Nobel laureate Harold C.
Urey told the Committee that since 1946
he has deliberately sought out subjects
which would not take him into classified
fields. “Determining the temperatures in
the ancient oceans,” he said, “is not likely
to become a classified subject.” Otto
Struve of the University of California
told the Committee: “If I had a bright
idea in the field of nuclear fusion, I
would go to sleep and forget about it.”

Scientists and Department of Defense
witnesses agreed that a central problem
was the persistent tendency to overclassi-
fy documents. Witnesses ascribed this
partly to “the neurosis of the times” and
partly to the fact that “there is no penal-
ty for stamping something secret which
shouldn’t be kept secret.” The report
notes that more than a million persons
now have the authority to classify in-
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formation. Once a document is classified,
it is almost impossible to get it declassi-
fied. Directives intended to facilitate de-
classification have been “ignored in sub-
stance and spirit,” the Committee found.

Scientific witnesses urged that all
documents be declassified automatically
after a certain period unless specifically
reclassified.

Trevor Gardner, former Assistant Sec-
retary of the Air Force for Research and
Development, described the case of an
internationally known scientist whose
clearance was withdrawn. “Unfortunate-
ly,” said Gardner, “this man has such in-
ventive ability that he keeps on coming
up with ‘secret’ and ‘top secret’ ideas,
even though his clearance is removed.”
The Air Force solved the problem by
giving the man an unclassified contract: |
“As soon as he gets some interesting re-
sults, we classify the results and he no
longer has access to them. . .. We can’t
seem to classify his head.”

So far no legislation covering the Com-
mittee’s recommendations has been
drafted. According to Representative
Moss, the problem should be handled by
the Executive Branch.

Teaching Money

T he National Science Foundation has

made an initial grant of $100,000 to
the School Mathematics Study Group,
setupat Yale University to consider ways
of improving mathematics teaching in
high schools. The mathematics group,
patterned after the Physical Science
Study Committee at the Massachusetts
Institute of Technology, will probably
recommend changes in the curriculum
and prepare textbooks, teachers’ man-
uals, monographs and teaching aids such
as motion pictures. At its first meeting
this summer some 40 mathematicians
and high-school teachers will consider
syllabuses for high-school algebra and
geometry courses. E. G. Begle of Yale is
director of the group. An advisory com- |
mittee is to be named by the presidents
of the American Mathematical Society,
the Mathematical Association of Ameri-
ca and the National Council of Teachers
of Mathematics.

Another teaching grant, totaling $2.5
million, was awarded last month by the
Donner Foundation of Philadelphia to
establish chairs in "physical science at |

Vacuum Equipment Division
F. J. STOKES CORPORATION
5500 Tabor Road, Philadelphia 20, Pa.

Stokes High Vacuum System simulates
high-altitude, hypersonic conditions

One of the many major problems being investigated by
the Lewis Flight Propulsion Laboratory of the National
Advisory Committee for Aeronautics, Cleveland, Ohio,
is the study and analysis of high-altitude instrumentation,
and the interpretation of instrument data into pertinent
aerodynamic information.

A Stokes High Vacuum Pumping System was selected
for this research. A bank of 5 Stokes 16" ring-jet booster
pumps reduce the pressure as low as 0.03 microns. The
maximum flow rate for air is about 44,000 cubic feet per
minute at a pressure of about 3 microns. This permits
simulation of altitudes on the order of 75 miles and can
produce velocities at 8 times the speed of sound.

This NACA installation is another example of how Stokes’
advanced vacuum technology can be applied to a variety
of problems encountered in our modern, high-speed age.
The Stokes Engineering Advisory Service can help you in
planning a system that will dependably serve even your
most unique vacuum requirements. Call or write—today.
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Electromet . . . Making metals do more all the time!

LIFETIME COLOR
FOR :
STAINLESS STEEL!
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It’s another step forward by ELECTROMET research to make metals more useful
and versatile. The new PERMYRON process gives durable, decorative finishes

to stainless steel and other metals. The coloring produced by this process withstands
the rigors of fabrication and forming as well as the ravages of time and weather.

ELECTROMET is offering this metal-treating process to metal producers and
fabricators on a license basis. A matte black finish is now available and
additional colors are under development.

This process is another example of how ELECTROMET is constantly working to
improve the metals of today and develop the metals
of tomorrow—in ferro-alloys, pure metals,

intermetallics and metal chemicals.
Electromet

ELECTRO METALLURGICAL COMPANY FERRO-ALLOYS AND METALS
Division of Union Carbide Corporation
30 East 42nd Street, New York 17, N. Y. UNION

CARBIDE

The terms “Electromet,” ‘“Permyron,” and “Union Carbide” are trade-marks of Union Carbide Corporation.
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five Eastern universities. With an en-
dowment of $500,000, each professor-
ship will pay about $20,000 a year. The
recipients are Harvard University,
Princeton University, Yale University,
the University of Pennsylvania and the
Massachusetts Institute of Technology.

Data from the Sputniks

"['he U.S.S.R. has begun to relax its

reticence on details of its satellites
and their findings. Last month Pravda
published an extensive report on the in-
formation gathered by the first two sput-
niks and a fairly detailed description of
the third.

As U. S. observers had aiready re-
ported, the first two satellites showed
that at 140 miles, the low point of their
orbits, the air is five to 10 times denser
than had been thought. Soviet scientists
found that the density is greater in high
latitudes than near the Equator, and that
it varies during the day, being lowest at
night and reaching a maximum at mid-
day. The temperature at 140 miles also
was higher than expected.

Ionization in the outer parts of the
ionosphere was measured by the bend-
ing of the sputniks’ radio signals. The
ionization increases by 10 to 15 times
between 60 and 180 miles; beyond this
maximum, in the region from 180 to 310
miles, it falls off by half.

Cosmic-ray counters registered a 40-
per-cent increase from 140 to 430 miles.
The intensities at various latitudes con-
firmed an earlier suspicion that the
earth’s magnetic equator at high alti-
tudes is tilted with respect to the equator
at the surface. On one occasion the satel-
lites’ counters showed a sudden rise of
50 per cent in cosmic radiation, although
ground stations reflected no change.

Laika, the first space dog, withstood
its journey in Sputnik II well as long as
its food held out. During the take-off
acceleration its heart rate was three
times faster than normal, but an electro-
cardiogram showed “no morbid symp-
toms.” Pressed against the floor of its
chamber by the great acceleration, the
animal breathed shallowly and rapidly.
Once the satellite was in orbit, the dog’s
pulse and respiration gradually returned
to normal. Laika was apparently not
overly disturbed by its weightless con-
dition; its motions were “moderate and
rather smooth.” Probably because of
weightlessness, the animal’s heart took
three times longer to regain its normal
rhythm than in acceleration experiments
in the laboratory.

Nothing was learned about the effects
of cosmic radiation on the dog. To ob-

tain this information it would have been |
necessary to examine the animal after its
flight.

The third sputnik, launched on May
15, is described as a “big, complex flying
laboratory outfitted with the most up-to-
date and perfect equipment.” A conical
object 11 feet 9 inches high and 5 feet
8 inches in diameter at the base, it
weighs 2,925 pounds over all, including :
2,134 pounds of instruments and bat-
teries. Its initial orbit had a perigee of
150 miles and an apogee of 1,168 miles.

Among the phenomena being meas-
ured by this flying laboratory are atmos-
pheric pressure, the earth’s magnetic
field, the electric charge on the satellite
and in the surrounding air, the intensity
of corpuscular radiation from the sun,
the temperature inside the vehicle and
at its surface. Impacts of micrometeorites
are being counted. A mass spectrometer
is weighing the particles in the iono-
sphere, thus determining its chemical
composition. An experiment of “special
significance” is an attempt to find gamma
rays in the cosmic radiation.

All the instruments are controlled by
a master timing-device which turns them
on and off at appropriate intervals. The
information they collect is stored in
memory circuits and read out when the
vehicle passes over ground stations. The
temperature inside the satellite is regu-
lated automatically by means of movable
shutters which change the reflectivity of
the surface. Power is provided by chemi-
cal and solar batteries.

Commenting on the size and weight
of Sputnik III, one Soviet Academician
said it could easily have housed “a hu-
man being with a food pantry and addi-
tional equipment.” Until the problem of
safe return is solved, however, the ex-
periment would be “premature.” Another
scientist pointed out that the propulsion
system which put the 2,900-pound satel-
lite into orbit could send a small object
to the moon. “But then,” he added, “the
scientific importance of such an experi-
ment would be relatively small, due to
the impossibility of putting aboard any
serious equipment for scientific investi-
gation.”

Nobelium

the new synthetic element 102, no-
belium, is now a member in good
standing of the periodic table, but there
is some doubt as to who put it there.
Last year an international group work-
ing in Sweden claimed to have made the
isotope nobelium 253 by bombarding |
curium 244 with nuclei of carbon 13. |
Now Albert Ghiorso and his co-workers
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from ELECTROMET
Metals
Research

COLUMBIUM

for the
High Temperature
Age

COLUMBIUM METAL is consid-
ered an excellent base for an alloy
series which will establish new
thermal limits. The qualities of
this extraordinary refractory
metal — medium density, high
strength under conditions of ex-
treme heat, resistance to radia-
tion damage, and low “neutron-
capture” cross-section—have al-
ready resulted in its use for some
nuclear applications and indicate
potentialities in the electronics
field. ELECTROMET’S process re-
sults in columbium melting stock
of the highest purity available
commercially. And the technical
staff at ELECTROMET is ready to
advise you on any phase of devel-
opment or application. The coupon
will bring additional data.

Electromet

FERRO-ALLOYS "AND METALS

UNION

CARBIDE

Theterms“‘Electromet’’and ““Union Carbide’ arereg-
istered trade-marks of Union Carbide Corporation.

Electro Metallurgical Company
Division of Union Carbide Corporation
Box 330, Niagara Falls, N. Y.
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" heat resisting™.

™

40% greater impact strength  extra-low specific gravity

PLENCO 4 66 H. R. BLACK

Resists heat of 450° F. over long ex-
posures with, however, added impact
strength, which—in the case of 466—
is .42 ft. lbs. per inch of notch com-
pared to .30 of ordinary heat resist-
ing formulations. That's a 40%
increase, and most valuable when
considering the shock and abuse to
which appliances, for example, are
subject.

PLENCO 485 H. r. BLACK

Gaining wide acceptance on appli-
cations where 400° F. over long
exposure is adequate. Possesses a
specific gravity of only 1.45, unusu-
ally low for a heat resisting material.
Not only can more pieces per pound
be made with Plenco 485, but the
formulation is easy on the molds be-
cause of its extremely low mold
erosion characteristics.

MANUFACTURERS OF APPLIANCES and electrical parts will find these
two new Plenco-produced compounds advantageous when higher than gen-
eral purpose heat resistance and impact strengths are required.

In addition, both Plenco materials have excellent moldability, giving
high gloss surface finish with a fast, rigid set, and low shrinkage essential
for efficient production. Detailed data sheets are available upon request.
So is consultation with our technical staff about your particular molding prob-
lem. If phenolics is the answer . . . Plenco can provide it.

PLASTICS

ENGINEERING

COMPANY

Sheboygan, Wisconsin

Serving the plastics industry in the manufacture of high grade
phenolic molding compounds, industrial resins and coating resins.
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at the University of California’s Radia-
tion Laboratory announce that they were
unable to duplicate the Swedish experi-
ment but they have manufactured no-
belium 254 by bombarding curium 246
with carbon 13.

Because of nobelium’s short half-life—
three seconds—the California group
could not identify the element directly.
But they detected its longer-lived decay
product, fermium 250, by its radioactiv-
ity and by chemical separation.

Chemical Jig

A new and simple method for making

giant straight-chain molecules has
been developed by John F. Brown and
Dwain M. White of the General Electric
Company. The G.E. chemists hold the
individual molecular links, or monomers,
end to end in a kind of chemical jig and
join them together by irradiating them
with electrons. The jig is a crystal of a
material such as urea, which is perfo-
rated with long, narrow tunnels. Mono-
mers of the right size can fit lengthwise
in the tunnels but cannot turn around.
Once the monomers have been linked,
the urea crystal is dissolved. The success
of the method depends on matching the
size of the tunnel to the diameter of the
monomers.

Using urea and thiourea crystals as
jigs, Brown has prepared straight-chain
polymers of butadiene, vinyl chloride,
vinylidine chloride, cyclohexadiene and
acrylonitrile. His polybutadiene is said
to be a hard, tough, crystalline solid,
whereas in its usual branched form this
polymer is rubbery.

Association for Research

Several universities and other institu-
tions have formed the Associated
Midwest Universities to promote re-
search at Argonne National Laboratory.
The chief impetus to the new organiza-
tion was provided by the Atomic Energy
Commission’s recent authorization of a
12.5-billion-electron-volt accelerator to
be built at Argonne. This will be the first
big machine in the Midwest, and its fa-
cilities will be made available to physi-
cists through the association.
Associated Midwest Universities is not
related to the Midwestern Universities
Research Association (MURA), al-
though many of its members also belong
to the latter group. MURA is concerned
with design of advanced accelerators.
Present members of the new associ-
ation are: the Battelle Memorial Insti-
tute, Carnegie Institute of Technology,
Case Institute of Technology, Illinois



Udimet 5010

a vacuum induction melted alloy

NOW AVAILABLE
IN SHEET..

Udimet 500, a superior alloy proven by extensive high
temperature applications, is now available in sheet in
production quantities for early delivery. It is produced
in widths to 48” by 144” in length and in thickness down
to .010”. The alloy combines very high stress rupture
life with excellent ductility and fatigue resistance in
the 1200°F to 1800°F ranges.

Many other vacuum induction melted alloys are also
now marketed in sheet form by the Utica Metals Division.

New alloys are being developed at Utica for critical
sheet application. We are interested in discussing uses
for our sheet material where high tensile strength, cor-
rosion resistance, high stress rupture life and electrical or
magnetic properties are critical requirements.

The technical strength and experience of our organi-
zation, together with highly precise melting and inspec-
tion practices, enable us to guarantee absolutely consistent
quality from heat to heat. Utica Metals Division, Kelsey-
Hayes Co., Utica 4, N. Y.

UTICA ME'I'AI.S oo KE LSEY-HAYES

KELSEY-HAYES UTICA 4, NEW YORK
®7.M. REGISTERED

A L L O V S SOME ALLOYS COVERED BY U.S. PATENT #2809110
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Harchem Sebacic Acid

The chain that protects your product from abuse

Product killing abuse can come in many forms. Heat, light, weather-
ing and constant use are just a few of the things that can take the life
out of plastics.

Harchem Sebacic Acid can help your product last longer . . . give
better service. For no other difunctional intermediate provides as much
permanence and durability. The long straight chain of sebacic acid
is present in synthetic lubricants, nylon fibres and moulding powders,
polyurethanes, polyesters, alkyds and a large family of plasticizers for
vinyls, synthetic rubbers, acrylics and a host of other plastics. In each,
Harchem Sebacic Acid is the basis of improved performance that pays

big dividends in competitive markets.

The Harchem Laboratories will help with your developments if you
wish. Developments which will, we’re sure, bring better products to
your customers; better profits to you.

Samples of Harchem 99% Sebacic Acid and product information on
request. Write Dept. H-57.83.

. HARCHEM DIVISION

WALLACE & TIERNAN

MAIN STREET BELLEVILLE 8, h

ANADA W L HWARDEST
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Institute of Technology, Iowa State Col-
lege of Agriculture, Kansas State Col-
lege, Loyola University, Marquette Uni-
versity, the Mayo Foundation, Michigan
State University, Northwestern Univer-
sity, Oklahoma State University, Purdue
University, Saint Louis University, State

| University of Iowa, Washington Univer-

sity, Wayne University, Western Reserve
University, University of Chicago, Uni-
versity of Cincinnati, University of Illi-
nois, University of Kansas, University of
Michigan, University of Minnesota, Uni-
versity of Missouri and University of
Notre Dame.

Separating Helium

\s an unexpected result of studying the
+ X diffusion of gases through various
materials, K. B. McAfee of the Bell
Telephone Laboratories has come up
with a radically new method of separat-
ing helium from natural gas—a method
which may recover millions of cubic feet
of helium now lost every day.

McAfee was testing materials used as
insulation for submarine telephone-ca-

| bles, and he discovered that Pyrex glass

was practically impermeable to all gases
except helium. The helium molecule,
consisting of only a single atom, is the
smallest of all gas molecules—some 25
per cent smaller than the hydrogen mole-
cule, which has two atoms. It diffuses
through Pyrex glass about a thousand
times more readily than hydrogen.
McAfee conceived the idea of putting
natural gas under pressure in a chamber
packed with thin-walled glass tubing;
the helium would pass through the walls
into the tubing and thus be separated
from other gases such as hydrogen and
methane. The idea worked; the helium
collected in the tubing is practically pure
at the first pass.

McAfee’s discovery promises more ef-
ficient and more economical recovery of
helium. The present method of obtain-
ing helium from natural gas in the U. S.
is low-temperature distillation, and the
entire supply of helium comes from four
such plants operated by the Bureau of
Mines. But the distillation process is
feasible only for gas containing at least
1 per cent helium; the helium in less rich
natural gas is being lost at the rate of
10 million cubic feet per day. Studies at
Bell indicate that the new process could
salvage this helium.

| Simple Virus

| . . . . .
Blophyswlsts at the California Institute

of Technology have isolated an ideal
organism for research in heredity—a bac-
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Venus, in blue light. 200.inch Palomar telescope

SPACE FLIGHT and
NUCLEAR PROPULSION

A drastic reduction in vehicle mass ratios...substantially increased
specific impulse values...a capability for achieving very high speeds
...these are some of the significant advantages that will come from
the application of nuclear energy to space flight.

A number of different propulsion systems have been proposed to
utilize nuclear reactions. The simplest system consists of a fission
reactor through which the propellant is passed, heated, and then
expanded through a rocket nozzle. Fission reactors can also be
employed as a source of energy to generate electric power, which in
turn can be used to accelerate ions or charged particles, or to create
and accelerate a plasma. And fusion reactors, when developed, can
be used to generate electric power for the same purposes. In addition,
in the case of the fusion reactor, there is the attractive possibility
that the reaction energy can be used directly without conversion to
electric power.

The fission-powered thermal propulsion system will probably con-
stitute one of the next major advances in space technology. As an
example of the gain which can be achieved, consider a vehicle with
a payload weight of about 25 tons for a manned flight to one of the
nearer planets, landing, and returning. Powered by chemical rocket
engines, the takeoff weight for such a vehicle would be 50,000 tons.
But powered by a fission-thermal propulsion system, weight at launch
would not exceed 500 tons...a 100-fold reduction in the mass ratio.
Considerably greater gains are predicted for the more advanced systems.

Systems studies and advanced research in the application of nuclear
energy to the requirements of space flight are in progress at Space
Technology Laboratories. This work illustrates the emphasis at STL on
the exploration and development of new concepts and techniques in
ballistic missile and space technology.

Both in support of its over-all systems engineering responsibility
for the Air Force Ballistic Missile Program, and in anticipation of
future system requirements, STL is engaged in a wide variety of
analytical and experimental research. Projects are in progress in elec-
tronics, aerodynamics, hypersonics, propulsion and structures.

The scope of activity at Space Technology Laboratories requires
a staff of unusual technical breadth and competence. Inquiries regard-
ing professional opportunities on the STL Technical Staff are invited.

A Division of The Ramo-Wooldridge Corporation

5730 ARBOR VITAE STREET ¢ LOS ANGELES 45, CALIFORNIA
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terial virus with but a single molecule of
genetic material, and a small molecule
| at that.

To researchers in genetics any bacte-
rial virus is like a nugget of 24-carat
gold. Once it sheds its protein coat and
enters a bacterium to reproduce, it con-
sists of nothing but pure genes; i.e.,
molecules of deoxyribonucleic acid
(DNA). But deciphering the genetic
message is an awesome task. Presumably
the code is contained in the order of the
segments that make up the strands of the
DNA molecule. The well-known virus
T2 contains about 10 DNA molecules
[ with a total of some 400,000 segments.
| A mutation might involve a change in

just one of the segments.

The new virus contains just one mole-
cule of DNA with about 5,500 segments.
The Cal Tech group, led by Robert L.
Sinsheimer, developed methods of puri-
fying, weighing and measuring the virus
and separating its DNA. The group has
also isolated mutant strains. Writing in
the Cal Tech magazine Engineering and
Science, Sinsheimer says his laboratory
has begun “to examine the structure and
functions of these particles in the most
intensive way.”

Profile of Creativity

xccording to a psvchologist at the Uni-
£ A versity of Chicago, creativity in sci-
ence depends less on intelligence than
on drive and certain personality traits.
Morris I. Stein made a five-year psycho-
logical study of 67 industrial chemists.
He found no significant difference in in-
telligence between the creative and non-
creative members of this sample. But he
did find a personality pattern which was
characteristic of the creative group.

The creative individual, according to
Stein’s analysis, tends to set his sights on
more distant goals and to have a better
mastery of complex ideas and personal
relationships. He sees himself as differ-
ent from other people, acts less conven-
tionally, is more tolerant of unconven-
tional behavior in others. The creative
scientist analyzes a problem slowly and
carefully, then proceeds rapidly with the
solution. The less creative man is apt to
flounder in a disorganized attempt to get
a quick answer. The creative scientist
works longer hours and spends more of
his leisure time on activities related to
his profession. He places a higher value
on creative effort and feels keenly any
restriction upon its exercise in his job.

Using the data he has gathered, Stein
is now designing a test to predict the
l potential creativity of job applicants.




The
Perifect
Solution

(nutritionally speaking)

Some bulk products of this Division are:

.‘Cut out the brainstorming,” roared the harassed sales manager to
ivy league adman. “Ruffage breakfast cereal needs a real sales hypo.”

Ivy league shrugged. “Okay, no dancing girls . . . wait! I've got a
new wave length. Have you read about Pfizer Lysine? Terrific! It's
something called an amino acid. Gives cem the high pro-
tein quality of meat or eggs. That kind of health bonus could really
get Ruffage off the launching pad!”

The manager squints. “Boy, I think you may have it. Get Pfizer
on the phone.”

* k Kk k Kk ok k Kk k k Kk *k

If you are considering amino acid or vitamin fortification of a food
product (or, for that matter, if you need a food acidulant, antioxidant
or preservative) get in touch with the Pfizer Chemical Sales Division.
For any problem which might be solved by a high quality. organic
chemical, think of Pfizer first. Chas. Pfizer & Co., Inc., Chemical Sales
Division, 630 Flushing Ave., Brooklyn 6, N. Y.

CHEMICAL SALES DIVISION

... sells more than 100 organic chemicals for
food, medicinal and industrial uses.

CITRIC, TARTARIC, -OXALIC ACIDS AND SALTS - ASCORBIC ACID AND OTHER VITAMINS - CAFFEINE - ANTIBIOTICS - PLASTICIZERS
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Biological Oxidation

How does the living cell “burn” carbohydrates and fats? It does so

by means of an intricate web of chemical reactions which have been

localized in the minute intracellular particles called mitochondria

very schoolboy is taught that the
E body obtains energy by burning
food with oxygen. Possibly he
visualizes a mysterious furnace of some
sort in his interior, because the textbooks
are disappointingly vague on just how
the system works. The nature of the en-
gine that converts food into chemical
energy has been a complete enigma.
For almost 180 years a long succession
of illustrious chemists have worked on
the problem and found it tantalizingly
elusive. But some of the elements of the
puzzle are at last beginning to fall into

by David E. Green

place, and we can now begin to form a
picture of the energy-generating ma-
chinery of the cell.

The story began in 1777, when An-
toine Laurent Lavoisier discovered that
respiring animals take up oxygen from
the air and convert it into carbon di-
oxide. His experiments led him to con-
clude that animals produce their body
heat by the combustion of foodstuffs
with oxygen. How this could happen at
the low body temperature was hard to
understand, and various fanciful theories
were propounded. But throughout the

19th century chemists could find no rea-
sonable explanation as to why molecular
oxygen, ordinarily inert chemically,
should become so active in the body.
At the turn of the 20th century Otto
Warburg of Germany put the problem
on the rails again. Studying the oxidation
of amino acids by air in the presence of
specially prepared animal charcoals, he
decided thatiron in the charcoal acted as
a catalyst to activate oxygen. Warburg
found a wealth of evidence that his iron-
containing catalyst was responsible for
many biological oxidations. Eventually

SECTION OF BEEF HEART-MUSCLE shows clusters of mito-
chondria along the muscle fibrils. Each mitochondrion has a
double wall and contains a series of tubelike “cristae” stacked like
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logs on a pile. The structures are magnified about 47,000 diameters.
D. L. Filmer and Paul Kaesberg of the University of Wisconsin
made this electron micrograph and those on the opposite page.



he identified the catalyst as a respiratory
enzyme which he called Atmungsfer-
ment; he described the enzyme as a pro-
tein combined with a molecule called
heme or iron porphyrin—the same red
molecule present in the hemoglobin of
blood. According to Warburg, the iron
atom was the key to all oxidations occur-
ring in the body.

Warburg’s discovery put biochemists
on the right track by directing attention
to the catalysts of the cell. But he over-
reached himself by fixing on iron as the
only catalytic principle and by ascribing
almost mysterious catalytic powers to his
Atmungsferment, which he pictured as
converting substances to carbon dioxide
and water in one fell stroke, as it were.
The Warburg scheme was soon chal-
lenged by Heinrich Wieland in Germany
and Torsten Thunberg in Sweden, who
developed a very different picture. Thev
found that biological substances could
be oxidized by agents other than molecu-
lar oxygen, and that the primary reaction
was removal of hydrogen from the sub-
strate—a reaction called dehydrogena-
tion or hydrogen transfer. Wieland used
synthetic catalysts to demonstrate this
dehydrogenation. Thunberg found that
natural enzvmes, called dehvdrogenases,
also could do so.

Wieland concluded that the dehydro-
genation reaction played the main role
in the combustion of foodstufts; the func-
tion of oxygen, he thought, was merely
to oxidize the hydrogen acceptor (the
enzyme) so as to remove the hydrogen
(in the form of water) and release the
catalyst again. For almost two decades a
battle royal raged between the Warburg
and Wieland schools. Warburg refused
to recognize the existence of dehydro-
genases; Wieland saw no need for War-
burg’s Atmungsferment enzyme.

Then in the late 1920s the genius of
David Keilin of the University of Cam-
bridge resolved the deadlock between
the two giants of German biochemistry.
He showed that both were partly right:
dehydrogenation with the aid of a cata-
lyst was indeed the primary event in the
oxidation of substrates in the body, but
to complete the process the activation
of oxygen by a catalyst (Warburg’s At-
mungsferment) was also necessary.

The Cytochromes

Keilin, a parasitologist by training,
was studying the wing muscles of bees
and moths under the microscope. To de-
tect chemical changes in the muscles he
put the prism of a hand spectroscope in
the place of the eyepiece of the micro-
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ISOLATED MITOCHONDRIA enlarged 55,000 diameters show some damage sustained dur-
ing separation. The outer envelope has become less distinct and the cristae are disturbed.

w .

-

MITOCHONDRIA DAMAGED by freezing and thawing have few intact cristae re-

maining. It is difficult to distinguish the outer envelope from the membranes of the cristae.
g. It is difficult to distinguish tl t lope f th b f th t

MITOCHONDRIAL FRAGMENTS were obtained by breaking up damaged mitochondria

with sonic vibrations. Particles with a double membrane are parts of broken cristae.
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CITRIC ACID CYCLE yields energy-rich phosphate bonds of adenosine triphosphate
(ATP) using fats or carbohydrates as fuel. A series of acids are converted from one to an-
other by means of enzymes and oxygen. The number of carbon atoms (C) in each acid is in-
dicated. Each turn of the cycle is powered by the addition of acetic acid to oxaloacetic acid.

scope. He then discovered that when the
muscles contracted, four sharp bands ap-
peared in the absorption spectrum of the
tissue. These bands disappeared when
the muscles returned to the resting con-
dition.

Keilin soon realized that oxygen was
implicated in this change. In the resting
muscle the oxygen tension is relatively
high; in the contracting muscle it is com-
paratively low. Examining many differ-
ent kinds of living cells and tissues,
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Keilin found that as a general rule the
spectral bands appeared only when the
oxygen tension was low. Why did these
bands show up only in the absence of
oxygen? Clearly they must reflect the
reduced (i.e., oxygen-deprived) form of
some substance or substances in the
cells. Keilin eventually identified the
material responsible for the bands as a
group of substances he christened the
cytochromes: cytochromes a, b and c.
He proceeded to extract the cyto-
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chromes from muscle cells. The extract
itself showed no spectral bands, but
when a substrate such as succinic acid
was added to it, the bands appeared at
once. Evidently the succinic acid acted
as a reducing agent, providing electrons
for the reduction of the cytochromes.
Now Thunberg had shown that the oxi-
dation of succinic acid required a de-
hydrogenase. Keilin’s simple experiment
therefore vindicated the Thunberg-
Wieland position that the primary re-
action in biological oxidation was a
dehydrogenation of the substrate. The
reaction here took place in the absence
of oxygen from the solution.

But there is also a second reaction. As
soon as oxygen is bubbled through the
extract, the bands disappear, which
means that the reduced cytochromes
have now been re-oxidized. How does
the supposedly inert molecular oxygen
bring this about? Keilin’s experiments
convinced him that a catalyst was neces-
sary, and he was quick to perceive that
the properties of Warburg’s Atmungs-
ferment fitted the requirements of this
catalyst. He renamed Warburg’s enzyme
cytochrome oxidase. Now the rival theo-
ries fitted together into one whole. The
Thunberg-Wieland reaction reduced the
cytochromes; the Warburg reaction oxi-
dized them again. Both reactions were
necessary for biological oxidation. And
the cytochromes were the connecting
link. They turned out to be a combina-
tion of a protein with heme, or iron
porphyrin—the functional group that
Warburg had identified in his enzyme.

The Electron-Transfer System

Keilin drew from all this a new con-
cept of the cellular apparatus responsible
for oxidations. He called it the respira-
tory chain, or the terminal electron-trans-
fer system. The essential feature of the
system that converts foodstuffs ultimate-
ly to carbon dioxide and water, he said,
is the transfer of electrons from the sub-
strates to oxygen. The cytochromes act
basically as carriers which shuttle the
electrons along. There is a stepwise
transfer of electrons through a series of
catalysts: Keilin identified them as the
dehydrogenases (at the reducing end),
the cytochromes and cytochrome oxidase
(at the oxidizing end).

Keilin’s concept of the electron-trans-
fer system is the foundation stone of all
present thinking about biological oxida-
tion. It is interesting that a microscope,
a hand spectroscope and a few test tubes
were all the equipment he needed to re-
solve the long, futile polemics on the



subject and arrive at his enormously
fruitful idea. When he had finished,
chemists were in a position to seek an-
swers to clear, specific questions. The
problem now was to learn exactly what
substances were oxidized in the oxida-
tion chain and how the process liberated
energy for the work of the body. As often
happens in science, the missing items of
information were eventually supplied by
investigators who had utterly different
interests.

The Citric Acid Cycle

Two discoveries supplied the crucial
facts. One was Hans Krebs’s finding of
the citric acid cycle—a chain of reactions
which oxidizes carbohydrates such as
sugar to carbon dioxide and water. This
cycle is the soul of simplicity [see dia-
gram on opposite page]. Sugar in the
form of pyruvic acid is first oxidized to a
compound (call it No. 1) which in turn
combines with oxaloacetic acid to form
No. 3. Now four separate oxidations take
place in order, and at the end No. 3 is
broken down to carbon dioxide and wa-
ter, leaving oxaloacetic acid behind.
That is to say, the complete cycle in
effect burns a molecule of pyruvic acid
to carbon dioxide and water and at the

ENVELOPE

INTRACRISTAL SPACE

same time regenerates the combining
partner, oxaloacetic acid. Then the proc-
ess repeats itself: oxaloacetic acid leads
another molecule of pyruvic acid to the
molecular slaughter. Each time around
pyruvic acid is annihilated and oxalo-
acetic acid is regenerated. It soon be-
came clear that not only sugar but also
fats were consumed by way of the citric
acid cycle. In short, the citric acid cycle
was recognized as the principal energy-
yielding process of all cells and organ-
isms which depend upon oxygen.
Meanwhile two workers (in separate
laboratories) turned up the other perti-
nent discovery. V. A. Belitzer in the
U.S.S.R. and Herman Kalckar in Den-
mark learned that the oxidation of vari-
ous substances (all later found to par-
ticipate in the citric acid cycle) was
coupled with conversion of the com-
pound adenosine diphosphate to adeno-
sine triphosphate (ATP). This phenom-
enon, called oxidative phosphorylation,
goes to the very heart of the problem of
energy production, for ATP is the bat-
tery that delivers energy for many proc-
esses of the body. including the manufac-
ture of key materials, the contraction of
muscle, and so on. That the formation
of ATP was coupled to electron transport
(bonding inorganic phosphate to adeno-

CRISTA

sine diphosphate) was hardly noticed at
the time the discovery was reported, but
it was destined to rank in importance
with the earlier discovery of the citric
acid cycle.

Now came a development which
brought together all these separate find-
ings. In 1945 I set out to try to isolate
an enzyme which acted to dehydrogen-
ate pyruvic acid. The enzyme had re-
sisted isolation, and all my efforts to ex-
tract it from the kidneys of rabbits failed.
It was inseparably attached to certain
particles in the cell which carried out a
whole complex of functions—the citric
acid cycle, the oxidation of fatty acids,
the transport of electrons, and oxidative
phosphorylation. After many grueling
months of utterly unsuccessful attempts
to separate the dehydrogenase, it
dawned upon me that all these functions,
including the dehydrogenation, must be
wedded together in one giant organized
unit—a mosaic of many enzymes [see
“Enzymes in Teams,” by David E.
Green; SCIENTIFIC AMERICAN, Septem-
ber, 1949]. The most remarkable feature
of the system was that all of the enzymes
and coenzymes necessary for the various
functions were packaged in the particle
in just the right proportions, and, as far
as one could tell, there was no excess

INTERCRISTAL SPACE

STRUCTURE OF A MITOCHONDRION is shown diagramati-
cally. The outer envelope and the cristae have double walls forming
a continuous system. The walls contain the enzymes needed for
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electron transport, and these enzymes probably occur in a repeat-
ing structure within the walls. The enzymes which are involved
in the citric acid cycle are apparently in the intracristal space.
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of a mitochondrion in such a way that each portion contained intact
cristae. Each piece would then be like a miniature mitochondrion.

DAMAGE TO MITOCHONDRIA which does not alter the function

of the particles could be explained by a twisting off of sections

particles form (4) which are capable of trans-

porting electrons but not of conducting oxidative phosphorylation.

1)

branes fragment (3)

ELECTRON-TRANSPORT PARTICLES may result when cristae

are broken up (1). If intracristal material is lost (2) and the mem-
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baggage. The case for the existence of an
organized complex of enzymes—a new
kind of unit—seemed overwhelming.

The idea was distasteful, however,
to many biochemists; they had just
achieved their first intoxicating successes
in isolating individual enzymes. They
took sharp issue with the experimental
evidence for the mosaic concept. But the
idea soon received the strongest kind of
support, and from an entirely unexpect-
ed quarter. Two independent groups—
Van Rensselaer Potter and Walter C
Schneider at the University of Wisconsin
and Albert L. Lehninger and Eugene P.
Kennedy at the University of Chicago—
separated out certain known bodies of
the cell and found that they could carry
out the very reactions which we had as-
signed to our complex of enzymes. These
particles were the mitochondria, the tiny
cell bodies now known to house the cell’s
energy generators [see “Powerhouse of
the Cell,” by Philip Siekevitz; Screx-
TIFIC AMERICAXN, July, 1957].

The Mitochondrion

We can regard the mitochondrion as
a machine whose function is to generate
ATP by the oxidation of pyruvic acid.
The fuel for the machine is derived
from carbohydrates and fats; the furnace
is the citric acid cycle; the main product
is ATP, and the by-products are carbon
dioxide and water. The same basic mech-
anism exists in the cells of all organ-
isms that require oxygen—animals,
plants and microbes.

So the problem of understanding how
the body converts foodstuffs to energy
by oxidation resolves itself into the prob-
lem of learning the structure and func-
tioning of the mitochondrion. How are
the hundred or more enzymes arranged
within the mitochondrion? How are they
bonded together into one coherent or-
ganization? How do the enzymes con-
cerned with the several functions mesh
together? How is the transfer of electrons
coupled to the formation of ATP? These
and other questions are the object of
intensive investigations in many labora-
tories in all parts of the world. A few
exciting discoveries have been made.

From photographs of thin sections of
mitochondria made with the electron
microscope we can draw a rough dia-
gram of the structure of a mitochondrion.
It consists of an envelope enclosing a
group of structures which are called
“cristae” [see diagram on page 59]. The
material in the envelope and in the cris-
tae is probably identical; at present no
distinction can be made between these
two parts of the mitochondrion.

Now the mitochondrion can be broken
up, by certain techniques, into smaller
pieces with the same structure which in
effect are miniature mitochondria [see
diagrams at top of opposite page]. These
particles are capable of carrying out all
the functions of the parent body. If mito-
chondria are subjected to strong sonic
vibrations, they are pulverized into still
smaller pieces. These particles are es-
sentially double-walled fragments of the
cristae. They have lost the capacity for
citric-acid-cycle oxidations, but retain
the functions of electron transport and
oxidative phosphorylation.

With more brutal fragmentation pro-
cedures we can break down the mito-
chondrion to even simpler particles con-
sisting only of an envelope enclosing a
space. Apparently, fragmented sections
of the original envelope curl up to form
closed bubbles [see diagrams at bottom
of opposite page]. This particle can carry
out neither the citric acid cycle nor oxi-
dative phosphorylation. But it retains the
function of transporting electrons: we
call it the electron-transport particle.

The evidence thus suggests that the
mitrochondrion is a giant polymer made
up of a certain repeating unit which
torms its internal and external mem-
branes. This unit contains the apparatus
for transferring electrons and for oxida-
tive phosphorylation. And in the space
within the membranes of both the outer
envelope and the internal cristae are the
enzymes that carry out the oxidations of
the citric acid cycle. In the intact mito-
chondrion these enzymes lie close to the
enzvmes of the electron-transfer chain
located in the many membrane layers
forming the structure of the system.

We can break down the electron-
transport particle (the repeating unit)
into smaller and smaller fragments, and
eventually we should be able to learn its
composition and the arrangement of its
components, just as chemists have
worked out the structure of some pro-

teins. Many of the molecules making up |

the electron-transfer chain have already
been identified. They are all proteins,
and each contains some highly charac-
teristic functional group. Thus two con-
tain a form of the vitamin riboflavin;
these catalyze the oxidation of succinic
acid and dihydropyridine nucleotide.
Four contain iron porphyrin as the func-
tional group: these of course are the cy-
tochromes. At least two proteins laden
with fat—lipoproteins—have been fished
out of the fragments.

There is every reason to believe that
all the enzymes and other components
of the electron-transfer chain are ar-
ranged in a particular order and pattern,
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and that they are combined in certain
precise proportions—like a giant mole-
cule. The pattern and composition are
yet to be determined. But something has
been learned about the cement that
bonds the components together. The
substances that are effective in taking
the particle apart (dissecting the mole-
cule) are all chemicals which react with
fatty materials: they are alcohols, bile
acids, fatty detergents. Thus it appears
that the cement is a combination of fat
with protein—that is, lipoprotein. Lipo-
proteins have an unusual property which

may explain why nature has selected
them to act in this binding capacity.
They can bind or react equally well with
molecules soluble in water and those
soluble in fat.

The chemical investigation of fatty
substances contained in the electron-
transfer particle has opened a Pandora’s
box of exotic compounds. They include
all the so-called essential fatty acids of
the cell, vitamins E and K and coenzyme
Q, a new quinone hitherto unrecognized,;
there are strong suspicions that most of
the known and possibly some unknown

fat-soluble vitamins will be found to
be involved one way or another in the
electron-transfer chain.

The Transfer of Electrons

As to how the electrons are trans-
ported, there is still no really satisfactory
answer. Britton Chance of the University
of Pennsylvania has suggested that they
may be passed along via collisions be-
tween adjacent molecules in the elec-
tron-transfer chain, but it is difficult to
see how the molecules can move about in
a rigid structure in which they are all
bonded to one another. Perhaps the
electrons are relayed from one fixed
component to the next by small, mobile

N\ N 4 molecules within the lipoprotein cement.
‘ Somewhere in the maze of the elec-
! tron-transfer chain biochemists will
/( \ eventually find the connection between
N / c N the oxidation of substrates and the syn-
\\\ thesis of ATP, and with that they will
‘ ” Ci—sH come close to unraveling the secret of
/ how the cell generates energy.
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(PYRUVIC ACID)

ADENOSINE TRIPHOSPHATE (ATP)

————— — — —— " —————————

CH3COCOOH + 50+ 15 ADP 4 15H,PO, —> 3CO, + 17H,O + 15 ATP

ADENOSINE TRIPHOSPHATE (ATP) contains three phosphate
groups (broken liries), while adenosine diphosphate (ADP) has

two of the energy-rich groups. Conversion of ADP to ATP (equa-
tion at bottom) requires pyruvic acid, oxygen and phosphoric acid.
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Florida’s damp salt air doesn’t harm
these attractive lamps. They never need
painting. MARLEX won’t rust!

Home in the new Coral Key Villas sec-
tion near Pompano Beach, where more
than 120 Cape Codder lanterns are in-
stalled, and 690 are planned.

CAPE CODDER LANTERN MADE BY ENGINEERED PRODUCTS, INC., KIRKWOOD, MO,

A revolutionary, new lanern that canit crack,peel, or rust

even i salt air because ts made of MAR LEX

“Damp salt air and intense sunshine are tough on
most materials. We think MARLEX is just the ticket
for these difficult conditions,” says George O.
Palmer, Owner, Palm-Aire Construction Company,
Pompano Beach, Florida. “MARLEX is a durable
plastic that can take plenty of punishment. Lanterns
made of it stand up well in all kinds of weather.”
Every day MARLEX is finding its way into new
uses. In many cases this premium quality rigid
polyethylene is the least expensive material that

POLYETHYLENE

can meet manufacturers’ strict specifications.
MARLEX is highly versatile, too. It can be molded
into attractive colorful housewares or used in many
heavy duty industrial applications. It can be ex-
truded into tough film or filaments. It’s odorless,
tasteless . . . can be steam-sterilized . . . is unaffected
by most acids, alkalies, and oils.
For full information, call your nearest MARLEX
sales representative.
*MARLEX is o trademark for Phillips family of olefin polymers.

PHILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma
A subsidiary of Phillips Petroleum Company

PLASTICS SALES OFFICES

NEW ENGLAND NEW YORK AKRON

322 Waterman Avenue,  80Broadway,Suite 4300 318 Water Street,
East Providence 14, R.1.  New York 5, N. Y. Akron l Ohlo
GEneva 4-7600 Digby 4-3480
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CHICAGO WESTERN SOUTHERN & FOREIGN
11 S. York Street, 317 N. Lake Ave., Adams Building,
Elmhurst III Pasadena, Calif. Bartlesville, Oklahoma

RYan 1-0557 Bartlesville 6600, Ext. 8108



Correct Lubrication in Action...

How Mobil Saved
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This dramatic operation shows parts of TV tube 2 '
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being joined on Electric Sealing Lathe. Edges of !
tube parts are softened by gas flame, then

sealed by high-frequency electric current when
glass becomes hot enough to conduct eleciricity.

Complete Engineering Program 4
Proved Petroleum Products o I

SOCONY MOBIL OIL CO. INC,, and Affiliates: MAGNOLIA PETROLEUM CO., GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL CO., INC.
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Since making the bulb for Edison’s lamp, Corn-
ing Glass Works has continually pioneered in the
development of new types of glass. At the same
time Corning has developed intricate machines
and manufacturing methods that enable it to pro-
duce the most precise glass items at production
line pace.

Mobil has worked with this company for many
years. It has met the challenge of demanding and
often unique lubrication requirements with prod-
ucts and service so effective that they have resulted
in constant and significant savings. Corning’s rec-

Corning Glass ¥14880

ords show that, in 1957 alone, savings made
through Mobil Correct Lubrication amount to
over $14,000.

Some of these savings are briefly documented
below. All of them are the result of Mobil working
hand-in-hand with Corning personnel . . . training
them in maintenance methods . . . studying pro-

duction problems, making lubrication studies . . .
using Mobil research and laboratory facilities to
cut costs,keep pace with Corning’sneeds. Why not
find out how Mobil Correct Lubrication can reduce
maintenance costs, increase profits in your plant?

Lubrication study increases maintenance efficiency—
Mobil engineers working with maintenance supervi-
sors made complete study of machine lubrication re-
quirementsand application. . . even blueprinted oiler
routes down to last detail . . . saved maximum time
and money for Corning.

82,785 saved on lift-truck maintenance—Prior to
Mobil recommendation, Corning’s gasoline-powered
lift-trucks were overhauled every 4 months. Use of
Mobiloil Special lengthened overhaul period to 12
months, cut oil consumption in half, reduced main-
tenance time by 144 hours a year.

Outdoor bearing replacement eliminated—Air circu-
lating system power units located on plant roof are
subjected to abnormal corrosion and temperature
extremes. Mobil maintenance recommendation cut
servicing time by 300 hours . . . eliminated bearing
replacements . . . saved $920 a year.

Shear spray lubricant saves $11,175—1In automatic
glass-forming machines, steel shears that cut molten
glass were pitting, rusting, leaving excessive *‘shear”
marks on molded material. Mobil introduced prod-
uct, about 1/10 cost of previous lubricant, to cut re-
Ject rate, reduce maintenance and parts replacement.

Correct Lubrication

Another reason You're Miles Ahead with Mobil!
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New @ steels with color and texture
will brighten the look of tomorrow

=
|

It is steel, but to the eye and to the touch it does not look nor feel like steel.
Its surface can be textured in many new designs, or made to look like other
materials if desired. And itis as pleasant to touch as it is to look at.

Itis steel with a colorful and extremely durable skin of vinyl plastic. The skin,
applied at the steel mill as a liquid, is cured on the surface as an integral
part of the steel sheet. It is impervious to moisture and has excellent scuff
and abrasion resistance. Because the skin is so tough, the sheet can be
fabricated in essentially the same manner as any other steel sheet.

Development work on these new USS steels, and methods of producing
them economically, are being perfected at U. S. Steel’'s Research Center.
They are just another example of the new ideas you can expect from U. S.
Steel’s extensive research and development programs—ideas that will be
helping you in the future, both at work and during your leisure hours.
United States Steel Corporation, 525 William Penn Place, Pittsburgh 30, Pa.

United States Steel

TRADEMARK
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PREDATORY FUNGI

Plants which trap msects are familiar in the folklore of biology.

Less well-known, but more important in the balance of nature, are

certain molds which ensnare and consume small animals 1in the soil

l nless man succeeds in duplicating
the process of photosynthesis, it
appears that animals will always

have to feed upon plants. But the plant

world exacts its retribution. A number
of plants have turned the tables on the
animal kingdom, reversing the roles of
predator and prey. These are the plant
carnivores—plants that trap and con-
sume living animals. Most famous are

by Joseph J. Maio

the pitcher plant, with its reservoir of
digestive fluid in which to drown hap-
less insects; the sundew, with its fly-
paper-like leaves; and Venus's-flytrap,
with its snapping jaws. But there are
other carnivorous plants of larger sig-
nificance in the balance of nature. We
ought to know them better because they
are to be found in great profusion and
variety in any pinch of forest soil or

garden compost. They are microscopic
in size, but just as deadly to their animal
prey as the sundew or Venus’s-flytrap.
These tiny predators are members of
the large group of fungi we call molds.
They grow in richly branching networks
of filaments visible to the naked eye as
hairy or velvety mats. Molds do not en-
gage in photosynthesis. Like most bac-
teria, they lack chlorophyll and so must

NEMATODE WORM IS TRAPPED by the adhesive fungus Tricho-
thecium cystosporium in this photomicrograph by the British biolo-
gist C. L. Duddington. The entangling network of the fungus is at
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right; the body of the worm extends to the left. The oval object
below the body of the worm is one of the spores by which the
fungus reproduces. At lower right are the remains of another worm.
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derive their food from other plants and
from animals. Molds have long been fa-
miliar as scavengers of dead organisms,
promoters of the process of decay. It was
not until 1888 that a German mycologist,
named Friedrich Wilhelm Zopf, beheld
molds in the act of trapping and killing
live animals—in this case the larvae of a
tiny worm, the wheat-cockle nematode.

The nematodes (eelworms, hook-
worms and their like) are not the only
prey of these animal-eating plants.
Their victims run the gamut from the
comparatively formidable nematodes
down to small crustaceans, rotifers and
the lowly amoeba. Charles Drechsler of
the U. S. Department of Agriculture, a
student of the subject for some 25 years,
has identified a large number of carniv-
orous molds and matched them to their
prey. Many are adapted to killing only

TWO CONSTRICTING RINGS of the fungus Dactylaria gracilis
grasp another nematode in this photomicrograph by Duddington.
The nematode was first caught by the head (upper right), and then
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one species of animal, and some are
equipped with traps and snares which
are marvels of genetic resourcefulness.
How they evolved their predatory habits
and organs remains an evolutionary mys-
tery. These molds belong to uite dif-
ferent species and have in common only
their behavior and some similarities of
trapping technique. They present a
challenging subject for investigation
which may throw light on some funda-
mental questions in biology and may
lead also to new methods for control of
anumber of crop-killing nematodes.

"I‘he simplest of the molds have no

- special organs with which to en-
snare their victims. Their filaments, how-
ever, secrete a sticky substance which
holds fast any small creature that has
the misfortune to come in contact with

© 1958 SCIENTIFIC AMERICAN, INC

it. The mold then injects daughter fila-
ments into the body cavity of the victim
and digests its contents. Most of the ani-
mals caught in this way are rhizopods—
sluggish amoebae encased in minute
hard shells. Sometimes, however, the
big, vigorous soil nematodes are trapped
by this elementary means.

More specialized is an unusual water
mold, of the genus Sommerstorffia,
which catches rotifers, its actively swim-
ming prey, with little sticky pegs that
branch from its filaments. When a roti-
fer, browsing among the algae on which
this mold grows, takes one of these pegs
in its ciliated mouth, it finds itself im-
paled like a fish on a hook.

Some molds do their trapping in the
spore stage. The parent mold produces
staggering numbers of sticky spores.
When a spore is swallowed by or sticks

flicked its body into another ring (left center). The rings deeply
constrict the body of the worm. The horizontal line above the mid-
dle of the picture is a filament to which the rings are attached.



to a passing amoeba or nematode, it
germinates in the body of its luckless
host and sends forth from the shriveled
corpse new filaments and new spores to
intercept other victims.

The most remarkable of all killer
molds are found among the so-called
Fungi Imperfecti, or completely asexual
fungi. The advanced specialization of
these molds is particularly interesting be-
cause they are not killers by obligation
but can live quite well on decaying
organic matter when nematodes, their
animal victims, are not available. If
nematodes are present, these molds im-
mediately develop highly specialized
structures which re-adapt them to a car-
nivorous way of life. They will do so even
if they are merely wetted with water in
which nematodes have lived.

One of these molds is Arthrobotrys
oligospora, the nematode-catching fun-
gus that was first studied by Zopf. When
nematodes are available, it develops net-
works of loops, fused together to form an
elaborate nematode trap. An extremely
sticky fluid secreted by the mold seems
to play an important role in capturing
the nematode, which need not even en-
ter the network in order to be held fast.
The fluid is so sticky that one-point con-
tact with the network frequently is
enough to doom the nematode. In its
frenzied struggles to escape, the worm
only becomes further entangled in the
loops, and finally, after a few hours of
exertion, weakens and dies. The destruc-
tion these molds can cause in a labora-
tory culture of nematodes is appalling,
particularly from the point of view of
the nematode!

Two French biologists, Jean Coman-
don and Pierre de Fonbrune, have made
motion pictures which show that the
fungus’s secretion of this adhesive sub-
stance is accompanied by intense activ-
ity in its cells. Material in the cytoplasm
of the cell streams toward the point of
contact with the worm. The mold may
be bringing up reserves of adhesive and
digestive enzymes to subdue the nema-
tode; it may also secrete a narcotic or an
intoxicant to speed the process.

Even more artfully contrived are the

“rabbit snares” employed by some
molds. First fully described by Charles
Drechsler, these are rings of filament
which are attached by short branches to
the main filaments, hundreds of them
growing on one mold plant. The rings
are always formed by three cells and
have an inside diameter just about equal
to the thickness of a nematode. When a
nematode, in its blind wanderings

CAPTURE AND CONSUMPTION of a nematode worm by a fungus of the constricting-ring
type is depicted in this series of three drawings. At the top the worm approaches a ring
attached to a filament of the fungus. In middle the three cells of one ring have expanded to
trap the worm. At bottom filaments have branched out of the fungus to digest the worm.
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Mandrels for forming solid fuels
used to be machined from the solid.
Now they can be cast, hollow

or solid, with smooth surfaces and
accurate contours, in virtually any
size. If you work with missiles,

you should be interested in the
unusual foundry of

Morris Bean & Company,

Yellow Springs 5, Ohio.
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through the soil, has the ill luck to stick
its head into one of these rings, the three
cells suddenly inflate like a pneumatic
tire, gripping it in a stranglehold from
which there is no escape.

The rings respond almost instantane-
ously to the presence of a nematode; in
less than one tenth of a second the three
cells expand to two or three times their
former volume, obliterating the opening
of the ring. It is difficult to understand
how the delicate filaments can hold the
powerfully thrashing worm in so un-
yielding a grip. Occasionally a muscular
worm does escape by breaking the ring
off its stalk. But this victory only post-
pones the inevitable. The ring hangs on
like a deadly collar and ultimately gen-

erates filaments which invade the worm,
kill it and consume it.

We are not yet sure what cellular
mechanisms activate these deadly noos-
es. We know that in the case of the con-
stricting ring of one mold the activating
stimulus is the sliding touch of the nema-
tode as it enters the ring. A nematode
that touches the outer surface of the
ring will not trigger the mechanism. But
if the worm passes inside the ring, its
doom is certain. This mold, then, exhibits
a sharply localized “paratonic” or touch
response like that of the Venus's-flytrap.

Perhaps the inflation of the cells is
caused by a change in osmotic pressure,
resulting in an intake of water either
from the environment or from neighbor-

P

NEMATODE IS INVADED by filaments of a fungus which has trapped it. This photomicro-
graph was made by David E. Pramer of the New Jersey Agricultural Experiment Station.
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a bulletin of practical new ideas

On the beam

It looks as if the four-eyed automobile is
here to stay. The reason?

The old style 7-inch lamp had two fila-
ments and was a compromise design since
neither high nor low beam operated at
peak efficiency.

New style lamps are smaller (534”)
and are mounted two-to-the-fender. The
outer light is a passing (low) beam, aimed
just below and to the right of dead ahead.
It also has an auxiliary high beam which
is used with the high beam of the inner
lamp. Net result: More light where you
canuseit...on theroad and free of glare.

Though the lenses used in these lamps
don’t look complex, each is precision-
made from heat-resistant glass. Pressed
into the surface of every lens are some
100 prisms, each heldto +.1°in production.

There’s also a glass parabolic reflector
for each lens—the combination being a
neat example of mass production of pre-
cision glass products. Also involved: Her-
metic sealing of glass and metal parts.

Corning currently produces compo-
nents for some 250 different sealed beam
assemblies, with sizes ranging from 2 to
8 inches in diameter.

You may not need headlights, but if
you have a problem involving light con-
trol, Corning may have the answer. And
don’t overlook the savings you can realize
from mass production of precision parts.
We’d like a chance to solve some of your
problems.

Wee

This 25 ml conical micro
flask measures 75mm. in
height. It has two necks,
both ground to what is
called a “standard ta-
per,” very accurate and
smooth.

Such petite and pre-
cise PYREX brand glass-
ware is fashioned from Corning’s glass
No. 7740. This glass is eminently practi-

cal in labs (and in many tough industrial
applications) because it stands up to most
acids and alkalies, doesn’t cloud, even
with distilled water. And it’s bothered
not a bit by high temperatures or thermal
changes.

This microware flask is one of the more
than 9,000 items (standard and custom)
we make for labs. Much of it is highly
intricate stuff that is hand-made by
skilled lampworkers. The whole line is
neatly detailed in a new, 358 page cata-
log, LG-1. If you’re in a lab and haven’t
received your copy, send for one.

Also ask for Bulletin B-83, “Properties
of Selected Commercial Glasses.” All
about 7740 and many other glasses; very
good to have on file.

360,000 holes per square inch!

No problem at all, putting that many
holes in that space, when we use Foro-
ForM®, a glass that’s “machined” by
chemistry.

We start with a photosensitive glass
(one of a number of very special types from
Corning). Using a photographic negative
of the pattern you want and an ultra-
violet source, we make a contact print on
the glass. Then heat to convert exposed
areas into etchable glass. Next, treat with
acid to dissolve out the etchable image,
leaving the pattern you want. Further
processing converts to the form of Foto-
FORM best suited to your final application.

What’s Forororm good for? Making
ultra-precise mechanical and electrical
parts.

Such as? Fine mesh (600 line) screens,
brush holders for digital converters, vari-
ous kinds of substrates, printed circuits,
attenuator plates, dielectric spacers . . .
and lots more.

Experience so far indicates that Foro-
FORM makes feasible patterns and parts
that would be impossible or impractical by
other methods.

Added incentive: There’s no need for
costly dies and jigs and you eliminate
grinding, cutting, and drilling.

FotororM is non-porous, dimension-
ally stable, free from internal flaws and
voids, able to operate continuously at
500°C, and has zero moisture absorption.

Easily applied to small runs or mass
production and well-suited to automa-
tion, it looks like a real contribution to
many fields, especially electronics.

For more facts and figures ask for
“New Developments in Corning FoTo-
FOrRM Glass.” Check the coupon.

Attention photon counters

Now available from Corning is a new,
high-lead-contentglassfor usein Cerenkov
counters. A crystal clear glass with a spe-
cific gravity of 4.63,
it permits better en-
ergy resolution than
any glass currently
used with this type of
spectrometer.

Designated code
9760, it has an index
of refraction of 1.724
and a transmittance
of 82.89, at 400 A for 10 radiation
lengths. Send for detailed fact sheets or
other data you desire. Corning can do al-
most anything with glass.

———-WWW i Gloats ————————————— 1

|

CORNING GLASS WORKS, 49-7 Crystal Street, Corning, New York :

I Please send me: [_| Bulletin on FOTOFORM; [ | Lab Glassware Catalog, LG-1; [_] Bulletin |
| B-83, “Properties of Selected Commercial Glasses”; [_| Data on high lead glass. I
| |
| Name Title oo |
| |
| Company........ |
| I
I Street i
I City. Zone State :
B e i e T e e i e e i T e e e e i e e d
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HIGH-TEMPERATURE

OPPORTUNITIES

PHYSICISTS

PHYSICAL CHEMISTS
CHEMICAL ENGINEERS
ELECTRICAL ENGINEER

A highly creative group at Avco is beginning a major
new phase of high-temperature studies based on its
successful work with plasma jet facilities. Physicists and
physical chemists at the Ph.D. level will find an unusual
opportunity to assist in formulating long-range basic
studies and in carrying them out.

Physicists and physical chemists with interest
in feasibility studies of novel propulsion tech-
niques including plasma motors, ion rockets,
nuclear propulsion, and atmospheric recombina-
tion. Supervisory and senior positions open.

Physicists and physical chemists with interest
in solid state physics and chemistry. Emphasis
will be on studies related to structure and
strength of materials. Supervisory and senior
positions open.

Physical chemists with strong theoretical back-
ground and an interest in chemical reactions and
thermodynamic properties of materials at very
high temperatures.

Physicist with experience in gaseous electronics
to work on a wide variety of problems connected
with arc discharges and plasma jets.

Chemical engineers with interest in high-temper-
ature processes and materials. Experience desired.

Physicist or electrical engineer with experience
or interest in one or more of the following fields:
microwaves, propagation through ionized plas-
mas, telemetry systems, energy conversion, iono-
spheric phenomena. This work requires a com-
bination of analytical and experimental ability.

These positions offer ample opportunity for original con-
tribution and publication, and association with a highly
competent group with diverse professional backgrounds.

Write to: Dr. R. W. Johnston,

Scientific and Technical Relations,

Avco Research and Advanced Development Division,
Lawrence, Massachusetts

a
»-
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| ing cells. Or perhaps it results from
i changes in the colloidal structure of the
cell protoplasm. There is a recent report
from England that the constricting rings
of one species react to acetylcholine—the
substance associated with the transmis-
sion of impulses across synapses in the
‘ animal nervous system!

Some species of molds prey upon root
eelworms that infest cereal crops,
potatoes and pineapples. This has in-
spired experiments to use these fungi to

‘ control the pests. In one early experi-

ment, conducted in Hawaii by M. B.

Linford of the University of Illinois and

his associates, a mulch of chopped pine-

apple tops was added to soil known to
harbor the pineapple root-knot eelworm.

This mulch produced an increase in the

numbers of harmless, free-wandering
| nematodes which thrive in rich soil. The
presence of these decay nematodes stim-
ulated molds in the soil to develop nema-
tode traps, which caught the eelworms
as well as the harmless species. A recent
experiment in England gives similar
promise that the molds may be effective
against the cereal root eelworm. Plants
protected by stimulated molds showed
slight damage compared to the eelworm-
ravaged control plants.

Investigators in France have rep()rted
an experiment which suggests that molds
may be used to control nematode para-
sites of animals as well as those of plants.
Two sheep pens were heavily infested
with larvae of a hookworm, closely re-
lated to the hookworms of man, which
causes severe pulmonary and intestinal
damage to sheep. One of the pens was
sprinkled with the spores of three molds
that employ snares or sticky nets to trap
nematodes. Healthy lambs were placed
in both pens. After 35 days of exposure
the lambs in the pen inoculated with the
molds were found free of infection,
while those in the control pen showed
signs of infestation with the worm.

'Ijhe carnivorous molds offer many pos-

sibilities for future investigation. One
subject that needs to be explored is their
role in the complex biology of the soil.
We would also like to know more about
the physiological mechanism that under-
lies the extraordinary behavior of the
nematode “snares.” The results of exper-
iments on mold control of nematodes
are already encouraging. They suggest
that one day these peculiar little plants
may perform an even more important
role in agriculture than they played
in nature, silently and unobtrusively,
throughout the millennia before their

discovery.



MASTERING THE MOLECULE...WITH ELECTRON MICROSCOPY @

Electron Microscope helps New York Central
save $2'. millions a year on fuel

Using an RCA Electron Microscope, scientists at the New York Central’s new

Technical Research Center in Cleveland studied the physical make-up of a

refinery by-product that could never before be used in diesels. They have before
announced that, by means of an additive, certain non-combustible particles additive
could be made to burn—so the fuel would deliver full power. This new type of

fuel provides more horsepower per gallon than ordinary diesel oil. Not only that ‘——
...it’s a penny per gallon cheaper. With such savings the Central’s fuel bill

can be reduced by about $2,500,000 a year!

Other research areas opened up by the Electron Microscope include the study of
metals and their structures; metal decomposition by friction; greases to with-
stand severe operating conditions and reduce wear; coatings and chemicals.

Electron microscopy is of major importance in every field of research and

development in which such physical characteristics of matter as particle size, after
shape, distribution and structure must be considered. With its high resolving additive
power and the ability to produce direct image magnifications up to 200,000X

the RCA Electron Microscope is opening new avenues of achievement through- ="
out science and industry. A convenient grouping of controls and the automating

of many operations contribute to the extremely high efficiency of RCA Electron
Microscopes. Installation supervision and contract service are available through
the RCA Service Company. Electron micrographs of refinery by-product

Write for full particulars about the RCA Electron Microscope.
RCA, Dept. H-111, Building 15-1, Camden, N.J.
In Canada: RCA VICTOR Company Limited, Montreal.

RADIO CORPORATION of AMERICA

Tmk(s) ® CAMDEN, N. J.
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Shaping the future with Du Pont's

Engineered Fibers ... nylon, "“Dacron’,

“Orlon", "Teflon” and “Super Cordura’

———

TOMORROW'’S MOBILE ELEVATED SIDEWALKS

... reinforced with Du Pont industrial fibers

The problem of moving tons of ore for tens of miles has been
solved by the use of tremendously strong conveyor belts made
of rubber reinforced with Du Pont high tenacity rayon. Well
within the capabilities of such belts are elevated transporta-
tion systems for pedestrian traffic.

As demands on materials grow, engineers turn increas-
ingly to strong, durable fibers for reinforcing their products.
Du Pont fibers can be used to strengthen rigid materials such
as plastics and flexible materials such as rubbers and other
elastomers. They are often indispensable in attaining needed
shock resistance, tensile strength, flex strength. These fibers
can improve the electrical insulating properties of the embed-
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ding material as well as its resistance to heat and chemicals.

For example, reinforced air bellows for new automobile
suspension systems are made possible by the strength and
flex resistance of Du Pont nylon fibers. For guided missiles,
critical electrical parts such as terminal boards and switches
may be molded of a high-pressure laminating material rein-
forced with Orlon® acrylic fiber. Aircraft bearings are based
on a “self-lubricating” woven liner made with Teflon* TFE-
fluorocarbon fibers. Reinforcing blankets of Dacron® polyester
fiber are employed in molding heat-sterilizable surgical trays
and bowls that resist abrasion, stains and acids. Fibers are
available in the form of woven cloth, non-woven mat and
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loose fibers.. . . or pre-mixed in special molding compounds.
Their properties can be engineered to the end use.

Chances are that Du Pont fibers can make an important
contribution to one of your products. Du Pont’s experience,
testing and research activities offer you an authoritative
source of assistance. Let us help you with your next mate-
rials problem.

*Registered Du Pont trademarks.

Enjoy the “Du Pont Show of the Month” —on CBS-TV.

REG. U.S. PAT. OFF

BETTER THINGS FOR BETTER LVING . . . THROUGH CHEMISTRY

WRITE FOR YOUR COPY

The 80 pages of “Du Pont Fibers in In-
dustry” are edited especially for the en-
gineer and designer. The properties of
Du Pont nylon, “Dacron’, “Orlon”’,
“Teflon” and Super Cordura* high tenac-
ity rayon are described in detail. Technical
and performance data are presented for
most present-day industrial fiber applica-
tions. Write: E. I. du Pont de Nemours &
Co. (Inc.), Textile Fibers Dept., 5518-C "+
Nemours Bldg., Wilmington 98, Delaware.

DU PONT FIBERS
FOR INDUSTRY
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STONE AGE CAMP SITE was excavated beside the Kalambo River several camp sites, the earliest of which has been laid bare in the
above Kalambo Falls. Actually the excavators dug down through foreground. At lower left is the partly burned trunk of a tree.
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THREE SUCCESSIVE CAMP SITES were revealed by this exca- site strewn with tools. Two feet above it, as indicated by the vertical
vation near Kalambo Falls. In the foreground is an Early Stone Age stick, is another site. A Middle Stone Age site is a foot higher.
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EARLY MAN IN AFRICA

In recent years the Dark Continent has yielded the bones of man-apes

and the oldest known human tools. A general account of these finds,

with special reference to the author’s excavations at Kalambo Falls

as Africa the birthplace of the
human species? Archaeologists
looked almost everywhere else

before they turned to the “dark conti-
nent.” Now that they have begun an
active search for evidences of the origin
of man in Africa, their efforts, particu-
larly since World War II, have been
richly rewarded. To the copious finds of
bones of the Australopithecines, the
South African “ape-men” who may have
been contemporaries or possibly even
ancestors of the earliest men, the diggers
in Africa have recently added many
other important discoveries. They have
turned up the earliest ape found any-
where in the world. They have discov-
ered what look like the oldest stone tools
made by man or a manlike creature. And
they have unearthed some remarkable
sequences of deposits which show the
development of man’s early tools from
crude pebble-choppers to the polished
hand-axes of the Middle Stone Age.

Before I describe our own recent finds
at the Kalambo Falls in Northern Rho-
desia, let me review briefly what Africa
has yielded so far about early man and
his possible ancestors. The best place to
start is with the Australopithecines,
whose chief investigators have been Ray-
mond A. Dart, the late Robert Broom
and his successor J. T. Robinson [see
“The Ape-Men,” by Robert Broom; Sci-
ENTIFIC AMERICAN, November, 1949].
The ape-men were about four and a half
feet tall, walked upright and, according
to the anatomist Sir Wilfred Le Gros
Clark, should be classed among the rela-
tives of man, on the basis of their teeth.
How close were they to man? Debates
on this question have hinged mainly on
conflicting evidence as to whether or not
the ape-men used tools.

The Australopithecines lived about

by J. Desmond Clark

half a million years ago, and pebble tools
of about the same age have been found
along African rivers. (Pebble tools were
stones with one face chipped so that they
could be used for chopping or scraping.)
Unfortunately it has been difficult to link
the ape-men to the tools. The ape-men’s
bones have been found only in caves,
whereas the tools generally have turned
up in open river valleys, where bones are
not preserved. Along with the remains
of the ape-men in the cave rock there
are often broken bones of other animals.
These facts led Dart and Broom to con-
clude that the Australopithecines lived
in caves and killed animals for food with
some sort of natural club (e.g., a broken
tree branch). The anthropologist Ken-
neth P. Oakley argued, on the other
hand, that the ape-men may have lived
in the open and themselves been dragged
into the caves by large animals (e.g.,
saber-toothed cats) that preyed on them.

Two years ago Robinson and C. K.
Brain discovered some pebble tools in
caves containing bones of ape-men at
Sterkfontein. Their finding may reopen
the whole question. Should further ex-
cavations show that the Australopithe-
cines lived in the caves and made tools
and fire, they may be reconsidered as
possible ancestors of man. The general
weight of the evidence, however, is
against this idea. The ape-men are too
recent in time and too specialized in
some anatomical respects to be man’s an-
cestor. They probably were a separate
branch stemming from the same ancestor
from which man evolved.

ln an old lake bed next to Lake Victoria

the archaeologist L. S. B. Leakey
found what seems to be the earliest defi-
nitely human fossil in Africa. It is a piece
of jawbone with clear signs of a chin—
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usually considered an identifying mark
of true man. The fossil apparently is con-
siderably more than half a million years
old. So we may guess that in the period
between half a million and a million
years ago two manlike creatures roamed
central and southern Africa: Homo, a
true man with a comparatively large
brain, who was the toolmaker, and
Australopithecus, the man-ape with a
small brain (500 to 600 cubic centi-
meters), who may have looked much
like the common anthropoid ancestor
from which Homo also came.

If we have practically no fossils of the
earliest men, we are hardly better off
when we come to the next stage of man’s
development—the men who advanced
from pebble tools to the hand-ax. This
culture (named Chelles-Acheul) appar-
ently originated in Africa and spread
from there to Europe and Asia. Of the
men who made the hand-axes we have
found only a few broken skull fragments,
among them some pieces of jaw at vari-
ous sites in Africa and the Swanscombe
brain case in England. We cannot tell
from the fragments whether these men
were Homo sapiens or closer to the Java
and Peking forms of man. Sapient or not,
they have left us an abundance of tools
testifying to their culture, and it is to the
tools that we must turn to learn what
sort of men they were.

The best picture of this history in all
the world was excavated by Leakey in
the now famous Olduvai Gorge in north-
ern Tanganyika [see “Olduvai Gorge,”
by L. S. B. Leakey; SCIENTIFIC AMERI-
caN, January, 1954]. Here, in a deep
series of stratified lake beds, Leakey
traced the development of the hand-ax
culture through 11 stages from the peb-
ble-tool era to finely finished axes and
cleavers of the Middle Stone Age. No-

77



L 1 B Y A
EGYPT
-
40
=)
W
-
-
S UDA N
=
0 ETHIOPIA
—~
<
>
o
> KENYA
@
%%
Q LAKE VICTORIA
< BELGIAN ® OLDUVAI GORGE
capen
LAKE TANGAIJYIKA
TANGANYIKA
o KALAMBO FALLS
; 5
ANGQLA &
o >
BROKEN HILL .QX\ o
- ~
o D
L A - \ e
> OI‘ -
z
_ ]
o ® STERKFONTEIN (@)
O n ‘
JNION OF
2 5
<
(aal
Sy
> SOUTH AFRICA )
(S @ HOPEFIELD <
~

SITES mentioned in the text of this article are located on this map of Africa. Hopefield
(bottom) is where part of the skull of Saldanha Man, named for Saldanha Bay, was found.

78

© 1958 SCIENTIFIC AMERICAN, INC

where else has anyone found so clear a
consecutive record of man’s early his-
tory. It covers more than a quarter of a
million years of cultural evolution. Two
of Leakey’s strata are sufficiently undis-
turbed to portray actual moments in the
experience of man at this site. One shows
that early hunters drove a giant sheep, a
giant ox and other now extinct animals
into a swamp and then feasted upon
them at their leisure. The other, at a
much later time, depicts a feast upon a
hippopotamus. The area is littered with
stone flakes and the hand-axes and
cleavers that the hunters made on the
spot to deal with the hippo’s carcass.

]ntensive searches have been going on

in many parts of Africa to find other
camping and living sites of Stone Age
men. In 1953 my own group, working
for the Rhodes-Livingstone Museum and
the Northern Rhodesia National Monu-
ments Commission, discovered some
richly laden old lake beds at the Kalambo
Falls, and we have since spent two more
seasons excavating their remarkable con-
tents. The site is especially interesting
for a number of reasons. It is not far from
the cave where the famous skull of
Rhodesian man, one of the early men of
Africa, was found many years ago. It has
yielded up, like Olduvai Gorge, a long
succession of human encampments. And
it has preserved many evidences besides
stone tools to inform us about the people
who lived here and about the climate
and environment of their time.

The Kalambo waterfall is one of the
highest in the world [see photograph on
page 82]. The water of the Kalambo
River plunges here over a sheer cliff
726 feet high into a dark and eerie
gorge, through which it flows on into
Lake Tanganyika. Above the falls the
river meanders sluggishly through a
three-mile-wide valley which was once
a small lake. Successive filling and dry-
ing up of the lake laid down as much as
70 feet or more of soil deposits, which
form a series of old lake beds going back
more than 150,000 years. Erosion has
cut through and laid bare many of these
strata.

The shore of this lake, we discovered,
was a favorite camping place of Stone
Age men. Digging down through the
successive layers we found one floor after
another where hunters had made their
camps and left their stone tools. The
record covers the span from the end of
the Early Stone Age through the Middle
Stone Age. Every floor had a profusion
of tools—cleavers, hand-axes, crude picks
which must have been used for working
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EARLY STONE AGE TOOLS were found near Kalambo. At top left and middle left are
pointed pieces of partly burned wood which are thought to have been used as tools. Above
the three stone tools at bottom are four smaller “flake” tools struck from larger pieces of
stone. The remaining stone tools in this illustration are various kinds of hand-axes.
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wood, delicate flake tools for cutting and
scraping, and even the stone anvils on
which the makers chipped and fash-
ioned their tools. They used stone that
lent itself to fine workmanship—chert,
quartzite and a fine-grained sandstone.
Most of the tools were still in mint con-
dition when we unearthed them; indeed,
in a demonstration at a Pan-African Con-
gress of Prehistory in 1955 Leakey
skinned an antelope with one of the
prehistoric cleavers we found at the
Kalambo site.

Meat formed a considerable part of
the diet of these early men. Their camp
sites are littered with bones of elephants,
rhinoceroses, giraffes, antelopes, giant
pigs and baboons. The hand-axes and
cleavers probably were developed as im-
plements to cut up and skin animals.
What is unusual in Africa is the finding
of many small flake tools along with the
larger implements; in most of the Eu-
ropean sites of the hand-ax culture these
more delicate tools are missing, probably
because they were separated by river
flows. The small stone chisels and scrap-
ers indicate that hand-ax man made
tools, weapons and other objects of wood
and bone.

As a matter of fact, at Kalambo Falls
we have been lucky enough to find a
number of preserved wooden imple-
ments. Most of them seem to be digging
sticks, perhaps for digging up roots and
bulbs; one fragment looks like a spear
point, another, the end of a throwing
stick; there are also pieces of bark which
may have been dishes or trays. Charred
logs at the same site testify that hand-ax
man used fire.

In deep deposits below the normal
river level we found the waterlogged re-
mains of ancient tree trunks, branches,
leaves, stems, seed pods and fruit seeds.
The deposits were also rich in fossilized
pollen, which gives us valuable new evi-
dence about the climate in prehistoric
times. It appears that when hand-ax man
lived in this area of tropical Africa the
climate was cooler and wetter than it is
today. And some of the highlands near
Lake Tanganyika may have provided
hand-ax man with retreats where he
could survive through dry periods of the
Pleistocene.

Not until fairly late in the Pleistocene—

some 50,000 years ago—do we get
our first good look at hand-ax man in
Africa. Several skulls of this period or
somewhat later have been found in vari-
ous parts of the continent. They show
that man in Africa had developed into
two main types: one resembling the
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KALAMBO FALLS, 726 feet from top to bottom, is one of the beside which generations of Stone Age men camped. The lake ran
highest in Africa. Above the falls in prehistoric times was a lake out when the Kalambo River cut through hills which dammed it.
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modern aborigines of Australia, the other |
the Bushmen of South Africa.

The fossils appear to be forerunners
of the modern types they resemble. (The
present short, small-brained Bushmen of
southern Africa may be a hybrid devel-
opment from the early Australoid and
Bushmanoid.) Of the Australoid type we
have several specimens, notably a nearly
complete skull and some limb bones
found in 1921 at Broken Hill in Northern
Rhodesia (he is known as Rhodesian
man) and part of a skull found recently
near Saldanha Bay in the Cape Province.
These fossils bear considerable resem-
blance to Neanderthal man: they have
pronounced brow ridges surmounting a
massive face. But Rhodesian man’s limb
bones show that he walked upright with
his head erect, instead of in the Neander-
thaloid crouch.

Both the Australoid and the Bush-
manoid men had fairly large brains and
a Middle Stone Age culture. They made
simple stone tools of varying degrees of
finish, depending on the demands of
their environment and way of life, and
there is evidence that they used wooden
spears and digging sticks. But from this
time forward the men of Africa began
to lag behind Europe and Asia in cul-
tural and mental development. By the
end of the Pleistocene, some 10,000
years ago, the stream of human progress
had shifted to the Near East and western
Europe, and lower Africa had already
become a backwater. Indeed, in many
parts of Africa men were still living in a
Stone Age culture up to only a few hun-
dred years ago.

The reasons for this cultural and men-
tal stagnation are not entirely clear. But
we can surmise that climate and the en- |
vironment had a lot to do with it. In
western Europe the hardships and pre-
carious living of the last ice age must
have forced man to become inventive
and resourceful in order to survive. In
much of Africa, on the other hand, rain-
fall was plentiful, food abundant and
existence comparatively easy. The old
ways of finding a living were good
enough.

"~ have merely indicated briefly the

sense of excitement and the ferment

of activity with which investigators are
now digging into man’s past in Africa.
We ourselves are looking forward eager-
ly to taking up again next year our ex-
cavations at Kalambo Falls, where much
work remains to be done. We think there
is good reason to hope that mankind will
find in Africa the answers to its long
search for its own origins and ancestry. |
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The Circulation of the Abyss

Unseen and still largely uncharted currents in the ocean depths

are a major force in determining world climate. A new theory

indicates that these currents have a surprising pattern of flow

days about controlling the world’s

climate. Optimistic promoters of
the earth sciences hold out visions of
turning tropic deserts or arctic wastes
into temperate and fertile plains. Of
course we could not hope to do this by
brute force. To deflect major wind sys-
tems or ocean currents, or to heat the

there is a good deal of talk these

by Henry Stommel

outdoors, would call for engineering
works on a scale that man cannot even
dream of. But, some people suggest, per-
haps if we knew enough about the me-
chanics of the atmosphere and the ocean
circulations we might be able to find
some critical time and place where a
relatively small man-made disturbance
could set off a snowballing reaction

which would produce a major alteration
in weather patterns. Actually this pros-
pect is quite remote. It does add some
spice, however, to a study such as
oceanography.

The general circulation of the world’s
oceans is a matter of great interest, not
only from various practical points of
view—climate, fishing, dumping of ra-

. CIRCULATION PATTERNS in the deep ocean are simulated in
a rotating, wedge-shaped basin. Ink poured in at the point of the

© 1958 SCIENTIFIC AMERICAN, INC

wedge (the “pole”) flows down along “western” edge (left), turns
and flows over the rest of the bottom (right) toward the “pole”.
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OXYGEN CONCENTRATION at a depth of 4,000 meters (about 13,000 feet) is indicated
by colored areas on map. The numbers given in the key are milliliters of oxygen per liter
of water. White areas are regions where the ocean bottom is less than 4,000 meters deep.
This projection places the North Pole at top and the South Pole near the center of the map.
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dioactive wastes and so forth—but pri-
marily from the standpoint of under-
standing the dynamics and history of the
planet on which we live. We know that
the great surface currents (e.g., the Gulf
Stream) are important to us. Even more
significant is the circulation of the oce-
anic water as a whole. And to get any
sort of picture of this circulation we must
find out about the movements of water
in the ocean deeps. This is difficult to do:
we have had no reliable means of getting
direct, accurate measurements of the
currents or the massive general flow at
great depths. Our inferences have to be
based mainly on indirect indications
such as the comparative densities, salini-
ties and pressures of the water at various
places and various depths.

One item of evidence is the amount of
dissolved oxygen in the waters of the
abyss. Ocean water receives oxygen only
at or near the surface—by direct contact
with the atmosphere and by the action
of photosynthesis in floating plants.
After the water sinks to deeper levels it
gradually loses some of its dissolved oxy-
gen: the gas is consumed in chemical
reactions with dead microorganisms.
Therefore the amount of dissolved oxy-
gen in a sample of deep water is a rough
index to the “age” of the water since it
sank from the surface.

Now when we measure the oxygen
content of the deep water in various
parts of the oceans, a distinctive pattern
emerges [see map at the left]. The
“youngest” deep waters (richest in oxy-
gen) are found in the western North
Atlantic and around the Antarctic Con-
tinent. The concentration in the other
oceans diminishes with increasing dis-
tance from these sources: the water
poorest in oxygen is that at the bottom
of the vast and little explored basin off
Peru. It thus appears that there are only
two important regions where substantial
amounts of water sink from the surface
to the abyss: in the North Atlantic and
around Antarctica. This water evidently
spreads gradually into the Indian Ocean
and finally northward into the Pacific.
The oxygen studies tell us, then, that
there is a general sluggish circulation of
water along the ocean bottoms from the
North Atlantic and the Antarctic to the
other oceans. We have another indica-
tion of this global flow. The deep water
in all the oceans is very cold—only a few
degrees above freezing. This is true even
in the tropics; only the top 1,500 feet of
water is warm. The warm surface water
does not mix deeply with the colder wa-
ter beneath it; this must mean that the



““lllu

= =

E ——————— _

.‘:= e — ﬂ

= — = —_ —
=

TWO THEORIES of the deep circulation are represented on these Ocean up into the Pacific. According to the author’s theory (bot-
maps. On the older view (top) water flows in broad currents to- tom) the flow away from the sources is confined to intense currents
ward the Equator from its sources (black ovals) in the North on the western edge of the oceans. These in turn feed a broad flow
Atlantic and the Antarctic, and then spreads through the Indian that carries water toward the poles in each of the ocean basins.
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warm layer is held up by a continual
upwelling of cold water from below. This
slow rise of water (about an inch per
day at mid-depths) represents a move-
ment of water amounting to several
thousand times the total daily discharge
of the Mississippi River. Obviously all
that water continually coming up from
the depths must be replaced by an inflow
into those depths—i.e., it betokens a mas-
sive deep circulation.

The simplest circulation pattern that
would fit the facts we have reviewed
is a broad, sluggish, spreading current
coming straight down the Atlantic and
joining the current from the Antarctic
to flow through the Indian Ocean and
then up into the Pacific [see upper map
on the preceding page]. Until recently
most oceanographers accepted this gen-
eral picture. But I believe that the rota-
tion of the earth and considerations of
fluid dynamics make another picture
more likely. The general reasoning be-
hind this new theory is as follows.

In the open ocean the flow of the bot-
tom water must be different from that
in a river. It should be more like the
flow of air in the atmosphere. As every
reader of weather maps knows, air does
not travel directly from high-pressure to
low-pressure areas. It circulates around
the highs and lows, because of the so-
called Coriolis force arising from the
earth’s rotation. That is, the air travels
along the lines of equal pressure, or iso-
bars. Now my own construction of the
pattern of isobars in the deep ocean,
based on dynamical considerations and
on the requirements for the supply of
upwelling water, shows a flow from the
Equator toward the poles. The flow orig-
inating near the poles, it then appears,
may be carried by strong currents along
the western sides of the ocean basins,
just as there are strong currents along
these routes at the ocean surface [see
“The Circulation of the Oceans,” by
Walter H. Munk; SCIENTIFIC AMERICAN,
September, 1955]. We postulate a
strong, deep current running down the
western North Atlantic and up the west-
ern South Atlantic. When they come
together, the currents merge and turn
eastward, flowing up the eastern coasts
of Africa and Asia [see lower map on the

preceding page].

wo independent observations have
partly confirmed this theoretical
scheme. Last year a joint British-Ameri-
can oceanographic expedition found a
strong deep current in the western At-
lantic. It flows beneath the Gulf Stream

88

but in the opposite direction, from north
to south, just as the theory predicts. De-
tection of the current was made possible
by a new device for investigating the
motion of deep water, invented by the
British oceanographer John C. Swallow.
It is a float which is cleverly designed to
seek a predetermined level under the
surface and then to remain there, drift-
ing with the current. The float has a
small ultrasonic transmitter sending sig-
nals which locate its position. The expe-
dition made the soundings off Charles-
ton, S.C. They found that floats lowered
to levels below 6,500 feet drifted south-
ward at velocities between two and
eight miles per day.

The other confirmation of the new cir-
culation scheme was supplied by the
German oceanographer Georg Wiist.
Analyzing the pressure distributions in
the South Atlantic, he was able to show
that the flow of deep waters in that ocean
is confined to relatively narrow streams
along the continental slopes off Brazil
and Argentina.

Thus we now can score two modest
victories for the theory. I think it sport-
ing to risk a few further predictions. We
should find (1) a countercurrent under-
neath the Agulhas Current off the East
Coast of Africa, (2) a narrow northward
current in the western South Pacific, let
us say along the slopes of the Tonga-
Kermadec Trench, and (3) only a weak
flow underneath the Japan current.

The theory has also been buttressed
by some laboratory experiments at the
Woods Hole Oceanographic Institution.
Liquid in a flat-bottomed, rotating basin
has the same type of circulation patterns
as water on the spherical, rotating earth.
Alan Faller at Woods Hole set up a
wedge-shaped section in the basin to
simulate a single ocean. The point of
the wedge corresponds to a pole of the
earth, the sides to the coastlines of the
ocean and the outer perimeter to the
Equator. When this sector was set into
rotation and some dyed water was
poured into the liquid at the “pole,” the
dye moved through the “ocean” just as
the theory predicts. First it flowed in a
narrow current along the “western”
edge; at the “Equator” it turned and
flowed slowly over the basin toward the
center [see photographs on page 85].

With ingenuity you can reproduce
this experiment yourself in a small tin
dish on a phonograph turntable. The
dish should be covered with a sheet of
glass to prevent air currents from dis-
turbing the water surface. Most turn-
tables revolve in a direction opposite to
that of the earth, so the boundary cur-
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DEEP CURRENT flowing southward under
the Gulif Stream off Charleston, S.C., was
discovered last year by a joint British-



American oceanographic expedition. This cutaway view shows the current. The American ship Atlantis (right) is recording other

British vessel Discovery II (left) receiving ultrasonic signals from data such as temperature, salinity and density. The float is the first
a submerged float (black bar) which is drifting with the deep device with which undersea circulations can be measured directly.
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UNDERWATER FLOAT is slightly less
compressible than sea water; thus it sinks
until its density equals that of surrounding
liquid. Oscillator in the tube at right sets up
ultrasonic vibrations in the ring at bottom.
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rent will probably show up on the “east-
ern” wall instead of the “western.”

Vow let us go back to the question of
= 1 controlling climate. In view of what
we have learned about the circulation
pattern, is there any hope of finding criti-
cal areas in the ocean where modest en-
gineering works might somehow change
the world’s climate?

The most attractive fantasy is a dam
across the Straits of Gibraltar. Such a
dam would need only about 10 times the
fill used to build the Fort Peck Dam in
Montana. A Gibraltar dam has occa-
sionally been considered by engineers
interested in bringing hydroelectric pow-
er to Spain and North Africa. How might
it affect climate?

There is a deep current from the
Mediterranean into the Atlantic which

|
carries very salty water and helps make
the Atlantic the saltiest ocean in the |

world. If this flow were dammed, the
salinity of the Atlantic might drop, so
that in 30 years or so it might be no
more salty than the Pacific. This in turn
would reduce the density of the water;
the water near the Arctic might then
cease to sink to the bottom. If so, only
the waters of the Antarctic would sink

to supply the deep ocean currents. In |

several hundred years the abyssal circu-

lation of the oceans would be vastly |

altered. What is more, if the North At-
lantic water stopped sinking, much of
the warm surface water that now flows

along the Gulf Stream as far as the Arctic |

off Norway would be diverted eastward
and southward and thus be held in a
nearly closed system in the Atlantic. As
a result of the reduction of heat trans-
port to the Arctic, the ice packs covering
the sea would grow. According to a new
theory suggested by the oceanographer
Maurice Ewing, this would lead to a de-
cline of the glaciers on land and to a
general warming of the earth.

Common sense rebels against such an |

argument. It is hard to imagine so fan-
tastic an effect from so small an inter-
vention by man. And indeed the argu-
ment is loaded with unproved assump-
tions and tenuous speculations. We could
construct an equally plausible argument
that the same stratagem might cool
rather than warm the earth. I cite this
entertaining fantasy only to show that
we need a great deal more information
before we can begin to talk knowledge-
ably about altering the climate. All such
speculations merely illustrate how little
actual knowledge we have and how valu-
able it would be to develop a better
quantitative understanding of the ocean
circulation.
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PROPERTIES OF “MYLAR"

‘“Mylar’’ offers a unique combi-
nation of properties that may help
you improve performance and
lower costs of your product. Here
are two of the many important
properties for evaluation.

A

: &
REMARKABLE TOUGHNESS.““Mylar’’ is the strong-
est flexible plastic film ever made. ..tough
even in extra-thin gauges. “Mylar” has
high dielectric strength...resists abrasions.
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affected by oils and grease . . . resists most
acids, alkalies and solvents. “Mylar” is
moistureproof . . . dimensionally stable.

How Du Pont Mylar helped make possible
a new, better-performing drafting film

Thanks to the remarkable combination
of properties found in versatile Du Pont
‘“Mylar’’* polyester film, leading manu-
facturers of engineering materials are
now offering new, more durable pencil
and ink drafting films that help safe-
guard investments in time and labor.

Because of “Mylar”’, these new draft-
ing films resist handling wear and tear

REG.U. 5. PAT. OFF.

BETTER THINGS FOR BETTER LIVING
«...THROUGH CHEMISTRY

DU PONT

MYLAR

POLYESTER FILM

. . . deterioration from aging, cracking,
heat and moisture . . . remain flexible
even after years of storage. Yet, while
offering permanent protection for valu-
able drawings, drafting films made with
“Mylar’’ cost no more than many grades
of drafting cloth!

HOW CAN “MYLAR" HELP YOU? Draft-
ing film is just one of many new and

improved products now made with
“Mylar’’. For example, “Mylar’’ is also
an efficient electrical insulator. .. a base
for a tougher, more durable magnetic
tape. You may be able to capitalize on
the outstanding combination of proper-
ties found in “Mylar”’. For all the facts,
write E. I. du Pont de Nemours & Co.
(Inc.), Room SA-7, Wilmington, Del.

*#'Mylar’ is a registered trademark for Du Pont's brand of polyester film. Du Pont makes the base material ““Mylar’’— most leading
manufacturers of drafting materials are now offering pencil and ink drafting films made with Du Pont ““Mylar”.
[ o o e e e e e e e e -
: E. l. du Pont de Nemours & Co. (Inc.) :
| Film Dept., Room SA-7, Nemours Building, Wilmington 98, Delaware. |
I O Please send me samples of | Application l
I the new drafting film made |
| with ‘“Mylar” polyester film. Name I
| . I
| © Please send me information | Firm |
on properties, applications and
: types of “Mylar’ available Addrece I
I (MB-11). City State |
tee————e—e—e—e—eeeerrrrrrrrr e, — e —_— ———————— -
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NORTHROP ATRCRAFT,INC., ANNOUNCES

THE FORMATION OF NORTRONIOS

B

A OIVISION OF NORTHROP AIRCRAFT, INC.
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NORTRONICS

...GEARED TO THE SPACE AGE

Scientific knowledge of the highest degree, proved development techniques, and
precision production abilities are demanded in today's space age. Nortronics,
the new Division of Northrop Aircraft, Inc., is a unique combination of these required
capabilities. Here are the scientists and engineers who have created such outstanding
achievements as the world's first successful automatic intercontinental missile
guidance system, now being produced by Nortronics' skilled technicians. Exploration
and discovery in every field of aerial science and weapon systems is represented in

the combined experience of Nortronics.

1 — Nortronics is a complete organiza-
tion. It offers systems analyses, applied
research, design, development, engi-
neering, laboratory and flight testing. It
offers special environmental test facili-
ties, assembly line manufacturing, pro-
duction of training aids and technical
publications, and field services.

2 —The Engineering and Research staff
of Nortronics includes over 450 scientists
and professional engineers. More than
4,500 experienced people work in 650,000
square feet of plant area.

3 —Nortronics designs, develops, and
manufactures electronic, electro-
mechanical and opto-mechanical sys-
tems, components and ground support
equipment. In 1957, sales amounted to
$60,000,000.

4.— Advanced engineering research at
Nortronics has resulted in the develop-

ment and production of several types of
highly refined analog and digital com-
puters for both airborne and ground
based applications.

5 —Extensive experience makes Nor-
tronics an important source of weapon
systems support equipment. Now in pro-
duction, for example, is electronic and
mechanical ground support equipment
for leading United States missiles.

6 —Nortronics' completely equipped
optical laboratory is manned by tech-
nicians with unique skills and experience
in developing high precision optical
elements and systems.

7 —Nortronics' scientists and engineers
pioneered in celestial and inertial guid-
ance and navigation systems. This
experience is now being applied to
the development of infra-red guidance
and interplanetary navigation.

The research facilities as well as the development and manufacturing capabilities
of Nortronics are now supporting U.S. science, industry and military services.
For further information write to: Nortronics, A Division of Northrop Aircraft, Inc.,
222 North Prairie Avenue, Hawthorne, California.
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This disease g

FILARIASIS

gives rise to the grotesque deformities known

as elephantiasis. It 1s caused b wreadlike worms whose
lephant It d by threadlik I

activities vary i a remarkable manner with night and day

hen European explorers discov-
ered the South Sea islands, they
were charmed by the beauties

of the blue lagoons and the fronded palm
trees, but they were also horrified by the
strange deformities that afflicted some of
the inhabitants of these pleasant lands.
Legs and arms so swollen that they
looked like the limbs of elephants, mon-
strously enlarged genitals—here was an
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ELEPHANTINE DEFORMITIES which occur in tropical areas
result from infection with the parasitic worm Wuchereria bancrofti.
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by F. Hawking

appalling human disease that the medi-
cal men of Europe had not encountered
before. They soon found, however, that
“elephantiasis” occurred throughout the
hot, damp tropics, in China, India, Afri-
ca, the West Indies. A century of investi-
gation of this spectacular disorder by
workers in many parts of the world has
cleared away much of the mystery, and
recent researches now give us reason to

= |
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hope that the disease can be eradicated.

The development of elephantiasis
usually starts in childhood, between the
ages of 10 and 15. The victim begins to
have acute attacks of inflammation in
one or more limbs, with severe pain and
high fever. After a few days the attack
subsides, but the limb remains a little
swollen, and gradually over a period of
five to 10 years, with successive attacks,
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The worms lodge in tiny vessels which drain the body-fluid lymph
from the limbs. As the vessels become blocked, the limb enlarges.



the limb grows larger and larger. The
soft connective tissue just under the skin
becomes enormously swollen with wa-
ter and with fibers of scar tissue.
Physicians came to realize that this
swelling and overgrowth were produced
by blockage of the small vessels which
drain the lymph, the watery, nearly col-
orless fluid of the body. Eventually in-
vestigators examining the fluid discov-
ered the cause of the blockage: a thread-
like worm now known as Filaria ban-
crofti or Wuchereria bancrofti (“filaria”
comes from the Latin word for thread).
In its adult stage the worm lives in
lvmphatic vessels of the body, especially
those of the groin, the spermatic cord
and the lower part of the abdomen.
Usually it causes no harm; like many
other parasites, this species tends to live
harmoniously with its host. In heavily
infected areas of the world probably
nearly all of the adult population have
been infected with the filarial worm at
some time or other, but only 1 to 15 per
cent of those infected develop elephan-
tiasis. In these cases the worms multiply
sufficiently to produce inflammation, and
the resulting scar tissue then blocks the
tiny lvimphatic vessels. The swelling de-
velops when all the vessels draining a
leg, an arm or the scrotum have become

blocked in this way.

'I‘he female worm, about three and a
- half inches long, has two long uterine
tubes which occupy most of her bodyv
cavity and continually generate eggs;
thus she is a reproductive machine capa-
ble of turning out enormous numbers of
voung. The much smaller male (thinner
and less than half as long) similarly con-
sists in large part of a sperm-producing
tube; when it mates with the female, by
twisting its tail around her body and
inserting two small spikes in her vulval
opening, it injects great numbers of
sperm, which remain stored in her uterus
and fertilize the unending stream of
eggs. Hence the only thing that stands
in the way of unlimited reproduction of
these worms is the fact that the male and
the female do not always meet. Fortu-
nately it is a difficult feat for a male
worm (possessing little sense of percep-
tion or power of locomotion) to find a
female worm in the dark and immense
spaces of the human body. As a conse-
(uence the worms are not likely to pro-
duce new generations unless their popu-
lation density in the body is high, and
therein, as we shall see, lies the basis of
our hopes for controlling the disease.
The tiny young larvae, called micro-
filariae, pour out of the mother and

FILARIAL LARVA is threadlike in human blood (top) but becomes sausage-shaped
(bottom) after a few days in a mosquito. The upper photomicrograph, which enlarges the
worm some 1,250 diameters, shows the dark-stained nuclei of its digestive tract. The lower
picture, made by the phase-contrast technique, enlarges the larva about 700 diameters.
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DAILY CYCLE of microfilariae was discovered by Patrick Manson.

This chart reproduces a portion of the original record for one of

his patients. It shows the regular appearance and disappearance of
the worms in the blood. Temperature and pulse were less rhythmic.
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DISAPPEARANCE of micro filariae from the blood can be induced
at night by having a’ patient breathe pure oxygen (left) or by hav-
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ing him exercise strenuously (right). Microfilariae returned to
the blood as soon as oxygen breathing or exercise was stopped.
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are transported via the lymphatic vessels
to the bloodstream, where they circu-
late throughout the body. Certain curi-
ous and significant facts about these or-
ganisms were discovered in the 1880s by
a young medical missionary in China
named Patrick Manson, whose work is
one of the classic stories of tropical
medicine.

Working at Amoy in South China,
Manson encountered many cases of men
suffering from huge swellings or tumors
of the scrotum, some of whom he was
able to relieve by surgery. During a visit
home in London he read all he could
about elephantiasis and the filarial
worms that had been discovered in the
urine and blood of its victims. When he
returned to China, he plunged into an
eager investigation of the infection, so
far as his busy medical practice would
permit. One of the questions that fas-
cinated him was the fate of all those
larval worms that poured into the blood.
Why did the young worms pass their
time in the bloodstream, whereas the
adult filariae preferred to live in the
lymphatic vessels? Manson eventually
decided that the larvae must pass to
some blood-sucking insect and develop
to maturity there. The commonest blood-
sucking insects in Amoy were mosqui-
toes, so he experimented with them. He
found that after a microfilaria was swal-
lowed by a mosquito, it developed in
about 10 days into a much enlarged
worm, which was ready to attack the
next man bitten by the mosquito. This
was the first time it had been clearly
shown that an insect was a necessary in-
termediary in transmitting a disease from
one man to another. (Years later Man-
son guessed, by analogy with filariasis,
that malaria also must be transmitted by
mosquitoes, and this hypothesis was
proved correct by Ronald Ross, who re-
ceived the Nobel prize for his work on
malarial parasites. But that is another
story.)

Manson instituted a search for filarial
worms in the blood of his patients. He
had two Chinese assistants take blood
samples for examination, one during the
day, the other in the evening after sun-
set. Oddly the evening assistant made
many more finds of microfilariae than
the daytime assistant. Inspired by this
observation, Manson arranged for blood
counts of two filaria-infected patients at
four-hour intervals for 10 days and
nights, and he discovered that the micro-
filariae regularly disappeared from their
blood about nine o’clock in the morning
and reappeared about sunset. The worms
increased in numbers until midnight and
then declined again to total disappear-
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ance by morning. This “microfilarial pe-
riodicity” was maintained with the great-
est regularity day after day. When
Manson’s discovery was reported at a
meeting of a well-known scientific club
in London, it was received with bushels
of chaff; one wit inquired whether the
worms “carried watches.”

The day-night cycle of the micro-
filariae in the blood, confirmed by many
other observers, has remained one of the
intriguing puzzles of tropical medicine.
Manson saw at once an understandable
evolutionary explanation: the mosquito
that transmits the filarial parasite in
China bites at night, and the emergence

of the worms in the blood at this time is
therefore an adaptation to the mosquito’s
habits. But why did the microfilariae dis-
appear from the blood by day, and what
mechanism regulated their alternate ap-
pearances and disappearances?

Manson suggested that during the day
the worms retired to the heart, the lungs
and the neighboring great arteries—like
small birds hiding in a bush in daytime.
He based this idea on an observation that
microfilariae were found to be most nu-
merous in these organs in a filarial pa-
tient who had committed suicide at 8:30
am., ie., the time of day when the
worms had all but disappeared from the

bloodstream. Clayton Lane, another in-
vestigator, proposed a different theory:
that the microfilariae were daily de-
stroyed by large phagocytic cells of the
body and were daily replaced in the in-
fected patient by the adult female
worms, which hatched a new batch each
evening. Both Manson’s theory and
Lane’s were tested by transfusion experi-
ments, but the results were inconclusive.

\ [y colleagues and I at the National
YL 1nstitute for Medical Research in
London took up the question some years
ago and decided to experiment on cer-
tain African monkeys which show a mi-
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DISTRIBUTION OF MICROFILARIAE was traced in monkeys
by examining tissues of a monkey killed during the day (upper
left) and one killed at night (upper right). Almost all the larval
worms were in the blood at night and in the lungs in daytime.
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Actual numbers of microfilariae in blood and lungs were compared
by sampling tissues of a living monkey at different times (lower
chart). The worms disappearing from the blood by day seemed to
equal the increase of worms appearing simultaneously in the lungs.



crofilarial periodicity like that in human
beings. With monkeys we were able to
perform controlled studies, taking counts
and examining the various organs at se-
lected times of day and night, either by
removing the organs by surgerv or bv
post-mortem examination.

These counts soon gave us a clear
answer. Most of the organs (liver, kid-
ney, spleen, skin, muscles) never con-
tained many microfilariae, either by day
or by night. But the lungs always had a
considerable accumulation of them, the
number declining somewhat at night. In
short, we found that the capillary blood
vessels of the lungs are the haven where
the young filarial worms collect, and at
night they are released from there into
the general bloodstream.

Why do the microfilariae retire to the
lungs during the day? We must postu-
late that the lung capillaries are the most
tavorable place for the young worms to
live, perhaps because of the abundance
of oxygen. According to this conception,
periodicity is a compromise which en-
ables the microfilaria to make the best of
both worlds. It spends the daytime in the
lungs enjoying the favorable conditiouns
there; it comes out at night into the
bloodstream hoping to meet the mos-
uito; in the morning, if it has been dis-
appointed, it goes back to the lung to
rest and recuperate until the next night.
Although many microfilariae accumulate
in the capillaries of the lung, they seem
to cause little or no damage to the lung
tissues.

What holds the worms in the lungs?
Do the lung capillaries have some sort
of diurnal property that causes them to
lock in the worms by day and let them
out at night? This seems unlikely. There
is a filarial parasite in West Africa that
is transmitted by a fly which bites by
day; the larval worms in this case circu-
late in the blood in the daytime (an evi-
dent adaptation to the biting habits of
the fly). So we have to conclude that it
is not the lung capillaries but the micro-
filariae themselves that decide when they
will leave the capillaries. Possibly the
worm does this by changing its shape,
possibly by some other mechanism; we
do not yet know.

Finally, how do the microfilariae know
whether they should come out by day
or by night? Presumably they respond to
some stimulus supplied by the diurnal
rhythms of the host. Many properties of
the body (e.g., body temperature, alka-
linity, the tension of carbon dioxide in
the lungs, etc.) show cyclic fluctuations
during the 24 hours. My colleague J. A.
McFadzean and I have tested the effects
of various physiological devices. We
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| found that vigorous exercise at night will
drive most of the microfilariae out of the
circulating blood back into the lungs.
Breathing pure oxygen has the same ef-
fect. Contrariwise, if a monkey is de-
prived of oxvgen, its infecting micro-
filariae rush out of the lungs into the
bloodstream in daytime.

Unfortunately the different species of
filariae we studied differed in their re-
actions to these various procedures. This
difference of behavior was unexpected,
and it raises the question whether the
stimuli responsible for periodicity are the
same for all species. The fact that almost
all the species of microfilariae seem to
be remarkably sensitive to changes of
oxvgen pressure (although thev do not
all react to it in the same way) is in-
triguing. One feels that somehow or
other this sensitivity to oxygen must
have something to do with the causation
of periodicity. Yet the normal variation
in oxvgen pressure (and the other stimu-
li) during the usual 24-hour cvcle of the

o

50

body is so small that it cannot be the
sole cause of the periodicity.

r]“urning now to the practical side of
1 dealing with filariasis as a disease,
we can be optimistic. Control of mos-
quitoes with insecticides will help (al-
though DDT has not been altogether
successful in eradicating the mosquitoes
that carry filariae). Since 1947 a more
direct attack on filariasis has been possi-
ble, as a result of the discovery of the
drug Hetrazan by workers at the Lederle
Laboratories in the U. S. This drug,
taken by mouth, eliminates most of the
microfilariae from the blood within an
hour, and further treatment kills or ster-
ilizes the adult worms.

Killing the worms, however, does not
necessarily cure the disease, for the
blockage of lymphatic vessels with scar
tissue, which is responsible for elephan-
tiasis, persists after the worms have
gone. The best hope is to eradicate the
disease by giving the drug to all the in-

NUMBER OF PERSONS

100 150 200

BEFORE TREATMENT |

AFTER TREATMENT

HETRAZAN TRIAL was carried out at Kennaba, a village in West Africa. Before treatment
155 persons had microfilariae in their blood (black bar), and 171 were free of infection
(colored bar). After infected persons had been treated for 10 months, only 60 (black sec-
tion of lower bar) still had filariasis, but 20 new cases had appeared (black of upper bar).

NUMBER OF MICROFILARIAE IN BLOOD FILMS OF 40 PATIENTS

750 3,000

o

1,500
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|
|
|
‘ AFTER TREATMENT .
|

| DROP IN FILARIAL DENSITY followed Hetrazan treatment. Before treatment blood
| samples from 40 persons contained a total of 2,845 microfilariae. After treatment similar

samples showed only 113, a 96-per-cent reduction. Since a rather high density is needed for
| the adults to mate, the filariae might die out eventually if the low level were maintained.
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MOLECULAR STRUCTURE of Hetrazan
consists of atoms of nitrogen (N), carbon
(C), and hydrogen (H). Another name
for the compound is diethylcarbamazine.

fected people in a vulnerable area. The
worms do not have to be wiped out com-
pletely; if they are only reduced to a low
numerical level, the possibility of repro-
duction in the body becomes so small
that they will eventually die out, as I
mentioned earlier.

This use of the drug has now been
tested in various parts of the world; we
made such a test in West Africa in 1951
and there have been other tests on a
large scale in Tahiti and in India. Briefly,
the tests have shown that if all the peo-
ple in a district take a daily dose of the
drug for five days, or six to 12 doses
spread over weeks or months, most of
the filariae can be destroyed. If the treat-
ment is repeated for several years on the
people who still contain worms, the dis-
ease can be reduced to negligible pro-
portions or eradicated altogether. Un-
fortunately it is not always easy to per-
suade people to take medicine in order
that their neighbors will not catch a dis-
ease. Paradoxically, it is easier to control
filariasis in heavily infested areas, where
the people fear to contract elephantiasis
and so are eager to cooperate, than it is
in lightly infested areas, where the dan-
gers of filariasis are less conspicuous. But
as populations in the tropics become
more health-conscious, it should be pos-
sible to get rid of filariasis in most of the
areas where it now produces so much
deformity and suffering.
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by Martin Gardner

ot down your telephone number.
Scramble the order of the digits in
any way you please to form a new
number, then subtract the smaller num-
ber from the larger. Add all the digits
in the answer. Now place your finger on
the star in the circle of mysterious sym-
bols at the bottom of this page and count
them clockwise around the circle, calling
the star 1, the triangle 2 and so on until
you reach the number that was the final
step in the procedure given above. Your
count is sure to end on the spiral.

The operation of this little trick is not
hard to understand, and it provides a
painless introduction to the concept of
numerical congruence formulated by the
great German mathematician Carl Fried-
rich Gauss. If two numbers have the
same remainder when divided by a given
number called k, they are said to be con-
gruent modulo k. The number k is called
the modulus. Thus 16 and 23 both have
a remainder of 2 when divided by 7 and
are therefore congruent modulo 7.

Because 9 is the largest digit in the dec-
imal number system, the
sum of the digits of any
number will always be con-
gruent modulo 9 to the origi-
nal number. The digits in
this second number can then
be added to obtain a third

number congruent to the /

other two, and if we con-

tinue this process until only
one digit remains, it will be
the remainder itself. For

example, 4,157 has a re- A

mainder of 8 when divided

its of 17 add up to 8. This
last digit is called the digital
root of the original number.
It is the same as the num-
ber’s remainder modulo 9,

by 9. Its digits total 17, :
which also has a remainder S—
of 8 modulo 9. And the dig-

MATHEMATICGAL GAMES

Some diverting tricks which involve

the concept of numerical congruence

bers with a remainder of 0, in which
case the digital root is 9 instead of 0.

Obtaining the digital root is simply
the ancient process of “casting out 9’s”
used by accountants for checking results
before computing devices made the
technique obsolete. If whole numbers
are added, subtracted, multiplied or
evenly divided, the answer will be con-
gruent modulo 9 to the number obtained
by adding, subtracting, multiplying or
dividing the digital roots of the same
numbers. Thus to check quickly a sum
involving large numbers you obtain the
digital roots of the numbers, add them,
reduce the answer to a root, then see if
it corresponds to the digital root of the
answer you wish to test. If the roots fail
to match, you know there is an error
somewhere. If they do match, the prob-
ability is 8/9 that your computation is
correct.

Let us see how all this applies to the
telephone-number trick. Scrambling the
digits of the number naturally will not
change its digital root. When one num-
ber is subtracted from a larger one with
the same digital root (that is, the same
remainder when divided by 9), it is easy
to see that the answer must have a digital

N 4

| with the exception of num- Symbols for a trick with a telephone number
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root of 9 (that is, it must be evenly
divisible by 9). Adding the digits in this
answer will not change the digital root,
so we are certain to end the procedure
with a number that is a multiple of 9.
Since there are nine symbols in the mys-
tic circle, the count is sure to end on the
ninth svmbol from the first.

Aknowledge of digital roots often fur-
nishes amazing shortcuts in solving prob-
lems that seem unusually difficult. For
example, suppose you are asked to find
the smallest number composed of 1’s and
0’s which is evenly divisible by 225. The
digits in 225 have a digital root of 9, so
you know at once that the required num-
ber must also have a digital root of 9. The
smallest number composed of 1’s that
will have a digital root of 9 is obviously
111,111,111. Adding zeros at significant
spots will enlarge the number but will
not alter the root. Our problem is to
increase 111,111,111 by the smallest
amount that will make it divisible bv
225. Since 225 is a multiple of 25, the
number we seek must also be a multiple
of 25. All multiples of 25 must end in 00,
25, 50 or 75. The last three pairs cannot
be used, so we attach 00 to 111,111,111
to obtain the answer—11,111,111,100.

Mathematical games also frequently
lend themselves to digital-root analysis,
as for example this game played with a
single die. An arbitrary number, usually
larger than 20 to make the game inter-
esting, is agreed upon. The first plaver
rolls the die, scoring the number that
is uppermost. The second player now
gives the die a quarter turn in any
direction, adding the number he brings
to the top to the previous score. Plavers
alternate in making quarter-turns, keep-
ing a running total, until one of them
wins by reaching the agreed-upon num-
ber or forcing his opponent to go above
it. The game is difficult to analyze be-
cause the four side numbers available at
each turn vary with the position of the
die. What strategy should one adopt to
play the best possible game?

The key numbers in the strategy are
those which have digital roots that are
the same as the digital root of the goal.
If you can score a number in this series,
or permanently prevent your opponent
from doing so, you have a certain win.
For example, the game is often played
with the goal of 31, which has a digital
root of 4. The only way the first player

can force a win is by 10111ng a 4. There-
after he either plays to get back in the
series 4-13-22-31, or plays so that his
opponent cannot enter it. Preventing an
opponent from entering the series is
somewhat tricky, so I shall content my-
self with saving only that one must either
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play to five below a key number, leaving
the 5 on the top or the bottom of the die;
or to four or three below, or one above,
leaving the 4 on the top or the bottom.

There is always one roll, and some-
times two or three, which will guarantee
a win for the first player, except when
the digital root of the goal happens to
be 9. In such cases the second player can
always force a win. When the goal is
chosen at random, the odds of winning
greatly favor the second player. If the
first player chooses the goal, what should
be the digital root of the number he picks
in order to have the best chance of win-
ning? This (uestion will be answered
next month by a chart showing the win-
ning rolls for each root.

A large number of self-working card
tricks depend on the properties of dig-
ital roots. In my opinion the best is a
trick currently sold in magic shops as a
four-page typescript titled “Remember-
ing the Future.” It was invented by
Stewart James of Courtright, Ontario, a
magician who has probably devised
more high-qualitv mathematical card
tricks than anyone who ever lived. The
trick is explained here with James’s per-
mission.

From a thoroughly shuffled deck you
remove nine cards with values from ace
to 9, arranging them in sequence with
the ace on top. Show the audience what
you have done, then explain that you
will cut this packet so that no one will
know what cards are at what positions.
Hold the packet face down in your hands
and appear to cut it randomly but ac-
tually cut it so that three cards are trans-
ferred from bottom to top. From the
top down the cards will now be in the
order: 7-8-9-1-2-3-4-5-6.

Slowly remove one card at a time from
the top of this packet, transferring these
cards to the top of the deck. As you
take each card, ask a spectator if he
wishes to select that card. He must, of
course, select one of the nine. When he
savs “Yes,” leave the chosen card on top
of the remaining cards in the packet and
put the packet aside.

The deck is now cut at any spot by a
spectator to form two piles. Count the
cards in one pile, then reduce this num-
ber to its digital root by adding the digits
until a single digit remains. Do the same
with the other pile. The two roots are
now added, and if necessary the total is
reduced to its digital root. The chosen
card, on top of the packet placed aside,
is now turned over. It has correctly pre-
dicted the outcome of the previous steps!

Why does it work? After the nine
cards are properly arranged and cut, the
7 will be on top. The deck will consist of
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The problem of the spider and the fly

43 cards, a number with a digital root of
7. If the spectator does not choose the 7,
it is added to the deck, making a total of
44 cards. The packet now has an 8 on
top, and 8 is the digital root of 44. In
other words, the card selected by the
spectator must necessarily correspond to
the digital root of the number of cards
in the deck. Cutting the deck in two
parts and combining the roots of each
portion as described will, of course, re-
sult in the same digit as the digital root
of the entire deck.

he answers to last month’s problems
follow.

The shortest walking path of the spi-
der to the fly is exactly 40 feet, as indi-
cated on the unfolded room shown in the
drawing at the top of this page. The
reader may be surprised that this geo-
desic carries the spider across five of the
room’s six sides.

The fly reaches the honey along the
five-inch path drawn on the unrolled
cylinder depicted at the bottom of this
page. This is the path that would be
taken by an imaginary beam of light
moving across the rectangle from fly to
honey and reflected by the rectangle’s
upper boundary. Clearly it is the same
length as the hypotenuse of a right tri-
angle with sides of three and four, as
indicated.

The two fractions whose cubes add up
to six are 17/21 and 37/21.

The problem of the fly and the honey
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Conducted by C. L. Stong

servatories have acquired a new as-
pect. The circle of cane-bottomed
chairs which formerly welcomed the
visitor has all but vanished in favor of
the relay rack, high-gain amplifier and
data recorder. Even the place where the
visitor once put his eye has been usurped
by a small black box. The telescope con-
tinues to sweep the sky from its central
spot beneath the dome, but the whir and
click of automatic devices now accom-
pany the stars on their silent march.
Today it is not unusual to find ama-
teur astronomers operating a dozen or
more electronic instruments which were
all but unknown before World War II.
The trend was launched when electric
motors developing a fraction of a horse-
power began to displace mechanical
clocks for driving small telescopes in
right ascension. Then came vacuum
tubes, tied together by feedback circuits,
to regulate the motors. Amateurs next
discovered that the photoelectric cell
makes a good substitute for the eye, par-
ticularly on fatiguing jobs such as keep-
ing a star centered on crosshairs. The
introduction of electronics into amateur
astronomy suggested a logical new de-
velopment: amateur radio astronomy.
Many amateurs have expressed inter-
est in building a radio telescope, but few
have actually built one. The chief bar-
rier appears to be the lack of a simple

In recent years many backyard ob-

How a Kansas amateur group counts

meteors by reflection of radio waves

design. If any amateur has built such an
apparatus with the facilities of the aver-
age basement workshop, this department
would like to hear about it. Meantime
we have learned of a group in Manhat-
tan, Kan., which has completed a related
project: a device to count meteors elec-
tronically. The apparatus is described by
W. S. Houston, editor of The Great
Plains Observer, official bulletin of ama-
teur astronomers in the Midwest.

“When a meteor flames through the
upper atmosphere at a height of 50 to
100 miles,” writes Houston, “it leaves an
ionized trail in the air which may vary
in diameter from a few feet to a mile or
more, depending on the size of the
meteor. The mechanism responsible for
the trail is not fully understood. Some
trails last several minutes. Others vanish
after a second or less. In any case, such
trails act as excellent reflectors for radio
waves, especially those in the range of
30 to 90 megacycles. Short-wave trans-
mitting stations too distant for normal
reception come in loud and clear when
their signals are reflected by meteor
trails. The duration of the propagation
depends on how long the displaced elec-
trons bounce around before recombining
with atoms of gas.

“There is nothing new about this, of
course. Radio ‘hams,” at least the hand-
ful who go in for experiments aimed at
extending the bounds of knowledge,
have long been accustomed to hearing
weak signals from long distances sud-
denly build up to window-rattling pro-
portions and to developing psychological
resistance to the brief yowls which occa-
sionally punctuate otherwise clean trans-
missions. As long ago as 1940 the hams
correctly ascribed these weird effects to

antenna
convertey receiver contvol —l counter
49.8 MC circuit

Block diagram of electronic meteor-counting system
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meteors. Cliff Simpson (WOYUQ), a
pioneer in the ultrahigh-frequency por-
tion of the radio spectrum at Manhattan.
Kan., had been seriously playing with
meteor propagation for several years
when the great Giacobinid meteor show-
er came along on October 9, 1946. The
fall created something of a sensation in
ham circles. Radiotelephone signals
came through from stations hundreds of
miles away on frequencies normally lim-
ited to line-of-sight transmission. The re-
flected paths were so solid that many
lengthy conversations took place.

“As is often the case, particularly in
radio, the scientific world trailed the
amateurs. Meteor propagation failed to
attract serious interest until the National
Bureau of Standards a few years later
installed a 20-kilowatt station at Cedar
Rapids, Iowa, for the study of forward-
scatter propagation between the Mid-
west and Washington, D.C. Numerous
brief intervals of high transmission were
immediately observed; thus the Bureau
independently discovered what the hams
had known for years.

“Last fall the local section of the
American Meteor Society at Manhattan
decided to take advantage of the phe-
nomenon for making a systematic count
of meteors. Thanks to the invaluable
cooperation of two local hams, Simpson
and Ben Mullinix, we have installed an
automatic system not only for making a
continuous, round-the-clock count of
meteors, but also for monitoring auroral
effects.

“On a clear night, anywhere on earth,
you may expect to see about six meteors
per hour. As many as one per second
may appear on some nights. Because the
observer’s field of view is limited, me-
teors counted at any one location repre-
sent only a minute fraction of the total
fall. Rough calculations indicate that
some four million meteors bright enough
to be seen cross the sky every 24 hours.
By including those brighter than the
10th magnitude the estimate rises to four
billion. Counting a reliable sample of
that many invisible objects within the
range of a single observer was impossi-



ble before the development of very sen-
sitive photographic plates, and it was not
easy thereafter. Background light from
the sky limits the time during which
sensitive plates can be exposed before
they become fogged and thus also lim-
its the number of meteors which can be
detected with a single plate. The radio
counter avoids these limitations, al-
though it introduces a few of its own.

“The transmitter we use is the Bureau
of Standards station at Cedar Rapids.
The frequency is 49.8 megacycles. The
station is beamed toward Washington,
D.C., by a rhombic antenna, a diamond-
shaped array of wire supported by tele-
phone poles which creates a highly di-
rectional pattern of radio waves. How-
ever, enough energy leaks from the sides
of the structure to send a strong signal
in our direction. Actually, because of the
earth’s curvature, the signal crosses
Kansas at a height of about 15 miles, so
that we cannot receive it directly. But
meteor trails reflect part of the signal to
our station.

“We pick up reflected signals by a
directional antenna of the Yagi type,
about the size and same design as a con-
ventional television antenna. The anten-
na is made of aluminum tubing, one tube
being cut in the middle for the receiv-
ing dipole, a slightly longer one backing
the dipole as the reflector, and two pro-
gressively shorter ones mounted in front
as directors. The geometry of the assem-
bly is adjusted to the frequency of the
transmitter for maximum response. The
Yagi is mounted on a steel support for
rotation in both azimuth and elevation.
The support consists of a pair of tele-
scoping steel pipes, one of which is sunk
in concrete. The array is turned by hand.
The antenna stands about 10 feet above
the ground. Normally we point it toward
the horizon, but it can be elevated to any
angle desired. A 50-ohm coaxial cable
carries the signal into the observatory.

“The incoming signal is fed to a short-
wave converter tuned to 49.8 megacy-
cles and locked on frequency by a
quartz-crystal oscillator. We normally
detect a signal on this frequency only
when the signal is reflected by a meteor
trail. Trying to tune a receiver by occa-
sional signal bursts proved too much for
our patience, so we decided that crystal
control is a must. Parts for the converter
cost $12.50. The receiver is an Army sur-
plus job modified considerably by Simp-
son. It is also crystal-controlled, and it is
fed by the converter at seven megacy-
cles. The receiver features a so-called
‘squelch’ circuit which in principle re-
sembles the conventional automatic vol-

ume-control. Instead of maintaining the
output at a uniform level, the squelch
circuit cuts the sound completely in the
absence of a signal and turns the set on
fully when signals appear which are
higher than the average background
noise. A control is provided for adjusting
the squelch to any desired signal level.
Hence the output of the receiver is dead
until a signal appears. Finally the re-
ceiver is equipped with a variable oscil-
lator, the output of which can be mixed
with the signal. The pitch of the result-
ing beat note can thus be adjusted as
desired.

“Audio output from the receiver is fed
to a control circuit which in turn actu-
ates a sensitive relay. The control circuit
is built around a 6SQ7 tube, as shown
in the accompanying illustration [next
page]. The arrangement functions both
as a detector for converting the audio
signal to direct current and as an ampli-
fier for energizing the relay. A delay ele-
ment is built into the control circuit
which discriminates against groups of
signal pulses which persist for less than
three seconds. Such groups register a
single count. The delay arrangement con-
sists of a one-megohm resistor bridged
by a two-microfarad capacitor connected
between the Stancor choke and ground.
If control of the response time is de-
sired, the fixed resistor may be replaced
by a rheostat. The relay is of the type
used for controlling model airplanes by
radio. They are sold by most hobby
shops. The transformer [T, in the illus-
tration] is a conventional output-trans-
former hooked up backward.

“The counter is a standard telephone
job of the rachet type that is available
on the surplus market. It is energized
through the relay of the control circuit
and reads to 9999. A loudspeaker is
bridged across the output of the receiver
so that the observer can monitor meteors
by ear.

“The system is not free of error. Light-
ning strokes, even at appreciable dis-
tances, are counted along with meteors.
The difference can be spotted by ear.
Meteors cause a beat note; lightning
makes a short, crackling hiss. The level
of the squelch setting has an important
effect on the count, and it tends to drift.
As an aid in maintaining the optimum
adjustment we inserted a milliammeter
in the circuit. The operation of light
switches, plugging or unplugging appli-
ances into the power line, and so on are
also counted. When the sporadic E layer
of the ionosphere appears, the relay pulls
down, putting us out of business. In
short, any noise greater than the thresh-
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old at which the squelch circuit is set
to operate will register as a count or, if
it lasts long enough, mask a count.

“A number of alternative methods are
available for reducing the error, if one
is willing to dig into his wallet. For ex-
ample, Simpson has suggested a system
based on two receivers. The outputs of
the two units would be connected so
that the signal voltages would be 180
degrees out of phase and would buck
one another. One receiver would be
locked to the frequency of the transmit-
ter by a quartz-crystal oscillator. The
other would be tuned to a slightly dif-
ferent frequency. Both receivers would
pick up equal amounts of noise. The re-
sulting noise signals would oppose each
other in the control circuit and disap-
pear. In contrast, the desired signal
would appear at the output of only one
receiver (the one tuned to the transmit-
ted frequency)—and hence would pass
through the control circuit unopposed. A
pair of BC 454 surplus receivers should
work nicely in such an application. Only
one would require modification for crys-
tal control; the other would function
solely as a noise detector.

“We found that many meteors, par-
ticularly those of long duration, pro-
duced a warbling note. At first each fluc-
tuation was counted as an individual
trail. This was cured by the delay circuit,
which holds the relay closed during
momentary lulls and prevents overcount-
ing. Too much delay can be introduced.
We compromised on a delay of three
seconds. If two or more meteors fall
within this interval, our equipment
counts them as one.

“When the system first went into op-
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eration we asked: ‘Are we really count-
ing meteors®” We got the answer by
watching near the horizon in the direc-
tion of Cedar Rapids. Within a minutc
or so a faint streak of light appeared i
the sky. The counter clicked and th-
speaker emitted a loud beep. The system
worked! In general we observed that any
meteor which can be seen makes an ab-
normally loud beep. We estimate that
the system is capable of counting me:e-
ors down to the ninth magnitude. We
have not explored the angular range
over which we can get radio-visual coin-
cidences, but one night we observed «
coincidence at an altitude of 45 degrees.
Incidentally, visual meteors more than
30 degrees off the axis ot the Yagi are
not counted. None are heard if the an-
tenna is turned at right angles to the
direction of the transmitting station.
“The system operates over an area
considerably greater than an observer
can cover visually. Visual observations
are limited to a cone some 30 degrees
in diameter. The beam of our system
covers about 40 degrees. When the radio
cone is projected to the area containing
the trails, it is obvious that far more
sky is under surveillance than a visual
observer beneath the area could com-
mand. The counting rate of the system
is accordingly higher, even for meteors
of the first magnitude, than would b.
reported by a visual observer. If the
squelch circuit is turned off, the normal
count rises to as much as 200 per hour,
and can be heard by listening for trails
under the noise. With the squelch fully
on, only brighter meteors are counted o>
heard; they run from 25 to 500 per day.
“The system can also be used for de-
tecting auroras. When the northern
lights are active, even if not visible from
Manhattan, we can turn the Yagi north
and count meteors. Signals directed to
the north by the transmitter apparently
bounce off meteor trails and the aurora
reflects the signals back to us. We ac-
Cordingly monitor auroras by pointing
the Yagi to the north and keeping it
there as long as the counter operates.
“The apparatus has now been in inter-
mittent operation for about 10 months,
with gaps in the records representing
thunderstorms and time out for adjust-
ments, modifications and repairs. During
the early passes of Sputnik I and Sputnik
II we shut the svstem down so that we
could borrow the Yagi for satellite track-
ing. The station is now fully equipped
for satellite work, thus removing this
handicap to the meteor program.
“Some of the raw data gathered dur-
ing the last four months of 1957 are
shown in the accompanying chart [af



GET R!ADY FOR THE SPACE ERA! SEE THE SATELLITES ... THE MOON ROCKETS

UNUSUAL TELESCOPE BUYS

. « AND OTHER OPTICAL BARGAINS

50-150-300 POWER MICROSCOPE 41/4" ASTRONOMICAL TELESCOPE
MT. PALOMAR TYPE onLY

UP TO 270 POWER $745°
A REAL REFLECTOR TELESCOPE
Complete with Equatorial Mount, Tripod COMPLETE

With this scope you can see the craters on the moon, rings of Saturn, double stars, or a
Jrang newspaper headline at a mile! Mirror guaranteed to give theoretical limit of resolution,
worth the difference! Fine rack and 6X Finder. Rack and pin focusing, removable mirror mount, real equatorial mounting—
pinion focusing. (mly one adjustment follows s ! Aluminum tube—takes standard eyepieces. You get
Stock No. 70,008-S....$14.95 Pstpd. 40X Kellner, %” F. L. eyepiece, one Barlow lens to give you up to 270 Power.

F/11 mirror corrected to better than '4* wavelength.
Stock #85,006-S. $74.50 f.o.b. Barrington, N. J.

Amazing Value—Equal of a $75.00 In-
strument! 3 Achromatic Objective Lenses
on Revolving Turret! Imported! The color-
corrected, cemented achromatic lenses in
the objectives give you far superior results
to the single lenses found in the micro-
scopes selling in this range. Results are

DIRECT
MEASURING
POCKET
MICROSCOPE

——=| ASSEMBLED See the Stars, Moon, Planets Close Up!

AND 3”7 ASTRONOMICAL REFLECTING TELESCOPE
READY TO USE! 60 to 160 Power—An Unusual Buy!

WITICLE PATTEGM

=i 50 POWER = Famous Mt. Palomar Type
. . . N You’ll see the Rings of Sat g o
No larger than an ordinary fountain pen, this handy pocket huge craters on lllxeg Mo onS ‘;éfxlr‘ (’i?xestefxa:.m{‘l?)lolgg (ﬂla?&éuﬁﬁ”ﬁ.
instrument is ideal for making direct reading measure- detail, Galaxies! Equatorial mount with lock on both axes.
ments; for checking small parts and dimensions_ under 'l\L‘f;"s‘c‘;}fsdc(ﬁﬂg<0zglu‘lg?)'~eeil i”tﬁlnm(e(t&x high-speed /10 mi .
r d with a_6 eyepiece and a mounted
powerful magnification. Speeds up quality control. Instru Barlow ]em' g you 60 to 160 power. An Optical Finder

ment contains a precision, glass etched reticle calibrated for
measurements up to 1/10” by .001” divisions. Estimates to

0005 can easily be made. Chrome reflector at base of in- u
strument reflects light on object examined or measured.
Sturdy construction assures long, useful service.

Stock No. 30,225-S

Telescope, always so ‘essential, is also included. Sturdy, hard-
. wood, poltahle tripod.

Free with scope: Vajuable STAR CHART
27 Book."”’
Photographerst This is an actual photograpn and ‘‘Astronomy  Boo

. the moon taken through our Astronomical Stock No. 85,050- S 29.50 f.o.b.
$7.95 Postpaid Telescope by a 17-year-old student. (Shipping wt. 10 1bs.) sas;ringmn. N. J.

Take Telephoto 1 SALE! Terrific WAR SURPLUS BARGAIN! Made by B & L and EK.

Shots Thru AERIAL CAMERA LENSES [ wvycs o

7 x 50 24" F.L. #/6, in 23" Long Lens Cone | $39-50 Uied'$59.50 New
MoNocu LAR Mounted in beautiful brass cells, lenses are 4” dia.—precision 4-element type,

Aero Tessar and Aero Ektar (no choice). Housed in cone—10” focal plane beyond
cone and permits building on a film holder eyepiece, etc. Lenses easily removed
o . . . for other uses, Diaphragm is included—adjusts by flexible rod (easily extended)
This is fine quality, American made instrument—war 9
surplus! Actually %% of U.S. Govt. 7 x 50 Binocular. Used
for general observation both day and night and to take

Opens approx. 1”7 to 312", Lens and cone—wt. 23 lbs. Sturdy
carrying trunkewt. 20 158
USES 1. For use as long range, Big Bertha Telephoto lens.
fascinating telephoto shots with your camera. Brand new.
$95 value. Due to Japanese competition we close these out
at a bargain price. Directicns and mounting hints included.

*2. For richest field (wide field, low power) telescope.
Stock No. 50,003-S........cccceeiiiinenns $15.00 Pstpd.

3. As Opaque Projector lens. 4. For use in Operation ‘‘Phototrack’’
(photographing Artificial Satellites).
Stock No. 85,059-S 24”, used. Price $39.50 f.o.b. Utah
Stock No. 85,060-S 24”, new. Price $59.50 f.o.b. Utah
Send Check or M.O0.—Money-back guarantee

INFRARED SNIPERSCOPE Fine, American-Made Instrument at Over 50% Saving

TELESCOPE & PARTS STEREO MICROSCOPE ::rﬂt‘:;;tl:i:;

I 1 See in the dark—without being ob-
Up to 3" Working Distance—Erect image—Wide 3 Di ional Field

gserved. War Surplus Sniperscope
M-2, contains the famous I
image tube. Gov’t cost about $1200. Now, ready after years in development—this instrument answers the long standing need
Instrument complete, ready to use. for a sturdy, efficient STEREO MICROSCOPE at low cost. Used in production—in re-
Includes Power Pack, infrared light search—in the lab, shop, factory, or at home; for inspections, examinations, counting,
source. Will operate from 6 V auto checking, dssemblmg, dissecting—speeding up and improving quality ntrol. 2 sets of
battery. Battery or transformer avail- objectives on rotating turret. Standard pair of wide field 10X Ixcllner Eyepieces give you
able. 23 {)leﬂ and 40 Hower. Additional eyepieces ,.lVAlAldhle for greater or 1 ‘\s‘ ¥I:]Imgnlllnl(ll§“8n\l
. Helical rack and pinion focusing. Precision, American-made! WE LS
2:‘.:';”3'gg;?sgoz'e‘)s‘.l?g]'l?(?ﬁgj:; 10-DAY FREE TRIAL . . . complete satisfaction or your money back.
own Sniperscope! We will furnish in- Order Stock No. 85,056-S... $99.50 f.o.b. Barrington, N. J.
structions—parts, including: Iower { Low_ Power Supplementary Lens Attachment for above Stereo—provides 15X down
to 6X with clear, extra large 1%" field at 6X.
| Stock #30, 276-S $7.50

Packs, TP25A image tubes, light units, filters, etc. For de-
t‘ulsfrequcxt FREE catalog “‘S”.

NEW! STATIC ELECTRICITY MAKE YOUR OWN POWERFUL e
GENERATOR ASTRONOMICAL TELESCOPE = ﬁ‘bi”‘h ‘“’”":,

et gt

See a thrilling spark display as you GRIND YOUR OWN ASTRONOMICAL MIRROR ‘ = ’l - .l
set off a miniature bolt of lightning. . . .
Absolutelysafeand harmless. Sturdi- Complete Kits Including Blank, Tool and Abrasives .

ly made—stands 1,;1” high. Turn the M" o4 ~
handle and two 9" plastic discs ro- . ica ama 'S Al vindi ir r.
tate in opposite directions. Metal All over America amateurs are grinding their -

collector brushes pick up the static own mirrors and making expensive Telescopes

electricity, store it in the Leyden cheaply. You can do the same using our Kits. Stock No. Dia. M"',['°" T""{"!‘“* Price

jar type condenser until discharged These contain mirror blank, tool, abrasives, 70,003-S 4 Y $_7.50 postpald

?Q‘idﬁ‘;e amping spary. Countlcss diagonal mirror and eyepiece lenses. You 70,004-S §~ Hgg 93\:9-‘5‘1

instruction bhooklet included. build instruments ranging in value from 70,005-S " 30.?5 ,\,q\ paid
$75.00 to thousands of dollars. 70,006-S 10 .75 postpaid

Stock No. 70,070-S.... 54.75 postpaid

B u 1 LD A SO LA R New! 2 in | Combination! Pocket-Size WRITE 2
./f ENERGY FURNACE 50 POWER MICROSCOPE FOR FREE CATAI-OG s
Good Geophysical Year Project and 10 POWER TELESCOPE 80 pages! Over 1,000 items. Optics for the

A fascinating new field. You can . .
asenaing Space Era! Huge selection of lenses, prisms,

build your own Solar Furnace for =
& :m’fi war surplus optical instru-

...$10.95 Postpaid 70,007-S 12"

experimentation—many practical
uses. It’s easy—inexpensive—use
ONLY Useful Telescope and Mi- ments, parts and accesso-
croscope combine ries TelesCopes Micro-

ered furnace will generate terrific heat 2000° to . !
3000°. Fuses enamel to metal—produces many un- L scope is_

scope magnifie:

. snooping. erscopes, etc. Request

Stock No. 70,130-S package of 1........ $ 6.00 Postpaid Order Stock #30,059-5....54.50 ppd. Cataloa-S
Stock No. 70,131-S package of 2........ 11.00 Postpaid Se 0. g-2.

your scrap wood. We furnish in-
amazing, Dreo
54.50 ment. Imported .
. t scopes, Satellite Scopes,
usual fusing eftects. Sets paper atlame in seconds.
focus at any range. Har SPOTts.
nd Check or

struction booklet. This sun pow-
an a foun[anfpen
e Binoculars, Infrared Sni
S h £ inoculars, Intrared Snip-
Use our Fresnel Lens—143,” diameter . . . f.1. 14”. looking at y;mau oh,ec&‘ just plain ' P
Satidaction Guaranteed

ORDER BY STOCK NUMBER .SEND CHECK OR MONEY ORDER . SATISFACTION GUARANTEID!
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I Iow have recent develop-

ments in nuclear physics
affected the theory of the stellar
interior? Here is a brilliant one
volume summary of the results

of the many new investigations
into stellar evolution.

Structure
and

Evolution
of the

Stars

By MARTIN SCHWARZSCHILD,
Professor of Astronomy,
Princeton University

350 pages. Charts. Tables. $6.00

Order through your bookseller,
or from

PRINCETON
UNIVERSITY PRESS |

Princeton, New Jersey

OPTICAL
COATINGS

Rigid military and com-
mercial specifications for
high vacuum evaporation
are being met daily in our
coating laboratory. Diam-
eters to 18 inches. Submit
your coating problem—

production or small runs
—to us for immediate
quotation.

H
L AL ERSON
OPTICAL COMPANY, INC
Ocean Springs, Mississippi
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bottom of page 110]. It is too early to
estimate how good these records may
be. We are still looking for sources of
error and attempting to learn the best
methods of operation. Our goal is a full
year’'s run. Amateurs who would like
to hear meteors on ordinary receivers
should tune to the 20-megacycle channel
of WWV or to a comparable channel of
some other high-powered transmitter
which has either faded out or almost
out. Bursts of strong signal will mark
the fall of meteors. Some patience may
be needed, particularly if one is uncer-
tain of the precise point at which to tune
the receiver. Those who detect the
Cedar Rapids beam all the time of course
cannot use it for meteor counting.”

[n making a reflecting telescope the
amateur first grinds one disk of thick

i glass on top of another with successively
finer grades of abrasive between. The
grinding action is such that the upper
disk of the pair develops a slightly con-
cave spherical surface. This surface is
polished on a lap of filtered pitch
charged with rouge and then, by con-

houvsing for

% x20 screw

hovizontal cutoff
screw

steel ball
brazed
to pin
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An amateur’s apparatus for the Foucault knife-edge test

tinued polishing, deepened toward the
center just enough to transform the
sphere into the desired paraboloid.

In most small telescopes the difference
between the sphere and paraboloid
amounts to only a few millionths of an
inch. For measuring such fine dimen-
sions the amateur uses a remarkably
primitive instrument first suggested by
the French physicist Léon Foucault.
Basically the device consists of an arti-
ficial star and the edge of a knife. Fou-
cault’s star was merely a pinhole illumi-
nated by a candle. Rays from a pinhole
situated adjacent to the center of curva-
ture of a spherical mirror come to focus
at a point directly opposite the pinhole
on the other side of the mirror’s optical
axis. When the eye is placed behind
the focus, the spherical figure appears
flat. If a knife-edge is passed through
the focus, the disk darkens uniformly.
But any departures from the true sphere
deflect the rays so that the departures
appear as hills or valleys magnified about
100,000 times.

Most amateurs prefer to work with
more sophisticated versions of Fou-
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challenging
careers for
young women

Cyto-technologists...specialists in the
study of human body cells...are in
growing demand in many communities
today. More and more of them will be
needed, as more women learn of the
life-saving role of the cell examination,
through the American Cancer Society’s
expanding program to conquer uterine
cancer . . . second greatest cancer killer
among women.

Trained for six months, the cyto-tech-
nologist is ready for her responsible
duties. She is the good right hand of
the pathologist. To her trained eye, the
microscope reveals the very secrets of
life. Her alertness in classifying slides
can mean the difference between life
and death to women.

In this life-saving project, men and
women work together as do nurse and
doctor, x-ray technician and radiolo-
gist, and other great teams in medicine.
Security, pleasant colleagues and the
satisfaction of being part of an all-out
attack on the most dreaded of diseases
...these are some of the satisfactions
in this rewarding profession.

Chemistry or biology students who have
completed two years of college (or the
equivalent) are eligible for fellowships,
which cover tuition and basic living
costs during training.

For further information write to the
Division of the American Cancer Soci-
ety in your state.
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Observer's Guide and Catalogon

ASTRONOMICAL TELESCOPES

This valuable 38-page book
is yours for the asking!

With artificial satellites already launched and space
travel almost a reality, astronomy has become today's
fastest growing hobby. Exploring the skies with a tele-
scope is a relaxing diversion for father and son alike.
UNITRON's handbook contains full-page illustrated
articles on astronomy, observing, telescopes and acces-
sories. It is of interest to both beginners and advanced
amateurs.

Contents include —

Observing the sun,
moon, planets and
wonders of the sky

Constellation map

Hints for observers
Glossary of telescope tarmy
How fa choote a telescope
Amateur clubs and research
programs

.

-

INSTRUMENT DIVISION of UNITED SCIENTIFIC CO.
204-206 MILK STREET » BOSTON 9, MASS,

Please rush to me, free of charge, UNITRON's new Observer's

Guide and Telescope Catalog 6G.

Name I
Street

City State I

L———_—————J

“BIG” LENSES

States available for immmediate delivery.

Our selection of diame-
ters and focal lengths i
the largest in the Uni

Perfect magnesium

fluoride coated and cemented achromatic telescope objectives.
Atuminum tubing and cells available for lenses listed helow.
Send for complete list of other diameters and focal lengths.
Dia. F.L. EACH Dia. F.L. EACH
216" 10 $12.50 b $21.00
$ 9.75 $.2.50
$12.50 $30.00
$12.50 $67.50
$12.50 $85.00
We offer the tinest hand-corrected air

sbaced American made astronomical objectives.

Mounted in Black Anodized Aluminum Cells.
DIA F.L. PRICE PRICE
3" 48" Coated $32.00 Not Coated $28.00
aiy 627 Coated $69.00 Not Coated $60.00

We can suoply ALUMINUM TUBING for the above lenses.

MOUNTED 11/” [lDl EYEPIECES

125 mmF L
16 mm
18 mm F.L.
32 mm F.L.

€

WIDE ANGLE ERFLE (68° Field)
EYEPIECLE Brand new coated 114"
I.F.L. Focusing mount, 3 perfect
achromats, 13¢” apeltlue 518 50
WIDE ANGLE ERFLE /s N 0% PR

DBrand new contains Eastman Kodak’ \ rare-e 2 es
anor'uu 2 focusing mounts; 65° field S .50
14" GlA. "ADAPTOR for above eyemeces $ 3.95

ASTRONOMICAL TELESCOPE MIRRORS

Polished to Y4 Wave and Alumlmzed

via. Pusttnul
i 9.75
Pyrex 1 SI3 50
I’yrex 60" $25.00
I Free Cataloaue * MILLIONS' of Lenses. etc. I

We pay the POSTAGE—C.0.D.’s you pay postage—Satisfaction
guaranteed or money refunded if returned within 10 days.

A. JAEGERS ViR00 &Y
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Foucault-upparatus carriage based on the principle of kinematical design

cault’s apparatus, although the truly pa-
tient fellow can get along with the
classic setup. C. N. Fallier of Hicks-
ville, N.Y., submits a version of the in-
strument.

“Like numerous other amateurs,” he
| writes, “I have read reams of literature
on grinding, polishing and figuring mir-
rors for reflecting telescopes. Whlle most
of these papers have been manifestly
clear as to the mirror itself, the Fou-
cault knife-edge tester is invariably dis-
missed as a rudimentary device—usually
described as a tin can with a lighted pin-
hole and a movable knife-edge fitted to
a hand-drawn scale.

“After many attempts (with as many
failures) to make accurate measure-
ments with such home-built testers, I
decided to make the job easier for my-
self. My design uses a light bulb, pin-
hole and knife-edge, and so does not de-
part in essentials from Foucault’s ar-
rangement. But I have combined them
in a stable mechanical assembly which
is convenient to use, easy to make, and
which yields highly reproducible meas-
urements. The design provides for both
longitudinal and transverse movement of
the knife-edge under the control of feed
screws [see illustration on page 112.]

“The device resembles the compound
rest of a lathe but is based on the prin-
ciple of kinematical design described by
John Strong in his Procedures in Ex-
perimental Physics. This principle states
that a body must have at least six minus
n points in contact with a second body
if it is to have only n degrees of freedom.
The screw for advancing the carriage in
the direction of the mirror has been ac-
cordingly provided with five points of
contact with respect to its reference
I body, the base. This is accomplished
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by beveling one arm of one of the two
V-notches in which the screw rides. The
bevel engages the annular V-groove of
the screw shaft and accounts for two con-
tacts. The unbeveled arm of the same
V-notch makes the third contact with
the screw. The flat arms of the remaining
V-notch provide the remaining two for
a total of five contacts. Thus the screw
has one degree of freedom, that of rota-
tion. In contrast, the carriage which
rides on the screw is provided with six
points of contact with respect to its ref-
erence body (the screw and the base):
five with the screw and one by the ball
in contact with the base proper. Thus
the position of the carriage is unicuely
determined by each setting of the screw.
The design of the transverse carriage
conforms to the same principle.

“The onlv machine work involved in
making the unit is the removal of threads
from each end of the prethreaded screw
stock (for contact with the V-notch
bearings), and the cutting of the an-
nular V-groove in the shaft. All other
work can be accomplished with a hack-
saw, file and drill. The dials and knurled
knobs are from surplus gear.

“The light source is a conventional in-
candescent bulb of the type used
sound heads of 16-millimeter movie pro-
jectors. The beam is deflected at a 90-
degree angle by a microscope cover-
glass. This is not the best possible ar-
rangement because the two surfaces of
the glass reflect a double image of the
pinhole. I plan to overcome this by re-
placing the cover-glass with a beam-
splitter of the prism type. A piece of
ground glass is mounted between the
lamp and pinhole to prevent a magnified
image of the lamp filament from appear-
ing at the focus.”



Blinding Speed:

Speed so great that existing control systems were incapable of directing its flight path

...so great that newer, more compact, more accurate, virtually automatic control

systems were developed to guide the B-58, America’s first and only bomber capable

of sustained supersonic flight.

Today, this is an outstanding fact of the B-58
.. . sustained supersonic flight, rivaled only by
its growth potential. This means that tomorrow,
it will go even further.

Growth potential in the airplane results from
growth potential for the individual engineer.
This, and the strong challenge to his creative
ability, are integral parts of the new concept in
engineering organization at Convair-Fort

Worth that has produced such a world chal-
lenging weapon.

If your ambitions call for a position that pro-
vides such growth potential for you, send a
confidential resume of your training and ex-
perience for consideration by engineers in the
area most suited to your qualifications. For
personalized handling, address your inquiry to
Box 748S.

CONVAIR FORT WORTH

FORT WORTH, TEXAS

CONVAIR IS A DIVISION OF GENERAL DYNAMICS CORPORATION
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by James R. Newman

ArTHUR STANLEY EDDINGTON, by A. Vi-
bert Douglas. Thomas Nelson and
Sons Ltd. ($6.25).

ir Arthur Eddington was a leader
of the 20th-century revolution in
science, and one of its victims. He
was a leader as an astronomer, and as an
apostle and interpreter of the theory of
relativity. He was a victim as a philoso-
pher. No contemporary man of science,
I venture to say, has penetrated more
deeply into the scheme of the physical
world. Yet he came upon the scene both
too late and too earlv. When in 1915
Einstein completed the general theory
of relativity, Eddington was 33. He was
among the first to grasp its significance
tully; his contributions to its develop-
ment and understanding earn him a
place with such pioneers as Willem de
Sitter, Hermann Minkowski and Her-
mann Weyl. But, as the British astrono-
mer Herbert Dingle has observed, Ed-
dington’s view of the nature of the scien-
tific problem was in 1916 “so firmly
established in his mind that it was im-
possible, even for him, then to shake it
off; and that view was incompatible with
the implications of relativity.” Edding-
ton used a metaphor to describe the con-
servatism of his fellow phvsicists in gen-
eral; he said they tried to fit the organism
of relativity into the Procrustean bed of
their Victorian philosophies. The fact is
that he made the same attempt. Inevita-
blv he failed. Few persons today delve
in his philosophy; even fewer take much
thought to his complex and obscure fun-
damental theory. But the feeling persists
that in this last work lie truths which he
alone had glimpsed—a vision which he
perceived but could not utter.
Eddington died in 1944. Three years
later a lectureship was instituted at the
University of Cambridge as a memorial
to him. In the lectures philosophers, sci-
entists, historians, theologians have paid
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BOOKS

About the life and work
of Sir Arthur Eddington

tribute to the character and thought of
this admirable man. Recently Noel B.
Slater, a British mathematician, pub-
lished an analysis of the development of
Eddington’s posthumous volume, Fun-
damental Theory, based on a study of
several manuscript versions of the work.
Now we have a biography by A. Vibert
Douglas, a former pupil and research
associate of Eddington, who is professor
of astronomy at Queen’s University in
Ontario. Dr. Douglas’s task was not easy,
because written material relating to her
subject’s life was scant. Eddington kept
a journal which described his student
and his Greenwich Observatory days,
his travels and holiday activities, but be-
ginning with his middle years it con-
tained nothing except a record of his
“cveling mileages,” and the sales and
receipts of his books. The only other
source was a series of letters to his
mother, who died in 1924. Dr. Douglas
had to scratch for anecdotes, opinions
of contemporaries, and other bits and
pieces. She has turned out a respectable
chronicle, neither personally revealing
nor profound, but a straightforward ac-
count from which one may form one’s
own picture of this solitar_v, inward
bachelor.

Eddington was born in Kendal, an an-
cient town of the English Lake District,
in December, 1882. His parents were
Quakers, and throughout his life he re-
mained deeply committed to this peace-
ful faith. His father, a man of excellent
education, was headmaster of a local
Friends’ school. He died in an epidemic
of tvphoid at the age of 34, leaving his
wife poor and with two small children:
Arthur, aged two, and a daughter, Wini-
tred, aged six. Despite her very limited
means Mrs. Eddington managed to send
her son to private schools. Arthur was
reportedly precocious. He had a prodi-
gious memory and a passionate interest
in large numbers. He learned the 24 *
24 multiplication table before he could
read, counted the letters in the Book of
Genesis (as part of a larger program he
had set himself to count the letters in
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the entire Bible), and when he was four
promenaded in the evening so that he
could count the stars. At 10 he began
his career as an astronomer by borrow-
ing a three-inch telescope and surveying
the sky. He had good teachers who ap-
preciated him and stimulated his scien-
tific bent; he repaid their devotion by
scholastic achievements. With the help
of various scholarships won in competi-
tive examinations, he gained an educa-
tion at Owen’s College, Manchester, and
at  Trinity College, Cambridge. At
Owen’s he is remembered as “a small bov
who went to college in a cap” in the days
when bowlers were de rigueur; however,
it was soon recognized “that what was
under the cap was at least as extraor-
dinary as the cap itselt.” Never, said the
principal, had he met a bov so modest,
so gentlemanly, so able.

His record at Trinity was no less bril-
liant. With that historic college, where
Isaac Barrow, Newton, Macaulay, Ten-
nvson, James Clerk Maxwell, Lord Rav-
leigh, Joseph Larmor and J. |. Thomson
had made their “intellectual home,” he
began in 1902 a connection which, ex-
cept for an interlude of a vear and a halt
following graduation, was to last 42
vears. He threw himself into work for
the competitive examinations called the
mathematical tripos, and soon impressed
his contemporaries with his immense
capacity for concentration. E. T. Whit-
taker and Alfred North Whitehead were
among his teachers. After two vears he
took the tripos and came out on top. It
was the first time a second-vear man had
won the distinction of Senior Wrangler.
Exceptionallv quiet and reserved, he
formed few friendships, but he did not
hold himself entirely aloof from his fel-
low students. With one close companion,
C. J. A. Trimble, he took long, strenuous
walks and climbs and spent many holi-
days. Cycling was his favorite sport. The
careful record he kept from 1898 to 1944
of special rides shows many cycling trips
of 100 miles or more a day; even in the
last year of life he often pedaled solo 50
to 75 miles in a few hours. In addition



to these athletic statistics, his diary de-
scribes his journeys abroad and his read-
ings. His tastes were broad, ranging from
Homer to Kipling and Kenneth Gra-
hame. A knowledge of French, German
and Italian enabled him to read Moliére,
Goethe and Dante in the original.

In 1906 he accepted a post as chief
assistant at the Royal Observatory in
Greenwich. For seven years he enjoved
the many duties of a practical astron-
omer: observational work, checking star
catalogues, compiling data for statistical
analysis, computing instrumental con-
stants. He redetermined the longitude of
a geodetic station on the island of Malta;
went to Brazil on an eclipse expedition;
wrote papers on a wide range of astro-
nomical problems, several having to do
with the motions of stars. Soon after
coming to Greenwich he was elected a
Fellow of Trinity College, and in 1913
he was appointed to the Plumian chair
of astronomy at Cambridge. The follow-
ing year he was elected a Fellow of the
Royal Society. His career was “well
launched and thirty years of achieve-
ment lay before him.”

Eddington’s first book, Stellar Move-
ments and the Structure of the Universe,
was published in 1914. It gained him
instant recognition as both a creative
astronomer and a lucid and engaging
writer. Addressed to the general scien-
tific reader as well as to astronomers, the
book opened to view a fresh, truly mag-
nificent aspect of the physical universe.
Herbert Dingle has said that when he
first acquired his copy he learned to see
the sky “with new eyes.” In each subse-
quent book Eddington led “an increas-
ing number of people to see with new
eyes the ever-expanding universe of stars
and atoms and radiation, and the
strangely beautiful mathematical rela-
tionship between them.”

Among Eddington’s astronomical pa-
pers of this period, several deal with ra-
diation pressure, a subject to which he
made a momentous contribution. The
central problem was how a star main-
tains its internal equilibrium. Gravity
and gas pressure were thought to be the
major factors. Early in the century the
German astronomer Karl Schwarzschild,
following up some pioneer work by R. A.
Sampson, proposed a theory of radiative
equilibrium for a star’s atmosphere. Ed-
dington extended this with an ingenious
model of the interior of a star. According
to his model the pressure exerted on the
stellar gas “bv the outsurging heat and
especially by the shorter wavelengths
of the radiant energy would almost bal-
ance the entire downward pull of gravity
in a giant star.” Gas pressure was rele-

gated to a minor role. To explain the |

longevity of stars he suggested that they
drew “on some unknown supply of en-
ergy”’—perhaps “a slow process of anni-
hilation of matter.” This unknown source
was elucidated 20 years later by Hans
Bethe’s cycle of nuclear changes; but
even as vaguely envisaged by Eddington
the idea fell, as Dr. Douglas says, “like
yeast” into the minds of contemporary
scientists. A less yeasty effect was felt by
one investigator: James Jeans, already
noted for his researches in mathematical
physics. His field of interest included as-
tronomy, and on various occasions he
had challenged Eddington’s views. The
notion of a constant generation of energy
within a star made Jeans distinctly fever-
ish. To the delight of their audiences the
two men now verbally whacked each
other at various scientific meetings. Jeans
suggested that Eddington’s bizarre con-
clusions were due to his weakness in
arithmetic; Eddington replied in effect
that Jeans didn’t know how to read. A
gentlemanly tone prevailed, but the ra-
diations were unmistakably intense. It is
almost unnecessary to add that neither
man persuaded the other to budge.

Eddington worked for some time on
the problem of pulsating stars—the Ceph-
eid variables. This provoked another
word war with Jeans, as did Eddington’s
famous paper on the relation between
the masses and luminosities of the stars.
The latter study is one of the best exam-
ples of Eddington’s power and imagina-
tion as an astronomical thinker.

A giant star of low density could be
supposed to be extremely bright because
its “ether-waves,” from X-rays to light,
are forced out by a steep temperature
gradient. Yet there was a huge discrep-
ancy, which prevailing theories could
not explain, between the star’s expected
and observed brightness: the latter fell
short of the former by a factor of many
millions. Eddington showed that the ra-
diation waves are “hindered and turned
back by their adventures with the atoms
and electrons,” and thus the leakage to
the surface of the star is considerably
reduced. On the assumption that a star
behaves as though it were a “perfect”
gas (ie., a gas composed of perfectly
elastic molecules which neither attract
each other nor spin), he was able to
demonstrate an astonishing correlation,
for all ordinary stars, between mass and
luminosity. The more massive the star,
the more energy it pours out. He ran-
sacked his mind for an explanation of
this surprising result. The dwarf stars
raised a sticky point because they were
thought to be too dense to obey the law
of perfect gases; yet the mass-luminosi-
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ty ratios of dwarfs also fell on the theo-
retical curve and confirmed his formula.
Then it occurred to him that within a
star “disrupted atoms may pack together
to a far higher density than ordinary
matter,” without any breakdown of per-
tect-gas conditions. The sun, he asserted,
in spite of being denser than water, real-
lv is a perfect gas. Even more incred-
ible were the properties of the “white
dwarfs,” such as the companion of Sirius.
He calculated that this F-type star had
a surface area and diameter about the
same as that of the earth, yet a mass
about four fifths that of the sun. Its
density therefore was fantastic—more
than 50,000 grams per cubic centimeter.
The conclusion was absurd, but it was
inescapable. Indeed, it foretold an Ein-
stein shift of spectral lines actually con-
firmed by observations at Mount Wilson
shortly thereafter. In The Internal Con-
stitution of the Stars, published in 1926,
were summarized the preceding 15 years
of Eddington’s brilliant astronomical in-
vestigations.

I turn back to consider briefly Edding-
ton's interest in relativity.

In 1911 Einstein announced his prin-
ciple of equivalence, and four vears latev
he completed the general the(ny of rela-
tivitv. Because of the war there was no
direct communication between German
and British scientists, but in 1916 Ed-
dington received from the Dutch physi-
cist Willem de Sitter copies of his own
papers and of Einstein’s latest paper. As
a Quaker, and only for that reason,
Eddington had been exempted from
military service (the British were spec-
tacularly stupid during that war about
deferring scientists, which is whyv the
physicist H. G. J. Moseley and other ex-
ceptional men were killed) and thus had
had time to apply himself to the new
ideas. He quickly recognized their su-
preme importance and mastered the verv
difficult absolute calculus and tensor
mathematics needed to follow the argu-
ment. The Physical Society of London
asked him to analyze Einstein’s system,
and in 1918 he published a masterly Re-
port on the Relativity Theory of Gravi-
tation. No subject was better suited to
Eddington’s bent of thought, to his sci-
entific skills and philosophical leanings.
It stirred the mystic and visionary in him,
as well as the cosmologist and mathema-
tician. In the Report, as J. G. Crowther
has written, Eddington not only restated
Einstein’s work, but “joyfully took wings
in flights of physical and mathematical
thought and fancy of his own.”

A crucial test of the general theory
involved the determination of the deflec-
tion of light by a gravitational field. The
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total solar eclipse of May 29, 1919, of-
fered an excellent opportunity for con-
firmation. As the leading exponent of
relativity theory, Eddington was selected
to head the eclipse expedition to the
small island of Principe off the west coast
of Africa. (Another expedition went to
Sobral in Brazil.) He sailed in March
and, after landing a month later, con-
ducted intense preparations to set up
the necessary equipment. On the day of
the eclipse, Eddington noted in his diary,
“a tremendous rainstorm came on.”
About noon the rain stopped and photo-
graphs were made through breaks in the
clouds. The program had to be carried
out “in faith.” He himself did not see
the eclipse, “being too busy changing
plates.” For six nights he and his com-
panion E. T. Cottingham developed the
photographs, the days being spent in
measurement. At last came a moment
which Eddington later said was the great-
est in his life: “The one plate I measured
gave a result agreeing with Einstein.”

Eddington wrote a letter to Einstein
giving the results of the measurements.
At the same time he expressed concern
over confirmation of another criterion,
the displacement of solar absorption
lines toward the red. Einstein replied,
congratulating him. “I am amazed,”
Einstein wrote, with a curious but per-
haps unintentional note of condescen-
sion, “at the interest which my English
colleagues have taken in the theory in
spite of its difficulty.” He admitted that
it the displacement effect did not exist in
nature, “then the whole theorv would
have to be abandoned.” (A few vears
later the effect was found.)

Whitehead, in his book Science and
the Modern World, described the occa-
sion when the expedition results were
announced to the Royal Societv. “The
whole atmosphere of tense interest was
exactly that of the Greek drama: we
were the chorus commenting on the de-
cree of destiny as disclosed in the devel-
opment of a supreme incident. There
was dramatic quality in the very stag-
ing: the traditional ceremonial, and in
the background the picture of Newton
to remind us that the greatest of scien-
tific generalisations was now, after more
than two centuries, to receive its first
modification. Nor was the personal in-
terest wanting: a great adventure in
thought had at length come safe to
shore.”

Though he spoke of relativity as a
sideline to his primary interest in astron-
omy, Eddington never turned his atten-
tion away from Einstein’s work. In 1920
he published his famous Space, Time
and Gravitation, which explained the un-
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derlying ideas and results of relativity
theory with a minimum of mathematical
symbols. It was not always easy reading,
but it was a book of supreme fascination
even for those who could follow only
fragments of the exposition. He philoso-
phized as well as explained. His meta-
physics were far from clear, and he had
a disconcerting way of mixing impec-
cable logic with misty speculation. But
his words cast a spell, and his persuasive
powers, while one was under the spell,
were irresistible. Knowledge of the phvs—
ical world, he asserted, is knowledge “of
structural form, and not knowledge of
content.” That content, whatever it
might be, is not within the reach of the
methods of phvsics. Relativity makes
evident what some phllosophels have
long suspected: the mind singles out for
recognition qualities of the
world, but these exist “onlv in the same
sense as an unlimited number of walks
exist on an open moor.” The existence is
“latent unless someone gives a signi[i-
cance to the walk by following it.” In
short. it is we who determine sense-data
by our mtelpletatlons, who 1mp()se
structure, who regain from nature, which
is infinitely varied, that which our minds
have put into nature. “We have found,”
he wrote in an oft-quoted paragraph, “a
strange footprint on the shores of the
unknown. We have devised profound
theories, one after another, to account
tor its origin. At last, we have succeeded
in reconstructing the creature that made
the footprint. And lo! it is our own.”
To the Philosophical Transactions of
the Roval Society, the Philosophical
Magazine and other journals Eddington
sent 1mp01t(mt papers on different as-
pects of relativity. He completed a gen-
eralization of Wevl’s theory of the elec-
tromagnetic and gravitational fields. in
1923 he published his now-classical The
Mathematical Theory of Relativity. 1t
must not be supposed that he merely
explained and elaborated the original
theorv. He gradually diverged from the
papers of Einstein, de Sitter and Wevl.
He introduced “a modification into
Wevl's affine geometry and formulated a
geometry of world-structure, by means
of parallel displacement, which broke
new mathematical ground and made a
notable contribution to geometry quite
apart trom its specific application to
relativity theory and the physical
world.” The value of this work is beyond
dispute, but as to other aspects of his
researches in relativity there is less
agreement. In 1953 Einstein sent to Dr.
Douglas his opinion of Eddington’s la-
bors. After praising his theory of stars,
Einstein observed: “His creative achieve-

certain
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ment in the field of relativity and the
theory of matter did not carry conviction
for me. But this may be my fault. The
German physicist and philosopher Lich-
tenberg once said: If a head and a book
collide with a hollow sound—this is not
necessarily caused by the book. ”

“I believe there are 15,747,724,136,-

5,002,577,605,653,961,181,555,468, -
044,717,914,527,116,709,366,231,425,-
076,185,631,031,296 protons in the
universe and the same number of elec-
trons.” Thus Eddington opened one of
the Tarner Lectures in 1938. He was of
course being mischievous, but he was in
dead earnest about the accuracy of his
arithmetic. This rather large number
(136 > 2236) was the culmination of
vears of effort to formulate a compre-
hensive theory of the universe. What was
the main idea? No one is entirely sure,
but at least we can follow a lucid inter-
pretation by the late Sir Edmund Whit-
taker, the distinguished mathematician
to whom Eddington entrusted the prepa-
ration for press of his posthumous Fun-
damental Theory.

The heart of the book is a new princi-
ple derived from a supposed relationship
between certain important numbers such
as “the radius curvature of the earth, the
recession-velocity constant of the exter-
nal galaxies, the number of particles in
the universe, and the physical constants
such as the ratio of the mass of the pro-
ton to that of the electron, the ratio of
the gravitational to the electrical force
between a proton and an electron, the
fine-structure constant and the velocity
of light.” Whittaker guides us out of this
fearsome tangle. One may distinguish
between two kinds of assertions in phys-
ics. First, there are quantitative asser-
tions, e.g., “The value of the reciprocal
of the fine-structure constant is 137”; or,
“The masses of the electron, the mu
meson, the pi meson, the tau meson and
the proton are approximately in the ra-
tios 1, 200, 300, 1,000 and 1,836.” Sec-
ond, there are qualitative assertions, e.g.,
“The velocity of light is independent of
the motion of its source”; or, “It is im-
possible to detect a uniform translatory
motion, which is possessed by a system
as a whole, by means of observations of
phenomena taking place wholly within
the system.” Eddington’s principle de-
pends on the distinction between these
two types of assertions. “All the uanti-
tative propositions of physics,” says the
principle, “that is, the exact values of the
pure numbers that are constants of sci-
ence, may be deduced by logical reason-
ing from qualitative assertions, without
making any use of quantitative data de-
rived from observation.” Eddington gave
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a more dramatic statement of the princi-
ple: “An intelligence unacquainted with
our universe but acquainted with the
svstem of thought by which the human
mind interprets to itself the content of
its sensory experience, should be able to
attain all the knowledge of phvsics that
we have attained by experiment. He
would not deduce the particular events
and objects of our experience but he
would deduce the generalizations we
have based on them. For example, he
would infer the existence and properties
of radium but not the dimensions of the
earth.”

A concrete instance of the principle is
Archimedes’ discoverv that pi can be cal-
culated by theoretical methods, without
having to make measurements of circles
of different sizes. Whittaker gives an-
other illustration of pure “Eddingtonian-
ism”: Leibniz’s advocacy of the subordi-
nation of the science of (uantity, dealing
with numerical relations, to the science
of quality, which treats of order and
similarity.

Many objections have been raised
against the principle, and against the
structure Eddington erected upon it.
One of the most serious, and, in a sense,
most obvious, criticisms is that the quali-
tative conceptions from which the uni-
verse is to be deduced are as likely to be
imperfect, and therefore as certain to be
superseded, as the quantitative values of
physics. When Archimedes determined
pi he believed, as did scholars for centu-
ries thereafter, that it is an eternal num-
ber giving the ratio of the circumference
to the diameter of every circle in actual
space. But as Whittaker points out, this
assumes that Euclidean geometry is “the
true geometry of the universe,” whereas
in fact there is now reason to believe that
the geometry of the universe is non-
Euclidean. Pi is pi, to be sure, forever;
but it is not a permanent l\ev to every
lock in the physical world. There is a
graveyard filled with qualitative asser-
tions of science which once served their
purpose as the basis of successful pre-
dictions, but were finallv superseded.

Another objection to Eddington’s
principle is that the so-called constants
of nature—for example, the fine-structure
constant  137—derived in accordance
with his ideas are “absolutely constant,”
whereas in several cosmological theories
“thev are represented as increasing or
decreasing, depending in one way or an-
other on the age of the universe at the
time when they are measured.”

The system Eddington outlined in his
book Relativity Theory of Protons and
Electrons, elaborated in his many papers
on the equations of the physicist P. A. M.
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Dirac, on relativity and on quantum the-
ory, and blOllé]]t to its most finished—
though still unfinished—form in Funda-
mental Theory, carried no general con-
viction. He had not, as he said, the
“smallest doubt” of its validity
would allow no compromise. “People
will understand me all right,” he wrote
Dingle, “when thev realize they have got
to do so—and when it becomes the fash-
ion ‘to explain Eddington.” ” This fashion
he did not live to see. Most phvsicists
and astronomers found it hard to follow
his argument, and when they could thev
were skeptical. Some “openlv
scornful, calling [his theory| number
magic and mere juggling.” Philosophers
were repelled by his speculations as a
hodgepodge of half-baked epistemology
and misleading metaphors. Yet a dis-
cerning few felt, as Whittaker did, that
Eddington was a man of genius, and
that the value of his basic theory “lies
less in its conclusions than in its power
of dissolving prejudices and suggesting
new and fruitful ideas.”

Much of the criticism of Eddington’s
writings is undoubtedly well directed.
His penchant for paradoxes, his gift for
seductive images, his untenable philo-
sophical interpretation of physical events
made him a prime target for clear think-
ers, in particular Susan Stebbing, who
cut both him and Jeans to ribbons in her
lethal little book Philosophy and the
Physicists. But, apart from recognizing
his scientific achievements and his in-
comparable insights, it would be unrea-
sonable to deny and ungrateful to forget
that in his popular writings—The Nature
of the Physical World is perhaps the best
example—he was a major benefactor of
society. He stimulated the teaching and
learning of physical science; he enlarged
understanding of its scope and methods;
he excited a taste for adventure in scien-
tific thought. For countless persons of
my generation Eddington’s books were
an incomparable delight in intellectual
clarification.

He was a man of absolute integrity, a
thoroughly good man. He had that sim-
ple straightforwardness, Bertrand Rus-
sell observed, which is characteristic of
some of the greatest men of science. His
work is graced by a poet’s sympathy, il-
luminated by a poet’s sense of truth and
unity. He deserved to see further than
other men, and time, I suspect, will
prove he did.

and

were

Short Reviews

]OH\' Locke, by Maurice Cranston.
<) The Macmillan Company ($8). John
Locke is a towering figure in the history



For centuries men have tried to develop
new and more powerful weapons to achieve
victory in war.

Lately these have been weapons of un-
precedented power.

Now war can become race suicide, and
victory thus gained is a delusion.

Yet we keep on trying to develop new and
more powerful weapons, because we must.

Not because we seek victory through a
nuclear war, but because through strength
we may prevent one.

For as long as there are powerful forces
with a record of cynical duplicity and op-
pression, the free world must have weapons
capable of neutralizing them.

At least until men learn that the only
alternate to peace is oblivion.

At Sandia, we play an important part in
providing this protective strength. Our

scientists and engineers are responsible for
research, design, and development of nu-
clear weapons for the Atomic Energy
Commission. This makes these men ex-
ceptionally valuable assets in our nation’s
efforts to secure the future.

We need more such men — outstanding
engineers and scientists in many fields,
especially at the highest academic and
experience levels. At Sandia in Albuquerque
and at our branch laboratory in Livermore,
California, we need their knowledge, skill,
and perseverance.

If you can help us meet this need, or if
you know anyone who can, write Staff
Employment Section 569.

SANDIA

CORPORATION

ALBUQUERQUE., NEW MEXICO

© 1958 SCIENTIFIC AMERICAN, INC

121



AN INVITATION
TO JOIN ORO

Pioneer In
Operations Research

Operations Research is a young
science, earning recognition rapidly
as a significant aid to decision-mak-
ing. It employs the services of
mathematicians, physicists, econo-
mists, engineers, political scientists,
psychologists, and others working
on teams to synthesize all phases of
a problem.

At ORO, a civilian and non-
governmental organization, you
will become one of a team assigned
to vital military problems in the
area of tactics, strategy, logistics,
weapons systems analysis and
communications.

No other Operations Research
organization has the broad expe-
rience of ORO. Founded in 1948 by
Dr. Ellis A. Johnson, pioneer of
U. S. Opsearch, ORO’s research
findings have influenced decision-
making on the highest military
levels.

ORO’s professional atmosphere
encourages those with initiative and
imagination to broaden their scien-
tific capabilities. For example, staff
members are taught to “program”
their own material for the Univac
computer so that they can use its
services at any time they so desire.

ORO starting salaries are com-
petitive with those of industry and
other private research organiza-
tions. Promotions are based solely
on merit. The “fringe” benefits
offered are ahead of those given
by many companies.

The cultural and historical fea-
tures which attract visitors to
Washington, D. C. are but a short
drive from the pleasant Bethesda
suburb in which ORO is located.
Attractive homes and apartments
are within walking distance and
readily available in all price ranges.
Schools are excellent.

For further information write:
Professional Appointments

OPERATIONS RESEARCH
OFFIGE

The Johns Hopkins University

6935 ARLINGTON ROAD
BETHESDA 14, MARYLAND
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of thought. He did not merely introduce
a system; he changed the ways in which
men think. His famous Essay on the Hu-
man Understanding laid the foundations
of empiricism in the theory of knowl-
edge. It foreshadowed the modern
school of analytical philosophy; it
cleared away a good deal of metaphysi-
cal rubbish (though it produced some of
its own); it promulgated a doctrine of
primary and secondary qualities, which,
even after Bishop Berkeley exploded it,
continued to exercise a profound influ-
ence on the development of science and
to provide a fertile source of scientific
discovery. Locke was also a great politi-
cal philosopher. In his Lettersfor Tolera-
tion and Two Treatises of Government
he set forth his enlightened ideas on lib-
erty and the necessity of tolerating oppo-
site opinions, and he declared his pas-
sionate belief that the consent of the
people is the sole basis of a government’s
authority (and that rebellion is justified
if those holding authority exceed it and
break the social contract). These views
had an enormous effect upon the future
of political theory and practice in Amer-
ica as well as Europe. Interesting think-
ers, however, are not always interesting
in their person, and it has long been the
accepted view that Locke was not an
interesting human being. We have now
in this massively detailed biography a
better opportunity than ever before to
judge the matter for ourselves. The au-
thor has had access to a very large col-
lection—several thousands of documents
—of Locke’s personal papers which he
left to his young cousin. These, which
were never fully consulted, were ac-
quired by the Bodleian Library at Ox-
ford in 1948. On the basis of the personal
papers and other fresh materials, Mau-
rice Cranston has drawn an admirable
portrait—scrupulous, sympathetic, ur-
bane. Locke was many things in charac-
ter and in action. The circumstances and
events of his life were anything but pe-
destrian. He was an Oxford tutor, a dip-
lomat, a politician and an economist. He
was a physician who practiced rarely,
collaborated with Thomas Sydenham,
occasionally doctored the great, and
usually prescribed sensible remedies
which did not kill his patients. Once he
made a diagnosis of trigeminal neuralgia,
which was not only correct and saved
the Countess of Northumberland from
having a barber-dentist pull out all her
teeth but was the first of its kind in
medical history. Locke followed the
science of his day, associated with wvir-
tuosi, and was on intimate terms with
such men as Isaac Newton and Robert
Boyle. As executor, with Newton, of
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Boyle’s estate, he largely rewrote and
published Boyle’s History of the Air,
which had been left in a fragmentary
state. Though he is remembered as the
founder of the Age of Reason, he was, as
Cranston remarks, “both romantic in ap-
pearance and romantic in his ways. He
seems to have taken a positively Gothic
pleasure in mystery for the sake of mys-
tery.” Besides his major works he wrote
on theology and on education. His no-
tions in the latter field were decidedly
“progressive,” with touches of eccentric-
ity—for instance, that children were not
to be allowed to eat fruit because “it
is a thing totally unwholesome,” and that
they should be required, to inure them
against colds, to wear shoes “so thin that
they might leak and let in water.” He
spent some years on the Continent, first
as a traveler in France, later as an exile in
Holland. His close relationship with An-
thony Ashley Cooper, the powerful First
Earl of Shaftesbury, at whose home he
lived, serving first as a medical but soon
as a political adviser, plunged him into
the world of affairs, a hectic and danger-
ous world preceding the Revolution of
1688. This led to his being suspected of
complicity in the Protestant Plot of 1682
and of other subversive tendencies, so
that he was forced to flee England and to
spend six years abroad, mostly in Amster-
dam and Rotterdam. Shortly after Wil-
liam and Mary came to the throne he re-
turned to find himself famous and to be
rewarded with the highly lucrative posi-
tion of Commissioner for Trade. But al-
most to the end of his life he was involved
in public controversy. Despite this active
and varied career, despite his achieve-
ments and his qualities, there are ample
grounds for his reputation as a dull and
disagreeable man, and even worse. He
was cautious, timid and virginal. He was
mean in money matters and drew a part
of his comfortable income from the slave
trade. His commercialism tinctured his
philosophy as well as his writings. He
had a passion for secrecy which led him
not only to write to his lady friends—it
is doubtful they were ever more than
friends—in invisible ink but to publish
his political writings anonymously.
Locke’s concern with the education of
children was a concern with gentlemen’s
children. Poor children, he recommend-
ed, were to be “soundly whipped,” to be
put in working schools where they were
to be given their “bellyful of bread
daily,” and in cold weather “a little warm
water gruel: for the same fire that warms
the room may be made use of to boil a
pot of it.” For “begging drones” he ad-
vised the press gang, mutilation (ampu-
tation of the ears) and transportation.



Cranston does not conceal the cruel and
ugly sides of his subject. However, he
does not explain the contradictions and
paradoxes, so that Locke remains, in
some ways at least, the enigma he always
was. But he was a great man, and this
exemplary narrative makes us know him
as well perhaps as we ever shall.

FANTASIA MaTtHEMATICA, edited by
Clifton Fadiman. Simon and Schuster
($4.95). An urbane editor who loves
mathematics but pretends to little know-
ledge of it has gathered a number of
short stories, some verse and a few liter-
ary knickknacks, all relating to his
favorite subject. Plato is here, also James
Branch Cabell, Karel Capek and H. G.
Wells; there are several topological
fables, one of the best being about the
subway train that hit a node on the track
network and slithered into another di-
mension. Arthur Quiller-Couch, Lewis
Carroll, Edgar Allan Poe, A. S. Edding-
ton, Andrew Marvel, Thomas Dekker, A.
E. Housman and Samuel Butler are
among those in the poetry repertory. It
must be confessed that mathematics
succeeds only seldom in kindling the
imagination of literary men. A rainbow

enchants more of us than does the real |

although it may be

number system,

|
argued that the second is not less beauti-

ful than the first. There is need to widen
and educate our tastes, and, even if this
book makes no such claims, it provides
moments of entertainment.

'F HE EvYE GobpEss, by O. G. S. Craw-

ford. The Macmillan Company
($10). In this book the late O. G. S.
Crawford, for 31 years the editor of the
British archaeological magazine Antig-
uity, advances an intriguing theory. Dur-
ing excavations in 1937, in the remains
of a temple at Brak in Syria, M. E. L.
Mallowan found evidence of the cult of
an Eye Goddess. The distinctive symbol
of this agricultural fertility cult is the
eye, often a weird, staring eye, carved or
painted on seals, plaques, rocks, rings,
walls, steles, vases, pots, statues and
tombstones. Crawford knew of Mallo-
wan’s find; he also knew of places re-
mote from Syria where eye- or face-idols
had been uncovered. A theory of racial
and cultural expansion evolved in his
mind, and he set himself the task of
proving it. His book assembles the evi-
dence for the westward and northward
spread of the Eye Goddess. In Troy and
Greece, in Italy, Sicily and Spain, in
North Africa and the Canary Islands, in
Brittany, Britain, Ireland and northwest
Europe, artifacts of every kind exhibit
what appears to be the characteristic

clude:
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MAKE TINY GENIUS COMPUTERS WITH

BRAINIAC

a new and better

ELECTRIC BRAIN CONSTRUCTION KIT
Makes 106 computing, reasoning, arithmetical, logical,
puzzle-solving and game-playing machines . . . all 33
GENIACS (1955), 13 TYNIACS (1956), and 60 All New
BRAINIACS® (1957)

o Scientific
e Fun

o Instructive
e Safe

with reusable

solderless parts

and

complete plans

THIS IS BRAINIAC! With our Brainiac Kit (K 15), you
can build over 100 small electric brain machines and toys

which ““think’’, compute, reason and display intelligent. be-
havior. Each one works on a single flashlight batte:y . . .
is FUN to make, FUN to use and play with, and TEACHES
you something new about electrical (ummmng and reas
ing circuits. Originated and produced exclusi by chkc-
ley Imemrme% Brainiac is the result of 7 y ’ develop-
ment work with miniature mechanical brains, including
iac, Tyniac, Tit-Tat-Toe Machine pictured in LIFE
zine, Simon (baby automatic computer), Squee (elec-
tronic robot squirrel), etc.
WHAT CAN YOU MAKE WITH BRAINIAC KIT K 157
106 sma]l machines including—Logic Machines: Logical
Truth Calculator, Syllogism Prover, Intelligence Test,
l’,oulem Algebra Circuits . . . Game-Playing Machines:
T'it-Tat-Toe, Nim, Black Match, Wheeled Bandit, etc.
Computers: To add, \\Ihlrd(l multiply or divide,
decimal or bina s; Forty-Year Calendar, etc
Cryptographic ! 28 ! (uders Decoders, Combir
Lock with 15,000,000 combinations, etc. . r
Solving Machines and Quiz Machines: Over 30 mtugumg
puzzles and quizzes—with fascinating variations.
WHAT COMES WITH YOUR BRAINIAC? Complete
plans and instructions e Manual by E. C. Berkeley on small
electric brain machines e Over 120 circuit diagrams in-

using

cluding 46 exact wiring templates e Introduction to
Boolean Algebra for designing circuits. e ivery part
needed to build Geniacs, Tyniacs, Braini ver 400
pieces including control panel, multiple itch discs,
jumpers, improved wipers, bulbs, sockets, ashers, wire,
battery, special tools—everything needed. Price: $17.95.
(For shipment West of Mississippi, add 80¢; outside U
add $1.80.)

7-DAY FULL REFUND GUARANTEE IF NOT SATISFACTORY
= ——— - -MAIL THIS COUPON_._.___._.I

Ber keley Enterprises,
| 815 Washington St. maa, Newtonville 60, Mass. i
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AEROJET-GENERAL
CORPORATION
ASTRONAUTIC RESEARCH
LABORATORY
Offers Key Research Positions For

S PHYSICISTS

Ph. D. or M.S.—for experimental [
and theoretical studies of ion pro-
pulsion and other advanced sys-
tems for high-velocity extra-terres-

trial flight.

l vk SENIOR MICROWAVE SPECIALIST
Ph.D. or M.S.—with a background
in physics or electrical engineering [
for the leadership of a newly or-
ganized space guidance and com-
munication laboratory.

Y SENIOR AERODYNAMICIST ‘
Ph.D. or M.S.—with specialties in
aeroelasticity and system dynamics. ‘

v SENIOR INSTRUMENTATION ENGINEER

M.S. or B.S. in electrical engineer-
ing with strong theoretical and
practical background in various
data-gathering media for study
and design of outer space instru-
mentation.

For the opportunity to associate
yourself with a high caliber scien-
tific-engineering team, you are cor-
dially invited to send a detailed
technical resume to:

L. L. THOMPSON
AEROJET-GENERAL
CORPORATION
Box 296-M  Azusa, California

I A Subsidiary of The General Tire & Rubber Company

HAVE YOU READ

Edward Teller
and Albert L. Latter's

OUR
NUCLEAR
FUTURE

“A balanced statement of what we
need to fear, what we need not
fear, and where we may pin our
hopes.”—ARTHUR H. COMPTON,
Chicago Tribune.

“A sophisticated but fascinating
description of theatomicworld. ..
[carries] a willing reader rather
deeper into the abstruse realm of
nuclear physics than laymen are
accustomed to travel.”—ROBERT c.
COWEN, C hristian Science Monitor.

“An excellent popular guide to the
most explosive of all man-made
mysteries.”
—CHARLES POORE, N. Y. Times.
$3.50 at your bookstore,

or order your copy from Dept. SA-7

CRITERION BOOKS, INC.

257 Fourth Avenue, N. Y. 10, N. Y.
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representation of the eye or face which
had its origins in the ancient East. The
author does not insist on the validity of
his theory. His “thread of continuity”
holds the facts together, as he admits,
“sometimes rather loosely.” But he sup-
ports his speculation with many beauti-
ful photographs (his own and those of
others) and with reports of his exten-
sive observations, and leaves it to pre-
historians to reject or improve upon. An
engrossing book.

CHINESE Art, by William Willetts.
Penguin Books, Inc. ($3). This
| splendidly illustrated work, which comes
| in two volumes, is a 4,000-year history
of Chinese art—jade carvings, bronzes,
‘ lacquer and silk art-objects, sculpture,
| pottery, painting, calligraphy, architec-
ture. The attempt is made to relate these
creative forms to the social, political and
technological conditions out of which
they arose. This is a book which only
specialists can judge in detail but which
the ordinary reader will find an educa-
tion in itself.

Notes

THEORETICAL AsTROpPHYSICS, edited
by V. A. Ambartsumyan. Pergamon
Press, Inc. ($22.50). For the English
translation (by J. B. Sykes), the editor
and three other leading Soviet astro-
physicists, E. R. Mustel, A. B. Severnyi
and V. V. Sobolev, have revised this
comprehensive text, first published in
Russian in 1952, which treats the main
branches of the subject on the graduate
level, and is designed for students and

| scientific workers.

VALUES IN A UNIVERSE OF CHANCE, by
Charles S. Peirce; edited by Philip P.
Wiener. Stanford University Press
($3.95). Selected writings of America’s
most original philosopher. There are
included several famous essays on prag-
matism and scientific thought, and other
material, some of it heretofore unpub-
lished, expressing Peirce’s views on the
humanistic and cultural aspects of
science and philosophy.

THERMODYNAMICS, by Enrico Fermi.
Dover Publications, Inc. ($1.75). Anun-
altered paperback reprint of the 1937
edition of Fermi’s elementary treatise on
pure thermodynamics.

A  DicTIONARY OF  STATISTICAL
TErwMs, by Maurice G. Kendall and Wil-
liam R. Buckland. Hafner Publishing
Company ($4.50). A nonelementary
dictionary, with French, German and

© 1958 SCIENTIFIC AMERICAN, INC

Italian glossaries of statistical terms, pre-
pared for the International Statistical
Institute.

SourcEBOOK ON ATomIiCc ENERGY, by
Samuel Glasstone. D. Van Nostrand
Company, Inc. ($4.40). The second edi-
tion of this standard reference book con-
tains fresh material on fundamental
particles, the production of new ele-
ments, advances in the use of isotopes,
improvements in experimental tech-
niques and equipment, and a new chap-
ter on nuclear reactors.

ANimaLs IN MoTioN, by Eadweard
Muybridge. Dover Publications, Inc.
($10). A companion to the same pub-
lisher’s edition of The Human Figure in
Motion, this volume presents 183 plates,
also taken from Muybridge’s famous
Animal Locomotion, containing several
thousand 19th-century action photo-
graphs, taken at speeds up to a 2,000th
of a second, of horses, dogs, cats, lions,
kangaroos, deer, elephants, eagles, ba-
boons and other animals engaged in vari-
ous motions.

Tue CHEMICAL INDUSTRY DURING
THE NINETEENTH CENTURY, by L. F.
Haber. Oxford University Press ($7.20).
A study of the economic aspects of the
origins and growth of applied chemistry
in Europe and North America in the
19th century. Particular attention is de-
voted to the British soda industry, the
dyestuff concerns of Central Europe and
chemical firms in the U. S.

PHILOSOPHY OF MATHEMATICS AND
NATURAL ScIENCE, by Hermann Weyl.
Princeton University Press ($1.95). A
paperback reprint of a brilliant book on
the structure of mathematics and the
philosophy of science.

THE SociaL LIFE oF ANIMALS, by W.
C. Allee. Beacon Press ($1.45). A paper-
back reissue of the late Warder Clyde
Allee’s memorable book on automatic
cooperation as one of the fundamental
biological processes.

THE ExpaNpING UNIVERSE, by Sir
Arthur Eddington. University of Michi-
gan Press ($1.45). THE NATURE OF THE
PuysicaL WorLp, by Sir Arthur Edding-
ton. University of Michigan Press
($1.95). In the attractive Ann Arbor
paperback series, reprints of two of
Eddington’s brilliant courses of lectures,
the first dealing with the structure of the
universe, the second with the revolution
in physics brought about by relativity
and the quantum theory.
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STRAIGHT TALK TO

<>

ENGINEERS

from Donald W. Douglas, Jr.

President, Douglas Aircraft Company

In your field, as most of you well know, it’s easy
to be complicated . .. it’s hard to be simple. At
Douglas, I’'m happy to say, we do things the
“hard” way. This matter of simplicity is vitally
important. We work intensive hours, days and
months to achieve it.

Why this extra effort? Well, simple things work
easier, last longer, are more easily maintained
and are lots more reliable. We are rewarded for
our greater engineering effort with a product

that performs better for our various customers.

We know that good engineers, working in an
atmosphere which stimulates them to do their
best, have been largely responsible for our suc-
cess. If you enjoy solving challenging problems in
the simplest manner, we’d like to talk with you
about joining us.

Please write to Mr. C. C. LaVene
Douglas Aircraft Company, Box 620-N
Santa Monica, California
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DEW LINE’S VOICE

The Distant Early Warning Line
needs more than advanced radar
networks to do its job of guarding
the northern reaches of the North
American continent. It must be
capable of sounding the alarm to
continental defense centers unfail-
ingly at any time should intruding
aircraft be detected—even in the
face of radio disturbances associated
with the Arctic. A technological
breakthrough in radio communica-
tion—Transhorizon scatter—pro-

vided the required reliability.
Collins, a pioneer in Transhorizon,
was given the assignment to supply
the radio communication equipment
by Western Electric Company, Inc.,
which directed the gigantic task of
building the DEW Line.

UHF tropospheric scatter is used for
lateral communication between DEW
Line stations, tying together an ad-
vanced telephone system for coordi-
nating the parts of the 3,000-mile
electronic wall. VHF ionospheric

scatter, with its longer range, pro-
vides rearward communication to
defense centers. The equipment used
on the DEW Line for conventional
HF and ground-to-air VHF com-
munication is also Collins.

DEW Line is another of the instances
where Collins’ engineering ability
and experience have been called upon
for advanced, reliable communica-
tion systems to serve in all parts
of the world.

COLLINS—CREATIVE LEADER IN RADIO

COMMUNICATION SYSTEMS

(A

COLLINS

N4

COLLINS RADIO COMPANY, CEDAR RAPIDS e DALLAS ¢ BURBANK ¢ SEATTLE ¢ MIAMI e WASHINGTON e NEW YORK ¢ COLLINS RADIO COMPANY OF
CANADA, LTD., TORONTO‘ ¢ COLLINS RADIO COMPANY OF ENGLAND, LTD., LONDON e COLLINS RADIO INTERNATIONAL, C. A., CARACAS, HONG KONG
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DYNAMIC AMERICA
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“Gallaudet is Making an Ass of Himself”

Lilienthal used the shifting weight of his

body to maintain equilibrium and the American
pioneer, Montgomery, had warped the wings
of his gliders by pressing a guy wire with his foot.
In 1897, two years before the Wrights,

Edson Gallaudet, an instructor in Physics at
Yale and head coach of the crew, constructed

a model kite, now in the Smithsonian,

which embodied the principle of the warping
wing. Although Gallaudet was later to

set up the first aircraft manufacturing concern
in the country, the earliest ancestor of

Convair, his tinkering with “flying gimcracks”
was regarded as a “reflection on Yale.”
Accused of “making an ass of himself and a
laughing stock of the faculty,” Gallaudet
resigned. His model was stored in a barn

in Connecticut, unpatented.

From Chapter 4 of “Dynamic America,” a history

of 420 pages and 1500 illustrations to be published soon

by Doubleday & Company and General Dynamics Corporation,
445 Park Avenue, New York 22, N. Y.

GENERAL DYNAMICS



