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A phantom herd...

from deep down underground

Not long ago the primary source of glycerine was
herds of cattle! Fats from these animals were trans-
formed, by the makers of soap, into glycerine.

Gliding unseen through underground pipelines to
the refinery and then the chemical plant, petroleum
has become the partner of cattle herds. From the
products of petroleum, Shell Chemical has been mak-
ing high-quality glvcerine since 1948.

Today, Shell glycerine fills about one-third of

Shell Chemical Corporation

Chemical Partner of Industry and Agriculture
NEW YORK

America’s needs. It goes into ink, explosives, lipstick
... cellophane and tobacco . . . toothpaste, paint, even
sausage casings. It’s used in more than 1500 different
ways . . . in just about every industry.

v 7 7
Manufacture of glycerine from
the products of petroleum is an-
other Shell Chemical contribu-
tion to the nation’s industry.
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... a combination that’s hard to beat!
Laminated plastics . . .for a combination of properties that can’t be beat

SYNTHANE is a favorite material among engineers, de-
signers, and product-conscious executives because it pos-
sesses a combination of many properties. It is light in
weight, strong; has high dimensional stability, excellent
electrical properties and chemical resistance. It's also easy
to fabricate.

Synthane makes excellent ball bearing retainers.
High dimensional stability, wear resistance and non-
galling properties keep bearings humming smoothly
at 100,000 rpm and up! Synthane's light weight
minimizes the effect of any eccentricities, provides
lower starting torques, less bearing weight. The
Synthane plant has facilities for producing practi-
cally every type of laminated plastic retainer known.

Property combinations! Synthane has TENSILE STRENGTH CHEMICAL RESISTANCE

them . . . in over 30 individual grades. ..
sheets, rods, tubes, moldings and com-

pletely fabricated parts. Send for free
illustrated catalog today. . ANE
N

SYNTHANE CORPORATION, Z RIVER ROAD, OAKS, PA.
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Easy does it. At tagging station on Alaskan beach, a member
of U. S. Fish & Wildlife Service steadies a three-month-old
seal pup while companion attaches a corrosion-resisting Monel

alloy tag to left flipper. Tagging permits tracing of seal migra-
tions to various parts of the world, aids in scientific studies of
growth, mortality, homing instinct and other characteristics.

Tagged...for future reference

This little seal may be planning a
trip far from his'Alaskan home. But of
course he can’t tell the U.S. Fish & Wild-
life Service what his destination is!

As they’re very much interested in
finding out, they tag him.

Migratory habits of seals have been
under observance for many years. In
all that time, there was one thing that
always stumped the Wildlife Service—
marking a seal so thathe stayed marked.

They tried everything they could
think of. Clipping...shearing...brand-
ing...painting. Nothing worked. When

A\
:INCO:

TRADE MARK

they tried metal tags, that brought up
still another problem.

W hat metal would stand theabuse?
What would resist corrosion from salt
water ? What would be hard enough to
resist abrasion when seals clamber
over rocks and sand ?

Finally, a metal was found —Monel®
nickel-copper alloy!

With Monel, it makes no difference
if seals frolic in the salty sea. Or flip-
flop around on shore. Or travel from
Alaska to Japan, as many of them have!
Monel alloy tags proved rugged enough

to take this punishment. Some, in fact,
remained in good condition after 12
years on a seal’s flipper.

Do you have a problem involving
metals? One in which corrosion, abra-
sion, high orlow temperatures, stresses,
or fatigue are causing trouble? Talk it
over with us. We may be able to help
you find out how Monel or one of more
than 50 other Inco Nickel Alloys can
overcome your difficulty. No obliga-
tion, of course. So let’s get together on it
soon. The International Nickel Com-
pany, Inc.,67 Wall St., New York 5, N.Y.

*Registered Trademark

INTERNATIONAL NICKEL
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Nickel Alloys Perform Better, Longer



SCIENTIFIC
Established 1845 AMERICAN August, 1956 Volume 195 Number 2

29

36

42

58

76

87

96

107

14
22
48

117
128
140

BOARD OF EDITORS

ART DIRECTOR
GENERAL MANAGER

ADVERTISING MANAGER

ARTICLES

PHYSICS IN THE U.S.S.R.. by E. P. Rosenbaum

Impressions of two U. S. physicists who recently returned from a Moscow meeting.

THE ORIGIN OF SUBMARINE CANYONS, by Bruce C. Heezen

There is evidence that submarine avalanches are still reshaping the ocean depths.

INFORMATION AND MEMORY, by George A. Miller

The mind most easily remembers information packaged in symbolic units.

THE SETTLEMENT OF POLYNESIA, by Donald Stanley Marshall

From their language and tools we can reconstruct the history of the islanders.

THE EFFECTS OF RADIATION ON SOLIDS, by F. Seitz and E. Wigner

Nuclear bombardment can be used to give materials new and useful properties.

SICKLE CELLS AND EVOLUTION. by Anthony C. Allison

A hereditary disease of the blood is actually beneficial in certain environments.

LIVING INSECTICIDES, by Edward A. Steinhaus

A new arsenal of selective microbes is helping farmers in their war against insects.

TIME REVERSAL, by John M. Blatt
It is theoretically possible for time to run backward but very unlikely that it will.

DEPARTMENTS

LETTERS

50 AND 100 YEARS AGO
THE AUTHORS

SCIENCE AND THE CITIZEN
BOOKS

THE AMATEUR SCIENTIST
BIBLIOGRAPHY

Gerard Piel (Publisher), Dennis Flanagan (Editor), Leon Svirsky (Managing Editor),
George A. W. Boehm, James R. Newman, E. P. Rosenbaum

James Grunbaum
Donald H. Miller, Jr.
Martin M. Davidson

COPYRIGHT 1956 IN THE U. S. AND BERNE CONVENTION COUNTRIES BY SCIENTIFIC AMERICAN, INC. ALL RIGHTS
RESERVED, ENTERED AT THE NEW YORK, N. Y., POST OFFICE AS SECOND-CLASS MATTER JUNE 28, 1879, UNDER THE
ACT OF MARCH 3, 1879, ADDITIONAL ENTRY AT GREENWICH, CONN, SUBSCRIPTION RATE IN THE U. S. $5 PER YEAR.

© 1956 SCIENTIFIC AMERICAN, INC



Origin, Observation
and

Present-Day Control of “Boinng!

'99*

This phenomenon probably began long
before recorded time and, at present,
gives every indication that it is here to
stay. First recognition is almost universally
credited to the Cro-Magnon man who at-
tempted to describe the combined sound
and tingling sensation
in his palms after he
had laid asunder an
enemy skull with his
club. His chiseled
inscription, handed
down to us through
the ages and still used
today, tells us with
eloquent simplicity
what he heard and
felt — " Boinng!"

| Scholarly minds
since then, at odd
intervals, have added
to the body of scien-

@ tific knowledge con-
cerning “Boinng!”.
k % A Mr. Newton, in fact,
D gé }} added a rather loud,
\ﬁ\“’_"}“ squashy one just prior
to the evolving of The
L. of G. (An identical, and somewhat
more familiar observation, was made by
the operatic team of
W. Tell & Son.) It is
interesting to note
that “Boinng!"’ has =
beennearly all things
to all men; some-
times with overtones

amorous; at others, =

with warnings of close-
ness-to-the-curberous. N
Without question, our Q
childrenwillenjoyarich &Y
heritage of “ Boinng!"someness.

And so, like the axe-wielder, like Sir
Isaac, and like the fiend in olive drab,
Sigma offers a small — but not unworthy
— contribution to the cause of “Boinng!”
vs. Relay Efficiency. We have watched
it become a national worry, and have
heard the voices crying out.

Since our policy obvi-

ously could not be avoidal,
we chose to make

it sinusoidal,\/\/\f
with 10 g’s to 2,000

cycles our initial goal. The achievement is
formally known as the Sigma Series 22
Relay,and basically offers the following: —

SERIES 22 ADJUSTMENTS
G HG w

Vibration 10gto 300cps 15gt0 500cps 15gto 500 cps
5gt02,000cps 10g t0 2,000 cps

Contact
Rating 2 amp., 1amp., 1amp.,
(28vDC. 100,000 100,000 100,000
N5VAC operations operations operations
resistive) (2 amp., (2 amp.,
25,000 25,000
operations) operations)
Sensitivity
SPDT("C") 20 mw. 20 mw. 40 mw.
DPDT(“CC) 40 mw. 40 mw. 80 mw.

Those having appli- /{/
cations in which
“Boinng!"” levels 3
reach wrenching
shudder proportions g
are welcome to
printed data on the E

new 22’s.

* Technical paper by Herr Doktor Ing. Helmut N. Greindloutten
presented at the 1956 World Conference on the Forces of
Ricoverbrigational Pingschafft in Hamburg,

SIGMA

22 KN SIGMA INSTRUMENTS, INC,,
40 Pearl Street, So. Braintree, Boston 85, Massachusetts
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THE COVER

The painting on the cover shows
five “cores” of sediment from the
deep-sea floor. The cores were made
by a device which brings up a thin
vertical cylinder of sediment; hence
each core is a vertical cross section
of the bottom. Until recently it was
thought that the deep-sea floor was
overlaid with an unstratified ooze
consisting entirely of microscopic
shells and fine clay. The five cores
show vividly that, on the contrary,
deep-sea sediments are often strati-
fied into beds of sand, gravel and
other materials characteristic of
shallow water. These materials are
carried into the depths by currents
of turbid water which flow along
the ocean floor like rivers (page 36).
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by Stanley Meltzoff
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CONSERVE SCARCE NICKEL WITH KANIGEN (A NEW NICKEL ALLOY)

KANIGEN coating replaces expensive alloys and clad materials in vessels and cylinders up to 50 feet in length

Kanigen does what no other metal
can do. You can Kanigen-coat
twenty vessels with the amount of
nickel normally used for one vessel
made with clad materials. Intricafe
and complex shapes can be uni-
formly coated with Kanigen on a
production line basis.

Kanigen is a unique material—
not a substitute for electroplating.
Kanigen coatings provide a corro-
sion-resistant surface of exceptional

It pays to plan with General American

hardness and uniformity. A very
thin coating of Kanigen on alumi-
num permits excellent solderability.

General American offers complete
fabrication and field erection service
for Kanigen-coated structures such
as pressure vessels, fractionating
towers and absorbers. If you have
a problem that Kanigen might solve
orif you’d like further information,
write today.

KANIGEN

GENERAL AMERICAN TRANSPORTATION CORPORATION
135 South LaSalle Street * Chicago 90, Illinois
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photorr;icrograph shawiné uniformity of Kanigen-coating
over steel (150x).

KANIGEN

does what no other metal can do.




...on the

Chemical Newsfront

BETTER MILK-CONTAINER STOCK is among many improved paper
products made possible by Cyror® Fortified Rosin Size. To for-
tify rosin size, which ordinarily has one carboxyl group, small
quantities of organic acids are added, thereby increasing the car-
boxyl groups to three. The rosin becomes more reactive to cellu-
lose, increasing the sizing effect which prevents passage of fluid
through paper. This helps keep wax coatings on the surface where
they are most effective, and helps prevent leakage should the coat-
ing crack. Cyror Size makes it possible to get higher sizing effects
than ordinary size, or attain equal specifications using less size. It
is increasingly used by paper mills to improve paper quality and
reduce costs. (Industrial Chemicals Division, Dept. A)

i l |

NURSES GRADUATING THIS YEAR will be even more radiant in
uniforms made of fabrics treated with CaLcorLuor®* White ST.
This new textile brightener, applied during fabric processing, ab-
sorbs ultraviolet radiation, transforms it and reflects it as visible
light in the blue range of the spectrum. Counteracting yellowness
in the material, the blue radiation makes the fabric whiter and
brighter. CarLcorLuor White ST works equally well in white-
background prints and stripes, or drapery florals, in printed dress
fabrics and in woven or knit goods. It is used primarily on cottons
and is applied with standard equipment. Washing with commer-
cial soaps or detergents containing CarcorLuor White restores
the whitening effect. (Organic Chemicals Division)

*Trademark

LAMINAC® RESIN TRAYS OUTLAST METAL for drying dye in-
termediates, pigments and other corrosive chemicals in nine-
month evaluation just completed at two Cyanamid plants. Fabri-
cated of glass fiber and Laaunac Polyester Resin 4109 by Molded
Fiberglass Tray Company, some 61,000 drier trays have given
highly satisfactory service. Light and easy to handle, they have
high impact and dent resistance, and with no coating to chip or
flake, eliminate danger of contaminating materials being dried. In
several industries, molded LaamNac trays are replacing other
materials because they are non-corrosive, uniform, smooth, rugged,
low in cost and easy to maintain. (Plastics and Resins Division)

NEW PIGMENTS developed by Cyanamid for use in exterior fin-
ishes must first pass rigorous tests on accelerated weathering
equipment in the Pigment Development and Application Labora-
tory. Test-fence and field-exposure tests follow for final proving.
These tests ensure that Cyanamid’s pigments meet the critical,
highly demanding levels of color stability required in exterior
finishes. Protective coatings formulated with such pigments as
Phthalocyanine Blue and Green, Chrome Yellow, Orange and
Green, Iron Blue, Toluidine, Permaton, and UniTaNE® Titanium
Dioxide, among others, in this way meet conditions of exposure
as taxing as any nature can provide in actual use. (Pigments Division)
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IMPROVED LUGGAGE and
other leather products will
go along on vacation this
year with many of the nat-
ural advantages of leather
enhanced and controlled by
chemistry. Among chemicals
supplied to tanners by Cy-
anamid, TANAK® MRX Tan-
ning Agent proves espe-
cially valuable in white or
colored leathers. Applied at
the tanning drum, TaNak
MRX permeates the stock
and polymerizes, filling the
body of the leather. Leather
comes out softer and more
supple, with a tighter break,
thicker grain and better
temper. Other Cyanamid
chemicals for tanners in-
clude bating and dehairing
agents, dyes, pigments and
extracts. (Organic Chemicals
Division)

NEW PRODUCT DATA
CYANURIC ACID

H
G e G A
an '\r/'" ' Cyamn COMPANYy

n 0“ MEW Yoy 20, N, ¥

I I
PHYSICAL PROPERTIES
Appearance White solid Solubility  Water at 20° C: 2.5
Molecular Weight  129.08 g./l. Moderately sob-
‘M (zt..or;). ; nisant ut}e i? hot water. SoI‘;
elting Poin nfusible trat | ong o .
DasKsoeﬂ.ﬁ%n Constonts, HorTer e ot Additional information may be
at 25° kali. Insoluble in most q spiti
SR 631 x 108, ettt oMt obtained by writing on your
Second 7.94 x 107}

letterhead to the Division of
American Cyanamid Company
CYANURIC ACID, aninteresting s-triazine derivative, is now being of- indicated in the captions.
fered by Cyanamidin pilot-plant quantities. Both asa solid and inaque-
ous solution, cyanuric acid exists principally in the lactam or iso-
form (I). It yields salts with most inorganic cations and with some
organic bases and many alkaloids. Highly colored salts are formed
with metallic ions in the presence of ammonia. Reactions with am-
monia, phosphorus pentachloride, methyl iodide, diazomethane and
sodium hypochlorite have been reported. Cyanuric acid may be used
to prepare trichloroisocyanuric acid, a solid bleaching agent. It has
a herbicidal action that may be selective, and should also be inter-
esting in pharmaceuticals, microanalysis, resin formation and dye-
stuffs. (New Product Development, Department A)

Building for the Future
Through Chemistry
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Slamming the door
on radiation

Pushbutton control for 34-ton
shield door makes life
easier for scientists

Moving tons of shielding for personnel
protection is not an easy task at a medern
nuclear particle accelerator.

Early cyclotron workers, for example, had
to pile up large concrete blocks with a chain
hoist before they could fire up their cyclo-
tron. In the face of this labor, it’s no wonder
they were sometimes tempted to neglect
safety.

Not so with the modern 60-inch, 20-Mev
cyclotron at a large Eastern atomic labora-
tory. Here Ward Leonard centralized
motor controls smoothly and easily slide
a massive shield door into place when
experiments are about to begin.

The cyclotron, used to accelerate deu-
terons (the nuclei of heavy hydrogen atoms)
to 20 million volts, is only fair-to-middling
sized, as modern cyclotrons go. Neverthe-
less, the shield door, made mainly of lead,
measures 6 by 6 by 14 feet and weighs 34
tons—an example of the elaborate precau-
tions that modern atomic workers take to see
that radiation stays where it belongs!

The Ward Leonard Electric Company,
of course, is happy to have supplied the
fingertip control for this outsized door. It's
another of the many ways Ward Leonard
products serve science, industry and na-
tional defense today.

We’re happy, too, that Ward Leonard
products are selected for just those applica-
tions where dependability and consistent
performance are most urgently needed. We
continually aim for such performance in our
engineering and manufacturing, in our raw-
material checks ranging up to X-ray diffrac-
tion and spectrometry, and in our 100%
inspections and tests of finished material.
And, if that’s the kind of performance you’re
looking for in controls, relays, rheostats, po-
tentiometers, resistors or dim-
mers, write Ward Leonard
Electric Company, 80 South
Street, Mount Vernon, N. Y.

LETTERS

Sirs:

In “Pneumatic Buildings” [SciENTIFIC
AMERICAN, June] Murray Kamrass’s
statement that the idea of a pneumatic
structure “was never investigated on a
thoroughgoing scale until after World
War II,” requires some correction.

There was a project of the War Pro-
duction Board, Office of Production Re-
search and Development (W.P.B.—89)
in 1943-1944 at New York University,
College of Engineering, entitled “Air
Supported Roofs” in which the idea,
various designs and stress analysis were
extensively studied, large structural
models and wind-tunnel tests were un-
dertaken, and detailed information on
previously built pneumatic structures
was obtained.

Balloon-fabric structures similar to
those illustrated in Scientific American
were proposed during World War I by
Frederick William Lanchester, an Eng-
lish aeronautical pioneer.

Actual pneumatic structures investi-
gated in the War Production Board
project included the sheet-aluminum air-
ship of Ralph Upson, built in 1929, a
50-by-250-foot half-cylinder, sheet-steel
grain bin devised and built by John H.
MacMillan, Jr., in Minneapolis in 1934,
and a series of Wiggins inflatable tanks
built by the Chicago Bridge and Iron
Company up to 300 feet in diameter.

An invention of mine (U.S. Patent No.
2,355,248), a sheet-metal roof built on

|
Scientific American, August, 1956; Vol. 195, [
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the ground inside a concrete anchor ring,
and raised and stretched into a shallow
dome by air pressure, was carefully in-
vestigated and pronounced technically
feasible in the War Production Board
study.

In 1945, while designing a 900-foot
diameter aluminum stadium roof for
Glenn L. Martin that was never built, I
had occasion to visit the Curtiss-Wright
facilities at Buffalo that later became the
Cornell Aeronautical Laboratory. I have
sometimes wondered if my talk about
pneumatic structures was seminal of the
radar domes. . . .

HerBERT H. STEVENS, JR.

Long Island City, N. Y.

Sirs:

I am grateful to Mr. Stevens for bring-
ing forth additional historical informa-
tion concerning pneumatic structures. It
should be noted, however, that the units
mentioned by Mr. Stevens are thin metal
shells. These are essentially complete
structures and are not pressurized, al-
though internal air pressure may be
necessary for stabilization. The pneu-
matic radomes and other forthcoming
fabric structures are basically different in
that they are nonstructural until they are
pressurized. I am not aware of any de-
tailed investigation or development of
pressurized-fabric buildings prior to that
conducted by the Cornell Aeronautical
Laboratory.

MurraYy KAMRASS

Cornell Aeronautical
Laboratory, Inc.
Buffalo, N. Y.

Sirs:

It is surprising to find one of your able
reviewers contributing, even in a passing
reference, to the persistence of a popular
myth. In his review of Leonard Bertin’s
Atom Harvest [SCIENTIFIC AMERICAN,
June] James R. Newman, perhaps fol-
lowing the author, writes, “When the
Germans tore through the Maginot Line,
the plan was put into execution.” When
did the Germans tear through the Magi-
not Line?

They tore past it, they tore round the
end of it, but no direct attack was made
on it until June 14, a month after the
break-through at Sedan, and 10 days
after the last British and French troops
had been withdrawn from Dunkirk. The



BEHAVIOR OF CHROMIUM STEELS OF DIFFERENT ALLOY CONTENT
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Heres 124 Pages of Valuable Data
on STAINLESS STEEL

Stainless and heat resistant steel can usually be
classed as a critical material, since it not only
contains strategic alloys but is indispensable in
many vital industrial and armament applications.
It is always important, therefore, to make every
pound go as far as possible.

The latest edition of our comprehensive 124-
page, case-bound Stainless Steel Handbook is
ready for distribution now. It will help you to
select the right stainless steel and to use it
properly. Comprehensive listings of analysis,

For Stainless Steel in ALl Forms-call

Allegheny [udlum

Warehouse stocks carried by all Ryerson Steel plants

wsw 5185 B

properties and characteristics of each type will
guide you in specifying grades that will do your
job most efficiently. Clear, concise fabrication
data will help you speed productionand cut waste.

Your copy of the Stainless Steel Handbook
will be sent—uwithout charge—upon request. Our
only stipulation: please make your request upon
your company letterhead. ® Write Allegheny
Ludlum Steel Corporation, Oliver Building, Pitis-
burgh 22, Pa.

ADDRESS DEPT. SC-80

L3
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“BOBSLED RUN FOR FLEAS”

Although it seems screwy, here’s proof that fleas
have their Olympic Games, too! And they’re
mighty impressive, so I understand. After singing
their stirring anthem “The Battle Cry of Flea-
dom”, the little chaps plunge into a series of thrill-
ing athletic events. In addition to the 50-inch
dash, there’s the brad jump, the poodle vault and
and the pocket mirror-thon. The main event is the
golf match over the rugged Airedale course. The
competitors in this are especially jumpy, because
i’s a tricky layout complete with dog-legs, and
they all start from scratch.

While you’re here — if you are — I’d like to put
a flea in your ear about the J & L Comparator. It is
an ingenious inspecting and measuring instrument
that speedily and precisely handles all sorts of
parts and objects, in a variety of sizes and shapes.
The J & L Comparator is accurate to .0001”, and
is equally suited to both production-line and job-
shop work. It is extremely flexible in application,
and enables you to perform inspections that are
not possible by any other method. Available in
eleven models. Interested® Write Dept. 710 for
complete information foday!

JONES & LAMSON OPTICAL COMPARATORS

Modern Corporation, Detroit, Michi-
gan, manufacturer of.-fine MODCO cut-
ting tools, says this about their 30-inch
J & L Comparator: “Modern Corpora-
tion’s 30-inch J & L Comparator has
become the key instrument in the in-
spection of fine MODCO tools. Its
size enables the inspector to examine
the complete contour of most tools,
without transfer of reference points,
and thus without the chance for
human error to creep in.”

Photo courtesy of Modern Corp., Detroit, Mich.

While the primary reason Modern Corpora-
tion bought the Comparator was to promote
inspection accuracy, it is showing an im-
portant cost saving: Every time the ] & L
Comparator is used on large tools, it saves
from three to five dollars per hour.

Jones & Lamson makes a complete line of 11
Comparators, in both bench and pedestal types.

JONES § LAMSON

JONES & LAMSON MACHINE COMPANY, Dept. 710, 529 Clinton Street, Springfield, Vermont, U. S. A.
Please send me Comparator Catalog 402-C, which describes the complete J&L line of optical comparators.

name
company
street

city
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Seine had already been crossed before
the Maginot Line was attacked, and
Paris fell on the day of the attack. By the
time the Germans had penetrated the
|lines a few miles beyond Colmar and
| Saarbriicken, other German armies had
reached Dijon and Besangon. On June
| 23 the French Government announced
the signing of an armistice; the last forts
of the Maginot Line did not surrender
until June 30.

That is hardly what one would call
“tearing through the line.” It is a small
point, and does not affect the general ex-
cellence of an admirable review, but it is
myth masquerading as history, and no
| one is better aware than Mr. Newman
that myth has no place in history except
to be discredited.

L. A. Mackay

Berkeley, Calif.

Sirs:
In your department “Science and the
Citizen” for September, 1955, you

printed a report on the investigations of
an Englishman, C. C. Balch, in connec-
tion with his theory that ruminants do
not sleep stretched out prone because of
their peculiar digestive arrangements,
and that, in fact, ruminants do not truly
sleep in the generally accepted sense of
the word. To test his theory he had cor-
responded with zookeepers around the
world, and had spent many nights in cow
| barns. In all cases the observed animals
had merely rested, chewed their cuds,
and only occasionally shown signs of
drowsiness. The cows had kept a wary
eye upon him throughout the night.
This report might be interpreted
| either as additional evidence of the
| world-wide research upon human beings
being carried out by animals or as con-
firmation of the fact that Englishmen
need watching. Would it not be true to
| surmise that any intelligent creature,
| having been yoked in a position which
‘ prevents lying prone, and having a total
stranger camp himself for the night a
few feet away, would be somewhat cau-
tious about sleeping?

It might be a more tenable theory that
ruminants with large antlers or horns
protruding from the sides of their heads
find it uncomfortable to lie stretched out
on their sides. Young hornless animals, or
| those which have shed their antlers,
would use the stretched-out position
most, while those which have been de-
horned might require a little time to
realize that the horns are not still there.

Nevertheless, do

many ruminants
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MONEY DOESN'T GROW ON TREES...

HEMICALS |

BUT PROFITS GROW
ON THIS ONE!

Faster processing! Improved chemical
reactions! Lower production costs! Better
products! They’re yours for greater profit
with these versatile ALcoa® Aluminas.

Throughout industry, multi-purpose
ALcoA aluminum oxides improve such
varied products as refractories and abrasives
... ceramics . . . porcelain and
chinaware . . . soap and cosmetics . . . glass
and glaze . . . paper and ink . . . textile
thread guides . . . anti-skid flooring . . .
rubber and plastics . . . jewelry . ..
cleaners and polishers. Your own research
department can show you how to use the
physical, chemical, thermal or electrical
properties of ALcoA Aluminas to make your
products still better—faster, more economi-
cally. Produced in vast quantities primarily
for the aluminum industry, they are available
to you at reasonable cost.

We'll gladly furnish samples and detailed
information along with any necessary tech-
nical assistance. Write Aluminum Company
of America, 706-H Alcoa Building,
Pittsburgh 19, Pennsylvania.

THE ALCOA HOUR
TELEVISION'S FINEST LIVE DRAMA
ALTERNATE SUNDAY EVENINGS
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Makes industrial testing
tuning your radio!

gasy as

Used in these and
many other industries
to maintain guality
and hoost output:

METALS

RUBBER
PETROLEUM
FOODS

PLASTICS

PAINTS

PLATING

LEATHER

DYES

PAPER

BEVERAGES
TEXTILES
PHARMACEUTICALS
SYNTHETIC FIBERS

BAUSCH & LOMB

ilNClVllSl

America’s only complete optical source. .. from glass to finished product.

This low-cost “production tool” makes it easier
than ever to get quick, dependable photometric
readings. In many industrial laboratories it is
the basic equipment for quality control testing,
inspection ... even research! In others, it han-
dles all routine work, taking the load off ex-
pensive, special-purpose equipment.

® DEPENDABLE ACCURACY! Narrow band pass
(only 20 mpu!) assures highest spectral purity.

® EASIEST TO USE! Dial instantly sets Certified-
Precision diffraction grating to desired
wavelength; no color filters to fuss with.

® FASTEST READINGS! Instant-acting meter
gives exact percent transmission, or optical
density.

® LOW PRICE, DOUBLE VALUE! Colorimeter
plus spectrophotometer, 365mu-950mp,
range, in one long-life, trouble-free instru-
ment. (Extended range, 340mu-950my, at
slight extra cost.)

WRITE FOR IMPORTANT DATA

For your free copy of
informative Catalog D-266,
write Bausch & Lomb Optical
Co.,78108 St. Paul Street,
Rochester 2, N. Y. (Obligation-
free demonstration on request.)
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sleep stretched out on their sides: dairy
| cows sleeping in this position are espe-
cially familiar to farmers in the spring;
caribou and reindeer often lie this way,
usually after shedding their antlers;
goats will even sleep on their backs with
their feet in the air. And our musk oxen—
true ruminants—always sleep in this
stretched-out position both in the wild
and up here in Vermont. During any rest
period the musk oxen might appear to
the unaware as a herd of dead animals
scattered about the pasture. So deep is
their sleep that one must prod and shake
them to wake them up, whereupon, de-
pending on their dreams, they are either
off with a bound or stretch lazily, licking
the taste of sleep from their lips.

Jonn J. TEaL, Jr.

Director

Institute of Northern Agricultural
Research

‘ Huntington Center, Vt.

ERrRrRATA

In the June issue of this maga-
zine a sentence was inadvertently
omitted from the letter by Warren
Weaver on pages 20 and 22. The
relevant portion of Dr. Weaver’s

| letter reads as follows:

“In the Principia Mathematica
of Alfred North Whitehead and
Bertrand Russell, one of the basic
rules of procedure is the so-called
Principle of Exportation. This may
be stated in words: If p and g
jointly imply , then p implies that
q implies r. As applied to our situa-
tion, this Principle of Exportation
permits one to proceed from the
statement:

“If Carr and Allen are both out,

| then Brown must be in

“to the statement:

“If Carr is out, then if Allen is
out Brown is in.”

| In the same issue the table on
page 83 of the article “Gédel’s
Proof” was in error. As published,
the first two lines of the table read
| as follows:

' A 125,000,000

B 64 X 125 X 15,625

These lines should actually be:

A 243,000,000
B 64 X 243 X 15,625




CRYSTEX
DOESN'T MIGRATE

Do you need a sulfur that won’t “bloom”

on white or pastel rubber?
Stauffer’s Crystex® is what you need...
indeed, it’s what you must have when you
need an almost completely insoluble sulfur.
Crystex is exclusive with Stauffer.
Crystex fineness and other characteristics
are unmatched ... unduplicated . ..
unapproached . . . unique. Crystex is a
product of Stauffer Research, developed
to meet special needs of the rubber
industry. Available for immediate shipment

in carloads or truckloads.

Stauffer
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STAUFFER CHEMICAL COMPANY
380 Madison Avenue, New York 17, N. Y.
Telephone: OXford 7-0600
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Few casting requirements are more
demanding than those imposed by
manufacturers using high speed
aluminum impellers. This example, an
aluminum supercharger impeller, has
the required smooth fluid flow surface,
the metallurgical quality and uni-
formity to consistently pass rigid spin
tests, and the accuracy to deliver de-
signed performance and minimize
balancing.

Morris Bean & Company is an
acknowledged leader in the field of
quality fluid flow castings. Send for
booklet which includes pictures and
specifications on outstanding fluid
flow castings.

Morris Bean & Company

Yellow Springs 5, Ohio

a, Morris Bean impeller
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20 AND 100
YEARS AGO

AUGUST, 1906: “Valuable informa-
tion concerning the thickness of the
earth’s crust has been obtained as the
result of a series of investigations by the
Hon. R. ]J. Strutt, F. R. S., the well-
known British scientist and son of Lord
Rayleigh. Since the first discovery of
radium by Madame and Prof. Curie, this
scientist has been engaged in a careful
computation of the average amount of
radium contained in the various repre-
sentative igneous rocks to be found on
the external surface of the earth. The
fragments of rock were decomposed by
means of chemicals, thereby breaking up
the various constituents, the yield of
radium present being determined in a
quantitative manner by the extent of its
emanations. As the result of prolonged
investigations, Strutt has ascertained
that the presence of radium can be
easily denoted in all rocks of igneous
origin, but the percentage is highest in
granitic formations.”

“Kollmann, the professor of anatomy,
has recently written an exhaustive article
on the subject of the relationship be-
tween man and the Pithecanthropus
erectus of Dubois. It will be remembered
that some years ago Dubois discovered
on the island of Java some bones—the
femur and several bones of the cranium—
which resembled both the corresponding
bones in the human frame and also in
the frame of a monkey. It was the scien-
tist Schwalbe who christened this hypo-
thetical animal with the name Pithecan-
thropus erectus, or man-monkey stand-
ing erect. A minute examination of the
bony remains of Java permitted the
hypothesis that they had belonged to a
being of great stature, with habits still
arboreal, and which probably passed a
great part of its time in the trees, but
which, like man, already possessed the
faculty of speech. But Kollmann now
shows that although these bones dis-
covered in Java are of great paleonto-
logical importance, they should be in-
terpreted in quite a different manner.
He asserts that the animal to which they
belonged could not have been a precur-



1948 —Early “point
contact” transistor.

1950 —Early
“junction” transistor.

Experimental

“diffused base”
transistor.

“Grown junction”;
used to amplify

received speech in
special telephones.

“Alloy junction”; used
in first completely
transistorized carrier
telephone system.

Phototransistor;

provides electric
“eye” for direct
distance dialing. N

“Grown junction,” \
tetrode type; high N
frequency amplifier.

“Diffused base”’;
high frequency

“Alloy junction”;
low frequency
power amplifier.

In 1948 Bell scientists announced
their invention of the transistor—a
tiny device able to amplify signals
a hundred thousand times using a
small fraction of the power of an
electron tube.

From this original “point contact”
transistor has grown a distinguished
family of immense usefulness to
electronics. Some of its leading

members are shown here, in approxi-
mate actual size, with their scientific
type names.

For telephony the transistor has
opened the way for notable advances
in instruments, transmission and
switching. Elsewhere it has opened
the way to advances in hearing aids,

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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broadband amplifier.

television, computers, portable radios
and numerous military applications.

Bell’s transistor family is typical of
the Bell Laboratories research that
helps keep your telephone service the
world’s best—and at the same time
contributes importantly to other
fields of technology.




(above) Nuclear-Chicago scintillation
detectoris lowered into water for trac-
ing the radioactive sewage effluent at
varied depths over a 25 square mile
area. (right) Gamma-ray spectrometer
system, ratemeter and recorder on
laboratory ship measure and chart
traces of radioactive scandiumduring =
36-hour period of experiment.

RADIOACTIVITY HELPS PREVENT BEACH
POLLUTION FROM SEWAGE EFFLUENT

In a unique experiment just completed in Santa Monica Bay, Cali-
fornia, radioactive isotopes were successfully used to trace the dis-
persion of sewage effluent in ocean waters. The results are helping
to establish proper design procedures to insure against beach pollu-
tion in a current expansion of the Los Angeles sewage system.

The tracer experiment was a joint project of Hyperion Engineers,
Nuclear Science and Engineering Corporation and the Hancock
Foundation of the University of Southern California. Twenty curies
of scandium-46 were mixed with sewage effluent and discharged
into the sea. Scientists aboard a laboratory ship then took radio-
active measurements over a wide area to determine dilution rate
and direction of diffusion.

Since this was a “‘one-shot’’ experiment, the dependability and
overall sensitivity of the equipment were extremely important. The
instruments chosen, including the DS5-3 scintillation detector, 1810
gamma-ray spectrometer, 181 scaler and 1620 ratemeter were stand-
ard Nuclear-Chicago catalog items.

nuclear-chicago

NUCLEAR INSTRUMENT AND CHEMICAL CORPORATION
247 West Erie Street, Chicago 10, lllinois
LEADERS IN MAKING RADIOACTIVITY COUNT
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sor of man, for, although they certainly
belonged to one of the most highly de-
veloped of the anthropoid apes, the ani-
mal’s habits and customs could not have
differed from those of its cousins still
living—the chimpanzee, the gorilla, the
orangoutang—all species of animals
which have reached the extreme limit
of their variability. Kollmann is rather
of the opinion that the direct antecedents

| of man should not be sought among the

species of anthropoid apes of great
height and with flat skulls; but much
further back in the zoological scale,
among the monkeys with pointed skulls.”

“The phonograph is being diverted to
valuable scientific account in Great
Britain in preserving records of rapidly
decaying dialects of the Isle of Man and
Guernsey. In the former island the
dialect language is one of the Gaelic
group, and so rapidly is it disappearing
that it is anticipated that it will become
extinct during the present generation.
The Manx Language Society is dispatch-
ing phonographs to remote parts of the
island, the aged inhabitants of which still
retain a pure accent, and the numerous
records thereby obtained are to be pre-
served. In Guernsey the dialect is the
old Norman French, and in its main
features is exactly the same as that used
by the cultured class in England many
centuries ago. In this instance the phono-
graph is to be utilized for the collection
of the dialect poems, folk songs and folk-
lore of the island.”

AUGUST, 1856: “The American As-
sociation for the Advancement of Sci-
ence is now holding its tenth annual
meeting in Albany, N. Y. The president,
James Hall of Albany, called the Asso-
ciation to order, and Dr. Sprague opened
the proceedings with prayers. American
dons of science are present in strong ar-
ray—Agassiz, Henry, Peirce, Horsford,
&c. &c., and a delegation from Canada
consisting of Prof. Smallwood, Sir Wm.
Logan and others.”

“Prof. Morse, who is now in Europe,
has received great attention from most
scientific men and from the most emi-
nent electricians in England. A corre-
spondent of the Philadelphia Ledger
says: ‘In Paris Prof. Morse was received
by the Count de Nourhy, the Director
General of Telegraphs, with the utmost



Stripped for alﬁn in .015 seconds...

with Stores-Ejection Cartridges by WINECHESTER - Zoalovr

WINCHESTER-WESTERN IS EQUIPPED TO HANDLE
DESIGN, RESEARCH, TESTING
AND PRODUCTION ON:

©® Powder-actuated devices, ejection cartridges,
metal forming cartridges, and other packaged
power requirements

© Ballistics research and cartridge development

® Ignition systems, primers, and jet re-ignition

® Arming mechanisms of many types

® Precision metal parts, extrusion, deep drawing
stamping, forging, screw machine work

o Weapons systems

TRADEMARK TRADEMARK

Mach 1 or better, the F-100 lets wing tanks “go” in a split second. As
aircraft speeds increase, Winchester-Western's complete mastery of internal
and external ballistics becomes increasingly important to air frame manufac-
turers. The same special instrumentation and knowledge that solved the
F-100’s wing tank ejection problems with a minimum of time and effort may
literally save you months in answering a wide variety of problems dealing
with thrusters, stores ejection or canopy removal.

Winchester-Western’s complete facilities and long experience with many
varied types of armaments, cartridges, ignition systems and packaged power is
constantly at the service of interested manufacturers and the Armed. Forces.

Research and Production facilities at Cleveland, Ohio, East Alton, Illinois
and New Haven, Conn.

Employment inquiries are invited from qualified engineers and scientists.

WINCHESTER-WESTERN DIVISION -  OLIN MATHIESON CHEMICAL CORPORATION -  NEW HAVEN 4,. CONNECTICUT
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Radio Receptor’'s diodes

are assembled under glass

in a DRY atmosphere

A Lectrodryer maintains the extreme DRYness required

Moisture is locked out of this chamber in which germanium gold-bonded
diodes are being assembled at Radio Receptor’s Brooklyn, New York,
plant. A constant supply of DRY air from Lectrodryer keeps the flow
of air outward. This makes certain there’s no moisture present to impair
the high quality of these precision products.

Type CH Air-Drying
Lectrodryer

More and more manufacturers are
learning how vital DRyness is in the
production and operation of elec-
tronic equipment. Moisture is a
hazard which cannot be tolerated, if
quality is to be maintained and pro-
cedures standardized.

You may be dealing with small vol-
umes of air, as here at Radio Receptor
Company, or with entire workrooms.
There are Lectrodryers to handle any
volume and any degree of DRYness.
Tell your DRrYing problem to Pitts-
burgh Lectrodryer Company, 336 32nd
Street, Pittsburgh 30, Pennsylvania
(aMcGraw ElectricCompany Division).

LECTRODRYER

REGISTERED TRADEMARK U.S. PAT, OFF

LECTRODRYERS DRY WITH ACTIVATED ALUMINAS
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courtesy, and, being ushered into the
telegraph rooms of the central station,
about thirty instruments of his invention
welcomed him with the music of their
filial voices. A reminiscence made this
scene peculiarly interesting. These in-
struments were in the building which
formed the central station of the French

ISemaphore Telegraph, by whose out-

stretched but now unmeaning arms it is
still surmounted. In that same building,
eighteen years ago, Prof. Morse ex-
hibited his instrument, and endeavored,
in vain, to satisfy the managers of the
Semaphore that he had brought them a
superior system. What he could not do
for his instrument it has done for itself,
and now it constitutes the only telegraph
in the French Empire.””

“The remains of a magnificent palace
have been discovered under a garden on
the Isle of Capri. It must not only have
been splendid in structure, but in situa-
tion, commanding a view of the Bay of
Palermo and Naples. Marbles of various
colors were used in its construction, and
all its apartments, so far as the examina-
tions have proceeded, are of the most
spacious and elegant character. The
doorway is twelve feet wide, and of
white marble, and the rooms are paved
in mosaic, while the walls are painted
red, blue, yellow, &c. Several coins of
the reigns of Augustus and Tiberius have
been found, some of them disclosing the
curious fact that the coins of one reign
were at times recoined in another.”

“According to a Milan newspaper the
Rev. Father Secchi, director of the ob-
servatory at Rome, has succeeded in
taking photographs of the moon. Among
them there is one in which the mouth of
a volcano of Copernicus is distinctly rep-
resented. The same volcano was shown
on photographs taken by Mr. Whipple,
of Boston, four years ago, and sent to this
office.”

“A patent granted to Gail Borden,
Jr., of Brooklyn, N.Y., for concentrating
sweet milk in vacuo, embraces the dis-
covery made by him that, to render con-
centrated sweet milk capable of long
keeping and solution in water, it must
be kept out of contact with the atmos-
phere during concentration, to prevent
incipient decomposition. Milk concen-
trated by his process requires no antisep-
tic, like other concentrated milks; it is
perfectly soluble in water and it has been
tested with great satisfaction in voyages
across the Atlantic. Pure sweet milk can
be concentrated in the rural districts and
sent to cities in tin canisters.”
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1,000 TIMES MORE SENSITIVE THAN A TELEVISION CAMERA, this optical amplifier (shown center foreground) now being

SUPER-TV GIVES PILOT
WITH DAYLIGHT BRIGHT

On a black, moonless night, recently, U. S. Airmen flying
over the Wright Air Development Center at Dayton, Ohio,
saw ground installations with daylight brightness. They
saw by means of a new optical amplifier, conceived by
the Aeronautical Research Laboratory, and popularly
known as ‘“Cat Eye.” It greatly intensifies light which is
always present but unseeable by the human eye.
Westinghouse has been asked to perfect the key trans-
ducer for this amazing electronic instrument, already
1,000 times more sensitive than a television camera.

Results have been achieved by Westinghouse which were
considered hardly possible by other companies.Westing-
house was a logical choice. For nearly eight years, the
X-ray Image Intensifier, invented by Westinghouse, has
been lifting the horizon of sight. With it, doctors can see
clearly what goes on inside the body—the heart beating,
food being swallowed, lungs breathing.

In fact, modern radio and television were born at
Westinghouse. No one ever heard an officially scheduled
broadcast until Westinghouse radioed the Harding-Cox
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perfected for the U. S. Air Force will enable pilots to see in the dark with daylight brightness. Pilots view the ground on a TV screen.

PICTURES OF GROUND
NESS ON DARKEST NIGHT

election returns in 1920. No one ever saw all-electronic
television until Westinghouse staged a five-mile telecast WATcH
in the late 20’s.
Last year Westinghouse produced the first 22-inch all- o s
glass, rectangular, shadow-mask color TV tube, the most w E STIN GH U E o’
advanced in the industry. Now Westinghouse experience
will help to improve the “Cat Eye” system so that U. S. WHERE BIG THINGS

airplanes can see at night.
For everything in electronics “You can be sure, if it’s ARE HAPPENING TODAY!

Westinghouse.”
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Brush Still. ..

new, more efficient way to
distill up to M. W. 900 and higher

Operating at pressures as low as one-
millionth of atmosphere, the new
batch brush still affords the greatest
fractionating efficiency of any high-
vacuum still now commercially avail-
able.

Separation efficiency of the brush
still 1s 900 to 10009, higher than that
of the usual pot or falling film types
of vacuum stills. Heavy materials
with molecular weights of 900 and
higher can thus be economically dis-
tilled in a fraction of the time
formerly required.

In operation, distilland is vapor-
ized in a boiler and rises inside a
heated glass column maintained under
high vacuum. It condenses on an air-
cooled, stainless steel brush rotating
at 450 rpm and is flung out to the
heated surface of the column. The
material partially vaporizes again
and rejoins the main vapor stream to
repeat the process.

As the result of continuous re-
evaporation and re-condensation over
the entire length of the column, the
lightest fraction of the distilland
works its way to the top. Here it
condenses on an air-cooled wall and
flows into a receiver at rates up to
100 cc per minute.

Consolidated also manufactures a
series of centrifugal molecular stills
which separate heat-sensitive ma-
terials with molecular weights up to
1200 with a lower thermal hazard
than any other accepted method of
distillation.

For further information on both
types of stills, send for Bulletin No.
3-20-Z1.

*A royalty-free, non-exclusive
Iz, h i,

Load
purposes” i included with the
purchase of each brush still.

FULN

Consolidated Eleclrodynamlés

CORPORATION

ROCHESTER DIVISION, formerly Consolidated Vacuum
Rochester 3, N. Y. '
Sales Offices: Albuquerque » Atlanta « Boston « Buffalo « Chicago e Dallas o Detroit -
New York o Pasadena ¢ Philadelphia « San Francisco » Seattle « Washington, D. C.
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THE AUTHORS

E. P. ROSENBAUM (“Physics in the
U.S.S.R.”) is a member of the board of
editors of SCIENTIFIC AMERICAN. In
gathering information for this article he
interviewed Robert R. Wilson and Rob-
ert E. Marshak, two of the 14 U. S.
physicists who attended the recent con-
ference on high-energy physics in Mos-
cow. Wilson, director of the Laboratory
of Nuclear Studies at Cornell University,
designed Cornell’s billion-volt electron
synchrotron, the first accelerator to make
use of the strong-focusing principle.
Marshak, Harris Professor and chairman
of the physics department at the Uni-
versity of Rochester, in 1947 predicted
the discovery of the pi meson.

BRUCE C. HEEZEN (“The Origin
of Submarine Canyons”) is research as-
sociate at the Lamont Geological Ob-
servatory and lecturer in submarine
geology at Columbia University. While
he was an undergraduate at the Uni-
versity of Iowa, preparing for a career
in invertebrate paleontology, Maurice
Ewing, director of the Lamont Observa-
tory, came to Iowa on a speaking tour.
His lecture on the geology of the sea
floor so interested Heezen that he de-
cided he wanted to investigate “the
problems that lay unanswered beneath
the sea.” Ewing invited him to accom-
pany the 1947 cruise of the research
vessel Atlantis, but he passed up the
opportunity in order to head a much
smaller expedition which reconnoitered
the continental shelf and slope off New
England. Since then he has spent three
to nine months a year in deep-sea ex-
ploration.

GEORGE A. MILLER (“Information
and Memory”) is associate professor of
psychology at Harvard University. As an
undergraduate at the University of Ala-
bama “I wanted to be a writer, but since
I lacked talent, I migrated from English
to speech.” The migration continued
when he became an instructor in psy-
chology at Alabama and two years later
enrolled at Harvard for graduate study.
During the war he worked at Harvard’s
Psycho-Acoustic Laboratory analyzing
voice communication. He got his Ph.D.
there in 1946. “I suppose my persistent
interest in communication is a symptom
of intellectual claustrophobia. In any
case, when Claude Shannon’s mathe-
matical theory of communication ap-
peared in 1948, it provided exactly the



Out Chicago way, at Lindsay Chemical
Company, they’re busy exchanging ions.
Purpose? Obtaining commercial quanti-
ties of such rare earths as samarium,
europium, gadolinium, terbium, dyspro-
sium, erbium, thulium, ytterbium, yttri-
um, lutetium, and holmium.

At the heart of Lindsay’s purposeful
and plentiful piping and plumbing, you’ll
find a number of Pvrex brand glass
columns.

Glass because it provides complete
visual control. Pyrex brand glass No.
7740 because (as Lindsay people tell) it
provides an absolute minimum (not
minimium) of contamination and a flexi-
ble system that permits ready adjustment.

(Commercial: Chemists are only one
breed of practical-minded men who have
turned to a PyrEx brand glass in one
form or another to solve a particularly
challenging materials problem.)

Facts: Pyrex brand glass No. 7740 is
a borosilicate glass having low alkali
content and unusual capacity to with-
stand the ravaging attacks of most acids,
and environments like steam under
pressure.

This glass also displays a commendable
capacity to cope with thermal stress,
exhibiting a linear coefficient of expan-
sion of 32.5 x 1077 per °C. between 0°
and 300° C.

It’s a clear glass and can be handled
as blown or pressed ware; also readily
made into plates and panels, tubing and
rod.

In one product development, even one-
piece molding of a quite complex shape was
profitably accomplished for a manu-
facturer of dentists’ sterilizer trays.

Pvrex brand glasses (including a num-
ber of interesting variations similar to
7740) offer an unusual challenge to those
concerned with the successful and profit-
able solution of materials problems.

Some hints about the Pyrex brand and
other glasses by Corning in use can be
gleaned from Bulletin IZ-1, “Glass . . .
its increasing importance in product
design.” Free with the coupon.

On getting one’s bearings
Glittering and glinting against a black
velvet backdrop are these 34-inch high
letters spelling Y O U.

Forming this simple word took 43
jewel bearings, those minuscule mecha-
nisms that contribute so much to the per-
formance accuracy of many kinds of
instruments.

These particular “jewel” bearings are
made of glass, a not uncommon practice.
Bearings made of glass get their start as
cane—cane that we hold in manufac-
turing to a diameter tolerance of .0235”.
(Cane, by way of elucidation, is glass

industry jargon for what you probably
call solid rod.)

At any rate, spaghetti-like strands of
this cane are supplied by us to makers of
precision instruments. Our job is purvey-
ing preliminary precision; we do not make
the finished bearings.

Still, the glass itself might be of interest
to you, since along with close tolerances,
it possesses quite astounding surface
hardness.

Specific values are somewhat difficult
to spell out because of the conflicting
methods extant for comparing various
materials.

If you wish to pursue this point further,

CORNING GLASS BULLETIN

FOR PEOPLE WHO MAKE THINGS

however, we’ll happily supply you with
all the details.

As a matter of record, hardness is just
one of the many useful characteristics
available in the glasses that Corning
engineers today.

From amongst the thousands of formu-
las developed by Corning research, you’ll
find glasses that selectively transmit or
absorb almost every form of radiant
energy; glasses lighter than aluminum
or heavier than concrete; ribbon-thin or
brickwall - thick; sensitive or indifferent
to temperature. In fact, you name the
combination of characteristics desired and
there’s probably already a glass to fill
the bill.

Of necessity this sweeping survey only
begins to tell the story of glass as a basic
material of design and construction.

For more substantial fare, we recom-
mend one or more of the following: Bulle-
tin B-83: “Properties of Selected Com-
mercial Glassware,” a slender but solid
compendium of data; “Glass and You,”
a well-illustrated introduction to the
working wonders of glass; or, “New In-
dustrial Uses for Glass,” a reprint of a
survey article that appeared in Product
Engineering last summer. Using the cou-
pon will expedite matters.

Wanted: Men with materials
problems

If you have a stubborn materials problem
that might find its answer in glass, let’s
get together.

In searching for the answer, you may
find it profitable to put to your use our
research, application, design and produc-
tion experience . . . plus facilities.

Time and time again we’ve been
pleasantly surprised by the ingeniousness
of people who have hit upon some new
use for glass—a new use that we’ve
helped put into practical and profitable
shape.

Maybe you’re next. Write, wire, or call.
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CORNING GLASS WORKS, 49-8 Crystal Street, Corning, N.Y. |

i Please send me the following material: Bulletin 1Z-1, "Glass . . . its increasing importance I
I in product design” [J; lllustrated Bulletin, "Glass and You" []; Bulletin B-83, "Properties |
| of Selected Commercial Glassware” [[]; Product Engineering reprint [ ]. I
I Name Title |
I Company :
| Street |
= City Zone State :



stimulation I was looking for. It took me
four years to realize the significance of
the fact that the amount of information

Facts You Should Know
we can remember is not an invariant
abo ut measure of our mnemonic capacity. At

about the time the light broke I became
H H involved in the work of the Lincoln
FOOte thh ium compou nds Laboratory and had to postpone further
development of this line of thought until
I returned to Harvard last year. The
present article, therefore, is the result of
eight years” wondering in the bewilder-
In most every respect, there's nothing conven- | ness. And as careful readers are sure to
tional about the compounds of lithium. Although | detect, I'm not home yet.”
they should be similar to the other alkali com-
pounds they frequently behave more like the DONALD STANLEY MARSHALL
. alka!n;e earthsb.. T?‘us, ";""Y I'":f“m Che";"f“’lé (“The Settlement of Polynesia”) is re-
provide a combination of properties unmatche arch anth logist at the Peabod
propertles by any other compounds. Lithium stearate, for search anthropologist a e e?bo Y
Museum of Salem, Mass., which is one

example, has a high melting point like sodium f the old h hi .
stearate, yet is insoluble like calcium stearate. | © the oldest ethnographic museums in

This unique combination of properties is the key existence and is noted for its Polynesian
to a truly multipurpose grease that has gained | collection brought back by whalers and
universal acceptance and use. traders. He holds three degrees from
Harvard—A.B., A.M. and Ph.D.—and al-
so taught there as Earnest A. Hooton’s as-
sistant. During three years of field study

The unusual properties of lithium and its com- | . . .
pounds are fulfilling notably diverse re- | the Pacific Marshall has visited Fiji,

quirements in many industrial products and Hawaii, New Zealand, Samoa, the Cook
usefulness processes. Among these are lubricating grease, Islands, Tahiti, the Austral Islands and

ceramics, porcelain enamels, air conditioning, | the Tuamotus. He has done most of his

glass, electric storage batteries, metallurgy, | field work on linguistics and general

and pharmaceuticals, etc. cultural anthropology. Marshall is now
completing a comprehensive book on the
Polynesian language.

However, the surface has only been scratched.

Both the organic and inorganic aspects of FREDERICK SEITZ and EUGENE

otentialities lithium compounds offer challenging potential- | T WIQNER (“The Effects of Radiz‘it‘ion
p ities for imaginative research and development. | on Solids”) are among the physicists
Truly, lithium is characterized by its uniquely | who have pioneered the field of atomic
valuable inconsistencies. energy. Seitz was born in San Francisco

and got his doctorate at Princeton. He
did work for the Office of Scientific Re-
search and Development and for the

lithium compounds, Foote Mineral is processing | AAtomic Energy Commission. Since 1949
its own vast domestic deposits of lithium ore— he has been professor of physics at the
sufficient to satisfy all anticipated industrial | University of Illinois. Wigner was born
supp'y needs. You can take full advantage of lithium | in Budapest and educated in Germany.
compounds with the assurance of an abundant / In 1930 he joined the faculty of Prince-

Recognized as the world’s leading producer of ‘

supply. ton University, where he is now Thomas
Now is the time to take a fresh look at Foote | D- Jones Professor of Mathematical
lithium compounds. Physics. At the Metallurgical Laboratory
in Chicago he helped to design and build
the first atomic pile underneath the
stands at Stagg Field. Just after the war
he was director of research and develop-
ment at the Clinton Laboratories in Oak
Ridge. Wigner is the current president of
the American Physical Society.

Foote’slithivm‘‘Idea Book."’
Newly compiled technical
data — the "'spark’ from
which new multi-million
dollar ideas will be born.

ANTHONY C. ALLISON (“Sickle
Cells and Evolution”) is a postgraduate
fellow at the University of Oxford, where
he is engaged in research on cell metabo-
lism in the Medical Research Council
| Laboratories, directed by the famous

biochemist H. A. Krebs. Allison was

FOOTE MINERAL COMPANY
454 Eighteen W. Chelten Bldg., Phila. 44, Pa.
RESEARCH LABORATORIES: Berwyn, Pa.

PLANTS: Exton, Pa.; Kings Mountain, N.C.; Sunbright, Va.; Knoxville, Tenn,
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EDP for me?

3% Electronic Data Processing—its full effi-
ciency and economy—is now practical for
more clerical and arithmetic operations than
ever before.

Large Computer Techniques
in Low-Cost Unit

Now, the proven electronic techniques of
large-scale digital computers are available in
alightweight, desk-sized data processing
machine with power requirements of less
than 500 watts.

This versatile and highly reliable unit
offers all-electronic techniques in arithmetic
and switching operations...magnetic drum
internal storage...large-capacity external
storage...transistorized plug-in circuits...
high-speed operation...one-minute re-pro-
gramming—nothing has been overlooked in
this high-performance design.

And the cost is little more than the annual
wage of four clerks.

Such versatility, reliability and low price
in so compact a unit are the result of S-W
Electronics’ years of experience in supplying
digital data processing systems to the mili-
tary—and advanced developments in cir-
cuitry, components and all-electronic
techniques.

EDP for You?

Yes! Our staff of systems analysts is ready
to survey your particular data handling prob-
lems...show you how this practical and ver-
satile equipment can now bring you all the
modern economies of EDP. Make your re-
quest today. Write on your letterhead to
Stewart-Warner Electronics, Dept 44,

1300 N. Kostner Ave., Chicago 51, Illinois.

7] ELEcTRONICS

A DIVISION OF STEWART-WARNER CORP,,
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WTiC. CI'YSNII (4000X). Photomicrograph of Kennametal tungsten-titanium
crystal (4000X). This unique material is an important ingredient of Kennametal, and
provides a combination of desirable characteristics in the steel-cutting and gall-
resistant grades of Kennametal.

Where you can use
KENNAMETAL* or KENTANIUM*

Kennametal was the first hard carbide to cut steel successfully.
Since the original composition was invented, many additional
distinctive grades have been developed. Each offers a wealth
of possibilities to design engineers who are searching for a metal
that has unusual strength and high hardness, or exceptionally
high resistance to abrasion, deflection, deformation and impact.

A companion material, Kentanium, retains its high strength
and exceptional resistance to oxidation and abrasion at temper-
atures 1800°F and higher. It is one-third lighter than steel and
much lighter than other hard carbides. It possesses extremely
high resistance to thermal shock.

With a combination of many desirable properties, Kenna-
metal and Kentanium are providing unusual performance in
diverse applications. Many of these applications and the
properties required for each are discussed in our Booklet No.
B-111. Perhaps it will give you the information you need to
get your idea off the drawing board into production. Write for
a copy. Address: Dept. SA, KENNAMETAL INc., Latrobe, Pa.

* Registered Trademarks BS947

INDUSTRY AN

KENNAMETAL
. ... Pentmens in Progress
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| brought up on an estate in Kenya and

was fluent in two African languages

before he could speak English. “It was
| inevitable in these circumstances that I
should become interested in anthropolo-
gy and natural history. After qualifying
in medicine at Oxford I turned to re-
search in human genetics, which helped
to satisfy these interests.” His field work
has taken him on expeditions to Lapland,
Syria and most parts of Africa. Two
years ago he was a research fellow at
the California Institute of Technology.

EDWARD A. STEINHAUS (“Living
Insecticides”) is director of the Labora-
tory of Insect Pathology at the Universi-
ty of California. As a student at North
Dakota Agricultural College he vacil-
lated between microbiology and ento-
mology, “never dreaming that anyone
would pay good money for scientific re-
search in a combination of these two
fields.” He got his Ph.D. from the Ohio
State University in both bacteriology
and entomology, and during the war he
worked for the U. S. Public Health Serv-
ice on diseases transmitted by insects.
In 1945 Harry S. Smith, head of the De-
partment of Biological Control at Cali-
fornia, persuaded him to come to
Berkeley and set up the first laboratory
devoted generally to the study of insect
pathology.

JOHN M. BLATT (“Time Reversal”)
is a reader in physics at the University of
Sydney in Australia. He was born in
Vienna in 1921 and came to the U. S. as
a refugee in 1939. Blatt went to the Uni-
versity of Cincinnati, did graduate work
at Cornell and Princeton universities, be-
came a U, S. citizen in 1944 and received
| his Ph.D. from Princeton in 1945. For
three years he was at the Massachusetts
Institute of Technology as a research as-
| sociate of Victor F. Weisskopf, and they
collaborated on Theoretical Nuclear
Physics, now considered a standard text
on the subject. Blatt later taught at the
University of Illinois and went to Aus-
tralia in 1953. At present his main field
of interest is low-temperature physics.

JOHN R. PIERCE, who reviews Au-
tomata Studies in this issue, is director
of research in electronic communications
for the Bell Telephone Laboratories. He
joined Bell Labs in 1936 after receiving
his Ph.D. from the California Institute of
Technology. He has specialized in the
development of electronic tubes and in
microwave research. He is currently con-
centrating on automatic switching, a
field closely akin to the designing of com-
puters and automatic control systems.
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What's in this cuboctahedron for you?

Archimedes didn’t realize how appropriate this solid
would be for illustrating the engineering versatility of
Surface Combustion Corporation. But here’s the proof:

The world’s largest slab furnaces (with TV controls
in the pulpit) heat 200 tons of steel an hour.

A new method of high speed convection changes a
conventional curve into an almost vertical zoom!

Traditionally wet fermentation cellars stay dry all
year with new, frost-free air conditioning.

A little hot fuel priming unit, less than 18 inches long

Surface® Heat Treat, Steel Mill, Glass Divisions e Kathabar® Air Conditioning Division e Janitrol® Aircraft-Automotive
Division ® Janitrol® Heating & "Air Conditioning Division ® Webster Engineering Company: Boiler Burner Division

and weighing under 16 pounds, enables an aircraft
engine to start within three minutes after being cold-
soaked for three days at -65°F.

A glass annealing lehr is built in individually-con-
trolled sections, which fit together like toy blocks to
reproduce any time-temperature curve.

This is only a hint of what’s in Surface for you, if
you look at all of its many sides.

Write for further information. Surface Combustion
Corporation, 2391 Dorr St., Toledo 1, Ohio.

Surface
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Curtain walls

High-strength Armstrong adhesive
bonds foamed glass and enameled steel

With D-288, a remarkable new Armstrong
adhesive, you can make strong, heat-resistant
curtain wall panels of foamed glass and por-
celain-enameled steel.

D-288 is a new thermoplastic adhesive
with unusual dead-load strength and heat re-
sistance. It can hold a useful load at temper-
atures as high as 180° F., making it ideal for
bonding panels that are exposed to direct
sunlight. At room temperatures, D-288 can
hold a dead load twice that held by conven-
tional thermoplastic adhesives.

Assembly-line bonding of panels is simpli-
fied with D-288. Applied by spray or roller,
it dries quickly under infrared heat. And it

requires only momentary pressure to form a
permanent, high-strength bond.

D-288 brings the speed, convenience, and
economy of air-drying cements to some ap-
plications where harder-to-use thermosetting
adhesives had previously been required. For
more information and data sheet, write to
Armstrong Cork Company, Industrial Divi-
sion, 8008 Inland Road, Lancaster, Penna.
In Canada, 6911 Decarie Blvd.,, Montreal.

(Armstrong

ADHESIVES « COATINGS « SEALERS
. . . used wherever performance counts
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Physics in the U.S.S.R.

An interview with Robert E. Marshak and Robert R. Wilson, two
of the U. S. physicists who were invited to attend the recent

meetings in Moscow and to visit Russian physical laboratories

ne morning last February a dozen
O U. S. physicists found waiting in
their offices an unexpected cable-

gram from the president of the Academy
of Sciences of the U.S.S.R. It invited
them to attend a meeting on high-ener-
gy particle physics in Moscow in May.
As it happened, invitations to a similar
conference to be held at the University
of Rochester in April were going out that
very day to a number of Soviet physi-
cists. Thus, simultaneously but without
prearrangement, the seed of scientific
communication planted at the 1955
Geneva conference on atomic energy
had begun to sprout in both countries.

The Russian physicists who came to
Rochester expanded the Moscow invita-
tion list somewhat, and eventually 14
Americans went to Moscow. Together
with physicists invited from many other
countries, both Western and Eastern,
they were in the Soviet Union from May
13 to May 28. After the conference in
Moscow they visited the leading nuclear
physics laboratories in the Moscow area
and some of the experimental atomic
power plants. Some of the guests also
went to see laboratories in Leningrad,
Kharkov and Kiev and a cosmic ray sta-
tion in Soviet Armenia. Apparently the
foreign scientists were freely shown
practically everything worth seeing in
connection with Soviet high-energy
physics.

This article reports the impressfons of
two of the first Americans to return to
the U.S.—Robert E. Marshak, a theoreti-
cal physicist who heads the physics de-

partment at the University of Rochester,

by E. P. Rosenbaum

and Robert R. Wilson, an experimental-
ist and expert on particle accelerators
who directs the Laboratory of Nuclear
Studies at Cornell University.

Marshak and Wilson flew to Moscow
in the same plane. They got a dramatic
foretaste of Soviet hospitality when their
plane landed at the Vnukovo airport, 20
miles from the city, at two o’clock in the
morning. Waiting to greet them was a
delegation of prominent scientists, in-
cluding L. D. Landau and I. E. Tamm,
the best-known of the Soviet theoretical
physicists, and V. I. Veksler, co-inventor

of the synchrotron (or “phasotron,” as
it is called in the U.S.S.R.). These men
were meeting every plane that brought
in Western visitors to the conference!
The Soviet hosts provided all their
guests with interpreters who served also
as guides and social secretaries of a sort.
Travel in Moscow was unrestricted, and
the interpreters could be dismissed at
any time. Limousine transportation was
always available. As guests of the Soviet
Academy of Sciences, the visitors were
relieved of all money problems. Meals in
public eating places, theater tickets and

SOVIET PHYSICISTS N. N. Bogolyubov (left) and D. V. Shirkov (right) chat with F. J.
Dyson (center), theoretical physicist at the Institute for Advanced Study in Princeton, N.J.
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E. Segre (U. S.), R. E. Peierls (Great Britain) and M. S. Kozodayev (USS.R.)

the like were all free, arranged and paid
for by the interpreters out of an appar-
ently unlimited entertainment budget.

Among all the scientists easy and cor-
dial relations were quickly established.
Talk was not restricted to technical mat-
ters but ranged freely over many fields.
The Soviet hosts entertained privately
and at home, as well as officially. They
seemed delighted at the opportunity to
establish informal contact with their
Western colleagues.

While the U.S.S.R. physicists were re-
laxed in their personal relationships, they
showed that their attitude toward their
work was much less so. One of the
strongest impressions brought back by
Marshak and Wilson is the urgency with
which high-energy physics research is
now being pursued in the Soviet Union.
The atmosphere at the meetings and in
the laboratories reminded them of Los
Alamos in the Manhattan District days.
There was the same personal dedication
to the work, the same emphasis on
speed rather than cost, the same lavish
financial support for facilities. There
was also, in the U.S.S.R., a strong sense
of competition—of trying to outstrip a
rival. When a Western visitor asked
A. N. Nesmeyanov, president of the
Soviet Academy of Sciences, why the
U.S.S.R. was pushing the construction
of accelerators so hard, he answered:
“We owe it to the Americans.” Inspect-
ing the 680-million-electron-volt syn-
chrocyclotron, the Russians’ largest op-
erating accelerator, the U. S. physicists

30

were surprised to find that its copper
coils were air-cooled rather than liquid-
cooled—a sacrifice of cooling efficiency
which cost an extra 800 tons of precious
copper. The Russians explained that
they had resorted to this because it had
cut the construction time by nine
months!

The scientific meetings in Moscow

were attended by some 900 unin-
hibited, voluble scientists. Visitors heard
the talks in simultaneous English transla-
tion through headphones. Vigorous dis-
cussion followed the reading of papers.
Younger men were quick to pounce on
anything they thought to be errors in the
work of even the most prominent acade-
micians. When a speaker on any topic
(including members of the U. S. delega-
tion who gave papers) stepped out of
the meeting room after a session, he was
at once surrounded by dozens of eager
Russian questioners who were surpris-
ingly well informed. In some cases they
were better acquainted with the U. S.
literature on a subject than the Ameri-
cans themselves.

The visitors were strongly impressed
by the Soviet equipment for high-energy
research. Four accelerators in the
U.S.S.R. are operating at energies of 100
Mev or higher [see table on page 321.
The most important of these are a 240-
Mev electron synchrotron in Veksler’s
laboratory and the 680-Mev proton syn-
chrocyclotron, which is under the direc-
tion of M. G. Mescheryakov at the Cen-
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I. E. Tamm (USS.R.)

tral Institute of Nuclear Research at
Bolshoya Volga, about 80 miles north of
Moscow on the Volga River. In a few
months a 10-billion-electron-volt (Bev)
proton synchrotron, built by Veksler,
will go into operation at the Volga
laboratories. For several years this will
be the most energetic machine in the
world. The “race” will not stop there, of
course, for the U. S. and CERN, the
European Organization for Nuclear Re-
search, will have 25-Bev machines by
1960, and the U.S.S.R. hopes to have a
50-Bev version in operation a couple of
years later. Aside from the giants, vari-
ous other accelerators are being built or
designed in the Soviet Union. Wilson
found that the Russians are turning out
“standard” 60-inch cyclotrons virtually
on a mass-production basis. They are
built in less than a year; it generally takes
three years or more in the U. S.

Marshak and Wilson believe that the
Soviet research in high-energy physics
is just beginning to gather momentum.
It is only about two years since this field
was declassified and the leading investi-
gators were released from military work
in the U.S.S.R. Wilson and Marshak
believe that there is a great, stored-up
force now ready to break out. “A lot of
people with a lot of power,” as Wilson
puts it.

The leading center of high-energy re-

search is, of course, the “big Volga
lab” at Bolshoya Volga. The laboratory
has recently been converted into an in-



V. I. Veksler (US.S.R.)

ternational research center for the Com-
munist world—an “Eastern CERN,” as
the visitors termed it. Ten other Com-
munist countries are cooperating with
the U.S.S.R. in the support of this facility
and in conducting research there. The
director of the laboratory is D. I
Blokhintsev.

The laboratory’s chief item of interest
is its 680-Mev proton accelerator. This
machine, though far below the energy
capacities of some accelerators in the
U. S. and England, is important because
it produces an intense proton beam in an
energy range which is particularly
crucial for certain studies of mesons. The
design of the accelerator itself is not un-
usual; it seems to be a scale-up of an
earlier synchrocyclotron built at Berke-
ley. But the experimental arrangements
and equipment surrounding it are an-
other matter. “They knocked my eye
out,” Wilson says. He was impressed,
first of all, with the great variety and
number of particle beams—protons, neu-
trons and mesons—that the machine is
set up to deliver [see diagram on page
33]. Secondly, the auxiliary equipment
is elaborately made: the detectors,
counters and electronic circuitry are not
the homemade affairs typical of a U. S.
laboratory but are beautifully engi-
neered.

The visitors were in fact impressed by
the generally close collaboration be-
tween physicists and engineers in the
Soviet Union. Many of the papers on
fundamental accelerator design, topics

Jack Steinberger (U. S.), L. Riddiford (Great Britain) and L. D. Landau (U.S.S.R.)

which in the U. S. are still the exclusive
concern of physicists, were delivered at
the Moscow meeting by engineers. A
Soviet engineer apparently enjoys more
prestige, and a higher rate of pay, in
work supporting fundamental research
than in an industrial job.

Although Russian equipment is better
engineered than that in the U. S., there
is not yet quite the variety and, in some
areas, the quality that is available here.
Electronic circuits, while well adapted
to the purposes for which they are in-
tended, are some five to ten times slower
than their U. S. counterparts, Wilson
estimates. Large plastic scintillators and
Cerenkov counters are just coming into
use. Photographic emulsion techniques
for recording particle tracks are not as
advanced as in the U. S. and Western
Europe. Bubble chambers are being ac-
tively developed, but about a year later
than in the U. S. The “solid cloud cham-
ber” that received some publicity in the
U. S. a couple of years ago does not ap-
pear to be in use.

he Soviet work with accelerators, like

earlier work in the U, S., is focused
largely on the nature of the mysterious
force holding neutrons and protons
(“nucleons”) together in the nucleus
of the atom, with particular attention to
pi mesons, called “pions.” Investigation
of the nuclear force has been pursued
in the U. S. by two lines of experiment:
bombardment of nucleons with nucleons
and with pions. Until recently the Soviet

© 1956 SCIENTIFIC AMERICAN, INC

investigators concentrated mainly on
nucleon-nucleon work. However, meson
bombardment has turned out to be so
rich a field of investigation that the
Soviet physicists are giving increasing
attention to pion-nucleon scattering.

Pion scattering patterns indicate that
individual protons or neutrons have some
sort of internal structure, as yet only
dimly understood. A consequence of this
is that a proton or neutron can have sev-
eral different “states,” analogous to the
excited states of an atom or the nucleus
as a whole. Presumably the different
states of a nucleon involve different
energy relationships among the parts of
the particle.

An isolated nucleon in its ordinary
state can have either of two possible
charges (zero for a neutron, plus one for
aproton) and it has a certain rate of spin
around its own axis, conventionally
stated as 1/2 unit. What the meson ex-
periments show is that when a nucleon
is hit hard enough, its spin and its charge
may be momentarily greater than in the
normal or ground state. Marshak says
that the Soviet nucleon-nucleon experi-
ments have helped to confirm this idea.
These experiments involve careful and
precise measurements of pion produc-
tion by collisions of nucleons in the 400-
to 700-Mev range. The new Soviet ex-
periments in bombardment of nucleons
with pions in the range of 150 to 400
Mev also have helped to throw light on
the problem.

When nucleons collide at about 600

31



Mev, they produce two pions. A study of
pion production in the neighborhood of
this threshold should give important new
information about the interaction of
pions with nucleons and, perhaps, about
the nuclear force. Soviet researchers are
now making precise measurements in
this interesting region.

The Russians are showing much origi-
nality and ingenuity in their plans for the
new machines now in the design stage.
The 50-Bev accelerator is to be a strong-
focusing synchrotron, i.e., one in which
the particle beam is sharply narrowed by

means of an alternating arrangement
of converging and diverging magnetic
fields. This system has a rather serious
drawback: at a certain critical energy
through which the particles pass as they
are being speeded up the beam becomes
unstable and tends to fly apart. Designers
of the 25-Bev strong-focusing machines
at Brookhaven and CERN have devised
complex and elaborate methods for over-
coming the difficulty. The Soviet design-
ers elegantly sidestep it. They insert
some “compensating” sections in their
magnet ring—sections bent the wrong

240-MEV ELECTRON SYNCHROTRON

MOSCOW

LEBEDEV PHYSICAL INSTITUTE

’| 600- MEV ELECTRON SYNCHROTRON
i

680-MEV PROTON SYNCHROCYCLOTRON

BOLSHOYA VOLGA |

CENTRAL INSTITUTE
FOR NUCLEAR RESEARCH

10-BEV PROTON SYNCHROTRON

1-BEV PROTON LINEAR ACCELERATOR

MOSCOW
PHYSICAL INSTITUTE

MOSCOW

way (convex inward). The effect is to
raise the unstable region above 50 Bev so
that the particles do not encounter it.

A more radical departure is a “non-
ferrous synchrotron” which is now being
built by G. I. Budker at the Moscow
Physical Institute. It does away with the
iron core usually enclosed in the coils of
the electromagnet and uses only the
coils. In this way the field can be made
much stronger and the diameter of the
circular track can be reduced. A 200-
Mev model now under construction will
have less than a third the diameter of a

OPERATING SINCE 1949

UNDER CONSTRUCTION

OPERATING SINCE 1949
ENERGY IN 1952 WAS 480 MEV
CONVERTED TO 680 MEV IN 1953

UNDER CONSTRUCTION

TO BE FINISHED IN
ABOUT SIX MONTHS

DESIGN STUDIES UNDER WAY

40-MEV PROTON LINEAR ACCELERATOR
ALREADY OPERATING

200-MEV NON-FERROUS ELECTRON SYNCHROTRON

1-BEV NON-FERROUS ELECTRON SYNCHROTRON

7- BEV STRONG-FOCUSING PROTON SYNCHROTRON

UNDER CONSTRUCTION

DESIGN STUDIES UNDER WAY

UNDER CONSTRUCTION

THIS IS A MODEL FOR THE
50-BEV MACHINE LISTED BELOW

INSTITUTE FOR THERMAL STUDIES

KHARKOV
UKRAINIAN TECHNICAL INSTITUTE

TOMSK

50-BEV STRONG-FOCUSING PROTON SYNCHROTRON

CONSTRUCTION SCHEDULE OF
PERHAPS FOUR TO SEVEN YEARS

SITE NOT CHOSEN

1-BEV ELECTRON LINEAR ACCELERATOR

100-MEV BETATRON

DESIGN STUDIES UNDER WAY

OPERATING

LENINGRAD 150-MEV ELECTRON SYNCHROTRON OPERATING

SOVIET ACCELERATORS with energies of 100 Mev (million
electron volts) or more are listed above. The list is not official, but
includes all the machines the visitors heard about. The 10-Bev

(billion-electron-volt) proton synchrotron, when it is completed,
will probably give leadership in high-energy physics to the U.S.S.R.
The 50-Bev machine is the largest for which specific plans exist.
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conventional machine of the same en-
ergy. A projected one-Bev version will
be about a sixth the size of a comparable
iron-cored device.

Another unorthodox scheme under
consideration by Soviet physicists is a
machine which will eliminate the large
magnet altogether. When an intense cur-
rent in an ionized gas travels in a circu-
lar path, it contracts into a very thin
stream (a phenomenon related to the
“pinch effect” that has been suggested
as a possible method of containing a ther-
monuclear reaction). Associated with

the narrow stream of current is a verv
powerful magnetic field. Soviet design-
ers propose to use it as the guiding field
for a circular accelerator, in place of an
electromagnet.

In the field of theoretical physics the
leading workers in the U.S.S.R. include
Landau, Tamm, I. Pomeranchuk and
a recruit to physics from pure mathe-
matics, N. N. Bogolyubov. Landau and
his co-workers reported to the confer-
ence a new view of quantum field
theory. Applying the theory to calculate
the interaction of a “Fermi particle” (e.g.,

an electron or nucleon) with a “Bose par-
ticle” (e.g., a photon or a pion), they dis-
covered that if particles were considered
as points, the interaction came out zero.
Western theorists are now mulling over
the Soviet results. If no flaws are found
in the argument, a fundamental revision
of modern field theory will be required,
since much of it is based on the simplify-
ing assumption of point particles.

The visiting physicists returned to the
U. S. with admiration for the vigor of
Soviet physics but also with some

.

680-MEV SYNCHROCYCLOTRON is diagrammed schematically.
The accelerator itself is the square at top, with the spiral line repre-
senting the beam of protons. External beams of protons (solid

lines), neutrons (broken lines) and mesons (dotted lines), some
bent by magnets, are directed through channels in the shield to
experimental setups. The small blocks in accelerator are targets.
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10-BEV PROTON SYNCHROTRON is nearing completion at the
Central Institute of Nuclear Research at Bolshoya Volga near Mos-

troubling questions. They were dis-
turbed by the competitive intensity of
the Soviet effort. High-energy physics,
depending on multimillion-dollar ma-
chines, is competitive in a way that is
almost unprecedented for basic science.
Marshak and Wilson report that Western
European physicists associated with
CERN seemed rather taken aback with

CENTRAL CONTROL PANELS of the 10-Bev accelerator is shown in the photograph at
left. The center picture shows the building which houses the giant machine. At right is a
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what they saw in the U.S.S.R. CERN is
now building a 600-Mev proton ac-
celerator. By the time it is finished, the
Soviet physicists may well have skimmed
some of the experimental cream and ex-
citement from this energy region. “If 1
were at CERN,” Wilson says, “I would
be busy trying to anticipate and to de-
vise advanced experiments going deeper

© 1956 SCIENTIFIC AMERICAN, INC

cow. This photograph shows the huge circular magnet. It weighs
36,000 tons and is about 200 feet in diameter. By contrast, the

into the problems for which solutions
are being sought.”

Marshak and Wilson left the U.S.S.R.
with the sense of a challenge that must
be met. A few days back in familiar sur-
roundings, however, led them to wonder
whether they really want to “do physics”
in this way. They found the idea of doing
science against someone neither a

view of a part of the installation, including
the linear accelerator which injects particles



magnet of the 6-Bev machine at the University of California weighs
10,000 tons and has a diameter of 110 feet. Although impressed with

familiar nor a congenial prospect. Their
hope is that the coming competition will
take the traditional course of energetic
but friendly rivalry among scientists.
They were left in some doubt as to
why the Soviet Union is going in for
basic research so intensively and on so
big a scale. The high-energy work does
not appear to promise any specific mili-

into the doughnut-shaped chamber within
the magnet. The laboratory at which the ac-

tary or industrial applications. The
physicists concluded that the leaders of
the Soviet Government might be mo-
tivated in part by a conviction of the
importance of basic research to tech-
nology and in part by a desire to lead
the world in culture on as many fronts as
possible. The Soviet physicists them-
selves, though imbued with some com-

the size of the Soviet machine and with the quality of its engineer-
ing, U. S. physicists did not find any new ideas in its design.

petitive spirit, seemed to be animated in
the main by the same mixture of motives
that is characteristic of scientists every-
where—curiosity, pleasure and pride in
achievement, social responsibility and
the more obscure personal reasons.

In any event, one thing seems certain:
high-energy physics will be an increas-
ingly active and exciting field.

celerator is located has recently been converted to an international research center. Physi-
cists from 10 Communist countries other than the U.S.S.R. share in the use of its facilities.
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THE ORIGIN OF SUBMARINE CANYONS

Many theories have been proposed to account for these rugged

features of the earth’s crust. It now seems that they are cut

by streams of turbid water which flow along the ocean bottom

uring the last 30 years or so the
D ocean bottom has become the
main frontier of exploration on
the surface of our planet. The vast area
hidden in the darkness of the deep sea
(nearly three quarters of the earth’s sur-
face) is slowly being explored and
mapped for the first time, lately with
the cogent help of the echo sounder. It
has been an adventure full of surprises.
We have “seen” enough to realize that
if the oceans were somehow drained of
water, they would expose a landscape
as varied as the continents—mountains
taller than Everest, plains as vast as
the Russian steppes, gorges rivaling the
Grand Canyon.

All this has brought a crowd of ex-
citing questions. We know that the to-
pography of the continents has been
shaped in large part by river and wind
erosion. What forces could have molded
features so similar in the deep sea? Of
all the enigmas, none has been more
spiritedly debated than the mystery of
the undersea canyons [see “Submarine
Canyons,” by Francis P. Shepard; Sci-
ENTIFIC AMERICAN, April, 1949]. Off
the shores of all the continents the un-
derwater slopes are cut by great chan-
nels which look exactly like river can-
yons on land. They course through the
sea bottom for hundreds of miles and in-
variably debouch onto a broad plain, like
a river mouth opening to a delta. What
process cut these gorges in the ocean?
Many theories were proposed: all had a
touch of the incredible. Now it seems
that the question can at last be answered.

Two hypotheses have received fore-
most consideration. One suggested that
the canyons were cut by actual rivers
during ice ages when the oceans were
lower than now and the continental
shelves stood above sea level. This theory
has always faced the formidable objec-
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by Bruce C. Heezen

tion that it demanded the removal of a
seemingly incredible amount of water
from the oceans (by way of glacial ice
piled on the continents). The hypothesis
now seems to have been squelched by
certain recent discoveries: namely, that
some submarine canyons,notably the one
extending from the mouth of the Hud-
son River, run out to deep ocean basins
which could never have stood above
water.

The other hypothesis is that the can-
yons were eroded by submarine flows, or
avalanches, of silt-laden water, called
“turbidity currents.” This is an old the-
ory with a checkered career. But the
idea has been confirmed and built into
a convincing picture by a series of rather
dramatic discoveries and tests in the past

decade.

More than three quarters of a century

ago a Swiss engineer suggested that
a canyon in the bed of Lake Léman
might have been cut by heavy, silt-laden
water flowing in along the bottom of the
River Rhéne. This suggestion received
scant attention, but 20 years ago the
Harvard University geologist Reginald
A.Dalyrevived the idea as an explanation
of the canyons in the oceans. His prestige
encouraged several investigators to make
experiments with models to test the pos-
sibility of turbidity currents. They ob-
tained some evidence, though not conclu-
sive, that such flows could occur. More-
over, engineers working on Boulder Dam
observed some natural turbid underflows
in the newly created Lake Mead behind
the dam. Submarine geologists remained
unconvinced, however, that this process
could account for the huge canyons in
the sea. It was difficult to believe that
currents of muddy water along the ocean
bottom could be powerful enough to
erode these great gorges.
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Then the matter was given an entirely
new slant by discoveries from another
quarter. In the summer of 1947 the re-
search vessel Atlantis surveyed the deep-
sea bottom between Bermuda and the
Azores with two new instruments de-
veloped during the war: a continuously
recording echo sounder which traces the
profile of the ocean floor, and a corer
which takes samples of the sea bed 40
to 60 feet thick. The Atlantis discovered
a vast plain more than 200 miles wide
in the deepest part of the western At-
lantic. Cores extracted from this plain
yielded a major surprise: whereas the
deep-sea bed elsewhere consisted of thick
deposits of fine oozes and clays, here the
bed was mainly composed, down to the
depth of the 15-foot core, of sand and
silt very like the material on the beaches
of New England!

The significance of these facts was not
realized at first. But it became clearer
after another exploration by the Atlantis
inthe summer of 1949. This voyage traced
the Hudson submarine canyon for some
200 miles from the edge of the North
American continental shelf to the west-
ern Atlantic plain mentioned above.
Cores taken along this route showed
that the canyon had been eroded through
beds of clay many millions of years old,
and that the floor of the canyon con-
tained not only sand and gravel but also
shells of clams which grow only in shal-
low waters near shore. The canyon’s
floor and walls, like the plain on which
it debouched, were overlaid with only
a thin layer of recent ooze.

All this strongly suggested that the
canyon and the plain had been formed
by a submarine river or currents of some
kind. One could imagine that during
the Ice Age streams of water from melt-
ing glaciers washed vast quantities of
sand and gravel from the interior of



60 50

40

MID-OCEAN CANYON begins off Greenland and extends south
to about the 38th parallel. The solid line traces sounded portions;
the heavy broken line, unsounded connections between known sec-
tions. The heavy dotted lines represent the probable extension of

the canyon; the light broken lines, possible tributaries. The small
circles mark sites of breaks in transatlantic cables. The depth at
various points is indicated by blue shading. The darkest tone rep-
resents a depth of about 2,500 fathoms; the lightest tone, about 500.
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North America to the Atlantic coast,
that masses of this material in the water
flowed by gravity as currents down the
slope at the edge of the continental shelf,
that in so doing they eroded canyons
in the slope, and that eventually the
submarine streams deposited their sand
and gravel in the deep-sea basins, build-
ing plains as a river builds a delta.

Such currents need not necessarily
have been confined to glacial ages. On a
smaller scale, one may suppose, occa-
sional flows of turbid water may still
take place on the sea bottom today.
Sand and gravel accumulating on the
steep continental slope, for example,
might slide down the slope as avalanches
from time to time. How could one find
evidence of such a flow? It occurred to
Maurice Ewing and the writer that the
telegraph cables lying across the floor
of the Atlantic might give a clue. Many
of the transatlantic cables have been
there for nearly a century. If strong sub-
marine flows of the kind imagined do in
fact occur, some of them may have
broken the cables. An inspection of the
record of cable breaks was obviously
called for.

We did not have to look far. On No-
vember 18, 1929, a severe earth-
quake shook the Grand Banks in the
Atlantic south of Newfoundland—an area
which has a greater concentration of sub-
marine cables than any other in the
world. The cables broke on a wholesale
scale, and the breaks were naturally
attributed at the time to the quake it-
self. But a study of the timetable of
the breaks discloses a remarkable fact.
While the cables lying within 60 miles
of the epicenter of the quake broke in-
stantly, farther away the breaks came in
a delayed sequence. For more than 13
hours after the earthquake, cables
farther and farther to the south of the
epicenter went on breaking one by one
in regular succession. Each break was
downslope from the one before, and the
last took place in the deep ocean basin
300 miles from the epicenter.

It seems quite clear that this series of
events must indicate a submarine flow:
the quake set in motion a gigantic ava-
lanche of sediment on the steep con-
tinental slope which broke the cables
one after another as it rushed down-
slope and flowed onto the abyssal plain.
Fortunately the automatic machines
monitoring telegraph transmission re-
corded the precise time of the break in
each cable, so that we can calculate the
speed of the turbidity current that flowed
down the slope. It ranged from about
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GRAND BANKS EARTHQUAKE, which occurred in 1929, caused a turbidity current that
broke cables as far as 300 miles away from the epicenter of the disturbance. The epicenter
is indicated on the map at the top of this page by the colored dot surrounded by circles. The
turbidity current was strongest in the dark-colored portion and weaker in the lighter-colored
peripheral areas. The region marked with diagonal black hatching is the abyssal plain. The
solid black lines represent sections of the cables. The profile at the bottom follows the path
marked by the two parallel lines on map. The short arrows show the points on the slope
where the cables broke. On the profile the epicentral area is between the three arrows at
upper right and the five arrows below them. The current reached a speed of 55 knots per hour.
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NAUTICAL MILES
EARTHQUAKE IN ORLEANSVILLE in Algeria gave rise to a tur-

bidity current which broke several cables in the Mediterranean.
The upper map shows the western Mediterranean, with the region
affected by the current enclosed in rectangle. The shaded area is the
Balearic Abyssal Plain. Contour lines give depth in fathoms. Paral-
lel lines show the path of the profile at bottom. Detail in the
marked area is shown in the lower map. Lines represent cables, with
breaks marked by open dots. Arrows show the probable path of the
current. Epicenter of the quake is indicated by dot and circles.

CANYONS IN CARIBBEAN off the coast of Colombia have been
coursed by numerous turbidity currents which have broken a sub-
marine cable 17 times since it was laid in 1930. Upper map
shows the general region, with area off the mouth of the Magdalena
River in Colombia enclosed in small rectangle. Colombian Abyssal
Plain is shaded. The arrows indicate former turbidity currents; the
parallel lines, the path of profile at bottom. Lower map gives detail
in the rectangle. The paths of turbidity currents are marked by
broken lines. The breaks in the cable are indicated by the solid lines.
39
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FLOOR OF THE ATLANTIC from Martha’s Vineyard (left) to
Gibraltar (right) is traced in profile. The abyssal plain, which ex-

50 miles per hour on the steep slope
to about 15 miles per hour on the plain.

The deduction that such a current
flowed over the cables is supported by
reports of engineers on the cable repair
ships, who had much difficulty finding
the broken cables (presumably because
they were deeply buried) and had to
replace lost sections as much as 200
miles long. But for conclusive proof of
our deduction, we decided to examine
the scene itself. If our interpretation was
correct, there should be a layer of silt
of a certain thickness on the sea floor
where the deepest cable break had oc-
curred; Philip H. Kuenen of the Nether-
lands indeed calculated just how thick
this layer should be. For several vears
hurricanes and instrument failures
thwarted our efforts to get cores at this
site, but we were finally able to obtain
some in 1952, and much to our delight
the thickness of the silt proved to be
exactly as predicted.

In 1954 another earthquake in the
Mediterranean yielded evidence almost
as impressive as the case at Grand Banks.
On September 9 of that year the disas-
trous quake centered at Orléansville in
Algeria caused the breakage of five ca-
bles on the floor of the Mediterranean,
lying at distances from 40 to 70 miles
from the North African coast. The tim-
ing of the breaks showed that these, too,
broke in succession according to their
distance downslope in the sea; the pre-
sumed turbidity current traveled at from
40 to 5 miles per hour. Near the deepest
break the repair crew found sand—ap-
parently washed down from the coast.

In the Caribbean off the mouth of the
Magdalena River of Colombia there is a
network of submarine canyons. A sub-
marine cable which passes across these
canyons has been broken 17 times since
it was laid in 1930. On two of these
occasions jetties flanking the river mouth
slid into the sea. It can be concluded
that the earth slides that carried away
the jetties were transformed into tur-
bidity currents which flowed down the
canyon and deposited their load of sedi-
ments in the sea basin. Recent explora-
tions have shown that this basin has an
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extremely smooth floor and contains
sands, shallow-water shells and debris of
land plants.

Evidence of the existence of turbidity
currents has accumulated from

many other sources. Several vears ago
the Atlantis took two cores from the bot-
tom of the Puerto Rican Trench—the
deepest place in the Atlantic Ocean.
The deposit here included limy shells
of shallow-water organisms, and, most
important, it contained fragments of
limy marine plants which require sun-
light for life. This material, transport-
ed from the shore to the deepest part
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tends from about 750 miles to about 1,000 miles off the U. S. East
Coast, isremarkable for its flatness and for the sand and silt deposits

of the ocean, was striking proof that cur-
rents must flow over the sea floor. The
flat floor of the Puerto Rican Trench,
suggesting a piain formed by flow down
its slopes, had led us to expect that ma-
terial from shallow waters would be
found there, but this expectation in no
way diminished our joy in the discovery.

Not all the canyons in the sea stem
from the mouths of land rivers. Indeed
one of the longest is a mid-ocean canyon
that runs from the area between Iceland
and Greenland to a point south of New-
foundland. This canyon in the deep ocean
basin, two to four miles wide and 25 to
100 fathoms deep, was discovered in
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HISTORICAL TURBIDITY CURRENTS appear as arrows on this map of the oceans of
the world. The shaded areas represent regions which are inaccessible to turbidity currents
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typical of shallow-water areas. These deposits were presumably
washed out onto the plain by turbidity currents. The only one of

1949 and extensively explored in 1952.
Its floor contains sand and possibly grav-
el. The canyon may have been eroded by
periodic turbidity currents set into mo-
tion when freezing conditions in the
Greenland area produced masses of tur-
bid, heavy water—full of sediment, very
salty and extremely cold.

There are many possible ways in
which turbidity currents might be gen-
erated—freezing conditions, triggering
by earthquakes, the piling up of deposits
on steep ocean slopes by rivers, and so
on. Granting the existence of such cur-
rents, it is not difficult to see how re-
peated flows, each originating from near-

NAUTICAL MILES

ly the same spot atop a slope, could
gradually erode a canyon in the ocean.
Aside from explaining the origin of
the submarine canyons, the evidence for
the existence of turbidity currents is in-
teresting on several other counts. For one
thing, it indicates a way in which organic
material is transported from the con-
tinental coasts to feed fish and other
organisms in the deep sea. For another,
it suggests how organic sediments may
accumulate in sea basins and eventually
become petroleum. Much of the petro-
leum in the world is found in ancient
sands which once were part of the sea
floor. Turbidity currents therefore offer

3,000

the numerous seamounts to reach above the ocean surface is repre-
sented by the Azores. To the left of the Azores is Atlantis Seamount.

a clue concerning where to look for
oil; the concept has in fact been applied
successfully in exploration of the oil
fields of southern California. Still another
interesting aspect of these currents has to
do with developments in the atomic age:
for example, it is possible that an off-
shore atomic blast might trigger a tur-
bidity current which would spread radio-
active debris throughout an entire ocean
basin.

The study of the sea floor is carried on
primarily in the interest of pure science,
but like many other basic studies, it is not
without commercial, economic, military,
social and political implications.
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coming from shallow water. The height of these regions and the
surrounding topography cut them off from the flows which have
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taken sand and marine organisms from the continental shelves and
transported them to many of the deepest parts of the ocean floor.
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Information and Memory

If a man sees six marbles, he can usually name their number without

counting. With more marbles. he often makes mistakes. This indicates

a limitation of perception that is overcome by resourceful stratagems

short poem is easier to memorize

than a long one; an interesting

story is better recalled than a dull one.
But brevity and wit are not all that is
involved. Equally important is the way
things fit together. If a new task meshes
well with what we have previously
learned, our earlier learning can be trans-
ferred with profit to the novel situation.
If not, the task is much harder to master.
Imagine that you are teaching geome-
try to children. You have covered the
business of calculating the length of the
hypotenuse of a right-angled triangle
when the base and the altitude are given.
Now you are about to take up the prob-
lem of finding the area of a right triangle
when the base and the hypotenuse are
given. Suppose you were given your
choice of the following two methods of
teaching the children to solve the prob-
lem. In method A you would help them
to discover that the area of a right

E ;ome things are easy to remember. A

b

by George A. Miller

triangle is half that of a rectangle with
the same base and altitude, that the un-
known altitude of the triangle in this case
can be calculated from the given base
and hypotenuse by use of the Pythag-
orean theorem, and that the area of the
triangle can therefore be found by deriv-
ing the altitude, computing the area of
the rectangle and then taking half of
that. In method B you would simply tell
the class to memorize six steps: (1) add
the length of the base to the length of the
hypotenuse; (2) subtract the length of
the base from the length of the hypote-
nuse; (3) multiply the first result by the
second; (4) extract the square root of
this product; (5) multiply the positive
root by the length of the base; (6) di-
vide this product by 2.

Which method of teaching would you
choose? Probably no one but an experi-
mental psychologist would ever consider
method B. Method A is productive and
insightful; method B is stupid and ugly.

b

TWO METHODS may be used to teach children how to find the area of a right-angled
triangle. The method associated with the triangle at left has the following algebraic steps:
(1D h+b=v,(2) h—b=w, (3) vXw=x, (4) Vx==21y,(5) +yxXb=2z (6) 2/2=area.
The method associated with the triangle at right proceeds: (1) find altitude by the Pythag-
orean theorem, (2) find area of rectangle from base and altitude, (3) area of triangle is
half the area of rectangle. The first method is considered ugly and the second efficient. Why?
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But just why do we find method B re-
pulsive? What is repugnant about a pro-
cedure that is logically impeccable and
that leads always to the correct answer?
This question is raised by the psycholo-
gist Max Wertheimer in his provocative
little book, Productive Thinking. An ob-
vious answer is that a child taught by
method A will understand better what
he is doing. But until we can say what it
means to understand what one is doing,
or what profit there is in such under-
standing, we have not really answered
Wertheimer’s question.

lt is helpful to consider the interesting

fact that method B is the procedure
we would use to instruct a computing
machine of the present-day type. The
machine is able to perform arithmetical
operations such as addition, subtraction,
multiplication, division and the extrac-
tion of roots. Instruction for the machine
consists in writing a “program”—like the
series of steps used in method B except
that the computer’s program must be
even more explicit and detailed, with
even less hint of the basic strategy. Com-
puting machine engineers have their
hearts set on some day designing ma-
chines which will construct programs for
themselves: that is, given the strategy
for handling a problem, the machine will
understand the problem well enough to
create all the appropriate operations or
subroutines required to solve it. The de-
sirability of such a development is ob-
vious. In the first place, at present it
takes many hours of drudgery to write
the detailed instructions for all the steps
a computer must take. Then, after the
instructions have been written, they
must be stored in the machifie in some
easily accessible form. In a large ma-
chine the number of subroutines may
run into the thousands; it might actually



be more economical to equip the ma-
chine with the ability to create them on
demand rather than to build the neces-
sary storage and access machinery. In
other words, in a very elaborate com-
puter it would be more efficient to store
rules from which subroutines could be
generated than to store the routines
themselves.

It seems, therefore, that even the com-
puting machine realizes that method B is
ugly. Each subroutine is an isolated
operation that must be stored in its
proper place, and no attempt is made to
tie these steps to other information avail-
able to the machine. So we can see that
one superiority of method A lies in the
fact that it makes more efficient use of
the capacity for storing information. In
the teaching of geometry to a child,
method A highlights the relations of the
new problem to things that the child has
already learned, and thus it provides the
rules by which the child can write his
own subroutines for computation. In es-
sence the ugly method is less efficient
because it requires the child to master
more new information.

rl"he intimate relation between memory

and the ability to reason is demon-
strated every time we fail to solve a prob-
lem because we fail to recall the neces-
sary information. Since our capacity to
remember limits our intelligence, we
should try to organize material to make
the most efficient use of the memory
available to us. We cannot think simul-
taneously about everything we know.
When we attempt to pursue a long argu-
ment, it is difficult to hold each step in
mind as we proceed to the next, and we
are apt to lose our way in the sheer mass
of detail. Three hundred years ago René
Descartes, in an unfinished treatise
called Rules for the Direction of the
Mind, wrote:

“If T have first found out by separate
mental operations what the relation is
between the magnitudes A and B, then
that between B and C, between C and D,
and finally between D and E, that does
not entail my seeing what the relation is
between A and E, nor can the truths
previously learned give me a precise
knowledge of it unless I recall them all.
To remedy this I would run them over
from time to time, keeping the imagina-
tion moving continuously in such a way
that while it is intuitively perceiving
each fact it simultaneously passes on to
the next; and this I would do until I had
learned to pass from the first to the last
so quickly, that no stage in the process
was left to the care of memory, but I

seemed to have the whole in intuition
before me at the same time. This method
will relieve the memory, diminish the
sluggishness of our thinking, and defi-
nitely enlarge our mental capacity.”

Descartes’s observation is familiar to
anyone who has ever memorized a poem
or a speech, or mastered a mathematical
proof. Rehearsal or repetition has the
very important effect of organizing many
separate items into a single unit, thus re-
ducing the load our memory must carry
and leaving us free for further thinking.
In terms of logic, the process is like the
substitution of a single symbol for a
longer expression which would be
clumsy to write each time we wanted to
use it.

The practical advantages of this uni-
tizing process were vividly illustrated for
me the first time I saw one of those digi-
tal computing machines that have small
neon lights to show which relays are
closed. There were 20 lights in a row,
and I did not see how the men who ran
the machine could grasp and remember
a pattern involving so many elements. 1
quickly discovered that they did not try
to deal with each light as an individual
item of information. Instead, they trans-
lated the light pattern into a code. That
is to say, they grouped the lights into
successive triplets and gave each pos-
sible triplet pattern a number as its
name, or symbol. The pattern all three
lights off (000) was called 0; the pattern
off-off-on (001) was called 1; off-on-off
(010) was called 2, and so forth. Having
memorized this simple translation, the
engineers were able to look at a long
string of lights such as011000101001111
and break it down into triplets (011
000 101 001 111) which they immedi-
ately translated into 30517. It was much
easier to remember these five digits than
the string of 15 lit and unlit lights.

Reorganization enabled the engineers
to reduce the original complexity to
something easily apprehended and re-
membered without changing or discard-
ing any of the original data. There is an
analogy between this simple trick and
the process described by Descartes. Each
step in a complex argument is like a
single light in the binary sequence. Re-
hearsal organizes the steps into larger
units similar to the engineers’ triplets.
Repeated rehearsal patterns the long
argument into larger and larger units
which are then replaced in thought by
simpler symbols.

The first person to propose an experi-

mental test of the span of a man’s
instantaneous grasp seems to have been
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COMPUTER LIGHTS are quickly read by

engineers using the code illustrated here.

Sir William Hamilton, a 19th-century
Scottish metaphysician. He wrote: “If
you throw a handful of marbles on the
floor, you will find it difficult to view at
once more than six, or seven at most,
without confusion.” It is not clear wheth-
er Hamilton himself actually threw mar-
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bles on the floor, for he remarked that
the experiment could be performed also
by an act of imagination, but at least one
reader took him literally. In 1871 the
English economist and logician William
Stanley Jevons reported that when he
threw beans into a box, he never made a
mistake when there were three or four,
was sometimes wrong if the number was
five, was right about half the time if the
beans numbered 10 and was usually
wrong when the number reached 15.
Hamilton’s experiment has been re-
peated many times with better instru-
mentation and control, but refined tech-
niques serve only to confirm his original
intuition. We are able to perceive up to
about six dots accurately without count-
ing; beyond this errors become frequent.

But estimating the number of beans or
dots is a perceptual task, not necessarily
related to concepts or thinking. Each
step in the development of an argument
is a particular thing with its own struc-
ture, different from the other steps and
quite different from one anonymous
bean in Jevons’s box. A better test of
“apprehension” would be the ability to
remember various symbols in a given
sequence. Another Englishman, Joseph
Jacobs, first performed this experiment

with digits in 1887. He would read
aloud a haphazard sequence of numbers
and ask his listeners to write down the
sequence from memory after he finished.
The maximum number of digits a normal
adult could repeat without error was
about seven or eight.

From the first it was obvious that this
span of immediate memory was inti-
mately related to general intelligence.
Jacobs reported that the span increased
between the ages of 8 and 19, and his
test was later incorporated by Alfred
Binet, and is still used, in the Binet in-
telligence test. It is valuable principally
because an unusually short span is a re-
liable indicator of mental deficiency; a
long span does not necessarily mean
high intelligence.

A person who can grasp eight decimal
digits can usually manage about seven
letters of the alphabet or six monosylla-
bic words (taken at random, of course).
Now the interesting point about this is
that six words contain much more in-
formation, as defined by information
theory, than do seven letters or eight
digits. We are therefore in a position
analogous to carrying a purse which will
hold no more than seven coins—whether
pennies or dollars. Obviously we will

BERNARDA
BRYSON

SIR WILLIAM HAMILTON, a 19th-century Scottish philosopher (not to be confused with
Sir William Rowan Hamilton, the mathematician), observed: “If you throw ... marbles on
the floor, you will find it difficult to view at once more than six . . . without confusion.”
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carry more wealth if we fill the purse
with silver dollars rather than pennies.
Similarly we can use our memory span
most efficiently by stocking it with in-
formationally rich symbols such as
words, or perhaps images, rather than
with poor coin such as digits.

‘he mathematical theory of communi-

cation developed by Norbert Wiener
and Claude Shannon provides a precise
measure of the amount of information
carried. In the situation we are consider-
ing, the amount of information per item
is simply the logarithm (to the base two)
of the number of possible choices. Thus
the information carried by a binary digit,
where there are two alternatives, is
log. 2 = 1 bit. In the case of decimal
digits the amount of information per
digit is log, 10 = 3.32 bits. Each letter
of the alphabet carries log. 26 = 4.70
bits of information. When we come to
make the calculation for words, we must
take into account the size of the diction-
ary from which the words were drawn.
There are perhaps 1,000 common mono-
syllables in English, so a rough estimate
of the informational value of a mono-
syllabic word selected at random might
be about 10 bits.

A person who can repeat nine binary
digits can usually repeat five words. The
informational value of the nine binary
digits is nine bits; of the five words,
about 50 bits. Thus the Wiener-Shannon
measure gives us a quantitative indica-
tion of how much we can improve the
efficiency of memory by using informa-
tionally rich units. The computer engi-
neers who group the relay lights by
threes and translate the triplets into a
code can remember almost three times
as much information as they would oth-
erwise.

It is impressive to watch a trained per-
son look at 40 consecutive binary digits,
presented at the rate of one each second,
and then immediately repeat the se-
quence without error. Such feats are
called “mnemonic tricks”—a name that
reveals the suspicious nature of psy-
chologists. The idea that trickery is in-
volved, that there is something bogus
about it, has discouraged serious study
of the psychological principles under-
lying such phenomena. Actually some
of the best “memory crutches” we have
are called laws of nature. As for the
common criticism that artificial memory
crutches are quickly forgotten, it seems
to be largely a question of whether we
have used a stupid crutch or a smart one.

When I was a boy I had a teacher who
told us that memory crutches were only
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SPAN OF IMMEDIATE MEMORY depends mainly on the number
of items to be memorized and is relatively independent of the
amount of information per item. In this table the amount of in-
formation is measured in “bits,” or binary digits. A binary digit can

one grade better than cheating, and that
we would never understand anything
properly if we resorted to such under-
handed tricks. She didn’t stop us, of
course, but she did make us conceal our
method of learning. Our teacher, if her
conscience had permitted it, no doubt
could have shown us far more efficient
systems than we were able to devise for
ourselves. Another teacher who told me
that the ordinate was vertical because
my mouth went that way when I said
it and that the abscissa was horizontal
for the same reason saved me endless
confusion, as did one who taught me to
remember the number of days in each
month by counting on my knuckles."

‘he course of our argument seems to
lead to the conclusion that method A
is superior to the ugly method B because
it uses better mnemonic devices to rep-
resent exactly the same information. In
method A the six apparently arbitrary
steps of method B are organized around
three aspects of the total problem so that
each aspect can be represented by sym-
bols which the student has already
learned. The process is not essentially
different from the engineers’ method for
recoding a sequence of binary lights.
It is conceivable that all complex,
symbolic learning proceeds in this way.
The material is first organized into parts
which, once they cohere, can be re-
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placed by other symbols—abbreviations,
initial letters, schematic images, names,
or what have you—and eventually the
whole scope of the argument is trans-
lated into a few symbols which can all
be grasped at one time. In order to test
this hypothesis we must look beyond
experiments on the span of immediate
memory.

Our question is: Does the amount of
information per item (i.e., the number of
possible alternative choices per item)
affect the number of items we can re-
merber when there is a large amount
of material to be mastered? For exam-
ple, is it more difficult to memorize a
random sequence of 100 monosyllabic
words than 100 digits or 100 letters of
the alphabet? The question is important
because it has a bearing on how we can
organize material most efficiently for
learning.

In an exploratory study that S. L.
Smith and I devised at the Harvard Uni-
versity Psychological Laboratories, the
subjects were required to memorize
three different kinds of lists of randomly
chosen items. One list was constructed
from a set of 32 alternatives (all the
alphabet except Q plus the numerals 3,
4,5,6,7, 8 and 9), another from a set
of eight alternatives, and the third from
just two alternatives. The subject read a
test list at the rate of one item every sec-
ond and then had to write down as much
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be 1 or 0, and hence conveys a minimum amount of information. A
person who can repeat nine binary digits can usually memorize
seven decimal digits, six letters or five words (row above broken
line). The other rows compare the span for other groups of items.

of the list as he could remember in the
correct order. The lists ran to 10, 20, 30
or 50 items. If the subject failed to re-
produce the list exactly, it was presented
again. The number of presentations re-
quired before the first perfect reproduc-
tion measured the difficulty of the task.
We were not greatly surprised to find
that the subjects did somewhat better
(i.e., needed about 20 per cent fewer
trials) on the binary-choice lists than on
the other types. After all, a run of, say,
six zeros or six ones is easy to remember
and therefore in effect shortens the list.
But on the other two types of lists (eight
alternatives and 32 alternatives) the
subjects’ performances were practically
indistinguishable. In other words, it was
just as easy to memorize a list containing
a lot of information as one of the same
length containing less information.
Very similar results have been ob-
tained at the University of Wisconsin by
W. J. Brogden and E. R. Schmidt, who
did their experiments for other reasons
and without knowledge of the hypothe-
sis Smith and I were trying to test. They
used verbal mazes with either 16 or 24
choice points and they varied the num-
ber of alternatives per choice point from
two to 12. Here again the length of the
list of points that had to be learned, and
not the number of alternatives offered at
each choice point, determined the diffi-
culty of the test—with the same excep-
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FANCIFUL HEADS were drawn by Bernarda Bryson to depict
René Descartes’s Rules for the Direction of the Mind, described

tion that we found, namely, that it was
slightly easier to remember where only
two choices were offered.

Tentatively, therefore, we are justi-
fied in assuming that our memories are
limited by the number of units or sym-
bols we must master, and not by the
amount of information that these sym-
bols represent. Thus it is helpful to or-
ganize material intelligently before we
try to memorize it. The process of or-
ganization enables us to package the
same total amount of information into
tar fewer symbols, and so eases the task
of remembering.

I{ow much unitizing and symbolizing
must we do, and how can we de-
cide what the units are? The science of
linguistics may come to our aid here.
Language has a hierarchical structure
of units—sounds, words, phrases, sen-
tences, narratives—and it is there that
one should seek evidence for a similar
hierarchy of cognitive units.

It has been estimated that English
sentences are about 75 per cent re-
dundant: that is, about four times as
long as they would need to be if we
used our alphabet with maximum effi-
ciency. At first glance this fact seems
paradoxical. If length is our major source
of difficulty, why do we deliberately
make our sentences longer than neces-
sary? The paradox arises from a con-
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fusion about the definition of sentence
length. Is a sentence 100 letters, or 25
words, or 6 phrases, or one proposition
long? The fact that all our books con-
tain 75 per cent more letters than neces-
sary does not mean that 75 per cent of
the ideas could be deleted. And it is
those larger subjective units, loosely
called ideas, that we must count to de-
termine the psychological length of any
text.

A sequence of 25 words in a sentence
is easier to recall than a sequence of 25
words taken haphazardly from the dic-
tionary. The sentence is easier because
the words group themselves easily into
familiar units. In terms of psychological
units, a 25-word sentence is shorter than
a sequence of 25 unrelated words. This
means that the word is not the appropri-
ate unit for measuring the psychological
length of a sentence. Perhaps linguistic
techniques for isolating larger units of
verbal behavior will provide an objective
basis for settling the question.

When we memorize a sentence, all
our previous familiarity with the lexicon
and grammar of the language comes to
our aid. It is one of the clearest possible
examples of the transfer of previous
learning to a new task. And the transfer
is profitable because it serves to reduce
the effective length of the material to be
remembered. By learning the language,
we have already acquired automatic
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in the text of the article. The individual at left has presumably
not had the benefit of the rules, whereas the man at right has.

habits for unitizing those sequences that
obey the rules of the language.

There are three stages in the unitiz-
ing process. All three were described in
the 17th century by John Locke in his
famous Essay Concerning Human Un-
derstanding: “Wherein the mind does
these three things: first, it chooses a
certain number [of specific ideas]; sec-
ondly, it gives them connexion, and
makes them into one idea; thirdly, it ties
them together by a name.” Men form
such complex ideas, Locke said, “for the
convenience of communication,” but the
combination of ideas sometimes leads to
confusion because it is “the workman-
ship of the mind, and not referred to the
real existence of things.” The develop-
ment in the 20th century of a mathe-
matical theory of communication enables
us to see more clearly how this process
serves the convenience of communica-
tion and, coupled with the fact that it is
the length, not the variety of the mate-
rial that limits our memories, gives us
an important insight into the economics
of cognitive organization.

Organizing and symbolizing are per-
vasive human activities. If we can learn
to perform them more efficiently, per-
haps we shall indeed be able, as Des-
cartes promised, to “relieve the memory,
diminish the sluggishness of our think-
ing, and definitely enlarge our mental
capacity.”



~ Kodak reports to laboratories on:

the plasticizerless plastic for the kitchen middens of tomorrow ... how to draw
a crowd into your tent... non-hygroscopic acetylcholine iodide

Beyond the squeeze bottle

ie

Since we are stepping up the pace at
Longview, Texas, to make 40,000,-
000 pounds annually of these Tenite
Polyethylene pellets, it is desirable to
look beyond squeeze bottles, sheet,
pipe, wire covering, and house-
wares, much as our vast learning in
dye chemistry is winning favor from
a color-responsive populace who
have known polyethylene only as
the white, waxy one. No stone must
be left unturned. From under one
there might crawl out some trivial-
ity, colorful or otherwise, that within
a twelvemonth has to go on every
single ****kk skkkkkkk in gervice.
Likely as not, the gizmo’s daddy
turns out to be a guy better wooed
with numbers than with warm, re-
assuring words. All right:

Average Properties of Tenite Polyethylene

Thermal coefficient of

expansion. . . .. ... 11x 10 infin/°F
Thermal conductivity . . . 8x104 cal/cm?/sec/°C/cm
Specific heat

solid (70-105F) . . . . . 0.55

liquid (250-285F) . . . . 0.70
Brittleness temperature . . <-70C
Tensile strength at
fracture, 73F . ... .. 2150 to 1100 psi
(depending on formu-
lation selected)
Dielectric strength
(.030" specimen at

60 cycles) . . ... ... 1000 v/mil (short time)
Volume resistivity . . . . . 10" ohms/em
Surface resistivity . . . . . >4 x10" ohms
Dielectric constant . . .. 2.3
Dissipation factor . . . . . <0.0005

For more such, write to Eastman
Chemical Products, Inc., Kingsport,
Tenn. (Subsidiary of Eastman Kodak
Company), requesting the 16-page speci-
fication booklet on Tenite Polyethylene,
the plasticizerless plastic by which future
antiquaries may date our kitchen mid-
dens. During the discussion of how the
beads might get fabricated into the ob-
Jjects you need, we have every intention
of making a friend out of you.

Slowdown in color

In the heat of debate we once heard
an advertising man cry out, “What’s
a product? Anybody can make a
product. The real art is selling a
product.”

Though since moved on to fields
where his artistry could more lushly
flower, he wasn’t entirely wrong,
just too sweeping in his value judge-
ments. In the market place—particu-
larly in the industrial market place—
many a wonderfully ingenious and
efficient product of the engineering
mind and hand fails to ring the bell
as loud and clear as expected, sim-
ply because too few potential cus-
tomers know how the thing works.
One way to draw a crowd into the
tent for educational purposes is to
show them movies. Showmanship
isn’t all; some mechanisms can be
seen at work in no other way than
through movies which slow down
the action fifty times or more. Some-
times recognition of this is all the
showmanship needed.

There was a time when these high
speed movies were used only for
development and trouble-shooting.
Long miles of high speed film still
quite justify themselves in the form
of black-and-white rush negatives
shown once to taut little engineer-
ing groups, but more and more high
speed shooting is done on Koda-
chrome Film and even on Commer-
cial Kodachrome Film, which is
chosen only with advance knowl-
edge that numbers of full-color
copies will be required for circula-
tion.

“High Speed Motion Pictures,” a
new booklet obtainable from Eastman

Kodak Company, Sensitized Goods Di-
vision, Rochester 4, N. Y., tells about
the Kodak High Speed Camera and
about the films spooled for this kind of
movie making.

A delightful business

You sit one fine morning reading
your mail and lo, there is a letter
from a researcher at a medical
school in the green hills of Vermont
who wants to know why you
don’t put up acetylcholine as the
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quaternary iodide. Somehow, pos-
sibly by reading it in a book, he
seems to have learned that acetyl-
choline iodide is not hygroscopic at
all, whereas that well known vaso-
dilator acetylcholine itself and its
well known bromide (Eastman
2117) absorb so much water from
the air that to try to weigh them out
accurately is a nuisance. There
doesn’t seem to be a blessed reason
in the world why you can’t put up
acetylcholine iodide. You even
think of a way to make it from start-
ing material less costly than acetyl-
choline. You try it and it works and
the iodide is non-hygroscopic. That
particular researcher is pleased at
what an agreeable fellow you are,
and you are pleased at the prospect
of all the acetylcholine iodide that
all the other researchers are going
to buy from you.

So now all you have to do is to adver-
tise that Acetylcholine Iodide (Eastman
7209) costs 32.60 for 10 g. and is one of
some 3500 highly purified organic chemi-
cals sold by Distillation Products Indus-
tries, Eastman Organic Chemicals De-
partment, Rochester 3, N. Y. (Division
of Eastman Kodak Company).

Price quoted is subject to
change without notice.

This is one of a series of reports on the many products
and services with which the Eastman Kodak Company and
its divisions are . . . serving laboratories everywhere
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ZIRCONIUM compounds are being
used to advantage in many commercial |
applications. Notably — water repel-
lents, deodorants, pharmaceuticals, dyes,
latex emulsion paints, textile and leather
finishing and catalysts — among others.

e~
1l 0rmaplon I
concerning

ZIRGONIUM
CHEMICALS

write or
phone—

Registered

IT MAKES sense to come to TAM for
facts on Zirconium Chemicals. Our
experience covers not only development
and production of these compounds,
but also practical experience in their
commercial application. Today we are
equipped to produce any Zirconium
compound and supply information
relating to their use in your operation.
Please contact our N.Y.C. office.

TITANIUM ALLOY MFG. DIVISION

NATIONAL LEAD COMPANY
Executive and Sales Offices:
111 Broadway, New York City

General Offices,
Works and Research Laboratories:
Niagara Falls, New York
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Little Neutral One

long and exciting adventure in
/ s physics has come to a triumphant
end. The neutrino has been found.
Frederick Reines and Clyde L. Cowan,
Jr., of the Los Alamos Scientific Labora-
tory trapped the ghostly particle in an
underground chamber near the Savan-
nah River atomic pile.

In the article on this search by Philip
Morrison, published in the January issue
of SCIENTIFIC AMERICAN, Morrison com-
pared the neutrino to the planet Nep-
tune. The discovery of Neptune was
a crowning achievement of classical
physics: the motions of other planets
showed it had to be there. The neutrino
is a similar achievement of modern
physics, and its discovery is a vindication
of the law of the conservation of energy.

The existence of the particle was sug-
gested by Wolfgang Pauli and Enrico
Fermi to account for the puzzling phe-
nomenon of beta-decay—the spontane-
ous conversion of a neutron into a proton
and an electron. In this process a certain
amount of mass is lost, which should turn
up as energy of the product particles.
However, the proton and electron almost
never have enough energy to balance the
account. Pauli and Fermi proposed that
the missing energy is carried away by an
uncharged, virtually weightless particle
which Fermi named neutrino—“little
neutral one.”

A consequence of the theory is that
the hypothetical particle should interact
hardly at all with other forms of matter.
The average neutrino would pass through
50 light-years of solid lead before react-
ing with another particle. Thus it is in-
trinsicallv almost undetectable. Reines

© 1956 SCIENTIFIC AMERICAN, INC

SGIENGE AND

and Cowan undertook to detect it by
recording its extremely rare interactions.
Their experiment, whose successful out-
come was reported at a meeting of the
American Physical Society in New
Haven last month, depends on the re-
verse of beta-decay: a proton captures a
neutrino and is converted into a neutron
and a positron. Both of the products are
easily detectable.

In order to get a measurable number
of events the experimenters needed a
strong source of neutrinos and an enor-
mous number of target protons. Their
neutrino source was the biggest nuclear
reactor in the U. S.—the Savannah River
pile. The target protons were the hydro-
gen nuclei in two tanks of water, each
six feet 3 inches long, four and a half
feet wide and three inches thick. These
tanks were sandwiched triple-decker
style among three detecting tanks, each
containing about 50 cubic feet of a scin-
tillating liquid.

Whenever a neutrino was captured,
the resulting positron combined almost
immediately with an electron. The two
particles annihilated each other and gave
rise to a pair of gamma rays which pro-
duced light flashes in the scintillator
tanks. The flashes were picked up by
some of the hundreds of photomultiplier
tubes lining the tanks. The neutron
formed with the positron was captured,
after a few millionths of a second, by the
nucleus of a cadmium atom (cadmium
was dissolved in the target water). This
capture also released gamma rays which
caused scintillations.

To distinguish the telltale sequence
from random flashes in the detectors
caused by other nuclear events was the
crux of the experiment. It was accom-
plished by selecting electronically only
groups of flashes of just the right bright-
ness, occurring in a certain definite
spatial relationship to each other and
within the proper time interval. Reines
and Cowan had run their experiment
for 1,371 hours at the time of their re-
port. In a number of variations of the
experimental setup they obtained aver-
age counts of from one-half to three neu-
trinos per hour. The ratio of these counts
to unwanted background from cosmic
rays and other radiation from the reactor
was about 10 to one.

The experimenters devised a number
of stratagems to give additional proof
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that they were actually counting neu-
trinos. To show that the radiation was
coming from the reactor rather than from
outside they varied the power level of
the pile. Their counts went up and down
with the power. To eliminate the possi-
bility that they were counting neutrons
or gamma rays from the pile, they in-
serted some tens of tons of wet sawdust
between it and their apparatus. This
material strongly absorbs neutrons and
gamma rays. If they had been responsi-
ble for the counts, the rate should have
been reduced tenfold by the sawdust. In
fact, it was not reduced at all.

Reines and Cowan had earlier tried a
similar but less rigorous experiment at
the Hanford reactor. They believed that
they had found the neutrino at that time,
but the results were far less convincing
than the ones at Savannah River.

The discovery is “of great impor-
tance,” according to Atomic Energy
Commissioner Willard F. Libby. He
said it should help in understanding the
mysterious force that holdsatomic nuclei
together. Libby also pointed out that
part of the energy produced by stars is
carried off by neutrinos. It would be in-
teresting “to learn how much of the
energy in the universe has been Jost’ into
the neutrino state, and it is hoped that
this can be estimated in experiments fol-
lowing up the work which led to the
detection of the neutrino.”

National Science Board Members

rljhe U. S. Senate has confirmed the ap-

pointment of nine members of the
National Science Board. Four of them
are charter members appointed to a
second term: Laurence M. Gould, geolo-
gist, Carleton College; Paul M. Gross,
chemist and dean, Duke University;
George D. Humphrey, president, Uni-
versity of Wyoming; Frederick A. Mid-
dlebush, president emeritus, University
of Missouri.

The new members are: Edward J.
McShane, mathematician, University of
Virginia; Samuel M. Nabrit, president,
Texas Southern University; Julius A.
Stratton, vice president, Massachusetts
Institute of Technology; Edward L. Ta-
tum, biologist, Stanford University;
Warren Weaver, director of natural
sciences division, Rockefeller Founda-
tion. All will serve six-year terms, except

MALLORY-SHARON reports on

TITANIUM

World’s fastest flies with
MALLORY-SHARON titanium

o Performance details on the U.S.
Air Force’s new Lockheed F-104
are classified. But one thing can be
said: all metals —including tita-
nium supplied by Mallory-Sharon
—used in this advanced aircraft
have met the most stringent re-
quirements.

Mallory-Sharon, one of the lead-
ing producers of titanium and
titanium alloy mill products, has
paced many improvements in the
metal which account for its rapid

growth and acceptance today.
Such things as certification of
physical properties, guarantee of
optimum machineability, devel-
opment of heat treatable alloys,
and so on.

If you use titanium, you can de-
pend on proved quality with
Mallory-Sharon. If you don’t yet
use titanium, isn’t it time you
investigated this strong, light-
weight, corrosion-resistant metal?
Call us for your requirements.

MALLORY-SHARON TITANIUM CORPORATION, NILES, OHIO

MALLORY
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in four
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Dependable Ohmite Amrecon gen-
eral-purpose relays have proven
their exceptional ruggedness and
long life in years of service. Some
models are particularly adapted to
applications where severe shock
and vibration are present. Others
are of the sensitive type. Ohmite
can assure you immediate ship-
ment of 65 stock units and good
delivery on the many made-to-
order relays. Available in a wide
range of coil operating voltages
and contact combinations; with
hermetically sealed or dust-pro-
tective enclosures.

Write on Company Letterhead
for Catalog R-11.

OHMITE M facturing Company
3609 Howard Street, Skokie, lllinois
(Suburb of Chicago)

HIGH QUALITY,
ALL-PURPOSE RELAYS...
RUGGED, DEPENDABLE
FOR LONG LIFE

Current ratings
up to 25 amp, AC or DC

Also made-to-order models in a
wide variety of contact com-

binations, coil voltages, and
contact ratings,

Be A?qétwu‘é

OHMITE

RHEOSTATS « RESISTORS « RELAYS « TAP SWITCHES
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for Weaver, who has been appointed to
fill a vacancy until 1960.

Modernizing High-School Math

he Carnegie Corporation of New

York has given the University of Il-
linois $277,000 to revamp high-school
mathematics teaching. A project headed
by Max Beberman has during the last
four vears evolved a more sophisticated
mathematics curriculum, which is al-
ready being tested in five Illinois and
Wisconsin high schools. It is designed to
give the student a more coherent view of
mathematics and also to ground him in
some of the ideas and techniques of
higher mathematics.

The Illinois educators have discarded
the conventional order of courses: ele-
mentary algebra for freshmen, plane
geometry for sophomores, intermediate
algebra and solid geometry for juniors
and advanced algebra and trigonometry
for seniors. Under the new program they
are teaching algebra and analytic geome-
try in the freshman year. Sophomores
get a new course called the theory of
sets: set theory compares the properties
of similar things, such as whole numbers.
Juniors learn about complex numbers
and elementary calculus. The mathe-
matics course for seniors is still being

planned.

Venus on the Air

Of all the celestial bodies showering
the earth with radio waves, Venus
seems to be the most vociferous. Last
month the following signals were re-
ported as coming from Earth’s sister
planet:

A steady hissing at 10,000 mega-
cycles, which indicates that the surface
of Venus is hotter than boiling water.
This signal was detected by Cornell H.
Mayer and co-workers at the Naval Re-
search Laboratory.

An intermittent crackling, which re-
sembles static from terrestrial thunder-
storms. It was picked up by John D.
Kraus at the Ohio State University.

A sound so much like wireless tele-
graph signals that it was at first thought
to be interference from a radio telegraph
station. Kraus, the receiver, said: “What-
ever phenomenon is responsible for the
signals must be of a rather complex
type.”

Ultraviolet Sky

X rockets and earth-circling satellites
rise above the atmosphere, astrono-

| mers will be able for the first time to
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capture the ultraviolet light emitted by
the stars. The atmosphere absorbs all but
the longest ultraviolet wavelengths be-
fore they can reach the earth.

How will the sky appear in ultraviolet
light? Robert . Davis of Harvard Ob-
servatory has made a detailed predic-
tion. According to his calculations, sum-
marized in Sky and Telescope, the
ultraviolet sky will seem as strange as the
picture now being put together by radio
astronomers [see “The Radio Sky,” by
John D. Kraus; SCIENTIFIC AMERICAN,
_[uly].

The brightest object in the ultraviolet
sky will be the sun, but its magnitude
will be minus 13.2—far less than its visual
magnitude of minus 26.7. The next
brightest will be the southern Wolf-
Rayet stars, Zeta Puppis and Gamma
Velorum, with ultraviolet magnitudes of
about minus 3.

Generally speaking the ultraviolet sky
will contain more extremely bright ob-
jects than the visual sky. No fewer than
23 stars will have ultraviolet magnitudes
brighter than minus 1, whereas visually
only Sirius, the moon, the sun and some
planets are as prominent as this. On the
other hand, few distant stars will be
visible, because interstellar dust strong-
ly absorbs ultraviolet light.

The moon will be among the least con-
spicuous objects in the ultraviolet sky.
It reflects little ultraviolet light and
will have a magnitude of only plus 5.

Glacial Cycles

rl‘he advances and retreats of polar ice

- that have punctuated man’s existence
on earth are rare events in the scale of
geologic time. Prior to the Pleistocene
Period, which began about one million
years ago, there appear to have been few
ice ages. Why did glaciers then suddenly
start to form, and what has made them
wax and wane? Maurice Ewing, director
of the Columbia University Lamont Geo-
logical Observatory, and an associate,
William L. Donn, recently published in
Science a new theory to explain the
glacial cycle.

At the beginning of the Pleistocene
Period, they postulate, the earth changed
its axis of rotation so that the North Pole
shifted from somewhere in the North
Pacific to its present location in the
Arctic Ocean. The Arctic, then chilly but
unfrozen, furnished moisture to the air,
and the moisture fell as rain and snow on
the land near the pole. This precipitation
created glaciers, which for a time con-
tinued to grow and to spread southward.
When so much water was locked in the
glaciers that the sea level dropped per-



SILICONE NEWS

DOW CORNING

Silicone insulated motor-pump
handles radio-active coolants

|

Industry eyes liquid springs made more

efficient with Silicone fluids

New auto transmission seals of Silicone

>

HEART OF THE USS NAUTILUS—
Heat energy of radioactive water from
the nuclear reactor is circulated under
pressure through the steam generators
by canned motor-pumps. Water at
temperatures up to 675°F circulates
through the motor bearings, between
the separately canned stator and rotor
assemblies and around the stator.
Silicone insulated stator windings are
protected from the hot liquid by a
stainless steel jacket; the rotor by a
leak-tight cylinder of nickel alloy.
Canned motor-pumps with capaci-
ties ranging from 5 to 17,000 gallons
per minute are made by Westing-
house. Skillful engineering with sili-
cone insulation enables these pumps
to handle liquids at system pressures
up to 2500 psi. Special units will even
handle liquid metal at temperatures

up to 1000°F. Other applications:
steam systems involving controlled or
forced circulation and some process

applications in the chemical and
petroleum industries. No. 29
METHUSELAH AMONG MOTORS

is a silicone insulated 10 hp motor
in Dow Corning’s motor test lab. It’s
still going after more than 58,000
hours at an average copper tempera-
ture of 465° F. That’s equivalent to
over 350 years’ operation at regular
Class H motor temperatures.

\3 . . .
rubber are “boiled in oil”

MIGHTY MITES — Liquid filled
“Hydra Springs” by Wales Strippit
Corporation provide forces 3 to 6
times greater than coil springs of
the same size. Dow Corning silicone
fluid is specified as the compressible
medium for these springs because its
compressibility is 9 to 10% at 20,000
psi compared to 6 or 64 % for min-
eral base oils.

. Heat stability was
another important
consideration lead-
. ing to the use of
- Dow Corning sili-
» cone fluid. Semi-
| inorganic, it retains
nearly constant vis-
cosity and does not
break down despite
high operating tem-
peratures. Hydra Springs have already
proved highly successful in metal
working dies, perforating equipment,
testing equipment, ordnance devices
and specialized machinery. Other
applications are in the offing. No. 30

SILICONE SURFACE —gives glass
containers better “slip”, reduces jam-
ups on filling line, increases filling
rates as much as 80%. Also imparts
greater resistance to bruising and
scratching—cuts line breakage as
much as 50%. Leading glass makers
now offer containers coated with
Dow Corning Silicones at little or

How Designers Plan for Tomorrow

BOILED IN OIL—Most advanced
design in automatic transmissions for

- automobiles requires greater activity

of the oil within the unit. This means
more heat. Where old designs oper-
ated in the range of 150°F to 250°F,
new models average 250°F with fre-
quent highs of 325°F. Seals molded
of Silastic*, Dow Corning’s silicone
rubber, prevent leakage of the hot
oil and assure long maintenance-
free service.

Amazing as it may seem, this sealing
assignment is actually duck soup for
a material that stays rubbery and

keeps its shape at temperatures far
above and far below the limits of

organic rubber. Silastic’s range is
from —130°F to 500°F. No. 32

*T.M. REG. U.S. PAT. OFF.

GOOD-BYE HEADACHES — Mold
cleaning, a costly problem in the
rubber industry, has been virtually
eliminated by Dow Corning silicone
mold lubricants. Here’s a typical
report from a leading rubber com-
pany: “With silicone mold lubricants
we never have to clean molds except
when we take them out for change or
repair.” No. 33

TOMORROW’S PRODUCTS — will
come from imaginative use of new
materials. That’s why design, pro-
duction and maintenance men need
the new Reference Guide to Dow
Corning Silicone Products. No. 34

no extra cost. No. 31 Dow Corning Silicones Mean Business!
FOR MORE INFORMATION on silicones used in these applications, circle reference nos. in coupon.
Dow CorNING CORPORATION, Midland, Michigan 1
Dept. 9808. |
29 30 31 32 33 34 |
]
N

DOW CORNING ame !

Title
CORPORATION 1
Company i
Address |
: I
R _Cty ——————————————_ State |
ATLANTA BOSTON CHICAGO CLEVELAND DALLAS DETROIT LOS ANGELES NEW YORK WASHINGTOMN. D.C. (SiLvEn srmine, w0 |
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If you are a qualified engineer in any of
numerous fields and are looking for new and
challenging opportunities, a good-paying
position with an assured future awaits you in
Southern California at Northrop Aircraft, Inc.

MISSILE GUIDANCE

WEAPON SYSTE
Iy
ECHANICAL DESIGN

ELECTRONICS
M
STRUCTURES

COMPUTING

=E

Here you can apply your talents in fast-
growing jet aircraft and guided missile
research, development, and production
programs. For 16 years Northrop has pioneered
in these dramatic fields. Today, unlimited
opportunities still exist at Northrop in all
phases of manned and unmanned flight.

Where better could you be, and grow, than with
a pioneer ? You can work on many interesting
pro_jegamong friendly associates in a
streamlined organization, with ever-new
assignments that will give your ability full play.

Too, you can live in Southern California, where
climate, sea, mountains and desert combine to
give new zest to life.

For complete information about the many
career positions now available at Northrop, we
invite you to contact the Manager of
Engineering Industrial Relations, Northrop
Aircraft, Inc., 1010 East Broadway, Hawthorne,
California. Telephone ORegon 89111,
Extension 1893.

NORTHROP RIRCRAFT, INC.

Producers of Scorpion F-89 Long-Range Interceptors
and Snark SM-62 Intercontinental Missiles.
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haps 50 fathoms, the Arctic Ocean was
cut off from much of the warmer water it
had been getting from the Atlantic. As
a result the Arctic Ocean froze. The
glaciers, without their source of mois-
ture. could no longer grow. Gradually
thev melted, refilling the seas and restor-
ing the warm currents to the Arctic. At
this point the Arctic Ocean again became
an open sea, and the stage was set for
another glacial advance.

As long as the North Pole remains in-
side the Arctic Ocean, glacial periods
will continue to come and go, Ewing and
Donn said. Their theory, they pointed
out, contradicts one common concep-
tion: that at the height of every glacial
epoch ice covered the entire northern
portion of the earth. Instead, they main-
tain, the Arctic Ocean is unfrozen when
the glaciers are largest. When man mi-
grated from Asia to America during the
last Ice Age, according to Ewing and
Donn, the Arctic Ocean had not yet
frozen and the climate there was warmer
than it is today.

Bird Semantics

h [ost birds speal\ a rudimentary lan-
guage. crow, for example,
gathers its ﬂoc]\ by uttering a distinctive
“assembly call” and disperses it by
squawking an “alarm call.” The flock will
respond to tape recordings of these calls
just as it does to the cries of a live bird.
Two research groups, one in the U. S.,
the other in France, recently exchanged
tapes on which they had recorded the
calls of their native crows. Their object
was to learn whether French crows
(rooks, jackdaws and carrion crows)
would understand the language of the
American Eastern crow, and vice versa.
Roosting French crows consistently
ignored the alarm call of American
crows, but more than half of the French
birds were aroused by the broadcast of
an American assembly call. American
crows were less knowing linguistically.
They were wholly unmoved by the
plaintive cries of nestling rooks or the
strident assembly call of adult jackdaws
—commands which all three species of
French crow invariably obey.

In a further experiment the French in-
vestigators broadcast the food-finding
and alarm calls of the American herring
gull, a bird that also dwells on French
coasts. The French gulls paid no heed to
the American calls.

The scientists concluded from these
experiments that birds learn the lan-
guage of their kind from older birds of
their own group.

The French group comprised R.-G.



Held at 3000°F for five hours, these four brick, nly rec ded to resist high
temperatures, show varying effects. Samples 1, 2, and 3 softened and slumped to
different degrees, indicating loss of usefulness even below this temperature. Sample 4,
a Mullfrax® electric furnace mullite refractory, is unaffected by the heat.

fourth in a series... HEAT RESISTANCE

Unusvual Properties of Refractory Materials

Heat Resistance — Exposed only to heat, Carborundum’s VALUABLE INFORMATION FOR USERS OF:
Super Refractories can actually be used with complete safety
at temperatures above 3000°F. Long before such tempera-
tures are approached, even hlgh heat duty and Super.duty CATALYST SUPPORTS e OXIDE, BORIDE, NITRIDE AND CARBIDE
firebrick lose much of their usefulness. That’s because they
begin to soften several hundred degrees below their theoreti-
cal safe limits. Not so Carborundum’s Super Refractories. all in the new magazine “Refractories”
Their strength and rigidity are maintained close to their
theoretical limits.

In practice, of course, you must contend with many more
conditions than heat alone. Corrosion, thermal shock, load,
abrasion, erosion, etc., are usually combined with tempera-
ture. This combination of conditions may tend to lower heat
resistance of refractories. That’s why a refractory cannot be
selected solely on its ability to withstand temperature. It also
explains the reason Carborundum offers so many specialized

REFRACTORIES ® CASTABLE CEMENTS e POROUS PLATES AND TUBES

HIGH-TEMPERATURE MATERIALS e CERAMIC FIBER

————————— MAIL THIS COUPON TODAY —— ——————

Dept. @86, Refractories Division
The Carborundum Company, Perth Amboy, N. J.

Please send me the forthcoming issue of “’Refractories.””

. Name Title
refractories.
Heat resistance is thoroughly explored in the forthcoming Compaiiy
issue of Carborundum’s new magazine “Refractories.” Send
for your copy today. Strest.
City. Zone State.

CARBORUNDUM

Registered Trade Mark
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creasing demand for qualified

ADDRESS: ‘‘Engineering Personnel”

1500 ALGONGUIN AVE.,

CONTINENTAL

OFFERS YOU A WIDE FIELD FOR SPECIALIZATION

Steady expansion of both research and production facilities at
Continental Aviation & Engineering Corporation creates an in-

salary benefits and a wide range of project activities on all
phases of reciprocating and turbine engine development are yours
when you join the Continental staff. . . . If you hold a degree in
engineering, physics or mathematics, contact CAE at the address
below and investigate the opportunities that can be yours.

CONTINENTAL AVIATION & ENGINEERING CORPORATION

engineering personnel. Liberal

DETROIT 15, MICHIGAN

SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION
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TOOLS DIES

JIGS FIXTURES
GAGES STAMPINGS

ELECTRONIC
ASSEMBLIES

INSTRUMENT AND
MODEL PARTS

AUTOMATION
LEARTOOL CO.‘

254 Harbaugh N., Detroit 9, Mich.
VINEWOOD 2-6751

|
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For lab and p_I-cmf tests

«..the ZlactrnoniK

Null Indicator

Use this modern successor to the spot-
light galvanometer for null detection or
polarity indication, in either research or
production line tests.
Its sensitivity is adjustable to a high of
.001 microamp /mm (1 microvolt /mm).
Period of less than 4 second speeds test-
ing. It withstands vibration, shock, se-
vere overloads. Needs no leveling or
special mounting.
MINNEAPOLIS-HONEYWELL REGULATOR
Co., Industrial Division, Wayne and
Windrim Aves., Philadelphia 44, Pa.—in
Canada, Toronto 17, Ontario.

PRICE $175.00 F. 0. B. PHILADELPHIA.

Delivery from stock.

For complete facts, ask for Data
Sheet No. 10.0-12.

MINNEAPOL)IS

Honeywell

BROWN lNSYRUMENTS

Fost i Codtisls-
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Busnel, . Giban and Ph. Gramet of the
National Institute for Agricultural Re-
search. The Americans were Hubert and
Mable Frings and ]. Jumber of Penn-
sylvania State University and the Mount
Desert Island Biological Laboratory.
They reported their work at the Second
International Congress on Acoustics held
in June at the Massachusetts Institute
of Technology.

Light Beer, Heavy W ater

The first step in brewing beer is “malt-

ing,” a procedure which partly con-
verts barley starch into fermentable
sugar. The grain is soaked in water so
that it sprouts sugar-laden shoots. Dur-
ing the wetting a much subtler change
also takes place in the water, three
Swedish investigators have recently dis-
covered. It becomes rich in heavy water.
Barley absorbs relatively few of the
scarce heavy-water molecules in ordi-
nary water, so that water which has
trickled through the grain has a concen-
tration of the heavy variety.

Writing in Nature, L. Carlbom, R.
Skjoldebrand and N. Nielsen report that
by pouring water repeatedly through a
bed of barley they have increased its
heavy-water content more than fourfold.
Although this raises the heavy-water con-
centration to less than .1 per cent, it indi-
cates that waste water from breweries
may prove commercially valuable. In the
present process for extracting heavy
water, the authors point out, the first
stage is necessarily expensive because it
involves processing huge volumes of
liquid. If any of the several manufactur-
ing methods could start with water
slightly enriched with the heavy hydro-
gen isotope, the cost of heavy water
(currently $28 per pound) would be
greatly reduced.

| Bone Grafts

Bone from rats and cows has been suc-
cessfully grafted into the legs of 10
dogs at the Naval Medical Research In-
stitute, Bethesda, Md. It is a precedent-
making experiment, because bone grafts
even within the same species have been
difficult up to now. The animal receiving
the graft develops an antibody reaction
to fats, protein and other organic matter
in the bone. A new chemical treatment
that rids bone of virtually all organic
matter enabled the Bethesda dogs to in-
corporate the exotic bone into their
bodies, Fred L. Losee and Lloyd A.
Hurley report in Nature.

They soaked the bone in a solvent,
ethylenediamine, and then in pure grain



This is Coal ?

Here magnified 80 times is a cross-section of a piece
of coal less than one twenty-fifth of an inch square.
As you see, it’s not just a fleck of dirty, black material.
It consists of layer upon layer of ancient vegetation—
in the center a reproductive plant spore—flattened
by the pressure exerted on the coal bed through mil-
lions of years. Coal actually is a complicated struc-
ture from which modern chemistry is unlocking an
ever-growing list of valuable and often vital sub-
stances, undreamed of a few decades ago, indis-
pensable today.

Last year alone, more than 17 million dollars was
spent on coal research. Much of it was spent by the
nation’s steelmakers, and in particular, by United
States Steel.

In the laboratories of United States Steel a pro-
gram has been underway for many years to discover
ways to increase the use of coals previously consid-
ered unfit for metallurgical coke . . . to increase re-
covery of coal from coal washery plants . . . to improve
coke quality by better selection and blending of coals.

Paralleling this, and daily growing in importance,

is intensive research directed to improving the quality
of the chemicals recovered from the gases evolved
during the coking operation.

These basic coal chemicals—benzene, toluene,
xylene, naphthalene, phenol, pyridine and many
others—are the versatile building blocks from which
the chemical industry has produced a fabulous va-
riety of more than 200,000 different products. From
them have been created many of our new plastics,
resins, dyes, synthetic fibres, insecticides and the
“miracle” drugs.

United States Steel’s research in coal not only has
led to the more economical production of steel by
developing better coke; by attaining higher purity
in the basic chemicals derived from coal, it has in-
creased the availability and helped to lower the cost
of the myriad products made from these chemicals.
We believe this is a record of which we can well be
proud—although actually it is only the beginning of
ever more important things to come. United States
Steel Corporation, 525 William Penn Place, Pitts-
burgh 30, Pennsylvania.

In pilot plant equipment like this, USS chemical engineers are develo[l)ing and

testing new processes for the recovery of new coal chemicals. Such pi

ot plant

studies provide data for the design of commercial units for the recovery and

synthesis of these chemicals.
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‘Top-hat’ of REM-CRU titanium in service on
condenser at E. |. duPont de Nemours, Inc.

Closeup of titanium ‘top-hat’.

how TITAN'UM ‘top-hat’ thwarts

corrosion damage to DuPont condenser...

Problem: DuPont chemical engineers faced a particu-
larly vexing problem in the frequent failure of a stainless
steel condenser handling 60% nitric acid at 480F and
300 psi. Every five months or so, it became so badly cor-
roded that replacement was necessary. Unit costs and
downtime were serious.

Solution: Since failures always occurred at the condenser
top, DuPont engineers decided to try protecting that
area with a ‘top-hat’ insert of REM-CRU titanium. It
consists of a titanium disc twelve inches in diameter, to
which a cluster of 70 thin wall titanium tubes is welded.
Fitting snugly into the top of the stainless steel con-
denser, the titanium protects the area where trouble
started. And it stopped failures completely. The ‘top-
hatted’ condenser has been in service for more than 16
months and still shows no sign of corrosion beyond a
slight discoloration.

REM-CRU
TITANIUM

Dollars and Cents Facts About Titanium: It’s true that
titanium sheet and tubing cost more than stainless steel.
But titanium’s light weight (40% lighter than steel),
means you must buy fewer pounds of metal for a given
area. Furthermore, the cost of the metal is only a fraction
of the cost of the finished assembly. Substituting titanium
for stainless, therefore, increases the cost of a finished
reactor, autoclave, valve or other piece of chemical equip-
ment by only two or three times. Where titanium extends
the service life of parts by such a factor, or eliminates
costly maintenance and downtime, it’s the obvious choice
over cheaper but less corrosion-resistant metals.

At REM-CRU you can now get prompt delivery of
this versatile metal in a wide variety of sizes, shapes and
grades — including new high-strength, weldable alloys.
REM-CRU engineers will be glad to help with selection,
application or fabrication problems.

To keep abreast of the latest developments on this

vital metal, write to Dept. S-8 for the Rem-Cru Review—
a free periodical presenting the latest

technical data on titanium alloys.

REM-CRU TITANIUM, INC., MIDLAND, PENNSYLVANIA

© 1956 SCIENTIFIC AMERICAN, INC



alcohol. This dissolved out almost all the
organic constituents without changing
the mineral structure of the bone. After
they had grafted the treated bone onto
the tibia of the dogs, the investigators
injected the animals with radioactive
alizarin red S, a dye which has an affinity
with fresh bone growth. Radiations
given off by the dye showed that the
grafts took hold promptly.

Sounds inside the Heart

A new kind of stethoscope which is in-
4+ X serted directly into the heart has
been introduced at the Philadelphia
General Hospital. Its inventor, David H.
Lewis, explains that it has a tiny barium
titanate crystal mounted on the tip of a
heart catheter. The crystal, a piezoelec-
tric material commonly used to pick up
underwater sounds, converts the noise of
the heart into a pulsing electric current,
which flows through wires in the catheter
tube and is then reconverted to sound.
This instrument makes it possible for
diagnosticians to listen to the heart un-
muffled by intervening layers of fat,
muscle, cartilage and bone.

Abrupt Endings

The personality pattern of juvenile
delinquents includes a characteristic

impatience with life, according to ex- |

periments reported last month by Donald
M. Johnson, a Michigan State University
psychology professor. Johnson and a
graduate student, Robert J. Barndt, are
developing a verbal test to detect in-
cipient delinquency in boys.

They selected 26 delinquents aged 15
to 17 from a vocational school in Lansing
and matched them with 26 non-de-
linquents of similar age, intelligence,
scholastic records and social back-
glounds Then they told each boy:

“About 3 o’clock one bright, sunny after-
noon in May two boys were walkmg
down a street along the end of town.
Now you start there and finish the story
any way you want to.”

The delinquent boys brought their
tales to swift and often violent con-
clusions. Six of them told stories that
ended within one hour of the 3 o’clock
time, while none of the non-delinquent
imagined such a quick ending. Converse-
ly, six of the non-delinquents (but only
one of the delinquents) prolonged their
stories more than a week.

“Short-time perspective—living in the
here and now, unconcerned about re-
wards and punishments in the future—
appears to be part of the pattern of de-
linquency,” concludes Johnson.

If you are a

TOP NOTCH
RELIABILITY ENGINEER

please answer these questions:

(1) Have you an inquisitive mind?

(2) Do you respond to professional challenge?

(3) Is personal recognition important to you?

(4) Doesn't the current work on Missile Systems
Reliability impress you as one of the most fruitful
fields in engineering today —in scope, in equipment
available, in talents engaged?

(5) Isn’t North American Aviation’s Missile Engineering
staff the place for YOU —where your electrical,
electronic, mechanical or aeronautical ability can be
stimulated to optimum performance ?

Your immediate, positive reaction to these questions can start
you toward a position of authority in this field. Join this group
and share in its successes. Write: R. L. Cunningham, Missile
Development Engineering Personnel, Dept. 991-20 SA

NORTH AMERICAN AVIATION, INC.

12214 Lakewood Boulevard, Downey, Calif.

ECAMELS HAIR BRUSHES!:

20 ror $1.00

00000000000

0000000000000
.............

Ssssssnen

GOV'T SURPLUS

Imagine! Never used Camels Hair
Brushes cost many, many times this
low price. You actually buy these
brushes at less than the cost to
manufacture. For use in the home,
office, shop or store. For touch-up,
pasting, drawing, lens cleaner, type-
writer cleaner, cleaning precision
instruments, guns, tools, sporting
equipment and hundreds of other
uses. Assorted sizes. Money back if
not satisfied. 20 brushes, $1.00, 42
brushes, $2.00. Add 10c P.P. Supply
limited. Order NOW'!

MATTHEW DAY CO., Inc.
12 E. Madison Ave., Dept. 5-BR, Dumont, N. J.

YOU CAN'T ALWAYS
BELIEVE
YOUR SENSES!

For instance —in judging the rough-
ness of a machined surface by eye or

I by “feel”, sometimes you’ll get the
right answer, and sometimes not. You

| can never be SURE whether the an-
swer is right or wrong; for the “con-

| fusion factors” are many, and the
brain misinterprets what the senses re-
port — the same as with optical illu-
sions.

That’s one reason why men of in-
dustry turn more and more to a con-
fusion-proof shop instrument — the
Profilometer® — when dependable mi-
croinch roughness measurements are
required.

Illustrated Bulletin L23 explains

‘ these “confusion factors” —shows why
surfaces that look alike, or feel alike,
often differ in roughness by several
hundred per cent. May we send you a

| copy? You'll be interested,

%

Profilometer is a registered trade mark.
MICROMETRICAL
MANUFACTURING COMPANY
337 S. MAIN ST,

ANN ARBOR, MICH.
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MANGALIA, one of the Cook Islands (see map on pages 60 and 61), pandanus leaves. At the bottom is the interior of the island, with
is photographed in two aspects. At the top are houses roofed with houses where the Mangaians live while they cultivate their fields.
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The Settlement of Polynesia

Where did the romantic inhabitants of these Pacific islands come

from? The answer to the question begins to emerge from variations

in their tools, their physique and, most important, their language

in the mid-Pacific from New Zea-

land to Hawaii—was the last major
area of the earth’s surface to be discov-
ered and occupied by man. It is the
largest area ever occupied by a single
people—possessing the same culture,
speaking the same language and having
much the same physical appearance. Its
people have been intensively studied,
and probably more written about than
any other group in the world: they have
fascinated painters and poets, novelists
and feature writers, sea captains and
musical comedy composers, archaeolo-
gists and anthropologists. And yet the
Rolynesians remain one of the great rid-
dles of human history. Where did they
come from, and how did they settle their
huge oceanic realm?

Did they come from the west or the
east—from Asia or America? Thor Heyer-
dahl is convinced that his celebrated
voyage on the balsa raft Kon-T'iki proved
the Polynesian islands could have been
settled by ocean wanderers from Peru;
professional scholars doubt that it proved
anything about the actual origin of the
Polynesians. Bystanders may well won-
der what the tumult over Heyerdahl’s
book is all about—what difference does it
make where Polynesian man came from?
The answer is that the Polynesians and
their culture have a particular interest
for social scientists. Generations of in-
vestigators have hunted for clues to the
origin of this people in their language,
their customs, their religion, their tools
and even their diseases. In so doing the
scientists have discovered that Polynesia
is a unique laboratory for studying why
human beings behave the way they do.

Civilized populations are too complex
for any total study of all the factors shap-
ing their members’ behavior; most
“primitive” populations have too short a

P olynesia—that vast galaxy of islands

by Donald Stanley Marshall

known history or afford only fragmen-
tary information. In Polynesia we have
an isolated people who have inhabited
the region for more than 1,000 years.
They have the same cultural background
and speak the same language, so these
variables are relatively constant. On the
other hand, their groups live in a great
variety of environments, from jungles to
deserts, and we can see how different
environments have modified their cul-
ture. We can compare Polynesians living
in cities and on atolls, in the mountains
and on the bosom of the sea. Further, we
can see how the culture of the Poly-
nesians has changed under various Euro-
pean administrations during the last two
centuries. And finally, we have a con-
tinuous record of developments from
the time they were “discovered” by ex-
plorers in the 18th century.

Islands of Paradise

Polynesia is one of the three major di-
visions of Oceania. It is distinguished
from Melanesia (islands inhabited by
dark-skinned people in the South Pacific)
and Micronesia (small islands east of the
Philippines, including the Marianas,
Marshalls, etc.). The Polynesians are
unmistakably related to the Melanesians
and the Micronesians, but they form a
distinct population with a history of their
own. Polynesia (meaning many islands)
embraces most of the immensity of the
Pacific, from Easter Island on the east
to a chain stretching toward Asia on the
west, and from Hawaii on the north to
New Zealand in the south [see map on
next two pages].

It was in the 1760s and 1770s that
Captain James Cook, Louis Bougainville
and others discovered Polynesia. Their
reports of the “Islands of Paradise” came
to tired and war-torn Europe like balm
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from an exotic world. An avid reading
public ate up everything the explorers
(and their rehashers and interpreters)
wrote. In France, Rousseau’s philosophy
of “natural man” took on flesh and sub-
stance. In England, high society lionized
visiting natives from Polynesia. “Curiosi-
ties” (artifacts) from the islands became
fashionable and brought fabulous prices.
(They still come high today.) Funds
were raised to send out missionaries and
scholars. Soldiers brought back tales of
the Polynesians’ valor and chivalry: how
on one occasion Maoris besieging a Brit-
ish camp sent in food so that the garrison
might “fight on more even terms.”

Accounts of the Polynesians have con-
tinued to pour forth in a steady stream to
the present day:' Robert Louis Stevenson,__
Nordhoff and Hall, Gauguin and many
others contributed to their color and al-
lure; the hula dance and pseudo-
Hawaiian music took the entertainment
world by storm; race horses named
“Polynesian” and “Tahitian King” em-
bellish the sports pages; South Pacific
has broken box-office records throughout
the Western world.

In the meantime hosts of scholars in
many fields have compiled a mountain of
solid information about the Polynesians
and their culture. The devoted investi-
gators include H. D. Skinner of New
Zealand, the dean of Polynesian anthro-
pologists; Henry W. Fowler of the Phila-
delphia Academy of Natural Sciences;
and the staff of the Bishop Museum in
Honolulu, notably the ethnologists J.
Frank Stimson, Edward S. C. Hardy,
Kenneth Emory and Polynesia’s most
distinguished son, Te Rangi Hiroa (Sir
Peter Buck).

When the European explorers first
saw the Polynesians in the 18th century,
they were already long established in the
islands, with a well-developed culture
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and resourceful methods of making a liv-
ing in Oceania. Their islands were cul-
tivated and landscaped: most were well-
trimmed parklands covered with net-
works of roads and paths. The Poly-
nesians had a remarkably detailed
knowledge of their island history, pre-
served in stories, chants and traditions.
But their history as a people before they
came to the islands was lost to memory,
except for the name of their unknown
original homeland—“Hawaiki.”

The clues we have suggest that the
Polynesians colonized much of the Pa-
cific at about the time the Scandinavian
Vikings were sighting North America.
Te Rangi Hiroa (a Maori) has labeled
his ancestors “Vikings of the Sunrise”;
Polynesians also like to call themselves
“the Sea Kings.” Their polished stone
tools classify the original settlers of the
islands as Neolithic men, but their civi-
lization was no simple Stone Age culture.

The Vikings of the Pacific apparently

arrived in the islands in fleets of de-
liberate migration. Legends passed down
by Polynesian priests and bards speak of
great double sailing canoes, embellished
with feathers and statues, which carried
priests, chiefs, warriors, commoners and
their women. We do not know whether
the voyagers had been driven to migrate
by wars or population pressure at home
or were urged on by the spirit of discov-
ery. In any case their canoes were laden
with coconuts, taro, banana and bread-
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“outliers” represents the route by which the Polynesians first enter-
ed Oceania. The “nuclear” area is where they settled for a time



fruit plants, pigs, fowl—and the inevi-
table companions of man, the rat and the
louse. The boats were held together with
cords of coconut fiber and kept from
sinking by constant bailing. The bold
voyagers, roaming the immense, un-
charted Pacific in an era when European
sailors rarely ventured out of sight of
land, moved from island to island until
they had settled virtually every livable
bit of soil over millions of square miles.

The home they found—and in which

they remained—is as varied as it is hazar-
dous. It includes naked atolls of coral
sand and coconut trees, a mountainous
subcontinent (New Zealand), tropical
jungles, flowery Edens and wind-blown
reefs in the sea. The sea is the all-
pervasive denominator of the Poly-
nesian’s life. It is the source of his protein
food and his travel highway. It is also a
cruel destroyer, at times sweeping whole
islands bare of population and vegeta-
tion. In spite of the danger the Poly-

nesians choose to live on the shores of the
islands whenever they can. Here is
where the coconuts and fish are plenti-
ful, and where a man can travel easily
wherever he wishes.

Second only to the sea in importance
is the wind, and the moisture it may—or
may not—carry. Wind-swept rains may
lash islands for weeks at a time, making
fishing or agriculture impossible, so that
bellies grow lean with waiting. They °
grow even leaner when hot winds suck
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the limit of Polynesian migrations. The smaller divisions within
these areas indicate the extent of island groups named at the right.
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FOUR INHABITANTS of Mangaia in the Cook Islands illustrate
the characteristic features of the modern Polynesian. At the upper
left is one of the six governors of the island. At the upper right is

a mapu, which may be translated as “young sower of wild oats.” At
the lower left is the Mangaian representative on the governing coun-
cil of the Cook Islands. At the lower right is a young mother.
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moisture from the land and plants wither
and become like tinder. Then the is-
landers are reduced to hunting hardy but.
despised fruits—or to cannibalism.

Their Culture

This people, living an adventurous life
on the edge of danger, developed a sur-
prisingly sophisticated culture. In agri-
culture they showed a superb grasp of
principles of irrigation and cultivation.
With great labor they carried leaves and
mold from high islands in their canoes to
build soil on barren ones. They con-
verted entire islands, such as Tongatabu,
into gardens. Botanists are impressed
with the fact that the Polynesians di-
vided the plant world into monocotyle-
dons and dicotyledons (plants with
single-leaved and double-leaved seed
embryos) long before the 17th-century
English naturalist John Ray began the
classification of plants in Europe. Their
fishing skills were remarkable. They
showed a knowledge of fine points of
surgery. All their tools and other objects
exhibited a love of beauty and a gift for
esthetic expression: even their weapons
were artistic—as is impressed upon any-
one who has hefted the beautifully pol-
ished short clubs of the Maoris, the iron-
wood long clubs of the Marquesans or
the shark-toothed clubs of the Hawaiians.
The basic interest in sexuality and
procreation also permeated every aspect
of their life. Erotic symbols were carved
everywhere: on house posts and burial
chests, on weapons and stone images, on
necklaces and household utensils.

For anthropologists the Polynesians’
religion and social organization has been
no less intriguing a study than their arti-
facts. Their religion was expressed in an
intricate system of beliefs and practices;
best known are their concepts of Mana
(power) and Tabu (sanctity). Their so-
cial life was focused in a strikingly com-
munal system of large families in which
a child had many “mothers” and
“fathers” besides his biological ones.
Their political units were limited to
single islands or valleys, ruled by chiefs
whose position stemmed from individual
personality as well as seniority of family
descent.

But perhaps the most noteworthy
aspect of the Polynesians’ culture was
the beauty and richness of their lan-
guage. To ears accustomed to Anglo-
Saxon harshness, the cadences of the
Polynesian tongue were enchanting.
From the first contact Europeans de-
veloped a passion for taking down and
translating the talk of the Polynesians.
Among the islanders professional bards

held dominant positions, and men talked
and sang far into the night, incited by
kava and the intoxicating cadence of
their language. It was a gay language,
with much play on and toying with
words. And it played a most significant
role in the life of the people. Individuals
and families held, gained or lost land and
power according to the extent of their
knowledge of chants and genealogies,
passed down from father to son. The
language also reflected their philosophy
and beliefs: it had no words for such
Christian concepts as “sin” or “moral
truth,” but it had a wealth of terms de-
scribing the minutest variations of hu-
man behavior.

The Peabody Expedition

My purpose in this article is principal-
ly to report some conclusions about the
Polynesians, particularly those gained
through study of their language, that
emerged from expeditions to the islands
in 1951 and 1955 for the Peabody Mu-
seum of Salem, Mass., a famous center
of collections from Oceania. The 1951
expedition, most of whose members were
visiting the islands for the first time,
worked from several different points of
view.

Marianne L. Stoller (now with the
Museum of the University of Pennsyl-
vania) studied the arts and crafts of the
New Zealand Maoris and the present
ethnography of Tahiti. George M. Shea-
han, Jr., of the University of Cambridge,
compared the culture of the Marquesans
today with that at the time of Captain
Cook. Wallace P. Strauss of Columbia
University studied historical documents
in the great Mitchell Library in Sydney,
Australia, and the equally famed Alex-
ander Turnbull Library in Wellington,
New Zealand. The Reverend Maru
Check, an associate of the London Mis-
sionary Society, collected artifacts in
the islands. J. Frank Stimson, who
works in Tahiti, gave us a large col-
lection of information, the results of a
lifetime of scholarly toil. And the writer
of this article made studies of the lan-
guage, craniology and material culture
of the Polynesians. The interpretations
that follow are based upon his own in-
vestigations and reading.

One of the most useful keys in unlock-
ing the gateway to the past in Polynesia
is the evolution of the stone adze, which
seems to have been the basic tool of this
people even before they came to Oceania.
Varieties of this tool have been dug up
in many of the islands. It appears that
the original settlers brought to Polynesia
an adze of “quadrangular” (chisel-like)
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cross section. Specimens of this type
have been found even on islands long
uninhabited, such as Norfolk and Pit-
cairn. Also widespread in the islands is a
“hogback” variation which is triangular
rather than quadrangular in cross section
and probably served other uses. From
these basic types the inhabitants of dif-
ferent islands or regions developed re-
fined and specialized versions; charac-
teristically they chipped down one end
of the stone blade to a tang (prong) for
insertion into the adze handle [see illus-
trations on opposite page]. A fine ex-
ample of the perfection they finallv
achieved is the magnificent ceremonial
adze of Mangaia.

The adzes help us to retrace the an-
cient island-to-island migrations of the
Polynesians. Adze types known to have
originated in islands of eastern Poly-
nesia have been unearthed in New Zea-
land; New Zealand adzes have turned up
in the Fiji Islands; Melanesian adzes, in
the Cook Islands and New Zealand;
Cook Islands adzes, in Makatéa. With
this evidence we can construct a pattern
of the Polynesians’ contacts or travels in
the period before the Europeans discov-
ered them.

Studies of variations in the islanders’
body build give us further clues along
the same lines. The Polynesians, as we
have noted, are a remarkably homo-
geneous people physically, but there are
local differences, presumably due to iso-
lation of groups since the people came to
the islands. During the past three years
Charles E. Snow of the University of
Kentucky and the author have measured
more than 1,000 skulls of Polynesians of
past times. They are markedly narrower
than the craniums of Polynesians of the
present day. However, the trend to
broadening of the cranium has pro-
ceeded at different rates in different
places, and again we can find a pattern
of relationships among the islanders.
This pattern fits well with the groupings
indicated by the stone tools and other
items of material culture.

A particularly interesting aspect of the

STONE ADZES are a clue to the migrations
of the Polynesians. At top center is an an-
cestral type of adze with a roughly quad-
rangular shape. At top left is a variant with
a curved belly, which eventually gave rise
to the type at bottom left. At top right is
another variant with a curved back and
a narrow blade, which gave rise to the
type at bottom right. At bottom center
is an intermediate type of adze with a
broad blade and a triangular cross section.
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Polynesian skull is the unusual “rocker
jaw”—a jaw curved on the lower side so
that it rocks when laid on a table and
pushed down at either end. This feature,
presumably genetic, occurs in about half
of all Polynesians, but it has not been
observed among Micronesians and ap-
pears only rarely among Melanesians. It
confirms other evidence that the Poly-
nesians diverged rapidly from the other
Pacific islanders.

The Language

Immeasurably more significant than
either tools or bones, as a key to unlock
the history of a culture, is language. For
language is the basis of man’s unique-
ness, and the essence of his culture.

The literature on the Polynesian lan-
guage is immense. It is fortunate that the
earliest European explorers were so fas-
cinated by the language that they wrote
down lists of Polynesian words, for as a
result we know what the words were
before they were contaminated by for-
eign infiltration. During the past genera-
tion professional linguists have added
their expert analyses to the earlier ama-
teur observations. Consequently we now
have a fairly thorough knowledge of the
dialects and linguistic development of
the Polynesian groups.

From the days of Captain Cook there
has been no serious question about the
linguistic identity of the Polynesians. A
speaker of one of their dialects could
make himself understood anywhere,
whether in Tahiti, Easter Island, New
Zealand or Tonga.

The Polynesian, Micronesian and
Melanesian languages are all members
of the family of languages known as Aus-
tronesian. It is related to Indonesian, in-
cluding Malayan, and to languages used
in Madagascar, but it does not “stem”
from them; rather, all seem to be off-
shoots of some common ancestral lan-
guage.

Comparing dialects over the centuries
of time and the divisions of geography,
the writer has been able to divide the
Polynesian islands into certain major
areas, which can be related to the history
of the people. We can deduce (1) thata
chain of islands in the western Pacific
represents the route by which the Poly-
nesians first entered Oceania and where
they left “outliers”; (2) that the Poly-
nesians settled down for a time in the
mid-Pacific on islands which became the
“nuclear” jumping-off place for further
migrations; (3) that the center of popu-
lation gravity later moved eastward to a
OTHER POLYNESIAN TOOLS are clubs of stone, bone and wood from New Zealand ~central” region; and (4) that islands in
(top), shark-toothed implements (middle) and fish hooks from Hawaii and New Zealand. the South Pacific form a “peripheral”

66

© 1956 SCIENTIFIC AMERICAN, INC



part of Polynesia [see map on pages 60
and 61]. These divisions based on lan-
guage agree with those based on adze
types and cranium measurements.

The instrument for tracing the evolu-
tion of the language is an analysis of
changes in the sounds of given words
[see table on page 72]. Now there is a
new technique of analysis, developed by
Morris Swadesh and Robert Lees, which
makes it possible to give a rough estimate
of when the Polynesians first came to the
Pacific. The technique is called “glotto-
chronology,” and it rests on the finding
that in general a basic segment of any
language changes at the fairly constant
rate of about 19 per cent in each 1,000
years. Our data indicate that the Poly-
nesian dialects diverge from the other
Austronesian languages by about 50 per
cent. This suggests that the Polynesians
had come to Oceania about 2,000 years
before the European explorers arrived.

In the century and three quarters
since then the language has changed
rapidly, though irregularly, in part be-
cause of the European influence. The
shift in a basic secIt)ion of the Tahitian Step eoeo
dialect is as high as 22 per cent. The
new Tahitian dialect has become the
common tongue of much of Central

Military airplanes powered by Pratt & Whitney

Polynesia. Aircraft jet engines have repeatedly penetrated the
Let no one suppose that the interest of sound barrier. Sixteen international airlines have

scholars in the Polynesian language is ordered passenger planes, also to be powered by our
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certainly reaffirm that they are a single,
distinct people, with marked differences
in language, physical type and material
culture from their nearest Melanesian
neighbors (in Fiji) or Micronesians (in
the Gilbert Islands). Beneath the sur-
face differences, however, the Polyne-
sians are clearly related to their Oceanic
neighbors to the west. It is important to
realize that the relationship is one of
pattern, rather than merely individual
traits. Similarities of diet, for example,
are not restricted to single foods but em-
brace a whole complex, made up of taro,
yam, breadfruit, coconut, etc. The point
is important because no relationship in
general pattern has yet been found be-
tween the Polynesians and any ancient
population in America. The possibility
of sporadic contact with the Americas
cannot be denied, but there is no evi-

dence that Polynesian culture was sig-
nificantly influenced from that direc-
tion.

As to the question, Where did the
Polynesians come from?, the best we
can do is to point vaguely to southern
Asia. We do not yet know enough about
ancient cultures in that part of the world
to pinpoint the “Bronze Vikings’ ” origin.
About the date of their migration we can
say that a preliminary linguistic analysis
seems to indicate it took place some
2,000 years ago, but we have no tangible
evidence of their presence in Polynesia
before about 1,000 years ago. More
archaeological evidence, more studies of
their language and folklore, measure-
ments of many more craniums, more mu-
seum study of artifacts and more knowl-
edge of the past climate and geography
of Oceania will be required before prob-

lems of Polynesian origin can be solved.
We cannot today go much beyond the
statement of the great English scientist,
Sir Joseph Banks, who accompanied
Captain Cook:

“From the similarity of customs, the
still greater one of traditions and the al-
most identical sameness of language be-
tween these people [of New Zealand]
and those of the islands in the South Sea,
there remains little doubt that they came
originally from the same source, but
where that source is, future experience
may teach us. At present I can say no
more than that I firmly believe that it is
to the Westward and by no means to the
East.”

The writer will venture to offer the
following theory as one that fits the
known facts. It seems most likely that
the Polynesians entered the Pacific from
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SHAPE OF CRANIUM of a given Polynesian is related to the time
that has passed since his ancestors settled on his island. Over the
generations there has been a tendency for the Polynesian cranium
to change from a long, narrow type (at right below dotted line) to a
short, broad type (above dotted line) . The numbers at the left relate
the breadth and length; a cranium at 80 on the scale, for example,
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would be .8 times as broad as it is long. The bottom line on each of
the colored bands represents the average cranial shape of Poly-
nesians who lived before Europeans came to the islands. The top
line on each of the bands represents the average cranial shape today.
On the island of Kapingamarangi only measurements of modern
craniums were made; on Niue, only of pre-European craniums.
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U. S. ROYALITE

crack It!

‘Ll LAY
EXhlhlt A —The ROYALITE case of the new Revere
“777” 8 mm. portable projector, is cleverly designed by
Revere Engineers as an integral part of the machine.
The removable cover contains a ribbed inner liner to which
is riveted a reel support, cord retainer and lock. Revere, a
user of Royalite cases since 1949, has pioneered in engineer-

ing its products for functional beauty.

0 wiN, time after time, in the trial
Tof use and abuse, any “portable”
must have an eye-appealing case that
stands up under hard knocks. A case
like that of the fine, precision-built
“777” portable projector, formed from
U.S. ROYALITE.

This tough, versatile fabricating
material has the structural rigidity of
plastic fortified with rubber for needed impact resistance.

Supplied as a thermoplastic sheet, it is easily formed
to complicated shapes with sharp detail on low-cost tool-

WINS ANOTHER CASE!

“Impact” couldn’t

ing, and for limited runs or prototypes, dies can
be. quickly and inexpensively made of wood or
resin as well as metal. Needed supports and di-
viders to receive accessory parts can be formed
simultaneously with the case, saving assembly
operations.

U. S. Rovalite thermoplastic sheets can be
obtained in attractive standard or special
built-in colors with glossy-smooth or dull tex-
tures. Various degrees of rigidity are obtainable, as well as
flame-resistant (self-extinguishing) material. Contact us at
once to see how Royalite can be turned into cases or covers
for your product...cases that combine beauty, utility, and
economy as never before. United States Rubber Company,
2638 Pulaski Road, Chicago 39, Ill.

U'S'ROVALITE

TOUGH, VERSATILE FABRICATING MATERIAL

. United States Rubber
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FILTRATION NEWS

PORO-KLEAN FILTER (left) and hous-
ing. For 10-micron filtration of aircraft
hydraulic fluid, filter operates at 3000
psi, —65°F to 350°F.

Filter helps guide
missiles

Controlling a high-speed missile in flight
takes a hydraulic system that will react accu-
rately and instantaneously.

In order to achieve such sensitivity, the sys-
tem must be kept absolutely free from impuri-
ties. It’s for this reason airframe engineers
often specify magnetic, fabricated or preformed
PoRrO-KLEAN filters for missile hydraulic sys-
tems. And these porous stainless steel filters
also handle the same job in many missile
launching systems.

Aircraft control too!

Here’s another problem PORO-KLEAN solves
on supersonic aircraft: to remove solid parti-
cles larger than 10 microns from 3 gpm of
hydraulic fluid at 3000 psi, temperatures from |
—65°F to 350°F. Solution —the 634" by 114"
cylindrical PORO-KLEAN filter shown above,
weight, 1.10 lb., featuring integral relief valve.

Industrial and aircraft filters

Standard, 316-stainless-steel PORO-KLEAN
aircraft and industrial filters are available for
operation to 900°F (AN specs to 350°F), in
a variety of preformed cup, cylinder, disc and
hat shapes. Ask your local Cuno representa-
tive for complete data. Or write Cuno Engi-
neering Corporation, 35-8 South Vine Street,
Meriden, Conn. 522

Send for new PORO-KLEAN
Catalog No. 058

ENGINEERED

FILTRATION

MICRO-KLEAN (fibre cartridge)
PORO-KLEAN (porous stainless steel)

=

' p

L

AUTO-KLEAN (edge-type) .
FLO-KLEAN (wire-wound) e
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the west along the islands labeled “out-
liers” on the accompanying map. They
stopped at the “nuclear” islands (Tonga,
Samoa, et al.) and there developed Poly-
nesian culture as we know it. The time of
arrival at Tonga may have been slightly
after the beginning of the Christian
era. During this period the Polynesian
physical type was genetically “set,” and
the Polynesian language, social structure
and economy were stabilized.

As the population increased, voyagers
again ventured out in great migration
canoes—now into the vast ocean dis-
tances of “central” and “peripheral”

Polynesia. It appears that this era of
voyage and discovery was relatively
short, but virtually every habitable is-
land in the area was quickly discovered
and settled. It is possible that climatic
conditions were even more favorable to
island culture then than now. Probably
the Polynesians remained in fairly close
touch with one another, and it was in
this period that the legends of the great
voyages between far-distant islands were
established. This could have been the
era of the Scandinavian Vikings, the
Irish migrations and the great mass
movements of wandering peoples across

l ROCKER JAW of a Polynesian (top) is compared to the straight jaw of a non-Polynesian

(bottom) . The former rests on one point; the latter, on two points or on a flat lower edge.
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WHY SHOULD ANYONE

L )
RKIN-ELMER WANT TO WORK FOR
e . ERS . PERKIN-ELMER?
m U ' @AM@Q/
EASY, CHARLIE, IM TRY-  ADVERTISEMENT? FIRST OF ALL, LET’S TELL 'EM WHAT THEN WE TELL 'EM

i ) EVERYTHING FROM
ING TO WRITE A “"HELP WELL LET OL' GRAY | PERKIN-ELMER DOES... DESIGNS AND ABOUT THE PROJECTS AppjaL CAMERAS

WANTED" AD THAT GETS FLANNEL CHARLIE | PRODUCES FINE OPTICS, INFRARED IN= THEY'LL BE WORK-  "To ZOOM LENSES,
ACROSS ALL THE HELP YOU WITH IT. STRUMENTS, ELECTRO- OPTICAL ING ON... ETC. AND SO FORTH.
THINGS P-E CAN OFFER A WEAPONS SYSTEM.... —V\——
GOOD ENGINEERS AND A ~ 3

PHYSICISTS ... O "_._ ...TO SAY NOTHING -
/& ﬂQ_/\J’? OF SECRET |NFRARED

g = DETECTOR STUFF.
1

\yre!

W

AND THE MEN THEY’LL BE WORKING WITH,,. .. NOT TO MENTION AND LOCATION/ OUT IN THE BEAUTI-
CARL MILLER WHO HELPED DEVELOP RADAR.... US, JACK AND FUL CONNECTICUT COUNTRYSIDE WHERE
LLOYD McCARTHY, A LEADER IN OPTICAL DESIGN., CHARLIE IN PERSON. TRUE SUBURBAN LIVING IS A REALITY,
«..AND MANY OTHERS WELL KNOWN IN OPTICAL ++ NO MORE COMMUTING.
TRACKING, INFRARED AND SO FORTH .. l’ REMINDS ME! HAVE

TO TELL MY WIFE I1LL
BE HOME FOR LUNCH,

£

NOTHING EXCEPT THE SPECIAL
BRAND OF ENTHUSIASM YOU PICK
HAVE WE LEFT UF WORKING AROUND HERE,
" v 2

ANYTHING BUT THEY'LL HAVE TO DIS

out? @ _ COVER THAT FOR THEM-
SELVES &7

'LL CLOSE IT.. " IF YOURE A AND IF YOU'D
PHYSICIST, ENGINEER, OR LIKE TO KNOW
DESIGNER, WE'D SURE LIKE MORE ABOUT US,

TO KNOW MORE ABOUT YOu'  LET US SEND YOu
THIS BOOK,

Perkin-Elmer is a diversified, growing young company,
well known to both industry and defense people. Why

not'send our personnel manager a resume of your quali- Perkin-Elmer &z/ Z

fications. And if you'd like, we'll send you a copy of
“Perkin-Elmer . . . its people, facilities, products.” Norwalk, Connecticut

Engineering and Optical Division
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OCEANIC CONSTANCY POLYNESIAN CONSTANCY POLYNESIAN VARIATION
BIRD | CANOE | FRE | BLOOD | CHIEF | LAUGH | BANANA | BAMBOO | CHARCOAL
NUKUORO MANU- | VAKA AH | TOTO ARKI KATA- HUTI MATIRA
KAPINGAMARANGI MANU | WAKA | AH TOTO ARKI KATA HUTI MATIRA MARARA
. NUKURIA MANU | VAKA AFI TOTO ARKI KATA HUTI MATIRA
“é ONTONG JAVA MADU | VA°A AH KO KO TUU 2AKA HUK MAKILA
8 SIKAIANA MANU | WAKA AFI TOTO ALKI KATA FUTI
PILENI MANU AFI TOTO ALKI KATA TAVEL MASILA | MATAPELO
RENINELL MANU | VAKA | VAKAI| TOTO | ANKI HUTI
é TIKOPIA MANU | VAKA AFI TOTO ARKI KATA FUTI MARARA
i
w
§ T ELLICE (VAITUPU) MANU | VAKA AFI TOTO ALKI KATA FUTI
-
o) TOKELAU (FAKAOFU) MANU | VAKA AFI TOTO ALKI KATA FUTI
o P4 SAMOA (UPOLU) MANU | VA°A AFI TOTO Al 2ATA FUTI *OFE MALALA
<C
w
ol WALLIS (UVEA) MANU- | VAKA AFl TOTO ALKI KATA FUS KOFE MALALA
=)
N 4 (’5) TONGA (TONGATABU) MANU VAKA AFI TOTO 2BKI KATA FUSI KOFE MALALA
] 2 NIUE MANU- | VAKA AFI TOTO Kl KATA FUTI KAHO MALALA
b4
>
o) PUKAPUKA MANU | WAKA | AW [ TOTO ALKI WUTI
o
NORTH COOK (MANIHIKI) MANU | WAKA | AH TOTO ARIKI KATA
2 SOUTH COOK (RAROTONGA) | MANU | VAKA Al TOTO ARKI KATA MEIKA KO % NARA?U
2 AUSTRAL (RAIVAVAE) MANU | VA°A AH TOTO ARI I 2ATA MEI°A °OHE NARAHU
2 SOCIETY (TAHITI) MANU | VA°A AHI TOTO ARI?| SATA MEI’A 2OFE ? ARAHU
&
zZ —_
& TUAMOTU () ANA) MANU | HAVEKE | AHI | TIKAHIRI|  ARKI” | KATA MEIKA KOFE NARAHU
é 5 MARQUESAS (HIVAOA) MANU | VAKA AHI TOTO A2KI KATA MEIKA KOHE NANAHU
Z S MANGAREVA MANU | VAKA AHI TOTO | AKARKI | KATA MEIKA KOHE
w
RAPA MANU | VAKA A2l TOTO ARIKI TAUTAU| KOZE
2 HAWAII MANU | WAA | AHI KOKO A% SAKA | \MAI’A >OHE NANAHU
% NEW ZEALAND MANU | WAKA AHI TOTO ARIKI KATA NARAHU
s CHATHAM MANU | WAKA | AHI TOTO ERIKI KATA DAREHU
w
& EASTER MANU | VAKA AHI | TOTO ARKI KATA MEIKA DARAHU
o MELANESIA (FIJI) MANU- | VANKA | BUKA DRA | TURAGA | DREDRE vuDI BITU GILAISO
w
T MICRONESIA (GILBERT) MAN WA Al RARA TOKA NARE KAIBABA | MARARA
o INDONESIA {SONSOROL) MARI WA API SA YOTIR SRl FADO BABU

LANGUAGE VARIATIONS are the most important clue to the
migrations of the Polynesians. At the left in this chart are the names
of typical islands in the various linguistic divisions of Polynesia
(see map on pages 60 and 61), together with those of islands from
other parts of Oceania: Melanesia, Micronesia and Indonesia. In
the first three columns to the right of these names are three sample
words which are fairly constant throughout Oceania. In the second
three columns are three more sample words which are fairly con-
stant throughout Polynesia, but which differ from corresponding

words in the rest of Oceania. In the third three columns are three
sample words which are fairly constant throughout parts of Poly-
nesia, but which differ from corresponding words in other parts.
The words printed both in color and italics are those which have
changed for various reasons. The symbols and Roman letters in
color represent changes which are predictable for other words. The
symbol resembling a script “n” stands for the sound “ng” in
“going.” The apostrophe stands for the “glottal stop,” which may be
defined as the “tt” sound of a Scotsman saying the word “bottle.”

the continents of Asia and Europe about
1000 A.D.

Then something must have happened!
Whether it was climatic change, epi-
demics, lack of trees for building canoes,
or social upheaval we do not know.
Whatever the reason, the Polynesians
lost the viking spirit and settled down to
a more stationary life. Gradually the cul-
ture of each island took a different turn.
Slight differences in speech, local art
styles and specializations appeared, and
the emphasis on the greatness of indi-
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vidual gods and culture heroes shifted.
Weapons began to vary. Eventually
populations began to decline, and soon
some islands were abandoned, with stone
temple structures left as ghostly and
enigmatic evidences of their former oc-
cupation.

This was the Polynesia that the Eu-
ropeans found. The white man brought
weakening influences to the Polynesians,
but he also brought strengths: hospitals
and doctors followed his dread diseases;
the religion of the missionaries was fla-
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vored by the islanders to their own
needs. There were new incentives to
activity. From a low point a few decades
ago the Polynesian has again com-
menced to breed above the rate of death.
In New Zealand, Hawaii and elsewhere,
able men of Polynesian ancestry have
won high recognition for themselves and
their people. Instead of being headed
for extinction, as was thought until re-
cently, the malleable culture of the “Vik-
ings of the Sunrise” may still have an
interesting future.
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. Could eyanoethylation change
"=+ - your plans for

tom OI‘POW ? The challenge is getting top priority in lab-

oratories across the country.

Since acrylonitrile will react with almost
any organic or inorganic compound contain-
ing a labile hydrogen atom, chemists have
been exploring the application of cyanoethyl-
ation to proteinaceous polymers.

By replacing the imide hydrogen in the
grouping—CONH—with a cyanoethyl group,
it is possible wool can be made mothproof.

It is possible silk can be made rotproof.

It is possible fish scrap and dried blood
can be upgraded to fermentation-resistant
adhesives.

It is possible adhesives can be made less
susceptible to moisture softening.

Scientists are trying to fathom the possi-
bilities that cyanoethylation may hold in
these and many other fields.

Technical data bulletin on acrylonitrile a:=
laboratory-size samples are available. Write
on your letterhead to Monsanto Chemical
Company, Plastics Division, Room 968,
Springfield 2, Mass.

Where creative chemistry
works wonders for you

Nothing contained herein shall be construed as a recommendation
to produce or use any product in conflict with existing patents.
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Theoretical Physics and Mathematics

In the field of theoretical physics, the Laboratory carries on
studies of nuclear théory, equations of state, mathematical analy-
sis methods, hydrodynamics problems and various aspects of
applied mathematics. The Theoretical Division is also concerned
with the conceptual design of nuclear weapons, and supports
many non-weapons activities such as the nuclear reactor and
propulsion programs. The equipment used includes the Los
Alamos-developed Maniac, the Maniac 1I, two IBM 704’s and
an IBM 701. ~ .

Experimental Nuclear Physics

Much of the work in experimental physics is concerned with
nuclear properties of various materials. Fundamental studies are
made of nuclear forces, neutron and charged-particle reactions
and cross sections. Experimentation in controlled thermonuclear
reactions is assuming increasing importance. Among the facilities
available are three Van de Graaffs, two Cockcroft-Walton ma-
chinés and a variable energy cyclotron.

Electronics and Instrumentation

The Laboratory is engaged in the design and development of
nuclear physics research instruments, scintillation counters, fast
pulse amplifiers, multi-channel analyzers, fast oscilloscopes,
radiation detection instruments, electronic controls and control
systems, and high-speed cameras which operate at 15 million
frames per second. Electronics specialists also assist in the design
of digital computers and of instruments for studying nuclear
and thermonuclear detonations.

Nuclear Reactor Research 3

In connection with the peacetime applications of nuclear energy,
the Laboratory is currently developing several advanced power
reactors of unusual design. In addition, two research reactors
are available for experimental studies. The remotely controlled
critical assembly machines, known as Topsy , Godiva and Jezebel,
constitute neutron research tools of a unique character.

Nuclear Propulsion

The Laboratory is actively engaged in the application of nuclear
energy to the new and challenging field of self-propelled mobile
reactors. There are studies in progress relative to engine design,
heat transfer, controls and instrumentation.

Chemistry
Research in chemistry is devoted largely to inorganic and phys-
ical studies, especially of materials such as uranium, plutonium,
deuterium and tritium used in nuclear energy. systems. Radio-
chemical methods are applied in various investigations. Much
work is being done on reaction kinetics, the effects of radiation
on chemical reactions, complex ion formation and the determina-
tion of heats of combustion and solution. Extensive analytical
studies include the use of a great variety of instruments, as well
as the techniques of microanalysis.

Metallurgy and Metallurgical Engineering

Research activity and development in this field includes investi-
gation of the metallurgical properties of materials used in nuclear
energy systems; studies of extremely refractory substances, ce-
ramics, cermets and plastics; the behavior of materials under
extremely high temperatures and high pressures; studies of the
properties of plutonium and its alloys, with increasing reference
to their use in reactors, and of uranium and its alloys; develop-
ment of fabrication techniques for various metals and alldys;
and the high temperature properties of refractory metals tungsten,
molybdenum, columbium, etc.

Weapons Physics, Design and Testing

Still the nation’s principal institution for nuclear and thermo-
nuclear weapons research, the Laboratory takes nuclear weapons
from the concept stage to proved performance as determined by
field tests. Activities in weapons research and development in-
clude the mechanics and dynamics of initiating a nuclear energy
release; the behavior of supercritical systems; the testing of
nuclear devices and weapons assemblies in Nevada and in the
Pacific; engineering design of tests and prototypes of nuclear
systems; and the design and development of nuclear weapons
components and the techniques for their manufacture.

Explosives Research and Development

Work in this field includes study of fabrication, storage and
stability problems of explosives; making and evaluating novel
organic chemical compounds of possible use as explosives;
mechanics and dynamics of explosive phenomena; and physical
and chemical properties of explosive material using mass spec-
trometer, infra-red spectrometer, X-ray equipment and other
analytical techniques. High explosives are employed in research
on equations of state and shock wave phenomena.
Mechanical Engincering

Design and development work is carried on in connection with
weapons design, field test facilities, the power reactor and pro-
pulsion programs, servo-mechanisms and remote control sys<
tems. High explosives systems are designed and manufactured.
Other types of work are estimating, cost analysis and liaison
between architectural engineers and contractors.

Chemical Engineering

Chemical engineering work includes studies of heat transfer,
fluid flow, solvent extraction, evaporation, distillation and sys-
tems at extreme temperatures and pressures. Problems supporting
inorganic and physical chemistry research projects are also under-
taken. Other activities are the remote control handling of radio-
active materials and corrosion and erosion studies.

Electrical Engineering

Much effort is devoted to the design of induction heating sys-
tems for study of alloys at extremely high temperatures; of DC
power supplies at currents up to 100,000 amperes; of servo-
mechanism controls for nuclear reactors; and of high magnetic
field systems. Work is done in planning, building and installing
power distribution systems and their controls.

The Laboratory now has staff openings for technically
qualified people interested in these fields of research and
development. For additional information address your
inquiry to
Director of Personnel
Division 1112

08(G Yalamos

scientific laboratory

OF THE UNIVERSITY OF CALIFORNIA
LOS ALAMOS, NEW MEXICO

[
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The Effects of Radiation on Solids

The orderly atomic arrangement characteristic of metals and other

crystals determines many of their properties. Energetic radiation

disturbs the order and thus can drastically alter the properties

by Frederick Seitz and Eugene P. Wigner

scientists were building the first

chain-reacting pile in the “Metal-
lurgical Laboratory” at the University of
Chicago, no problem was more worri-
some than the question concerning how
the pile would be affected by its own
radiation after it became active. On
most of the other problems—the critical
requirements for the chain reaction, con-
trols, shielding, cooling—the physicists
felt fairly confident of their calculations.
But the radiation question was full of
uncertainties. It was known that expo-
sure even to weak natural radioactivity
could change the structure and proper-
ties of materials. What would happen to
the uranium rods in the reactor under
the disruptive forces of intense neutron
radiation, nuclear fissions and so on?
More serious still, what would happen
to the graphite moderator? Graphite was
a part of the actual structure of the pile;
unlike the uranium, it was not to be re-
moved or replaced from time to time;
and it was known to be subject to dam-
age by radiation.

The group concerned with the future
health of the new atomic “child” was so
uncertain and pessimistic about the re-
actor’s ability to survive radiation and
other “diseases” that it reported: “It
would be unscientific to claim a useful
life longer than about 100 days.” More
than 50 times that period has now
passed and nearly all the original re-
actors are still alive and operating. What
we did not realize at the time was that
graphite, as well as metal, has some
ability to recover from radiation damage
—to heal its wounds, so to speak. Never-
theless, the effect of radiation on solids
remains an important and absorbing
study. It is still a major practical problem
in the construction of reactors; besides
this, it has become a valuable tool for
fundamental research into the properties

'[n the anxious days when atomic

76

of solids. Research on radiation damage
is now being carried on not only in the
national laboratories of the Atomic En-
ergy Commission but also at a number
of universities and industrial laborato-
ries. The AEC recently announced eight
such research contracts totaling well
over $250,000 a year. The program of
study of radiation effects on solids has
steadily grown both in magnitude and
in scope.

Et us try to describe some of the facts
we have learned about radiation
damage. Metals and nonmetals react dif-
ferently; we shall consider first the ef-
fects on a nonmetal—the graphite (crys-
talline carbon) commonly used as the
moderator in a reactor. The neutrons re-
leased by uranium fission in a reactor
have a kinetic energy of about one mil-
lion electron volts. When a fast neutron
strikes the nucleus of a carbon atom in
the moderator, it transfers a substantial
fraction of its kinetic energy to the atom,
and the latter recoils from the impact.
Since the carbon atom’s recoil energy is
much greater than the binding energy
holding it in the crystal lattice (which is
less than 10 electron volts), the atom
is thrown out of its normal position. This
results in two defects in the lattice: the
dislodged atom occupies an interstitial
space in the lattice (like a marcher out of
his row in a parade), and it leaves be-
hind a vacant site in the regular order.

The foregoing describes the direct ef-
fect of collisions between fast neutrons
and atoms in the lattice. These collisions

in themselves account for only a small:

part of the damage actually produced.
A fast neutron dislodges about 60 carbon
atoms, at most, before it is slowed to a
harmless speed. It is the recoiling carbon
atoms that produce most of the damage
in the lattice. They have bulk as well as
speed. The first carbon atom hit by a

© 1956 SCIENTIFIC AMERICAN, INC

million-volt neutron, for example, recoils
with an energy of about 150,000 elec-
tron volts. In effect it acts like a strong
and husky man who decides to get out
of a very crowded subway rather sud-
denly. It throws the other atoms to right
and left until it reaches the end of its
range, that is, until its energy is ex-
hausted.

Now it develops that in the atomic
world this series of events takes a turn
which is the opposite of what one might
expect if he thinks in terms of mechani-
cal collisions. The charging atom creates
more havoc near the end of its rush than
it does at the beginning. The reason is
that we are dealing here with inter-
atomic forces rather than what we usual-
ly think of as physical contact. As the
fast-moving atom begins its dash
through the crowd of surrounding atoms,
its encounter with each one is too fleet-
ing to permit much transfer of its mo-
mentum. It therefore dislodges only an
occasional atom from its lattice position.
But as the traveling atom slows down,
the interatomic forces have more time to
act, and it displaces more and more
atoms. Finally, when it drops to a cer-
tain low velocity, it transfers its remain-
ing energy to a local cluster of atoms. As
a result the tiny local region suddenly
heats up, sometimes to a temperature as
high as 10,000 degrees centigrade. This
phenomenon, called a “thermal spike”
or “displacement spike,” lasts only about
one hundredth of a billionth of a second,
but it may damage or deform the crystal.

Its effects are fairly complicated and
not yet well understood. It appears that
the minute “spike” region melts. Evi-
dence of this melting has been found in
radiation experiments on a carefully pre-
pared alloy of copper and zinc. The
atoms were arranged in a regular lattice
in which each copper atom was sur-
rounded by eight zinc atoms and vice



MATERIALS TESTING REACTOR at the National Reactor Test- tion on metals and other substances. This research is leading to
ing Station in Arco, Idaho, is used to study the effects of radia- improved radiation-resistant materials for use in future reactors.

IRRADIATED MATERIALS are photographed in the interior of glowing circles are fuel elements. The light comes from Cerenkov
the Materials Testing Reactor through 20 feet of water. Most of the radiation, produced in transparent materials by very fast particles.
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versa. Bombardment of this crystal with
neutrons was done at very low tempera-
tures, near the temperature of liquid
helium, in order to “freeze in” any
changes in the crystal. Analyses after-
ward showed that the atoms had become
mixed in a disordered way, and that
most of the disordering must have taken
place in regions of thermal spikes.

Besides melting, the heated regions
expand. Such swelling causes deforma-
tions of the crystal, some of which pre-
sumably remain after the hot regions
cool, so that the material around them is
permanently distorted.

In a crystal damaged by radiation it
is very difficult to distinguish how much
of the damage is due to these spikes and
how much to simple displacement of
atoms. We can assume that spikes are a
more important source of damage in
metals than in graphite, because in the
heavier elements recoiling atoms pro-
duce spikes at a higher energy level and
therefore have a larger fraction of their
energy left for producing them. In the
case of graphite, the moving carbon
atoms have used up most of their energy
dislodging atoms before they drop to the
low velocity at which they generate
spikes. We can estimate that the most
damaging part of the flight of recoil
atoms in graphite is in the velocity range
from 100,000 down to 10,000 electron
volts.

It has become clear that radiation can
produce a great variety of defects in the
lattice, resulting in varying damage to
the material.

In this account of the process that pro-
duces radiation damage in solids we
have given most attention to graphite,
but much of what we have said applies
to the metal fuel in a reactor as well. The
agent of damage is essentially the same:
namely, flying particles. The principal
difference is that in uranium the impor-
tant bombarding particles are not neu-
trons but fission products. The heavy
fission fragments hit atoms in the crystal
lattice far harder than neutrons, and the
atoms receive, on the average, about

LATTICE DEFECTS are produced when a
neutron strikes a graphite crystal. The hex-
agonal crystal structure is represented dia-
grammatically in two dimensions. At top the
neutron (colored dot) has struck and dis-
lodged a single atom. The next two drawings
show how the process builds up, with both
neutron and recoiling atoms acting to dis-
lodge further atoms (neutron path is in
color; atom paths are in black). At bottom
is the final result: a lattice with a num-
ber of vacant sites and “interstitial” atoms.
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wm functions virtually

unlimated in scope

The key elements of the Kollsman Air Data
Computer System are the Synchrotel Trans-
mitters and the Pressure Monitors, using
displacement type diaphragms, to provide
the necessary inputs. These Kollsman units
have had their reliability proven again and
again by the thousands now in use. And,
there is more than 28 years of unique expe-
rience behind the development and perfection
of the displacement type diaphragm by
Kollsman.

That’s why you can expect superb per-
formance and accuracy characteristics in a
Kollsman Computer.

Perform functions virtually unlimited in scope

Kollsman electromechanical computers are
being used in autopilots; photographie,
bombing and fire control systems; navigation
equipment — some in conjunction with radar,
Scope of design is almost unlimited.

KOLLSMAN Air Data Computers

... now avazlable in systems such as the following:

Air Data Master Air Data
Ground Position (GPI) Static Pressure Correcting

Temperature and Humidity
True Airspeed and Mach Number, C-2A

accuracies better than .5% of range Absolute Pressure

The outputs of such computers, having True Angle of Attack
are specified functions of the following: Indicated Airspeed

Equivalent Airspeed  Relative Air Density
True Airspeed True Altitude Variation
Mach Number ‘True Temperature

WriTE for illustrated literature with comple'u- technical data.

kollsman uz
CORPORATION
o T
\ KOLLSMAN PRODUCES: Flight Instruments e Precision Compulers and
Components s Engine Instruments e Optical Systems and Components

Navigation instruments e Precision Flight Controls ¢ Mators and Synchros
e Precision Test Instruments for Aviation and Industrial Laboratories

80-08 45th AVE., ELMHURST, NEW YORK ¢ GLENDALE, CALIFORNIA o
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MOOG
Servo Valves

Deliver

High Dynamic

Performance

Type ... 4.way proportional,
electro-hydraullc

Equivalent Time Constant, .
as low as 1% milliseconds
Output Flows ... 0.1 to
50.0 GPM

Control Currents ... 2.0 to
40.0 milllamperes

Pressures ., ., 1000 to
3000 PSI

Welght ... as low as 11 ors.

Maximum Dimensions. ..
as low as 3.1"x2.1"x1.9"

URANIUM LATTICE, also shown in two dimensions, suffers the same kind of damage as

the carbon lattice, with an added complication. Sometimes the neutron is absorbed by the

uranium nucleus, causing fission. The fission products may do more damage than neutrons.

1,000 times more energy. The damage is
therefore much greater. In addition,
the fission conversion of part of the ura-
nium into other elements also weakens
the metal. Fortunately metals are tough
and can stand a lot, particularly if they
do not have to stand it too long!

]jt us consider now the recuperating
powers of materials damaged by
radiation. Usually dislodged atoms at-
tempt to return to something resembling
their original positions in the lattice and
to restore their original properties. We
can investigate the recovery process best
at low temperatures. If the damaged ma-
terial is held at a temperature where the
atoms can move around a bit, the inter-
stitial atoms and vacancies will begin to
recombine and the lattice distortion will
heal. The crystal’s properties then tend
to return to normal. This is well illus-
| trated by a study of the recovery of
| copper after it was irradiated near the
| temperature of liquid helium. The prop-
erty measured was its conduction of elec-
tricity. Copper, which is a nearly ideal
metal, recovers very rapidly if it is ir-
| radiated near room temperature; to
| “freeze in” all the damage and prevent
recovery during irradiation it must be
‘ kept not far above absolute zero. Now
when the temperature of the irradiated
specimen is raised to about 35 degrees
Kelvin, its electrical conductivity in-
creases sharply. It is not yet known
il whether this abrupt and irreversible

© 1956 SCIENTIFIC AMERICAN, INC

change, common to copper and many
other metals, is a result of the reunion
of vacancies and interstitial atoms which
are very close to one another or whether
it is due to healing of some of the distor-
tion produced by thermal spikes. This is
one of the critical questions being in-
vestigated at several laboratories.

It is interesting to note that each in-
crease in temperature permits a little
more of the damage to heal. This shows
that there is a spectrum of different types
of defects, some of which are more re-
sistant to correction than others. We
know that small traces of impurity atoms
can have a significant influence on the
rate of recovery. Some of the defects
produced are so stable that one must
heat the metals to temperatures nearly
halfway to the melting point in order to
remove them.

On the whole, pure metals are the
most resistant of all materials to radia-
tion damage and recover most easily,
presumably because the atoms in metals
are most mobile. But reactions like those
in metals have been found in valence
compounds such as diamond, silicon
and germanium, and in simple salts and
oxides such as sodium chloride and be-
ryllium oxide. On the other hand, or-
ganic materials, particularly polymers
such as plastics, are exceedingly sensi-
tive to radiation and suffer permanent
and irreparable changes. In these cases
the damage is associated with the break-
ing of chemical bonds which are diffi-



RARE EARTHS AS CATALYSTS

An application which offers intriguing possibilities

VER tried to burn a cube of

E sugar? It can’t be done, you

know —unless you use a cat-

alyst . .. in this case cigarette ashes.

Dust the cube with ashes, apply a

match and presto—you have a junior
inferno.

Of course, you're not vitally inter-
ested in burning cubes of sugar—
aside from amazing your non-tech-
nical friends. We mention this little
experiment to focus attention on the
use of rare earths as catalysts.

Cerium and cerium oxide are be-
ing used for this purpose in several
industries. And it is highly probable
that among the other rare earths,
you will find some that have impor-
tant commercial possibilities in your
operations.

Interest in the rare earths as cat-
alysts is gaining momentum. Al-
though we, at Lindsay, do not make
catalysts ourselves, we do supply
rare earth materials for this use.
Here are some of the operations
where rare earths may have a place
in your industry. Ammonia Synthesis
and Oxidation, Combustion and
Oxidation, Dehydration, Dehydro-
genation and Hydrogenation,
Fischer-Tropsch Reaction, Haloge-
nation, Methanol Synthesis, Poly-
merization, Crude Oil Cracking,
Paint Driers.

If any of these processes play a
part in your plant operations, you
may find it richly rewarding to

a report by LINDSAY

investigate rare earths as catalysts.

This is only one of the many, many
applications of these unique metals.
Here at Lindsay, we have been refin-
ing and developing rare earths for
over 50 years and almost every day
we hear of new uses for them. Sci-
entists in more and more industries
are turning to the rare earths in their
search for ways to improve their
products and processes.

Take Lindsay’s cerium oxide, for
example. It has revolutionized glass
polishing practices and is also used
in colorizing and decolorizing glass.

Lindsay’s rare earth chloride (a

natural mixture of the chlorides of
cerium, lanthanum, neodymium and
praseodymium and some other rare
earths) is used extensively in the tex-
tile industry, the metal industry and
in the manufacture of paint and ink.

You'd be surprised at the diverse
uses of rare earths in today’s indus-
trial technology. It seems as if every
time you turn around, some re-
searcher has found a new and prac-
tical application for one or more of
these amazing metals. That’s why
we would like to suggest that you
look at the rare earths with an eye
toward their use as catalysts in your
operations.

Some technical people have
tended to overlook the rare earths,
believing them to be unavailable in
commercial quantities. This is not
true. Lindsay is engaged in large
scale production of cerium, rare
earth and thorium chemicals, and
offers them for prompt shipment in
quantities from a gram to a carload.

To aid you, the accumulated data
and the advice of Lindsay’s tech-
nical staff is at your service. Your
inquiry is invited.

ADDRESS INQUIRIES TObeDSAY CHEMICAL ®MPANY
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264 ANN STREET, WEST CHICAGO, ILL.
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CHANGE IN PROPERTIES of uranium-aluminum alloys caused by fission of some of the
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* cult to rejoin in.the o;iginal way. Most
polymers lose their ductility when given
even moderate -exposures. In brief, they
behave in a way almost opposite to that
of the metals.

From the practical standpoint, what

are the types of damage—and the
possible benefits—produced by radia-
tion? As we have seen, the microscopic
result of irradiation is the formation of
lattice defects. How do these defects
alter the properties of the material?
There are four important kinds of pre-
dictable changes.

First, we know that properties such
as conduction of electricity and heat de-
pend on a regular and undistorted lat-
tice. We are not surprised to find, then,
that the conductivity of materials for
both electricity and heat falls sharply
with increasing irradiation [see charts
at the left]. Losses of conductivity up
to 30-fold have been measured. Fortu-
nately reactors do not rely too heavily
on the heat conductivity of the modera-
tor, and that of metals is less severely
affected by radiation. Hence the de-
creases in conductivity do not cause real
concern from the point of view of re-
actor operation. We must quickly add,
however, that these changes do affect
the instruments stuck into the reactor
and must be taken into account in prob-
lems concerned with instrumentation.

The second type of radiation damage
is represented by a loss of ductility. The
lattice defects have the effect of block-
ing the glide planes of the crystals. Thus
the materials behave as if work-hard-
ened, and in fact may become brittle.
This damage affects the handling of
uranium fuel elements and is a major
cause for concern. The changes in duc-
tility can be spectacular. The effect was
demonstrated in a U. S. atomic energy
display at Geneva. Every few seconds
a light ball was thrown alternately at
two copper cylinders, which looked
identical but differed in the fact that one
had been exposed to the neutrons of
the Oak Ridge reactor. The normal cyl-
inder, when hit by the light ball, gave no
sound. But the irradiated one sang like
a tuning fork. We understand that no
amount of normal cold-working could
endow copper with as much rigidity as
this irradiated specimen possessed.

These first two types of effects—on
conductivity and ductility—are the most
striking but not necessarily the most
harmful changes caused by irradiation.
From the point of view of reactor opera-
tion there are two others which have
caused more anxiety.

One is a swelling of the material. The



NUCLEAR NEWS FROM ATOMICS INTERNATIONAL

Aqueous, homogeneous
type nuclear reactor being
built for Japan

The first nuclear reactor for the Far
East is being built by ATomics INTER-
NATIONAL for the Atomic Energy
Research Institute of Japan. The reac-
tor will be located near Tokyo. When
the reactor starts operating early in

a peak thermal neutron flux of 1.7 x
1012/cm? sec. Equipped with a five foot
graphite thermal column, it will pro-
vide an extensive source of slow neu-
trons. Additionally, the room beneath
the reactor housing the gas handling
system has been designed to provide
neutron-free gamma irradiation. This
facility, ideally suited for biological
and chemical experiments, will provide
50,000 curies of radioactivity in

1 —Vertical thimble
2—Pneumatic tubes
3 —Beam Tubes

Solution Type Research Reactor for Japan.

4 — Central exposure facility
5 —Horizontal thermal column
6 — Vertical thermal column

i 7 — Gamma radiation area

1957, a full program of research into
the peaceful applications of nuclear
energy will begin. This program in-
cludes the production of radioisotopes,
studies in neutron activation, neutron
diffraction, radiation effect on materi-
als and training in reactor techniques.

At a rated power of 50 kilowatts,
this solution type reactor will produce

Xenon and Krypton gases circulating
in the system.

The core of the reactor is a stainless
steel sphere with a diameter of approxi-
mately 12 inches, filled with a uranyl
sulphate solution. The fuel investment
is approximately 1000 grams of
Uranium235. The reflector around the
core consists of graphite stacked in a

rectangular steel tank 5 feet high, 5 feet
wide and 8 feet long. Appropriate holes
for experimental facilities and instru-
mentation are located in the graphite.
Five feet of dense concrete provides a
shield around the reflector tank.

Instrumentation control is provided
by two types of sensing elements which
give neutron level information. In the
power range up to approximately 1
watt, two fission chambers are em-
ployed. In the power range of approxi-
mately 0.1 to 50,000 watts, two gamma
compensated ionization chambers are
used. One of these chambers is fed into
a shutdown channel and an electrom-
eter which in turn sends a signal to the
power level recorder. Power level is
automatically maintained by feeding
an error signal from the level recorder
to a servo-amplifier which drives the
regulating rod motor in the proper di-
rection to correct error. The other ioni-
zation chamber feeds a logarithmic
amplifier, and period shutdown circuit.

The core cooling system consists of a
closed, recirculating system using
demineralized light water. The core
cooling loop includes about 90 feet of
stainless steel tubing, the associated
pump, valves and piping, and a heat
exchanger to transfer the heat to a sec-
ondary cooling system.

ATOMICS INTERNATIONAL, a divi-
sion of North American Aviation,
Inc., is a major reactor builder—experi-
enced in the design, construction and
operation of nuclear reactors for re-
search and the production of power. A
reactor similar to the one scheduled for
Japan has been installed for the Armour
Research Foundation of the Illinois
Institute of Technology in Chicago. It
is one of several in-action nuclear re-
actors designed and built by ATomics
INTERNATIONAL.

If you are interested in any phase of
reactor technology, AToMICS INTER-
NATIONAL is staffed and equipped to
serve you. Please write: Director of
Technical Sales, Department SA-N4,
ATOMICS INTERNATIONAL, P.O. Box
309,Canoga Park, California. Cable ad-
dress : ATOMICS.

ATOMICS INTERNATIONAL

A DIVISION OF

NORTH AMERICAN AVIATION,

I'N C.

PIONEERS IN THE CREATIVE USE OF THE ATOM
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Official U.S. Air Force Photograph

Where a
miss is worse
than a mile

Today’s new airborne weapons demand
new standards of reliability.

Failure of even one part, for example, in
the complex fire control computer of a mod-
ern interceptor like the F-102A (above)
could nullify all the engineering skill that
went into its design and construction. Even
worse such failure could cause a collision
with target debris or allow the escape of a
target bearing nuclear or thermonuclear
weapons.

Reliability is one good reason engineers
picked Bristol’s® Syncroverter® high-speed
polar relays* for the fire control equipment.

These high-speed relays have a normal
life of billions of operations in dry circuit
applications. They are available in SPDT
and DPDT models. They're reliable in such
equipment as air-to-ground telemetering,
analog and digital computers, aircraft or
missile control, carrier-current switching, as
well as others.

Your application may require different
specs from those listed below. But chances
are you'll find what you need in Bristol’s
Syncroverter line. Write for complete data.
The Bristol Company, 133 Bristol Road,
Waterbury 20, Conn. 6.40
#Covered by patents.

TYPICAL CHARACTERISTICS

Temperature range: —55°C to 100°C. . ..
Operating shock: 30G; 11 milliseconds
duration. . . . Vibration (10-55 cps, see
below, mounting): 10G. . . . Contact rat-
ings: up to 35v, 45 microamperes. . . .
Stray contact capacitance: less than 15
mmfd. . . . Pull-in time (including bounce):
as low as 200 microseconds. . . . Drop-out
time: 300 microseconds. . . . Life: Billions
of operations. . . . Mounting: Octal tube
socket; others available, including types
for vibration to 2000 cps.

BRISTOL

INSTRUMENTS « RECORDERS « AUTOMATIC
CONTROLS o TELEMETERING SYSTEMS
FASTENERS ¢ AIRCRAFT COMPONENTS
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displacement of atoms to irregular posi-
tions in the lattice expands the crystals.
Hence the volume of a block of material
increases as the dosage of radiation in-
creases. When the Materials Testing
Reactor of the AEC in Idaho went into
operation with its new beryllium oxide
moderator, the moderator expanded
about 1 per cent the first day. Fortunate-
ly this expansion did not proceed linearly
with time: after 10 days it was much less
than 10 per cent. Nevertheless, it can be
very disconcerting to have to use as
structural elements materials which
change their dimensions after thev are
installed.

The other disquieting effect of radia-
tion is an unstable energy situation. The
interstitial atoms represent a considera-
ble amount of stored energy. When they
move back into vacancies in the lattice,
they release this energy. The amount of
sword-of-Damocles energy stored in this
way can reach values up to hundreds of

| calories per mole (one gram multiplied

by the molecular weight of the mate-
rial). Obviously a sudden release of it
could lead to unpleasant complications.
On the other hand, this property also has
constructive possibilities: some have
suggested using irradiated graphite as a
kind of storage battery.

We call the various effects mentioned
“damage” because they change critical

properties of materials that have been
placed in reactors to perform definite
functions based in part on these proper-
ties. The changes in properties are re-
garded as harmful not because they
would not be useful under certain cir-
cumstances, but because they impair
the behavior for which the material was
selected. To minimize the effects of these
changes in a reactor, it has been sug-
gested that materials might be deliber-
ately irradiated before they go into the
reactor. This stratagem might yield ma-
terials with desired properties and sta-
bility against further irradiation.
Indeed, we can expect that irradiated
materials will be put to more and more
uses as understanding of their properties
and potentialities grows. Graphite stor-
age batteries and the superhardening of
copper are only a beginning of the list of
possibilities. We have scarcely scratched
the surface of knowledge of the radia-
tion-induced properties of materials.

Speaking as individuals who have been
interested in radiation effects on
solids since the conception of the first
large reactors, we find it gratifying that
a phenomenon which originated as a
pure nuisance promises to provide us
with useful information about the solid
state in general and about many of the
materials we use every day.
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DEUTERON FLUX

DEUTERON BOMBARDMENT of copper (broken curve), silver (solid curve) and gold
(dotted curve) increases the electrical resistance of these metals. The horizontal scale gives
the number of particles per second in each 107 square centimeters of cross section of the

beam. The vertical scale shows the increase in resistance, measured in ten millionths of an
ohm, of a one-centimeter cube. Measurements were made at 10 degrees above absolute zero.
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Maybe your business needng miracles

Du Pont puts miracle fabrics and miracle coatings
together to serve you better

DU PONT INDUSTRIAL
COATED FABRICS

COATING MEDIUMS
Neoprene + Buna-N « Silicone « Polyacrylate
Chlorosulfonated Polyethylene « Tetrafluoroethylene

Butyl « Acrylic « Polyamide
Polyethylene « Polysulfide

SUBSTRATES

Fabrics Felts or Non-Woven
Cotton « Nylon « “Dacron”* “Teflon” Felts
“Orlon”** o Asbestos « Glass Wool Felts
Metal « Rayon « “Teflon!**%

Also elastomer sheet stocks without
fabric inserts & cements
*“Dacron” is Du Pont’s registered trademark for its polyester fiber

**“Orlon” is Du Pont’s registered trademark for its acrylic fiber
*#*x«Teflon” is Du Pont’s trademark for its tetrafluoroethylene fiber

REG. U, 5. PAT. OFF.

BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY

At the Du Pont Fabrics Division, exceptional coatings are combined
with specially selected fabrics—result, a third material with the ad-
vantages of both. How can you use these miracle coated fabrics? Indus-
try isconstantly finding applicationssuch as gaskets, seals, diaphragms
or protective cloths. The trucking industry, for example, is enthusi-
astic about nylon fabric coated with neoprene that makes a light-
weight, durable tarpaulin.

Perhaps you need a material to withstand gas and oil .. . . or to take
temperatures up to 450°F? Or do you need a material with good anti-
stick properties? There’s almost sure to be a coated fabric just right
for the job. If not, the Du Pont Fabrics Division can probably make
one that is. We’ll be glad to send you further
information. Mail the coupon today.

E.I.duPont de Nemours & Co. (Inc.), Dept. S-68,
Fabrics Division, Wilmington 98, Delaware
Please send me further information about coated
fabrics.
I am interested in using a coated fabric for.

Name Position
Company.

Address

City State

f——————————— —
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@'_) ARMAMENT

Northrop Anaheim can
close the loop

in your weapon systems with
GROUND
GROUND SUPPORT EQUIPMENT, SUPPORT
EQUIPMENT
TRAINING AIDS, :

AIRFRAME and TECHNICAL MANUALS

Northrop Aircraft and its subsidiary, Radioplane
Company, have a backlog of many years experience in
guided missile and jet aircraft development. Major
engineering and production activities have included
such projects as the Snark SM-62 intercontinental
missile and the Scorpion F-89 all-weather interceptor.

For these projects, Northrop has designed, developed
(== and produced ground handling equipment; electrical
and electronic test equipment and related special tools;
mobile training units; and simulators for many major
o weapon systems. Supporting facilities in these latter
PROPULSION fields include systems engineering, reliability analysis,
design, prototype development, production, field service,

and preparation of technical manuals.

Now, through the Northrop Anaheim Division, the
company’s capabilities in these supporting activities
are available to you to “close the loop” in your weapon
systems program. Your inquiry is invited.

—_— INSTALLATIONS
SPARE g é
PERSONNEL PARTS

For immediate consultation on your problems, contact
Mr. Thomas H. Quayle, Division Manager, Northrop
Anaheim, 500 East Orangethorpe Ave., Anaheim, Calif,

NORTHROP ANAHEIM

Specialists in weapon systems support, opto-mechanical fire con-
trol systems, and armament propulsion and explosive mechanisms.

NA-1.56 A DIVISION OF NORTHROP AIRCRAFT, INC.
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SICKLE CELLS AND EVOLUTION

Why has the hereditary trait in which the red blood cells are

sickle-shaped persisted for so many generations? The surprising

answer 1s that under some conditions it 1s aetually beneficial

ersevering study of small and
P seemingly insignificant phenomena
sometimes yields surprising har-
vests of understanding. This article is an
account of what has been learned from
an oddly shaped red blood cell.
Forty-six years ago a Chicago physi-
cian named James B. Herrick, examining
a Negro boy with a mysterious disease,
found that many of his red blood cells
were distorted into a crescent or sickle
shape. After Herrick’s report, doctors
soon recognized many other cases of the
same disease. They learned that it was
hereditary and common in Negroes [see
“Sickle-Cell Anemia,” by George W.
Gray; SCIENTIFIC AMERICAN, August,
1951]. The curious trait of the sickled
blood cells gradually attracted the in-
terest of physiologists, biochemists,
physical chemists, geneticists, anthro-

’oo
22 £900°

RED BLOOD CELLS of an individual with sickle cell trait, i.e., a

sickle cell gene from only one parent, are examined under the micro-

by Anthony C. Allison

pologists and others. And their varied
investigations of this quirk of nature led
to enlightenment on many unexpected
subjects: the behavior of the blood’s
hemoglobin, inherited resistance to dis-
ease, the movements of populations
over the world and the nature of some
of the agencies that influence human
evolution.

et us review first what has been learned
about the sickle cell phenomenon
itself. As every student of biology knows,
the principal active molecule in the red
blood cells is hemoglobin, which serves
as the carrier of oxygen. It appears that
an unusual form of hemoglobin, pro-
duced under the influence of an ab-
normal gene, is responsible for the
sickling of red cells. This hemoglobin
molecule differs only slightly from the

Y [
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scope. At the left are oxygenated red cells; they are disk-shaped.
At the right are the same cells deoxygenated ; they are sickle-shaped.

normal variety, and when there is an
ample supply of oxygen it behaves
normally: i.e., it takes on oxygen and
preserves its usual form in the red cells.
But when the sickle cell hemoglobin
(known as hemoglobin S) loses oxygen,
as in the capillaries where oxygen is de-
livered to the tissues, it becomes suscep-
tible to a peculiar kind of reaction. It can
attach itself to other hemoglobin S mole-
cules, and they form long rods, which in
turn attract one another and line up in
parallel. These formations are rigid
enough to distort the red cells from
their normal disk shape into the shape
of a sickle [see photomicrographs be-
low]. Now the sickled cells may clog
blood vessels; and they are soon de-
stroyed by the body, so that the patient
becomes anemic. The destruction of the
hemoglobin converts it into bilirubin—
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the yellow pigment responsible for the
jaundiced appearance often characteris-
tic of anemic patients.

Most sufferers from sickle cell anemia
die in childhood. Those who survive
have a chronic disease punctuated by
painful crises when blood supply is cut
off from various body organs. There is
no effective treatment for the disease.

From the first, a great deal of interest
focused on the genetic aspects of this
peculiarity. It was soon found that some
Negroes carried a sickling tendency
without showing symptoms of the dis-
ease. This was eventually discovered to
mean that the carrier inherits the sickle
cell gene from only one parent. A child
who receives sickle cell genes from both
parents produces only hemoglobin S and
therefore is prone to sickling and ane-
mia. On the other hand, in a person who
has a normal hemoglobin gene from one
parent and a hemoglobin S from the
other sickling is much less likely; such
persons, known as carriers of the “sickle
cell trait,” become ill only under excep-
tional conditions—for example, at high
altitudes, when their blood does not re-
ceive enough oxygen.

The sickle cell trait is, of course,
much more common than the disease.
Among Negroes in the U. S. some 9 per
cent carry the trait, but less than one
fourth of 1 per cent show sickle cell
anemia. In some Negro tribes in Africa
the trait is present in as much as 40 per
cent of the population, while 4 per cent

PER CENT

PER CENT

PER CENT

PER CENT

FREQUENCY OF THE SICKLE CELL GENE is plotted in per cent
on the map of Africa. High frequencies are confined to a broad belt
in which malignant tertian malaria is an important cause of death.

88

have sickle cell genes from both parents
and are subject to the disease.

The high incidence of the sickle cell

gene in these tribes raised a most in-
teresting question. Why does the harm-
ful gene persist? A child who inherits
two sickle cell genes (i.e., is homozygous
for this gene) has only about one fifth
as much chance as other children of sur-
viving to reproductive age. Because of
this mortality, about 16 per cent of the
sickle cell genes must be removed from
the population in every generation. And
yet the general level remains high with-
out any sign of declining. What can be
the explanation? Carriers of the sickle
cell trait do not produce more children
than those who lack it, and natural muta-
tion could not possibly replace the lost
sickle cell genes at any such rate.

The laws of evolution suggested a pos-
sible answer. Carriers of the sickle cell
trait (a sickle cell gene from one parent
and a normal one from the other) might
have some advantage in survival over
those who lacked the trait. If people
with the trait had a lower mortality rate,
counterbalancing the high mortality of
sufferers from sickle cell anemia, then
the frequency of sickle cell genes in the
population would remain at a constant
level.

What advantage could the sickle cell
trait confer? Perhaps it protected its
carriers against some other fatal dis-
ease—say malaria. The writer looked in-

L
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to the situation in malarious areas of
Africa and found that children with the
sickle cell trait were indeed relatively
resistant to malarial infection. In some
places they had as much as a 25 per cent
better chance of survival than children
without the trait. Children in most of
Central Africa are exposed to malaria
nearly all year round and have repeated
infections during their early years. If
they survive, they build up a consider-
able immunity to the disease. In some
unknown way the sickle cell trait ap-
parently protects young children against
the malaria parasite during the danger-
ous years until they acquire an immu-
nity to malaria.

On the African continent the sickle
cell gene has a high frequency among
people along the central belt, near the
Equator, where malaria is common and is
transmitted by mosquitoes through most
of the year. North and south of this belt,
where malaria is less common and usual-
ly of the benign variety, the sickle cell
gene is rare or absent. Moreover, even
within the central belt, tribes in nonma-
larious areas have few sickle cell genes.

Extension of the studies showed that
similar situations exist in other areas of
the world. In malarious parts of south-
ern Italy and Sicily, Greece, Turkey and
India, the sickle cell trait occurs in up to
30 per cent of the population. There is
no reason to suppose that the peoples of
all these areas have transmitted the gene
to one another during recent times. The

FREQUENCY OF THE HEMOGLOBIN C GENE is similarly
plotted. Unlike the sickle cell gene, which has a widespread dis-
tribution, this gene is confined to a single focus in West Africa.
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This is one of a series of ads on the technical 104

activities of the Department of Defense.

FORD INSTRUMENT COMPANY
DIVISION OF SPERRY RAND CORPORATION
31-10 Thomson Avenue, Long Island City 1, New York
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© 1956 SCIENTIFIC AMERICAN, INC

® One of eight permanent Ordnance
Corps arsenals, Redstone is the center
for the Army’s rocket and guided missile
program. Its 40,000 acres are located on
the Tennessee River near Huntsville,
Ala., and house research laboratories,
environmental test equipment and sev-
eral rocket-testing ranges. Redstone
Arsenal’s military and civilian scientists
and engineers produce weapons ranging
from a tiny training rocket to the giant
IRBM, now being developed on a crash
basis by the recently-established Army
Ballistic Missile Agency.

From the research, development, pro-
duction and field service headquarters
located at Redstone flow thousands of
directives covering the rocket and
guided missile work being done by
research laboratories, universities and
private industry throughout the nation.
Weapons systems developed by this
Ordnance-Industry team include the
Super Bazooka infantry rocket, the
Honest John artillery rocket, the Cor-
poral missile and the Nike anti-aircraft
missile.

Scientific barriers of all kinds arc
being broken by the 9,000 employees
of Redstone Arsenal, but the exciting
and difficult technology of guided mis-
sile development constantly presents
new problems. Electronic computers
click away at missile trajectory formulas
by day, while at night rockets equipped
with headlights streak down-range, add-
ing valuable data to our country’s new-
est arsenal of defense.

REDSTONE BALLISTIC MISSILE — This long-range
rocket-powered, bombardment weapon was developed
by the arsenal’s guided missite team headed by
Dr. Wernher von Braun. The Redstone is the pro-
genitor of the Army’s IRBM, the Jupiter.
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FORD ENGINEER checking voltage and frequency

accuracy of power supply unit under simulated load

conditions in a project for the Guided Missile Develop-
ment Division of the Redstone Arsenal,



Avco
shapes
great ideas
for industry—
precisely

The distance between a design idea and

i its working reality is often a mere ten
thousandth of an inch. To span this crucial
distance, America’s industrial leaders call
growingly on the machining skill of Avco
Lycoming—to drill, bore, cut and grind
their metal parts with absolute fidelity.
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At Avco Lycoming, tolerances are maintained
so exactly that even the squeeze of fingers on
metal can be measured. This precision has
helped shape jet components, rotor hubs,
automotive gears—a broad cross-section of
America’s finest products. It has helped
Lycoming carve into being over 50,000
engines of its own.

As Avco Lycoming finds new and even
more precise methods to work man’s will
on metal, the distance to perfection grows
shorter . . . America’s strides grow longer.

Do you have a machining problem, a design,
or just an id2a in the rough? Phone, wire, or
write Avco Lycoming, Stratford, Conn.

ENGINEERS WANTED: Rewarding careers for
outstanding men. Write to Vice President,
Industrial Relations, Stratford, Conn.

FOR A COPY OF THIS HANS ERNI ILLUSTRATION, SUIT-
ABLE FOR FRAMING., WRITE TO PUBLIC RELATIONS
DEPT., AVCO DEFENSE AND INDUSTRIAL PRODUCTS,
STRATFORD, CONN.

Avco Defense and Industrial Products combine the
scientific and engineering skills, and production
facilities of three great divisions of Awvco Manu-

defense and industrial products

facturing Corp.: Lycoming; Crosley; Research and
Advanced Development— to produce power plants,
electronics, airframe components, and precision parts.
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TODAY'S MILITARY SERVICES, WITH THEIR TREMEN-
DOUS TECHNOLOGICAL ADVANCES MADE POSSIBLE
THROUGH SCIENCE,OFFERAVITAL REWARDING CAREER,



sickle cell gene may have originated in-
dependently in the several populations
or may trace back to a few such genes
passed along among them a thousand
years ago. The high frequency of the
gene in these populations today can be
attributed mainly to the selective effect
of malaria.

On the other hand, we should expect
that when a population moves from a
malarious region to one free of this dis-
ease, the frequency of the sickle cell
gene will fall. The Negro population of
the U. S. exemplifies such a develop-
ment. When Negro slaves were first
brought to North America from West
Africa some 250 to 300 years ago, the
frequency of the sickle cell trait among
them was probably not less than 22 per
cent. By mixed mating with Indian and
white people this figure was probably
reduced to about 15 per cent. In the ab-
sence of any appreciable mortality from
malaria, the loss of sickle cell genes
through deaths from anemia in 12 gen-
erations should have reduced the fre-
quency of the sickle cell trait in the
Negro population to about 9 per cent.
This is, in fact, precisely the frequency
found today.

Thus the Negroes of the U. S. show a
clear case of evolutionary change. With-
in the space of a few hundred years this
population, because of its transfer from
Africa to North America, has undergone
a definite alteration in genetic structure.
This indicates how rapidly human evo-
lution can take place under favorable
circumstances.

Since the discovery of sickle cell hemo-

globin (hemoglobin S), many other
abnormal types of human hemoglobin
have been found. (They are usually dis-
tinguished by electrophoresis, a separa-
tion method which depends on differ-
ences in the amount of the negative
charge on the molecule.) One of the most
common of these other varieties is called
hemoglobin C. It, too, causes anemia in
persons who have inherited the hemo-
globin C gene from both parents. More-
over, the combination of hemoglobin S
and hemoglobin C (one inherited from
each parent) likewise leads to anemia.
These two hemoglobins combine to
form the rodlike structures that cause
sickling of the red blood cells [see draw-
ings on this page].

The hemoglobin C gene is largely con-
fined to West Africa, notably among peo-
ple in the northern section of the Gold
Coast, where the frequency of the trait
runs as high as 27 per cent. Whether
hemoglobin C, like hemoglobin S, pro-
tects against malaria is not known. But

HEMOGLOBIN MOLECULES are represented as ellipsoids in these drawings. At the top
are normal hemoglobin molecules, which are arranged almost at random in the red blood
cell. Second and third from the top are sickle cell hemoglobin molecules, which form long
helixes when they lose oxygen. Fourth is an aggregate of normal (white) and sickle cell
molecules (black), in which every fourth molecule of the helix is normal. Fifth is an aggre-
gate of hemoglobin C (gray) and sickle cell molecules; every other molecule is hemoglobin C.
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DASH IT ALL! When dots become dashes or
vice versa, telegraph messages get garbled. A
telegraph company cut errors by 42% when
they reduced noise levels. Whenever you let
employees hear themselves think, you cut
errors, reduce fatigue. . .

MUM’S THE WORD! Air
rushing through engine
and compressor intakes
often sets up disturbing
sound waves. Air-Maze
filtersilencers mufflethe noise,helpemployees
work better, keep the neighbors happy.

GLUB
GLUB
O &

olIL BATH DROWNS DUST! Polished engine
parts get a longer lease on life with an Air-
Maze oil-bath filter on the air intake. Dirty
air is scrubbed clean in a pool of oil. Dust
can’t get through to do its dirty work.

IF YOU BUILD OR USE engines, COmMpressors,
air-conditioning and ventilating equipment,
or any device using air or liqguids — the chances
are there is an Air-Maze filter engineered to
serve you better. Representatives in all prin-
cipal cities. For condensed product catalog,
write Air-Maze Corporation, Department D,
25000 Miles Rd., Cleveland 28, Ohio.
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inanan 4
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The Filter Engineers

AIR FILTERS e SPARK ARRESTERS o LIQUID FILTERS
SILENCERS o OIL SEPARATORS o GREASE FILTERS
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the C gene must give some advantage,
else it would not persist. Obviously
inheritance of both C and § is a dis-
advantage, since it leads to anemia. As
a consequence we should expect to find
that where the C gene is present, the
spread of the S gene is retarded. This
does seem to be the case: in the northern
Gold Coast the frequency of the S gene
goes no higher than 5 per cent.
Another gene producing abnormal
hemoglobin, known as the thalassemia
gene, is common in Greece, Italy,
Cyprus, Turkey and Thailand. The trait
is most prevalent in certain areas (e.g.,
lowlands of Sardinia) where malaria
used to be serious, but there have not yet
been any direct observations as to
whether its carriers are resistant to
malaria. The trait almost certainly has
some compensating advantage, for it
persists in spite of the fact that even per-
sons who have inherited the gene from
only one parent have a tendency to

anemia. The same is probably true of an-
other deviant gene, known as the hemo-
globin E gene, which is common in
Thailand, Burma and among some popu-
lations in Ceylon and Indonesia.

By now the identified hemoglobin
types form a considerable alphabet: be-
sides S, C, thalassemia and E there are
D, G, H, L, ], K and M. But the latter are
relatively rare, from which it can be in-
ferred that they provide little or no ad-

vantage.

For anyone interested in population
genetics and human evolution, the
sickle cell story presents a remarkably
clear demonstration of some of the prin-
ciples at play. It affords, for one thing, a
simple illustration of the principle of hy-
brid vigor. Hybrid vigor has been inves-
tigated by many breeding experiments
with fruit flies and plants, but in most
cases the crossbreeding involves so many
genes that it is impossible to say what
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RATE OF CHANGE IN FREQUENCY of adults with sickle cells under different conditions
is shown in this chart. The horizontal gray band represents the equilibrium frequency in a
region where individuals with the sickle cell trait have an evolutionary advantage of about
25 per cent over individuals without the sickle cell trait. If a population of individuals with
a low sickle cell frequency enters the region, the frequency will increase to an equilibrium
value (long dashes). If hemoglobin C is already established in the same population, the
frequency will increase to a lower value (short dashes). If a population of individuals with
a high sickle cell frequency enters the region, the frequency will decrease (solid line) .If this
population enters a nonmalarious region, the frequency will fall to a low value (gray line).
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Safety in
all weather
with TACA! '

HOFFMAN makes the complete airborne
portion of the TACAN system—another example
of Hoffman integrated electronics at work

TACAN is the trustworthy electronic navigation system that
unerringly guides pilots through fair and foul weather every
second of the flight. Two compact dials on the instrument panel
automatically show the pilot his exact distance and direction
from a fixed. ground station with an accuracy never before
attained. Result: greater safety in any weather, any place.

Some of TACAN’s advantages over other systems include:
three times greater accuracy; handles more airlane traffic —
allows planes to fly safely at closer intervals; permits starting
landing approaches further out—minimizes ‘“stack up” of
planes waiting to land; meets military requirements for rug-
gedness, compactness and mobility.

The same teamwork, experience and facilities at Hoffman
Laboratories that put TACAN into full scale production are
available for you to use—whatever the size or complexity of
your electronic needs. Why not discuss your specific systems en-
gineering problem with a Hoffman Labs’ representative soon?

Range (distance) indicator
Azimuth (direction) indicator

’

Control Panel

Transmitter

Strobe circuits

Reference pulise detector
Envelope signal detector
Phase comparison circuits
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CLOSE TEAMWORK of research,
development and production
engineering

TECHNICAL ABILITY to achieve
maximum component density.
TACAN contains as many tubes as
four TV sets (plus more than 8,000
other parts), takes up half the
space of one TV s=l

EXPERIENCE AND FACILITIES to
field test complex systems in
every conceivable weather condi-
tion and environm ent

PRODUCTION KNOW-HOW to
build a unit capable of withstand-
ing the rigors of military opera-
tions, and the intense G-shock and
vibration of carrier deck landings

INITIATIVE to develop and pro-
duce complete test equipment to
make TACAN in use 100% safe
and efficient

a n LABORATORIES, INC.

- Engineers: For challenging opportunities write: Director of Engineering,
Hoffman Laboratories, Inc., 3761 South Hill Street, Los Angeles 7, California



Our facilities are open
to your inquiries about
Cannon-Muskegon
vacuum-melted
‘UltraMet alloys
and SERVICE!

Whatever your metallurgical prob-
lem, Cannon-Muskegon is equipped
and staffed to solve it. Our metallur-
gists can make the right vacuum-
melted UltraMet alloy to fit your
need. Using the latest in research and
testing laboratories, they will develop
the required alloy...provide com-
plete physical, chemical, metallurgi-
cal evaluation — then produce it to
specifications in our modern plant.

Cannon-Muskegon offers a wide
range of ferrous-, nickel-, and cobalt-
base alloys. Poured at pressures from
1 to 10 microns, they’re available in
pound or ton lots...in ingots or
cast billets. UltraMet alloys offer
super-clean, smooth surfaces...
greater tensile strength, ductility and
wear life...higher electrical and
magnetic properties . .. improved
corrosion and abrasion resistance.
For complete vacuum-melting serv-
ice, see Cannon-Muskegon.

e o o
We offer industry
Materials for Remelt

. under conventional air melting, inert gas,
or vacuum processes.

Casting Development

. includes research and experimental facili-
ties for investment, shell mold, dry sand, and
permanent mold castings.

Ingots or Cast Billets
. . for rolling, forging or extruding in indi-
vidual weights up to 250 Ibs.

For full particulars write for
our New Bulletin on Vacu-
um Melting and Air Melting
facilities and products.

CANNON-MUSKEGON
CORPORATION
2891 Lincoln Street Muskegon, Michigan, U.S. A.

METALLURGICAL SPECIALISTS
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gene combinations are responsible for

the advantages of the hybrid. Here we

can see a human cross involving only

a single gene, and we can give a con-
| vincing explanation of just how the
hybridization provides an advantage. In
a population exposed to malaria the
heterozygote (hybrid) possessing one
normal hemoglobin gene and one sickle
cell hemoglobin gene has an advantage
over either homozygote (two normal
genes or two sickle cell genes). And
this selective advantage, as we can ob-
serve, maintains a high frequency of a
gene which is deleterious in double dose
but advantageous in single dose.

Secondly, we see a simple example of
inherited resistance to disease. Resist-
ance to infection (to say nothing of dis-
orders such as cancer or heart disease)
is generally complex and unexplainable,
but in this case it is possible to identify
a single gene (the sickle cell gene)
which controls resistance to a specific
disease (malaria). It is an unusually di-
rect manifestation of the fact, now uni-
versally recognized but difficult to
demonstrate, that inheritance plays a
large role in controlling susceptibility or
resistance to disease.

Thirdly, the sickle cell situation shows
that mutation is not an unmixed bane to
the human species. Most mutations are
certainly disadvantageous, for our gene-
tic constitution is so carefully balanced
that any change is likely to be for the
worse. To adapt an aphorism, all is best
in this best of all possible bodies. None-
theless, the sickle cell mutation, which at
first sight looks altogether harmful, turns
out to be a definite advantage in a ma-
larious environment. Similarly other mu-
tant genes that are bad in one situation
may prove beneficial in another. Vari-
ability and mutation permit the human
species, like other organisms, to adapt
rapidly to new situations.

Finally, the sickle cell findings offer
a cheering thought on the genetic future
of civilized man. Eugenists often express
alarm about the fact that civilized socie-
ties, through medical protection of the
ill and weak, are accumulating harmful
genes: e.g., those responsible for dia-
betes and other hereditary diseases. The
sickle cell history brings out the other
side of the story: improving standards
of hygiene may also eliminate harmful
genes—not only the sickle cell but also
others of which we are not yet aware.

HENOTYPE CENOTYPE ELECTROPHORETIC | HEMOGLOBIN
PATTERN TYPES
| NORMAL | (STl | | TR ! ' A
SICKLE CELL s A *
| - - i SA
TRAIT Hb Hb -
|
SICKLE CELL s s ' :
ANEMIA He® H H Hb sS
HEMOGLOBIN C . .
SICKLE CELL Ho- H H Hb cs
| ANEMIA
HEMOGLOBIN C C C
DISEASE Hb™ i |y Mo cc

HEMOGLOBIN SPECIMENS from various individuals are analyzed by electrophoresis.

The phenotype is the outward expression of the genotype, which refers to the hereditary

make-up of the individual. The H-shaped symbols in the genotype column are schematic

representations of sections of human chromosomes, one from each parent. The horizontal
line of the H represents a gene for hemoglobin type. Hb* is normal hemoglobin; HbS, sickle
cell hemoglobin; Hb®, hemoglobin C. This kind of electrophoretic pattern is made on a strip
of wet paper between a positive and a negative electrode. The specimen of hemoglobin is
| placed on the line at the left side of each strip. In this experiment hemoglobin A migrates
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faster toward the positive electrode than sickle cell hemoglobin, which migrates faster than
hemoglobin C. Thus the pattern for individuals with two types of hemoglobin is double.
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A caliper survey was made to detect corrosion of oil-well tubing. Erratic “blips” on the survey chart
indicate corrosion in well using ordinary inhibitor. Parts of two corroded tubes are shown at right.

Evenly spaced “‘blips’’ in this chart show no corrosion, merely indicate tubing joints in well using
inhibitor containing Sunaptic acid. The tubes look like new. Both surveys taken after one year.

Sunaptic Acid’s king-size molecules
give twice the efficiency of fatty, rosin,

synthetic, or ordinary naphthenic acids

USED IN CORROSION INHIBITORS, A SUNAPTIC ACID CUTS
COSTS . . . GIVES GREATER PROTECTION TO OIL WELLS

In the above oil-well tests, the substitution of high-
molecular-weight Sunaptic® acid for fatty, rosin,
synthetic or ordinary naphthenic acids doubled the
efficiency of the corrosion inhibitor.

The reason: the king-size molecules of Sun Oil Com-
pany’s Sunaptic acid. Characteristic features of a
typical molecular structure are: one carboxyl group
per molecule, three saturated rings, and ring sub-
stituents of methyl, ethyl, or other aliphatic groups.

Sunaptic acids have other unusual properties: no
olefinic unsaturation, high resistance to oxidative
rancidity, low freezing or pour points, and a higher
hydrocarbon solubility than fatty, rosin, and ordi-
nary naphthenic acids.

INDUSTRIAL PRODUCTS DEPARTMENT

SUN OIL COMPANY russ e <alUNOC

IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL

Typical applications of Sunaptic acid derivatives in-
clude anti-oxidants, oil-soluble detergents, lubricant
additives, plasticizers. A switch to a Sunaptic acid
can possibly improve any product you’re now mak-
ing with fatty, rosin, synthetic, or ordinary naph-
thenic acids.

Forfullinformation on Sunaptic acidsandtheir
uses, see your Sun representative, or write
SUN O1L COMPANY, Phila. 3, Pa., Dept.' SA-8.

FREE TECHNICAL BULLETINS
ON OTHER SUNOCO PETROCHEMICALS
Benzene, Toluene, Mixed Xylenes * Propylene Tetramer * Pro-
pylene Trimer * PDO-40 (polymerized drying oil) * Sulfonate
WS (water-soluble sulfonate) * Sulfur * Anhydrous Ammonia
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Living Insecticides

For almost a century entomology has sought to control harmful insects
with their own infectious diseases. This dream is now being realized,

notably in the artificial infection of a caterpillar that eats alfalfa leaves

his summer in the Central Valley

I of California the green caterpil-
lars that chew the tender new
leaves of alfalfa have been coming to an
untimely end. Some have been dying of

a bacterial infection their species has
never suffered before. Others have been

by Edward A. Steinhaus

sickened by a virus which young cater-
pillars do not usually encounter on tender
new leaves. The virus and the bacterium
are insecticides newly enlisted by farm-
ers. They are spread on the plants like
other insecticides by crop-spraying air-
craft. Since they are relatively inexpen-

sive to use and are nontoxic to plants and
other animals, their success gives promise
that microbes may become an effective
addition to man’s arsenal for protecting
his health and his crops from insect pests.

Insects, like human beings, are sub-
ject to infection by a whole battery of

h’f‘g‘* i ata 112 QIS Anpry II .

!' ~Hpefey (0N

INCUBATION OF BACTERIA for use as insecticide can be con-

ducted inexpensively on a large scale, as shown in this laboratory

96

© 1956 SCIENTIFIC AMERICAN, INC

~ f"‘.,‘""'. "("M - . .. -:.

at the University of California. The 210 bottles here provide 70
square feet of agar surface. Cultures may be harvested in a week.



microorganisms—bacteria, fungi, viruses,
protozoa and so on. Some of their dis-
eases, notably those that attack the
honeybee and the silkworm, were fa-
miliar before the time of Aristotle. In
efforts to protect these beneficial insects
man gained some comprehension of the
nature of infectious disease in general.
Investigating a fungus disease of the silk-
worm, Agostino Bassi in 1834 proved for
the first time that disease could be caused
by a microorganism. It was a study of
diseases of the silkworm that started
Louis Pasteur on the road to founding the
science of bacteriology. Modern medical
science owes an everlasting debt not only
to these two men but to the diseases of
the lowly silkworm that attracted their
attention.

From the very first, students of the
infections of insects were intrigued by
the notion of using diseases to kill insect
pests. In 1879 Elie Metchnikoff, who
was later to be Pasteur’s successor as
head of the Pasteur Institute and winner
of one of the first Nobel prizes, made a
significant experiment along this line. He
was able to infect larvae of the wheat
cockchafer by inoculating a pot of soil
containing insects with a pathogenic fun-
gus. This success inspired I. M. Kras-
ilshchik of the University of Odessa to
establish a special laboratory in 1884 for
the purpose of producing spores of the
fungus on a large scale.

Just what became of the Odessa lab-
oratory is not clear. Apparently it was
abandoned because of practical diffi-
culties, which have continued to dog the
efforts of workers in this field. Until re-
cently these difficulties made the pros-
pect of microbial control of insects al-
most as hopeless as it was intriguing.
Typically experimenters would report
initial success with a fungus or a bac-
terium against the chinch bug on cereal
crops in the U. S., against grasshoppers
in Latin America and Africa or against
the European corn borer in Europe. But
workers who followed up were never
able to obtain results as effective as those
reported by the original experimenters.

In the early trials they would inevi-
tably discover that success depended too
heavily upon the weather: that is, a
particular combination of humidity and
temperature. In the case of bacteria,
knowledge and techniques were not far
enough advanced as a practical matter
to insure the identity of the cultures
used, to maintain their virulence and ap-
ply them with success under all the
varying conditions of the field. Investi-
gators would finally come to the dis-
couraged conclusion that since these

ALFALFA CATERPILLARS crawl on an alfalfa plant in the Imperial Valley of California.
The insect (Colias philodice eurytheme) is one of California’s most destructive pests.
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POLYHEDROSIS VIRUS is so called because it forms polyhedral inclusion bodies in the
cells of its host ; these can be seen as black dots in the photomicrograph of alfalfa caterpillar
tissue at the top. The electron micrograph in the middle shows virus particles in a cell nu-
cleus. Some of them form bundles. The individual and bundled particles, dried and shadowed
with palladium, are shown at higher magnification in the electron micrograph at the bottom.
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pathogens abound in nature anyway,
there was little value in disseminating
more of the same. Farmers and foresters
were often overjoyed to see impending
plagues of insect pests halted by natural
outbreaks of disease which would vir-
tuallv eliminate the insects for the season
and frequently for years afterward. But
in spite of Nature’s spectacular success-
es, there seemed to be no way to put
such diseases to work under control.

Interest was rekindled in the 1930s,

however, by the famous success
against the destructive Japanese beetle.
Samson R. Dutky and Ralph T. White
of the U. S. Department of Agriculture
investigated the so-called milky diseases
of this beetle. They identified the bac-
teria responsible for the diseases, learned
how to produce spores in sufficient quan-
titv for field distribution and applied the
spores to the soil in order to infect the
grubs of the beetle. One of these bac-
teria, Bacillus popilliae, proved especial-
ly effective. Just before World War II
the Department of Agriculture and sev-
eral state agencies began extensive dis-
tribution of this enemy of the Japanese
beetle, and by now, with the additional
help of new chemical insecticides, the
beetle has been brought under control
in many areas where it was once an un-
stoppable pest.

The Japanese beetle success did not,
however, clear away the doubts that had
been engendered by the previous history
of failure. The milky disease is a special
case in many respects. The disease fell as
a new infection upon a dense and unre-
sisting population. Furthermore, the
beetle grub was attacked by the spores
of the bacillus underground, where mois-
ture is always present. Many still felt
that microbial insecticides would work
only in exceptional circumstances where
humidity and other conditions met exact-
ing specifications.

But some of us were led to wonder
whether moisture in the environment
was really as necessary as was generally
supposed. This assumption had de-
veloped from the early work with fungi.
It seemed to us that an important general
distinction could be made between fungi
and other pathogens, such as bacteria
and viruses. Fungi are dependent upon
moisture in the environment because
they usually invade their hosts through
the body wall. A fungus spore lands on
an insect; if conditions are just right, it
sends out a threadlike hypha that pene-
trates the body cavity. On the other
hand, bacteria and viruses ordinarily
find their way inside the bodies of their
hosts via their food. The moisture re-



quired for their development is then pro-
vided automatically by the insect’s in-
ternal environment. There seemed to be
reason to hope that the requirements for
successful microbial attack on insects
were not as critical as had been thought.

So it was that in 1945, at the newly
organized Laboratory of Insect Patholo-
gv in the Department of Biological Con-
trol of the University of California, we
undertook to investigate the possibility
of microbial control of the alfalfa cater-
pillar. This insect, Colias philodice
eurytheme, is one of California’s most
destructive pests [see “Insect Control
and the Balance of Nature,” by Ray F.
Smith and William W. Allen; SciExTIFIC
AMERICAN, June, 1954]. We chose as
our first disease agent a virus which
forms large numbers of polyhedral
bodies in the tissue cells of the infected
insect. In the basic phase of our investi-
gation we had the advantage of the work
of earlier investigators on similar virus
diseases of the silkworm, the gypsy-moth
caterpillar and the nun-moth caterpillar.
They had established the viral origin of
these diseases and thus facilitated our
isolation and identification of the cater-
pillar virus. The next phase was the
practical one of working out methods for
artificial application of the virus.

In nature this disease does not attack
the alfalfa caterpillar until too late.
While the newly hatched caterpillars are
feeding on the tender new leaves of the
alfalfa plant in spring and early sum-
mer, the leaves are free of virus. It is
only late in the season that the virus,
lurking in the soil and surface debris, be-
comes widely disseminated among the
plants, usually by gusts of wind and by
water. By then the caterpillars have done
their worst; even if the disease kills them
off, they die on a ravaged crop.

Our first step was to see whether we
could get the virus placed artificial-
ly on the plants by means of a spray or
dust. C. G. Thompson, a graduate stu-
dent in our laboratory (he is now in
charge of the U. S. Department of Agri-
culture insect pathology program)

undertook this field work. He prepared '

virus suspensions by mashing up the
bodies of virus-killed caterpillars, and
this material was sprayed on the plants.
The results were immediately encour-
aging. The caterpillars were so suscepti-
ble to the spray that ingestion of a mi-
nute amount caused them to sicken and
die in about a week. Even populations
of low density could be destroyed, for
spread of the disease did not depend on
dissemination by sick caterpillars.

The test showed, then, that a caterpil- |
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INSECTICIDAL BACTERIA (Bacillus thuringiensis) are shown in the photomicrograph
at the top. The brightest spots within the bacteria are their spores. The slightly dimmer spots
are crystals of a toxin that is lethal to insects. The photomicrograph in the middle shows
the spores and toxin crystals. To the left and below the center of the electron micrograph “at
the bottom is a spore of the bacterium with a diamond-shaped toxin ecrystal beside it.
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lar population could be checked in time
by spraying the leaves with the virus
early in the season. It appeared also that
there was no danger of the alfalfa cater-
pillar becoming resistant to the virus.
Indeed, there is no evidence that re-
sistant strains of the insect have de-
veloped in California in spite of the fact
that it has been attacked by this virus for
more than 50 years.

But what about humidity and temper-
ature? This question was neatly an-
swered by Thompson. He placed 20
caterpillars in small screen cages in a jar
in which the relative humidity was so low
that five of the test larvae died of desic-
cation. The food of the caterpillars was
dusted with dried virus material. All of
the caterpillars that survived desiccation
died of the virus disease at the end of a
week. By similar experiments Thompson
showed that, within the temperature
range in which the insects are active,
susceptibility is independent of temper-
ature. These were simple experiments,
to be sure, but they were important in
settling doubts that had been raised by
earlier experiments with fungus diseases.

By 1950 we were able to report that
epizootics of the disease can be induced
in the field virtually at will even in the
absence of high humidity and high pop-
ulation densities. We found that the
bodies of approximately five diseased
caterpillars provide enough virus to
cover an acre of alfalfa. The virus keeps
its virulence throughout indefinite peri-
ods of storage. When the time comes for
application, the dried-up caterpillar
bodies are simply stirred into solution in
water. One caterpillar per gallon yields
a standard concentration of approxi-
mately five million polyhedrons per
quarter of a teaspoon, each polyhedron
containing several hundred virus parti-
cles. This suspension is sown over the
fields by aircraft.

To achieve economically significant
results, it is necessary to apply the virus
early enough in the life of the caterpillar
to allow for the five- to seven-day incu-
bation period of the disease. If the virus
is applied after the caterpillars have
grown large, the insects have time to
devour the crop before the virus kills
them. Practical use of the virus also re-
quires the eye of a trained entomologist
to determine whether the caterpillar
population in a particular alfalfa field is
likely to become big enough to warrant
the expense of treatment.

With this limitation on the usefulness
of the virus in mind, we kept on the
lookout for other possible disease agents.
One turned up with the discovery that
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the alfalfa caterpillar is susceptible to a
spore-forming bacterium, Bacillus thur-
ingiensis, which was originally isolated
in Germany in 1911 from diseased larvae
of the Mediterranean flour moth. In a
host caterpillar the bacillus has only a
two-day incubation period. In contrast
to the virus, the bacillus can be grown
in quantity in a laboratory culture. The
spores can be stored for long periods
in powdered form. Since the viability of
spores is generally independent of at-
mospheric conditions, B. thuringiensis
seemed to be a ready-made agent that
could be sprayed like chemical insecti-
cides or viruses.

We set up nine test plots with corres-
ponding control plots in separate alfalfa
fields and applied varying concentra-
tions of spores. Within 24 to 48 hours
after the spray applications, the cater-
pillars showed the symptoms typical of
most bacterial infections—sluggishness,
diarrhea, discoloration and flaccidity.
After death the bodies of the insects
darkened, softened, putrefied and grad-
ually dried down to a brittle scale. In

| seven of the nine test plots the cater-

pillar population was brought below
economically harmful levels—about 20
larvae for each two sweeps of an entomo-
logical net. Meanwhile in the control
plots the population remained at a de-
structive level of 60 to 90 larvae. Later
field tests showed that artificial dissemi-
nation of this bacillus can cause epizo-
otics not only among alfalfa caterpillars

but also among a number of other species
of insects.

Besides its faster action, the bacillus
disease has another distinction which
may or may not give it superiority over
the virus. Caterpillars killed by the virus
frequently leave a smear of putrid tissue
on the hay, because their body wall
breaks down; those killed by the bacil-
lus, on the other hand, still have an in-
tact skin and simply drop off the plant.
Thus the hay is sweeter for animals and
men. Of course this may carry a disad-
vantage from the standpoint of killing
caterpillars, for the virus disease causes
the dead insects to leave viruses on the
plant to kill later comers.

Investigation of this bacillus has
opened up the possibility of a new type
of chemical insecticide. The killing pow-
er of the bacillus appears to reside main-
ly in a markedly toxic crystal formed in
the bacillus. The crystal retains its tox-
icity for years. Its presence probably
explains why this bacillus, unlike most
bacteria, keeps its virulence through
many years of artificial culture. Further
studies may show that we have here a
substance which kills certain insects but
is harmless to other life.

While we have proceeded with our
work on control of agricultural pests, in-
vestigators in Canada have been de-
veloping microbial agents for the protec-
tion of forests. In 1944 R. E. Balch and
F. T. Bird began work with a virus that
infects the European spruce sawfly. By a

BACTERIAL SPORES are harvested after separation from culture. For use in the field they
are mixed with water and sprayed on the plants in the same way as a chemical insecticide.
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AIRPLANE SPRAYS an alfalfa field in California with insecticide. The flat expanses of the
Central and Imperial valleys are particularly well-suited to this kind of operation.

combination of this virus and certain
other parasites the spruce sawfly has been
brought under control, at least in certain
areas. More recently Bird has reported
the successful introduction into Canada
of another virus specific for the Euro-
pean pine sawfly. Limited applications
of this virus, brought over from Sweden,
have killed off sawflies on a large scale
in infested forest lands.

Progress with the viruses and bacteria
has encouraged the investigations of
other agents. There are indications that
good results will eventually be obtained
with protozoa and possibly even with
parasitic worms. And fungi are by no
means out of the picture as possibilities.
They are the microorganisms that offer
most hope for microbial control of non-
chewing insects that feed by sucking
plant juices. We need to discover strains
of fungi which do not require high hu-
midity to invade their insect hosts; it
may then be possible to find ways of ap-
plying the moderate amount of moisture
needed for infection by the fungi.
Economical large-scale production of
the living insecticides remains a prob-
lem. Most bacteria and fungi can be pro-
duced with comparative ease on arti-
ficial culture media. But the viruses and
the protozoa are a different story. Some
of them can be bred satisfactorily in
quantity on insects in an insectary, but
some of the potentially useful ones have
not yet been grown successfully under

| artificial conditions. Microbial control of

insects would be materially advanced if
convenient and inexpensive culture

methods could be developed.

© 1956 SCIENTIFIC AMERICAN, INC

Applied insect pathology must con-
tend with a number of other problems
calling for research to enhance the re-
liability and flexibility of operations in
the field. One concern is the difficulty of
finding exactly the right time to apply
each insecticide. Another is the long in-
cubation period of some of the diseases.

In a few cases in which problems of
this kind have been solved, the advan-
tages of microbial control stand out.
Compared with chemical insecticides,
microorganisms are relatively inexpen-
sive to produce. They leave no danger-
ous or toxic residues. They are harmless
to plants and higher animals, including
man, and indeed most of them are spe-
cific to their hosts, sparing beneficial in-
sects. Furthermore, microbial agents can
be used in various ways: in direct sprays
or dusts, in combination with chemical
insecticides, in conjunction with other
insect parasites and predators. Some of
them offer the unique advantage of be-
coming established in insect populations
and providing lasting control.

Insect pathology is still a young
science. From the few experiences re-
counted in this article, it would appear
that the skepticism engendered by the
highly publicized failures of the early
pioneers is no longer justified. But,
equally, no one should claim that
pathogenic microorganisms are a pana-
cea or that they will replace chemical
insecticides. It is sufficiently satisfying
that groups of scientists in a dozen dif-
ferent countries are bringing this in-
triguing idea to realization and adding
a powerful new weapon in man’s fight
against the insects.
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TIME REVERSAL

Nothing in the laws of p]lysics prevents time from running

backward as well as forward, in microscopic events. But

the law of averages 18 against 1t 1n the macroscopic world

in your flight!” pleads the com-

mon song—but time flows ever
onward, oblivious of our desires. What
law of nature makes time so irreversible?
The answer, for anyone who gives sys-
tematic thought to the matter, is rather
unexpected. It turns out to be by no
means easy to understand whv time is
irreversible!

Consider a collision between two bil-
liard balls on a billiard table. If we make
a movie of the collision and play the
film backwards, we see the motions of
the balls reversed in time [see illustra-
tion below]. Newton’s laws of motion
say that, assuming the collision is per-
fectly elastic and the effects of friction
can be ignored, the forward and back-

CCBackward, turn backward, O Time,

by John M. Blatt

ward motions will be absolutely sym-
metrical. That is to say, there is nothing
in the fundamental laws of motion to

‘forbid time reversal.

But you properly object that frictional
effects do exist. Let us take friction into
account. In the forward sequence the
balls lose speed by friction with the bil-
liard table until eventually they stop
moving. The energy of motion has been
converted into heat: i.e., the surface of
the billiard table and the billiard balls
themselves are slightly warmer than
they were at the beginning of the mo-
tion. Now on every practical count a
time reversal of this sequence is pre-
posterous: the two balls would have to
start moving for no apparent reason,
would accelerate more and more, gain-

ing energy from slight cooling of the
table and balls, and would continue to
accelerate after the collision until they
reached the original state. Such a hap-
pening would violate all our intuition as
well as the second law of thermo-
dynamics, which says that with the sys-
tem in temperature equilibrium, as the
balls and table are at rest, the heat
energy in the system could not be con-
verted into energy of motion to move the
balls. Hence it seems that as soon as
we become realistic and take frictional
forces into account, we find that time re-
versal is actually impossible.

But let us look a little more closely.
What, after all, is the cause of friction?
Friction is the result of innumerable lit-
tle collisions between irregularities on

COLLIDING BILLIARD BALLS represent a phenomenon which
is, making certain assumptions, reversible. In the drawing at left

© 1956 SCIENTIFIC AMERICAN, INC

the balls are seen at rest. The center drawing shows their collision
and final position. The drawing at right shows the episode reversed.
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the surface of the billiard ball and the
surface of the billiard table. Each of
these elementary collisions obeys New-
ton’s laws of motion—or, more accurate-
ly, the laws of quantum mechanics,
which likewise allow time reversal.
Thus the laws of motion still do not
rule out time reversal at the micro-
scopic level.

At this point one may begin to ask
+* whether there is something wrong
with the laws themselves. However, it is
possible to show that the laws of motion
| and time-reversal symmetry both stand
up when their consequences are ex-
| amined and checked by experiments.
The proof involves the so-called “reci-
procity law.”
Consider two radio “hams”—Abraham
in New York and Becker in Los Angeles.
| Each has a short-wave transmitter-re-
| ceiver set, using a single antenna both
for transmitting and receiving signals
(though the antennas of Abraham and
Becker may be very different). Abraham
starts to transmit. His antenna is ener-
| gized by a current of a certain strength
and proceeds to emit radio waves. These
waves are eventually intercepted by
Becker’s antenna, where they produce a
certain voltage which is amplified by his
receiving set. Becker then replies to
Abraham’s message by actuating his own
antenna to transmit. The reciprocity law
asserts that if he uses an exciting cur-
rent of exactly the same strength as Abra-
ham did, Abraham’s set will receive a

REVERSIBLE REACTION involves hydrogen atoms (open circles) and oxygen atoms
(black circles) . They combine to form water, which can dissociate into hydrogen and oxygen.

voltage precisely equal to that received
by Becker. In general, even though the
exciting current is different in the two
cases, the reciprocity law says that the
ratio of the received voltage to the trans-
mitting current is always the same at the
two antennas, regardless of differences
in the antenna designs, of atmospheric
conditions, of topography, of the loca-
tions of the two sets on the earth’s sur-
face, and so on. This reciprocity law has
been confirmed experimentally and has
been found to hold true in many branch-
es of physics.

Now it seems demonstrable that the
reciprocity law holds true if the basic
processes occurring in the system under
consideration allow time reversal. In
other words, time reversal implies reci-
procity. Thus an experimental proof of
the reciprocity theorem gives strong sup-
port to the possibility of time reversal.
Frictional effects do not matter here.
Lars Onsager, the noted physical chemist
(now at Yale University), showed in
1931 that the reciprocity laws are direct
consequences of time-reversal symmetry
in elementary collisions—often called
“microscopic reversibility.” This sym-
metry holds true on the microscopic scale
even when the macroscopic phenomenon
in question seems irreversible.

Basic work on reciprocity or reversi-
bility at the atomic level, in the realm of
quantum mechanics, was done in 1932
by the mathematical physicist Eugene
P. Wigner, now at Princeton University.
He showed how the reciprocity theorem

(@D
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PRACTICAL IRREVERSIBILITY of a theoretically reversible operation is illustrated by
the fact that it is much harder to get a car into a tight parking space than out of one.

%) Spate Highway #17, Paramus, N. |
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VIBRATING STRING
action. Parts of string are “in phase,” i.e.,
reach their maximum displacement together.

shows reversible

can be applied to atomic collisions. Con-
sider the combination of oxygen and
hydrogen molecules to form water, and
the reverse reaction—decomposition of
water into oxygen and hydrogen. The
reciprocity law of quantum mechanics
asserts that, apart from certain statisti-
cal factors, both reactions have equal
probabilities if the system has the same
total energy in each case. The “if”
is important. When two hydrogen
molecules react with an oxygen mole-
cule, forming two molecules of water
(2H, + O, — 2H,0), the reaction
liberates energy which appears in the
form of kinetic energy of the two wa-
ter molecules, flying apart from each
other at great speed. The exactly inverse
reaction (2H,O — 2H, + O,) can oc-
cur only if two water molecules approach
each other with precisely this speed. A
similar reciprocity law holds for nuclear
collisions.

Some physicists maintain that while
the equations of quantum mechanics
seem to allow time reversal, there is a
fundamental consideration which ex-
plains why it is ruled out in the real
world. Observation or measurement of
any system disturbs the system irreversi-
bly. This, they argue, accounts for the
obvious irreversibility of time.

In my opinion the argument is a
false trail. It says in essence that time
reversal is possible as long as no one
looks at the system but becomes im-
possible as soon as anyone observes it.
Surely the irreversibility of time does
not depend on such an accident as hu-
man observation of its effects! Are we
to suppose that time was completely re-
versible before living observers arrived
on the earth? Would it become reversi-
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ble if all life were extinguished by super-
bombs?

We come back to the problem with

which we started. If all elementary
processes allow time reversal, why is
time so patently irreversible on the mac-
roscopic scale—i.e., in the world as we
see it? Why cannot an organism, for ex-
ample, retrace its growth and become
younger in the process?

The best and most fruitful answer we
can find is that statistics, or probability,
is against it. As a crude illustration of
what this means we may consider an in-
experienced driver trying to get his car
into a tight parking space. The process
is apt to cost him much time and mental
anguish. Yet the same driver has little
trouble getting his car out of the same
parking space. Getting in and getting
out are time-reversed motions. If the
driver followed exactly the same se-
quence of moves and turns, in reverse
order, parking the car would be as easy
as getting out of the parking space. But
we know it isn’t. Why is one so much
harder than the other?

The answer lies in a careful analysis of
what we mean by being “in” and “out”
of the parking space. Because the space
is tight, there is practically only one “in”
position. But there are very many ways
in which the car can be “out.” A small
alteration in the getting-out procedure
leads to a different final position of the
car, but the car is still “out.” On the
other hand, a small alteration of the get-
ting-in procedure leads to damage claims
against the driver, not to another “in”
position!

We conclude that time reversal is
possible but the odds are against it. The
idea becomes clearer when we consider
a more elementary example. A gastight
vessel is divided into two equal com-

AWAWA

DISTORTION by a rectifier is not reversi-
ble. Sending output (below) back threugh
rectifier would not restore input (above).
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centage of undergraduate college expenses
earned—Dby present salaries at Hughes. The
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higher the present salary of the individual—

the more he earned while an undergraduate.
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car—washhtg, etc., etc. One scientist in-
cluded in his list of college jobs—*‘Walking
the Dean’s rheumatic bulldog.”
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How to make $10,000 (ad wp)

Here at Hughes we have been analyzing the files of personal data regarding our
scientists and engineers. Together with some additional facts cheerfully contributed
by individuals, the findings reveal some interesting—and sometimes surprising—
group characteristics and relationships. In this series we shall chart and attempt to
interpret the results for you.

In the Hughes laboratories more than
half of the engineers and scientists have
had one or more years of graduate
work; one in four has his Master’s; one
in 15 his Doctorate. Our research pro-
gram is of wide variety and scope,
affording exceptional freedom as well
as superior facilities for these people.
From every standpoint, it would be
difficult to find a more exciting and re-
warding climate for a career in science.
Too, we are continually stepping up
projects which will insure success in
commercial as well as military work.

RESEARCH AND DEVELOPMENT LABORATORIES
HUGHES AIRCRAFT COMPANY
Culyer City, Los Angeles County, California
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Hughes is pre-eminent as developer and
manufacturer of the electronic arma-
ment control system now standard
equipment on all Air Force all-weather
interceptors. Our program also em-
braces ground systems radar, the Hughes
Falcon and other guided missiles, auto-
matic control, synthetic intelligence.
Projects of broader commercial and
scientific interest include research in
and manufacture of semiconductors;
electron tubes; digital and analog com-
putation; data handling; navigation;
production automation.

The Laboratories now have positions open for all
phases of work on ground and airborne digital
computers—from logical design to production
engineering. Why not write us?
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partments. One compartment is filled
with gas; the other is evacuated. We now
punch a hole in the partition between
the compartments. The gas proceeds to
diffuse through the hole into the other
compartment, and after a certain time
the gas will be distributed evenly be-
tween the two halves. Since the motion
of the gas molecules is time-reversible, it
is theoretically possible for all the gas
molecules to diffuse back again into the
initial compartment, leaving the other
side a vacuum again. Yet we are pretty
sure this will never happen.

The point is that we would feel fairly

Meta
_....h!s-zs. .

sure it would happen at some time if
there were only two gas molecules in
the first compartment to start with. We
would then expect that, after the two
| molecules had had an opportunity to
move about in their random motions, at
any given instant there would be a prob-
ability of 1/4 for finding both gas mole-
cules in the left-hand compartment, 1/4
for finding both in the right-hand com-
partment, and 1/2 for finding one in
each compartment. Thus our “gas”
would have a fairly high probability of
diffusing back into its initial state.
This probability diminishes, of course,
as we deal with more molecules. For a
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IMPORTANCE OF NUMBER in determining reversibility is illustrated above. Two gas
molecules that start in one part of a divided container can easily return there by diffusion
(left) . When many molecules are involved, such an occurrence (right) is highly unlikely.

gas with three molecules the probability
of finding it back in its initial state is 1/8;
for a gas with four molecules, it is 1/16;
with 10 molecules it becomes 1/1024;
and already for 100 molecules (still
much more dilute than the best “vac-
uum” we can achieve in the laboratory)
the probability of return to' the initial
state is as small as one part in 103°. This
is so small that, assuming the mean
time of diffusion of a molecule from one
compartment to the other were one
millionth of a second, the return of the
100 molecules to their initial compart-
ment would take, on the average, more
than 30 million billion years—far longer
than the entire history of the earth. The
situation is similar to that of the driver
parking his car: there is only one way
in which all the molecules can be in the
same compartment, but many many
ways in which they can be distributed
approximately equally between the two
compartments.

In an actual gas, or in the human
body, the number of molecules is so
large that the probability of an observ-
able time reversal is inconceivably mi-
nute. The probability of your body re-
turning to the state in which it was a
minute ago is so tiny that your expected
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In recent tests duplicating actual assault landings, Fairchild C-123’s gave
dramatic evidence of performance under combat conditions.

The target—a rough, ungraded field—was ringed by “hostile” forces. Heavily
laden, the C-123’s approached the field at 500 ft. altitude—too low for heavy
A.A. guns, too high for small-arms fire. Just short of their touchdown point,
the highly maneuverable assault transports swept down, flaring out just as
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to stand . . . K ‘///’—-__.

lifetime is nowhere near long enough
even to say the number of million mil-
lion . . . million years it would take for
such a thing to happen.

In short, we conclude that while an
observable reversal of time is not ex-
cluded, the chances are overwhelmingly
against it.

Suppose we unshackle ourselves from

mundane conceptions of the dura-
tion of time and give ourselves all the
time in the universe, stretching on for
endless eons into the future. What is the
possibility that the universe as a whole
will repeat itself? There is a generally
accepted principle in mathematical
physics, known as the “ergodic theorem”
(referring to energy), which says that
in a closed, isolated system every ele-
mentary state is as likely to occur as
every other. Therefore if the universe is
a closed, isolated system, there is a finite
chance of its returning to precisely the
same state in which it stands today, and
eventually (after an unimaginably long
time, of course) it will do so. This would
not be time reversal in the literal sense
of a backward retracing of the path;
rather, as the universe journeyed on, it
would arrive again at a state exactly like
the present, just as an airplane flying
around the earth may come back to its
starting point.

Experts differ about this possibility.
The crux of the question, it seems to me,
lies in whether the universe is a closed
and isolated system. In the view of most
cosmologists, the universe is isolated by
definition (though this idea is disputed
by the school of Fred Hoyle and Her-
mann Bondi, who assume that new mat-
ter is continually being created out of
nothing). But whether or not the uni-
verse is closed is more debatable.

To our intuitive minds the expanding
universe seems “obviously” an open sys-
tem, extending through an infinity of
space. The general theory of relativity,
however, has thrown some doubt on this
notion. Some of the solutions allowed by
the equations of general relativity pic-
ture a curved-space universe of finite
volume closed on itself, like the surface
of a sphere. Such a universe would pre-
sumably return eventually to its present
position.

There is no proof, not even a strong
likelihood, that the universe is in fact
closed in on itself in this (or any other)
sense. At the present stage of our knowl-
edge of the universe, it seems to me most
reasonable to suppose that the universe
we know will never return to its state as
of 1956, no matter how long our very
very very distant progeny wait.
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Supersonic jet inlet:

This Boeing-Wichita engineer is check-
ing the installation of a model supersonic
engine inlet design prior to wind tunnel
testing at M.I.'T. Data on engine inlet
performance at high Mach numbers ob-
tained from such tests is now being
applied to the design of future supersonic
airplanes. This is just one example of
Boeing-Wichita’s continuing develop-
ment of advanced aircraft and associated
system components.

Wichita engineers find unparalleled
opportunities for creative effort in ad-
vanced fields, and have the finest research
and development facilities in the United
States at their disposal. Boeing-Wichita’s
own laboratory space has been increased
400%, and many other new engineering
facilities have been added to keep pace
with increasing emphasis on technical
development.

16

an example of Boeing-Wichita research

At the company’s Seattle and Wichita
plants, the increased scope and magni-
tude of this development effort is creating
additional and excellent career opportu-
nities for all types of engineers. This
means that if you are an electrical, me-
chanical, civil or aeronautical engineer,
a physicist or mathematician, there is a
real challenge for you in one of Boeing’s
design, research or production engi-
neering programs. Boeing engineers
work in tight-knit teams where there is
plenty of room for self-expression and
recognition.

Recognition of professional growth is
coupled with career stability at Boeing.
During the past 10 years the number of
engineers employed by Boeing has quad-
rupled. They enjoy a most liberal retire-
ment plan. How would you like a
satisfying, creative job with the pick of
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the engineering profession? There may
be one waiting for you in the progressive
communities of Wichita or Seattle.

R.J. B. HOFFMAN, Administrative Engineer
Boeing Airplane Co., Dept. B-54, Wichita, Kansas
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- JOHN C. SANDERS, Staff Engineer — Personnel
: Boeing Airplane Co., Dept. B-54, Seattle 24, Wash.
: If you want further information on the advan-
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o to either of the above addresses.
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by John R. Pierce

AutomaTta Stupies, edited by C. E.
Shannon and J. McCarthy. Princeton
University Press ($4.00).

in some far land; if we had as differ-

ent accounts of them as Marco Polo
and Sir John Mandeville wrote of the
unknown Asiatics, one could understand
the strange mixture of gross credulity,
blasé acceptance, horrified distaste and
invincible ignorance that marks some
present-day writing concerning them.
Most writers of science fiction regard
robots and thinking machines simply as
good clean fun—amusing subjects for
speculation. But there are philosophers
and pundits who view automata with hot
alarm. One respected author asserts, as
nearly as I can tell, that had the Vic-
torians nipped the notion of mechanical
“brains” in the bud, using as a weapon
“the stubborn fact of consciousness”
rather than the existence of the soul,
men of today would not think of them-
selves as machines, and we might have
been spared our “age of anxiety.” Other
alarmists are moved not by moral fervor
but simply by the fear that automata
threaten unemployment.

All this seems to me a little like fear
of the dark. Automatic machines are not
demons in the dismal woods of never-
never land; they are here among us to-
day. Simple species of them in our
homes regulate the furnace, change rec-
ords and wash our clothes. Factories and
offices display more complex kinds. And
when you pick up your telephone and
dial a long distance number, you put at
your service by far the largest and most
complex, if not the most subtle, automa-
ton ever constructed by man. Yet few
people are particularly astounded by
this fact, and I know of no one who dis-
likes or fears the telephone for this rea-
son. Also, the roster of telephone em-
ployees goes up and up.

These automata of everyday expe-
rience have largely been designed by

If robots dwelt, or were said to dwell,

BOOKS

The philosophers of automation

speculate about future machines

clever engineers and tinkerers intent on
getting some immediate job done. In
like manner men built the first steam
engines long before theorists explained
thermodynamics. Now we are begin-
ning to hear from theorists and philos-
ophers of automation. The authors of
this book, Automata Studies, are such
men. They write about automatic ma-
chines from a realistic outlook on their
possibilities and limitations.

The common measure of complex-
ity in the hierarchy of automatic ma-
chines is the amount of information that
can be stored in the machine’s memory.
This is usually reckoned in terms of the
number of “bits”—a bit representing a
binary digit (1 or 0), yes or no, on or
off, open or closed. As the index of com-
plexity the machine’s bit capacity is usu-
ally compared with the number of cells
in the human brain—some 10 billion.

The automatic switching system of
the Bell System, as used in long-distance
dialing, stands at the top of the hier-
archy. It is estimated to have a total
capacity of billions of bits, but this total
is split up among thousands of cooperat-
ing machines. Thus the system is a high-
ly cooperative colony of limited crea-
tures rather than one entity.

Next in order of complexity come the
large-scale electronic computers such as
the IBM 704 and the Univac II. Such
machines may have a fast memory of as
much as a million bits, from which the
machine can extract a given piece of
data or an instruction (called a “word”)
in about 10 millionths of a second. This
fast memory is ordinarily backed up by a
slower memory of perhaps 10 million
bits capacity, stored on magnetic drums
or magnetic tapes. Stacks of cards may
add a still slower memory of almost un-
limited magnitude.

These large-scale computers, though
less complex than the telephone switch-
ing system, are about 1,000 times faster
(because largely electronic) and of
course a great deal more versatile. They
can solve problems ranging from inves-
tigating the stability of an airplane in
flight to indexing the words in the Re-
vised Standard Version of the Bible.
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They have been programmed to play a
fair game of checkers, and presumably
could play a fair game of chess. But such
noncommercial uses are rare, for the
rental of these computers ranges from
$20,000 to $40,000 a month, and all
their time and more is in demand.

The machines are versatile because
only a moderate (but sufficient) number
of fundamental operations is built into
them: such as the ability to add, to sub-
tract, to multiply, to divide, to compare
the size of a pair of numbers, to put
numbers into or take them out of vari-
ous positions in the memory, to read
into the machine and to print out from
the machine. Their great complexity lies
in the size of the memory, which stores
not only the data concerning the prob-
lem and the results of intermediate com-
putations but the instructions for work-
ing the problem as well.

Because the operations are sufficient
and the memory is used very flexibly, a
modern computer can be programmed
to imitate any machine sufficiently less
complicated than itself. Indeed, such a
computer can imitate itself, examining
and reporting the contents of its mem-
ory and following and reporting every
action it performs. Such operation has
been resorted to both for program
trouble-shooting and as a stunt.

Below these universal, general-pur-
pose electronic computers come various
closely related business machines, many
of them less speedy and more special-
ized. There are also many sorts of spe-
cial machines, ranging in complexity
from Claude Shannon’s maze-solving
mouse and W. Ross Ashby’s Homeostat
to sets of printed tables for playing tick-
tacktoe which one can buy in stationery
stores. We have Edmund Berkeley’s
Squee, which picks up nuts; W. Grey
Walter’s turtles, which can learn and go
to a box to be fed; machines for playing
certain games; machines for designing
relay circuits; machines for solving syl-
logisms. These special-purpose machines
sometimes involve clever inventions
which may later be incorporated into
larger machines, and they often use
clever strategies which might well be
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used in connection with a general-pur-
pose computer. But the latter could be
programmed to imitate the behavior of
any of the special machines, though
perhaps at a greater cost.

These, then, are the automata of to-
day. The men who build the highest
form of machines, general-purpose com-
puters, are continually making them
larger, faster and more reliable. The men
who use them are continually finding
new ways of using them to solve new
problems.

The authors of Automata Studies in-
clude workers who have contributed di-
rectly to the computer art, notably Shan-
non and John von Neumann, but most
of them are scientists (chiefly mathema-
ticians) in other fields. They bring a va-
riety of talents to bear on the problems
discussed.

The resulting book is not to be read
at a rate of 300 words per minute. I
don’t believe that many people will read
it all the way through with complete
understanding. The subject is difficult,
and the material is new. Yet happily
there is material in this book which is
fully accessible to any inquiring mind.
Something of the meaning of the results
of the more difficult work can be gained
even if the proofs are taken on faith.
Certainly this is a book worth having and
tackling. Fully reading and thoroughly
understanding it, however, would take a
long time and much help.

Aside from the clear and engaging
preface by the editors, perhaps the most
readable material in the book is a paper
by the philosopher J. T. Culbertson en-
titled “Some Uneconomical Robots.”
Culbertson engagingly gives us (in prin-
ciple) a way of “constructing a robot
with behavioral properties just like John
Jones or Henry Smith or in constructing
a robot with any desired behavioral im-
provements over Jones or Smith.” Cul-
bertson starts out with a supply of ele-
ments which he calls “receptor neu-
rons,” “central neurons” and “effector
neurons.” In a straightforward way he
tells how to build out of these neurons
the most general possible memoryless
robot. Such a creature could be made to
perform some particular one among
many possible acts (e.g., to destroy a
man), on receiving a particular stimulus
(e.g., seeing a man). Going on from
this point, Culbertson shows how to
synthesize a robot with “any specified
behavioral properties whatsoever.” Its
behavior would depend on its entire ex-
perience.

Culbertson realizes as well as anyone
that the robots he discusses would be
impossibly complex to build. Consider,
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for example, a very simple robot which
would be called upon for just 10 suc-
cessive exhibitions of behavior, each
time choosing one among eight possible
acts on the basis of receiving one among
eight pieces of information. This robot,
constructed according to Culbertson’s
method, would require about a billion
neurons. Moreover, the number of dif-
ferent robots of this size that could be
built is 1 followed by a billion zeros!

As Culbertson points out, the difficult
problem is: “What sort of design can the
brain have to accomplish human be-
havior with only 1010 cells? It is certain-
ly not any relay design ingeniously fitted
into a neurological straitjacket.”

Edward F. Moore treats a different
problem. Given an automaton which
will respond to a sequence of input sym-
bols by producing a set of output sym-
bols, what can we learn of the nature of
the machine without lifting the lid and
looking inside? The paper explains se-
quential machines, in the terms of a cer-
tain number of internal states and of a
table or diagram showing what the out-
put symbol is for each state and what
new state the machine will assume if a
particular input symbol is received when
the machine is in a particular state. All of
this is fundamental to other work in the
book. One interesting outcome of
Moore’s work is somewhat analogous to
Heisenberg’s uncertainty principle in
physics. He points out that if we perform
an experiment to answer the question:
“Was A [a certain sequential machine]
in state q at the beginning of the exper-
iment?”, the performance of the experi-
ment so changes the state of the system
that it is impossible to find the answer
to the question: “Was A in state q3 at
the beginning of the experiment?”

A paper by von Neumann shows clear-
ly that general finite sequential machines
can be built up from various sets of
standard pieces or organs. He gives a
clear and interesting example of a ma-
chine which could be said to learn by
induction. He also shows how reliable
machines can be made from unreliable
organs which have a certain probability
of giving the wrong output.

The first section of the book deals
with “finite automata,” the second with
Turing machines—machines which can
compute any computable number. The
late A. M. Turing invented this imagi-
nary machine in order to study certain
difficult problems of logic. Shannon es-
tablishes rather simply that such a uni-
versal machine need have only two in-
ternal states, provided that it can print,
read and erase a sufficiently large num-
ber of different characters on an infi-



Dr. Joseph E. Burke, B.A., McMaster
University (1935), Ph.D., Cornell
(1940), was a metallurgist and group
leader at Los Alamos from 1943 to
1946 and later joined the University

of Chicago faculty. He came to Gen-
eral Electric in 1949, served as man-
ager of metallurgy at the Knolls
Atomic Power Laboratory, and in
1954 became manager of ceramic
studies at the Research Laboratory.

Ceramics for the jet age

General Electric’s Dr. J. E. Burke seeks better ceramic
materials by studying their microscopic structure

During a decade as a “practicing metallurgist,” Dr.
Joseph Burke contributed to the knowledge of struc-
ture and kinetics in metals. He also developed an in-
terest in the crystalline cousins of metals: ceramics.
Recognizing the potential of ceramic materials, Joe
Burke turned his talents toward increasing and ex-
changing the mutually useful information produced
by research in both ceramics and metallurgy. Now he
is leading an intensive effort at the General Electric
Research Laboratory to learn more about the struc-
ture of ceramics — and the effects of structure on
mechanical, electrical and magnetic properties.

At General Electric, ceramics research already has

created unique insulators for vacuum tubes, new fer-
rites for electronic uses, and transducers whose ap-
plications range from hi-fi to ultrasonics. As the day
of “non-brittle” ceramics comes ever nearer, Joe
Burke and his associates expect their non-metals
may be the answer to many high-temperature prob-
lems of the jet age.
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YOUR
FUTURE in

ATOMIC POWER

Atomic power, we feel, offers out-
standing opportunity for an en-
gineer or scientist to grow pro-
fessionally. It’s new enough so
that the work is challenging; still
it’s well enough established so
that a capable man can make
real progress.

If you are interested in a non-
routine position that will use all
of your education and experience,
we suggest you investigate the
future with the leader in Atomic
Power. At Bettis Plant, there
are select positions open for
specially qualified:

® PHYSICISTS

® MATHEMATICIANS
® METALLURGISTS

® ENGINEERS

Write for the booklet ‘To-
morrow’s Opportunity TODAY”
that describes opportunities in
your field. Be sure to indicate
your specific interests.

Write: Mr. A. M. Johnston
Dept. A-50
Westinghouse Bettis Plant
P. 0. Box 1468
Pittsburgh 30, Penna.

BETTIS PLANT

VVestinghouse

FIRST IN ATOMIC POWER
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nitely long tape. It is interesting to note,
by the way, that Turing did not agree
with those who interpreted Kurt Gédel’s
famous proof to mean that a machine
could not equal the human brain [see
“Godel’s Proof,” by Ernest Nagel and
James R. Newman; SCIENTIFIC AMERI-
CAN, Junel].

The last section of this book, called
“Synthesis of Automata,” contains what
is probably the most newsworthy paper:
Ashby’s “Design for an Intelligence-Am-
plifier.” Ashby’s prescription for a ma-
chine to amplify intelligence is not as
clear, however, as Culbertson’s for un-
economical robots. As nearly as I can
make out, one proceeds about as follows.
You ask the machine for, say, a descrip-
tion of a social organization which will
be stable under certain specified condi-
tions, to wit: family incomes of no less
than $1,500 per year, fewer than 100,-
000 persons unemployed and fewer than
10 crimes of violence per week. The ma-
chine then goes over various possibili-
ties, perhaps by acting as an analogue
of trial organizations, and discards those
that don’t fit the requirements.

Since I have never designed a compli-
cated social organization and can’t im-
agine what the description of one would
look like, I decided to consider Ashby’s
work in connection with a problem I
have tried to solve, that of writing a
sonnet. Let us specify concerning a son-
net that it must have the Petrarchan
rhyme scheme, that it must be on the
topic of the possibility of building a son-
net-writing machine and that it must be
optimistic in tone. The machine might
start out by writing down all the possi-
ble sequences of words of about the
right length. The number of possible se-
quences is something like 1 followed by
4,000 zeros. This approach dismays even
Ashby. I can imagine the machine start-
ing out with various randomly chosen
combinations of rhyme words and then
placing randomly before these only such
words as scan, to get the meter right in
each line. I feel, however, that this proc-
ess would still produce too many proto-
sonnets for sorting over.

Ashby proposes a lower bound to the
number of operations needed to arrive
at the solution. As nearly as I can make
out, in this case the lower bound would
be attained if the machine wrote down
a satisfactory sonnet straight off, but we
don’t know how to make the machine do
this.

To be sure, the English language im-
poses certain constraints on the allow-
able order of words in a sonnet, and if
we could formulate these constraints in
a program which would assure that the
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Simex . . an experiment by
the Combat Operations Research
Group, to test an anti-tank mine
simulator, or automatic umpiring
device for troop tests or maneuvers.
The simulator looks like an actual
mine, but emits an electrical pulse
that stops the tank without dam-
age or injury. Simex is typical of
work done by CORG scientists to
assist in developing new tactics and
organizations for the Army.

D PHYSICISTS
P MATHEMATICIANS
} and other SCIENTISTS

will find .in CORG a small but
growing,research group, where free-
dom to think and unlimited creative
opportunities are paramount. Con-
tact with varied scientific disci-
plines, excellent living conditions,
all usual benefits, make CORG “‘a
good place to work.”

for information, write to:
Dr. F. C. Brooks, Director
COMBAT OPERATIONS RESEARCH GROUP

Fort Monroe, Virginia
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machine would write only grammatical
and idiomatic English, then by adding
to this program the easier constraints of
rhyme and meter we might be well on
our way to success. Indeed, why ask for
more? If we used as a title “An Optimis-
tic Sonnet on the Possibility of a Sonnet-
Writing Machine,” who in these days
would dare say we had not succeeded
with even less than I have proposed?

The trouble is that no one has yet
solved the difficult problem of making a
machine produce grammatical and idio-
matic English, with or without sense,
and I suspect that there would be similar
problems in any particular intelligence
amplifier that Ashby might propose. All
praise for any who solve such problems,
and due meed for Ashby, too!

It seems unlikely, however, that we
are threatened, or will be blessed, with
completely machine-made sonnets, or
social systems, in the near future. Nor
will we be blessed (or threatened) with
the expensive but gaudy uneconomical
robots that Culbertson discusses. Never-
theless, thinking about such matters is a
form of mental exercise which fits well
with the perhaps harder thought re-
quired to understand all the limitations
and possibilities of Turing machines and
finite automata made up of certain uni-
versal elements, reliable or unreliable.

Such mental exercise is invigorating.
I believe that it tends to chase away
gloomy feelings akin to superstition. It
need not make either human beings or
complex automata seem less wonderful;
on the contrary, it can make them seem
more wonderful in many ways that one
could not otherwise appreciate.

Short Reviews

BHITTEN’S OLp CLocks AND WATCHES

AND THEIR MAKERs, revised and
edited by G. H. Baillie, C. Clutton and

A. Ilbert. E. P. Dutton & Co., Inc.
($25.00). F. J. Britten’s standard horo-
logical history is an account of different
styles of timepieces from the earliest
specimens up to 1830. His book, first
published in 1899, has been out of print
for nearly 20 years; it is now republished
in a thoroughly revised form. The editors
have succeeded in maintaining the posi-
tion of Britten’s work, in the face of
more recent competitors, as a book
which “presents the picture as a whole
with all its parts in perspective.” The
historical record, embellished with mag-
nificent illustrations, is of absorbing in-
terest. It begins with ancient water
clocks and the first mechanical timekeep-
ers of the 13th century. St. Paul’s Ca-
thedral in London had a clock of some

George W. Brainerd

1954-55,” by John H. Rowe

AMERICAN ANTIQUITY

A Quarterly Review of American Archaeology

American Antiquity contains authoritative articles on all as-
pects of archaeology in the Western Hemisphere, notes and
news of recent field activities, and reviews of current archaeo-
logical publications. The journal is the official organ of The
Society for American Archaeology.

Forthcoming articles of major interest in the October issue include:

MAYA—“Changing Living Patterns of the Yucatecan Maya,” by the late
PERU—“Report on the University of California’s Explorations in Southern Peru,

VENEZUELA—*Discovery of a Possible Paleo-Indian Lithic Industry in
Venezuela,” by J. M. Cruxent and Irving Rouse

NORTHWEST COAST—“The Problem of Northwest Coastal-Interior Re-

lationships as seen from Seattle,” by Douglas Osborne and others

Your $6.00 covers not only a subscription to American Antiquity
but also membership in the Society for American Archaeology and
the right to receive free of charge new Memoirs as issued.

Address requests to Secretary: David A. Baerreis, Sterling Hall,
University of Wisconsin, Madison 6, Wisconsin.

THE EXAKTA SYSTEM

AUTOMATIC EXAKTA VX
35mm Single-Lens Reflex Camera with
/2.0 Automatic Zeiss Biotar Lens

Exakta is the world’s most outstanding
camera for scientific, industrial, and
technical photography! With the Exakta
you can photograph an infinitesimal
Microbe under a microscope or an Eagle
atop a mountain—with the one and same
camera. You will have the perfect assur-
ance of absolute accuracy with an Auto-
matic Exakta VX—because the same lens

that is used for viewing also takes the
picture. This very same viewing system
serves for all types of photography with
an Exakta, from microscope to telescope,
and everything which is between includ-
ing close-ups. Of course, you can also «f ["v
use the Exakta for personal photography,
sports, portraits, copywork, etc. FREE!— T
Write Dept. 500 for Free Descriptive [
Booklet ‘D" on Camera & Accessories
and Brochure on Close-up Technique with

Denver
Museum of Nat-
wral History
hisn eminent
and

lorer

Automatic Exakta VX. s aton
with explana-
EXAKTA CAMERA COMPANY 0" mifeifil

705 Bronx River Rd., Bronxville 8,N. Y.
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sure . . . if the odds
are in YOUR favor . ..

DECISION /INC—nationwide specialists in re-
cruitment of engineering personnel—have an
active and enviable record in developing job
opportunities for men who want bigger sal-
aries and a chance for greater personal
achievement.

DECISION/INC is retained by more top-
ranking firms thruout the nation than
any other organization to find the right
man for each job. This confidential serv-
ice costs you nothing.

It takes TIME—MONEY—EFFORT to im-
prove your job situation. If you are an en-
gineer or scientist, particularly in the ELEC-
TRONIC—AERO-NAUTICAL or GUIDED-
MISSILE field, DECISION/INC will do this
quickly, effectively at no cost to you.

HOW? Our placement specialist de-
velops a plan ‘‘tailor-made’’ for you
—which includes a resume of your
experience . . . and then a review by
selected companies leading to confi-
dential interviews at your conveni-
ence and our client’s expense.

NOW is the time for DECISION!
All you do Now is . .. send us your
name, home address, job interest or
title. We take it from there.

Write or phone:
OLIVER P. BARDES,
President—
DECISION/INC

1437 £|RsT NATIONAL
BANK BLDG.

CINCINNATI 2, OHIO
GArfield 1-1700

Publishers of the authoritative Engineers’ Job Directory
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Engmeer Design

ADVANCED DESIGN GROUP
AIRCRAFT NUCLEAR
PROPULSION PROJECT

At General Electric’'s ANP Department, esprit
de corps is part of the work-environment. This
is because the application of nuclear power for
aircraft propulsion offers the qualified engineer
the opportunities for personal achievement that
go with professional challenge.

A responsible position is now open for an en-
gineer interested in this field: must have an
engineering degree, several years diversified
experience in analysis and design of power
plant components, including design of nuclear
reactors; or a B.S. or advanced degree in
mechanical or electrical engineering, plus
familiarity with fluid flow, heat transfer, stress,
etc. Some knowledge of fabrication processes
and techniques is preferable. He may work in
preliminary design analysis of power plants,
completed scale design and layout drawings
of power plants and equipment, or other phases
of nuclear reactor design.

Publication of research results in the appropri-
ate classified or open literature is encouraged.

OPENINGS IN CINCINNATI, OHIO
AND IDAHO FALLS, IDAHO

Address replies in confidence, stating
salary requirements, to location you prefer

W. J. Kelly L. A. Munther
P.O. Box 132 P.O. Box 535
Cincinnati, O. Idaho Falls, Idaho

GENERAL @B ELECTRIC

LINGUAPHONE
for LANGUAGES
SPANISH (American or European)

3 FRENCH « GERMAN
JAPANESE  RUSSIAN
MODERN GREEK

LEARNS b

Linguaphnnz any of 34 languages

‘I‘l enjoyed available for
earnlnn 2er1-_

HOME by FREE TRIAL AT HOME

Lingua - With LINGUAPHONE—The
nhone s_Con- World’s Standard Conversational
versational Method—You Start to SPEAK an-
Method. 1t | other language TOMORROW—or
enabled me to | |7 COSTS YOU NOTHING!

and talk with Only Linguaphone brings the world’s
Germans in best native language teachers into
their own your home. You L N to modern,
language.” — life-like recordings dnd LEARN
Mr. A. Reger, another language in the same easy,

natural way you learned English
long before you went to school.

No Textbook Can Teach You to Speak
T HOME you hear 8 to 12 outstanding native authori-

ties, both men and women, speak about everyday
matters with a 1956 vocabulary. It’s like living in
another land—you listen—you understand—YOU
SPEAK correctly, easily, naturally. You read and
write. You can learn in 20 minutes a day.

World-Wide Educational Endorsement
That’s why Linguaphone is used round the world by
scientists, educators, governments and business firms.
Over a million home-study students of all ages have
learned.another language this ideal way.

Send today for Free booklet, ‘‘Passport To A
World’’, that describes the conversational method; also
details on how you may obtain a COMPLETE Course-
unit in the language you choose for FREE TRIAL. '

Claridge, Pa.

New

LINGUAPHONE INSTITUTE Cl 7-0830
T-3086 Rock. Plaza, New York 20, N. Y. |
Please send me: (J FREE Book [J Information on
FREE Trial. No obligation, of course.
My language interest is
Name
Address ...
City .. State
World’s Standard Conversatior:‘al Method For Over Half a |
ry.
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kind in 1286, for whose care Bartholo-
mew the Orologius received a loaf of
bread a day and an allowance of beer.
The earliest known “alarum clock” was
made in Italy in the 14th century. What
is thought to be the oldest surviving
complete clock, located in Salisbury Ca-
thedral, was made in 1386. It has an
iron movement and apparatus for strik-
ing the hours, but never had a dial.
House clocks were quite common by the
end of the 16th century. They were
driven by weights, had bells and were
held together with pins or wedges,
screws being unknown in clocks before
1550. Spring clocks came on the scene
near the end of the 15th century. Their
emergence depended on the invention of
the fusee, a device (credited to Leonardo
da Vinci) which enables the timekeeper

“change gear” as the spring runs
down, thus preserving a more or less
constant torque on the train (i.e., wheels
and pinions) throughout its running
time. With this advance the mechanism
could be reduced in size, and watches
came into being. For a century and a
half the emphasis of craftsmen was on
decoration rather than on accuracy.
Specimens of extraordinary beauty were
achieved, but a clock in 1650 did well
to keep time within five minutes a day.
The invention of the pendulum and bal-
ance spring—first applied in practical
form by Christian Huygens—brought
about a tremendous improvement in ac-
curacy within a few years. William
Clement and Robert Hooke advanced
the art by inventing escapement systems
allowing the train to escape by equal
amounts at regular intervals. By the mid-
18th century the longitude problem was
well in hand when John Harrison, after
many trials and tribulations, won a prize
of 20,000 pounds for his marvelous
chronometer, which, after an extremely
rough five-month sea voyage from Eng-
land to Jamaica and back, showed a total
error of less than two minutes. Included
in this volume are many biographical
records of famous makers and an excel-
lent glossary which explains what is
meant by such terms as beetle hand,
cycloidal cheeks, grasshopper escape-
ment, poker hand, remontoire, semi-
dead-beat escapement, skeleton dial,
tipsy key, stackfreed, surprise piece,
wandering hour dial. An indispensable
volume for the collector; for anyone else
who can afford it, a joy.

ON THE TRACK OF PREHISTORIC MAN,

by Herbert Kithn. Random House
($3.95). In 1864 the archaeologist
Edouard Lartet discovered in La Made-
leine cave in France a piece of mammoth
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bone engraved with the figure of a mam-
moth. Thereafter in further excavations
small art objects of stone or bone, evi-
dently made by paleolithic men, were
found in increasing number. The great
prehistoric picture gallery of Altamira
was uncovered in 1879 but, curiously,
forgotten for several decades; then, dur-
ing the half-century from 1903 to 1953,
no fewer than 107 caverns yielded Ice
Age paintings and engravings. Much has
been learned about prehistory from
these sources. This book by a scholar at
the University of Mainz is a popular sur-
vey of the principal centers of paleolithic
art, all of which the author has visited
and in some of which he has made his
own discoveries. His book is informal
and anecdotal, knowledgeable and easy
to read. With its many illustrations it
provides a good introduction to an ex-
citing chapter in man’s development.

GEOMETRY IN EcYpTIAN ART, by Else
Christie Kielland. Transatlantic
Arts, Inc. ($7.25). Miss Kielland’s pro-
fusely illustrated essay, based on 12
years of study in Cairo and elsewhere,
argues the intriguing thesis that Egyp-
tian art, which maintained a striking
uniformity of style over a period of sev-
eral thousand years, was ruled by a
clearly formulated method in which geo-
metric principles played a leading part—
the ultimate purpose being to express an
“immutable equilibrium” of opposing
cosmic forces. The plates, she says, “con-
stitute the evidence of my book.”

GENETICS IN THE ATOMIC AGE, by
Charlotte  Auerbach.  Essential
Books, Inc. ($2.00). In this brilliant lit-
tle book Dr. Auerbach, of the University
of Edinburgh’s Institute of Animal Ge-
netics, puts the radiation danger in per-
spective. To enable the reader to weigh
the various factors for himself, she de-
votes most of her essay to explaining
the fundamentals of genetics. She
achieves a tour de force: a hundred-page
exposition of the nature of mutations,
their effect on the organism, the shuffling
and reassortment of genes, the “dance of
the chromosomes,” the detection and
transmission of a new mutation, the role
of mutation in evolution, the production
of mutations by X-rays,.the “genetically
permissible” dose of radiation. There is
not one checkerboard diagram in the
book, nor a Mendelian ratio, but the con-
cepts are lucidly described in everyday
words and the author’s sister provides a
charming and unusually enlightening set
of illustrations. Dr. Auerbach’s con-
clusions run something like this. Reces-
sive gene mutations are more frequent



Promotion for Engineers

it takes more
than ability
for an engineer to

achieve promotion

To Engineers
Who Lack Aircraft Experience:

Aircraft experience is not necessary

to join Lockheed. It’s your engineering
training and experience that count.
Lockheed trains you for aircraft
engineering—at full pay.

Advanced education program for engineers

You can expand your technical
knowledge and achieve advanced
degrees through a variety of Lockheed-
sponsored university programs that
cost you little or nothing.

Lockheed

AIRCRAFT CORPORATION
California Division
BURBANK, CALIFORNIA

It also takes opportunity for promotion. There must be room
for a man to move up.

If your career progress has been held back by lack of promotionai
opportunity, we think you will be interested in Lockheed
diversification. Forty to fifty major projects are in progress
continuously. Commercial and military activities span

virtually the entire spectrum of aeronautical endeavor.

There is plenty of room to move up at Lockheed, simply because
there are more supervisory positions to be filled with so many
projects constantly in motion.

It’s worth discussing. Why not write or phone collect, if you
possess an engineering degree or actual engineering experience.

Address written inquiries to E. W. Des Lauriers or use the
coupon below. If you phone, call STanley 7-1241, Extension 6-2134.

Positions are open on virtually all levels in fields of:

AERODYNAMICS DESIGN

in controls, electrical, hydraulics,
mechanical, power plant and
structures areas

FLIGHT TEST ENGINEERING
MATHEMATICAL ANALYSIS

OPERATIONS RESEARCH
ELECTRONIC SYSTEMS

STRUCTURES . o

in communications, counter-
THERMODYNAMICS measures, fire control, navigation,
WEIGHT radar and antenna design

E. W. Des Lauriers, Dept. PE-12-8
Lockheed Aircraft Corporation, Burbank, California

Dear Sir: Please send me your brochure detailing life and work at
Lockheed.

‘Name

If you are an engineer, please state your field of engineering

Home street address

City and State Home phone
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The UNIVERSITY
of CHICAGO

offers you 150 paths
to personal
achievement

T ake your own mature skills, experience
and intelligence. Add the resources of the
University—its teachers, its advanced edu-
cational techniques. Result—a richer life,
improved professional status.

Start your own study program now ... at
home . . . whenever you wish to begin . ..
under the personalized guidance of skilled
University instructors.

150 courses for adults in Semantics, Phi-
losophy, Art, Psychology, World Affairs,
Mathematics, Astronomy, Creative Writing,
and other fields . . . designed to help you
achieve a lifetime of profit and pleasure.

Send for your free copy of Home-Study
ANNOUNCEMENTS now. PR

-
: The Home-Study Department

: The UNIVERSITY T Ll
i of CHICAGO W[ 2k
: Box SA-100, Chicago 37, lllinois e
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Home-Study ANNOUNCEMENTS, without charge.

Name

Address .
City & Zone State...
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Honeywell’s Aeronautical Division is
conducting advanced research and
development projects in the areas of
airborne digital computers, inertial
guidance, stabilized platforms and inlet
geometry control.

M Several unusual positions are open
in our Aeronautical Research Depart-
ment for engineers, physicists and math-
ematicians. Experience or interest is
desirable in the development of digital
and analog computers, inertial guidance
+« —both from a physical equipment and
. mathematical analysis standpoint—
supersonic aerophysics and numerical
analysis.

M These are permanent positions in
both basic and applied research in a
group reporting directly to division
management. Youwilltake professional
responsibility for your project and its
translation into the desired goals.

CONSIDER THESE ADVANTAGES

M Minneapolis, the city of lakes and
parks, offers you metropolitan living in
a suburban atmosphere. No commuting.
M Your travel and family moving ex-
penses paid.

M Salaries, insurance-pension pro-
grams, plant and technical facilities are
all first-rate.

D e Prs s s s a st E e

.

+ If you are interested in a career with a
company whose sound growth is based
on research, call collect or send your
résumé to Bruce Wood, Technical
Director, Dept. SA-8-99, Aeronautical
Division, 2602 Ridgway Road, Minne-

apolis 13.
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than dominant ones, lethals more fre-
quent than mutations with visible ef-
fect, and harmful mutations without
visible effect most frequent of all. It
is therefore “not in the least surpris-
ing” that no significant increase in
freaks or monstrosities has been found
among children of persons who sur-
vived Hiroshima and Nagasaki, for in
general there is simply no effect on the
immediate offspring of a person who has
received a fairly high dose of radiation
in a short exposure. This, however, is no
evidence that the radiation has caused
no genetic damage. The danger “lies in
the fact that mankind already carries a
vast number of harmful recessive genes
and that radiation adds to this store of
potential death, disability and unhappi-
ness.” Every one of us, it has been esti-
mated, carries at least eight harmful
genes which, “on the road from muta-
tion to extinction, cause a host of minor
complaints of body and mind.” Since the
overwhelming majority of mutations are
bad, their effect being comparable to
what would happen to a fine watch if
one tinkered with it haphazardly, the
mutations that man himself adds to this
store must sooner or later be paid for by
an increase in the sum of genetic deaths
and genetically caused ills. How much
radiation the individual can take over a
long period is in dispute. Dr. Auerbach
is of the opinion that the “safe” tolerance
has been overestimated.

THE Laws orF NaTurg, by R. E.
Peierls. Charles Scribner’s Sons

($4.50). Dr. Peierls describes his book
as an attempt to set out the principles
of modern physics “in simple language
and without assuming any previous
knowledge.” With very little mathemat-
ics he escorts the reader through classical
physics, relativity, quantum theory, the
behavior of electron shells and ionic

molecules, the exclusion principle, high-

speed electrons, the atomic nucleus,
wave mechanics, shell models, mesons
and other new particles. A moderately
well-informed student can gain from his
book a remarkable insight into the logic
and unity of physics, how the separate
ideas fit together to make a wonderfully
coherent structure. No similar treatment
in recent years so effectively combines
the abstract and intellectual aspects of
the science with its real and descriptive
parts. But it would be misleading to sug-
gest that this survey is “popular.” Peierls
does not ease the reader’s burden with
felicitous metaphors or analogies; the
diagrams are few and bare to the point
of austerity. It is doubtful whether non-
specialists will be able without intense
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concentration to follow through to the
end the chapter on relativity. The dis-
cussion is elegant and concise, but so
much is packed into a single sentence or
paragraph, and the diagrams are so un-
graciously economical, that one has to
read the same passages over and over
again to break through to the heart of
the matter. Even more formidable are
the accounts of Maxwell’s equations,
electron theory, quantum mechanics and
other abstractions. The author is deter-
mined to tell a primarily mathematical
story without mathematics, which is al-
most as difficult as explaining the game
of chess to a beginner without pieces or
a board. Nevertheless this is a splendid
book for any mature reader interested
in the laws of nature. For scientists it
affords a broad view and enlightenment
on many specific points; for a layman it
offers a rich adventure in the upper
reaches of modern thought—an adven-
ture he will not regret even when it be-
wilders him.

’xVIAN’s NATURE AND NATURE’S MAN,
L by Lee R. Dice. The University of
Michigan Press ($5.00). This book deals
with the interaction between man, plants
and animals living together in natural
communities. Man forms partnerships in
an ecological system with everything
from algae and Brussels sprouts to trout
and donkeys. He enriches his surround-
ings and impoverishes them; he depends
on his partners, acts upon them and they
act upon him. Members of the system
that are not his partners are no less im-
portant in his life. Mosquitoes nibble at
him from outside, bacteria and parasites
from inside; against these and other as-
saults he must defend himself to survive.
Thus again he alters and is altered by
his environment. In a human community
the ecological interrelationships are
made even more complex by social, eco-
nomic and political factors. Dice con-
siders many of the strands of this vast
network. He discusses the dynamics of
human populations, the evolution of hu-
man heredity. He surveys the regulatory
mechanisms that keep the individual or-
ganism adjusted to the frequent fluctu-
ations in its environment, and the regula-
tory mechanisms of human communities,
ranging from starvation, disease, war
and migration to public opinion, penal
sanctions, supply and demand. A long
chapter is devoted to the evolution of
human communities, another to their
deterioration, yet another to interrela-
tions among communities. The style of
the book is painfully didactic; Dice is
rarely content to say anything less than
thrice. All the same his survey is a re-
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markable synthesis of knowledge, im-
mensely enlightening and stimulating.

THE Story oF MEDICINE, by Kenneth

Walker. Oxford University Press
($6.00). Dr. Walker’s popular survey of
medicine runs from prehistoric trephin-

| ing to prefrontal lobotomies. The author,

a well-known British surgeon, writes
ably about his fascinating subject, touch-
ing upon all its major developments. It
is an entertaining and instructive book,
but it spans so vast a territory in less
than 350 pages that it leaves a reader
feeling he has hopped, jumped and
skipped through the field.

HE CONQUEST OF MT. MCKINLEY,

by Belmore Browne. Houghton
Mifflin Company ($6.00). In 1906 the
late Belmore Browne, a noted explorer
and mountain artist, went on an Alaskan
climbing expedition with Dr. Frederick
Cook, of questionable memory. The
party divided, and some time later Cook
claimed to have climbed McKinley—a
claim which Browne would not credit
and was able on a later expedition in
1910 to demolish. Neither on that occa-
sion, nor on his final attempt in 1912 did
Browne himself succeed in getting to
the true summit of McKinley, but he got
heartbreakingly close—within a few hun-
dred yards of the 20,269 foot peak. The
thrilling story of the three attempts is
the subject of this engrossing book, first
published in 1913 and now reissued.

THE Hero, by Lord Raglan. Vintage

Books (95 cents). This is a witty and
admirably irreverent work of scholar-
ship. Lord Raglan, an enemy of the
cliché that where there is smoke there
must be fire, holds that myths are myths
—not history. His theory is that all folk
tales, and their heroes, must be consid-
ered completely fictitious unless proved
to be based on fact; that is, he takes
issue with the common belief that fables
must have a factual basis else they would
not have originated, much less survived.
Raglan is as formidable a slayer of myth-
ical heroes as they were of their mythical
enemies. He revokes the credentials of,
among others, Achilles, Moses, Elijah,
Oedipus, Helen of Troy, Falstaff, Robin
Hood, Sigurd, King Arthur, Leif Eric-
son. The latter, says Raglan, comes right
out of Irish mythology. His delightful
book, first published many years ago, is

now available again in a reissue.

Notes

THE WoRLD OF PLaNT LIFE, by Clar-

| ence ]. Hylander. The Macmillan Com-
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the basics of glass grinding and
how to complete the first tele-
scope. (497 pages, 300 illustra-
tions.) Postpaid: $5.00 domes-
tic, $5.35 foreign.

This book leads on into advanced
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Book Three

Book Threeopensup further fields
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camera lenses, spectrographs,
Schmidt optics, eyepiece design,
ray tracing (made easy). (644
pages, 320 illustrations.) Post-
paid: $7.00 domestic, $7.35
foreign.
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pany ($8.95). This is the second, re-
vised edition of a solid, well-illustrated
survey of common American plants.

Tue CopE oF MAIMONIDES: SANCTI-
FICATION OF THE NEw MooN, translated
from the Hebrew by Solomon Gandz.
Yale University Press ($3.75). The first
English translation of an important doc-
ument in the history of astronomy and
the fixed calendar.

Essays 1IN BrocHEMISTRY, edited by
Samuel Graff. John Wiley & Sons, Inc.
($6.50). Twenty-seven essays in honor
of the biochemist Hans Thacher Clarke
on his retirement from Columbia Uni-
versity.

ELEcTRONICS, by A. W. Keen. The
Philosophical Library ($7.50). An intro-
duction by a British engineer.

MeTEORS, edited by T. R. Kaiser.
Pergamon Press Inc. ($8.50). Proceed-
ings of a 1954 University of Manchester
international symposium on meteor
physics.

THE STORY OF MAN AND THE STARS,
by Patrick Moore. W. W. Norton &
Company, Inc. ($3.95). A sound, easily
assimilable, illustrated short history of
astronomy for grown-ups.

THE THIRD DIMENSION IN CHEMISTRY,
by A. F. Wells. Oxford University Press
($3.40). An introduction to structural
chemistry. The author devotes half of
his book to the geometry and packing of
polyhedra, repeating patterns and the
symmetry and shape of crystals; the sec-
ond half applies these principles to
molecular and crystal structures. Good
illustrations.

Non-EucLipEaN GEOMETRY. Dover
Publications, Inc. (Paperbound $1.95).
This is an attractive package of reprints
containing classics on the subject by the
Italian mathematician Robert Bonola,
Jénos Bolyai and Nikolai Lobachevski.

THE SpiriT OF MODERN PHILOSOPHY,
by Josiah Royce. George Braziller, Inc.

($5.00). A reprint of the most lively of l

Royce’s works. His book sketches the
systems of the principal philosophers
from Spinoza through Schopenhauer
and Schelling.

DirrusioN aND HEAT EXCHANGE IN
CuemicaL Kinetics, by D. A. Frank-
Kamenetskii. Princeton University Press
($6.00). Translation of a Russian work
giving “a detailed systematic exposition
of all chapters of macroscopic kinetics.”

GOLDEN OPPORTUNITY

Not since the advent of electricity has so
golden an opportunity as this knocked at the en-
gineer’s door!

It is the horizonless future of nucleonics, the
science—and the power—of a whole new age.

Today, a top team of Martin engineers is solv-
ing the problems of developing and harnessing
nuclear power. Their goal: The development of
a fully integrated system of packaged and port-
able power for military and industrial uses.

If you are interested in this immense field of
research and development, contact J. M. Holly-
day, Dept. SA-08, The Martin Company, Balti-

more, Maryland.
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ver since Ranger met and van-
E quished Endeavor II in the
$11,000-per-minute America’s
Cup competition of 1937, the big yacht
races have all been meticulously planned
events. Their outcome is more or less de-
cided, in a sense, months and sometimes
years in advance of the starting gun in
a low brick building that borders the
campus of Stevens Institute of Tech-
nology in Hoboken, N. J. There, under
the critical eye of Randolph Ashton and
other specialists in the aerodynamics of
sails and the hydrodynamics of hulls, the
fleetest racing sloops on earth first dem-
onstrate their prowess as models in an
experimental towing tank without bene-
fit of fanfare, crew, wind or wave.

The initial design of a championship
hull, according to Ashton, is still largely
an art based on long experience. But
when experience has been milked dry,
a test of a model of the proposed design
in an experimental tank can show the
designer where he stands and suggest
improvements. A bit of planking is then
shaved off here or built up there to
achieve the optimum hull shape. In the
Experimental Towing Tank at Stevens a
racing yacht, however appealing estheti-
cally, is viewed coldly as a pattern of
force vectors.

A testing setup like that at Stevens is
about as far beyond the financial reach
of amateur sailors as the 200-inch Hale
telescope is beyond amateur astrono-
mers. Ashton does not hold out much
encouragement to amateurs who may be
tempted to build their own towing tanks
for testing sailboat designs. He does be-
lieve, however, that any sailing enthu-
siast who plans to build a boat can
profit from knowledge of the dynamics
of sailing craft.

“The days of commercial sailing ships
of course are gone forever,” writes Ash-
ton, “but sailing for pleasure and ad-
venture has probably never been more
popular. This year, in particular, with
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. THE AMATEUR SCIENTIST

Concerning the professional study

of an amateur sport: sailing boats

the sailboat competition a prominent
feature of the Olympic games to be held
in Australia, enthusiasm for racing is at
a high pitch. And such a stimulus may
account in part for increased interest in
the whole realm of sailing.

“At the Experimental Towing Tank
we have seen an unusual demand for
sailboat model tests during the past year.
Most of this demand has come from in-
dividuals and syndicates patriotically
eager to build contenders for the Olym-
pic races. We have tested many models
of designs for the 5)%-meter class. One or
more of these boats, it is hoped, will be
a winner—just as Llanoria was in the
1952 Olympics. A model of that boat—
a 6-meter craft designed by Sparkman &
Stephens, Inc., of New York City—was
tested in our tank, and a number of bene-
ficial design changes were suggested.
The same testing procedure has been
applied to the 5%-meter designs—by the
Luders Marine Construction Company
of Stamford, Conn.—being prepared for
this year’s Olympics. Incidentally, the
5lk-meter racing boat, though familiar in
Europe for some time, is practically new
to American waters. It is nearly as long
on the waterline as the 6-meter—about
22 feet as against 24 feet—but has a dis-
placement of only about 5,000 pounds,
as against 9,900 pounds for the 6-meter.
The 5%-meter boat is accordingly less
costly to build and handle. As to speed,
it is expected from our tests that the 5%
will closely approach the ‘6" over all, and
may even surpass it when sailing at sub-
stantially a right angle to the wind—an
attitude known as broad reaching.

“Even when a sailboat is not strictly a
racing design, its owner usually wants it
to go as fast as possible consistent with
reasonable comfort. Many an eastern
U. S. yachtsman who ordinarily sails
principally for pleasure aspires to win
the Newport-Bermuda race and shorter
ones. In this year’s Newport-Bermuda
event (June 17 to 20) the first three
boats across the finish line had been
tested and developed in the Stevens
tank. Bolero crossed the line first despite
the fact that her mainsail had been
carried away in a 50-knot wind and she
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was forced to finish the race on her spin-
naker. All three of the boats are from
the Sparkman & Stevens yard.

“Good performance is a primary re-
quirement of almost every sailboat de-
sign; in fact, better performance than
that attained by previous boats is what
the designer and owner really want. Can
this performance be predicted from a
given design? If so, what are the theories
and methods used?

“Accurate predictions of sailboat per-
formance have been made at the Experi-
mental Towing Tank for the past 20
years. The work was made possible by
the fundamental analysis and research
described in 1936 by K. S. M. Davidson,
director of the laboratory.

“A boat moving under sail is subjected
to a fairly complicated set of wind and
water forces. We can simplify the prob-
lem, without losing sight of basic prin-
ciples, by dealing with a model driven
by a steady wind in smooth water, ignor-
ing the complications that arise when
rough water causes the boat to roll, pitch
and heave.

“Broadly considered, a boat responds
to three principal systems of forces—
those of gravity (weight), air and water.
Since the gravity forces all act straight
down, the vectors representing them are
all in the same direction and can simply
be added together to give a single vector
acting downward at the center of gravity
of the boat. The wind forces on sails, on
the other hand, have various magnitudes
and directions, so that they cannot be
represented by a single vector. The same
is true of local water forces acting on
various parts of the hull. Further, there
are combinations of opposed water, air
and gravity forces—called ‘couples’—
which tend to turn or twist the boat, like
the opposing forces applied by a rider’s
hands to the handle bars of a bicycle.
Such couples occur, indeed, whenever
the forces set up by the wind and gravity
lie in planes different from those created
by the water. Equilibrium results only
when the water-force system offsets the
combined resultant of the separate air
and gravity forces.

“The general nature of the three basic



Another model is towed “on the windward leg” in the Stevens tank
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Forces acting on a sailboat running before the wind

systems of forces is illustrated by the
simple case of a sailboat with spinnaker
running free before the wind. The mag-
nitudes and spatial relationships of the
forces are measured relative to the verti-
cal, horizontal and longitudinal axes that
pass through the boat’s center of gravity;
on a diagram these axes are represented
by the conventional x, y and z [see draw-
ings on this page]. The air force in this
simple case is solely horizontal. The air
force (F) and the gravity force (W)
can both be considered to lie in the same
plane and can therefore be combined in
a single force vector (R). Hence no
couple, or turning force, results. Equilib-
rium is established when R is precisely
opposed by the combined effects of the
boat’s buoyancy and of the resistance
met by the hull’s motion through the
water. To attain this precise balance of
forces, the magnitude of the resistance
encountered by the hull must match that
of the opposing air force. This means
that the boat must attain a specific
‘equilibrium’ speed, because the resist-
ance increases with the velocity. In ad-
dition, if the directions of the opposing
forces are to coincide, the hull must be
free to alter its trim (bow up or down).
In this simple case the center of the spin-
naker’s effort lies in the vertical plane
that divides the boat into two sym-
metrical halves. It is assumed that the
rudder is centered and that the boat is
sailing on a straight course.

“A slight complication arises if the
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same yacht runs free before the wind
without a spinnaker. She is then driven
by her mainsail, which is carried to lee-
ward. This shifts the center of the driv-
ing force to leeward by the distance y,
[drawing at upper right on this page].
The air and gravity forces accordingly lie
in different planes and cannot be com-
bined as a single force. A couple results.
To clarify the picture and make the case
analogous to that of running with the
spinnaker, it is possible to resort to the
simple expedient of introducing two
equal but opposite forces, F, and F,
[drawing at lower right on this page].
This device leaves the system unchanged
as a whole, but F, then corresponds to
the air force in the spinnaker case and
combines with the gravity force. The air
force then combines with F, and forms
the horizontal ‘resultant couple.” Equi-
librium is established by giving the boat
a leeway angle through the action of the
rudder.

“The speed of the boat will not neces-
sarily be the same in the two cases, even
assuming the same wind force, because
the flow of water past the hull is asym-
metrical in the second case. Sailors
would say the boat ‘yaws.” This increases
the effective resistance encountered by
the hull.

“Sailboats must sail into the wind far
more frequently than they sail before it.
Yacht races are usually won or lost on
the windward leg. Therefore the de-
signer of a sailboat is concerned mostly
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with its windward ability. The essential
problem is to provide useful floating
volume for the passengers together with
the least development of water resist-
ance consistent with adequate sail-
carrying ability. The ability to carry sail
is of special importance. Occasionally it
happens that a change in design which
improves this characteristic of the boat
will actually injure its ability to run be-
fore the wind while providing the in-
creased speed to windward so likely to
lead to success in racing. Naturally the
latter gets the preference.

“When sailing to windward, a yacht
is spoken of as ‘close-hauled.” Now it is
theoretically necessary for a close-hauled
boat to heel over [see top drawing on
page 132] and to make some ‘leeway’—
i.e., turn a little from the strictly wind-
ward direction. Obviously the sails must
‘stand up’ to the wind if it is to create a
force against them. The wind force must
then be resisted by the water force, equal
and opposite in direction. These forces,
with their components and resultants,
are shown in the bottom drawing on
page 132. The lateral wind and water
forces produce a couple which tends to
make the boat capsize; but in the equi-
librium situation this couple is opposed
by another righting couple of equal mag-
nitude and opposite direction comprised
of the buoyancy and gravity forces. The
righting couple can be created only if
the boatheelsover, and the lateral water
force will develop only if the keel ad-
vances through the water at an angle—
like the close-hauled sails or like the
wing of an airplane. For the keel to have
this angle of attack the hull must make
leeway. Incidentally, while the keel itself
has a shape reasonably analogous to an
airfoil, its ‘lift’ tends to increase the heel
of the boat and thus to decrease the ef-
fective wind pressure.

“The center of effort exerted by the
close-hauled sail lies to leeward of the
boat’s centerline, of course, as in the
case when the boat runs before the wind
without spinnaker. In addition, the cen-
ter of effort of the sail is displaced
further from the boat’s center of gravity
by the angle of heel. The resultant air
force can be resolved into components,
one of which acts in the direction of the
boat’s motion (F,), another in the trans-
verse direction (F, cos ®) and the third
downward (F, sin ©), the angle ® be-
ing the angle of heel [see drawings on
page 134]. These components act paral-
lel to the longitudinal, lateral and verti-
cal axes, respectively. They lie in planes
which pass through points 1, 2 and 3 in
the diagrams. The water couple required
for eqquilibrium is formed by inequalities



in the lateral components of the water

forces acting on the hull. As a general
rule these component forces must be
greater on the lee side than on the
weather side to balance the lateral wind
force components—which means that the
hull must make leeway.

“One important air-water couple al-
ways investigated at Stevens produces
an effect we call the ‘unbalance arm’: the
tendency of a close-hauled boat either to
nose into the wind or to fall off. An un-
balance arm exists when the center of
effort of the sail lies either fore or aft of
the center of the hull’s lateral resistance.
When the center of effort lies aft of the
center of resistance, the boat tends to
nose into the wind and is said to have a
‘weather arm.” It behaves like a weather
vane, and for the same reason, the sail
being analogous to the weather vane’s
tail, and the center of lateral resistance
to the pivot on which the vane turns. If
the two forces were perfectly aligned in
opposition, the boat would have no un-
balance arm and would accordingly sail
a straight course when close-hauled
without attention from the helmsman. In
practice such balance is rarely achieved
or even desired. Some rudder action is
practically always required. Actually the
rudder angle necessary to compensate
for a small weather arm increases the
drag of the boat little if at all; indeed,
because of the flow pattern of the water
around the hull it may even decrease the
drag up to about two degrees of rudder
angle. The yacht designer has a good
measure of control over the unbalance
arm, by moving the mast or altering the
sail arrangement so as to shift the center
of effort forward or aft as required. He
can learn what change promises im-
provement in his original design either
by a model test or by full-size trials.

“So far we have considered only the
forces—the pushes and pulls—acting on
the boat. What about their effects in
terms of the boat’s movement through
the water—its speed? In effect, the angle
at which the sails are rigged with respect
to the center line of the hull and its keel
causes the sail-hull combination to act as
a kind of aerodynamic-hydrodynamic
wedge. Wind force acts against one face
of the wedge and water force against the
other. The yacht tends to escape from
between the opposing forces—much as a
slick watermelon seed shoots out from
between your finger and thumb when
you squeeze it.

“The velocity analysis of a boat sailing
to windward is shown in the diagram on
page 136. The boat is headed at a slight
angle with respect to its course and
makes leeway as indicated. The ‘sailing
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‘While the principles are simple, the realization involves advanced
creative engineering. ARMA’s many successes in the creation of
precision instruments and systems for navigation and fire control,
especially precision gyroscopic reference systems for all applica-
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The height of imaginative resourcefulness and engineering skill
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ship company and individual renown to be won, by engineers
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LITCHFIELD PARK
PHOENIX, ARIZONA

NEW ELECTRONIC LABORATORY
NOW BEING STAFFED

This modern laboratory is being organ-
ized as the Western Division of the well-
established Aerophysics Departments of
the Goodyear Aircraft Corporation of
Akron, Ohio.

KEY PERSONNEL FOR FUTURE EXPANSION NOW
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Openings are available for experienced
personnel and recent college graduates.
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]he Atlas has two C scal One is 25" long and the
econd one is a spiral of 25 coils. This is equivalent to
raight rule 50 ft. long and gives answers to 5

res.

‘hemists, Physicists and Engineers have fmmd this
rule invaluable for its great accuracy. Dia. 812", Easily
[Yl]lldh‘L White coated aluminum with legible Maok and
vellow scales. Price $11.00 m case with instruetions.

MIDGET

CIRCULAR SLIDE RULE

Similar to Binary,

I, A, LL and Binary scales.
(\mcll()ns on back. Approved
deal for Students and

f million sold. Price
Made of white coated

circulars free. Satisfaction guaranteed.
GILSON SLIDE RULE CO.
Box 1237 SA, Stuart, Fla.
Slide Rule Makers since 1915
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OPTICAL BARGAIN
See the Stars, Moon, Planets Close Un!
ASSEMBLE 100 POWER, 3” REFLECTING TELESCOPE

with This Complete 87 Piece ‘‘Do-lt-Yourself'’ Kit

L\er:lh g Yo need!

machining! Easily :\ﬁﬁen\bled' 5 > ;|
Ve furnis mplete, simple

instructions. Kit includes: 3”

b

PO

torial Mount locks on
both_ axes, Ventilated 3" Mir-
ror Mount, heavy wall, black
Telescope 'I'ube. All nuts and

bolts supplied, 'Nothing “extra
V. r 37 h
ror (307 f.1.) i -
resolve detail right up to the-
oretical limit. Your rnmshod | -
scope can also be used tel
restrially. Money back lruar(mlee Shipping weight—10 1bs.

Stock No. 85,025-S .

.............. $29.50 f.0.b. Barrington, N. J.
50-150-300-power MICROSCOPE

Low Price Yet Suitable for Classroom Use!
only $14.95
3 Achromatic Objective Lenses on Revolving
Turret

errific value because it’s imported! The
color- Culrected cemented achromatic lenses
in the ohjectn es give you superior results.

[ £ and pinion focusing. Definition is
surprisingly clear and good. Revolving disc-
light, adjustable mirror. Square stage (2347
x 25g”) with slide clamps. Packed in sturdy,
ﬁr\lshcd hard\\ood case.

his is the greatest microscope bargain on
the market! Try it for 10 days if you’'re
not completely satisfied, Wl refund your
money in full!

stnck No. 70,008-S............coovmeeiiis $14.95 Postpaid
MOUNTED 500 POWER OBJECTIVE

. Threaded for easy attachment on above microscope.
3mm.

Achromatic lenses for fine viewing.

Stock #30,197-S ...
e Microscope'’

NEw' 127-page book “Huntm With th,
e only 75¢. Order stock #9207-S
Build in-

ASTRONOMICAL TELESCOPE KIT Zuldin

worth up to $500.00. Grind your own mirror. Contains:
mirror blank, eye-piece lenses, diagonal, abrasives, etc

Stock #70,004-S.. ... Size 6”...cccoovrn. $11.40 Postnald

NEW! STATIC
ELECTRICITY GENERATOR

See a thrilling spark display as you
set off a miniature bolt of lightning.
Absolutely safe and harmless. Sturdi-
Iy made—stands 14" high.” Turn the
handle and two 9” plastic discs rotate
in opposite directions. Metal collector
brushes pick up the static electricity,
store it in the Leyden jar type con-
denser until discharged by the jump-
ing spark. Countless tricks and ex-
periments. Instruction booklet in-
cluded.

Stock No. 70,070-8..

BUILD A SOLAR ENERGY FURNACE!

A fascinating new field. You can build
your own Solar Furnace for experimenta-
tion—many practical uses. Il’s easy—inex-
pensive. We furnish instruction sheet.
This sun powered furnace will generate
terrific heat—produces many unusual fus-
ing effects. Sets paper aflame in seconds.
Order these components:

Stock #80,040-S... Fresnel Lens,
size [134"X16Y2"—f.1, 197, $3. 50 Postpaid

SPITZ
MOONSCOPE

A precision-made 32 power reflect-
ing telescope—by the makers of Spils
Planetarium. Clearly reveals the cra-
ters of the moon, shows Saturn, Jupi-
ter, other wonders of the heavens.
Based on same principles as world’s giant
telescopes Stands 36” high on removable
legs. Adjustable 3” polished and corrected
mirror. Fork type Alt-Azimuth rotates on
full 360° circle—swings to any location in
the sky. Fascinating 18-page instruction
book is included. Instrument packed in
sturdy carrying case.

Stock No. 70,068-S.............. $14.95 Postpaid

focal length.
$5.00 Pstpd.

......... $l0.95 Postpaid

ULTRA HIGH POWER—ZO x 60 BINOCULARS

¥
uathering qualities—bright,
ar, shurply defined viewing. Individual
focus eyepieces. Leather case and neck scrap
included. Mfgd. by a high-grade producer
in Japan—a domestic counterpart would cost
several times the price. Full money-back

guarantee.
$75.90 Pstpd.

AA TYPE SEARCHLIGHT— For. Solar Furnaces...

Govt. Cost about $12,000.

Researchers in Solar Energy found that it was convenient
and very economical to utilize war surplus searchlights for
solar energy furnaces. This furnace can melt steel within
seconds. Specifications: 60” mirror made of 170 1lbs. of
copper that is rhodium platinum plated—weight 2500 1bs.,
height 87”, width 66”, length 100”—mounted on wheels for
easy handling.

$650.00

Stock No. 85,033-S ..
w York

Stock #1536-S

...60” Searchligh

BE SURE TO GET FREE CATALOG ''s"

Fantastic variety—never before have so many lenses,
prisms, optical instruments, and components been of-
fered from one source. Positively the greatest assembly
of bargains in all America. Imported! War Surplus!
Hundreds of other hard-to-get optical items. Write
for Free Catalog ‘‘S.””

Order by Stock No. Send check or M.O. (Open acct. to rated
firms.) Money buck guarantee.

EDMUND SCIENTIFIC CORP.

BARRINGTON, NEW JERSEY
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speed’ on course (i.e., rate of progress in
the direction of its goal) is a vector re-
sultant of the wind speed and the sailing
angle. To a person aboard the sailboat
the wind has a certain apparent velocity
arising from the boat’s motion; this ve-
locity differs in direction and magnitude
from the wind’s true speed. Now the
boat’s sailing speed toward the goal will
be at a maximum when the sailing angle
is so increased that the vector of ap-
parent wind speed is brought approxi-
mately abeam—the sailing tactic known
as broad reaching. Conversely, the sail-
ing speed will be a minimum when the
sailing angle is decreased as much

possible—that is, when the boat is sailed

| as close to the wind as practicable. Some-

where between these extremes (nearer
the minimum than the maximum) there

center of
cffort

lateval

lateral

bvoyancy

resultant
wind force

driving
force \

wind force

water force

is a sailing angle which results in the best
compromise—i.e., the best ‘speed-made-
good.”

“This speed-made-good directly into
the wind, when considered in conjunc-
tion with the calculated true wind speed,
is the final criterion of windward ability
in the Stevens model tests. Speed-made-
good is a function of the combined hull
and rig characteristics; therefore it can-
not be determined from model tests of
the hull alone. Model tests of the hull
determine the magnitude and direction
of the force that must be provided by the
sails in the actual boat when the hull
moves on course at the speed and angle
of heel for which the test was made. The
designer must also have reliable knowl-
edge of the lift-drag ratio of the rig and
of the relationship between the apparent

lateral
fovce

;ﬂczn ter of effort

NN vudder
-\/\unba!ance arm
\ A1 -
course - — -
— i u,ntcrt:n.:t; vesistance Ieeway
lateral
. resistance
velative
! vesvltant
wind |at¢fra|ce water force
ov

Forces acting on a boat sailing into the wind
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vou can SELEGT a+ RCA!

«». NEW OPPORTUNITIES ...17 4+ LOCATIONS
... ONE BEST FOR YOU AND YOUR FAMILY

ﬁ TYPE OF DEGREE AND YEARS OF EXPERIENCE PREFERRED
N Chemistry
FlELDS OF ENGI NEERING ACTIVITY A Electrical Mechanical Physical Ceramics
G Engineers Engineeis Science Glass Technology
E Metallurgy
& [oaT23 a5 [0z [23 [a15| 12| 23 [a-15] 12 23 [415
e SYSTEMS AVIATION ELECTRONICS « CONTROLS w : B w :
i ]
(Integration of theory, |0 ¢ raL DATA HANDLING DEVICES M MM
equipments and c c| ¢ c c| C
i X f M M M M| M MM
environment fo €redle | wissILE ELECTRONICS « RADAR w w| w w|w w|w
aond optimize major x| x
electronic concepls.) INERTIAL NAVIGATION w w w w
COMMUNICATIONS c C
e DESIGN « DEVELOPMENT
KINESCOPES (B & W and COLOR), OSCILLOSCOPES—Electron el el elelelelalelelelelte
Optics—Instrumental Analysis—Solid States (Phosphors, High Tempera- ¥ Y| v Yyl vy
ture Ph , Photo itive Materials and Glass to Melal Sealing)
RECEIVING TUBES—Tube Design—Test and Application Engineering—
Chemical and Physicol Development—Methods ond Process Engineering H| H| H H| H H| H H|H

— Advanced Development
SEMI-CONDUCTORS—Transis

MICROWAVE TUBES—Tube Development and Manufecture (Troveling
Wove—Backward Wave—Magnetron) R W W Hi» sl B i

GAS, POWER AND PHOTO TUBES—Photosensitive Devices— Glass

Materials

to Metal Sealing—UHF and YHF—Power o et et Bl e I ] ! Bl il M
ATIO . Roda omp o a WIW W WIW W W W W W
ock and bratic Remo ontro a o €Cjc€c|l €| c]jec|c|]c]c|c|cC
b o a Automa g Automa ansistorizatio x| x| x X| x| x| x| x
o M M M
COMPUTERS—Systems— Advanced Development— Circuitry—Assembly clelelelelelelc|e
Design—Mechanisms—Programming x| x x| x
: R e ] e MMl mmimmm[mm|m
0 " e Control—Information Handling—Displa clelclele|lcleje|c|e
X| X| x| x| X| x| x| x| X
COMMUNICATIONS — Specialized Military Systems — Microwave
— Aviation— Audio—Propagation Studies €| € € ol I Bl R B
0 ems Planning and Design—Rada Mmlmimimmmim|m|m
ontro ock Prob o o X| X| X X X| X
COMPONENTS—Transformers— Coils— TV Deflection Yokes (Color or I| z E| Z |z
Monochrome)—Resistors—Ferrites (Material and Parts) €cj]c|c|jc|c|cjc|c|cC c|C
aluafion and Plg g— Design and
0 D . odificatio 0 atio
. Data Acg on and Pro g F| F| F F|F F F F F F
Rada 3 atio Op omp S| S| S| S| S| S| s S| S
" * 2 Do - pboara ona = o o ' ' ' ' ' ' ' ' ' '
S| S| S| S| S| 5|]S| S| S5
D D adio owa F| F| F| F{F| F| F| F| F| F
she P grap al Equip a S| s| s|s|s| s|s|s|s
Propogatio 1 ] 1
c
e MACHINE DESIGN el tlhiE vl
Mechanical and Electrical—Automatic or Semi-Automatic Machi : ¥
Locations: €—Camden, N.J. F—Cocoa Beach, Fla. H—Harrison, N.J. I—International Div. L—L ter, Pa. M—Moorestown, N.J. S—RCA Service Co. (Cherry Hill, N.J.;

Alexandria, Va.; Tucson, Ariz.; San Diego, Sacramento, San Francisco, Calif.; Foreign Assignments). W—Waltham, Mass. X—Los Angeles, Calif.Y—Marion, Ind. Z—Findlay, Ohio

Modern benefits program . . . relocation expenses paid Mr. John R. Weld, Employment Manager
Dept. A-1H, Radio Corporation of America

l 30 Rockefeller Plaza, New York 20, N.Y.

RADIO CORPORATION of AMERICA

Copyright 1956 Radio Corporation of America

Please send resume of education and experience, with location preferred, to:
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FLAT FIELD TRACKING

CAMERAS

We have experienced
some success in the de-
signing and production
of cameras with apers
tures to 36 inches and
picture sizes up to 11 x
11 inches. Accurately
figured optics allow less
than 4 microns image
swell at edge of field.
Field tests have proved
satisfactory perform-

ance.

Your needs — whether
for large or small cam-
eras — will receive our

immediate attention.

FERSON OPTICAL CO.,, Inc.
OCEAN SPRINGS, MISSISSIPPI

GIANT “3” inch TELESCOPE

postpaid $57.50

NEW!! JUST OFF ASSEMBLY LINE!!—Never before
has anything like this been offered at so low a puce Here is
another example of American Ingenuity. Ih;z 3" diameter
Achromatic Coated Objective, which will give needle-sharp
clear images. Focusing is a delight with the Micrometer
Spiral Focuséng Draw Tube. Light weight aluminum con-
struction throughout, black crackle finish, length open 22",
closed 15%"”. Telescope gives an upright image. The ideal
telescope, WONDERFTUL for astronomy, SUPERB for long
distances, EXCELLENT spotting scope.

MOUNTED AIR SPACED OBJECTIVES

We offer the lowest priced air spaced hand-cor-

rected American made astronomical objectives
Mounted in Black Anodized Aluminum Cells.

DIA. F.L. PRICE
3V,” 8” Not Coated..........c.ceveen... $28.00
k7% 48" Coated... 32.00
415" 62" Not Coated.... 60.00
4" 62" Coated.. 69.00

We can supply ALUMINUM TUBING for the above lenses.

“BIG” Lenses

Our selection of diameters and focal lengths is the largest
in the United States available for immediate delivery. Per-
fect magnesium fluoride coated and cemented acromatic
telescope objectives. Aluminum tubing and cells available
for lenses listed below. Send for complete list of other
diameter and focal lengths.

Diameter Focal Length

54m/m (214”) 254m/m (10”) ...$12.50
54m/m (214") 390m/m (15.356") $ 9.75
54m/m (214”) 622m/m (2414") . $12.50
54m/m (21") 1016m/m (40”) .. .
54m/m (214”) 1270m/m (50”) ..

78m/m (374" 38Im/m (15”) .

8im/m (33”) 622m/m (2414")

83m/m (31,” 1016m/m (40”) .

110m/m (43”)*  (069m/m (4275”)

110m/m (43%") 1069m/m (421‘(;”) .

128m/m (54:”)*  628m/m (243,") .
128m/m (5¢5”) 628m/m (243,"”) ....$85. 00
#Not Coated

I Free Catalogue “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 691A Merrick Road

LYNBROOK, N Y.
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A further analysis of forces acting

speed and the corresponding total wind
force exerted on the sails of the boat.
Both the true and apparent speeds can
then be calculated. When the test pro-
cedure is carried out for a number of
values of the sailing speed at the same
heel angle, it is found that the calculated
speed-made-good increases at first as the
sailing speed increases and then falls off.
Accordingly there is always found a best
speed-made-good, with its correspond-
ing true and apparent velocities; and
such findings agree with actual sailing
experiences. Obviously, though, the ac-
curacy with which the true speed can be
calculated depends on the values used
for the constants of full-sized rigs.

© 1956 SCIENTIFIC AMERICAN, INC

on a boat sailing into the wind

“At the Stevens tank these rig-con-
stant values were originally derived by
combining the hull data for a particular
boat, as determined by model tests, with
the results of a long, careful series of
tests on the full-sized boat itself sailing
to windward. This boat had a well-
designed rig, a good set of sails and an
expert helmsman. Measurements were
made simultaneously of sailing speed
and angle, relative wind velocity and
angle of heel. The final analysis of data
resulting from these tests indicated that
the lift-drag ratio and the wind-force co-
efficient both varied primarily with the
heel angle. Accordingly this angle has
become a most important independent



as an Autonetics
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gl,,ul,a:'ltl Engmeer.'. . |
.ﬁ:lui"m'#; you can achieve science-fact

iy, . .
i, Sfar stranger than science-fiction
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Today at AUTONETICS there are elaborate automatic
control systems actually being developed, designed and
produced in quantity that make the mechanics of the
wildest space fantasies look ordinary.
For example, where in the pages of science-fiction is
there a robot that compares with AUTONETICS’ new
airborne digital computer? This 3-cubic-foot brain
can solve mathematical problems in one second that
would take a math whiz with pencil and paper 9
hours, or require a clothes closet full of ordinary
computer equipment. It can continuously integrate
93 quantities simultaneously ... through 51 removable
panels of etched, transistorized circuitry.
This is only one example of AUTONETICS far-reaching
electro-mechanical technology. There are hundreds of
other areas of equally advanced opportunity in missile
guidance, flight control, fire control and special
automatic controls. Among your tools are the latest
data processing equipment, plus modern and complete
environmental and flight test facilities. AUTONETICS’
scientific leadership is setting the pace in this field
with its unique 10-year backlog of know-how.

OPPORTUNITIES FOR:

Computer Specialists

Electro-Mechanical Designers
Environmental Test Engineers

Electronic Component Evaluators
Instrumentation Engineers

Fire Control Systems Engineers

Flight Control Systems Engineers
Electronics Research Specialists

Computer Programmers

Computer Application Engineers
Automatic Controls Engineers

Electronic Engineering Writers

Inertial Instrument Development Engineers
Preliminary Analysis and Design Engineers
Also Openings for Draftsmen and Technicians

Conrtact: Mr. R. C. Smith, AutoNeTics Engineering Personnel Office,
Dept. 991-20 SA, P.O. Box AN, Bellflower, Calif.

Autonetics

ADIVISION OF NORTH AMERICAN AVIATION, INC.
AUTOMATIC CONTROLS MAN HAS NEVER BUILT BEFORE
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Physicist, Nuclear

REACTOR AND SHIELD
PROPERTIES
RESEARCH FOR
NUCLEAR FLIGHT PROJECT

The recent nuclear experimental
techniques have aroused widespread inter-
est. Research and development are accelerat-
ing. A position of unusual professional
scope is now open with General Electric.
It involves the establishment, by experi-
ment, of the fundamental nuclear proper-
ties of high performance reactors and
shields. An advanced degree in physics or
mathematical physics, plus several years
experience in neutron and gamma ray
physics is desired.

most

This work is in connection with the ap-
plication of nuclear power to flight, a field
of extreme promise and importance. Facili-
ties available include a major analog and
digital computer installation, and the en-
vironment is well suited for advanced
work. Publication of research results in
the appropriate classified or open literature
is encouraged.

OPENINGS IN CINCINNATI, OHIO
AND IDAHO FALLS, IDAHO

Address replies stating salary requirements
to location you prefer

W. J. Kelly
P.O. Box 132
Cincinnati, Ohio

GENERAL @B ELECTRIC

L. A. Munther
P.O. Box 335
Idaho Falls, Idaho

S
Get UNITRON’
Guide and Catalog

Observer's

on Astronomical Telescopes. -

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

With the artificial satellite and space travel
almost a reality, astronomy has become
today’s fastest growing hobby. UNITRON'S
new handbook contains full-page illustrated
articles on astronomy, observing, tele-
scopes and accessories. Of interest to
beginner and advanced amateurs alike.

Contents include —

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

o Constellation map
o Hints for observers
o Glossary of telescope terms.
e How to choose a telescope

o Amateur clubs and research
programs

UNITRON
of UNITED SCIENTIFIC CO.

204-6 MILK STREET . BOSTON 9, MASS,

Please rush to me, free of charge, UNITRON'S new
Observer's Guide and Telescope Catalog.

B Name. =1
Street.
. City. .. State..... - .
SA-Aug.
L I I N O N B .
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variable in our tests. Bv measuring the
water forces that act on the hull at vari-
ous angles of heel—while holding other
quantities constant—such as the speed of
the model through the water, we can
anticipate the magnitudes of the op-
posing aerodynamic forces that will be
required for equilibrium at that angle.

“In the last analysis, we are interested
in values of speed-made-good of various
boats for the same true wind speed. A
series of measurements made with re-
spect to heel angle leads us directly to
this desired information.

“The standard test procedure for a
sailboat model at Stevens comprises (1)
‘upright’ tests and (2) ‘close-hauled’ or
‘heeled’ tests. Usually the upright tests
are run first. They simulate the condition
of a boat sailing before the wind. The
model is made of a western sugar pine,
varnished and very carefully rubbed
down to a uniform finish, with a deck
parallel to the designed load water line
and a standard distance above it. The
model is towed the length of the tank by
a motor-driven carriage which rides on
the underside of a monorail suspended
above the center of the tank. The atti-
tude of the model with respect to the
water is determined by a set of adjust-
able mechanical linkages which connect
it to the carriage. It is pulled by a hori-
zontal tow-bar fastened to its foredeck
and to a resistance dynamometer ahead
of it [see photograph at top of page
129]. The model is accelerated to any
one of a long series of test speeds by a
post which extends down from the car-
riage. When the desired speed is at-
| tained, the post is disengaged from the

speed-made-good

couvrsc

model. Equilibrium is then established
for the given speed by adjusting the
force exerted by the dynamometer so
that it just balances the opposing force
of the water on the model. From the test
data, predictions are made of the re-
sistance of the full-sized sailboat over the
whole speed range. From these predic-
tions the designer can immediately com-
pare his design with others in the pre-
liminary and rather inconclusive case of
sailing before the wind.

“Another consideration of special im-
portance in both upright and heeled tests
is that of establishing turbulent, as op-
posed to laminar, flow in the boundary
friction layer of the model. Without tur-
bulent flow the model tests would be use-
less. Now small models, particularly
models of sailboats, with their extremely
‘easy’ bow characteristics, require close
attention as to turbulent flow. We have
developed a method of inducing the es-
sential turbulence by applying a strip of
coarse sand along the stem from the
water line to the bottom of the keel.

“When a sailboat is close-hauled, the
fundamental variables are speed of ad-
vance, angle of heel and leeway. If each
of these variables remained independent,
a veritable network of tests would be re-
quired for each model, and the interpre-
tation of the test data would be extreme-
ly difficult. As a primary simplification,
therefore, the model rudder is kept in its
central position. The leeway is then fixed
by the values of the other variables. At a
particular speed of advance and angle of
heel, the leeway must be such that the
lateral water force will establish equi-
librium precisely between the overturn-

sailing speed
Vs ~ ———=s

sailing i
angle

true wind velocily

Vi

lee way

Va
appavent wind velocity

| True and apparent velocities of a boat sailing into the wind
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Cluster of distant galaxies photo-
graphed by 200-inch Palomar
Mountain telescope. The galaxies
are the blurry or fuzzy, noncircular
objects. The picture takes in less
than one-fifth of a degree of sky.

THE UNIVERSE

. . SCIENTIFIC
Announcing an issue of AMERICAN

devoted to new work 1n extragalactic

astronomy 1n relation to modern cosmology

to be published in September, 1956
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WE DON’T NEED
ENGINEERS

... but they write to us daily to order
our GENIAC Electric Brain Construc-
tion Kits.

So do TEACHERS, SCIENTIFIC AMATEURS, IN-
DUSTRIAL FIRMS and schools.(See list below.)

THOUSANDS OF SATISFIED CUS-
TOMERS have bought GENIACS on a
7 DAY REFUND guarantee.

We are proud to offer our 1956 Model, with up
to the minute improvements for the thousands of
new customers who can use them.

WHAT IS A GENIAC?

Here is a picture of the 1956 Model GENTIAC in the
display rack ($3.00 separately) which comes with every
kit (from August 1, on).

GENIAC stands for Genius Semi-Automatic Com-
puter. A kit of specially designed switch decks and
racks which permit the user to construct more than
thirty different machines (following directions and wir-
ing diagrams) and as many more as he is able to de-
sign himself. These machines demonstrate the applica-
tions of electric circuitry.

APPLICATIONS OF GENIAC
\I\II’LE COMPUTER CIRCUITS for binary, decimal
adding, subtracting, dividing, multiplying machines.
P](()BLF\IS in symbolic logic, reasoning, comparing.
SYCHOLOGICAL TESTING and EXPERIMENT
G ME PLAYING CIRCUITS for tit-tat-toe and nim.
ACTUARIAL ANALYSIS,

WHO ARE OUR CUSTOMERS?

IA partial list of industrial and institutional pur-
chasers

is-Chalmers e Remington-Rand e International
Business Machines e Wheeldex Mfg. Co. e Manuel
Missionary College e Walter V. Clarke Associates o
Barnard College e Westinghouse Electric e Phillips
Lahoratories o General Insurance Co. of America e
Lafayette Radio e Rohr Aircraft Co. e Southwest Mis-
souri State College o Albert Einstein Medical College
e Naval Research Laboratories e Board of Education,
Tecumseh, Nebraska e Marshfield Public Schools e
Los Angeles Public Schools e Jefferson Union High
School o Oklahoma A & M e Kansas State University
e Duke University e Coral Gables Senior High Scliool
: Courtland Jr. High School e Bell Telephone Labora-
ories.

What Comes with the Kit?

BOOKS

1. SI'VIP!E ELECTRIC BRAINS, AND HOVV TO MAKE
HE. 64 page experiment manu

NEW' 2. MINDS AND MACHINES

()U page text

on computers automation and cybernetlcs

NEW! 3.  WIRING DIAGRAMS for basic GENIAC
circui

NEW! 4. Beginners Manual for the person who has
it

little or no familiarity Wlth eleclrlc circuits

NEW! 5. GENIAC study gui he equivalent of
a_full course in computer fundm‘nentals lists addi-
tional readings.

NEW! PANELS (in beautiful metallic finish).

NEW! DISCS

NEW! RACK (for easy assembly and display)

is,” battery, holder etc. for mnre

NEW! PARTS TRAY, made of plastic, keeps small
pieces from straying.

SEND for your GENIAC now. At only $19.95, a bar-

gain, comes complete with over 400 parts and com-

ponents, 5 books and manuals. We guarantee that if

you do not want to keep GENIAC after two weeks you

can return it for full refund.

Model of the HUMAN BRAIN

With this three dimen-
sional cut out model of the
brain you can visualize the
brain and get a clear idea of
the parts which make it up.

Can you locate the differ-
ent cortices or the thalamus,
or trace the pyramidal tracts,
pin point the pituitary or the
medulla oblongata?

Would you like to be able
to follow articles on experi-
mental brain research more
closely and understand the
radiating pathways for cor-
tical discharge?

Special Prie lunltnlld}
HULK KA B FOR 2CHOOLE \\Tlll]llll.i"
of UNIVERSITY BMMK STORES.

ROBOTS AND NERVE ANALOGS

designed by Dr. Walter Grey Walter will be announced
in our September ad in detail. If you want descriptive
material before then send us your name and address.
These are designed for physiology labs, psychology
classes and anyone who has an interest in the electronic
|_ basis_of nerve functlonmé

UPON
Oliver Garfield Co., Dept. SA86
'|26 Lexmghn Avenue. New York 16, N. Y.
Please send AC KIT postpaid $19
(Sadd 8)[)0 west of Ml%elcﬁlppl, $2.00 for outside Lmtﬂ.‘d
tates
Please send me the three dimensional model of the
human brain, price postpaid $5.98.
Please send special announcements on ROBOTS and
NERVE ANALOGS.
Please send catalog of kits and publications.
Name and address are attached.
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ing and righting couples. The magnitude
of the righting couple depends solely on
the angle of heel. At Stevens tests are
made over a range of speeds at heel
angles of 10, 20 and 30 degrees, with the
leeway adjusted at each speed to pro-
duce the lateral force corresponding to
the heel angle. The 10-degree heel simu-
lates close-hauled sailing in a light wind;
the 20-degree heel represents average
windward sailing, and the 30-degree
heel simulates sailing into a strong wind
with the lee rail almost awash but with
full sail. Normally three speeds of ad-
vance .are tested for each angle of heel,
and three values of a mechanically ap-
plied lateral force corresponding to that
developed by the wind are used for each
speed. Two lateral dynamometers apply
this lateral force at a height considerably
below that of the normal center of effort,
but the test technique allows for this,
in part, by moving a standard sliding
weight laterally above the model deck.
This, together with the leeway adjust-
ment, balances the applied force at the
particular angle of heel. Other compo-
nents of the wind force are compensated
for by similar techniques.

“The ultimate objective of these
heeled tests, as previously mentioned, is
to predict the best speed-made-good to
windward for the hull and rig under con-
sideration at each of the three angles of
heel. Values of speed-made-good are
then plotted against true speed and the
resulting curve becomes one of the de-
signer’s guides in making modifications
and improvements. The designer is also
supplied with charts showing the char-
acteristics of resistance, leeway, center of
lateral resistance and unbalance arm, so
that he can compare the predicted per-
formance of the model with that of other
designs.

“Although each sailboat design will
exhibit its special characteristics, the test
and calculation techniques are carefully
standardized to afford, as far as possible,
rigorous comparisons between designs.
In this way the designer learns quickly
just how his boat is likely to perform.

“If any reader is by now stimulated to
try some experiments of his own, it is
recommended that he use full-sized sail-
ing craft rather than models. Accurate
construction of models and experimental
equipment is difficult to the point of
being impracticable. Moreover, data on
full-sized boats are scarce at present and
would be of great interest. Experiments
to test sail coefficients, centerboard de-
signs and locations and racing strategy—
to mention only a few of the problems—
offer challenging opportunities for in-
genious and enthusiastic amateurs.”
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ENGINEERS,

Electronic & Mechanical

PHYSICISTS:

Choose your location
when you join Melpar

Melpar’s R & D operations are centered near and in two of the
country’s more desirable communities : Washington, D.C., Water-
town and Boston, Massachusetts, each of which affords engineers
the opportunity to enjoy research, cultural and recreational re-
sources well above the average.

Regardless of which locale he selects, the engineer will find
that our advancement policies and organizational structure provide
opportunities uncommon to the industry as a whole.

Individual performance heads the list of factors which de-
termine progress. Regardless of age, experience or tenure, an
engineer is given more complex responsibilities as soon as he is
ready. There is always room to move ahead at Melpar, because we
have doubled in size every 18 months for the past 10 years, with a
proportionate increase in top and middle level openings.

Our engineers gain comprehensive experience in all phases of
engineering problems. Each is assigned to a project team which is
charged with responsibility for whole problems, from design con-
cept to completion of prototype.

The engineer will find each of Melpar’s laboratories splendidly
equipped with an eye to both present and future needs. Fully air-
conditioned, each laboratory has recently acquired additional
facilities.

We extend financial support to those who intend to pursue
advanced study. Fully accredited courses are available at our main
laboratories.

Write for complete information, indicating geographical
preference. Qualified candidates will be invited to visit Melpar
laboratories at Company expense.

Top Level Openings Exist in These Fields:

Network Theory ® Systems Evaluation ® Microwave Technique ® UHF,
VHF, or SHF Receivers ® Analog Computers ® Magnetic Tape Han-
dling @ Digital Computers ® Radar and Countermeasures ® Packaging
Electronic Equipment ® Pulse Circuitry ® Microwave Filters ® Flight
Simulators ® Servomechanisms ® Subminiaturization @ Electro-Me-
chanical Design ® Small Mechanisms ® Quality Control and Test En-
gineering

Write: Technical Personnel Representative

M E L P A R Incorporated

A Subsidiary of Westinghouse Air Brake Company

3160 Arlington Boulevard, Falls Church, Virginia

Positions also available at our laboratories in Boston and Watertown, Mass.
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LOCKHEED IN GEORGIA
MOVES AHEAD

Here at the world's largest
integrated aircraft plant, in
Marietta, Georgia—where the
lockheed C-130 Turbo-Prop
Cargo planes and B-47 Jet
Bombers are built—we wel-
come two new lockheed pro-
grams to Georgia.

One is our huge new Engi-
neering Center here at the plant
and the other is our multi-million
dollar nuclear powered aircraft
development facility.

Here are projects to chal-
lenge the very limits of imagi-
nation, vision, ability and capa-
bilities of man!

Qualified Engineérs and

Scientists interested in becom-
LOCKHEEO?“, ing associated with this pro-
AJRCRAFT C:“:"::.T_Lnn- gressive and rapidly expanding

F
uc.mEER“"G PRO

761 PEACHTRE organization are invited to in-
quire for further information or
personal interview.




The First in a Series of Announcements
on Progressive Expansion of Program

and Facilities in Mathematics at the
Knolls Atomic Power Laboratory:

GENERAL ELECTRIC'S

KNOLLS ATOMIC POWER LABORATORY

CONSTRUCTION OF A MODERN
CENTER FOR MATHEMATICS

142

Because we believe that theory is our most powerful weapon
in dealing with reality, we are expanding our Mathematical
Analysis Program. One of the first elements in this expan-
sion is the creation of a new and modern building for math-
ematicians and physicists, which will be the center of the
Laboratory’s efforts to meet by theoretical means the
challenges of the nuclear energy field.

We are seeking men with strong mathematical training at
all degree levels to participate in this expanding Numerical
Analysis Program —a program growing not only in staff,
equipment, and facilities, but also in concept and function.
They will work in close association with our theoretical
and experimental physicists. There are openings in each
of the following fields:

RESEARCH IN MATHEMATICAL TECHNIQUES

Numerical solution of the diffusion equation for complicated geometrical arrays
taxes even the most powerful electronic computers. Fundamental work in iterative
techniques must be carried out.

FORMULATION AND EVALUATION OF THEORIES

Due to the nature of physical situations now being encountered, the rough ap-
proximations which were formerly adequate must now be improved. The ultimate
test of such improvement is comparison with experiment.

APPLICATIONS TO REACTOR PROBLEMS

A broad program of computational tools for reactor design must be effected incor-
porating the best available techniques. Strong interests in computation and in
machine properties are indicated. The program at Knolls offers the atmosphere,
the equipment, the richness of subject matter and the material benefits conducive
to a satisfying career in applications of mathematics.

A LETTER TO DR. S. R. ACKER, EXPRESSING YOUR INTEREST.
WILL RECEIVE IMMEDIATE ATTENTION.

Kinolle Almic. Power Laboraloy
GENERAL @ ELECTRIC

SCHENECTADY, N.Y.
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at Hughes

WEAPONS ASSIGNMENT

NEW HORIZONS IN DATA PROCESSING

Hughes digital data processing systems are
being used in the solution of one of our
nation’s most vital problems—defense
against air attacks. In this age of atomic
weapons and high-speed, high-altitude
bombers, defense systems had to be de-
veloped which would supply anti-aircraft
weapons with data on the position, speed,
and direction of enemy planes. Hughes
data processing systems surpass the most
stringent requirements of modern anti-
aircraft defense. Data may be received
from many sources simultaneously; com-
plex computing functions are carried
out automatically; and data distribution
is nearly instantaneous.

In the Hughes anti-aircraft defense sys-
tems, target information is received from
radar stations. The system then accom-
plishes detection, identification, and track-
ing of enemy targets; storage and
evaluation of the target data; and distribu-~
tion of target and weapons assignment
data to the anti-aircraft batteries. The
batteries are thereby effectively coordi-
nated in repelling the enemy attack. By
linking together a number of such systems
for the exchange of tactical information,
a tight defense perimeter can be formed
against aerial attack from any direction.

The contributions of the Ground Sys-
tems Laboratory have helped to make
Hughes the West’s leading center for ad-
vanced electronics. Hughes offers its
Engineers and Scientists excellent salaries,
constant challenge, and the luxury of
Southern California living. For further
information concerning the great oppor-
tunities at Hughes write us at the address
below.

HUGHES AIRCRAFT COMPANY r'

Culver City :
California L

LOGISTICS

TARGET SELECTION

Scientific Staff Relations

Research and Development Laboratories

HUGHES |
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Some of the openings include:

DEVELOPMENTAL DIGITAL
CIRCUIT DESIGN ENGINEERS

with experience in one or
more of the following fields:
pulse circuits, computer
tcchniques, magnetic core
devices, timing and synchro-
nizing circuits, scalers, stor-
age devices, analog to digital
and digital to analog con-
verters, and counting tubes.

ENGINEERS AND PHYSICISTS
for logical design of digital

computcr systems.

ELECTRICAL OR
MECHANICAL ENGINEERS

experienced in the equip-
ment design of digital com-
puters. These engineers
should be capable of work-
ing with schematic diagrams
to design complete equip-
ment packages. Knowledge
of etched circuit design
techniques is desirable.

COMPONENT ENGINEER

to select, evaluate or develop
specialized components such
as transformers, delay lines,
capacitors, etc.

DATA SYSTEMS ENGINEER

to work on digital data proc-
essing in the area of storage
memories and computer-
type processing circuits.

MICROWAVE ENGINEER
for work on large high-gain

antennas and transmission
lines.
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AlIdes  wraow

All—or none—depending on three important points!
The desire for a real engineering challenge. The
ability to work with a top team of experts in their
respective fields. The capacity to take on individual
responsibility.

If this sounds like a lot, it’s because North Ameri-
can Aviation has a lot to offer. With research, devel-
opment and manufacturing responsibility for the
U. S. Air Force SM-64 Navaho Intercontinental Mis-
sile, the scope of the art at North American is wide
and the opportunity toassumea position of authority
great. In fact, all phases of this project—research,
design, development and testing—are being accom-
plished by North American engineers.

And what benefits will you find in this type of
engineering environment ?

First of all—recognition that comes from the
opportunity for individual effort. You will work
with engineers who respect your opinions and pro-
fessional status. Because missile engineering covers
so many fields, you can work in the area of your
choice. You will work on a team of specialists whose
leadership in their fields will further you in the one
you choose. You will live in Southern California and
receive financial compensation limited only by your
own ability.

If you have the desire for a real engineering chal-
lenge —Investigate Now.

Contact: R.L. Cunningham, Engineering Personnel Office
Dept. SA; 12214 Lakewood Boulevard, Downey, Calif.

© 1956 SCIENTIFIC AMERICAN, INC

Which one will qualify as a missile engineer?



CREATING A NEW WORLD WITH ELECTRONICS

How soon will you be able to see over the phone?

It may be sooner than you think. For the remarkable new
Hughes ToNoTRON—nOW used for high-fidclity transmis-
sion of maps and other navigational pictures to ships and
aircraft—will make possible “face-to-face” telephone calls
to and from your office or home.

The TONOTRON is only one example of Hughes Products
leadership in research and development of electron tubes
and related advances in clectronics, such as transistors and
diodes. It is with products like these that science will bring
about the dynamic clectronics era—in which you will have
on-the-wall television, clectronic control of factory pro-
duction, and countless other marvels.

HUGHES TONOTRON®

RELY ON HUGHES FOR SEMICONDUCTORS
...ELECTRON TUBES...INDUSTRIAL
SYSTEMS AND CONTROLS.

©1956, H.A.C.

As one of the country’s largest electronics research and
manufacturing firms, Hughes Products backs its semicon-
ductors, cathode ray tubes, and industrial systems and con-
trols with a long record of technical accomplishments.
These include the “thinking” FALCON air-to-air missile, and
the self-directing Hughes Automatic Armament Control
which is standard equipment on all Air Force interceptors.

Undoubtedly there is a time- and money-saving appli-
cation of Hughes electronic products to your own business.
A Hughes Products sales engineer will welcome the oppor-
tunity to work with your staff. Please write: Hughes
Products, Los Angeles 45, California.

Engineers and Technicians— contact Hughes for exceptional career opportunities,
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Prelude to Atomic Energy

They’re moving mountains in South Africa. With
the aid of AMBERLITE® ion exchange resins, sparsely
distributed uranium is being selectively extracted
from clay residues of gold mining. In Canada, on
the Colorado Plateau, and in many other parts of
the world, AMBERLITE resins are also easing the
uranium refiner’s job.

The recovery of uranium is just one of the ways in
which AMBERLITE ion exchange resins can serve in
hydrometallurgy. Thorium and rare earth elements
can be recovered from complex ores. Rhenium,

relative of platinum, can be salvaged from refinery
flue dusts. Dilute wastes from the conventional
processing of cobalt and nickel can be scavenged
for additional quantities of the metals. Even gold
can be obtained from ores previously considered
uneconomical to work.

Ion exchange, of course, is not restricted to hydro-
metallurgy. Wherever ions in solution must be re-
moved or replaced, ion exchange may provide the
answer. The question is: what can AMBERLITE ion
exchange resins do for you?

Y ROHM & HAAS COMPANY

THE RESINOUS PRODUCTS DIVISION, PHILADELPHIA 5, PENNSYLVANIA
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