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Beauty bath for metals

Two important elements of a nickel plating process
are the canvas-bagged anodes and plating solution
above. A third is Amberlite® ion exchange resins.

Rinse water from a single plating plant may total
200,000 gallons daily. Amberlite resins permit recov-
ery of metals and water from rinse solutions. Costs
are cut because valuable metals are salvaged and the
water made suitable for reuse—even as boiler feed.
Stream pollution is virtually eliminated. Metals recov-
ered include nickel, copper, chromium, gold, andsilver.

Other metal-treating industries benefit from ion

exchange, too. Amberlite ion exchange resins, for
example, remove metallic contaminants from alodiz-
ing, anodizing, and chromic acid stripping baths.
Because the baths can be used again and again,
savings are large.

Why not write us about your problem? Find out why
ion exchange is the right way to metal recovery,
why the resin that’s right is Amberlite.

—

Ask for this complete review of ion exchange Y‘;":ﬂ'ﬁm \\

P
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in the metals treating industry.
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tl ROHM & HAAS COMPANY

THE RESINOUS PRODUCTS DIVISION, PHILADELPHIA 5, PENNSYLVANIA
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This is a Lear engineer designing a new avtopilot

JoHN HARPER, B.S.E. (University of Michigan), is one
of ten Lear engineers qualified and actively flying as jet pilots. But please
note that these ten engineers are engaged primarily in the design,
development, and perfection of automatic flight control systems, using their
jet piloting skills only as an engineering tool.
At Lear, first-hand in-flight analysis is an integral part
of development. As a result of this program, continuously l E
checking theory against performance, Lear is exceptionally

equipped to offer the most advanced solutions to the challenging and

ever-changing problems of automatic flight stabilization.
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Lunar Lemonade...
HOW COLD?

The temperature of a bottle of soft drink 238,857
miles away is rather unsalable information . . .
yet an instrument which could give you that tem-

perature has been developed by Alnor technicians.

For years, Alnor has maintained a program of
exploratory research . . . looking at old problems
—finding new solutions. Each Alnor instrument is
a product of this dern thinki d to
meet today’s conditions.

One, the Pyrotac, continually monitors up to 20
temperature points . . . warns of overheated cir-
cuits . . . pinpoints trouble spots. The Alnor Dew-
pointer reduces dew point measurement to a
simple, exact process. Portable and self-contained
for laboratory accuracy anywhere. The handy
Alnor Pyrocon takes accurate surface tempera-
tures of any material, any shape.

Convenience identifies all lllinois Testing Lab-
oratory products as surely as the name "Alnor.”
Whether you measure temperature, dewpoint or
air velocity, you get fast, positive readings, top
portability, and finite accuracy.

Send today for literature on the Alnor instru-
ment which will serve your needs the modern
way. Write to lllinois Testing Laboratories, Inc.,
Room 548, 420 N. LaSalle St., Chicago 10, lllinois.

ILLINOIS TESTING LABOR ATORIES, INC.
Room 548, 420 N. LaSalle Street
Chicago 10, lll.

LETTERS

Although as a physicist I am hardly
qualified to speak on economic psycholo-
gy, I cannot resist making some com-
ments on the interesting article by
George Katona on that subject which
appeared in the October Scientific
American. It seems to me that many
factors which enter into the determina-
tion of economic behavior are properly
classed by the author as psychological;
but one aspect, which stands out in bold
relief in most of the examples he gives,
differs from the others in that it appears
capable of mathematical analysis. I
refer to the fact that most people choose
a course of action in a given situation
which they believe will yield them the
greatest value. Value is often, though
not always, measured in economic terms
—ethical and moral values count too, but
to a degree which is a function of both
the individual and of the situation in
which he finds himself. Psychological,
social, cultural, etc., factors enter into
the values and goals of the individual,
and also into constraints on the behavior
of the individual in the given situation
(law, custom, courses of possible action,
etc.). The ensemble of these factors and
constraints, together with what the in-
dividual can do, are the “rules” and pos-
sible “moves” of a “game.” The indi-
vidual is a player seeking to maximize
the value to himself of the particular
play he is engaged in. His behavior
should therefore be viewed as the un-
folding of a strategy designed to “win”
as much as possible. The theory of
games, as developed by John von Neu-
mann and Oskar Morgenstern and
others, permits of detailed mathematical
analysis of many such situations. The
actions of consumers, businessmen, etc.,
in the examples given seem to be largely
explainable as strategies adopted to
maximize what one can get for one’s
money, to get as much money as possible
and the like, where present behavior is
planned with expectation of future con-
ditions entering into the calculation. Ap-
parently classical economics errs in its
neglect of this game aspect, with its
large emphasis on future expectations,
the feedback of new information, and
the effects thereof on the future course
of action.

It seems to me that the game aspect of
economic (indeed, perhaps of all hu-
man) behavior may well account for
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many of its gross observable features.
Transfer of information (and its distor-
tion) must also be studied, for decisions
are based on available information,
which is seldom complete. One would
expect situations in which the values are
explicit, and the rules of the game sharp-
ly formulated, to be described by the
new discipline far better than by the
relatively static classical one. . . .

JEROME ROTHSTEIN

Red Bank, N. J.

Sirs:

It would appear that the basic de-
velopment of the backward wave oscilla-
tor tunable over a wide frequency range
is ascribed on page 52 of your October
issue to a company other than Com-
pagnie Générale de Télégraphie Sans
Fils (C.S.F.), the French company
whom we represent in the U. S.

Long prior to the date of your article
on microwaves [SCIENTIFIC AMERICAN,
August, 1952], which described the
traveling wave tube, i.e., on April 13,
1951, C.S.F. had filed a French patent
application on the backward wave oscil-
lator tube which eventuated August 15,
1953, in Patent No. 1,035,379.

At the 1953 National Electronics Con-
ference in Chicago, Ill., September 28 to
30, Edward C. Dench of the Raytheon
Manufacturing Company, Waltham,
Mass., presented a paper in which the
history of the backward wave oscillator
tube was set forth with full credit there
given to C.S.F., whose backward wave
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A plight before Christmas

(...and how Nickel
put the plight to flight)

Not so long ago, the average man who
wanted to give his wife gold jewelry
for Christmas found himself in a sad
predicament.

He couldn’t afford it. Only a com-
paratively few people could in those
days.

So jewelry manufacturers decided to
try to lower the cost of gold jewelry...
while keeping its quality high . .. by
fusing an overlay of gold to a less ex-
pensive base metal.

But which base metal ?

Experiments were started . . . but one
after another, each base metal tried
proved to be unsatisfactory in one way
or another.

One metal corroded — left disagree-
able green stains on skin.

Another suffered from a lack of
strength.

Still another was too hard to work.

A\
INCO

67 Wall Street

TRADE MARK

Then they tried nickel. There was
the answer! Corrosion-resistance,
strength, rigidity and ease of working,
all in one metal. Today nickel is ac-
cepted by manufacturers as the best
all-around foundation metal for quality
jewelry.

In fact, bonding gold and other
precious metals to a nickel base is so
successful that it has opened up new
possibilities for all sorts of industrial
uses where the ageless qualities of a
precious metal are wanted at a practi-
cal price.

If you have a problem in which cor-
rosion, high or low temperatures,
stresses or fatigue resistance are trou-
blesome factors, let’s talk it over.

Two minds are always better than
one, and we may be able to help you
find out how well nickel or a nickel
alloy may solve a troublesome problem
for you.

NICKEL ALLOYS PERFORM BETTER LONGER

THE INTERNATIONAL NICKEL COMPANY, INC.

New York 5, N. Y.
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Because nickel is extremely malleable,
it enables manufacturers to use their
delicate dies and tools to best advantage
...permitting them to develop even the
most intricate designs.

Eyeglass frames used to be a problem
for manufacturers and users. They used
to snap and break too easily.

With nickel as a base for Karat Gold,
the frames received the extra strength
they required to successfully withstand
the constant handling.

Jewelry parts, such as watch bands, for
example, keep their original beauty and
prevent skin discoloration . . . thanks to
the strength and corrosion resistance
that nickel supplies.

OVERLAY OF KARAT GOLD

-

REINFORCING BASE
OF NICKEL

Today’s gifts of quality gold-filled jew-
elry become tomorrow’s heirlooms. And
nickel plays an important part. As the
base metal, nickel is bonded with an
actual overlay of strictly controlled
Karat Gold and rolled under pressure
to make the Gold Filled used in today’s
quality jewelry.



HOW TO MAKE

low humidity a

CONSTANT

IN THE MANUFACTURE OF
ELECTRICAL AND
ELECTRONIC PARTS ...

Capacitors sealed in an atmosphere of 10% relative hu-
midity contain no harmful water vapor. Their useful life
increases and their performance improves.

Higher power factor is the result when transformer
insulation is dried at low temperature. Surrounding cores
and coils with a warm-air draft dried to an extremely low
dewpoint speeds up drying time and raises transformer
quality as well.

Today, it is easy to eliminate humidity as a manufac-
turing nuisance by making it a harmless constant. There
are many types of Lectrodryers made which can contin-
uously provide such precise control.

Lectrodryers are machines which will dry air and gases
to low dewpoints, wherever you process parts that must
be kept dry, even in areas as large as a warehouse.
Dewpoints of minus 100°F. are not uncommon with
these machines. Relative humidity as low as 10% is every-
day Lectrodryer* performance.

When you use a Lectrodryer preset to provide pre-
scribed dryness, humidity becomes a constant, regardless
of outside weather conditions. Insulation stays dry, her-
metic seals contain no water vapor. Electrical equipment
and electronic parts stay free of damaging moisture,
winter and summer.

If low humidity as a constant will help you, write us.
Talk out your problem, the dryness you require and the
amount of space involved. Our engineers will provide an
answer you can rely upon.

DATA AVAILABLE

Write for Because Moisture Isn’t Pink, a booklet
describing Lectrodryers and their use. Request
also the booklet, The Moisture In Our Atmosphere.
Pittsburgh Lectrodryer Corporation, 336 32nd
Street, Pittsburgh 30, Pennsylvania.

LECTRODRYER

* REGISTERED TRADEMARK U.S. PAT. OFF.

LECTRODRYERS DRY WITH ACTIVATED ALUMINAS
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| oscillator tube is known by the trade-

mark “Carcinotron.”

There is now pending in the U. S.
Patent Office an interference or priority
contest in which one of the parties is the
individual to whom your article ascribes
the invention of the backward wave os-
cillator and another party is the French
inventor of the tube, who is employed by
C.S.F. This French inventor is the senior
party in this interference, with an effec-
tive priority of filing more than one year
prior to any of the other parties involved,
and by reason of his earlier effective fil-
ing date, the legal presumption is in
favor of C.S.F. But the ultimate decision
of priority rests with the Patent Office.

A. HAASE-DUBOSC

American Radio Company
New York, N. Y.

Sirs:

In August of this year the Western
Amateur Astronomers Association held
its sixth annual convention in San Fran-
cisco. At that time it made its first annual
award, the G. Bruce Blair medal for
achievement in and contribution to the
advancement of amateur astronomy.
This has been awarded to Albert G. In-
galls of the staff of your magazine.

To the amateurs throughout the
world, he and the late Russell W. Porter
have been revered as the patron saints of
the art of telescope making and of ama-
teur research in the science of astrono-
my. His guiding hand in the columns of
your magazine for over 25 years, and in
his books on amateur telescope making,
comprised of contributions by many
amateurs as well as professionals, has
been the source of much satisfaction and
achievement by many thousands of peo-
ple in all walks of life. Furthermore his
advice and encouragement, in a most ex-
tensive personal correspondence, have
been invaluable to the fraternity. Dur-
ing the last war he spent many long and
arduous hours, not without great per-
sonal sacrifice, to organize amateurs into
effective producers of optical work for
the government.

All of these services have had a direct
bearing on the advancement of science
in variable star observation, comet study,
planetary research, celestial photogra-
phy, spectroscopy, optics and related
fields. Many advanced optical com-
panies, operating with thousands of
workers, owe their start to Mr. Ingalls.

For these reasons the Western Ama-
teur Astronomers are especially pleased
to present their first award to this man
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FOR ECONOMY IN DESIGN...CHOOSE KETAY
the complete line of synchros, servo motors, and resolvers.

SYNCHROS: From Size 10 to Size 37. There are units for every
purpase including dual synchros as a control transmitter or a
control transformer. Transolvers®*—special purpose devices
for use in converting 3-phase data into 2-phase data,

SERVO MOTORS: Ketay offers 400 and 60 cycle Servo Motors.
High torque to inertia servos are available as small as a penny
5 ] and up to Size 23, Torques of 0.1 in.-0z. to 7.5 in.-0z.

Hrﬁf"' E_“f,'fim RESOLVERS: Another highly developed Ketay specialty,
.'ul.”" o8 it _ Ketay offers resolvers for all applications . .. from Coarse =+0.2% to
: AT, CoRt T Precision =0.05%. For use in computers, radar sweep

circuits, phase shifters, and accurate transmission systems.

Ketay also manufactures a wide selection of aircraft, missile,
marine, and ordnance instruments; and control systems.

Ketay has pioneered in the design of rotating precision
lmmm For example, as design agent for Frankford
i Arsenal and the Bureau of Ordnance, Ketay designed the
IihtySinlS 16, 18, 19, 23, 31, and 37 synchros. The services
lIl the Research ai'ld Development Division are available to you!

Resolver Amplifiers
Standard  Magnetic Amplifiers
Include: Gears and Gear Trains

Airborne Instruments

SERVO MOTOR anis. THABE MANH
g PuaLE COWNITL
TP Lo L0RAN0 USE COUPON FOR COMPLETE INFORMATION ON

w1, 1308 METAY PRODUCTS |

Ketay Instrument Corporation, 555 Broadway, New York 12, N. Y.

[7] Please send me builetin on synchros, servos, resolvers.
["] Please send me information on

[] Please add my name to your mailing list.

[71 Please have a representative call.

Company.

AOdress

City.

I
I
I
| Name_____
I
I
I
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W PASSES ANOTHER MILESTONE

DEATH BY LEAD

Until recently, there was no satisfactory treatment of either acute or
chronic lead poisoning in children. Death or gross mental defect was the
expected outcome. But now, calcium disodium versenate (one of the Versenes)
is producing some incredibly happy results—often in a matter of days.
Clinical evidence* indicates that calcium disodium versenate is a safe agent
for rapidly eliminating large amounts of lead from the human body.

This is why we say it “passes another milestone.”

A SHINING SWORD

All over the world scientific researchers are beginning to grasp the vast
significance of chelate chemistry and the Versenes. Versenes are being
used wherever the control of metallic ions (trace metals) in solution
is a problem. Since it is now known that trace metals profoundly affect
chemical reactions, their exacting control becomes increasingly important
to the welfare of man.

APPLICATIONS UNLIMITED
There are five basic Versenes and eleven additional Versene compounds.
Together they cover the entire chelation range, but separately each is
designed to do a special job within specific limits of that range. All are
exceptionally stable at high temperatures and pH. Each is guaranteed
to be unduplicated in quality and uniformity of chelating power.
Only Versenes Incorporated (formerly Bersworth Chemical Company )
makes Versenes. Outline your problem in chelation, send for samples.
Ask for Technical Bulletin No. 2. Chemical Counsel on request.

*A.M.A. “Am. Jnl. Diseases of Children,”
Byers & Maloof, Vol. 87 No. 5

@WWMW//

VERSENES INCORPORATED

(FORMERLY BERSWORTH CHEMICAL CO.)

FRAMINGHAM, MASSACHUSETTS

Copyright 1954, Versenes, Incorporated
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| who they feel deserves it most. Appro-

priately enough, the medal has been
made and etched entirely by the hands
of amateur astronomers.

C. P. CUSTER, M. D.

Stockton, Calif.

Sirs:

I was interested in the letter by
Frederick K. Vreeland in your Septem-
ber issue. In this letter Mr. Vreeland
mentioned his early patents of a regen-
erative electrical oscillator. I thought
your readers would be interested in the
following quotation.

“Skipping over several sections of my
story, I will say now that twenty years
after my invention of electrical tuning a
pupil of mine, Major Armstrong, dis-
covered the electrical vacuum-tube os-
cillator, which promises to revolutionize
wireless telegraphy and telephony. A
similar invention, but a little earlier, was
made by another pupil of mine, Mr.
Vreeland. Both these inventions in their
mode of operation remind me much of
the operation of Serbian bagpipes. Per-
haps some of those thrills which the
Serbian bagpipes stirred up in me in my
early youth were transferred to my pu-
pils, Armstrong and Vreeland.”

The quotation is taken from page 19
of Michael Pupin’s book From Immi-
grant to Inventor, published in 1923.

IVAN BERNAL

Charlottesville, Va.

Sirs:

May I correct the legend to one of the
figures which accompanied my article on
“The Biology of the Negro” in your
October number? The black circles in the
three diagrams on pages 82 and 83 rep-
resent the frequencies of the A blood
genes in Caucasians, Africans and Amer-
ican Negroes. This is correctly stated for
the Negroes only, while the reference to
the frequencies of the black circles
among Caucasians and Africans as repre-
senting the frequencies of A-type blood
is erroneous. With 25 per cent of A genes
among Caucasians the frequency of A
types is 40 per cent, and the 15 per cent
A genes among Africans account for 20
per cent of A types.

CURT STERN

University of California
Berkeley, Calif.



NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD

Opportunities in Guided
Missile Engineering at
North American Aviation:

ELECTRO-MECHANICAL

Microwave Antenna
Microwave Components
Radar

Computers

Fire Control
Servo-Mechanisms
Product Engineering
Standards Engineering
Technical Writing

AEROPHYSICS

Preliminary Analysis
Preliminary Design
Systems Analysis
Structures Engineering
Aeroelasticity & Flutter
Weight Engineering
Aerodynamics

Electrical Design

Flight Test Engineering
Flight Test Instrumentation

PROPULSION

Stress & Dynamic Analysis
Controls

Combustion Devices

Turbines & Pumps

Valves & Regulators

Field Test Engineering

Rocket Engine Instrumentation
Propellant Research

Missile Power Plant Systems

Do you
fit Into
this picture?

s .

ouIHJ“

b

At North American you will use the nation’s l
finest experimental and test facilities: subson-

/|, and a number of high-level positions are
I'l available to experienced engineers. You are

ic, supersonic, and tri-sonic wind tunnels, ther- | /' invited to send your resume to: North
modynamic laboratory, electro-mechanical ||| ‘ American Aviation, Incorporated, Engineer-
laboratories, rocket engine field laboratory. | H (!l ing Personnel Manager—12214 Lakewood

Many opportunities for recent graduates, ||| Boulevard, Downey, California.

organization, facilities and experience keep

Norith Amencan Awahon Inc. Tf\

years ahead in aircraft . .. atomic energy . .. electronics . . . guided missiles . research and development.

© 1954 SCIENTIFIC AMERICAN, INC



© 1954 SCIENTIFIC AMERICAN, INC

TOdﬂy ® * * competition-minded

manufacturers on all sides are finding logical
new reasons to use more and more aluminum
sheet products. Aluminum’s ready workability,
corrosion resistance, strength, ease of welding
and joining, and the way it lends itself to sur-
face finishes of distinction—all very often
combine to make it first choice in metals.

Revere can supply you, not only with a full
line of aluminum sheet products, but with
aluminum tube, extruded products, electrical
bar, forgings and rolled shapes of the finest
quality. Added to these are Revere’s renowned
copper and brass products which have been
staples of American industry for more than
100 years.

REVERE KNOWS ITS A-B-C’s

Why not add the Revere A-B-C’s to your
own alphabet of manufacturing knowledge
and experience? Call Revere NOW. Revere
Copper and Brass Incorporated, Foxnded by
Panl Revere in 1801, Executive Offices: 230
Park Avenue, New York 17, N. Y.
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COLORIMETER-

SPECTROPHOTOMETER

“5240

with 41 calibrations!

Save money on faster, more accurate readings . . .
dial sets wavelength instantly, no filters. Save on
low purchase price . . . on long, trouble-free use.

ACCURATE READINGS IN
SECONDS . .. TROUBLE-FREE
SERVICE FOR YEARS!

® Dependable accuracy:
Certified-Precision
diffraction grating; narrow
band pass (only 20mu!)

® Instant wavelength
selection, 375mu-950my*

® Only 3 controls!

o All-new trouble-free
electronic design

® Functional beauty—space-
saving, only 14%:” wide

WRITE NOW

for Catalog D-266. Exclusive perform-
ance and price advantages will quickly
make the Spectronic 20 the most
wanted colorimeter in the field. Write
to Bausch & Lomb Optical Co., 78136
St. Paul St., Rochester 2, N. Y.

10

LOMB

)

Lttt

NOW, for the first time, you can get highest
accuracy readings in just seconds...anywhere
in the 375mu-950mu range* . . . with a low-
cost colorimeter! CERTIFIED-PRECISION dif-
fraction grating saves time and bother: no
need for color filters. A twirl of a knob in-
stantly selects desired wavelength. Narrow
band pass (only 20mu/) assures high spectral
purity for dependable analysis. You get
double use, double value—routine colori-
metry plus interpretive spectrophotometry—
all at the same low price. Trouble-free serv-
ice for years! Revolutionary new electronic
design provides stability, resists shock and
temperature variation.

*With Infra-Red Accessories (Only $5 More)

BAUSCH & LOMB

SINCEVIBSJ
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20 AND 100
YEARS AGO

DECEMBER, 1904: “A Dutch natur-
alist, Hugo de Vries, has just given the
finishing stroke to the theory of natural
selection, and has proposed in place of
it another hypothesis which he calls “the
theory of mutation.” His main idea is
the abrupt mutation of living forms, of
which he has sought direct proof. The
best one would be to find a plant that
was actually in its period of mutation

| and that might beget "a number of

daughter plants in which there should
shortly appear the characters of a new
species. There would be more chance of
finding a wild species undergoing a
crisis of mutation among the species
that present a great many subspecies;
de Vries, therefore, experimented with
100 plants that satisfied this condition.
He chose seeds from those which were
distinguished by some peculiarity or de-
viation, like fissuration of the leaves,
ramification of the spines, etc. Only one
attempt fully succeeded, that which re-
lated to the Onagra, Oenothera lamarcki-
ana. De Vries cultivated it in his exper-
imental beds from 1886 to 1900. In
1887 a new type made its appearance.
In 1900, after eight generations, he had
obtained, from 50,000 plants produced
from his several sowings, 800 new indi-
viduals belonging to seven undescribed
species. The new species appeared sud-
denly, without preliminary or interme-
diate forms. The result of these experi-
ments furnishes a new and powerful
argument in favor of the theory of mu-
tation.”

“The prospects for the early develop-
ment of the gas turbine were discussed
recently in a paper read before the Brit-
ish Institute of Mechanical Engineers,
and, according to the author, those
prospects are not very bright. Of course
one of the chief difficulties is the high
temperature of the gas, which necessi-
tates, if the temperature is to be reduced
to a degree that is not injurious to the
cylinder, the carrying away of a large
amount of heat by the cooling water. If
it were attempted to dispense with cool-
ing water, or to use only as much as



He's using the telephone

that lends an extra hand

¢Sure ... I’m looking up the figures right now!’”’ From busy executives to clerks, people in business can
work more easily and efficiently with Bell’s new Distant Talking Telephone. Small white rectangle is the loudspeaker.

For people who want to keep both
hands free when they telephone, Bell
Telephone Laboratories engineers
have devised a new telephone with a
sensitive microphone in its base.

To use it, simply press a button. The
microphone picks up your voice and
sends it on its way. Your party’s voice
comes to you through a small loud-
speaker. Both hands are left free.

Bell Telephone Laboratories

Improving telephone service for America provides careers

The volume can be adjusted to suit
yourself. If privacy is needed, you
simply lift the handset; this shuts off
the microphone and loudspeaker and
you talk just as you would on a regular
telephone.

This new development of Bell Lab-
oratories increases the number of ways
your local Bell telephone company can
serve in businesses and homes.

for creative men in scientific and technical fields.

© 1954 SCIENTIFIC AMERICAN, INC

Pencil points to microphone in base of new
telephone. Left-hand button controls volume,
center one turns set “on” and lights up while
in use. The third is an “off” button.



WHEN THE
PART MUST...

provide a seal
*“cushion” a shock
act as a wick
dampen noise

polish or buff
protect surface finish
isolate vibration

act as a filter

N GET THE RESULTS
TH
OU NEED BY WORKING Wi
Y

ELT

., FELTERS
E, TH'ICKNESS'
5ISTENCY

you CA

N ANY SHAP
COLOR OR CON

‘Whether you need
material hard as a board
or so soft it can be
accordion pleated, a call
to Felters can solve your
problem. Information
about the jobs you can do
with Felt is in the
““Felters Design Book”
Ask for your copy

today. There’s no .
obligation.

The FELTERS

Company
250 South Street, Boston |1, Mass.
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would cause a moderate reduction of
the temperature, the rotating parts of
the turbine would have to run red hot,
and there is no material known to the
engineering art today that would hold
together at such high temperature, if
subjected to the great centrifugal forces
that would be developed.”

“The Imperial Commission of con-
sumption experts appointed by the
German government to investigate the
relations between bovine and human
tuberculosis bacilli held an important
meeting in Berlin last month. Dr. Weber,
one of the most eminent members of the
Commission, reported that the result of
the investigations so far is to show that
bovine and human bacilli are absolutely
distinct biologically from one another.”

“Ahnigito, the giant meteorite discov-
ered by Lieut. R. E. Peary in Greenland
in 1894, has been removed from the
Brooklyn Navy Yard, and more striking-
ly exhibited on a mounted pedestal un-
der the entrance arch of the American
Museum of Natural History. Ahnigito
measures eleven and a half feet in
length, is seven feet six inches wide, six
feet thick, and tips the scales at thirty-
seven and one half tons.”

“An important communication on the
properties and transformation of the
radium emanation is published by Sir
William Ramsay. In collaboration with
Frederick Soddy, he has succeeded in
determining the amount of emanation
given out by radium bromide in a given
time, and in determining the position of
its brightest spectrum lines. The emana-
tion resembles the gases of the argon
family; the amount of radium trans-
formed into emanation is about one
thousandth part of its weight.”

“The Bureau of the Census has just
published, in the form of a bulletin, an
interesting study and analysis of age
statistics. The ages of the population
were ascertained more accurately during
the Census of 1900 than during any pre-
vious census of the United States. This
improvement was largely due to the
addition of an inquiry as to date of birth
to the former direct question as to year
of age. The analysis of the census returns
affords convincing evidence of the
tendency to understate ages. This ten-
dency manifests itself in an unduly large
proportion of the population reporting
their age as 25, 30, 35, 40, etc. A skillful
analysis of the returns shows that except
among persons of advanced years, this
concentration on multiples of five repre-



Sunglasses for circuit breakers,
If you were responsible for the
health of a battery of big outdoor
circuit breakers, you’d be pretty
careful about maintaining the di-
electric strength of the oil which is
used in them.

Exposure to too much sunlight
tends to cause this oil to deteriorate
and undermineits dielectric strength.
So Canadian Westinghouse Co., Litd.
fits circuit breakers for outdoor use
with “sunglasses” on the only part
where the sun can get at the oil—out
near the tips of the bushings that
pro{{ect like horns from the breaker
tank.

Actually these “sunglasses’ are
oil gauges, but they’re made of low
actinic glass and it’s the “low actinic”
that keeps harmful rays from sap-
ping the strength of the oil. Here’s
how this glass tames wayward ang-
stroms:

Wave length Percent
(Angstrom Units) Transmission
3000 0
4000 1
5000 4

Low actinic is just one of many
special glasses Corning has developed
for handling problems of radiant
energy. Not only the sun’s rays but
rays of all kinds—from cosmic to
infrared, from X- to radio—find a
formidable opponent in glass.

» If you’re interested in details, we
have them for you. Just write us for
our color filter catalog. It’s full of
information on how to stop some
wave lengths and let others go by.
Or we’ll be glad to have a look at
your own special ray-control prob-
lem, if you like. Our researchers are
better than fair-to-middling at turn-
ing problem rays into rays of hope.

On non-human tolerance. Tol-
erance has a sort of chameleon-like
aspect: in humans we want it broad
and generous (Ralph Waldo Emer-
son has worked that one over pretty
thoroughly); in engineering mate-
rials we often want it the opposite—

narrow and close. (We’d like to work
this one over briefly, because it’s one
of the things glass has that may in-
terest you.)

Take the bore in thermometer
tubing, for instance—the hole the

mercury works in. It’s often so small
you couldn’t force even a split human
hair into it. But, even when we ex-
trude it in mile-long lengths, we
hold it to that dimension within a
tolerance of +.0003”.

And the glass jewel bearings which
delicate instruments like potentiom-
eters use—they’re made from rods
accurate to a tolerance of .0235”.
We make the rods. The instrument
manufacturer buys them and makes
the bearings—and gets a bonus, too,
because he doesn’t have to final pol-
ish them with abrasives. This saves
time and money.

The glass rotary sealing rings
shown above are part of an almost
all-glass chemical pump. They keep
liquids from leaking out when the
pump’s in action, which means they
must fit tighter than tight. We make
them to +.0005” tolerance. And we
make them of Vycor brand 969
silica glass which maintains its di-
mensional stability, resists acid cor-
rosion like no other commercial
material we know of, and stands the
thermal shock that develops if the
pump runs dry.

» If you’d like more on the toler-
ances you can hold glass to, on its
ease of processing and its thermal
and physical strength, the next par-
agraphs tell you about two books
that are good reading.

Good reading, if . . . If you know
anengineer who’s hungering for some
really technical information about
this complex material called glass,
you might recommend adding a
couple of brass-tack bulletins to his
bill of fare.

CORNING GLASS BULLETIN

FOR PEOPLE WHO MAKE THINGS

One of them condenses into four-
teen pages a whale of a lot of useful
information on mechanical and elec-
trical properties, thermal stresses,
heat transmission, corrosion resist-
ance, viscosity, and other measur-
able attributes of PYREX, CORN-
ING, and VYCOR brand glasses. We
file it as Bulletin B-83; its more im-
posing title is ‘“Properties of Selected
Glasses.”

The other one is Bulletin B-84—
‘“Manufacture and Design of Com-
mercial Glassware.” It talks about
glass melting. It describes the prob-
lems and limitations of designing
blown glassware and pressed glass-
ware. It gives forth on annealing
and tempering, hole drilling, sealing
components together, metallizing,
assembling glass and metal, and
other useful subjects.

-t

» Neither of these booklets is the
kind your engineer friend will curl
up in bed with, but both can con-
tribute to his understanding and
profitable use of glass as the versatile
and often surprisingly talented de-
sign and engineering material it is.
We'll be glad to send you, or him, or
both of you, copies.

We offer carte blanche service. If
sun, nor reading, nor tolerances
aren’t currently weighing you down,
let’s put our heads together over
whatever materials or processing
problem may be specific with you
right now. Could be glass has some-
thing to offer. If it has, we’ll be de-
lighted to expound at pertinent
length. If it hasn’t, downhearted as
we’ll be, we’ll tell you so. May we
hear from you?

WWW@ Gless
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———AUTOMATION

Being totally unprepared the last time* a vast new era

suddenly dawned before us, this time we have taken steps:
our new Series AM relays for AUTOMATION are now available
in commercial quantities.

Although millenium system requirements are not yet fully charted,

the new AM relays have built-in application selectors with automatic
information read -out in six syllable superlatives, expressed in

terms of a specific frontier. (Internal rectifier handles alternating
decisions of management.) Resistance to practical limiting circuits is of a
proportionately high order. Speed is variable, depending upon the
relative setting of the hue and cry integrator and current fluctuations
in the editorial line. Mechanical life is nominally rated at infinity.

Design refinements are already underway (work is now in

progress on a space salesman-type choke version for high speed
conversation switching applications ), although present models are
equipped with SPDT Bold-D contact arrangement for accepted utopian
feedback circuits. Cylindrical ivory tower enclosure is mounted

on a standard magnal base, with direct connection to

maintenance department circuit provided by pins 2 and 7.

For complete technical data, write our New Era Division.
Other conventional Sigma relays are also available,
but their use is limited to the present industrial revolution only,

*Advent of era of Electronics

i

SIGMA INSTRUMENTS, INC.
40 PEARL ST., SO. BRAINTREE, BOSTON 85, MASS.
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sents in the majority of cases an under-
statement of age.”

“Some of the European governments,
which have at hand the means of making
alcohol in large quantities at small cost,
have undertaken to encourage the manu-
facture of spirits. The Emperor of Ger-
many, for instance, has given the matter
some considerable personal attention,
and has offered prizes for efficient de-
signs of engines and lighting apparatus
making use of alcohol. The same thing
has been done to a minor degree by the
Russians, but it has been discovered to
be a lamentable fact that, as the manu-
facture of alcohol increased, the amount
consumed as a beverage also grew la-
mentably larger and larger. The alcohol
habit has taken such a hold on the Rus-
sians that recently the Imperial Minister
of Finance offered a prize of 50,000
rubles, which is equal to $25,750, for
the discovery of some means by which
the alcohol would be rendered so dis-
tasteful that it could not be consumed in
this manner.”

DECEMBER, 1854: “In the list of
patent claims published this week, we
notice the grant to J. A. Roebling of
Trenton, N. J., for a machine to manu-
facture wire rope.”

“Great quantities of potatoes have re-
cently been imported into New York
from Scotland and Ireland. Has this es-
culent become so difficult to cultivate in
our own country?”

“The Sault Ste. Marie canal will be
ready for navigation at the opening of
the spring. A vessel may then clear from
the head of Lake Superior for any part
of the world, and pass through the River
St. Lawrence without breaking bulk.”

“We perceive by some of our English
contemporaries that Peter Spence, chem-
ist at Manchester, has pointed out the
evils of the new anti-smoke law, which
requires all the smoke of factories,
breweries, &c., to be consumed. He as-
serts that the smoke purified the air in a
peculiar manner, by the absorption of
the sulfuric acid generated by the com-
bustion of the coal, which generally
contains some sulfur, and that for want
of smoke, this sulfuric acid was destroy-
ing the shrubbery of gentlemen’s gardens
around Manchester.”
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meet a

250,000,000

hours behind him!

"He’s'’ a new Lycoming air-cooled engine. He’s backed

“flyer” with over

by Lycoming’s experience in creating and producing
50,000 aircraft power plants . . . each with a flight-proved

. Aircraft Engines
life expectancy of at least 5,000 hours. Industrial and Tank Engines

Engine Overhaul

You learn a lot about flying in 25 years . . . and 50,000 engines! Generating Units
Our first Lycoming aircraft engines gained us invaluable experience flying Turbine Engineering and Research
for one of America’s first scheduled air lines. Their successors have flown Engineering Design and Development
- .. . . .. . . Hardened and Ground Precision Parts
military missions in aircraft from liaison planes, to trainers, to helicopters. Gears and Machine Parts
e . . 0 .
As. c1v1l.1ans:‘ t}'ley now ﬂgf small S{ngle-englne utility planes, and leading Complete Assemblies
twin-engine “flying offices” for businessmen. Heat-Treating and Plating
Do you need this kind of dependable air-cooled power...or any of the Steel Fabrication
& N . . . 2 o . Castings
iversified services listed above our signature? Lycoming’s wealth of creative Boilers

engineering ability . . . its 2}4 million square feet of floor space . . . and
6,000-plus machine tools stand ready to serve you. Whatever your problem
« « . look to Lycoming!

FOR RESEARCH *+ FOR PRECISION PRODUCTION

-~ Lycoming

DIVISION OF
*Wright-Cyclone engine, built by Lycoming under license from Curtiss-Wright Corporation, Wright Aeronautical Division;

STRATFORD, CONN. B
Manufacturing plants in Stratford, Conn., and Williamsport, Pa.
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zﬂo’ﬁ./.. .a fine source for

special purpose

HIS is another business Bendix got into because

we couldn’t buy what we needed. Our own stiff
requirements from electronic tubes for aviation, radar
and guided missile use couldn’t be met by ordinary
tubes designed for home radio, public address systems,
etc. As an example, we needed a certain tube for a
guided missile that could momentarily withstand the
shock of striking the target and penetrating it before
firing the charge. It was no job for any ordinary tube.

What We Did About It

We developed a “ruggedizing” process which gives
a bulldog physique to a normally fragile instrument.
Today Bendix’ ruggedized and special-purpose tubes
are favored in all kinds of industrial and military ap-
plications because they outperform ordinary tubes and
last many times longer.

How Ruggedizing Saves You Money

Satisfied customers have furnished us with many case
histories proving the value of Bendix special-purpose
ruggedized electronic tubes. A major aircraft manu-
facturer recently test-compared a certain type of
Bendix tube with a radio-type tube it has been using.
It not only saved money from the Bendix tube lasting
18 times longer but from the time saved not having
to make 18 replacements.

Receiving ... Microwave . .. Gas
Right now we make about 150 different types of special-
purpose tubes which fall into three main categories:
(1) Receiving and other special vacuum tubes, (2)
Microwave tubes such as klystrons and noise sources,
and (3) Gas tubes such as thyratrons, voltage regu-
lators and spark gaps.
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ruggedized

electron tubes!

For Specific Information
Please contact our Red Bank Division at Eatontown,

New Jersey.

Complete Story of Bendix
It’s best told in the 40-page brochure
“Bendix and Your Business” which is
yours for the asking. Kindly make
your request on a company letterhead
to the address below.

Engineers: “Bendix and Your Future”
is another booklet available to men
interested in an organization where
engineering opportunity is unlimited.

BENDIX AVIATION CORPORATION
Fisher Building ¢ Detroit 2, Michigan

AVIATION
CORPORATION

PRINCIPAL DIVISIONS AND BASIC PRODUCTS

RED BANK, EATONTOWN, N. J.
electron tubes; dynamotors, inverters;
AC-DC generators.
BENDIX RADIO, TOWSON, MD.
radar; auto, railroad, mobile
and aviation radio; television.
EcLIPSE MACHINE, ELMIRA, N. Y.
bicycle coaster brakes, Stromberg* carburetors,
electric fuel pumps, starter drives.
SCINTILLA, SIDNEY, N. Y.
aviation ignition systems; industrial engine
magnetos; diesel fuel injection; electrical
connectors; ignition analyzers.

ZENITH CARBURETOR, DETROIT, MICH.

automotive, marine and small engine carburetors.

BENDIX-SKINNER, DETROIT, MICH.
micronic filters.
PaAcrric, NORTH HoLLYwoOD, CALIF.
telemetering equipment; hydraulic and electric
actuators; depth recorders; boat steerers.

BENDIX FRIEZ, TOWSON, MD.
meteorological instruments, precision instruments
and recorders.

BENDIX PRODUCTS, SOUTH BEND, IND.
automotive brakes, carburetors, power steering;
aviation brakes, landing gear, fuel metering.
ECLIPSE-PIONEER, TETERBORO, N. ]J.
aviation instruments and components; foundry.
MARSHALL-ECLIPSE, TrROY, N. Y.
brake blocks, brake lining, synthetic resins.
CINCINNATI, CINCINNATI, OHIO
automatic viscosity regulators, nuclear products.
BENDIX COMPUTER, LOS ANGELES, CALIF.
digital computers.

HAMILTON, HAMILTON, OHIO
jet engine controls and aircraft pumps.
LAKESHORE, ST. JOSEPH, MICH.
power steering and automotive devices.
UrTica, UTIiCcA, N. Y.
aviation components.
MONTROSE, SOUTH MONTROSE, PA.
aviation components.
PIONEER-CENTRAL, DAVENPORT, IOWA

aviation instruments and components;
ultrasonic cleaners.

YORK, YORK, PA.
electronic devices; test equipment.
BENDIX-ECLIPSE OF CANADA, LTD.
Windsor, Ont.

BENDIX INTERNATIONAL
New York City

*REG. U.S. PAT. OFF.
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Christmas

for

and all
of 1955

For Christmas and all of 1955, you couldn’t choose a more perfect
gift for your science-minded friends and associates than a

subscription to SCIENTIFIC AMERICAN. Whether they are professionals

in science, students, or informed laymen, they will be enjoying
their issues and thanking you for them long after most people
have forgotten other gifts.

Take advantage of the low gift rates by sending your gift list today.
Each of your friends will receive an attractive Christmas Card
to inform him of your thoughtful gift.

P.S. If you are not now a subscriber, this is a timely opportunity for
you to take advantage of this Christmas subscription offer.

Special Christmas Gift Rates:
Your own subscription or first gift $5.00
Second subscription 4.00
Additional subscriptions 3.50

Please the follewing Gift Subscriptions to = gg{{%%]ilcfgg—

To
NAME D Also enter or extend
S my own subscription
STREET ADDRESS, CITY, ZONE, STATE fora year as part
S S _ of this order,
TITLE, BUSINESS CONNECTION
From D Enclosedis$__
o GIFT CARD TO READ for
subscriptions.
To
NAwE — [ sill me tater

_ S e ———— ABOVE RATES FOR UNITED
STREET ADDRESS, CITY, ZONE, STATE STATES ONLY. CANADA AND
LATIN AMERICA: ADD $1.00 TO

TITLE, BUSINESS CONNECTION

- - — — SUBSCRIPTION.
GIFT CARD TO READ

YOUR NAME

YOUR ADDRESS

e e DOMESTIC RATES FOR EACH SUB-
SCRIPTION. FOREIGN: ADD $3.00
From TO DOMESTIC RATES FOR EACH

STREET ADDRESS, CITY, ZONE, STATE

2 WEST 45TH STREET SCIENTIFIC
AMERICAN

NEW YORK 36, N, Y.
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\ THE AUTHORS

ALVIN M. WEINBERG (“Power Re-
actors”) is research director of the Oak
Ridge National Laboratory, where he
has been since 1946. He received his
higher education at the University of
Chicago, including a Ph.D. in physics in
1939. His original interest was bio-
physics, but he was diverted from that
subject the day after Pearl Harbor. “Carl
Eckart, who was working on the ura-
nium problem, asked me to help him on
a half-time basis with some neutron-dif-
fusion problems I had encountered in
my biophysics work. The plan was to
stay with the project for six months—but
the six months have grown to almost 13
years.” During the war years Weinberg
worked on the design of the Hanford
piles with Eugene Wigner, from whom
he claims to have learned most of what
he knows about reactors. Weinberg is a
pianist in his spare time and is chairman
of the board of trustees of the Oak Ridge
School of Music.

KAARE RODAHL (“Ice Islands in
the Arctic”) is a fellow of Oslo Universi-
ty and also director of research in the
Arctic Aeromedical Laboratory at the
Ladd Air Force Base in Alaska. Born in
Norway, he began to study medicine at
Oslo in 1935, became immersed in arctic
studies and did not receive his M.D. till
1948. By that time he had done research
in arctic nutrition, gone on two expedi-
tions to Greenland, spent a time in Eng-
land looking into the excess of vitamin A
in the liver of polar bears, examined the
biology of seals off Labrador and par-
ticipated in a Danish expedition to Peary
Land. In 1950 he joined the Arctic Aero-
medical Laboratory as chief of its depart-
ment of physiology. When Lieutenant
Colonel Joseph O. Fletcher asked him
whether he would like to help set up a
base on an ice island, Rodahl was en-
raptured by the opportunity, but his
wife was expecting their first baby. She
insisted that he go, pointing out that at
births “men are not only superfluous but
often a nuisance.”

HUGH C. TROWELL (“Kwashior-
kor”) is senior Uganda Government
medical specialist. He has spent 25 years
working for the British Colonial Medical
Service in Africa. As doctor in charge of
the children’s ward in the old hospital in
Nairobi, Kenya, he found many children
suffering from an unknown, fatal disease,
and he doggedly continued to search for




IT TAKES fantastic manufacturing
skills to turn out a complicated train
of gears like this. Used in the Y-4
Periscope Bombsight made by Gen-
eral Mills for the Air Force’s B-47
bombers, these gear trains must
show a negligible cumulative error
and almost imperceptible backlash.
The Mechanical Division of General
Mills manufactures and assembles
these gears on a production basis to
such close tolerances that specially-
designed opticaland electronicequip-
ment is needed for inspection. To
meet these extraordinary require-
ments, even the finest gear-making
machinery is revamped in our plant
to give performance exceeding manu-
facturers’ claims.

This is another example of the
intelligent engineering and precision
craftsmanship found in both prime
and subcontract production and con-
tract research at the Mechanical
Division of General Mills.

HAVE YOU A PROBLEM
in these fields?

General Mills can help you with
electronic and electro-mechanical
research, design, development, pro-
duction engineering and precision
manufacturing in connection with . .

[ aircraft systems[]industrial in-
strumentation and control [[] special-
ized precision instrumentation [_] nav-
igation and missile control systems
[J electro-mechanical computers Bre—
motely-controlled manipulators [ | te-
lemetering (radio and wire) [] fine-
particle technology [] meteorological
and high-altitude research.

THIS NEW BOOKLET tells the whole interest-
ing story of the Mechanical Division. A copy
— will be gladly sent in re-

e

> ﬂ sponse to your request on

i your company letterhead.
Address Dept. $-2, Me-
chanical Division of Gener-
al Mills, 1620 Central Ave-
nue, Minneapolis 13, Minn.

mecHanicaL pivision orF General Mills,Inc.
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from Hydmzz’ne. .o
new light on old soldering problems

For greater efficiency and
economy in the production of
electrical and electronic com-
ponents, a remarkable new series
of soldering fluxes, called
CORONIL, permits more effective
work and fewer rejects. Developed
by the McCord Corporation,
these new fluxes are based on
compounds of hydrazine; they

are non-corrosive and can be used
without hazard. They remove
oxides and other films from most
of the commercially used metals
such as copper and brass—as

well as others—and are particularly
applicable to electrical work where
non-corrosive soldering is
essential. In addition to this

field, these CORONIL fluxes are
used in the manufacture of
automotive radiators and other
heat exchangers, oil strainers,

and carburetor floats.

from H ydr agine...

new fields for chemical research

Through greatly diversified
research, more and more new
applications of hydrazine are
being discovered. In addition to
its use in fluxes, hydrazine is an
important component of plant
growth regulators, and an
effective scavenger of oxygen in
boiler feed water. As a chemical
capable of reacting with a wide
variety of both organic and
inorganic materials, hydrazine is
the starting point for countless
hydronitrogen compounds.
Perhaps you could use the latest
information on hydrazine and its
many derivatives and how they
might apply to your field of
interest . . . if so, why not

write today?

| its cause after he was transferred to the
[ Makerere College Medical School in
Uganda, where he teaches and treats
patients besides doing research. His long
years of work on the disease were
summed up in a book this year. Trowell
is a Fellow of the Royal College of Physi-
cians in London and was decorated with
an Order of the British Empire by Queen
Elizabeth during her recent visit to
Uganda. His wife is head of the depart-
ment of fine arts at Makerere College.

ERNEST C. POLLARD (“The Phys-
ics of Viruses”) is professor of biophysics
at Yale University. He adopted viruses as
his field of research after a career as a
nuclear physicist and wartime worker in
radar. He is chairman of the Scientists’
Committee on Loyalty and Security
and was co-author of an article on Fort
Monmouth in the June issue of this
magazine.

‘ GEORGE E. MYLONAS (“Mycenae,

City of Agamemnon”) is chairman of the
department of art and archaeology at
Washington University in St. Louis. He
was born in Smyrna, Turkey, one of the
cities that claims Homer as a native son.
As a child Mylonas lived about a block
from the River Meles, by whose banks
Homer may or may not have been born.
He writes: “When I was 12, a gardener
accidentally discovered an ancient grave
in the courtyard of our church. I hap-
pened to be there, and when among the
bones some vases were found and I took
one in my hands, I knew then that my
life work would be archaeology.” His
studies at the University of Athens were
interrupted by service in the Greek
Army during World War I and months
spent as a prisoner of war in Turkey.
After his release he first worked at the
American School of Classical Studies in
Athens and in 1928 came to the U. S.
and took a Ph.D. at The Johns Hopkins
University. He has been at Washington
University since 1933 and has partici-
pated in several archaeological expedi-
tions to Greece.

PETER N. WITT (“Spider Webs and
Drugs”) is a pharmacologist at the Uni-
versity of Bern in Switzerland. His
parentage is Swiss-German, and he re-
ceived his early education in Germany.
As a boy he kept some 200 pets, includ-
ing an antelope, pigeons, squirrels, tur-
tles and fish. He was also the proud own-
er of a share in the local zoo, where he
spent Saturday afternoons in and out of

OLIN MATHIESON CHEMICAL CORPORATION

Baltimore 3, Maryland

cages watching the animals. He studied
medicine in Germany and Austria dur-
| ing World War II, working in field hos-

2553-A
MATHIESON
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air data
computers

Kollsman electromechanical Computers have superb performance and accu-
racy characteristics.

Our Synchrotel Transmitters and Pressure Monitors, using displacement type
diaphragms, provide the necessary inputs. These units are virtually the brains of the
system, providing clear and accurate mechanical thinking—a fundamental require=-
ment. Their reliability has been proved by the thousands now in use.

COMPUTER SYSTEMS SUCH AS THE FOLLOWING ARE NOW AVAILABLE:

T SR e — e R SN LRl - — v o S L 25
Air Data Static Pressure Correcting
Ground Position (GPI) Temperature and Humidity
N Master Air Data True Airspeed and Mach Number, C-2A
wing:
True Angle of Attack Equivalent Airspeed Relative Air Density
!‘ Absolute Pressure True Airspeed True Altitude Variation
5 Indicated Airspeed Mach Number True Temperature
:-'?r ST T e Y, B —_——

Kollsman electromechanical Computers are being used in autopilots; photo-
graphic, bombing and fire control systems; navigation equipment—some in con-

junction with radar. They can be designed to perform functions which are virtually
unlimited in scope.

Illustrated pamphlets with complete technical data are available.

ko I I S m a n INSTRUMENTLCURPURATIDN

80-16 45th AVE., ELMHURST, NEW YORK e GLENDALE, CALIFORNIA ¢ SUBSIDIARY OF gf@!’ldd/ld COIL PRODUCTS CO. INC.
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pitals in Europe. Later he went into ex-
perimental pharmacology, making a
specialty of comparative studies of the
effects of drugs on various species of ani-
mals. He spent last year in the U. S. on a
Rockefeller fellowship at the Harvard
Medical School.

H. C. CORBEN and S. DEBENE-
DETTI (“The Ultimate Atom”) are
physicists who have worked together at
the Carnegie Institute of Technology.
DeBenedetti, an experimental physicist,
was born in Florence, Italy, and holds a
doctorate in physics from the University
of Florence. After working as a research
fellow at the Curie Laboratory in Paris,
he came to the U. S. in 1940. He was at
Oak Ridge National Laboratory from
e . o 1946 to 1948 and since then has been at
as revealing as your fingerprint

Carnegie Tech. He is now a U. S. citizen.

Because it offers a completely fresh approach to the study of Co1k;en, 1lml<1t‘hemaftf(i)al phyfs%c1st,cre-
chemical systems, Varian's Model V-4300 High Resolution n-m.r cent.y took a eave of absence lrom t.ar-
(nuclear magnetic resonance) Spectrometer has become an instru- negle Tech to join the gu1d§d missile
ment of major importance to analytical chemists everywhere. Now division of The Ramo-Wooldridge Cor-
at work in research laboratories throughout America, this remark- poration in Los Angeles. He was born in
able new device detects signals from H!, F'® P3! B!, C'3 H2 N4 England and educated there (Cam-

and several other nuclei, revealing the character of the chemi-

bridge University) and in Australia,
cal environment.

where he taught for five years and got

High Resolution n-m.r techniques permit rapid, non-destructive married. He joined the faculty at Car-
analysis of small liquid samples, including melted solids, solids in negie Tech in 1946. He is currently help-
solution and liquefied gases. Prominent applications include iden- ing his wife with her final draft of a

tification of functional groups, equilibrium and kinetic studies,
assignment of structural formulas and analysis of multi-component
mixtures.

humorous book on Australia.

E. N. da C. ANDRADE (“Robert
Hooke”) was for many years professor of
physics at London University and has
more recently been known for his studies
in the history of science. He was born in

THIS 1S N'MR AT WORK

M GASOLINES
TWO PREMIUM ¢ ;
Mt SPECTRE o:in gasoline is present It at least f(;\ilwg auss. These are:

|
droge | olved at 7 doubly . R

DATA :xvironmenls which can ,?.inlcersinﬁs'v (2) Protons aﬂact“e:n“;wmam | London in 1887 of a family of Portu-
sample V°‘“§‘)e[;£°3 € () protons zmd(‘g)dcgjza(:: CHa groups bonded ?,'ngcym{m?\ded carbon; guese descent. He went to University
Frequency: . bonded carbon; djacent to a >+ atic side chains .
r.e|qd~,7050 ga\‘)ss ring; (&) CHz OF (‘21\:::1 E;z:p:y;'.cl alkanes; also, aa‘";“fe"vii.'ed below. | College in London, began to study the

; ale: pranched, " tions ar | .
Ho%%né:lusssc/ nch %‘:ﬁi’é‘i'o aromatic rings. Blending varho | structure of metals and discovered what
. a

| is now known as Andrade’s law for the
creep of metals. He then obtained a
Ph.D. summa cum laude at the Univer-
sity of Heidelberg and joined Ernest
Rutherford’s laboratory at Manchester.
- In 1913 he obtained the first measure-
e secraum v ment of the wavelengths of gamma rays.
B | He saw active service in France in World
War I and afterwards taught physics at
the Artillery College until 1928, when he
was appointed to the London University
faculty. Andrade has received many
honors and has been a Fellow of the
FOR THE COMPLETE STORY ... Royal Society since 1935. Among his

On Varian's Model V-4300 High Resolution n-m-r Spec- o Technical Information Bulletins many accompllshme.nts are the writing
trometer, as well as the Model V-4200 Variable Frequency  ® Data Sheefs of poetry, a fluency in French and Ger-

n-m-r Spectrometer, write to the Special Products Division for: @ n-m-r Table man which has served him well on the

lecture platform, and a cultivated palate
THE

. which is peculiarly receptive to rouget
MARK OF % VARIAN associates P e £

GASOLINE BRAND A

1B ERSHIP flambé au fenouil. He has a notable col-
lection of 17th-century scientific books,
though much of it was destroyed in Ger-
man bombings.

PALO ALTO 7. CALIFORNIA
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Operation Thinking Cap

It takes more than a slide rule alone,
these days, to perform the computations
necessary for scientific problems such as
those encountered in atmospheric re-
search. The scientist of today, equipped
with modern data-gathering devices, is
faced with a stupendous data-reduction
task which requires extremely high
speed computation. That’s why the
Univac Scientific electronic computing

system (formerly known as the ERA
1103) has proven to be invaluable to sci-
entists and engineers alike.

Because of its ability to reduce large
volumes of data at tremendous speeds,
the Univac Scientific System easily
handles even the most difficult research
problems. Its speed is matched by many
other outstanding characteristics includ-

ing: superb operating efficiency, ob-

The Univac Scientific Computing System

tained through large storage capacity...
great programming versatility...the abil-
ity to operate simultaneously with a
wide variety of input-output devices...
and far greater reliability than any com-
puter in its class.

Formore informationaboutthe Univac
Scientific System or for information
about how you might apply the system
to your particular problems, write to ...

° :
ELECTRONIC COMPUTER DEPARTMENT Relltlllgtall. BEerrscl oo 2205, 315 FourTH AVE. NEW YORK 10

¢~ €
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Look, Dad—They print

PEEK-A-BOO RADIO by Hallicrafter tells Junior you can plainly see the printed wiring. Neat, com-
at a glance why it’s easier not only to assemble pact, thin as paper, this wiring is etched from
but to service. Through the transparent case a special kind of copper made by Anaconda.

o -
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wires nhow!

In a wide variety of electronic
wonders—from hearing aids

to guided missiles—printed wiring,
etched from paper-thin Anaconda
“Electro-Sheet” Copper,

saves space, time, and money.

Remember the time you tried to fix the radio?

Inside you found a maze of wires. You hustled it down to
the corner repair shop. It was no job for a novice.

Look in some of today’s radios. The wires are gone—or
seem to be. They are printed!

HOW IT'S DONE

Very thin copper—called “Electro-Sheet’—is bonded to
a plastic laminate panel. On this copper sheet you print
the wiring circuit you want with an ink that resists acid.
Then you etch away the unwanted metal, leaving the
pattern intact. This type of circuit is far superior to wires.
It is accurate, compact and stable. Next you snap-fasten
tube sockets and other parts in place and dip-solder the
connections. To make a hundred electrical connections
this way takes only a few seconds.

With printed wiring and other devices—such as tran-
sistors—electronic experts are concocting match-box-size
hearing aids, vest pocket radios, more compact TV sets and
portable electronic “‘brains.”” They are speeding up the
production of precision instruments vital in the operation
of aircraft and control of guided missiles.

WHERE THE COPPER COMES FROM

“Electro-Sheet” was developed and is made only by
Anaconda®*. Down at the Raritan Copper Works of the
International Smelting and Refining Company (an Ana-
conda subsidiary) at Perth Amboy, N. J., production en-
gineers turn it out in a wide range of thicknesses, as thin as
one-thousandth of an inch (14 as thick as this page) and in
five-foot-wide rolls thousands of feet in length.

WINDS MAY BLOW. Rain, snow, sleet may come. Weather
will be locked out. Today, many architects and builders specify
fabric-, mastic-, or paper-backed ¢Electro-Sheet” for effective,
low-cost concealed flashing, waterproofing and dampproofing.

Besides printed circuits, Anaconda “Electro-Sheet” is
ideal for a wide range of electrical applications such as
static shielding, contacts and capacitors. Builders use it as
an easily applied concealed flashing, an efficient vapor bar-
rier and for economical waterproofing (see photo above).

There are dozens of other uses—gaskets, cable wrapping,
hydrogen-furnace brazing metal, utility-pole capping, to
name a few. Because so many new jobs are being found
for “Electro-Sheet,”” Anaconda is making more and more
of it.

To provide the copper for “Electro-Sheet,” and thou-
sands of other copper, brass, and bronze products, Ana-
conda has developed vast new ore bodies and has expanded
production capacity from mine to finished products.

There will be plenty of copper. On the drawing boards
of peacetime U. S. industry, copper has the green light—
for years and years to come. 54281
*Inquiries on Anaconda *‘Electro-Sheet”> Copper should be addressed
to The American Brass Company, Waterbury 20, Conn.

PRODUCERS OF: Copper, zinc, lead, silver, gold, platinum, cadmium,
vanadium, selenium, uranium oxide, manganese ore, ferromanganese

®
and superphosphate.
MANUFACTURERS OF: Electric wire and cable, copper, brass, bronze, and
other copper alloys in such forms as sheet, plate, tube, pipe, rod, wire,

forgings, stampings, extrusions, flexible metal hose and tubing.

PHOTO COURTESY TECHNOGRAPH PRINTED ELECTRONICS, INC,
COPPER MAGIC makes a new kind of wiring. At left is wiring cir-
cuit on film before “printing”. This pattern is then transferred
to copper sheet bonded to plastic. At right, unwanted copper
has been etched away, leaving the finished wiring board.

ON HUGE LEAD DRUMS Anaconda turns out “Electro-Sheet’
copper weighing from 14 to 7 oz. per square foot. Drums
rotate in a copper sulphate solution. Electricity deposits
copper on the drums in smooth, clean, continuous sheets.
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JUST HOW SMOOTH IS SMOOTH?
Brush SURFINDICATOR* tells you instantly!

Never before has the measure-
ment of surface roughness been
so easy. With the SURFINDI-
CATOR you merely guide the
pickup over the surface to be
checked and read roughness in
microinches directly on the
meter. Time-consuming labo-
ratory setups are no longer
required.

Plants can now control sur-

face roughness—a vital factor

SURFINDICATOR is portable, easy-to- in production costs, friction,

use, can be set up wherever 115 volts wear and product life. Quahty
a.c. is available. .

can be checked easily on the

production line. The SURFINDICATOR can be used to

check surface finish of metals, glass, plastics—even paper!

Write now for the free booklet “Surface Finish
Control”. Brush Electronics Company, Dept. B-12,
3405 Perkins Avenue, Cleveland 14, Ohio. *Trade-Mark

BRUSH ELECTRONICS

INDUSTRIAL AND RESEARCH INSTRUMENTS
PIEZO-ELECTRIC MATERIALS o ACOUSTIC DEVICES
MAGNETIC RECORDING EQUIPMENT

ULTRASONIC EQUIPMENT

COMPANY

Sormerly
The Brush Development Co.
Brush Electronics Company
is an operating unit of
Clevite Corporation.
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THE COVER

The painting on the cover shows a
spider of the species Zilla x-notata
spinning its web. The web is crazily
disorganized because the spider has
been fed a fly containing a drug. Be-
cause the effects of many drugs on
web-spinning are characteristic, this
phenomenon can be used to study
the basic mechanism of drug action
(see page 80). The tracery behind
the misshapen web is the regular
web normally spun by Zilla. At the
upper left-hand corner of the normal
web is an open sector, in the middle
of which is a single “signal” thread.

THE ILLUSTRATIONS

Cover painting
by Walter Linsenmaier
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DESIGNING WITH ALUMINUM

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

CHOOSING AN ALUMINUM CASTING ALLOY
& HEAT-TREATMENT

CHOOSING the proper aluminum cast-
ing alloy and heat-treatment requires a
complete knowledge of the service con-
ditions of the part under consideration,
as well as of the alloys, heat treatments,
and various casting methods in common
use.

There are over thirty recognized
casting alloys, with as many as five
different heat-treatment possibilities
for some, which results in quite a for-
midable number of choices. From these
available alloy and heat-treatment com-
binations the possible range of typical
mechanical properties varies widely as
can be seen in the following table:

Range of Mechanical Properties
TABLE 1 of Cast Aluminum Alloys

Ult. Tensile Strength 19,000 to 46,000 PSI
Yield Strength 8,000 to 43,000 PSI
Elongation Zero to 14% in 2”7
Fatigue 5,500 to 23,000 PSI

Brinell Hardness . 40 to 140

The physical properties likewise,
vary over a broad range as shown below:

Range of Some Physical Properties
TABLE 2 g cast Aluminum Alloys
General foundry characteristics Fair to Excellent
Susceptibility to hot-shortness Appreciable to
Very Little
Ability to be cast in thin sections Fair to Excellent
Leak tightness Fair to Excellent
Internal shrinkage Considerable to
Very Little
Fair to Excellent
Not Recomended to
Excellent
Resistance to certain chemicals Can’t use to
and compounds Recommended
Strength at elevated Low to Moderate
temperatures
Resistance to corrosion Fair to Excellent
Impact, or shock-load resistance Poor to Excellent
Thermal conductivity .21 to .45 CGS units
@ 25°C
21 to 50% of copper
(equal volume basis)

Stability to low temperature Low stability to

aging stable

Because of this wide range of proper-
ties from which to select, it is recom-
mended that the alloy and heat-treat-
ment be determined by the designer,
rather than by the foundryman, be-
cause usually the designer has all the
data which affect the choice. The foun-
dry should be consulted, but should not
be the sole judge. Other factors, each
equally as important as foundry char-
acteristics, enter into the alloy and heat-
treatment selection.

Machinability
Weldability

Electrical conductivity

The designer usually knows which
property is required to the fullest ex-
tent for the part in question. This
should, theoretically, make it fairly
easy to select the correct combination

from the tables, by merely choosing the
one that has the desired property to the
maximum degree. But unfortunately,
castings having the desired ultimate
strength for instance, may not have the
required elongation or shock resistance,
nor the desirable foundry characteris-
tics. Another having the desired foun-
dry characteristics may not have the
required strength and machining prop-
erties.

Still another combination may have
the required mechanical properties,
foundry characteristics and corrosion
resistance, but because of sizeand shape
of casting, cannot be given the theoreti-
cally ideal heat-treatment. Compro-
mises will have to be made in almost
all cases and this can best be done by
the designer. In fact, it will sometimes
be necessary to actually change the de-
sign of part in order to make it adapt-
able for production in a given alloy and
heat-treatment or to cast it by a certain
process.

Factors to Consider

‘To enable the designer to make best al-
loy and heat-treat recommendations, he
should be familiar with production and
service requirements. He should also
have a fair working knowledge of the
aluminum alloys, heat treatments, and
of the possibilities and limitations of
the various casting processes.

The production and service require-
ments have a large bearing on the cast-
ing method, as do size and shape of part.
For example, castings required in fairly
large numbers, should be made either
by permanent mold or die casting proc-
ess, provided the size and design fea-
tures of casting and available alloys are
suitable.

Sand casting process is usually con-
fined to producing parts required in
small quantities, those having hollow
cavities and complex arrangement of
ribs, pockets, etc., and to those whose
size makes them unsuited for casting in
metal molds. In many cases it will be
advantageous to redesign a part to make
it adaptable for production by either
permanent mold or die casting method.

Once the casting method is deter-
mined, the alloy choice is narrowed
down appreciably.

Next to be considered are the service
requirements. If high strength is neces-
sary, that ordinarily eliminates the un-
heat-treatable alloys unless sufficient

© 1954 SCIENTIFIC AMERICAN, INC

metal can be added to compensate for
the lower mechanical properties. This
can be further and rapidly narrowed
down when the remaining requirements
such as leak tightness, corrosion resist-
ance, machinability and others are con-
sidered.

In some instances, one certain prop-
erty may be required to the maximum
degree—for example, highest possible
yield. This immediately narrows down
the alloy and heat treatment choice as
well as casting method to a possible one
or two, and bigger compromises will
have to be made for the other require-
ments.

Inother cases the large size and shape
of casting may not permit the safe use
of a “solution heat-treatment,” but will
limit it to use of a “straight aging treat-
ment” taking place in approximate tem-
perature range of 300° F to 500° F, or
to no treatment at all, thereby sacrific-
ing, to a degree, some of the mechanical
properties and slightly decreasing ma-
chinability.

The reason for this limitation is the
fact that the first half of a solution heat-
treatment takes place at a temperature
ranging between 930° F to 1,000° F,
followed by rapid quench in water. At
those temperatures, the mechanical
strength of aluminum is practically zero
and therefore certain large unsupported
areas of the casting, or the whole cast-
ing at times, may sag or distort from its
own weight. Sometimes the size and
shape of part are such that it can with-
stand the effects of the high tempera-
tures but cannot be quenched without
danger of warping or cracking.

Die castings are always used in the
as-cast condition, which limits the choice
to one of alloy selection only.

To assist the designer in becoming
familiar with the various casting
processes, mechanical properties, and
physical properties we refer him to
these tables on the following pages:

Table # 3 —Typical Mechanical Prop-

erties of Aluminum Sand Castings

Table #4—Typical Mechanical Prop-
erties of Aluminum Permanent
Mold Castings

Table #5—Typical Mechanical Prop-
erties of Aluminum Die Castings

Table # 6 — Alloy selection Guide

PLEASE TURN TO NEXT PAGE m»

27



DESIGNING WITH ALUMINUM No. 9 (Continued) Kaiser Aluminum

SAND CASTING ALLOYS—TABLE 3

Typical Mechanical Properties Casting and Service Characteristics?
Allo H. T3 . : : N
' Tovste, | ity | Sonestan|Waness | rague || reoig | prosre | ot | Se1eE || Comteln | ot
psi psi in2” 10/500 ability ability ance
43 AC 19,000 8,000 8.0 40 6,500 E E VL E F E VG
108 AC 21,000 14,000 2.5 55 8,000 E E MIN VG G G G
112 AC 24,000 15,000 1.5 70 9,000 F F MOoD G G F
113 AC 24,000 15,000 1.5 70 9,000 G G MOD G G G G
122 T2 27,000 20,000 1.0 80 9,500 G VG MOD G E F F
122 T61 41,000 40,000 ©) 115 8,500 G VG MOoD G E F F
142 T21 27,000 18,000 1.0 70 6,500 G F AP I F G G F
142 T571 ‘32,000 28,000 .5 85 8,000 G F AP F G G F
142 177 28,000 25,000 2.0 75 9,500 G F AP F G G F
195 T4 32,000 16,000 8.5 60 6,000 G G AP F G G F
195 T6 36,000 24,000 5.0 75 6,500 G G AP F VG G F
195 T62 40,000 30,000 2.0 90 7,000 G G AP F E G F
212 AC 23,000 14,000 2.0 65 8,000 G G MOD G E G G
214 AC 25,000 12,000 9.0 50 5,500 F F MoD F E E G
B214 AC 20,000 13,000 2.0 50 | e G F MoD F E E G
F214 AC 21,000 12,000 3.0 501 et G F MoD F E E G
220 T4 46,000 25,000 14.0 75 7,000 F F MoD F E E G
319 AC 27,000 18,000 2.0 70 10,000 G E VL VG G G G
319 T6 36,000 24,000 2.0 80 10,000 G E VL VG G G G
355 T51 28,000 23,000 1.5 65 7,000 E E VL E E VG VG
355 T6 35,000 25,000 2.5 80 8,500 E E VL E E VG VG
355 T61 39,000 35,000 1.0 90 | e E E VL E E VG VG
355 17 38,000 36,000 0.5 85 8,500 E E VL E E VG VG
355 T71 35,000 29,000 1.5 75 10,000 E E VL E G VG VG
— ———————— — — A
356 T51 25,000 20,000 2.0 60 7,500 E E VL E G E VG
356 T6 33,000 24,000 4.0 70 8,000 E E VL E G E VG
356 17 34,000 30,000 2.0 VI | — E E VL E E E VG
356 71 28,000 21,000 4.5 60 [l eseese E E VL E G E VG
NOTES: - ¢
L si'ﬁﬂﬁ?fnsdd,frtoep'?ri3ehde2{3:?éi?gﬁfﬂvﬁiﬁséﬁpfﬁsa‘b?fs cast under favorable con- 4: g?;%zcrz%zgigﬁ room temperature for several weeks, properties approach those
" i R e B i RV el b, e ot s o
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DESIGNING WITH ALUMINUM No. 9 (Continued)

Kaiser Aluminum

PERMANENT MOLD CASTING ALLOYS—-TABLE 4

Typical Mechanical Properties! Casting and Service Characteristics?
Alloy H. T . A . .
Tensile Yield Elongation | Hardness q : General . Corrosion
A Fatigue ||Feeding | Pressure Hot- Machin- . Weld-
Strength Strength Percent | Brinnell A T . Cast- e Resist- o
psi psi in 27 10/500 psi Ability | Tightness | Shortness ability ability s ability®
43 AC 23,000 9,000 10.0 45 | . E E VL E F E VG
A108 AC 28,000 16,000 2.0 70 E G MIN VG G G G
113 AC 28,000 19,000 2.0 70 | F G MOD G F F
C113 AC 30,000 24,000 1.0 80 9,500 G VG VL G G G G
122 T52 35,000 31,000 1.0 100 | ... G G MOD G E F F
122 T551 37,000 35000 | ... 115 8,500 G G MOD G E F F
122 T65 48,000 36,000 | ... 140 9,000 G G MOD G E F F
A132 T551 36,000 28,000 5 105 13,500 F VG VL F F G G
A132 T65 47,000 43,000 5 125 | L. F VG VL F G G
D132 15 36,000 28,000 1.0 105 13,500 G VG MIN G F G G
138 AC 30,000 24,000 1.5 100 | ... VG | e | e G (| = ] e
142 1571 40,000 34,000 1.0 105 10,500 F F AP F VG G F
142 T61 47,000 42,000 ) 110 9,500 F F AP F VG G F
B195 T4¢ 37,000 19,000 9.0 75 9,500 F F MoD F G G G
B195 T6 40,000 26,000 5.0 90 10,000 F F MOD F G G
B195 T7 39,000 20,000 4.5 80 9,000 F F MOD F G G G
A214 AC 27,000 16,000 7.0 60 | e F F AP F E E G
319 AC 34,000 19,000 2.5 85 | . G G VL G G G G
319 16 40,000 27,000 3.0 95 | e G G VL G G G G
333 AC 34,000 19,000 2.0 90 14,500 G G VL G F G G
333 T5 34,000 25,000 1.0 100 12,000 G G VL G F G G
333 T6 42,000 30,000 1.5 105 15,000 G G VL G F G G
333 17 37,000 28,000 2.0 90 12,000 G G VL G F G G
355 T51 30,000 24,000 2.0 ZSE E E VL E VG VG VG
355 T6 43,000 27,000 4.0 90 10,000 E E VL E VG VG VG
355 T62 45,000 40,000 1.5 105 10,000 E E VL E E VG VG
355 17 40,000 30,000 2.0 85 10,000 E E VL E VG VG VG
355 T71 36,000 31,000 3.0 85 10,000 E E VL E VG VG VG
356 T6 40,000 27,000 5.0 90 13,000 E E VL E G E VG
356 17 33,000 24,000 5.0 70 11,000 E E VL E G VG
363 AC 35,000 23,000 2.7 8 | .. E VG VL E G E
363 T6 48,000 28,000 6.5 90 | E VG VL E E VG E
NOTES:
3. AC, as cast.

1. Properties determined on standard tensile test bars cast under favorable con-
ditions and properly heat-treated, when applicable.

2. Ratings: E, excellent; VG, very good; G, good; F, fair—apply to all castings and
service characteristics except Hot-Shortness; MOD, moderate; VL, very little;

AP, appreciable; MIN, minor—applies to Hot-Shortness only.

4. On standing at room temperature for several weeks, properties approach those
of T6 condition.

5. Weld before heat-treating, using appropriate filler rod.

© 1954 SCIENTIFIC AMERICAN, INC

29



DESIGNING WITH ALUMINUM No. 9 (Continued) Kaiser Aluminum

DIE CASTING ALLOYS—TABLE 5

Typical Mechanical Properties’ Casting and Service Characteristics?
Moy | Conditiom | - ength | strevetn | ‘Per-cont | armair | Fatisue Piing Mot Snecmg (/R achiny ConesTooRp | paweli;
psi psi in 27 10/500 psi Capacity Shortness | Castability ability Resistance ability
13 AC 39,000 21,000 2.0 o 19,000 VG L VG F VG not
A 13 AC 35,000 16,000 3.5 o | [feee VG L VG F VG recom-
43 AC 30,000 16,000 9.0 oo 17,000 G MIN G F VG mended
85 AC 40,000 24,000 5.0 o 22,000 G MOD G F VG "
218 AC 45,000 27,000 8.0 - 23,000 F AP F E E "
360 AC 44,000 27,000 3.0 ooo 19,000 E VL E F G "
A360* AC 41,000 23,000 5.0 oo 18,000 E VL G F E "
380 AC 45,000 26,000 2.0 o 20,000 VG MOD G G G "
A380* AC 46,000 25,000 3.0 oo 19,000 VG MOD G G G "
384 AC 46,000 27,000 1.0 oo 21,000 VG MOD G F G ”

NOTES:

1. Properties determined from standard test bars cast under favorable conditions: 3. Ascast.

2. Ratings: E, excellent; VG, very good; F, fair—apply to all castings and service . i i i
characteristics except “hot-shortness’’; MOD, moderate; VL, very little; AP, 4 ggé‘gﬂ%f:d A380, the iron content is controlled more closely than in 360 and
appreciable; MIN, minor—apply to “‘hot-shortness’ only.

SELECTION GUIDE—-TABLE 6
Major Property Wanted Sand Cast Perm. Mold Die Cast Major Property Wanted Sand Cast Perm. Mdd Die Cast
General pupose — 43 43 43 Corrosion Resistance 43 43 218
Low strength 108 A108 A 13 214 A214 A360
arranged in order of decreasing 112 113 13 220 356
castability 113 C113 356 355
212 A214 355 363
214
General purpose — 355-16 355-16 380 Ornamental and Architectural 43 43 43
Heat-treated! ) 356-T6 356-16 A380 Applications—also food han- 214 | A4 2182
good balance of all properties 319-16 319-T6 85 dling, dairy equipment, cooking B2142 |
for most applications 19-ST6 B19-ST6 360 utensils and marine fittings F2142
A360
Best castability for complex 43 43 A360; 360 . .
castings with thin sections— 108 A108 | A13; 13 P;ston Alt[oyst—goodtpropertles iii Ag‘g 33;
arranged in order of decreasing 356 356 43 2HopEratin tCMPErSUTES
castability 355 355 D132
I — - 142
High ductility and shock 220-T4 363-T6 218
resistance arranged in order 195-T14 B195-T4 A360 .
of decreasing properties 356-T6 356-T6 85 Other alloys having good proper- 214 138 13
2142 A214 43 ties at moderate temperatures A214 360
43 43 ——
Pressure tight—Low stressed 43 43 A360 Good machinability — 112 122 218
108 A108 A 13 Heat-treated castings machine 122 355 380
319 319 43 better than those in as-cast 212 363 A380
— condition, and generally those 214 A214
Pressure tight— High stressed 356 356 A360 having highest hardness ma- B214 A108
355 355 chine better than the softer F214
319 319 ones in any one alloy 220-T4
363 195

NOTES:

1. Exceptdie castings.
2. These alloys take anodized finish without appreciable discoloration.

laiser

More detailed assistance with design, alloy selection, fab-
rication, and heat-treatment procedure is obtainable through et L Seiﬁng the pace — in growih
any Kaiser Aluminum sales office located in principal cities, SR !
or write to Kaiser Aluminum & Chemical Sales, Inc., 1924 ,
Broadway, Oakland 12, California. e for copy

quality and service
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New assembly-line adhesive makes
stronger honeycomb panels

A new Armstrong Adhesive—D-253N—now makes possible a
honeycomb panel far stronger than one made with the best
thermoplastic cements previously available.

D-253N can hold a dead load twice that of conventional
thermoplastic adhesives, and its greater resistance to heat
makes it useful at temperatures up to 180°F.

This remarkable improvement brings the speed and con-
venience of air-drying cements to many who have been obliged
to use thermosetting adhesives. In fact, Armstrong D-253N is
virtually a new type of adhesive that’s intermediate between
thermoplastic and thermosetting cements. Because of its in-
creased strength and heat resistance, honeycomb panels made
with D-253N may be used for such things as curtain walls and
truck body panels, even where exposed to direct sunlight.

Assembly-line fabrication of these panels takes just a few
minutes. D-253N is spray-applied to core and skin sheets. Next,
the adhesive films are quickly dried by infrared heat and the
skins and core are assembled. One run through a pinch roll
finishes the job. Armstrong D-253N has high immediate
strength, forms a permanent bond on contact. Panels then are
ready either for further fabrication or immediate shipment.

For more information on D-253N and other Armstrong Ad-
hesives, write Armstrong Cork Company, Industrial Division,
8012 Inland Road, Lancaster, Pennsylvania. In Canada, 6911
Decarie Boulevard, Montreal.

@mstrong

ADHESIVES - COATINGS - SEALERS

. « . used wherever performance counts
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Power Reactors

The goal of economic atomic power is still in the distance.

To discover the best approach to it, the U.S. is building

five separate types of experimental nuclear power stations

ithin the next five years the
Atomic Energy Commission
will invest $200 million in a

program to develop economical nuclear
power plants. The Commission is hedg-
ing this bet, so to speak, by backing five
different reactor plans—a technological
sweepstakes quite without precedent. If
any one of the five approaches reaches
the goal, the reward of course will be
considerable. But in any case the invest-
ment should at least bring us within
sight of the objective of harnessing nu-
clear power on a basis competitive with
coal and oil. (Military nuclear engines
are a different story.)

Why five separate approaches? Why
not one—or 207 It is no secret that no
one line of reactor development has yet
given convincing evidence of superior
promise. In addition, the various reactor
types are in a sense not really competi-
tive because their objectives are not en-
tirely comparable. On the other hand,
not even the U. S. is rich enough to
investigate every likely possibility. It has
often been said that there are as many
ideas for reactors as there are reactor
designers. The various designers natu-
rally have an emotional attachment to
their own designs, or at least an attach-
ment colored by their individual expe-
rience, but some selection must be made
from the vast number of possible ap-
proaches. When the Joint Congressional
Committee on Atomic Energy requested
the AEC to project a five-year program
of reactor development, the Commission

by Alvin M. Weinberg

listed five types which had been explored
extensively for several years and had
been selected as most promising.

Before describing these types, I should
outline what the program seeks to
achieve and what materials it has to
work with.

There are two potential fuels: thorium
and uranium. It therefore makes sense
to try both, and the program includes
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thorium as well as uranium reactors. As
the AEC has announced, a thorium re-
actor can breed more fuel than it burns
through conversion of -the thorium to
fissionable uranium 233 by neutrons of
thermal speed; this was probably the
most important scientific announcement
the Commission made in connection
with the five-year program.

Closely related to the matter of fuel
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FUEL-BREEDING CYCLE depends on neutron economy. Of n neutrons released when a
fissionable atom splits (top), one must maintain the chain reaction (left), some will be
absorbed by nonbreeding materials or escape (second from right), and at least one (two
are shown here) must hit “fertile” Th-232 or U-238 atoms, which decay into U-233 or Pu-239.
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EXPERIMENTAL REACTORS to be built under the five-year development program are

tabulated above. Only the pressurized water reactor will be a commercial-scale power plant.

is neutron economy. In a chain reaction
one neutron from each fission is always
used up to cause a new fission and sus-
tain the reaction; any extra neutrons can
be used to manufacture atoms of new
fuel, by converting uranium 238 into
fissionable uranium 235 or thorium into
U-233. To “breed” more fuel than is
burned, the number of neutrons pro-
duced by each fission must exceed two
by a fair margin, since some neutrons
will always be wasted, say by absorp-
tion in structural materials. This consid-
eration affects the choice of fuel.
According to information released by
the AEC, the number of fast neutrons
liberated by the fission of any fissionable
atom (plutonium, U-233 or U-235) is
“considerably greater than two.” Thus
either a uranium or a thorium reactor
using fast neutrons could breed more

fuel than it burned. But a fast-neutron
reactor is so concentrated and small that
it is difficult to cool and control. From
the engineering standpoint there is
strong incentive to prefer thermal-neu-
tron reactors, for they are much larger
and more dilute and therefore much
easier to cool. The problem, however, is
that the yield of available neutrons is
reduced when they are slowed from fast
to thermal speed. In the case of plu-
tonium, generated in a uranium reactor,
the yield of thermal neutrons per fission
is only two. This seems to rule out
uranium as the raw material for a ther-
mal breeder. The thermal-neutron yield
from U-233, generated in a thorium re-
actor, is “greater than two.” Consequent-
ly thorium is an attractive possibility as
the basis of a thermal breeder.

Even a uranium thermal reactor may

produce some new fuel during operation,
though not at as fast a rate as it burns
its fuel. Such a reactor is said to be
“regenerative.” There is a continuous
spectrum of possible regenerative reac-
tors. As long as natural uranium is fairly
cheap, and provided the reactor can
burn as much as 1 per cent of all its
original uranium atoms without repro-
cessing, the fuel cost of a nuclear power
plant can be low—1.35 mills per kilowatt
hour. Such a reactor of course is slightly
regenerative, for only .7 per cent of the
original atoms are fissionable U-235; the
remaining .3 per cent of the fuel burned
is plutonium which has been produced
by conversion of U-238 through absorp-
tion of neutrons.

Another big issue in the reactor com-
petition is the efficiency of the conver-
sion of heat into electricity. This prob-
lem centers on the coolant. The most
interesting fact here is that three of the
five reactor schemes to be explored will
use water (ordinary water or heavy wa-
ter) as the coolant, in spite of the rela-
tively low thermal efficiency inherent in
water. The two main reasons are: first,
that water is plentiful, and second, and
more important, that it is the only com-
mon coolant which is also a moderator.
An essential simplicity is achieved by
combining the two functions of slowing
neutrons and cooling in one material.
One of the reactor types will take this
combining of functions still further by
using heavy water as moderator, coolant
and carrier of the fuel in sclution.

Heavy water, which is the best of all
moderators because it absorbs almost no
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PRESSURIZED WATER REACTOR will have four loops to con-
duct coolant from the reactor core. One loop will serve as a spare.
Only two of the four loops are shown here. The fuel elements of
slightly enriched uranium rods will be coated with a corrosion-
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resistant metal. More than 10 tons of uranium will be used. A
large gas-tight pressurized shell will surround the core assembly
and the heat exchanger assemblies. The light-water coolant heated
by uranium fission generates steam in the heat exchangers.



neutrons, offers another advantage: it
has a high “material” efficiency which
offsets its low thermal efficiency. It can
spread out the dissolved uranium atoms
in a very dilute solution without captur-
ing many of the neutrons they produce.
And as a result of this intimate contact
with the fuel, the heavy water should
extract the heat from the fissioning fuel
very efficiently. Since the fuel is expen-
sive, this highly efficient use of it has
much the same effect as high thermal
efficiency in lowering the cost of produc-
ing electricity.

he sacrifice of thermal efficiency in

favor of other efficiencies will apply
to many other aspects of the design of
nuclear power plants. In fact, it has been
estimated that the most economical op-
erating temperature for a nuclear-fueled
steam plant will be between 600 and 800
degrees Fahrenheit—considerably lower
than the standard in conventional steam
plants. The lower-temperature steam
system of course will be cheaper to build.
It will be feasible if, as seems likely, the
relative cost of the nuclear fuel can be
reduced to the point where the fuel it-
self is practically free.

Still another test that nuclear power
reactors will have to pass is economy in
the processing of their fuel: that is, in
dissolving, extracting, recovering and
fabricating the metal. Here the most
promising approach is the homogeneous
reactor, where a continuous recycling of
the dissolved fuel, as opposed to expen-
sive batch methods, seems possible. It
has already been disclosed that fused
salts dissolved in liquid bismuth look
promising as extractants of fission prod-
ucts from the fuel.

The entire problem of nuclear power
is finally summed up in a single criterion:
How many mills per kilowatt hour of
electricity? As has been said so often,
the costs comprise capital costs, fuel costs
and operating costs. If there is any ap-
preciable fuel regeneration, the fuel cost
in nuclear plants will be negligible.
However, the operating costs, including
chemical reprocessing, may be several
mills per kilowatt hour. To meet the
competition of the best coal-fired steam
plants in the U. S., nuclear plants will
have to generate power at a cost between
4 and 7 mills, depending on the price of
coal in the locality of the plant. Assum-
ing that nuclear fuel is cheap, it will be
possible to invest about $100 to $200 per
kilowatt more in building the plant and
still compete in power cost with a coal
plant. The five-year-program reactors,
being initial steps, are not themselves ex-
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EXPERIMENTAL BOILING-WATER REACTOR has the advantage of a system in which
water is heated to steam by the fission process in the reactor core and passes directly into the
turbine. Some of the disadvantages are the unevenness of the boiling operation in the core
and the radioactivity of steam in the turbine. The fuel element will be enriched uranium.
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HOMOGENEOUS REACTOR EXPERIMENT—II, with the ho-
mogeneous thorium reactor modification of it also planned, is
diagrammed here. Its fuel will be uranium dissolved in water,
which undergoes fission and heats up. This heat, given up in the

pected to achieve this, but it is hoped
that they lie on paths of development
which will lead to cheap nuclear power.

Now let us consider each of the five
types of reactors to be investigated.
It is convenient to group them according
to their engineering genealogy—i.e., the
engineering tradition or development
path along which they lie. From this
point of view they fall into two groups:
those using water as the coolant and
those using a liquid metal coolant, such
as sodium. Within each category, of
course, there are many possible varia-
tions: for example, a given type of re-
actor may use uranium or thorium as the
fuel, it'may breed or regenerate fuel or
operate only on its original charge, and
so on, The unknowns being investigated
are mainly engineering questions: How
practical is sodium as a coolant? How
long can a high-pressure radioactive
water system be kept leakproof? Will the
slightly radioactive turbine or the steam
boiler be an important maintenance
problem? As the following descriptions
show, the reactors are intended primarily
to answer such subtle questions of engi-
neering feasibility and economics.

We begin with the pressurized water
reactor (PWR) designed by the West-
inghouse Electric Corporation for the
Duquesne Light Company in Pittsburgh,
which will operate the plant. Its prin-
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ciple is essentially that of the reactors
Westinghouse has built for the Navy to
power submarines. However, it will use
as fuel slightly enriched natural urani-
um, instead of highly enriched U-235.
The core of PWR will generate approxi-
mately 300,000 kilowatts of heat, which
will be transferred to a heat exchanger
by circulating water at a pressure of
2,000 pounds per square inch and a
temperature of 525 degrees F. The heat
exchanger will produce saturated steam
at a pressure of 600 pounds per square
inch. This steam in turn will go to a con-
ventional turbine which is expected to
generate a net electrical output of more
than 60,000 kilowatts.

The high-pressure core will be con-
tained in a carbon-steel vessel nine feet
in diameter, coated with stainless steel.
The uranium is to be disposed in a tight
cluster of metallic fuel elements.

Because the expansion of the water as
the temperature goes up allows neutrons
to leak out more easily, such a system is
inherently self-stabilizing; there is a pos-
sibility that PWR will need rather few
control rods. The extremely remote pos-
sibility of a nuclear runaway is guarded
against by enclosing each of the high-
pressure components in a stout, gas-tight
pressure vessel. The whole reactor sys-
tem will be underground.

The submarine reactor has demon-
strated the practicality of the high-pres-
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heat exchanger, generates steam for the turbine. A heavy-water
reflector surrcunds the core. Fission products are removable and
additional fuel can be injected. In the thorium reactor a thorium
blanket in which U-233 would breed would replace the reflector.

sure water system and pioneered some of
the necessary equipment, such as the fa-
mous canned rotor pumps. Thus the PWR
is less experimental than the other re-
actors to be built; in fact, the choice of
water cooling and moderation for PWR
was dictated by the requirement that the
reactor demonstrate reliable nuclear
power rather than cheap nuclear power.

SECONDARY
HEAT EXCHANGER

SODIUM REACTOR EXPERIMENT will
consist of a comparatively “old-fashioned”
core (like those in the Hanford piles) im-
mersed in a cooling bath of liquid sodium.




None of the estimates of cost suggest that
PWR will be an economical power pro-
ducer. However, as one tangible step
along the road to a completely rational-
ized high-pressure water system PWR
makes good sense.

Several paths lead from the PWR to-
ward more economical power. For ex-
ample, the great expense of fabricating
the core will fall as automatic techniques
for the manufacture of fuel elements are
learned. Again, neutron economy can be
greatly improved either by using heavy
water instead of ordinary water or by
replacing the uranium fuel with thorium
and U-233. Furthermore, higher thermal
efficiency and lower power cost might be
realized by raising the pressure.

N obvious way to improve the per-
formance of a water-cooled reactor
is to generate turbine steam directly in
the core instead of in a separate housing.
One circulation loop would be elimi-
nated, and the pressure of the system
would be lowered, for the highest pres-
sure in the reactor would be only that in
the turbine. This rationalization of pres-
surized-water philosophy is so attractive
that the AEC decided to include a di-
rect-boiling reactor in the five-year pro-
gram, and it is embodied in the second
type: the experimental boiling-water re-
actor (EBWR) to be built by Argonne
National Laboratory. Like PWR it will
use slightly enriched uranium. There ap-
pears to be no reason, however, why
thorium could not be used in the direct-
boiler design. In that case this reactor

might come close to breeding, especially
if the moderator-coolant were heavy
water. Ordinary water was chosen for
EBWR because of the present difficulty
of making the turbine sufficiently water-
tight to avoid losing any of the valuable
heavy water.

The main uncertainty about EBWR is
connected with the roughness of opera-
tion caused by the boiling. As the
moderator boils, its density fluctuates,
and any density change will affect leak-
age of neutrons. In consequence the
power level of the reactor will fluctuate;
the higher the level, the greater the fluc-
tuation. Thus the direct boiler will prob-
ably not be able to operate at as high a
level of power per unit volume as a cir-
culator like PWR. Its upper limit seems
to be high enough, however, and the
mechanical simplicity of the system is so
attractive that the General Electric Com-
pany has stated its preference for the
direct boiler as a long-term possibility.

Information on the roughness of
operation of a direct-boiling reactor was
obtained during the past two summers in
experiments conducted by W. H. Zinn at
the National Reactor Testing Station in
Idaho, and also in some experiments on
boiling in the low-intensity test reactor
at the Oak Ridge National Laboratory.
In all cases the experiments confirmed
the view that reactors can be operated
continuously in a stable fashion under
boiling conditions.

The direct boiler and the circulating-
water system share the essential limita-
tions of all heterogeneous reactors—re-

actors in which the fuel, moderator and
coolant are separate. At best they have a
heat-transfer problem; they are suscep-
tible to radiation damage; they accumu-
late neutron-absorbing fission products,
and the reprocessing of their fuel is
awkward. It is to circumvent these diffi-
culties that the homogeneous system was
introduced. The five-year program con-
templates the construction of two homo-
geneous reactors, which constitute the
third line of approach; actually it is a
culmination of the two water systems de-
scribed above.

In a homogeneous reactor the fuel

(uranium or thorium) is dissolved in
water. The uranium is in the form of a
salt, uranyl sulfate. A solution of the salt
will be circulated through pumps and
heat exchangers to extract the heat pro-
duced by the fissioning atoms. The ex-
changers will generate fairly high-pres-
sure, nonradioactive steam. It is possible
to think of a direct-boiling homogeneous
reactor—one in which the steam is gen-
erated in the reactor itself by boiling the
water containing the fuel. However, the
steam would be extremely radioactive,
and the turbine that received it would be
very awkward to service, to say nothing
of the difficulty of making it leaktight so
that the radioactive steam would not
escape.

The first of the two homogeneous re-
actors will be a fairly modest version gen-
erating only 5,000 kilowatts of heat. Its
main purpose will be to explore the en-
gineering problems. It will be called

o

R

HEAT EXCHAMNGER

T
o=

v

PRIMARY
HEAT EXCHANGER

STEAM

SECONDARY
HEAT EXCHANGER

Slightly enriched uranium rods (solid black bars) run through
channels in a graphite moderator (hatched bars). The liquid so-
dium surrounding the core circulates through a pair of cooling
systems to make steam for twin generators. To avoid the danger
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of placing highly radioactive sodium near water, the coolant is
made to give its heat to a second sodium loop in the primary heat
exchanger. The nonradioactive fluid then boils water in the sec-
ondary heat exchanger. Concrete shields the primary units.
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HRE-2, because it follows the plan of
HRE-1 at Oak Ridge, the first high-tem-
perature homogeneous reactor built. It
will consist of a more or less spherical
vessel, in which the fuel solution will
circulate through a core so shaped that
the fluid will become critical and heat
up; after it leaves the core the fluid will
travel through piping shaped to quench
any chain reaction.

The most remarkable aspect of the
homogeneous reactor is its seeming sim-
plicity. For example, there are no me-
chanical control rods. The system is
completely self-regulating. An experi-
ment performed on the HRE-1 dramati-
cally demonstrated this. At a core tem-
perature of 338 degrees F. the reactor
was barely critical. The main circulating
pump was stopped and the fluid in the
heat exchanger was cooled to 212 de-
grees F. Then the pump was started. As
the cooler, and therefore more reactive,
fluid poured into the core of the reactor,
the reactor shot up in power by a factor
of almost one million in a few tenths of
a second. However, as soon as the water
was heated the reactor leveled off to a
steady output of 1,000 kilowatts. The
initial flow of cooler water into the core
caused a rise of reactivity at the rate of
.8 per cent per second. Such a rise in any
heterogeneous reactor would almost cer-
tainly lead to fairly violent, and possibly
dangerous, pressure surges.

The nuclear stability of the aqueous
homogeneous system is bought at the

price of having to deal with billions of
curies of radioactivity in solution under
high pressure; that is, one buys almost
complete nuclear safety, but one pays for
it with a requirement of absolute leak-
tightness and material control. It is to
establish the engineering feasibility and
long-term reliability of such a leaktight
high-pressure system that HRE-2 is
being built.

HRE-2 will be followed by a larger
reactor with a heat output of at least
65,000 kilowatts. It is hoped that this
will be the first thorium thermal breeder.
This reactor (HTR) will contain thorium
in heavy water, and it will manufacture
U-233 in a thorium blanket.

The inherent difficulties of a homo-
geneous reactor, almost entirely con-
nected with handling colossally radio-
active and corrosive fluids under high
pressure, are so great that the probability
of success is not as high as for the more
conservative types. Yet the incentive is
so great that a major effort has been
launched to solve the admittedly formid-
able engineering problems.

he remaining two reactor approaches

are put together because they both
will use sodium as the coolant and their
external equipment will be much the
same. In both reactors hot sodium from
the reactors will give its heat to steam
which will operate turbogenerators. In
order to avoid the possibility of contact
between the steam and the radioactive

sodium coming from the reactor, it has
usually been considered desirable to in-
corporate an intermediate fluid to carry
the heat from the reactor sodium to the
steam generator.

One of these systems is the sodium
reactor experiment (SRE) designed by
North American Aviation, Inc. It re-
sembles the Hanford reactors, except
that sodium replaces the water that flows
past and cools the fuel elements. Its
moderator will be graphite, and the fuel
will be disposed in tubes running
through the graphite.

North American has already started
construction of this 20,000-kilowatt re-
actor in California. From the nuclear
standpoint the reactor is conservative,
and so there should be no question of its
ultimate success. However, there are
difficult questions as to its economic out-
look. Present estimates put its power cost
in the range of 8 to 10 mills per kilowatt
hour, which is a little high to be competi-
tive in the U. S. Yet there are several
developmental possibilities which, if
successful, may ultimately lower the cost
to four or five mills. These are: (1) sim-
plification of the expensive sodium
plumbing; (2) operation as a breeder or
near-breeder with thorium; (3) im-
provement in the fuel elements to allow
a higher burn-up than the 1 per cent
suggested as the economic minimum.

A sodium-cooled reactor, which can
be operated at very high temperatures,
has greater thermal efficiency than a

EXPERIMENTAL BREEDER REACTOR—II is the fast breeder
in the experimental program. Its design calls for a plutonium core,
with no moderator, surrounded by a “blanket” of natural or de-
pleted uranium (vertical black lines). Heat is removed from the
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compact core by circulating liquid sodium. As in the sodium re-
actor experiment, a secondary sodium loop serves to isolate
the radioactive primary coolant from the boiler water. A concrete
shield surrounds the reactor and radioactive sodium system.



water-cooled system. Whether this ad-
vantage will overbalance the greater
simplicity of the best water system is the
main question to be decided.

In many ways the most advanced, and
most difficult, of all the reactors in the
program is the other sodium reactor—the
Argonne National Laboratory’s Experi-
mental Breeder Reactor No. 2 (EBR-2).
Like its predecessor EBR-1, the new ver-
sion will have a small core containing
plutonium, surrounded by a breeder
blanket of natural or depleted U-238.
The core (EBR-1’s was the size of a foot-
ball) will contain no moderating mate-
rial, for in order to achieve the highest
breeding gain it is important to keep the
neutrons as energetic as possible. In
other words, this is a fast-neutron
breeder. Such a concentrated fuel con-
figuration is extremely hard to cool and
is susceptible to severe radiation dam-
age. This points up the primary engi-
neering dilemma of the fast breeder: it
must strike a delicate balance between
unusable compactness and unworkable
diffuseness.

EBR-2 will have a heat output of
62,500 kilowatts and an electrical output
of at least 15,000 kilowatts. While the
specific power is somewhat less than in
the thermal reactors—i.e., the material
efficiency of the EBR-2 is low—it is
hoped that the attractive breeding gain
and high thermal efficiency of the fast-
breeder system will make the system an
economic success.

The homogeneous reactor and the fast
breeder represent the boldest extra-
polations among the five reactor projects.
They are the most difficult, but by the
same token probably offer the greatest
potential return. There is an essential
common sense in not putting all the
effort into the most advanced systems;
too much is at stake in the demonstration
of workable nuclear power plants to
leave out the more certain but less
glamorous possibilities in favor of the
more glamorous but less certain reactors.
There are other potential power re-
actors under study or development out-
side the AEC’s five-year program; for
example, the gas-cooled graphite reactor
of the British, the very attractive ura-
nium-bismuth circulating fuel system at
the Brookhaven National Laboratory,
and of course the military reactors,
which taken together represent a pro-
gram at least as large as the program for
civilian power development. It is fair to
expect that five years hence the most
attractive lines of nuclear power de-
velopment will be clearly drawn.

REACTOR CORE of an experimental “swimming pool” reactor illustrates the principle
of pressurized water design. Plates of uranium-aluminum alloy are separated by ordinary
water which serves as moderator and coolant. Above the plates are the suspended cadmium
control rods. The diffuse light which surrounds the core is known as Cerenkov radiation.
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FLETCHER’S ICE ISLAND, also known as T-3, is photographed 9 miles long and 4% miles wide. It was named after Lieutenant
from 18,000 feet as it drifts in the pack ice. This ice island is about Colonel Joseph O. Fletcher, leader of the first party to land on it.

~
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CAMP ON THE ISLAND is photographed from a landing rescue other plane. Planes as large as C-54s have landed on the island.
plane. In the foreground is an Air Force C-47; in the distance an- At one time the population of the island was as high as 12 persons.
40
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ICE ISLANDS IN THE ARCTIC

In 1946 an Air Force plane north of Alaska discovered a single

floe covering 200 square miles. Now parties land on these huge

floating platforms to study the Arctic and how to survive in it

r I Yhe North Polar Basin, a huge sea
more than 1,000 miles across, is
historically the most inhospitable

area on the earth. Before the 20th cen-

tury many an explorer lost his life in its
frigid wilderness in mankind’s stubborn
attempt to reach the North Pole. Today
the Pole is still not exactly a busy cross-
roads, but airplanes fly over it fairly fre-
quently and men have camped in its
vicinity. During the past two and a half

years a small group of scientists and U. S.

Air Force personnel have lived in the

heart of the Polar Basin—the longest

occupation on record. This is an account
of that remarkable settlement.

The story begins on August 14, 1946,
when the crew of an Air Force recon-
naissance plane on a routine flight in the
Arctic Ocean north of Alaska saw a
strange object on their radar scope. It
looked like a large, heart-shaped island,
some 200 square miles in size, in an area
where no island was supposed to be. The
mystified airmen named it Target X, and
Washington classified it secret. Subse-
quent reconnaissance in clear daylight
showed the object to be an icy island
about 18 miles long and 15 miles wide.
But the “island” was in motion! When
first sighted, it was about 300 miles due
north of Alaska’s Point Barrow; later in-
spections of its position showed that it
was drifting slowly northward across the
Polar Basin. Yet this was no ordinary ice-
berg. It was a block of ice bigger than the
island of Guam and almost as flat as a
table.

The Air Force kept the ice island
under continuous observation for the
next three years. In that time T-1, as it
came to be known, moved a distance of
1,400 miles, at an average rate of about
1.2 miles per day. It circled clockwise
through the Arctic toward Ellesmere Is-
land [see map on the next two pages].

by Kaare Rodahl

Even from the air it was evident that the
ice island was structurally different from
the surrounding pack ice covering the
sea. It kept its size and shape in all
seasons, indicating that its ice was far
thicker and more stable than the sea ice
sheets around it. And its nearly flat sur-
face was grooved with a regular pattern
of ridges and shallow troughs, like a cor-
rugated tin roof.

In the spring of 1950 Lieutenant
Colonel Joseph O. Fletcher, command-
ing officer of the 58th Strategic Weather
Reconnaissance Squadron in Alaska, de-
cided to search the Polar Basin for other
ice islands. The search was rewarded in
July by the discovery of two more: a
squarish island about 18 by 17 miles in
size, promptly named T-2, and a kidney-
shaped island of 9 by 4% miles, named
T-3. These two, like T-1, had the same
flat, corrugated surface, with a general
slope from one side to the other that gave
the profile of each island a peculiar
wedge shape, like the head of an ax.

The Canadians, hearing of these dis-
coveries, went back through the many
photographs they had made on flights in
the Canadian Arctic, and they found in
these pictures some 30 other tabular ice
blocks, ranging in size from bergs a
quarter of a mile across to islands nearly
as large as the U.S.AF. finds.

C olonel Fletcher became curious about
how these islands could have origi-
nated and whether they had ever been
observed before. It was obvious that they
could not have been formed by the freez-
ing of sea water, for they were much too
thick. Fletcher devoted most of his spare
time during the winter of 1950-1951 to
searching the Arctic literature for clues.
He found many references to “ice is-
lands” by explorers. In 1918 Storker
Storkerson and three other members of
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Vilhjalmur Stefansson’s Arctic expedi-
tion actually landed and drifted about in
the Beaufort Sea on an ice floe seven
miles wide and more than 15 miles long;
from Storkerson’s description it was evi-
dently a flat island like the present ones.
In 1931 an Eskimo named Takpuk
landed on what he thought was a small
stationary island in the Beaufort Sea;
since no such place has been located in
recent flights over the area, it is probable
that this, too, was an ice island that
drifted away.

Fletcher at length found a strong clue
to the origin of the ice islands in the log
of the Polar explorer Rear Admiral Rob-
ert E. Peary. In 1906 Peary noted that
the northern coast of Ellesmere Island
had a glacial fringe of “shelf ice” ex-
tending for as much as 30 miles over the
sea. “This fringe, which fills all the bays
and extends across the whole width of
north Grant Land,” he wrote, “is really
an exaggerated ice-foot.” Peary reported
that the part of the glacial “foot” resting
on the water rose and fell with the tides,
and in some places “great fields of ice
break off from it and float away upon the
waters of the Arctic Ocean.”

This, then, seemed to answer the
question as to where the ice islands come
from. Apparently the shelf ice is a relic
of a period of extensive glaciation since
the last Ice Age. The glacial fringe has
melted and weakened to the point where
the action of tides and other forces can
break off sections of it, which then float
away as islands. Further study has left
no doubt that the shelf ice is indeed the
origin of the islands.

From the observations of the drift of
T-1, T-2 and T-3, it became clear that
the islands generally move in a clockwise
course: starting from Ellesmere Island,
they float westward above the northern
coast of Canada and Alaska, turn north
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off Bering Strait, cross the North Pole
and then swing southward toward Elles-
mere or Greenland. They tour this course
year after year, and, unless diverted by
the East Greenland current into the
Atlantic, they may last for generations.

Realizing that such a floe would make
an excellent base for exploring little-
known areas of the North Polar Basin,
and for observing meteorological condi-
tions in a region which is the birthplace
of much of North America’s weather,
the Air Force decided to plant a party
on one of the islands. Major General Wil-
liam D. Old, commanding officer of

PACK ICE extends as far south as the edge of the light area on
this map. The number 1 marks the point where the ice island T-1
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the Alaskan Air Command, appointed
Colonel Fletcher to lead the operation,
named “Project Icicle.” I had the privi-
lege of taking part in the planning and
preparations and in the establishment of
the base.

The first question was: Which island
should we occupy? We selected T-3:
although it promised the roughest land-
ing for an airplane and was the farthest
from land, it was headed for the center
of the Polar Basin, whereas T-1 was
stranded near Ellesmere and T-2 seemed
on the way out to the Atlantic,
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The time for reconnoitering and for
making our landing was narrowly limit-
ed. At the position of T-3 the sun would
come over the horizon, ending the long
winter twilight, somewhere between the
10th and 13th of March. By the end of
April foggy weather would close in. So
we had only about a month of clear
visibility to work in.

On March 11, 1952, the preparations
in Alaska were completed, and three air-
craft flew from there to our staging base
at Thule, in northern Greenland, carry-
ing the equipment and personnel—some
40 in all, including the aircrews and
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was discovered; the number 2, where T-2 was found. T-3 was dis-
covered on July 30, 1950, at the left end of the line running across
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maintenance technicians. On March 14 a
C-54 reconnaissance plane took off from
Thule to locate T-3. We reached the
North Pole at midnight, turned left down
the 180th meridian and found T-3 at 88
degrees 17 minutes North, 166 degrees
30 minutes West—much farther north
than the island had last been reported.
We had a good look at the island from
an altitude of 100 feet, and the pilots de-
cided that a ski landing with a C-47 was
feasible.

Wednesday, March 19, was our D-
day. Although our radar set was out of
order, we took off as scheduled in a twin-

motor C-47, equipped with landing skis
as well as wheels and with an auxiliary
400-gallon gas tank in the fuselage. The
initial occupation party consisted of
Colonel Fletcher, Captain Marion F.
Brinegar and myself. General Old and
Captain Louis Erhart were at the con-
trols of the airplane. Behind us came
three four-engine C-54s, to fly top cover
and transport 18,000 pounds of equip-
ment as a start for the base.

‘x Je flew across the pale sky toward
the Pole, our engines streaming
vapor trails. At midday we stopped to

the ice pack region. By March 14, 1952, it had drifted to the point marked by the second
number 3; by May 16 of the same year it had moved to the point marked by the third 3.
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refuel from six drums of gasoline pre-
viously cached on a floe of sea ice. Then
we headed north again over the inter-
minable desert of ice, with only uncer-
tain guides to our destination. Polar
navigation is an art of its own. The mag-
netic compass is no help, for the North
Magnetic Pole is in Canada far south
of the North Pole itself. Even the gyro-
compass is not entirely trustworthy at
far northern latitudes; experienced polar
navigators have told me that it some-
times fools them into flying in circles.
And there are no landmarks whatever—
only an endless stretch of white ice from
horizon to horizon. The only reliable
guides are the sun and the stars, when
they can be seen. The nightmare of polar
navigators is the hours-long daily twi-
light, when the sun has set and it is still
too light for the stars to be visible.

The navigator had figured it would
take three to four hours to reach T-3
from the northernmost point of land.
But by four o’clock in the afternoon we
had not sighted the island. Then the sun
disappeared behind clouds, and a thin
haze hid the horizon and limited visibil-
ity to one mile. We were lost. We com-
menced to fly a search pattern over the
ice, looking for T-3, which the naviga-
tor’s calculations said should be in our
vicinity. Happily we soon had a radio
report from one of the C-54s; it had lo-
cated the island.

When we reached it, the pilots made
three touchdown attempts before they
were finally able to land our plane on the
rough ice. As we slowly opened the door
to leave the plane, a biting wind hit us
in the face. We judged the temperature
to be below minus 60 degrees Fahren-
heit. The eight members of the party,
including the plane crew, stamped
through snow to the nearest ridge to get
a preliminary look at the island. We were
greatly surprised at the depth of the
snow—up to four feet in some places. We
were also struck at once by how closely
the wavy surface of the island resembled
Peary’s description of the shelf ice off
Ellesmere Island. It was corrugated by
ridges perhaps 10 feet high and 100
yards apart.

Our 1,200 pounds of survival gear
were unloaded from the C-47, and the
C-54 that had reached the island para-
dropped 3,000 pounds of equipment
and rations plus some drums of gasoline.
Four hours after the landing the C-47
took off, leaving Fletcher, Brinegar and
myself on the ice in a preliminary camp
of tents and snowhouses.

Thirteen days later, after we had re-
ported to a messenger plane circling
overhead that a permanent camp was

43



practicable, the C-47 returned with a
radio operator, Captain Paul Green, and
a geophysicist, A. P. Crary, who was to
direct the scientific work. They brought
with them radio equipment, a power
plant and a small meteorological station.
By April 6 the C-47 and para-dropping
C-54s had delivered 75,000 pounds of
supplies and equipment and additional
personnel, including Crary’s geophysi-
cist associate R. Cotell.

One of the early research projects was

a visit by the two geophysicists to
the North Pole 135 miles away—less than
an hour’s flight in a C-47 piloted by
Fletcher and Lieutenant Colonel William
Benedict. They landed on an old thick
floe and spent three hours and 10 min-
utes measuring the depth of the ocean
at the Pole (14,150 feet) and the pull of
the gravity of the earth at this point. They
sounded the ocean depth by exploding
dynamite and timing the return echo
with seismographic equipment.

On the basis of regular sextant obser-
vations of the sun and the moon, the
scientists were able to plot in detail the
movements of T-3, now renamed Flet-
cher’s Ice Island. The island, it de-
veloped, moves in zigzags. Its move-
ment is mainly due to the wind force.
The geophysicists found no positive evi-
dence of any permanent ocean current
in this part of the Polar Basin, though
they sounded the water down to depths
of 1,200 feet with a drag-type current
meter suspended through a hole cut in
the sea ice.

During an excursion in the weasel,
our snow vehicle, on a sunny day in May,
Crary and Fletcher discovered large de-
posits of rocks on the eastern side of the
island, about eight miles from camp.
Some of them were more than a ton in
weight and must have been deposited
on the island when it was landfast or
near the shore. Closer examination re-
vealed that this end of the island was
almost completely covered with rock
and gravel.

In order to study the vertical structure
of the ice, cores were taken with a four-
inch ice corer. These disclosed layers of
soil or dirt at about one-foot intervals
down through the ice; in a 52-foot core
there were 58 layers. When their ages
have been determined by carbon-14
analysis, significant knowledge may be
gained of the history of the ice island.

Once the corer drilled into a fresh-
water lake eight feet below the ice sur-
face. The water was under such pressure
that it spouted out of the test hole like
a geyser. This “underground” lake,
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formed by melted water accumulated in
a trough between two ridges, gave us a
supply of drinking water.

Crary determined the thickness of T-
3 to be approximately 160 feet. Every
few days he sounded the depth of the
ocean from the drifting island. Generally
speaking the depth ranged from 12,300
to 12,800 feet. But the echo-sounding
discovered two great under-surface sea
mounts rising more than 5,000 feet from
the ocean floor. Next to them was a giant
canyon with sheer precipices over 4,000
feet high. The floor of the Polar Basin
turned out to be quite irregular.

Measurements of the ocean tempera-
ture have confirmed the finding of the
Norwegian explorer Fridtjof Nansen
that a current of warm Atlantic water
flows into the Arctic Ocean at a depth of
1,000 to 1,500 feet below the surface. In
addition the T-3 scientists discovered a
persistent layer of warm water at 400
feet, the origin of which is still obscure.
The oceanographic studies were even-
tually taken over by a group of re-
searchers from the Woods Hole Oceano-
graphic Institution, who joined the ice
island party in the fall of 1952. Tempera-
ture measurements were made by
means of cables lowered and raised with
the aid of a chain-saw motor.

he observations of greatest imme-

diate importance have been those of
the meteorological station set up on the
island in April, 1952. It made measure-
ments of wind, temperature, barometric
pressure and other weather conditions
every six hours.

The temperature rose above freezing
for the first time on May 15. By the end
of June the snow on the island was thaw-
ing rapidly and there was running water
everywhere. The most intensive melting
took place in the period from early July
to the middle of August. By then the
entire snow cover had melted, and in ad-
dition one or two feet of the underlying
ice. The boxes and pieces of equipment
out on the ice were left standing on
pedestals, since they insulated the ice
beneath them from melting. There were
lakes in the troughs between the ridges,
and much of the water in them drained
off the island. At the observed rate of
melting, it appears that the ice islands
must melt away in about 75 to 100 years,
even if they remain in the Polar Sea.

Besides the measurements at ground
level, observations have been made with
instruments sent up in balloons twice a
day. The meteorological observations
taken on T-3 have been filling in a gap
in the data needed for more accurate
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weather forecasts. This study of arctic
meteorology will eventually throw light
on the circulation of the atmosphere in
the Northern Hemisphere and on the
origin and cause of cyclones. It also
seems probable that the observations of
ice conditions and currents will permit
long-range forecasts of the climate not
only in North America but in Europe.
The data so far collected confirm that
the Arctic is warming up and the glaciers
are receding.

In their explorations of T-3, observers
have found a few traces of past plant and
animal life, probably deposited when the
ice was part of the Ellesmere shelf.
There were frozen stems, twigs and fish
bones, a complete fish about five inches
long and the remains of what appears to
have been a lemming. In one place a
complete set of caribou antlers were dis-
covered projecting from the snow, and
underneath it were pieces of skin and
fur frozen in the ice.

In April, 1952, tracks of a polar bear
were seen on the island not far from the
camp. For a while we thought that ani-
mal life near the Pole might not be so
scarce as we had supposed, but during
the entire summer the only living things
the men on the island actually saw were
eight solitary birds, identified as gulls
and jaegers. The first one was seen in
mid-June, and the last on August 15.
There were no signs of seals or fish in the
water. They did, however, fish up two
specimens of zooplankton: a shrimp and
a jellyfish. While the observations of the
T-3 party have proved that the central
North Polar Basin is comparatively life-
less, they have also shown that the
waters may contain enough zooplankton
to provide food in an emergency.

In the winter of 1952-1953 the marine
biologist C. Horvath, representing the
U.S.A.F. Arctic Aeromedical Labora-
tory, explored the sea life. With a net
lowered into the water through holes in
the pack ice he brought up both animal
and plant plankton. He also caught
several thousand marine crustaceans
with conical wire traps made of window
screens and baited with meat. His at-
tempts to catch fish with baited hooks
were unsuccessful, but he found that the
crustaceans were numerous enough to
strip the bait from the hooks every time
he lowered his lines. The crustaceans he
caught were amphipods and isopods.

During the fall of 1952 supplies, per-

sonnel and equipment were flown
in to T-3 in sufficient quantities to allow
the group of weather observers and
scientists to survive the Arctic winter. It



had been planned to land C-47 planes

on the island during September while

there was still daylight, but the ice on

the island lakes did not become thick

enough to support landings until the i j
middle of October. It was then so dark /3
in daytime that runway lights had to be

used. In January a C-54 twice made safe

landings on wheels.

While the ice island jerked and e
twisted through the long winter night, T, h N
battered from all sides by pack ice dur- =
ing storms and blinding blizzards, the

crew of specialists proceeded with their | » ‘kr
investigations in comfort and peace. The i,
little settlement grew to 12 persons, who , : .:I'

collected much important data on the
meteorolo oceanography, geophysics, A. P. CRARY, a geophysicist who directed the scientific work of the first expedition to
28 graphy, geophy Fletcher’s Ice Island, makes observations from an icy hillock near the edge of the island.

glaciology and biology of the North
Polar region.

Because T-3 is now close to Ellesmere
Island, it has been evacuated temporari-
ly; Ellesmere has its own meteorological
station. However, the huts and equip-
ment on T-3 have been left there, and it
will undoubtedly be reoccupied when it
has moved to a more useful position.
Probably it will begin a new circle
through the Polar Sea which will take
several years to complete. Provided it
escapes the East Greenland Current, it
may serve as a floating scientific labora-
tory for a generation to come. In any
case, there will be other ice islands to oc-
cupy; man may even crack off new is-
lands for his use from the shelf ice of
Ellesmere Island!

The T-3 experiment has demonstrated
that man can survive the killing cold - . . " :

and numbing winds of the desolate ~SEMIPERMANENT CAMP on Fletcher’s Ice Island was photographed by Crary in June,
North Polar region, but only if he is sup- 1952. At the left is the weasel, the tracked vehicle with which the party explored the island.
plied with the best of equipment. Living
off the land seems to be out of the ques-
tion, except that the zooplankton may
prove usable as a supplement to the ra-
tions taken along. A concentrated ration
of maximum nutritional value per unit of
weight should be developed. In addition,
the T-3 experience has suggested the
need for a new type of portable, efficient
stove which an individual can use as a
source of heat for survival on the polar
pack ice. There is also a need for new
equipment and clothing that can with-
stand the “wet cold” of summer in the
Arctic, for the problem is entirely differ-
ent from that posed by dry cold.

It is comforting to know that survival
in the Polar region does not require
superhuman qualities or efforts. One
needs only practical experience and
knowledge, suitable shelters, adequate

Clothing and sufficient food. The North SHELF ICE (foreground) floats out over the sea from the mountainous coast of Elles-
Pole has lost the terror of the unknown, mere Island (background). Large pieces of this shelf ice break off to form ice islands.
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Kwashiorkor

This word borrowed from an African tribe refers to the most

severe and common nutritional disorder of man. Only recently

discovered, it is caused by a deficiency of protein in the diet

working among tribes in the Gold

Coast of West Africa encountered a
puzzling disease. It seemed to attack
only young children, and it was usually
fatal. The victim slowly lost energy and
appetite, lay miserably in bed, ate very
little and passed loose stools contain-
ing undigested food; eventually his face
and legs became swollen with fluid,
his hair lost its color and curl, rashes
broke out on his skin and death soon
followed.

Because the victims were most often
babies that had been weaned from the
mother’s breast to an unbalanced diet,
the physician, Dr. Cicely Williams,
judged that the disease was due to mal-
nutrition. She described it as a new form
not previously known to the medical
profession, and she attributed it to the
~ people’s unsatisfactory diet of potatoes,
yams, cassava and bananas. Dr. Williams
named the disease kwashiorkor, as the
Ga tribe called it.

When she reported her discovery to
European authorities, many were skep-
tical; they considered it hardly likely
that African peasants could have recog-
nized a disease which had escaped the
notice of Western medicine. One nutri-
tional expert in London decided, on the
basis of the rash, that the disease was
pellagra. But Dr. Williams, though un-
able to continue her study because she
had to leave the Gold Coast to go to
Malaya, insisted that it was a new dis-
ease, and defended her view with great
vigor. Time was to prove her right. It
was also to show that kwashiorkor afflicts
a great deal more of the world than just
the Gold Coast of Africa.

In 1929 an English woman physician

In 1930 I encountered this disease in
the Kenya Colony in East Africa, but
I did not hear of Dr. Williams™ reports
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by Hugh C. Trowell

until several years later. Then I unfortu-
nately listened to the experts and de-
cided that it was a curious mixture of
pellagra and nutritional edema; I called
it “infantile pellagra.” At about that time
it was discovered that pellagra was due
to a deficiency of nicotinic acid. Some of
this vitamin was sent to me. It came; it
was tried; almost all the patients none-
theless died.

I returned to England to hunt in the
medical libraries of London. There I
found, in independent accounts pub-
lished by various tropical workers in
obscure journals, one report after an-
other of a disease very similar to
kwashiorkor. The names and circum-
stances were different, but slowly it be-
came apparent that L. Normet’s cases of
bouffissure  (“swelling”) d’Annam in
Indo-China (1926) were much the same
as A. Castellanos’ cases of pelagroide
beriberico in Cuba (1935). The earliest
descriptions of this disease were given in
1906 by A. Czerny and A. Keller in Ger-
many and J. P. Correa in Mexico. Alto-
gether the search of the literature yielded
some 40 different names for what was
evidently the same disease.

The investigators often recognized
that the symptoms were those of malnu-
trition. Yet the patients did not respond
as expected to feeding. About half of
them died even though they were fed
whole milk combined with liver extracts
and all the known vitamins. Some of the
observers therefore concluded that the
disease must be some kind of infection:
malaria, hookworm or an attack by some
other tropical bug that caused the vic-
tims to waste away.

I clung, somewhat obstinately, to the
idea that the disease was due to malnu-
trition. Perhaps kwashiorkor was an ad-
vanced, incurable stage of this condition.
I suggested that it should be called
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“malignant malnutrition,” for I was still
losing a third of my patients. Soon after-
ward kwashiorkor stopped being “malig-
nant” and became curable. The cure was
discovered quite by accident. Workers in
Uganda, where milk is scarce, had sent
to England for milk powder to treat
kwashiorkor patients. By mistake the

GEOGRAPHICAL AREAS reporting
kwashiorkor are outlined in color on this



British sources sent not powdered whole
milk but powdered skim milk. It was
given to the patients anyway, and mi-
raculously most of them recovered from
the disease. The reason for the superior-
ity of skim milk to full-cream milk was
at once apparent: skim milk seldom pro-
duced diarrhea, which suggested that it
was digested better than whole milk.
By this time we had begun to have a
good notion of the true cause of
kwashiorkor. The Uganda workers, and
others in Central America, had learned
that the blood of patients with the
disease was low in protein (serum al-
bumin). And there were other clues that
also pointed in the protein direction.
One of the difficulties in analyzing the
disorder had been that victims show al-
most no abnormalities on post-mortem
examination. The only thing unusual
about their organs is a fatty liver, but this
condition is present in many fatal dis-
eases. During World War II, however,
we in Africa began to hear reports of
some extremely interesting findings by
nutrition investigators in Canada, Britain

and the U. S. Several experimenters
there had produced fatty livers in ani-
mals by feeding them a diet deficient in
the amino acid methionine (a com-
ponent of protein) or lacking choline (a
fraction of the vitamin B complex)-
Attempting to enlist the help of U. S.
workers on my kwashiorkor problem, I
sent them post-mortem liver samples and
X-rays of the intestines of victims of the
disease. Unfortunately these were im-
pounded by the censor as possible ave-
nues of illegal communication! I had
better luck with samples sent to Harold
(now Sir Harold) Himsworth, secretary
of the Medical Research Council of
Great Britain. Himsworth decided that
the effects of kwashiorkor on the liver
were the same as those he had produced
in animals by certain diet experiments.
He became greatly interested in the
kwashiorkor problem, and has been the
main support of our work on this disease
at the Mulago Hospital in Uganda.
Shortly after Himsworth’s report sup-
porting the idea that kwashiorkor was a
dietary disease, still more conclusive con-

EQUATOR

TROPIC OF CAPRICORN

firmation came from a series of brilliant
investigations carried out by the brothers
Joseph and Theodore Gillman of Johan-
nesburg. They developed an instrument
with which it is possible to remove safely
a thread of liver tissue from a living pa-
tient. By this means they were able to
study the effects of various diets on
kwashiorkor patients and to determine
which diets would cause fat to disappear
from the liver. Their tests left no doubt
that the disease is due to malnutrition.

Until recently we have not heard much

about protein deficiency. In the
temperate regions of the world, where
most hospitals and biological research
are concentrated, malnutrition has been
considered synonymous with deficiencies
of vitamins rather than proteins. This is
understandable, since the chief staple in
the temperate belts is grain—a food rela-
tively well endowed with protein but
poor in certain vitamins. Diseases such
as scurvy and rickets, now known to be
due to deficiencies of vitamins, have
been recognized for thousands of years

map. The infermation on which the map is based was gathered by
the World Health Organization and the Food and Agriculture Or-
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ganization. The disease probably occurs in every tropical country
of the Americas, Africa and Asia and in many temperate countries.
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PROTEIN-CALORIE RATIOS of various foods are compared.
Meat, for example, has a high ratio of protein to calories; banana, a

in the civilized world. Protein deficiency
has gone unnoticed for at least two good
reasons: (1) in the temperate regions the
ordinary diet includes protein-rich foods,
such as fish, meat, milk and beans, and
(2) protein deficiency is difficult to dis-
tinguish from plain starvation.

In the tropics, on the other hand, the
common staples of the diet (mainly
fruits and vegetables) are poor in pro-
tein. Potatoes, bananas and many other
tropical foods are largely starch; they
often contain less than 1.5 grams of pro-
tein per 100 calories (against six grams
per 100 calories in cow’s milk and four
grams per 100 calories in wheat). Now
starches, sugars and fats can supply all
the calories and energy a person needs,
and a man may seem well fed on 2,500
to 3,500 calories of these foods per day;
at least he will not be hungry, even
though his body may be short of protein.
A grown man needs some 65 to 80 grams
of protein per day. But a protein de-
ficiency is not so easy to detect as a vita-
min deficiency, which manifests itself in
certain specific and well-recognized
symptoms. The most conspicuous symp-
tom of acute protein malnutrition is
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edema. The same accumulation of fluid
and swelling occurs, however, in an
undernourished person starving simply
from lack of enough calories. It is this
parallelism that has misled nutritionists.
Protein malnutrition has hitherto been
confused with simple undernutrition;
both conditions have been lumped to-
gether as “nutritional edema.” We know
now that we must distinguish between
“hunger edema” and edema due to pro-
tein deficiency. Hunger edema can be
cured merely by giving more food. Pro-
tein malnutrition must be treated by
adding protein-rich foods to the diet.

Proteins are extremely complex sub-

stances. Whereas it is possible to
write the chemical formula of a vitamin
on a small sheet of note paper, it would
require several volumes to depict clearly
and in complete detail the atomic struc-
ture of some proteins. Moreover, these
complex structures are not static; the
proteins, forming the building blocks of
all animal cells, are in constant move-
ment and flux—they group, break apart
and group again. And this is not all
Each protein requires a certain combina-
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low ratio. The staple foods of the temperate zone are bracketed at
the left; those of the moist tropic zone, at the right. It will be seen

tion of amino acids. A deficiency of a
single amino acid may produce a dis-
ease. Probably in kwashiorkor there is a
shortage of many essential amino acids,
and these deficiencies may differ accord-
ing to the specific diet. Further com-
plexity arises from the fact that certain
vitamins and growth factors (e.g., vita-
min By,) are closely associated with pro-
tein: possibly the lack of one of these
factors is mainly responsible for the
kwashiorkor disease picture. Indeed,
kwashiorkor itself seems to be only one
variety of protein malnutrition; there
are many others.

Since 1944, when protein deficiency
was discovered to be the culprit in
kwashiorkor, systematic studies have
been made of its effects on various or-
gans and tissues of the body. John
Davies, who joined me in Africa, found
that protein malnutrition caused the
secretory granules to disappear from the
pancreas, so that no pancreatic digestive
enzymes were produced; Margaret
Thompson later showed that these
enzymes reappeared in the intestines
when milk protein was fed to patients.
Rex Dean discovered certain peculiar
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that the staples of the temperate zone are protein-rich and those of
the tropic zone protein-poor. Adults require a dietary minimum of

changes in the blood and tissues of pa-
tients suffering from kwashiorkor. Pro-
tein enters into the composition of all
body cells, all hormones and all enzymes.
It is probable that many of these are af-
fected by protein malnutrition, even
when the deficiency is not serious
enough to cause acute illness. There is a
growing body of evidence that chronic
protein deficiency may cause cirrhosis of
the liver and predispose to cancer in that
organ. At the moment a good deal of in-
terest is directed to investigation of the
endocrine glands of adults who have
been subject to protein malnutrition.

]{ow widespread is protein malnutri-
: tion over the world? Is it confined
to the tropics? Is it almost exclusively a
childhood disease or do many adults also
suffer from it? A series of surveys and
conferences, initiated largely by the
World Health Organization and the
Food and Agriculture Organization, has
made it possible to say something about
the geographical distribution of the dis-
ease. Kwashiorkor probably occurs in
every country in the tropical belt around
the world, and now that the disease has

become more widely recognized, cases
of it have recently been reported in
Rome, Barcelona, Santiago, cities of
Japan and many other cities in temperate
regions.

Severe cases, which are easy to diag-
nose, are uncommon; even in the most
seriously affected regions and at the most
susceptible age (the second year of life)
it is doubtful that more than 1 per cent
of the children become obviously ill. It
is likely, however, that in many parts of
the world the majority of young children
suffer some protein malnutrition. In al-
most all backward regions children grow
extremely well during the first few
months of life while they are nursing,
but after that their growth is retarded,
they cease to be lively, black curly hair
becomes soft and brown and they show
slight signs of kwashiorkor. Doubtless
other deprivations and infections play
their parts, but many experts now be-
lieve that the principal cause of this
failure of growth of body and develop-
ment of intelligence is an inadequate
intake of protein.

As for adults, in most parts of the
world the common diet seems to meet
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about 2.5 gramis of protein per 100 calories (solid horizontal line) ;
infants, about 4 grams of protein per 100 calories (dotted line).

the minimum protein requirement—
roughly estimated to be about 2.5 grams
of protein per 100 calories. But in the
moist and warm tropics there are many
areas where the protein content of the
diet is marginal or below par. Occasion-
ally in adults one sees a clinical picture
somewhat like that of kwashiorkor in
childhood, or intermediate between
kwashiorkor and hunger edema. Work
carried out by Eric Holmes in our
hospital has indicated that to correct
chronic protein malnutrition in adults
requires many months of very high pro-
tein feeding—as much as 150 grams of
protein a day.

It should not be supposed from the
foregoing that protein malnutrition is
generally prevalent among either chil-
dren or adults in all tropical countries.
People of good income and education eat
enough protein, even in the tropics. So
do many of the poorer classes in areas
of uncrowded population and dry cli-
mate, where some cereals are grown and
animals are kept. It is rather in the
moister tropics, where grains store poor-
ly and the staple articles of diet are pro-
tein-poor, that kwashiorkor is common in
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SYMPTOMS of kwashiorkor were observed in African children. In one severe case (A)
they were a rash, wasting of the limbs and mental apathy. In another (B) these symptoms
were accompanied by large areas of peeling skin. In a third case (C) the hair of the patient
was pale, soft and scanty. At the lower right (D) a normal child of eight months is com-
pared with her sister who is three years of age and suffering from kwashiorkor. The younger
child weighed 19 pounds; the older one was only slightly larger and weighed 23 pounds.
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childhood and protein malnutrition is
probably chronic in many adults.

In these areas the prevention of the
disease demands action along many
lines. Firstly, all medical personnel and
their ancillary services in nursing and
public health should be instructed con-
cerning kwashiorkor. This is no small
problem. Secondly, the general public
must be instructed in the disease. Third-
ly, more protein-rich foods should be
made available, especially to young chil-
dren and pregnant and lactating women.
It should not be forgotten that vegetable
protein is probably almost as good as
animal protein, and it will always be far
cheaper. In really poor parts of the
world everything should be done to in-
crease the production and consumption
of a varied diet containing much vege-
table protein. It would be a great help
if the large surplus of skim milk left from
the manufacture of butter in the tem-
perate regions of the world could be
reduced to a preservable powder and
sent to the tropics. To prepare, pack,
transport, distribute and market this
powder where it is needed will not be
easy. Much will depend on the price
and on how well powdered skim milk
can compete in prestige and palatability
with local sources of vegetable protein.

he treatment of severe cases of
kwashiorkor has improved greatly in
recent years. It is now clearly under-
stood that whole cow’s milk is digested
poorly and often provokes a fatal attack
of diarrhea. Small feeds of skim milk
powder, mixed with a little water and
mashed banana and sugar, are often well
tolerated. If the patient is not doing well,
pure milk protein may be given for a
few days, until appetite has returned
and digestion has recovered. Intrave-
nous injection of protein or amino acids
has not proved successful, for very little
protein can be given in this manner.
Severe cases are often fed by a tube
passed down the gullet into the stomach.
Treated thus in hospital, 90 per cent
of the cases of kwashiorkor now recover.
I can remember the time when more
than half of our patients died. Almost all
severe cases still die if they cannot get
hospital treatment. This still remains the
disease of the poor infants of the world—
a disease barely recognized, mentioned
in few textbooks, demonstrated to few
medical students. Of kwashiorkor Jack
Chisholm of the Capetown Medical
School and M. Autret, of the Food and
Agriculture Organization reported to the
WHO in 1952: “It is the most severe and
widespread nutritional disorder known
to medical science.”



Kodak reports to laboratories on:

A disazostilbeneaminodisulfonate for precision titrimetry...a new material
for the base of our business...snap shooting in depth

Waterman’s find

This is how come 4,4’-Bis(2-amino-
1-naphthylazo)-2,2’-stilbenedisulfon-
ic Acid Disodium Salt became East-
man Organic Chemical No. 7000.

We had run across several papers
by a chemist in the water supply de-
partment of a large city who was
bothered by the shortcomings of a
certain tool of his trade, namely the
indicator methyl orange. This has a
rather weak color change which oc-
curs perceptibly only at pH 4.6 and
is therefore no good for alkalinities
below 150 ppm in acid-carbonate ti-
tration. In the interests of precision
titrimetry, he had felt, it is better to
have a pH indicator change from a
light color to a dark color as an end-
point is reached, instead of the other
way around. In the disazostilbene-
aminodisulfonates he found what he
was looking for. A number of dyes
of this series gave useful color re-
sponses in the broad pH range be-
tween 8 and 4. Among the several
dyes investigated in this class was
an obscure item known to dye men
as Hessian Purple N Extra, or more
simply, Direct Purple.

Whether he tried to buy it out of a
dye catalog and failed, he doesn’t
say. At any rate, he made some by
tetraazotizing 4,4’-Diaminostil-
bene-2,2'-disulfonic Acid (Eastman
T 4613) and coupling with 2-Naph-
thylamine (Eastman 174) to get his
indicator:

NH, 80.H HSO0, H\N

8N.s-ﬁcﬂ.uc®e¢.x/_\>

This starts from a deep red, shows
a first transition at pH 4.0 to a faint
mauve, turns emphatically purple at
pH 3.8—a long sight more emphati-
cally than methyl orange ever did—
and finally goes over to a bluish pur-
ple at pH 3.0. Such behavior is re-
ported a lot more useful for the acid
titration of sodium carbonate than
even that of our Methyl Orange-
Xylene Cyanole Solution (Eastman

A 2216), which was developed back
in 1922, We saw our duty clearly
before us to spare analysts from
doing their own tetraazotizing and
coupling. Thus Eastman 7000. It’s
used as a 0.19; solution.

Is Eastman 7000 of special impor-
tance to us? No more so than the rest of
the some 3500 organic chemicals we
stock. They’re all cataloged in our List
No. 39 which you may have by writing to
Distillation Products Industries, East-
man Organic Chemicals Department,
Rochester 3, N. Y. (Division of Eastman
Kodak Company).

P(olystyrene) B(ase)

The first Kodak film on a base other
than cellulose ester is now on regular
sale. This is an historic and porten-
tous pronouncement only to those
who have devoted their careers to
the manufacture of photographic
film. Those engaged in the prepara-
tion of full-color printed illustra-
tions will be pleased, though pos-
sibly not set trembling with excite-
ment over the news: using this new
Kodalith Ortho PB Film, they will
no longer have to turn to bulky glass
plates to avoid register difficulties
from the size change of film with rel-
ative humidity. Those interested in
photography in a more general way
may be curious to know what’s up.

Kodalith Ortho PB Film has a
.005” base of extruded polystyrene.
This material is optically clear and
as free from visible blemishes as cel-
lulose ester film had become about
the time of the Harding administra-
tion.

Extruded polystyrene can be pro-
duced in rolls of the proper length
and width for efficient emulsion
coating. It can be held sufficiently
uniform in thickness at the thick-
ness required for proper strength,
toughness, rigidity, and suitability
as photographic film base.

None of which would justify turn-
ing to it but for the fact that when
you coat a pelloid on it and then put
a photographic emulsion on the
other side and then cut it up and
then expose it in a camera and then
put it through sundry processing
baths and then dry it and then store
it through wide swings of tempera-
ture and humidity and then measure
how much size change has occurred
in the image it carries, you find it is
about three times as dimensionally
stable as cellulose ester film. Fur-

thermore, what little change has oc-
curred is the same in all directions.

Where we go from here we prefer
not to say at the moment. (We have
competitors.) The subject is far more
complex than the finding of a dimen-
sionally stable sheet plastic, for a
plastic with gelatin bonded to it is a
far different proposition mechani-
cally from the same plastic by itself.
Gelatin is doubtless the most exas-
perating structural material known
to man. Under some conditions of
extremely low humidity we have
seen it develop enough pull to gouge
glass. Fortunately, after 75 years of
experience with it and almost as
long with plastics, we’ve accumu-
lated a few ideas and quite a few
boys to work on them.

Anybody who has been looking for a
high-contrast film that probably won’t
change dimension by more than 0.02%
for a 10%; change in relative humidity is
invited to purchase a box of Kodalith

Ortho PB Film from his Kodak Graphic
Arts Dealer.

Personal

Your Kodak dealer is now in a posi-
tion to offer you a top-quality stereo
camera at the convenient price of
$84.50, and he may be able to extend
payment terms that make it even
more convenient.

An additional $12.75 buys our
battery-powered viewer. If you want
to splurge $23.75, you get a plug-in
viewer with a brightness control and
color-corrected optics. $4.65 pays
for a 20-stereo-pair roll of Koda-
chrome Film, the processing and
mounting of the results in Kodaslide
Stereo Mounts, and even return
postage.

The Kodak Stereo Camera has
four shutter speeds. You select one,
set for “bright,” “hazy,” or ““cloudy-
bright,” and then focus for “close-
ups,” “‘groups,” or “scenes.” There
is a spirit level visible in the view-
finder. You can’t go wrong unless
you try very hard.

£
Prices include Federal Tax f
where applicable and are
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 luboratories everywhere
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DUREZ PHENOLICS

COuULD
BLow PROFITS
YOUR WAY

In every field of industry, imaginative
application of phenolic plastics creates
new profit opportunities. Most versa-
tile of all plastics materials, they are
adapted to a tremendous range of engi-
neering requirements.

In both of these air movers, for ex-
ample, static and dynamic balance of a
high degtee are obtained with one-piece
moldings. Dimensional stability and sur-
face smoothness of the Durez phenolic
assures quiet operation of fan gropeller
—and sizes run up to 35" in diameter.
Besides true balance, the clothes dryer
blower wheel meets unusual require-
ments of corrosion and moisture resist-
ance — molded-in contours remain
smooth through years of home laundry
service.

Whether or not you have used phe-
nolics before, an inquiry into Durez de-
velopments could reveal a new way to
add product appeal, or to make a process

more efficient. A call to Durez brings |

33 years of specialized phenolics’ expe-
rience to your problem. Write for our
monthly assembly of new ideas, Plastics
News”. . . Durez Plastics & Chemicals,
Inc., 812 Walck Road, North Tonawan-
da, New York.

PHENOLIC PLASTICS
THAT FIT TODAY’S PRODUCTS
for the new Competitive Era
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Nobel Prizes

he great chemical theorist Linus
I Carl Pauling of the California In-
stitute of Technology was award-
ed the 1954 Nobel prize in chemistry.
The citation recognized his long, pion-
eering studies of the nature of the chem-
ical bond and his work in unraveling the
structure of complex molecules [see “The
Structure of Protein Molecules,” by
Linus Pauling, Robert B. Corey and
Roger Hayward; SCIENTIFIC AMERICAN,
July].

A native of Portland, Ore., Pauling has
been at Cal Tech since 1922, except for
periods of study abroad and visiting pro-
fessorships at other universities. He is
director of the Gates and Crellin Labora-
tories at Cal Tech. Although he has had
passport difficulties with the State De-

| partment, Pauling said he foresaw no
| trouble about getting to Sweden to ac-

cept his prize.

The Nobel award in physics went to
an equally famous scientist, Max Born,
and to Walther Bothe. Born’s citation
said the award to him was “for his funda-
mental research in quantum mechanics,
especially for his statistical interpreta-
tion of the wave function.” Bothe was
given a share of the prize for his inven-
tion of the coincidence method of detec-
tion and measurement of physical events,
which has become a universal technique
in physics.

Born was dismissed from the Universi-
ty of Géttingen by the Nazis in 1933 and
went to Great Britain, where he held the
chair in mathematical physics at the
University of Edinburgh. Now 72, he has
retired to live in Bad Pyrmont, a suburb
of Heidelberg. Bothe has been at the
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Max Planck Institute in Heidelberg since
1934. He will be unable to go to Stock-
holm to receive his share of the prize be-
cause he recently lost a leg.

The Nobel prize in medicine was
awarded to John F. Enders, Frederick C.
Robbins and Thomas H. Weller, former
collaborators at the Harvard Medical
School, “for their discovery of the ability
of the poliomyelitis virus to grow in cul-
tures of different tissues.” Before their
work the virus was known to grow only
in the nervous systems of human beings
or other primates. Their tissue culture
technique has brought the control of
poliomyelitis within sight.

Enders, the senior member of the
group, was born in 1897 in West Hart-
ford, Conn., and received his higher edu-
cation at Yale and Harvard. He is direc-
tor of research on infectious diseases at
the Children’s Medical Center in Boston.

New Commissioner

The appointment of John von Neu-
mann to the Atomic Energy Commis-
sion, following soon after the naming of
Willard F. Libby, places two scientists
on the Commission for the first time. Von
Neumann, a mathematician, has been
research professor at the Institute for
Advanced Study since 1933. Comment-
ing on the appointment, the New York
Times said: “President Eisenhower ap-
pears to have made a useful gesture of
conciliation toward the large group of
scientists who have been unhappy about
the Oppenheimer verdict.” The full
membership of the AEC is now: Lewis
L. Strauss, Joseph Campbell, Thomas E.
Murray, Libby and von Neumann.

Von Neumann, known as the founder
of the theory of games, was one of the
first to apply mathematical techniques
to problems of business and military
strategy. During World War II he served
as consultant to the Army, the Navy and
the Office of Scientific Research and De-
velopment. His most recent work has
been chiefly in the field of high-speed
computers and their application to com-
plex problems such as long-range weath-
er forecasting. He contributed to the de-
velopment of the hydrogen bomb.

As a Commissioner von Neumann will
have to give up research and take a leave
of absence from the Institute for Ad-
vanced Study. He believes, he said, that
all scientists whose work has made them
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familiar with atomic energy matters have
an obligation to take a turn in shoulder-
ing the administrative responsibilities.

To replace von Neumann on the
AEC’s General Advisory Committee,
President Eisenhower appointed Edwin
M. McMillan, professor of physics at the
University of California. Also named to
the GAC were W. C. Johnson, professor
of chemistry at the University of Chi-
cago, and |. W. Beams, professor of
physics at the University of Virginia.
The place vacated a few weeks earlier by
Libby was filled by I. I. Rabi, whose
term expired in June, 1954.

Nuclear Society

The first professional society con-
cerned exclusively with atomic ener-
gy was organized last month. Called the
American Nuclear Society, its member-
ship will be open to engineers and scien-
tists of any nationality engaged in nu-
clear technology. One of its chief pur-
poses is to promote interchange among
all branches of nuclear research.

The society’s first meeting will be held
next June. Pending election of officers,
W. M. Breazeale of Pennsylvania State
University is serving as acting secretary.

The 29-man organizing committee in-
cluded representatives from universities,
government laboratories and industry.
Among the committee members were
Karl Cohen of Walter Kidde Nuclear
Laboratories, G. Failla of Columbia Uni-
versity, K. H. Kingdon of General Elec-
tric Research Laboratory, J. D. Luntz
of Nucleonics magazine, W. G. Pollard
of the Oak Ridge Institute of Nuclear
Studies, W. E. Shoupp of Westinghouse
Electric Corporation, Philip Sporn of the
American Gas and Electric Company
and Alvin M. Weinberg of the Oak Ridge
National Laboratory.

Good Idea

In May, 1939, four years before the first |

atomic pile was built, and only five
months after the announcement of urani-
um fission, physicists in a French labora-
tory set forth a detailed and reasonable
idea for a nuclear power reactor. During
World War II they obtained a Swiss
patent on their invention. This intelli-
gence was brought to public attention
last month by the journal Nucleonics.

The reactor, the first on record, was

Dow Corning Silicones
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motors that burn-out because of bearing
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Electron Micrographs
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1 Silicon monoxide replica of
polyethylene film. 30,000X.
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—They're the Result of Vital Development Work at
Interchemical Corp. with the RCA Electron Microscope

No longer is the warning on food cans necessary, “Remove
Contents Immediately After Opening!” Thanks to the wonderful
new container linings such as those developed at Interchemical
Corporation, wholesomeness is retained and even opened cans
may be kept under refrigeration. During development work on
linings, electron microscopy of various coating films reveals any
porosity or deformation, and gives a clue to adhesion charac-
teristics and physical structure ... qualifies the material for the
application. Dozens of different coatings are now in use, depend-
ing on requirements. They provide superior corrosion resistance
and inertness to food acids, prevent contamination and protect
delicate flavors.

The new EMU-3A and EML-1A Electron Microscopes provide
magnification and resolution higher than ever before possible
and include many advanced engineering features. Why not find
out what this revolutionary new RCA equipment can do for you?
Installation supervision is supplied and contract service by the
RCA Service Company is available if desired.

For further information write to Dept. L-111, Building 15-1,

Radio Corporation of America, Camden, N. J.
In Canada: RCA VICTOR Company Ltd., Montreal

RADIO CORPORATION
of AMERICA
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New Linings for
Food Cans Defy
Contamination !

2 Silicon monoxide replica of vinyl
3 Silicon monoxide replica of thick

4 Silicon monoxide replica of vinylite

designed at the National Center for
Scientific Research in Paris. Its inventors
envisioned a pile of uranium slabs
separated by small iron chambers
through which heavy water, the modera-
tor, would circulate. A radium-beryllium
mixture in the center of the core was to
furnish neutrons for starting the chain
reaction. The moderator was to act as
coolant, circulating through an ex-
changer where its heat would generate
steam for turbines. The design called for
movable disks covered with cadmium to
control the chain reaction. A layer of iron
bricks around the core was to reflect
escaping neutrons back into the pile, and
the whole assembly was to be enclosed
in a concrete shield.

The patent application noted that

| thorium was another possible fuel; that

helium, carbon, paraffin or ordinary
water might be used as moderators; that
fission products would have to be re-
moved periodically and the depleted
fuel replaced. It mentioned that radia-
tions from the core would have many
applications, particularly in medicine.

Science Budget

In the current fiscal year, which ends

June 30, 1955, the U. S. Government
is spending $2 billion on scientific re-
search and development, a decline of
about $200 million from the year before.
Cuts in spending for new plant and for
applied research and development ac-
count for the decrease. The allowance
for basic research this year is $131 mil-
lion, an increase of $10 million. These
are some highlights of the National
Science Foundation’s third report Fed-
eral Funds for Science, issued last
month.

Of the 1955 total $1.5 billion will be
spent on physical sciences, $211 million
on life sciences and $37 million on social
science, including $18 million for col-
lecting general-purpose statistics. The
Department of Defense will disburse
about 75 per cent of all the funds and
the Atomic Energy Commission 13 per
cent. The National Advisory Committee
for Aeronautics, the Department of
Health, Education and Welfare and the
Department of Agriculture account for
some three per cent each.

The basic research budget has been
increasing slightly during each of the
past three years. For basic work in biolo-
gy the sum this year is $34.6 million; in
the physical sciences, $94.4 million; in
the social sciences, $2 million.

The report shows that Government
spending for research and development
has increased 20-fold since 1940, and



High-temperature Alloys
now Melted and Cast in

&

~ Stokes High-Vacuum Furnaces

Vacuum furnace melting and
casting is the economical
method for producing many new
metals, with greatly improved
properties. Alloys that can stand
up in rocket engine combustion
chambers and advanced jet
engine turbines, metals essential
for the construction of nuclear
reactors, still other high-purity
metals with properties not pre-
viously attainable . . . these are
just a few of the more than
thirty new elements vacuum
processing has added to the
industrial spectrum.

Vacuum-melted high alloy
steels have greater tensile, yield,
and impact strengths than con-
ventionally-processed metal,
plus greater stress-rupture
strength at elevated tempera-
tures, less creep, less brittleness.
High-purity iron, processed in
vacuum, has 60 to 759, greater
stress-rupture strength and
4009, more elongation than con-
ventional metal. In anti-friction
bearings, vacuum-processed
steel has shown an increase of
3009, or more in fatigue strength, and given a whole new
perspective to the subject of wear-resistance.

Moreover, vacuum processing of alloys conserves
critical hardening elements, since there is minimum loss
of these metals during melting. More usable metal
is obtained from each melt, and virtually all of the
scrap can be salvaged by vacuum melting.

STOKES is building vacuum furnaces to process these
high-purity metals in quantities up to 2000 pounds, and
planning 5000-pound units. STOKES vacuum furnaces reflect
the practical experience accumulated in fifty years of
building vacuum equipment. Aninteresting NEW
brochure is ready for mailing on request!

F. J. STokEs MACHINE COMPANY
PuaiLapeLpHIA 20, PaA.

A Stokes high-vacuum melting furnace of 1000-
pound capacity at Utica Drop Forge & Tool
Corporation, Utica, N.Y. The furnace is to be
used for the melting and casting of high-tempera-
ture alloys for jet engine rotor blades.

STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages / Industrial Tabletting, Powder Metal and Plastics Molding Presses/Pharmaceutical Equipment
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AN

ENGINEERING SERVICE CORPORATION
LOS ANGELES, CALIF.

maps 70 hilly

acres in one week [ Bausch & Lomb
oottt half the

cost of ground PHOTOGRAMMETRK
methods. . . with EQU'PMENT

SECTION OF FINISHED MAP

Los Angeles realtors need fast action. Property must be mapped,
laid out in lots, and approved by the Planning Commission,

all within the realtor’s 30-day option period. Engineering
Service Corporation has found that in rough or rolling terrain
“the fastest and cheapest way to get the data is by aerial methods.”
For instance, their B&L Multiplex Equipment enabled them to
prepare accurate maps of this hilly 70-acre tract (scale: 1” 100 ft.,
with 5 ft. contours) within one week!

W RI TE for complete information on the

world’s finest photogrammetric equipment,
including Multiplex, Auto-focus Rectifier,
and Twinplex. Bausch & Lomb Optical Co.,

69836 St. Paul Street, Rochester 2, N. Y.
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that it now gets 3 per cent of the total
Federal budget instead of 1 per cent.

Sea Change

Almost everyone knows that the world

has been growing warmer for the
past 40 years or so. The warming has had
some peculiar effects on the oceans, ac-
cording to M. J. Dunbar, a zoologist at
McGill University.

Dunbar reports in the journal Arctic
that the rise in temperature has speeded
up the circulation between arctic and
tropical waters. One result has been to
warm up markedly the climate of
northern regions in the path of the At-
lantic Gulf Stream: Iceland, Norway, the
Faeroes Islands, the west coast of Green-
land. Enormous numbers of codfish now
inhabit the waters off west Greenland
and Norway.

Another effect has been to reduce the
depth of the cold layer of water on the
surface of the Arctic Ocean. Dunbar be-
lieves that the peak of the current solar
warming cycle was reached in 1945, but
if the cycle rises again soon (and Dunbar
thinks it may) the climate of the Arctic
will suddenly become milder and
moister.

Synthetic Magic

To an organic chemist an unknown

compound is like a watch to a small
boy: he is irresistibly impelled to take it
apart and see how it is made. Unlike the
small boy, the chemist is equally en-
thusiastic about putting it together
again. This cycle has now been com-
pleted on strychnine, one of the most
complicated molecules ever to be as-
sembled synthetically. If chemists were
surprised to hear that the feat had been
accomplished, they were not the least
surprised to hear who had done it. The
trick was turned by R. B. Woodward of
Harvard University, who in the past 10
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Norton materials
for high temperature processing

e Temperature of Electric Arc F°
Furnace
4000° C-7230° F

CENTIGRADE
2 x 107  H-Bomb Ignition Melting Point Melting Point
e 3540 ZIRCONIUM CARBIDE 6400
ZC
4,000  Arc l;igil"
3,500 Carbon Sublimes Tem[)era[ure
3,370 Tungsten Melts
3,300 Oxy-Acetylene Flame range
333 Rodkot Engines (Combuttion Goses) of Norton
2,900 O.xyg-Hy!droge: Flame electric furnace 3300 FUSED THORIA 5970
2,300 Dure:.:t Nnroge_n Fixation . ThO.
2,000 Calcium Carbide Furnace nlalerlals 2
1,9(?4.3 13 ba:hul Furnaoce
3140 TITANIUM CARBIDE 5680
TiC
3060 ZIRCONIUM BORIDEf 5540
erg
3000 BORON NITRIDE 5430
BN
2900 TITANIUM BORIDEf 5250
TiB. c)
£
FUSED ZIRCONIA S
2700 ZrO. .E 4900
MAGNORITE*  Z
; 2620 Fused Magnesia 4750
—~273  Absolute “Zero"
MgO
. Are You Stymied by a o NORBIDE*
High Temperature Barrier: 2450 Baron Carbide 4440
Are you concerned with industrial processing involving B.C
temperatures ranging upwards to 4000° C? If so,
Norton Company has developed and is continually
improving materials — produced and purified in electric CRYSTOLON*
arc and high temperature resistance furnaces — which e :
;lnay help ygou solvlc): difficult technical problems. Norton 2300 Silicon Furblde 4170
Company supplies these materials in crude, processed SiC

or fabricated form — and will work with you in engi-
neering them to your requirements. For further informa-
tion, write to. NORTON COMPANY, Refractories
Division, 551 New Bond Street, Worcester 6, Mass.

Gaking better products. . . fo make other products betfer

YNORTON) e .

Al,O;
REFRACTORIES REGULAR ALUNDUM
1900 Aluminum Oxide 3450
Engineered . .. ... Prescribed AlO;

tExperimental Materials

*Trade-Marks Reg. U.S. Pat. Off. and Foreign Countries
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MESSAGE TO
AN ENGINEER
THINKING ABOUT
THE FUTURE—

HIS FUTURE

Take a few moments now to review the progress of your
career. Does your present position offer you a future that
fully utilizes your creative abilities?

Compare your present assignment with the diversified,
stimulating pursuits that increase the inventive challenge
of Fairchild’s team of qualified engineers. These men are
working on engineering advances for the famous C-119
Flying Boxcar and the soon-to-hbe-produced C-123 Assault
Transport. More than that, they are developing tomorrow’s
jet fighters . . . special reconnaisance aircraft . . . jet homb-
ersand transports. The men at Fairchild know that planned
project diversification keeps them in the forefront of the
field of aerodynamics.

Gracious country living only minutes away from urban
Baltimore or Washington . . . paid pension plan. .. an ex-
cellent salary with paid vacations . . . ideal working envi-
ronment . . . generous health, hospitalization and life
insurance . . . and the many other benefits of a progressive
company add to the pleasure of working with Fairchild.

You’ll be investing wisely in a secure future if you take
time today to write to Walter Tydon, Chief Engineer, out-
lining your, qualifications. Your correspondence will be
kept in strict confidence, of course.

AT

FAIRCHILD
Aroralt Division

HAGERSTOWN, MARYLAND
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years has also synthesized quinine and
cortisone.

Strychnine, an alkaloid first isolated
in 1818, is a “tangled skein of atoms”
whose structure was not unraveled until
several years ago. Then Woodward
tackled the job of synthesis. His solution,
which requires 30 steps, will have no
practical value. The limited medical re-
quirements for the compound can be
satisfied more easily and cheaply by ex-
tracting it from the plants that syn-
thesize it naturally.

Working with Woodward on the prob-
lem were Michael P. Cava, W. D. Ollis,
A. Hunger, H. U. Daeniker and K.
Schenker. They reported their process in
The Journal of the American Chemical
Society.

Titanium Plate

Even at nearly $5 a pound, titanium is

in increasing demand because of its
great corrosion resistance, strength and
light weight. Where resistance to cor-
rosion is the important factor it would be
much more economical to use cheaper
materials covered with a thin layer of
titanium. But there has been no practical
means of electroplating the metal. Now
Leo Goldenberg of Chemical Associates
has developed such a process, accord-
ing to the journal Industrial & Engineer-
ing Chemistry.

Goldenberg, who has demonstrated
his method on a laboratory scale, uses
soluble titanium anodes in a bath of
molten magnesium chloride. The plating
is carried out in an atmosphere of inert
gas and at a temperature of 1,600 de-
grees. The inventor says he has obtained
fully covering titanium deposits up to
two thousandths of an inch thick. They
adhere strongly to steel undersurfaces;
heating the plated pieces to a tempera-
ture of nearly 1,800 degrees does not
remove the coating nor does bending
cause it to separate. Goldenberg believes
that thicker deposits can easily be made.

Titanium surfaces are impervious to
corrosion by fresh or salt water, fruit
acids or human body fluids. These cuali-
ties make titanium-plated steel ideal for
such applications as marine propellers,
turbine blades, chemical and food
processing vessels, containers for liquid
metals, medical and surgical equipment.

Skin Deep

In the nuclei of women’s skin cells is a

small, hemispherical body not found
in men’s cells. This fact, which has been
known only since 1949, is beginning to
find applications in medicine. Last
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VINYL CHLORIDE

New Resins, New Adhesives,
New Coatings

The *““Acrylonitrile Road" is perhaps one of the most prom-
ising routes for researchers to new copolymer resins, coatings,
adhesives.

Acrylonitrile is the most versatile and reactive polymer-

H H : : : ‘s
Lo former available in commercial quantities. Check these
cl=c=c-cl characteristics:
FUMARONITRILE o . . . ,
H-C-C=N e Acrylonitrile will co-polymerize with most commercial
NZC-CH vinyl monomers, will join chemically with a great variety of
STURENE natural or synthetic resin formers.
H—c=c’: e Acrylonitrile will add or improve these properties in most
I ~

copolymer systems: higher abrasion resistance, greater sol-
vent resistance, more toughness, greater hardness.

e Acrylonitrile will add resistance to mildew and micro-
organism attack when used to produce cyanoethylated cellu-
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Ho o~ lose products.

NEW MONOMERS—for the resin
industry are under constant
development. If you are searching
for a new resin former, consult
Monsanto. Laboratory-size sam-
ples of the 5 monomers listed will
be sent on request.

NEW RESINS—Iliterally scores of new compositions
will develop through research with acrylonitrile.
To make highly reactive acrylonitrile suitable for
many uses, Monsanto has perfected a method of
manufacture that produces uniform, high quality
monomer—to facilitate the duplication of end
product resins on a continuing basis.

r MONSANTO CHEMICAL COMPANY |

I Resin & Raw Material Dept., Plastics Division, Springfield, Mass. |

| Please send me a copy of: |

- | “Acrylonitrile in Adhesives” TX-13 |

i ONSANTO | “Organic Syntheses Based on Acrylonitrile” [ | |

i y A | A sample of Acrylonitrile O |
c———- —_— | A sample of Fumaronitrile ] |
HEMICALS - PLASTICS I A sample of 1,2-Dichloroethylene 0o I

I I am primarily interested in possible applications in the field of I
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SERVING INDUSTRY.WHICH SERVES MANKIND : Name. ......oocoiet i e e e Title.. I
| Company F IR TR TR o I

] Address |
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Some Present Uses
Vacuum cleaner filters
Powdered soap containers
Face powder pads

SCIENCE MAKES POSSIBLE

Fused Edges

Vacuum cleaner
air filter and a
sweat band,
both with sealed
edges.

Insulation
Clothing lining
Fluid filters

(The field has barely
been scratched!)

Thermoplastic man-made fibres can be felted.
American knows how. They can be fabricated
into special parts and products with dimen-
sional stability and accuracy for assembly
or use without further processing. If desired,
fused edge products can be joined to others
by conventional methods including stitching.
The felt within the edges can have any desired
porosity, within wide limits, since such felts
can be made entirely of manufactured fibres,
or contain mixtures of natural and man-made
fibres. Thus these fused-edge felts have great
versatility, and are capable of rendering
many different services. It will pay you to
look into what fused-edge felt products and
parts can do for you. Write for information
on your company letterhead.

AmericanFelt
Company

TRADE MBI

58 GLENVILLE RD GLENVILLE, CONN.

60

FOR:

engineering.

YOU’'’LL LIKE WORKING AT FORD INSTRUMENT

® Not too large, not too small

® Stable but progressive company .
® N.Y.C. location with all its additional ® Two Weeks vacation with pay
L]

varied opportunities
® Above-average fringe benefits

An interesting challenge for senior design engineers to work
directly with top project supervisors helping through the
prototype stage new developments in:

® Avutomatic Control Instruments
® Electronic Navigational Aids ® Guided Missile Controls
® Magnetic Amplifiers ® Computing Equipment

For these jobs we are interested in men with two or more years experience
in electro-mechanical work related to the above fields or in men with
superior scholastic records in physics; electrical, electronic or mechanical

Our policy of permanency of positions and continuity of service does not
allow us to employ engineers unless there is a clear and definite need for
them projected years into the future. And we promote from within.

If you can qualify, we urge you to contact by mail, or if in N. Y. C. phone:

Mr. P. F. McCaffrey, Stillwell 4-9000, Extension 416

FORD INSTRUMENT COMPANY

Division of the Sperry Corporation
31-10 Thomson Ave,, Long Island City, N. Y. (20 minutes from the heart of New York City)

DEVELOPMENT
ENGINEERS

Design Engineering, Practical Research,
Investigations of Theories, Functional Analysis

® Airborne Armament Systems

® Pension Plan
Nine Paid Holidays

Tuition assistance for further related
studies
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month came a report that it has thrown
new light on a type of cancer growth.

The distinguishing body, called the
sex chromatin, was discovered by Mur-
ray L. Barr, a microscope anatomist at
the University of Western Ontario. It is
believed to be connected in some way
with the sex chromosomes. Whatever its
nature, it is now considered a reliable
indicator of sex. Many physicians are us-
ing this simple skin test to determine the
true sex of pseudo-hermaphrodites.

W. F. Hunter and Bernard Lennox of
the Postgraduate Medical School of Lon-
don undertook to determine the sex of
the mysterious tumors called teratomas.
Some students argue that teratomas
originate from foreign tissue, such as an
abortive twin embryo absorbed during
fetal development. Hunter and Lennox
tested epidermal cells in teratomas from
several men and women. Those of the
women were all female. In the male
tumors, however, they found both male
and female cells, indicating that these
tumors cannot be “ordinary” growths.

Horticulture v. Culture

Plarry J. Fuller, professor of plant

physiology at the University of Il-
linois, recently became depressed about
the cultural level of graduate students in
his department. To find out how little
they knew, he prepared a short general
information test and sprung it on 15 un-
suspecting Ph.D. candidates (in horti-
culture, agronomy, botany and zoology)
before word of his activity got around
the campus. The test consisted of 10
names, to be identified as specifically as
possible. The items, and the number of
graduates (out of the 15) who gave
satisfactory answers in each case were:

The Renaissance—6

The Reformation—5

The Monroe Doctrine—2
Voltaire—5

The Koran—10

Plato—7

The Medici Family—1

The Treaty of Versailles—11
Bismarck—4

Magna Carta—2

One student, a graduate of one of the
largest state universities, could give no
acceptable answers. Ten of the candi-
dates had never even heard of the
Medicis; seven were equally innocent
about Magna Carta. “Perhaps,” says
Fuller in a letter to Science, “we are
overtraining both undergraduate and
graduate students to the detriment of
their education.”
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The ““first” material for the second industrial revolution

@® Today we are entering the era of
automation—where machines and other
equipment, under push-button control,
will turn out almost any kind of product
with wizard-like precision in huge quan-
tities and at low cost.

We see the shape of things to come in
today’s almost fully automatic petro-
leum refinery, where push-button
equipment has freed workers from
drudgery and opened the avenue to
more important, better paying jobs.

In other fields, not only glassware,
light bulbs, automobile engines, and
radio and television tube assemblies,
but also canned foods, beverages and
pharmaceuticals are being produced or
processed automatically. The atomic
energy industry, where physical and
chemical hazards are great, is critically
dependent on automatic control.

Automation means more goods for
more people . . . better jobs and a higher
standard of living for all of us. But
maximum benefits can be gained from
automatic operation only when it is

foolproof and continuous. . . free from
delays caused by frequent shutdowns
for cleaning or repairs.

Automation, therefore, calls for
equipment that not only is highly accu-
rate but extremely rugged, long-lasting,
trouble-free, and easy to maintain.

USS Stainless Steel possesses all of
these qualities, and thus provides a
ready answer to many of the problems
posed by automation. For in this versa-
tile material the automation engineer
has available a variety of analyses
which offer superior resistance to prac-
tically all destructive forces.

For instance, among the family of
USS Stainless Steels are grades that
have high yield strengths. .. that safely
withstand elevated temperatures . . .
that resist a wide variety of corrosive
agents. . . that assure long, trouble-free
service under operating conditions that
would soon destroy less durable mate-
rials. No other material is as versatile

in its application possibilities as is USS
Stainless Steel.

These highly desirable properties
make USS Stainless Steel the logical
“first choice”” for many applications in
the automated plant. For, by helping
to keep the plant in steady operation
. .. by reducing operating and mainte-
nance costs . . . USS Stainless Steel
offersimportant economic benefits when
it is used in any equipment that must
operate under trying service conditions.

Our technical experts will be glad to
give you the benefit of their experience
in the application of USS Stainless
Steels . . . as well as in the application
of other companion products, such as
USS High Strength and USS CaRrIiLLOY
Alloy Steels, which also have many
logical uses in the automatic plant. A
letter or telephone call will receive our
immediate attention. United States
Steel Corporation, 525 William Penn
Place, Pittsburgh 30, Pennsylvania.
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TOBACCO MOSAIC VIRUS is rod-shaped. When fragments of
the rods are seen end-on, they are hexagonal. This electron micro-

graph, which enlarges the virus particles some 93,000 diameters,
was made by Robley C. Williams of the University of California.

TOMATO BUSHY STUNT VIRUS is spherical or hexagonal. This
micrograph by Williams enlarges the particles 85,000 diameters.

62

BACTERIAL VIRUS of the T-4 strain has a tail. This micrograph
by Williams and Dean Fraser enlarges particles 65,000 times.
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THE PHYSICS OF VIRUSES

The structure and function of the smallest living things

are presently studied by physicists using a wide Variety

of physical methods and tools, among them the cyclotron

virus is an extraordinary combina-
A tion of vigorous life and complete
inanition. While inside a host, the

virus is intensely alive, so much so that a
gram of virus turns over an amount of
energy equivalent to that produced by
five full-grown men. But between in-
vasions, say while it lies on a kitchen
table top, the virus can be thought of as
essentially no different from an inert
grain of sugar. This double existence af-
tords a great scientific challenge. On the
one hand viruses in the inert phase can
be studied at leisure with the electron
microscope and by other physical means.
On the other, their behavior in cells can
be examined as a primitive kind of life.

Looking at viruses, a physicist is
strongly attracted to probing their mys-
teries with his powerful modern tools.
Physics is reaching into many realms of
nature—astronomy, geology, chemistry
and so on. Perhaps the time is ripe for
applying physics to biology. Can physi-
cal principles shed light on the phe-
nomena of life, as they have on so many
other fundamental questions? More
specifically, can the laws of quantum
mechanics, electricity and statistics ex-
plain living systems?

The viruses seem an exceptionally
good place to start this interrogation.
They are very small, and therefore pre-
sumably simple. They seem to possess a
minimum of biological attributes; in fact,
perhaps only one property of life—self-
duplication. When a physicist looks at
them closely, however, it does not take
him long to realize that their apparent
simplicity and lack of character is decep-
tive. Only in terms of large biological
organisms are viruses simple. In terms of
physical systems, such as the hydrogen
atom or a swinging pendulum, they are
indeed complex. Nevertheless the physi-
cist still finds them attractive.

by lirnest C. Pollard

We shall start by reviewing what is
believed to be the life history of a repre-
sentative virus. In doing this we intend
to use a physicist’s prerogative and gen-
eralize rather rashly. This rashness is
quite justified because we are concerned
with describing a kind of system rather
than a particular system. And indeed one
of the astonishing features of modern
biology, as seen by a physicist who ap-
proaches it from a different background,
is the degree to which generalizations
can now be made. At all events, the virus
we shall select as representative is the
bacteriophage. Many virus workers con-
sider this bacterium-infecting particle
typical at least of animal viruses.

Career of a Virus

Consider the approach of such a virus
to a host bacterium [illustrations on the
next two pages]. On the surface of the
bacterium are a set of electrical charges,
distributed in a pattern which constitutes
part of the bacterium’s personality. On
the “tail” of the virus is a complementary
set of charges distributed in a similar
pattern, so that plus can be attracted by
minus. Buffeted and swung about by a
heavy bombardment from the molecules
of the liquid medium, the virus is pushed
toward a bacterium. When the end of its
tail comes within the field of force of the
bacterium’s surface, the two are pulled
together and held tightly. Now, if the
temperature is high enough, an enzyme
in the virus’s tail goes to work to clear a
hole in the tail and in the wall of the
bacterium. Through the opening the
inner substance of the virus, which must
be long and thin in molecular shape,
begins to move into the bacterium. It is
quite likely that contractions of the
virus’s outer membrane help to start this
injection process. Once part of the
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thread of material is inside the host,
molecular bombardment on it will push
it about in the roomy interior. The virus
substance may also separate into two
long molecules. In any event, the essen-
tial part of the virus gains entry. It is a
remarkable fact that the coat, which pro-
tected the active part of the virus in its
inert phase, is left outside.

Now the active stage of the life his-
tory of the virus begins. In a very short
time—a matter of seconds—the virus sub-
stance compels the host bacterium to
halt its own growth and switch to manu-
facturing parts for new viruses. At first
there is no sign whatever of these in-
cipient offspring. But somehow, in a
very dramatic way, the assembly of parts
is going on. We know that many of the
parts are made from very simple chemi-
cal compounds, not preformed units of
the bacterium itself. About midway
through this “latent period” of reproduc-
tion, recognizable components of viruses
begin to appear. Finally, at the end of
about 20 minutes, the bacterium’s cell
wall bursts open and about 300 full-
fledged virus particles are released into
the surrounding medium. They are just
like the parent virus, with the same abil-
ity to infect bacteria.

Under the Electron Microscope

Now how does physics enter into this
picture? In the first place, it is most im-
portant to know just what is being multi-
plied. In other words, what is the virus
like? The description of a virus, still far
from complete, is a task in which physics
has aided very materially. The most di-
rect and dramatic information is given
by the electron microscope. In reality a
virus can be identified surely only by its
ability to infect. But Ralph G. Wyckoft,
Thomas F. Anderson and Robley C. Wil-
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BACTERIUM IS INFECTED by a bacterial virus. In the first

drawing the electrical pattern of the bacterium (bottom) is repre-

liams, the pioneers in the art of electron
microscopy, worked out a method for
shadowing concentrated preparations of
virus with metals which made it possible
to see individual particles. To make sure
that these particles were the virus itself,
most careful checks had to be made. The
plant viruses were among the first re-
liably recognized. It is easier to prepare
strong concentrations of plant than of
animal viruses, and a greenhouse of
plants is a less formidable project than
10,000 infected eggs. Various prepara-
tions of the virus of the tobacco mosaic
disease were subjected to examination by
the electron microscope and at the same
time to the test of infectivity. It became
clear that the “infectious principle” of
tobacco mosaic virus was a rod-shaped
object some 3,000 Angstrom units (an
Angstrom unit is one ten-millionth of a
millimeter) long and 120 Angstroms
thick. When other plant viruses were
submitted to the same examination, some
proved to be rod-shaped, some more or
less spherical.

In the meantime viruses were also
being studied with another physical in-
strument, the ultracentrifuge. This in-
strument can determine the size and
shape of a virus from the speed with
which it drifts through a solution or a
porous membrane when whirled with a
given centrifugal force. The ultracentri-
fuge confirmed the findings of the elec-
tron microscope, and the virus emerged
as a real particle.

Their Sizes and Shapes

This combined use of the electron
microscope and of the processes of sedi-
mentation and diffusion has permitted
description of a great many viruses.
They are significantly simple in shape.
The three most common shapes seem to
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be those of a rod, a sphere (more pre-
cisely a polyhedron), and a tadpole with
a polyhedral head and a tail. The tails
vary greatly in length: some are so short
that they escaped detection at first;
others are three times as long as the
head. The tadpole shape is characteristic
of bacterial viruses. The poliomyelitis
and rabbit papilloma viruses seem to be
spherical, and so does at least one form
of the influenza virus. The spherical, or
polyhedral, viruses are generally about
350 Angstroms in diameter. Some of the
larger animal viruses, such as vaccinia,
have a rhomboidal shape and a diameter
of about 3,000 Angstroms.

The measurement of the sizes and
shapes of so many viruses is one of the
triumphs of physics applied to virus
study. All the methods of study of these
submicroscopic objects are physical, and
it is very gratifying that such widely di-
vergent methods as electron microscopy
and sedimentation have produced con-
sistent findings.

Anderson and Williams have recently
developed refined methods to assure that
viruses are not distorted or mutilated by
surface forces when they are dried for
examination under the electron micro-
scope. Anderson’s technique involves
drying the viruses without passage
through the surface film of the liquid, and
Williams™ method is very rapid freeze-
drying. Both methods preserve the origi-
nal shape of the virus. Anderson has
been able to obtain remarkable three-
dimensional pictures of viruses attached
to bacteria by their tails: they look like
pins in a pincushion. Williams has shown
that most of the viruses that seemed
spherical are really polyhedral.

Another new technique of great in-
terest is the slicing of viruses by very
delicate microtomes. When the extreme-
ly fine blade of such an instrument cuts
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sented by plus and minus signs. The tail of the virus (top) has a
complementary set of charges that attract it to the bacterium. In

through cells, there is a good possibilitv
that it may section a virus if there are
many present. Some significant pictures
of the internal structure of the herpes
simplex virus have been obtained by
Councilman Morgan and his group at
the Columbia University College of
Physicians and Surgeons. Before long it
should be possible to relate this struc-
ture to the virus’s activities.

How does a virus attach itself to a
cell> Max Schlesinger and Max Del-
briick proved some time ago that as soon
as a bacterial virus and a bacterium col-
lide, they stick together. Theodore I
Puck and his co-workers at the Universi-
ty of Colorado have learned that the
process of attachment depends to a large
degree on the amount of ionization of the
solution surrounding the bacterium and
virus. Following this up, Puck showed
that the attachment process has two
stages. First, charged amino groups on
the virus are drawn by electrostatic at-
traction to carboxyl groups on the bac-
terium. Then enzymes seem to take a
hand in making the two stick together,
for this second stage of attachment is
sensitive to temperature, as all enzymati-
cally controlled reactions are. When the
quantitative 1‘elati0nship between at-
tachment rates and the strength of ion-
ization is worked out, it will open up a
new method for gaining information
about both the bacterium and the virus.

The two major constituents of bac-
terial viruses are protein and nucleic
acid. Many kinds of evidence have sug-
gested, though not actually proved, that
as a general thing the protective coat of
viruses is made of protein and the active
part is the nucleic acid. The most im-
pressive evidence was the work done
with radioactive tracers by A. D. Her-
shey and M. W. Chase at the Carnegie
Institution of Washington Department



the second drawing an enzyme dissolves a plug in the tail of the
virus. In the third drawing the inner substance of the virus enters

of Genetics in Cold Spring Harbor, N. Y.
They found that radioactive phosphorus
taken up by virus-infected bacteria was
incorporated in the new generation of
viruses, while radioactive sulfur was not.
Phosphorus is a component of nucleic
acid, and sulfur a component of protein
but not of nucleic acid. Another indica-
tion that the virus protein does not enter
the bacterium, while nucleic acid does,
was that all the radioactive sulfur could
be detached from the bacteria by me-
chanical shaking, whereas phosphorus
could not. Further, an enzyme capable
of digesting nucleic acid did not damage
the virus unless something violent was
done to the virus, presumably breaching
its protective protein coat. Thus Hershey
and Chase were able to show that the
virus must be in at least two parts—one
containing the nucleic acid and the other
the protein.

Probing with a Cyclotron

A completely different approach to the
problem of virus structure has been de-
veloped by the author and his co-workers
at Yale University, notably F. Forro,
D.]J.Fluke, A. E. Dimond and C. Woese.
Probing viruses with energetic radia-
tions, we inactivate various properties of
bacterial viruses separately and thereby
deduce something about the size and
location of the part of the virus structure
that is responsible for each element of
behavior.

A fast charged particle ionizes mole-
cules along or near its path. Ionization,
usually through removal of electrons, re-
leases a large amount of energy, which
will break chemical bonds and cause
changes in the molecules. If the changes
occur in molecules responsible for the
hereditary functions of an organism,
they may destroy the ability to perform
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those functions. As a matter of fact, it has
been known for many years that large
doses of X-rays will inactivate viruses. A
number of workers have studied viruses
by this means.

In 1949 the author and Forro decided
to explore viruses with deuterons from a
cyclotron. These particles travel in
straight lines and ionize heavily. We
found that the effects on viruses varied
with the energy of the bombarding deu-
terons. A bacterial virus pierced by a fast
deuteron does not necessarily lose its
ability to infect. In general the amount
of damage to the virus’s functions de-
pends on the amount of energy lost by
the bombarding particle, i.e., the extent
of ionization of the virus substance. The
suggestion that the virus possessed some
sensitive internal part set in motion a
whole research program at Yale. Various
kinds of ionizing radiation were set to
work inactivating a series of viruses, and
various properties were studied. The re-
sults are beginning to permit a detailed
description of virus structure.

Functions of a Virus

A bacterial virus has several proper-
ties: it can attach itself to a host cell (or
even a glass surface); it can infect and
multiply in a host cell; it may be de-
layed in carrying out its reproduction;
it may kill a cell without multiplying;
it can give rise to antibodies in animals,
and it may combine with antibodies. All
these properties can be influenced by
ionizing radiations.

Suppose we select for study four
properties, assumed to reside in different-
sized units within the virus. If we bom-
bard the virus with deuterons, which
pass through its various points at random
like raindrops hitting a surface, we ex-
pect the largest units within the virus to
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the bacterium, probably pushed by contractions of the outer mem-
brane of the virus. In the last drawing the infection is completed.

receive the most hits [see upper illustra-
tion on next page]. Thus the relative
sensitivity of the four properties to this
bombardment gives us a measure of
the relative sizes of the areas in which
the properties reside. We can also get
some measure of the thickness of each
of these units by varying the density
of the bombarding beam. If the area
is thin, deuterons may pass through
without producing ionization. But an
increase in the density of bombardment
in this case should increase the prob-
ability of ionization; in other words, if
a given property becomes more vulner-
able as the radiation dose is raised, we
know that the unit in which it resides
must be thin.

The virus may be bombarded in such
a way that little regions of ionization are
produced all through its volume [middle
illustration on next page]. In this case
the size measured is not an area but a
volume. Finally, there is a very pretty
technique which varies the depth of the
bombarding particles’ penetration into
the virus [lower illustration on next
page]. In this way various centers of
activity in the virus can be located.
The technique requires preparation of
single layers of viruses with very clean
surfaces.

Almost all the functions of the bac-
terial virus known as T-1 have been
studied by these means. The most sensi-
tive property of the virus is the ability to
reproduce in bacteria; that is, this ability
is most easily destroyed by radiation.
Next is the ability to kill bacteria; this
property is about a third as sensitive as
the ability to infect. After these in order
of decreasing sensitivity come the abili-
ties to interfere with the growth of an-
other virus, to attach to a host bacterium,
to combine with antibody and to attach
to glass. It was found that the region
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PARTICLE BOMBARDMENT is used to study the structure of viruses. The schematic
viruses in these drawings are assumed to have four properties, each associated with a struc-
ture differentiated by crosshatching. In the drawing at upper left three deuterons pass
through the virus, each leaving a trail of ions. Obviously the function most frequently in-
activated by this ionization will be associated with the structure of largest area. In the
drawing at center right a more random electron beam produces ionization throughout the
volume of the virus. This technique reflects the volume of the structures rather than their
area. In the drawing at lower left electron beams of three different energies penetrate the
virus to three different depths. Here the low-energy beam will not affect the function asso-
ciated with the large structure in the center, the beam of higher energy will affect it to some
extent and the beam of highest energy will affect it to a greater extent. This latter tech-
nique provides information about the location of structures within the rest of the virus.
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responsible for infectivity corresponds to
about one fifth of the volume of the virus.
This unit must be long and thin, which
means that it must be coiled up in some
way. The unit carrying the killing prop-
erty is apparently smaller, and the unit
that can cause interference, still smaller.
The unit responsible for attachment
seems to be 80 Angstroms long and 80
thick, while the one responsible for com-
bining with antibody has the same
length and a thickness of 25 Angstroms.

The infectivity unit lies 150 Ang-
stroms deep within the virus—a confirma-
tion of the fact that this virus has a coat
of protein. The unit involved in ex-
tension of the latent period of reproduc-
tion also must lie inside the virus. None
of the infective parts can reside in the
tail, for it is only 150 Angstroms thick.

Picture of a Bacterial Virus

Putting all these facts together, we ar-
rive at a general picture of the virus [see
diagrams on page 68]. The author re-
ceives much good-humored criticism be-
cause the summarizing picture seems
different each time it is drawn. One can
only answer that each successive model
of an atom or a molecule drawn between
1900 and 1920 looked different from the
ones before, but each brought investiga-
tors closer to the truth. If the present
guesses about the interior structure of
viruses serve no other function they at
least remind us of the miracles of or-
ganization that have to be performed in-
side the virus.

Looking at the picture, we see a long
unit, coiled up in the head and pointing
into the tail, which is responsible for the
virus’s ability to infect bacteria and for
governing the rate of its multiplication,
and which must carry the hereditary fea-
tures of the virus. The tail is plugged by
an enzyme, which probably has the
function of opening a hole in the skin of
the bacterium. Once the hole is opened,
enzymes in the bacterium liquefy a pas-
sage through the tail and permit material
to flow from the bacterium into the head
of the virus. This probably produces a
rise of pressure which starts pushing
the coiled-up part of the virus head in-
to the bacterium. After the thin string
of material has got part way into the
host, local bombardment of it by the
molecules of the host helps to draw it
in rapidly.

The coat of the virus is made up of
compounds with a molecular weight of
about 23,000 times the weight of a hy-
drogen atom. The construction of this
coat is a challenge to investigation. In-
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deed the whole virus model cries out for
quantitative physical analysis to deter-
mine whether the suggested mechanisms
violate any physical principles.

Pictures of some other viruses can be
constructed, though they are much less
complete. In the case of the polio virus
the sensitive infectivity unit seems to be
bulky, not long and thin. Its coating
must either be essential to reproduction
or else very thin. In the influenza virus
the units that agglutinate red blood cells
seem to be paired and to have a molecu-
lar weight of about 250,000.

In principle any radiation or com-
parable physical agent can be used to
probe viruses as we have done with the
cyclotron. Their infectivity has been ex-
amined, for instance, with ultraviolet
light of single wavelengths; these experi-
ments have suggested that while most
of the property of infectivity resides in
the virus’s nucleic acid, some of it is
connected with the protein. Ultraviolet
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light will lengthen the latent period of
virus reproduction, and it turns out, sur-
prisingly, that the property of reproduc-
tion appears to be regulated by nucleic
acid alone, rather than by nucleic acid
and protein. In other words, the mecha-
nism responsible for how fast the virus
works seems to be separate from the one
that determines whether it works at all.
Thus the present evidence indicates that
the virus contains a part which is solely
concerned with speed of 1ep10duct10n
and a different and more complex part
which is concerned with faithful dupli-
cation of itself,

The activation of “proviruses,” caus-
ing them to become viruses, is another
property that is sensitive to ultraviolet
light absorbed both by protein and by
nucleic acid. The ultraviolet studies,

telling something about what viruses are
made of, and the deuteron studies, dis-
closing their sizes and shapes, obviously
should provide many valuable clues to

| STRUCTURE of the T-1 bacterial virus was inferred from bombardment experiments of
the kind depicted in the illustration on page 66. In the center is the exterior model of the
virus. At left is a cross section; at right is a second cross section at 90 degrees to the first.
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... they know where the fish are running! |

Fishin’ today is a science, not
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HERPES SIMPLEX VIRUS particles are
sliced through in this electron micrograph
made by Councilman Morgan and his as-
sociates at the Columbia University College
of Physicians and Surgeons. The particles,
which are enlarged 108,000 times, appear to
have an outer membrane and an inner core.

L
- TP

biochemists and microbiologists who are
investigating life at this fundamental
level.

To at least one physicist viruses are
fascinating beyond any other system in
nature. It would not be fair to lure other
physicists into this kind of work, how-
ever, without a word of warning. As in
all other applied branches of physics,
the investigator must give up a purely
physical approach and lose himself in
the whole biological problem. He must
learn to think not merely as a physicist
but as a broad scientist, If he does this,
he will find great interest and challenge
in the viruses. He will feel the excite-
ment of testing the value of his beloved
physical principles in fields where they
have never before been applied. Indeed,
he will hate to leave the laboratory, and
will wait impatiently for the morning
while his experimental subjects live out
the consequences of the experiments he

| has devised the day before.



Formica-to-metal, the new concept in
bearing surface engineering, is saving thou-
sands of dollars in needless wear. Because
of a low coefficient of friction, Formica parts
wear more slowly and evenly, cause a sharp
reduction in wear in mating metal parts.
Formica carries loads up to 40 psi, and can
be operated at speeds as high as 240 fpm.
Formica also retains lubricant, dissipates
heat, absorbs chips and is easily machined.

formica

Formica adds working days.
Four molded Formica rollers—
sole support for 22,000 Ibs.—
reduce down time on this to-
bacco drying machine from 6
days a year to no down time in
over two years! Cost? Only a
few dollars. Yet because of ex-
cellent friction-resisting proper-
ties, the Formica rollers pay for
themselves many times over.
Photo courtesy John B. Adt Co.
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reduces costly wear in bearing applications

Compare your bearing performance
with what you can get from Formica-to-
metal. A little Formica could make a big
difference. Formica comes in sheets, tubes
and rods and in special molded, postformed
and fabricated forms for countless mechan-
ical, chemical and electrical applications.
Why not send for the new Formica general
catalog today? The Formica Co., 4593
Spring Grove Ave., Cincinnati 32, Ohio.
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Formica end grain material
is made by molding sheets
vertically like this . . . . . with hundreds of
laminations to support

weight and hold wear
to a uniform minimum.

.. .compressing them
under great heat and
pressure intoa compact
solid like this .. .

Machine tool manufacturers are making wide use
of Formica molded end grain grade C bearing surface
material. It's easier to install, faster to wear-in and
scrape-in, gives freedom from scoring and carries heavy
loads at high operating speeds.

MRC ball bearings use Formica bearing retainer
rings. Made from ‘standard’ Formica L-42 rolled tubing,
these rings give ‘special’ performance. Being light in
weight and having great mechanical strength, they're
ideal for aircraft bearings.
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Mycenae, City of Agamemnon

It flourished some 1,000 years before the rise of classical

Greece. New discoveries of its magnificent tombs shed light

on one of the great civilizations of the prehistoric world

ycenae, the home of King Aga-
M memnon, storied leader of the
Greek expedition against Troy,
has slowly yielded to modern archaeolo-
gists evidence that it was the capital of
one of the great civilizations of prehis-
toric times. Sung in Homer’s Iliad as a
city “rich in gold,” Mycenae flourished
and perished long before Homer and the
Greece we know. It gave birth to much
of the brilliant art and culture that was
to make the glory of historic Greece. Yet
until a little more than a century ago
ancient Mycenae was practically un-
known as a city: its material reality
was preserved chiefly in the account
of a second-century traveler named
Pausanias who had looked at its ruins
and reported that he had seen the
grave of Agamemnon,

by George E. Mylonas

The disinterment of Mycenae began
dramatically in 1876 when Heinrich
Schliemann, famed as the excavator of
Troy, sent his telegram to King George
of Greece announcing the discovery of
Agamemnon’s grave and bones. At the
hilltop site of the ancient city in the
Peloponnesian  peninsula  Schliemann
unearthed a circle of five royal graves
and the walled citadel of the town. Fur-
ther investigation was to show that the
bones could not be Agamemnon’s, for
the graves had been made at least three
and a half centuries before the siege of
Troy (beginning of the 12th century
B.C.). But Schliemann’s discoveries
brought the neglected ruins to the at-
tention of the world and started an ex-
ploration which was to lead to surprise
after surprise. Gradually, in three quar-

ters of a century of spasmodic digging,
there has emerged a thrilling picture of
Mycenae as a wellspring of culture and
power in the pre-Hellenic world of the
Late Bronze Age.

While Schliemann himself thought he
had found most of what there was im-
portant to find at Mycenae, Greek archae-
ologists, notably Chrestos Tsountas,
went on patiently digging out the an-
cient palace, the cemeteries and the
houses of the city. For a time this site
was overshadowed by the epoch-making
discoveries of Sir Arthur Evans on near-
by Crete, where he brought to light
another great Bronze Age civilization.
Then in 1918 to 1923 Alan ]. B. Wace of
Cambridge University brought Mycenae
back into the limelight by a brilliant
series of excavations which yielded an

HILLTOP CITADEL of Mycenae was unearthed in 1876 by Hein-
rich Schliemann. He thought he had found the grave of Agamem-
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non, but this was disproved when it was shown that the grave had
been dug three and a half centuries before the siege of Troy.



unexpected wealth of information re-
garding the accomplishments of Myce-
nae’s pre-Homeric people. The discov-
eries proved that by 1600 B.C. Mycenae
was the center of a rich culture which
for at least two centuries paralleled that
of Crete, and that after the destruc-
tion of the latter around 1400 B.C.
Mycenae became the leader of the
Greek world.

The Mycenaeans built vaulted stone
tombs which as engineering feats have
been compared with the pyramids of
Egypt; they covered the walls of their
palaces with gay frescoes brilliant in
color and rich in imagination; they de-
veloped pottery and gem-carving to a
fine art; they created a religious my-
thology, a philosophy of life and even
sports (e.g., boxing) which contributed
to the development of our Western cul-
ture. Although Mycenae was destroyed
by warfare around 1100 B.C,, its tra-
ditions survived and helped shape the
way of life of classical Greece.

After Wace’s fruitful excavations of the

early 1920s the experts thought
that Mycenae had yielded all its treas-
ures, that no more great discoveries or
surprises remained. They were wrong.
For more than a quarter of a century
the site was pretty much let alone, but
archaeologists inevitably came back to
it. They still had many unanswered ques-
tions: Was the Mycenaean culture orig-
inated in Crete and brought to Myce-
nae by Cretans? Were the Mycenaeans
illiterate, as Homer’s heroes are supposed
to be? How much did the culture of
Mycenae resemble that described in the
Iliad and the Odyssey? These and many
other questions might be answered by
further exploration of the site.

In the summer of 1950 Professor Wace
and the Greek Archaeological Society ot
Athens resumed intensive digging. Wace
decided to explore the prehistoric ceme-
tery beyond the walls of the citadel and
the houses in the previously untouched
Lower City. He was quickly rewarded.
Among his important new discoveries
were four houses which have been worth
three summers of work.

One is a burned house that seems to
have belonged to an oil merchant. In its
basement were found a number of oil
jars and some 50 stirrup jugs, all stand-
ing in their original positions. The jugs,
stopped with clay stamped with the
seal of the owner, had been deliberately
broken open when the house was put
to the flame, so that their contents would
help the fire. In the basement of the same
house were discovered some 38 clay
tablets covered with the tantalizing signs

Mfcsr__uf‘;
“ARGOS®

22 24

"  SEA OF CANDIA |

36|

i ||

% %__ |
S C,R

; =
s SEl IR
L . KNOSSOS £

l

2 |

SOME GREAT CITIES of classical Greek and prehistoric times are located on this map.
From Mycenae on the Peloponnesus Agamemnon led his famous expedition against Troy.

of Linear Script B, a script which seems
to be on its way to decipherment [see
“The Language of Homer’s Heroes,” by
Jotham Johnson; SCIENTIFIC AMERICAN,
May]. These tablets, found in a private
house, prove that even ordinary citizens
were literate in the Mycenaean Age.
The second house, of which only two
rooms have been excavated so far, has
yielded a unique treasure of carved
ivories of exquisite workmanship and
detail. The ivories were probably used
as inlays for furniture and caskets in
a manner described fully in the Homeric
poems. Many of them are in the shape
of the characteristic figure-of-eight
Mycenaean shield; hence the house has
been named the “House of the Shields.”
Other ivories are in the form of lions,
and one represents the helmeted head
of a Mycenaean warrior. A series of
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fine stone vases also were found in the
rooms.

The basement of the third house, also
destroyed by fire, contained an ivory
plaque bearing the representation of
two sphinxes of excellent craftsmanship;
this will be known as the “House of
the Sphinxes.” Vases in the house were
marked with seal impressions from a
signet ring with a design of a man
standing between two wild goats. On the
back of the impressions a few signs of
Linear Script B are inscribed, again
proving the use of the script for com-
mon purposes.

All three of these houses must have
belonged to wealthy citizens. The exis-
tence of large and rich houses beyond
the citadel walls proves that in the 13th
century B.C. Mycenae enjoyed peace
and prosperity. Since the citadel was
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CITADEL of Mycenae (heavy line at the upper right) and its surroundings are mapped.
At A is the Lion Gate. At B is the grave circle discovered by Schliemann. At C is the so-
called “Tomb of Clytemnestra.” At D is the new grave circle (see map below). At E is the
“House of the Shields,” the “House of the Oil Merchant” and the “House of the Sphinxes.”
At F is the “House of the Wine Merchant.” At G is the site of the palace within the citadel.
At H is the so-called “Treasury of Atreus.” The modern road (left) runs almost due North.

NEW GRAVE CIRCLE (large D) and “Tomb of Clytemnestra” (large C) are shown in
greater detail. The smaller letters label the graves discussed by the author. The first grave,
discovered in the restoration of the “Tomb of Clytemnestra,” is at A. The double dotted
line at the top of the grave circle is an aqueduct which delayed the excavation of Grave N.
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not burned, Wace has suggested that
the houses were destroyed in a civil
war, perhaps the feud of Atreus and
Thyestes, known to us from the mytholo-
gy of Greece.

The fourth house apparently belonged
to a wine merchant. In its basement
were found many wine jars and a drink-
ing horn with a magnificent painted rep-
resentation of an octopus.

thile Wace was engaged in his ef-

forts to bring to light the Lower
City of Mycenae, Lady Luck stepped
onto the scene. The Greek Service for
the Restoration and Preservation of An-
cient Monuments was restoring the so-
called “Tomb of Clytemnestra,” Aga-
memnon’s queen—a tomb which cannot
actually be hers because it dates from
the second half of the 14th century B.C.
After the restoration of the dome it
was decided to pour earth over it to
show the original appearance of the
mound over the tomb. In taking earth
from the adjacent area one of the work-
ers found a piece of worked stone, then
a second piece and a third. When the
three pieces were put together, they
formed a tombstone similar to those
found by Schliemann in his grave circle.
On the stone was a carving of a wild bull
being attacked by hunters. It became
evident at once that below the stele
a grave must be awaiting exploration.
The grave and its contents were soon
revealed. It was similar to the royal shaft
graves explored by Schliemann, and its
contents were as rich and varied. Two
skeletons were found in it, and a rich as-
sortment of furnishings: some 26 vases,
a number of bronze swords and daggers
and some gold ornaments decorated in
repoussé work and reminiscent of those
found by Schliemann.

Needless to say, this accidental dis-
covery created great excitement. Archae-
ologists the world over wondered
whether a new group of graves was
about to be exposed. Within the month—
November, 1951—the director of the
archaeological district, John Papademe-
triou, and I visited the site and studied
the grave. While exploring its immediate
area, we noticed three stones which
seemed to have been worked, and what
was more exciting, they seemed to be
set on a curve instead of a straight line.
Could we hope that they were part of
a circular enclosure similar to Schlie-
mann’s grave circle? That question was
answered in January, 1952. Though the
north wind came down from the top
of Mount Elias in icy blasts and snow
flurries were in the air, high hopes drove
our digging. A week’s work was sufficient
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GRAVE G proved to be one of the richest excavated within the new grave circle. It con-
tained four skeletons and the gold cup and death mask that are shown on the next page.

to prove that the stones actually formed
part of a grave circle.

The new circle is outside the citadel
and some 400 yards west of the Lion
Gate. Its excavation was entrusted by
the Greek Archaeological Society to
Papademetriou and a committee of three
professors of archaeology: A. Kera-
mopoulos and S. Marinatos, of the Uni-
versity of Athens, and the author, of
Washington University in St. Louis.
Papademetriou and I began the excava-
tion of the circle on July 3, 1952.

N the beginning the work was dis-
hearteningly fruitless. But early in
the morning of July 9 prospects bright-
ened considerably. We found the re-

mains of another tombstone, standing
on its original base. The village aqueduct
had to be diverted before we could dig
under this stele, but we moved on mean-
while to another point with high ex-
pectations. And then we had our first
grave. It was dug into solid rock; a pit
% feet long and 6% feet wide had been
cut in the rock and filled with earth and
broken stone.
The fill had to be removed carefully,

two to four inches at a time, and thor- |

oughly sifted for its contents. As the
successive layers were slowly stripped
away, one thought kept gnawing at us:
Would the grave prove to be intact
or had it been plundered long ago?
So many, many times Iong and strenuous
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Sword from Grave D has a hilt of gold

work is rewarded with an empty grave!
Then our fears turned to joy. The tops
of vases, still standing undisturbed, be-
gan to appear, and finally human bones.
When the floor of the grave had been
cleared, we looked at a sight which
archaeologists had hoped to see since
the days of Schliemann.

The grave contained a single skeleton,
stretched on its back and laid on a
layer of pebbles. Vases had been placed
at the head and the feet. One arm bone
was still encircled with a gold band; a
gold belt girdled the pelvic area, and
near the right elbow lay a triangular
bronze dagger.

We were to find richer graves than
this, but nothing matched the thrill
of the first one. Excitement reached
its zenith when the King and Queen
of Greece visited the excavations and
helped remove some of the vases from
the grave.

The second grave discovered in the
circle was larger (more than 12 by 9
feet) and more elaborate. It contained
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Gold rosette from Grave O

Reconstructed vase from Grave N

four skeletons and a rich assortment of
gifts. Among them were two gold cups, a
death mask made of an alloy of gold
and silver, a good number of bronze
swords and daggers and many vases
beautifully decorated in brilliant colors.
The excavation also yielded information
on how these shaft graves were roofed.
It seems that after the shaft was dug
narrow walls of stone were built to a
height of about three feet above the
floor, wooden beams were laid across
these walls, small stone slabs were
placed on the beams and the slabs were
covered with a layer of clay to make
the roof watertight. Then earth was
dumped on this to fill up the remaining
six feet of the shaft, and it was capped
at ground level with a small mound. A
funeral feast was held over the spot,
and the bones of the animals consumed
were left in the mound. (Such a funeral
feast is described in detail in Homer’s
account of the burial of Patroclus in the
Iliad.) Finally a tombstone was erected
on top of the mound.
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Death mask from Grave G

Gold cup from Grave G

By the end of September, 1952, we
had unearthed seven shaft graves and
still had covered only a third of the
grave circle. During the summer of 1953
eight additional large shaft graves were
explored. Interest steadily grew as the
work proceeded. Even the earth that
filled the shafts proved exciting, because
it was studded with broken pottery of
exceptional artistic merit. Each grave
had its own contribution to make, its
treasures to add to our collection. For
instance, Grave E (the graves are all
identified by letters) yielded a number
of bronze vessels and a stunning sur-
prise. As we lifted two fallen roof slabs
we were confronted with a spectacle
never to be forgotten: a mass of gold
ornaments arrayed in a pattern that
shone forth brilliantly under the rays of
the sun. Grave D produced, among other
things, a sword which is a truly royal
weapon: its bronze blade, over three
feet long, is engraved with griffins; its
hilt is of gold, decorated with quad-
ruple spirals and the heads of bulls and



Bowl of rock crystal from Grave O has the shape of a duck

lions, and its pommel is of ivory. Grave I
also yielded a bronze sword with an
ivory pommel, and in addition a dagger
with a handle of rock crystal, gold orna-
ments and jars and goblets of clay and
silver—presumably filled originally with
food for the trip of the deceased to
the lower world. We know that at least
one of them contained oil, because when
our vase mender heated the broken
pieces of clay to join them together,
the odor of oil filled the repair shop.

Grave N, the grave by the village
aqueduct, yielded a quantity of vases,
14 of which were found on its roof.
The grave held the skeleton of a war-
rior, and beside it two large swords with
ivory pommels, a bowl of bronze and
two bronze daggers. The bones of an-
other skeleton were found brushed aside
with its belongings to make room for
the last burial. Among these belongings
were a bronze sword with ivory pom-
mel, two daggers, a spearhead, a gold
cup and numerous gold bands decorated
in repoussé. The spearhead and the

daggers were enveloped in cloth; this
piece of cloth, dating from the closing
years of the 17th century B.C., is the
oldest surviving from the ancient Greek
world.

Grave L, one of the largest discovered
(over 13 feet long), stirred great ex-
pectations. Its fill was crammed with
a multitude of fine vases. When the first
roof slabs on one side were lifted, they
revealed a mass of piled bones, beauti-
fully decorated bands of gold and the
remains of a bronze dagger. But the rest
of the grave floor yielded nothing but
a few crushed bones. We soon deter-
mined that the grave had been robbed,
perhaps in the 16th century B.C., be-
fore the collapse of its roof. We even
uncovered the very hole in the wall of
the grave through which the robbers
had made their entry. Under a small
pile of stones and earth that had fallen
from the hole we found a sword and a
number of knives and daggers.

 Mycenae does not allow disappoint-
ments to last for long—certainly its new
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grave circle does not. We had scarcely
swallowed this disappointment when we
came upon one of the richest graves.
It belonged to a princess. Still lying on
the skeleton’s chest were a long gold
necklace and another of amber. Two
gold bands were around the brows.
There was a beautiful rosette of pure
gold which apparently had been pinned
on the shoulder. But the most exciting
find was a bowl of rock crystal in the
form of a duck. Its delicate design,
amazing workmanship and size (more
than five inches in the longest dimen-
sion) make it a unique find of the My-
cenaean world.

The objects found in the new shaft

graves of Mycenae make a priceless
collection, but they form only a part
of the vast amount of information that
these excavations will yield when the
collection has been analyzed and inter-
preted. We have learned from the skele-
tons that the Mycenaeans buried in these
graves averaged about 5 feet 9 inches in
height—tall for a Mediterranean peo-
ple. We even know what they looked
like, for in a small circular ame-
thyst gem found in one of the graves
an artist had engraved a portrait of
a Mycenaean warrior. How he could
have made this tiny engraving in a
stone only half an inch in diameter,
without a magnifying glass or any dia-
mond tool, is a mystery.

The graves in the newly discovered
circle evidently belong to the ruling
families of Mycenae. Their names we
shall never know, for they were buried
at least four centuries before the time
of which Homer sang. Yet some facts are
clear. The new finds prove that these
people were not Cretans but Greeks in
the historic sense, that they were mighty
warriors and that they ruled over a
civilization whose richness casts a fresh
light on the world of the Bronze Age.

PORTRAIT of a bearded Mycenaean warrior
was found in Grave T. It is skillfully en-
graved on a half-inch disk of gem amethyst.
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Spider Webs and Drugs

The regularity of the delicate structures made by spiders is one

of the wonders of nature. Now abnormalities in these patterns are

used to study the mechanism by which drugs produce their effects

The members of the zoology depart-
ment were dead tired. For days
they had been trying to make a
motion picture film of a spider building
its web. Night after night they had
waited up in the laboratory to catch
their subject in its intricate construction
job, but the perverse little creature had
refused to perform for their cameras.
Each morning they had fallen asleep

SPIDER Zilla x-notata makes a small platform in the center
of its web before spinning the main spiral from the outside in.
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by Peter Witt

with exhaustion, only to find on awaken-
ing an hour or two later that the spider
had spun a beautiful web during their
sleep.

In desperation a delegation of the zool-
ogists finally came to my pharmacology
department (we were all colleagues
at the ancient University of Tiibingen in
Germany). Could I supply them with
a drug which would stimulate the dila-

tory spider to spin its

web when they want-

\Y 5 ed it to? As it hap-
& 12 pened, the zoologists

/] found me in a mood of
i despair that matched
/ | their own. I had been
experimenting with
7 | various drugs to try to

/ /) find out whether they

differed in their effects

on human beings. My

2 testdrugs (marihuana,
bv4 mescaline, morphine,

scopolamine, Benze-
drine) had evoked
—d wonderful  responses

in my subjects—fan-

tastic dreams, weird

| visions in color, laugh-

| ter, tears and all sorts

' of emotions. But the

experiments had failed

to yield any answer to

my question about spe-

cificdifferences among
\ / the drugs.

Naturally I pointed
out to the zoologists
that I had not the
slightest idea how the
drugs would affect
spiders. Nevertheless I
gave them samples of
several drugs to try.
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The next morning my zoology friends re-
turned with news which, though rather
disappointing to them, was highly excit-
ing to me: The drug they had adminis-
tered to the spider had not accelerated
its performance, but it had caused the
animal to spin a web of a strange shape
never seen before.

I at once decided to transfer my ex-
periments from human beings to spiders.
Human subjects are moody, compli-
cated, variable and apt to carry over
memories from one experiment to the
next. Spiders promised to be much sim-
pler subjects for testing the effects of
drugs on the central nervous system.
Furthermore, they might yield informa-
tion which could be put to practical use.
If spiders responded differently to dif-
ferent drugs, they would afford an easy
test for identifying a small amount of an
unknown drug—for instance, in cases of
accidental or deliberate poisoning.

Fortunately Professor Hans M. Peters
and his colleagues in the zoology de-
partment had given much study to the
web-building of spiders, including the
webs’ geometric shapes, and we joined
efforts in what was to prove a fruitful
collaboration.

rl’o begin at the beginning, let us see

why and how a spider builds its web.
The spider we selected for our experi-
ments is Zilla x-notata, which spins an
orb web. To a spider the sense of touch
is what the sense of sight is to man—
its most important means of livelihood.
Its web, of course, is its tool for catch-
ing food. The Zilla spider sits just off a
corner of this structure with two fore-
legs resting on a “signal” thread run-
ning from the outer edge to the center of
the web. The whole web can be looked
upon as a projection of its legs, waiting



ABNORMAL WEB is spun by a spider under the influence of a the longest threads. Here the web has been made visible by ex-
sleep-inducing drug. The abnormality consists in the omission of posing it to ammonium chloride, which condenses on the threads.

8l
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WEB IS BEGUN by Zilla. The spider spins a horizontal thread,

returns to its middle and spins a vertical thread (first drawing).

tensely to communicate any vibration
to the spider. The moment a fly’s vibrat-
ing wings touch the threads of the web,
the spider pounces on it, paralyzes it
with its poisonous bite and binds it with
a sticky thread. Then it proceeds at
leisure to suck the juices from its prey.

That touch rather than sight guides
the spider was proved by an English
amateur scientist who discovered that a
tuning fork vibrating with the same fre-
quency as a fly’s wings also provokes the
spider’s assault; so will a vibrating dum-
my of a fly. On the other hand, if the
signal thread is cut so that the spider
cannot feel vibrations of the web, it will
pay no attention to a fly crossing the
web directly in front of it.

If its web is destroyed day after day, the

spider will build a new web every
day. Normally it spins each web in the
same way and in the same pattern. It
usually chooses a window or some other
frame as the support. First it attaches an
end of thread, which it secretes from its
thread-forming gland, to one point on
the frame; then it may move horizontally
along the frame, paying out more thread
and dragging it behind, until it has
reached a second point a suitable dis-
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tance from the first. There it pulls the
thread tight and fastens the end at the
second point. Now it moves back along
this “bridge” and spins a new thread
perpendicularly from the middle of it,
forming a T. Dangling by this thread,
the spider steadily extends it by spinning
more length until it reaches a fastening
point. This completes the first stage of
the web construction. The first stage may
take any of several other forms, depend-
ing on the shape and nature of the site.
But the following stages are always the
same. The spider proceeds to spin radial
spokes from the center to the outer
framework of its web. If it has started
with the T described above, it climbs
back up the vertical member and along
the arm of the T to its starting point,
all the time letting out new thread.
There it pulls the new thread tight across
the diagonal of the triangle [see draw-
ings above]. This forms a radial member
of its web. In like manner the spider goes
on spinning new bridges and radii until
it has completed a peripheral frame
connected to the center by many radial
threads. The angle between these radii
is remarkably uniform; most of the spac-
ings do not vary by more than one or
two degrees. However, the Zilla spider
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The spider then fastens a third thread at the middle of the vertical
one and climbs back to the first thread (second drawing). It

leaves extra space around one spoke
which will serve as the signal thread
[see diagram on page 80].

Now the spider proceeds to build
the cross members that connect the
spokes. It does this by spinning a thread
which starts near the outer frame and
spirals in toward the center (after it has
first laid a temporary thread across the
spokes to hold them in position while it
moves over them). For this so-called
“catching spiral” the spider spins an es-
pecially delicate thread covered with a
thin layer of sticky fluid. Zilla draws the
spiral thread from spoke to spoke around
the web until it reaches the one next to
the signal thread; then it turns and goes
back the other way, thus leaving a free
sector around the signal thread. As it fills
in its web, the spider measures the dis-
tance from thread to thread with its legs
and probes the tension of the lines to
make sure there will be no loopholes
through which a fly may escape.

There are some mystifying features
about the spider’s construction of its
spiral. For instance, one would suppose
that for the sake of efficiency the animal
would begin by spacing the turns of the
spiral close together near the periphery,
where the radii are far apart, and would



then fastens the third thread diagonally be-
tween the first and second (third drawing).

widen the interval between the turns as
it moved toward the center. But the
spider does exactly the opposite: it nar-
rows the spaces between the spiral turns
as it approaches the center. Possibly the
reason for this strange behavior is a dis-
position to minimize the distance it must
climb from spoke to spoke; however,
there seem to be a great many factors
involved in the spider’s construction of
its spiral, and we have only begun to
find them out. As will be seen, it is main-
ly in the spinning of the spiral that
spiders show the effects of drugs.

We know that every species of spider
makes its own kind of web, and that
it builds its characteristic kind by in-
stinct; when a baby spider spins its first
web, even if it has never seen a web
before it makes one just like its fore-
bears’, except on a smaller scale. The
drive to build a web is in direct propor-
tion to the spider’s hunger. A hungry
spider will spend enormous amounts of
energy building webs day after day. In
our experiments we keep the animals on
a diet which is sufficient to keep them
healthy and reasonably satisfied with
their captivity but is spare enough to

make them build a web every night. We |
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use female spiders, because males, being
only half the size of females and requir-
ing less food, build webs much less often.

We chose Zilla as the test animal
partly because this spider lives outside
its web. It will adopt a paper bag as its
home and thus is easy to keep captive.
To capture a Zilla spider I bait it out
of its hiding place in the garden or a
window by touching its web with a
tuning fork. While it is attacking the
fork, I lay a paper bag on the signal
thread. When the disappointed spider
returns from its fruitless sally, it enters
my paper bag without even noticing that
its house has been changed. I can fasten
the bag to the corner of a portable wood-
en frame, and thereafter the spider will
build web after web on the frame, al-
ways returning to the bag as its home.
A large array of such frames hangs in
front of the enormous window of my
laboratory. Each contains a spider.

A spider’s web, needless to say, is no

easy thing to study. The threads are so
thin and delicate that they can hardly
be seen, and they break at the slightest
touch of a clumsy human finger. Nor
will a web keep for any length of time.
Because the gossamer threads are diffi-
cult to photograph, even with the best
modern camera, H. Homann in Ger-
many conceived the excellent idea of
thickening the threads by dusting them
with a material that does not bother
spiders. A glass bowl filled with a solu-
tion of ammonia gas in water and an-
other bowl with a solution of hydro-
chloric acid are placed under the web.
The rising vapors from the bowls com-
bine in the air to form fine crystals of
ammonium chloride. In 20 minutes the
crystals have covered all the threads
with a fine white layer, so light that it
does not make the delicate filaments sag
but thick enough to make every thread
stand out clearly when the white-coated
web is photographed against a black

MARIHUANA produces this effect in the web of Zilla. There is a relatively large space
between the framework of threads around web and the peripheral turn of the spiral.
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background with light from the side.

It is important to see every part of
the web, for the changes induced by the
drug experiments are subtle. The deli-
cate pattern of the finished web is the
result of a precise and complicated pat-
tern of movements by the spider. When
a spider’s central nervous system is
drugged, it departs from this pattern,
as a man intoxicated by alcohol weaves
an erratic course down the street. The
spider’s errant movements leave their
telltale tracks in a distorted web. And
we were delighted to discover that each
drug always produced its own distinctive
aberrations in the spider.

To administer drugs to spiders with-
out alarming them took a little doing.
After many experiments, one of our
medical students, Dieter Wolff, found a
convenient way. A fluid containing the
drug, sweetened with sugar to conceal
the drug’s taste, is injected into the hind
part of a fly, where the spider is accus-
tomed to tap the juices. The fly is cut in
half, but the spider is lured to it by a
tuning fork simulating the vibrations of
its wings. Spiders apparently find the
taste of the sugar delicious, for they have
taken every drug offered in this way.

then we began to test the effects of
drugs, one of the first things we no-
ticed was that a spider made drowsy by
a sleeping drug would skip the spinning
of the longest and most difficult radial
threads—those to the corners of the
frame. This left conspicuous gaps in its
web [see photograph on page 81].

Of the many other effects, most of
which we cannot yet even begin to in-
terpret, I shall mention three which
seem especially significant. Benzedrine
causes the Zilla spider to spin a spiral
which has the usual over-all shape but
tends to zigzag like an unsteady walker
[see photograph on page 86]. We
strongly suspect that under the influ-
ence of Benzedrine the spider loses its
ability to locate precisely the points at
which it should fix its spiral. Marihuana,
in contrast, produces no disturbance of
the sense of direction, but it does cause
the spider to omit the first part of the
spiral: the animal starts closer to the
center and leaves the outer part of the
web uncovered by cross members [see
photograph at left]. This effect is
peculiar to marihuana—it is always pro-
duced by that drug, and only by that
drug, as far as I know.

The third drug of special interest is
scopolamine, which in human beings
produces hallucinations and strange dis-
orientations. Scopolamine destroys a
spider’s sense of direction almost com-
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Modern measuring. Twin Disc engineers connect a Hewlett-Packard electronic counter to
magnetic pickups. Pickups are actuated by gear teeth on torque converter shafts. Counter
shows speed ratio instantly, accurately, in direct-reading digital form. In many counter
applications, non-technical personnel make precision measurements without special training,

Twin Disc...another leader uses electronics
for better engineering and manufacturing

Once the best way to determine torque
converter efficiency included a “cut and
try” method of speed ratio measurement.
This involved constant adjustment, many
tachometer readings and much arithmetic.

Today, engineers at Twin Disc Clutch
Company read speed ratio directly, instan-
taneously and accurately with Hewlett-
Packard electronic counters, oscillators and
voltmeters. These and other electronic test
instruments—in simple, portable setups—
save Twin Disc hours of time in engineer-
ing as well as on the production line and
in quality control.

Hewlett-Packard designs and manufac-
tures the world’s most complete line of
electronic test instruments—over 250 dif-
ferent types of measuring equipment used
by manufacturers and processors, in scien-
tific research, in radio, TV and communica-
tions, and by the armed forces.

Correct application of such equipment is
of prime importance. -bp- field engineers
can tell quickly whether -hp- equipment
can help answer your manufacturing or re-
search measurement problems. A letter
outlining your measuring requirements will
bring a prompt reply.

Field engineers serving all principal cities

HEWLETT-PACKARD COMPANY

275 PAGE MILL ROAD ¢« PALO ALTO, CALIFORNIA, U. S. A. Cable "HEWPACK"
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of Electronics

Radar, sonar and other electronic military
achievements were made possible by accu-
rate, dependable electronic test instruments.
Now, advanced models of these same instru-
ments are invaluable in rocketry, nuclear
physics and research into interstellar phe-
nomena.

Throughout science and industry, elec-
tronic test instruments make routine meas-
urements faster, more accurately; increase
knowledge by opening the door to measure-
ments once not possible. Electronic test in-
struments work by measuring or comparing
electrical impulses from natural or man-
made sources.

Your TV picture is clear and steady, and
color TV is now at hand, thanks to electronic
test instruments. TV set makers use instru-
ments to design better circuits, speed manu-
facturing and improve testing. Broadcasters
use them to itor equip t perfor

and maintain transmitters and microwave
networks in perfect operating condition.

s

WORLD LEADER IN
ELECTRONIC MEASURING
INSTRUMENTS
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BENZEDRINE produced another effect, shown in a section of the web. The spiral is er-
ratic. When scopolamine is administered, the spiral runs smoothly but in false directions.

pletely. Its spiral no longer takes regular
turns around the center but may go off
in false directions.

How far can the effects on spiders be
compared to effects of the same sub-
stances on human beings? This question
will never be answered fully, as we can-
not interview a spider to find out what
it feels and experiences. We can only
compare superficially some of the known
facts. It is likely that a general disturb-
ance of the functions of the brain shows
its effect in distortion of the sensitivity
of touch in the spider, as it distorts vi-
sion in man. The strange and colorful
visual hallucinations that a man expe-
riences under mescaline may take the
shape of haptic (touch) hallucinations
in the spider. Yet the general course of
an intoxication may be alike in both;
for instance, the effect may come and
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go in waves. This is the way scopolamine
affects man, and such a rhythm may be
responsible for the fact that a spider
under the same influence periodically
loses and regains the correct direction in
building a spiral. But these are mere
speculations.

Why should we work with that

strange animal, the spider, instead
of some familiar higher animal more like
man? The answer is that we cannot in-
terview higher animals about their expe-
riences any more than we can spiders,
but the little spider gives us every day
in its web an objective and measurable
report on the state of its health and its
nerves. When we have learned how to
interpret it, we shall be able to read a
most interesting story in that precise
and complicated structure.
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Vulecanizing 3000 patches per hour is now standard; 30 was.

3. THIS IS IT — the Fenwal THERMOSWITCH control is simple
— compact shell contracts or expands instantly with tem-
perature changes, opening or closing electrical contacts. Ad-
Justable and highly resistant to shock and vibration. Fenwal
THERMOSWITCH units are solving temperature problems and
helping to improve the final product throughout all industry.
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2. DENTAL PLATE FIT STARTS WAY BACK. The tiny abrasive
wheels for grinding and polishing dental plates must be very
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THE ULTIMATE ATOM

When a positive electron is emitted by a radioactive nucleus, it

may briefly join with a negative electron to form “positronium.”

This simple system confirms the logic of (quantum electrodynamics

6 lementary” is a delightfully am-
E biguous word. It can mean
that which is easily understood
(“Elementary, my dear Watson”) or that
which is so fundamental that it is not
understood at all. It is in the latter sense
that sub-atomic particles are called ele-
mentary. What is elementary depends
on the century in which the word is
used. Thus it was applied to earth, air,
fire and water as “elements,” then to the
elements of the periodic table, then to
the protons, neutrons and electrons of
which these elements are composed. At
the present moment the word elementary
is used to describe not only protons, neu-
trons and electrons but also positrons,
photons, neutrinos, mesons and a host
of other recently discovered particles.

When we look at this complex array
of elementary particles and try to un-
derstand how they fit together to form
our universe, we find them anything but
elementary in the Sherlock Holmes
sense. One fact that prevents us from
giving up the jigsaw puzzle, however,
is that three pieces of it fit together very
well indeed. Electrons (particles with
negative charge), positrons (identical
with electrons except that the charge is
positive) and photons (quanta of elec-
tromagnetic radiation) can be described
very well by the theory of quantum elec-
trodynamics.

For example, this theory predicts that
in the visible spectrum of the hydrogen
atom there should be a frequency differ-
ence of a certain value between two
neighboring lines. It has been found ex-
perimentally that the actual shift agrees
with the theoretical calculation to within
less than one megacycle per second.
This, in a sense, is an accuracy of one
part in a billion, for the frequency of
visible light is roughly a billion mega-
cycles per second. Thus we can see that
the theory of quantum electrodynamics
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by II. C. Corben and S. DeBenedetti

is one of the most accurate descriptions
yet devised of any portion of man’s
sense-experience.

lainly it would be nice to be able to

apply this precise tool to a simple
atom involving only electrons, positrons
and photons—a system uncomplicated by
the presence of protons, neutrons and
other poorly understood particles that
make up ordinary atoms. This dream of
atomic physicists has, in fact, come true.
In the rapid chain of events that follows
the release of a positron by a radioactive
atom, there has been discovered a fleet-
ing system which consists only of a posi-
tron and an electron. They revolve
around each other to form an electrically
neutral atom, held together by the elec-
trostatic attraction between their op-
posite charges. This short-lived atom has
been named positronium. Electrically it
is like what used to be the lightest
atom—hydrogen—but a positron takes
the place of the proton. Since a positron
is no heavier than an electron, the posi-
tronium atom weighs only about one
thousandth as much as the hydrogen
atom. On the scale of atomic weights
the nearestinteger to describe the weight
of positronium is zero.

In positronium both the electron and
the positron move around their common
center of mass. Consequently the aver-
age distance between the two particles
is twice that in the hydrogen atom,
where the electron circles a relatively
stationary proton. This means that the
wavelength of a line in the positronium
spectrum should be almost exactly twice
that of the corresponding line from
atomic hydrogen.

It will be a long while before such
radiation is observed, however, for it is
possible to make positronium only in
incredibly small amounts. A positronium
atom never lives as long as a millionth
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of a second; indeed, most of these atoms
have a life of less than a billionth of a
second. A brief instant after positronium
is formed, the electron and positron an-
nihilate each other and the atom disap-
pears. The mass of the two particles is
converted into electromagnetic energy,
two or three photons emerging from the
position where the atom was located.

That at least two photons must be
emitted is easy to see from the principle
of conservation of momentum. Just as,
when a gun is fired, something has to
take the recoil of the bullet, so when
positronium is annihilated, something
has to take the recoil of any photon that
is radiated. Another photon, emitted
in the opposite direction with the same
energy, satisfies this requirement. As we
shall see, positronium sometimes prefers
to emit three photons, dividing the ener-
gy among them. In principle it could
also blow up into four, five or even more
photons, but the chance of this occurring
is always very small and at present it is
not possible to observe it.

In any case, the sum of the energies
of the photons that come out has to be
equal to the energy derived from the
masses of the destroyed electron and
positron (E=Mc?). The energy amounts
to about a million electron volts, so that
if two photons are emitted, each has
about half a million electron volts of
energy. They have the energy of, and
actually are, gamma rays, like those
emitted from excited atomic nuclei.

To observe these products of the phe-

nomenon we may simply put a sub-
stance emitting positrons in a contain-
er and place two gamma-ray counters
symmetrically on opposite sides of the
container [see illustration on page 90].
The counters are connected to a coin-
cidence circuit which gives a signal (a
click and a flicker of light) when and



ATOMS of hydrogen and positronium are compared in these sche- er. In the positronium atom (right) a negatively charged electron
matic drawings. In the hydrogen atom (left) a negatively charged and a positively charged electron, or positron, move about each
electron moves about a positively charged proton 1836 times heavi- other. This atom lives for less than a millionth of a second.
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TWO VARIETIES of positronium are ortho-positronium (left) are opposite. In the para form the directions of spin are opposite,
and para-positronium. In the ortho form the directions of spin of while the magnetic poles are parallel. Ortho-positronium :disinte-
the electron @nd the positron are parallel, while the magnetic poles grates into three photons. Para-positronium disintegrates into two.
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ANNIHILATION of para-positronium is detected by two scintil-
lation counters (left and right). The positronium is made by a bit
of positron-emitting sodium 22 (center). The counter circuit is de-

only when each counter is being trav-
ersed by a gamma ray at the same time.
This happens whenever a positronium
atom breaks up and emits two photons
in the direction of the counters.

What we are witnessing is not the
formation of positronium but the anni-
hilation of a positron and an electron. A
positron from the radioactive source
meets an electron in the wall of the con-
tainer; the partners dance around each
other for something like a tenth of a bil-
lionth of a second, and then they destroy
each other. Each such event, provided it
takes place precisely on the line between
the counters, produces a click and a
flicker in the apparatus. The experiment
is unambiguous, easy to perform and im-
pressive to watch. Lights flicker and
counters click as if in a Hollywood movie
of a nuclear laboratory.

This experiment is known as two-
quantum annihilation. The emission of
three photons can be detected with an-
other apparatus using three counters, all
placed in the same plane as the positron
source and all connected to a coinci-
dence circuit so that a light flickers only
when the three counters are tripped
simultaneously.

Why should positrons sometimes be
converted into two photons and some-
times (much more rarely) into three? A
natural guess is that there are two va-
rieties of positronium. If that is so, the
theory of quantum electrodynamics pre-
dicts that the two-photon variety should
have an average lifetime of 1.25 X 10-10
seconds, and the three-photon kind, a
lifetime of 1.4 X 10-7 seconds.

By our clocks these times are quite
short, but the longer of them (of the
order of a millionth of a second) can be
measured rather accurately with mod-
ern electronic equipment. It was indeed
by the detection of the positrons” mean
life of 1.4 X 107 seconds that Martin
Deutsch, of the Massachusetts Institute
of Technology, discovered positronium.
It is a curious fact that this atom was
discovered, and can be studied at all,
only through the evidence of its death.
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Deutsch’s experiment consisted in
measuring the time elapsing between
the birth of a positron, which gives a
signal when emitted by a radioactive
source, and its annihilation. What gave
proof of positronium’s existence was the
fact that positrons sometimes survived
for a certain characteristic mean life-
time, which agreed with the time that
theory predicted they should live if they
paired with electrons to form a neutral
atom. The same considerations have
made it possible to study some of the
chemical properties of this atom despite
the fact that it annihilates itself less than
a microsecond after it is formed.

This is a truly remarkable achieve-
ment if one considers how extremely
small are the quantities available for
study. Suppose that the radioactive
source used is emitting one million posi-
trons per second; even if all these posi-
trons produce atoms of the longer-lived
variety of positronium, their lifetime is
so short that 90 per cent of the time
there is not a single atom present.

The two varieties of the atom have
been named para-positronium (two pho-
tons) and ortho-positronium (three
photons). To analyze the difference be-
tween them we must go back about 30
years to the time when it became ap-
parent that one could say something
about electrons beyond the fact that they
were small balls of a certain weight and
a certain electric charge. It was learned
that an electron not only revolves around
the nucleus of an atom but also spins on
its own axis, like the earth, with a con-
stant angular momentum. Now the same
can be said for the positron, which is
identical with the electron in all re-
spects except the sign of its charge. This
intrinsic spin of the electron and the
positron is always one half as large as
the unit of angular momentum used in
atomic physics. When an electron and a
positron pair to form positronium, their
spins can be either parallel or anti-
parallel. If parallel, they will add up to
one unit; if antiparallel, they will cancel
out to zero.
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signed so that it registers an event only when photons pass through
both counters at once. Since para-positronium decays into two pho-
tons and ortho-positronium into three, only the former is detected.

This explains the two types of posi-
tronium. In an atom of ortho-positro-
nium the electron and positron spins are
parallel, while in para-positronium the
spins are opposed to each other. (To
remember which is which, think of the
word paradox.)

Now photons also may spin. Their
angular momentum is usually one full
atomic unit, either plus or minus—that
is, in one particular direction or the re-
verse. Since angular momentum, like
energy and ordinary momentum, obeys
the law of conservation, we can see that
ortho-positronium, with a total spin of
one unit, cannot break up into two pho-
tons, for the spins of two photons add up
either to zero or to two, according to
whether they are opposite or parallel.
Ortho-positronium therefore undergoes
the next most probable process: it breaks
up into three photons. On the other
hand, para-positronium, with total spin
zero, easily converts into two photons.

The life of positronium, though al-
most too short to be measured with
our most refined instruments, is still long
from the point of view of time on the
atomic scale. According to the Bohr
theory of the atom, the electron and
positron must make a circuit around
each other in about a millionth of a bil-
lionth of a second. Thus even in para-
positronium there is time for this to
happen something like a million times
before the atom breaks up. So we have
plenty of margin for studying the mo-
tions of the particles around each other.

In addition to possessing spin, the
electron and the positron, like the earth,
possess magnetic moments, i.e., they
behave like small magnets, with the axes
of the magnets more or less pointing
along the axes about which the particles
are spinning. In ortho-positronium the
north and south poles of the two magnets
point in opposite directions, because the
opposing charges of the electron and
positron have this effect when the par-
ticles are spinning the same way [see
drawing at left on page 89]. The small
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Research in Radiation Crosslinking of Plastics

The past 18 months has seen a remark-
able rise in the attention given by indus-
trial scientists to the possible commercial
applications of radiation energy. This
work was greatly intensified after publica-
tion of the work of Charlesby* in chang-
ing the characteristics of polyethylene by
radiation bombardment. Normally a
thermoplastic, polyethylene becomes ther-
mosetting after exposure to high doses of
ionizing radiation. Not only is its resist-
ance to many solvents increased, but also
its plastic memory and its resistance to
stress-cracking. Most dramatic, however,
is the ability of irradiated polyethylene to
hold its shape at higher than normal
temperatures. These changes in physical
properties are a consequence of the cross-
linking produced by radiation energy, and
it is this phenomenon that has created so
much interest.

#“Crosslinking of Polythene in the Atomic Pile,”
BRITISH PLASTICS, March 1953

Many other high polymers have been
investigated in recent months. Some, such
as polyvinyl chloride and methyl metha-
crylate, degrade in the presence of ioniz-
ing energy. Others, such as polystyrene
and certain rubbers, appear to crosslink.
The silicones in particular look promising
because cures can be effected at relatively
low dosages and in a very short space
of time.

Although some of the work now going
on in this field looks toward more im-
mediate applications of radiation-cross-
linked polymers, much is of a funda-
mental nature, directed to learning more
about the mechanisms of interaction and
to creating polymers and copolymers to
take advantage of the unique character-
istics of this interaction. Considerable
attention is also being given to the use of
radiation as a catalyst in the polymeriza-
tion reaction itself.

Production-line Irradiation at HicH VoLTAGE

Consistent with its role as a producer
of machine sources of high-energy radia-
tion, HIGH VOLTAGE is vitally interested
in accelerating research in this field. Dur-
ing the past 12 months, HIGH VOLTAGE
has made its radiation facilities available
on a nominal rental basis to more than
80 companies for research with 2-million-
volt electrons. Recently, a conveyor sys-
tem has been installed so that samples
may be loaded and unloaded at a central
station outside the radiation room and
processed on a continuous production-line
basis without interruption. Samples are
conveyed under the electron beam in trays
approximately 12 inches long by 6 inches
wide, the conveyor speed being set to de-
liver 2 million rep per pass under the
beam. With the installation of this new
conveyor system, HIGH VOLTAGE is able
to process samples and small production
lots at rates up to 400 pounds per hour

Anyone
seen a
neutrino
lately?

per megarep on a continuous basis. We
will be glad to supply details.

One of the regular users of HIGH
VOLTAGE’s electron radiation facilities is
the U.S. Army Quartermaster Corps. HIGH
VOLTAGE is one of the contractors under
the QM Food and Container Institute’s
Radiation Sterilization project. Both Food
and Container Institute and the QM’s
Pioneering Research Laboratories, Natick,
Mass. are conducting work in this long-
range program of fundamental research
into the use of radiation energy as a means
of food preservation. HIGH VOLTAGE is
proud to be associated with this project,
which may prove to be of far-reaching
consequences to the military services and
to the food industry.

HiGH VOLTAGE’s 2-MeV Van de Graaff
Model AK research accelerator is well
adapted for use in laboratories engaged
in diversified studies in physics, chemistry,
and metallurgy. This unit produces the
following radiations: electrons — 250
microamperes, positive ions — 75 micro-
amperes, x-rays—5000 roentgens/minute
at 10 cm., neutrons — up to 5 x 10°
n/sec-cm®. Write for Bulletin AK.

Pondville State Hospital

The newest installation of a two-mil-
lion-volt Van de Graaff x-ray generator
for supervoltage therapy has recently been
completed at the Pondville State Hospital,
Norfolk, Massachusetts. This is the fourth
Van de Graaff for the treatment of can-
cer to be installed in the New England
area. One of these is in use at the Mas-
sachusetts General Hospital in Boston,
and two are located at the Massachusetts
Institute of Technology (Lahey Clinic),
Cambridge. A fifth unit will be installed
in a few months at the Hospital for
Chronic Diseases in Boston.

¢

Complete information on the Van de
Graalff for supervoltage therapy is offered
in our new 12-page Bulletin M, written
to aid the radiologist in evaluating a num-
ber of interrelated technical factors in-
volved in the choice of supervoltage equip-
ment—including x-ray quality and output,
field size and definition, and equipment
and installation costs.

Hicu Vor.TAGE ENGINEERING CORPORATION

7 UNIVERSITY ROAD

CAMBRIDGE 38, MASSACHUSETTS
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ORTHO-POSITRONIUM is detected in this apparatus. Here three scintillation counters are
arranged so that an event is registered cnly when photons pass through all of them at once.

repulsion between the like poles facing
each other makes the system slightly less
cohesive than para-positronium, where
magnetic attraction reinforces the elec-
trical attraction [drawing at right]. The
effect of course depends on how the
particles are oriented toward each other,
but it is found to average out so that the
energy of ortho-positronium is slightly
greater than that of para-positronium.
In order to compute the energy levels
as accurately as possible, we should take
into account the fact that the atom has
an urge to disintegrate. It is as if every
now and then the atom made an abortive
attempt to blow up. This is particularly
true of ortho-positronium. Its angular
momentum of one unit would permit it
to be converted into one photon, though
that, as we have seen, is forbidden by
the recoil requirement. But it seems that
the atom tries anyhow, and finding that
it does not work, goes back to its original
state. Thus about 1 per cent of the time
the electric charges in ortho-positronium
are not effective—they have been anni-
hilated while the atom tried to become
a photon. This effect, which is called the
“annihilation force,” makes ortho-posi-
tronium slightly less bound than it would
have been otherwise. On the other hand,
para-positronium does not even try to
become one photon because its angular
momentum is not right. When it tries to
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become two photons, there is nothing to
stop it from succeeding. This is another
reason why ortho-positronium is bound
less tightly than para-positronium.

Combining these effects, it is possible
to show theoretically that the difference
between the energies of the two atoms
is about a thousandth of a volt. Taking
account of certain other minor effects as
well, Robert Karplus and Abraham Klein
at Harvard University calculated the
difference more precisely to be, in terms
of frequency, 203,370 megacycles per
second. The amazing thing is that
Deutsch and his associates at M.L.T., in
recent measurements, found the actual
difference to be 203,350 = 50 mega-
cycles per second.

One cannot help but feel that quan-
tum electrodynamics is a very sound
theory if it is capable of predicting so
accurately this small difference in ener-
gy of the two types of positronium. The
very theory that does this so well, how-
ever, also suggests some completely
meaningless conclusions. In particular,
it leads to the result that the mass and
charge of an electron are infinite! No one
has yet figured out how to modify the
theory to avoid these infinite answers.
When someone learns how to do this, he
(or she) may gain at the same time a
better understanding of the nature of
other “elementary” particles.
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Robert Hooke

This 17th-century Englishman was a prodigious scientist and inventor.

To mention a few of his achievements, he made basic contributions

to physics, chemistry, meteorology, geology, biology and astronomy

he name of Robert Hooke is
I known to every student of physics
and engineering by Hooke’s law
(mechanical strain is proportional to the
stress). This law, with the consequences
Hooke deduced from it, certainly is an
achievement of the first importance—
sufficient to entitle its originator to a
sure place in the history of science. But
the law that bears his name constitutes
only a small part of Hooke’s claim to
greatness. He made contributions of fun-
damental value to every branch of sci-
ence known in his day. Scientists who
have studied his work, or aspects of it,
have expressed astonished admiration
for his versatile genius and the range of
his discoveries. However, for a variety of
reasons, prominent among which is the
fact that no book devoted to his life
and doings has ever appeared, his
achievements are not as widely known
as they should be.

Robert Hooke was born on July 18,
1635, in the village of Freshwater on
the Isle of Wight, just off the south
coast of England. His father was curate
there and lived in a little house which
was still standing at the beginning of
the present century. Robert was a weak-
ly boy from birth, and all through his
life his health varied from indifferent to
miserable. Even as a youngster he suf-
fered from severe headaches, almost
certainly due to chronic inflammation of
his frontal sinuses. From the diaries he
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SNOWFLAKES observed through the microscope by Hooke ap-
pear in his book Micrographia. Hooke made these and all the
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by E. N. da C. Andrade

kept in his middle age we know that he
was plagued with catarrh, with indiges-
tion so troublesome that he gratefully
noted any meal that happened to agree
with him, with giddiness, with insomnia
and with fearful dreams when he slept.
In considering the irritability with which
he is sometimes reproached, it is well to
remember this background of chronic
suffering.

Nor was Hooke well favored in looks
for making his way in the world. No
portrait of him exists, but we know from
contemporary descriptions that he was
lean, bent and meanly ugly, with a wide,
thin mouth and a sharp chin. Samuel
Pepys referred to Hooke’s unpromising
appearance in his diary. After a visit to
the Royal Society on February 15, 1665,
Pepys wrote: “Above all, Mr Boyle to-day
was at the meeting, and above him Mr
Hooke, who is the most, and promises
the least, of any man in the world that
ever I saw.”

When Hooke was 13, his father died.
Somehow the boy managed to become
an apprentice to the famous painter Sir
Peter Lely in London. But the odor of
the oil paints made his headaches worse,
and he soon left to go to school at West-
minster, where he won the regard of the
famous headmaster, Dr. Busby, who re-
mained his friend for life. Hooke’s father
had left him 100 pounds, which went far
in those days. At the age of 18 he entered
Oxford University with a decent knowl-
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edge of Latin and Greek and of the ele-
ments of geometry. He had acquired
considerable ability as a craftsman in
wood and metal, skill as a draftsman
(judging by drawings which he made a
little later) and sufficient musical ability
to win a position as a chorister in Christ
Church, one of the Oxford colleges. With
the chorister’s stipend and work as a
servant to a certain Mr. Goodman, he
supported himself.

’xt Oxford there was a small band
£\ of brilliant young men keenly in-
terested in experimental science, then a
new study. Among these were Christo-
pher Wren and Robert Boyle, both of
whom were to have decisive influences
on Hooke’s career. Boyle, eight years
older than Hooke, was a man of means
and position—the seventh son and 14th
child of the “great” Earl of Cork. It
was later said of Boyle that he was “the
father of chemistry and brother of the
Earl of Cork.” About 1655, while Hooke
was still a student at Oxford, Boyle en-
gaged him as assistant in his experi-
mental work. The air pump described
in Boyle’s earliest scientific book was de-
signed and made by Hooke, and there
are good grounds for believing that
“Boyle’s law” was really due to Hooke.

Hooke’s first publication, in 1661, was
a little book dealing mainly with surface-
tension phenomena, especially the rise of
liquids in capillary tubes. He did not go

other drawings. The copy from which the illustrations in this
article were taken is in the Burndy Library in Norwalk, Conn.



far toward explaining these phenomena,
but his book is full of acute observation
and the experimental spirit. For instance,
he recognized that the floating of small
bodies on a liquid surface and the rise
of oil in a lampwick and of the sap in a
tree were due to the same agency that
caused the liquid to rise in the fine tubes.
Hooke’s first major invention, con-
cerned with the balance wheel for
watches, occasioned the first of the
acrimonious disputes that were to em-
bitter much of his working life and his
relations with some of his contempo-
raries. The history of the watch episode
is involved and obscure. Before Hooke’s
day, watches kept time by means of a
swinging bar which bounced to and fro
under the impulses of the teeth of the
escape wheel. They were notoriously in-
accurate; in fact, Shakespeare had used
watches of his day, known as “Nurem-
berg eggs,” to exemplify unreliability.

A woman, that is like a German clock,

Still a repairing, ever out of frame,

And never going aright; being a
watch . . .

There seems no doubt that Hooke con-
ceived the fundamental idea of a spring
to control the oscillations of a balance
wheel in a watch, and that he drafted a
patent for this device before 1660. It
appears probable that a few years later
he invented the spiral spring, which was
introduced later (in 1675) by Christiaan
Huygens. Hooke failed, however, to pub-
lish an account of this discovery, explain-
ing afterward that he had put off doing
so on account of a dispute with the
backers of his patent. After the news of
Huygens’ invention, Hooke submitted
his claim for priority to the Royal So-
ciety. The Society did not support him.
Its secretary at the time was one Olden-
burg, a great intriguer, to whom Huy-
gens had consigned the English patent
rights for his invention. Oldenburg, an
enemy of Hooke, admitted that the latter
had “made some watches of this kind”
before 1675, but contended that they did
not work—a matter about which he can
scarcely have had personal knowledge.

The English authority A. R. Hall, who
has investigated the question, recently
summarized Hooke’s inventions in
chronometry as follows: “We can only
admire the penetration with which he
went to the heart of the difficulties: the
remontoir, the independent balance, the
detent escapement were all features of
the first successful chronometers, and
they are all suggested in Hooke’s con-
trivances, crudely, but clearly and origi-

HOOKE’S MICROSCOPE is depicted in the first illustration of the Micrographia. He used

a flask of water as a condensing lens. A cross section of the instrument is at upper left.

nally. If he had included a means of
temperature * compensation, he would
have grasped all the essential principles
of the chronometer.” The anchor escape-
ment of pendulum clocks also is general-
ly attributed to Hooke, but here the evi-
dence in his favor seems insufficient. The
whole story of Hooke’s performance in
this episode of the watch—his compre-
hensive and clear-sighted solution of
fundamental difficulties, his haste, his in-
complete records—is typical of much of
his work.

When the Royal Society received its

Charter in 1662, it decided to ap-
point Hooke as its curator. His duty was
to provide “three or four considerable
experiments” every time the Society met,
which was once a week! He did, in fact,
produce an extraordinary diversity of
experiments, mostly original, for the So-
ciety. Hooke received no pay as curator
for two years, and he had to make a liv-
ing somehow in the meantime. He must
have been prodigiously busy. In 1665 he
published his great work Micrographia,
which alone would have sufficed to put
his name among the very great in
science. Pepys, no scientist but a man of

© 1954 SCIENTIFIC AMERICAN, INC

sound judgment and wide interests,
records that he sat up until two o’clock
in the morning reading the volume—“the
most ingenious book that ever I read in
my life.” In scientific circles, both in
England and on the Continent, the book
made a great impression and established
Hooke’s name.

The Micrographia places Hooke
among the great founders of microscopic
study in biology—in the company of
Anton van Leeuwenhoek, Marcello Mal-
pighi and Nehemiah Grew. In this work
Hooke described thé first practical com-
pound microscope. It consisted of a
hemispherical objective lens and a large
plano-convex eyepiece, of which only
the center was used. A third lens could
be inserted at the top of the cylindrical
tube to act as a field lens, but this Hooke
used only occasionally when he wanted
to see much of the object at once. The
focusing was effected by means of a
screw cut on the eyepiece extension.
Hooke discussed the defects of the in-
strument in quite a modern manner and
later proposed the use of an immersion
objective. The illustration above, repro-
duced from the Micrographia, shows
both the microscope and his arrange-
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FLEA was drawn in remarkable detail for the Micrographia. In the original plate the draw-
ing is 16 inches long. The Micrographia contains drawings of some 60 microscopic objects.

ment for illuminating the object by lamp-
light—the first proper disposition for arti-
ficial illumination.

Proof of the excellence of the instru-
ment and of the genius and perspicacity
of the observer is given by the plates of
some 60 microscopic objects, all of which
he drew by his own hand. They record a
number of fundamental discoveries in
the world of living things: for example,
he described the compound eye of the
fly, observed the metamorphosis of the
gnat larva and gave a description of the
structure of feathers which remained the
standard delineation for some 200 years.
His figures of the louse, the silverfish in-
sect and the flea (magnified to a length
of 16 inches) are extraordinary in their
accurate detail. Fungi and the sting of
the nettle and of the bee are other sub-
jects on which he made pioneering ob-
servations. In describing the structure of
cork he used the word “cell” for the first
time in its biological sense. Hooke turned
the microscope not only on the living
world but on the inanimate. He was the
first to use it to examine metals—the point
of a needle, the edge of a razor, the tiny
spheres of steel struck off by a flint. He
observed and depicted the beautiful
crystals of snow.

Hooke was, then, a great pioneer in

microscopy, distinguished alike as a
designer of the instrument and its ad-
juncts, as an observer and as an inter-
preter of what he saw. But the Micro-
graphia, in spite of its title, was by
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no means confined to microscopy. It
records fundamental work in many
branches of science. In it Hooke de-

scribed the first refractometer for liquids,

the first wheel barometer, a sealed al-
cohol thermometer and an indicating
hygrometer which measured the mois-
ture of the atmosphere by means of the
beard of a wild oat, whose natural twist
varies with the dampness of the air.
Hooke was the first to propose as zero
the freezing point of water—“common
distilled water, that is so cold that it just
begins to freeze and shoot into flakes.”
He devised the first examples of almost
all the other common meteorological in-
struments used today—a wind gauge, a
self-measuring rain gauge and a “weather
clock” which registered automatically,
by punches in a paper strip, the readings
of the various meteorological instru-
ments. Members of the Royal Society
saw the latter instrument work, but it
was frequently out of order, which is
scarcely surprising.

Hooke was indeed the founder of
scientific meteorology. He was the first
to point out clearly that a rapid fall in
the barometer presaged storms, to ex-
plain the polar circulation of the atmos-
phere and to ascribe the weather to
physical forces governed primarily by
the sun’s radiation and the rotation of
the earth. He put forward a scheme
for making systematic meteorological
records.

The Micrographia does not include
Hooke’s meteorological theories, but it
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contains a host of other significant dis-
coveries and theoretical suggestions,
most of which were never followed up.
He proved by ingenious experiments
that thermal expansion was a general
property of liquids and solids. He put
forward clearly the mechanical theory
of heat, saying that it was “nothing else
but a very brisk and vehement agitation
of the parts of the body.” In support of
this idea he showed that mechanical
friction gives rise to heat, and that the
sparks struck from steel are spherical
particles of the metal—evidence that
they have been molten. He demonstrated
that wood heated in a sealed vessel
would not burn in the absence of air, and
then put forward the theory (later
adopted by the English chemist John
Mayow without acknowledgement) that
combustible bodies burned because air
contained a “dissolving” substance, “like,
if not the very same, with that which is
fixed in Salt-peter” (that is, oxygen):
The substance was used up in the com-
bustion, so that fresh supplies of air were
continually necessary. His remarks on
respiration show a like grasp of the es-
sentials. To realize Hooke’s genius it is
only necessary to read other contempo-
rary speculations on these subjects.

Starting with an examination of quartz
crystals in flint, he was led to consider
crystal structure as a general property
exhibited by various substances, among
which he specified salts and metals. He
then proceeded to build with spherical
bullets some models of crystals which
look remarkably modern. In particular
he stated that rock salt “is compos’d of
a texture of Globules, placed in a cubical
form....”

Considering the colors of thin plates—
flakes of mica, films of air between glass
sheets, soap films—Hooke shrewdly con-
cluded that these colors were produced
by the cooperation of light reflected from
the front and the back of the film. His
theory of light was that it was produced
by a very rapid vibration in the luminous
body, the waves being carried by an all-
pervading ether. Many features of his
theory of light and color are obscure, but
much correct perception lies in these
speculations, which occupy only a few
pages. We know that Isaac Newton read
them carefully.

The work concludes with some pages
on astronomical matters—unexpected,
perhaps, in a book on the microscope.
Hooke for the first time pointed out the
refracting effect of the atmosphere on
light reaching us from heavenly bodies.
He also reported two experiments he had
made to see how the craters on the moon



might have been formed. In one he let
bullets fall into a mixture of pipe clay
and water. In the other he noted how the
last bubbles broke the surface in a pot of
wet powdered alabaster as it ceased to
boil. In both cases he obtained pits like
the craters of the moon. These two ex-
periments precisely illustrate the two
leading theories today: that the craters
were made either by falling meteorites
or by volcanic eruptions.

This remarkable book by a young man

of 29 gives a picture of a mind burst-
ing with new and astonishingly correct
ideas on all aspects of science, and of a
superb experimenter. Its publication
happened to coincide with a major
change in England and in Hooke’s life.
The Great Plague of 1665 and the Great
Fire of 1666 destroyed much of London
and its life. Hooke helped his friend
Christopher Wren in the rebuilding of
the city. Hooke was made City Surveyor,
which relieved him, probably for the first
time, of financial anxiety. Within a week
after the Fire ended, Hooke laid before
the Royal Society a model for rebuilding
the city on a rectangular pattern, as
adopted later in New York! He was, in-
cidentally, quite a good architect and
designed several well-known London
buildings.

Hooke’s scientific activity never
ceased. In 1674 he published an account
of a systematic attempt to observe the
parallaxes of stars. To measure angular
distances in the heavens he devised a
new quadrant which was the first instru-
ment with telescopic sights and a screw
adjustment ever made. It was an im-
mense advance over the open-sight in-
struments of his contemporary, Hevelius
of Danzig. It is to be particularly noted
that Hooke not only designed the im-
proved instrument but was perfectly
clear as to what its advantages were. He
found out by measurement that the re-
solving power of the naked eye was only
about a minute of arc and realized that
the telescope greatly increased this re-
solving power.

Hooke was the supreme instrument-
maker of his time. In the same publica-
tion he described, with detailed illustra-
tions, a clock-driven equatorial telescope
to follow the stars. An incidental feature
of his astronomical instruments was the
universal, or “Hooke’s,” joint so widely
used today. Apparently Hooke never
actually built a clock-driven telescope;
the first one was constructed in France
some 70 years later.

In writing of Hooke it is hard to avoid
piling up a catalogue of discoveries. We

cannot list them all here. But a word
must be said about his work entitled
Lectures de Potentia Restitutiva, or Of
Spring, which appeared in 1678. Hooke’s
law and its implications were here ex-
pounded. He showed that the vibrations
of any body in which the restoring force
was proportional to the displacement,
that is, of any elastic body, must have
the same period whatever the amplitude
—a capital discovery. From vibrations he
proceeded to form a general, if neces-
sarily crude, kinetic theory of matter,
conceiving that motion of its particles
accounted for many phenomena.

In 1677, Oldenburg having died,
Hooke was appointed secretary to the
Royal Society. In that capacity he soon
wrote to Newton asking him to contribute
a paper. The two men had previously
been involved in controversy, exacerbat-
ed by Oldenburg, over the nature of light,
but Hooke’s letter now was courteous
and led to a correspondence. However, it
ended in hostility. Hooke had pub-
lished in 1674 these principles: firstly,
that all celestial bodies had a gravita-
tional attraction toward their centers;
secondly, that all bodies continued to
move in a straight line except insofar as
they were pulled aside by some force;
thirdly, that the gravitational attraction
fell off with the distance according to
some law which he did not then know.
Newton had already reached these con-
clusions himself, but he had not pub-
lished a word or spoken of them to any-
one, and Hooke’s proposals were entirely
independent. In 1680 Hooke wrote a let-
ter to Newton asking what form the or-
bits of the planets would have if it was
assumed that gravitational attraction was
in inverse proportion to the square of
the distance. If Hooke himself had been
able to deduce mathematically the con-
sequences of his principles where plane-
tary orbits were concerned, he would
have solved the great problem of the
solar system which it was Newton’s glory
to settle. How near he came, with his
instinctive sense of scientific truth!

When Hooke learned, just before pub-
lication of Newton’s Principia six years
later, that the book contained a demon-
stration of the solar system based on the
principles he had put forward, without
any acknowledgement to him, he was
much irritated. It appears that all he
wanted was a mention in the preface or
some such civility. But Newton, an
equally irritable man, was highly in-
censed by Hooke’s protest. He omitted
any mention of Hooke, not only from the
Principia but also from the Opticks, pub-
lished after Hooke’s death. Hooke, who
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lacked not generosity but only tact, de-
serves all sympathy.

He gave up the secretaryship in 1682
but continued to deliver papers to the
Royal Society on everything from the
nature of memory to comets. In 1687 the
death of his niece, who had lived with
him for several years, came as a great
shock. A few years later his wretched
health finally broke down entirely. He
lingered on, however, until 1703. He had
a decent funeral, attended by all the
Fellows of the Royal Society then in
town. But it seems a symbolic commen-
tary on this unhappy man that the site
of his grave is unknown.

Two years after his death the Post-

humous Works of Robert Hooke ap-
peared as a volume of some 400,000
words. The collection was prepared from
manuscripts, mostly of lectures, that he
had left unpublished. These extraor-
dinary papers establish Hooke as a great
geologist and a pioneer evolutionist,
among other things. He recognized fos-
sils as a record of the past life of the
globe. After pointing out that coins,
medals or documents can be forged, he
said of fossil shells: “These Characters
are not to be counterfeited by all the
Craft in the World, nor can they be

ASTRONOMY also interested Hooke. These
are his drawings of Halley’s comet (left and
right) and the planet Jupiter (upper right).
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TWO MICROSCOPIC OBJECTS observed by Hooke were the mycelium of a fungus (left)

and the compound eye of a fly (right). The latter was one of his biological discoveries.

doubted to be, what they appear, by any
one that will impartially examine the
true appearance of them: And tho’ it
must be granted, that it is very difficult
to read them, and to raise a Chronology
out of them, and to state the intervalls
of the Times, wherein such, or such
Catastrophies and Mutations have hap-
pened, yet ’tis not impossible. . . .” Com-
pare this with the fairy tales written by
his contemporaries on the subject.

One could go on for pages noting dis-
coveries by Hooke, any one of which
should have made his name remem-
bered, and many of which have been
credited to later men. Let us take a
single day in the Royal Society. At the
meeting of July 27, 1681, it is recorded:
“Mr Hooke showed his new-contrived
aperture for long telescopes, which
would open and close just like the pupil
of a man’s eye, leaving a round hole in
the middle of the glass of any size de-
sired; which was well approved of. He
shewed an experiment of making musi-
cal and other sounds by the help of
teeth of brass-wheels; which teeth were
made of equal bigness for musical
sounds, but of unequal for vocal sounds.”
Here are, firstly, the iris diaphragm,
usually supposed to be a 19th-century
invention, and, secondly, a superior ver-
sion of the acoustical instrument known
as Savart’s wheel, after a Frenchman
who is credited with inventing it in 1820.
Hooke also showed a third trifle, his he-
lioscope, on the same day.

I have deliberately avoided a system-
atic classification of Hooke’s work, for
the chronological story tells more faith-
fully and more vividly how one discov-
ery, invention and prediction after an-
other tumbled out of this extraordinary
man. As John Ward very truly observed
in 1740: “Had he been more steady in
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his pursuits, and perfected one discov-
ery before he entered upon another,
he might perhaps in some cases have
done greater service to the public, and
prevented what often gave him uneasi-
ness, the fear of losing credit of them
by others, who built upon his founda-
tion.”

PI ooke, sick, overworked, often cheat-
ed, the object of envy and attack
by lesser men, made many enemies, but
note that some of the great figures of
the period were his firm friends—his
headmaster Busby, John Evelyn, Thomas
Sydenham and Christopher Wren, for
example. For Wren and for Boyle he al-
ways expressed the greatest admiration.
He was, if irritable, also fearless, upright,
quick to thank for any kindness shown
and quick to forgive injuries by great
men whose work he admired. L. T.
More, in his biography of Newton, ex-
pressed the wish that Newton, “in the
full plenitude of his fame, could have
shown more tolerance and a greater
sympathy” for Hooke, “that brave mind
and spirit, housed in a suffering body.”
Hooke was hasty, impatient with fools
and intolerant of obliquity, which it is
perhaps safe to resent in the small but
unwise to take amiss in the influential.
“He had,” his friend and editor R. Waller
wrote, “a piercing Judgment into the
Disposition of others, and would some-
times give shrewd Guesses and smart
Characters,” which is a dangerous di-
version. He lacked the smooth approach,
the adroitness, the discrimination of
motives and the concealment of anti-
pathy that are so essential to worldly
success. He was also, alas, sensitive—a
grave fault. No doubt everyone believes
that in our times Hooke would have been
better treated. Perhaps.
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by James R. Newman

eviewing the annual output of chil-
R dren’s science books this year has

been a much more gratifying ex-
perience than usual. The list includes
several uncommonly good books—books
which will give as much satisfaction to
grownups as to children. I can speak
warmly of at least 12 items: Roy Chap-
man Andrews’ absorbing volume on
whales; a primer of anatomy by Anthony
Ravielli; the story of storks by Margaret
Wise Brown and Tibor Gergely; a fine
introduction to chemistry by Ira Free-
man; a superb book on snow by Thelma
Bell; an unusually clear introduction to
biochemistry by Isaac Asimov; James
Kendall’s excellent reworking of his rich-
ly informative Christmas lectures on
young chemists; an engrossing survey of
language by Mario Pei; a beautifully il-
lustrated book by the Yashimas on a
Japanese village; a good story and a dis-
tinguished example of bookmaking in
Pantheon’s edition of Baumann’s The
Caves of the Great Hunters; a helpful,
original and interesting little book by
Julius Schwartz on using a magnifying
glass; a first-class account of earth
physics by Wyler and Ames. These books
deserve consideration for any library,
and there are a number of others that do
much better than merely trudge along.
The harvest is as unprecedented as this
year’s weather—an annus mirabilis how-
ever you look at it.

Biography

MicHAEL Farapay, by Harry Sootin.
Julian Messner, Inc. ($2.75). Faraday
was perhaps the last great scientist to
believe that man could find out every-
thing about the physical world if only he
asked the right questions, made the
right experiments and persevered. He
himself was the best example of the
merits of this recipe—a remarkably skill-
ful experimenter, wonderfully imagina-
tive, imbued with a granite determina-
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A fifth Christmas reviesw of books

about science for younger readers

tion not to let go of an idea until he had
exhausted its possibilities. Though self-
educated and without mathematical
capacity, he made discoveries in the
most difficult regions of physics because
he knew both how to interrogate nature
and how to interpret her replies. He was
a good man and happy in his married
life. He was not, however, a simple man,
as his biographers like to assert: one has
only to recall his long periods of mental
illness to realize the falsity of this senti-
mental notion. Sootin’s fictionalized
biography of Faraday (for youngsters of
12 and older) is undistinguished, filled
with implausible dialogue and accounts
of reflections which almost certainly
were never reflected, but he gets his facts
pretty straight and his descriptions of
Faraday’s experiments are, if not in-
candescent, at least comprehensible.
This is no small feat in view of the pub-
lisher’s courageous refusal to mar the
book by even a single illustration.

THE STORY OF JOHN ]. AUDUBON, by
Joan Howard. Grosset & Dunlap
($1.50). Joux JamMES AuDUBON, by Mar-
garet and John Kieran. Random House
(81.50). Jean Jacques Audubon, the il-
legitimate son of a French navy captain,
was born in Santo Domingo in 1785,
reared in France, and sent to his father’s
estate near Philadelphia in 1803 to enter
business. His commercial ventures, un-
dertaken in Kentucky where he migrated
with his wife, were unsuccessful; he
neglected his business for the pursuit of
ornithology, was imprisoned for debt,
traveled down the Mississippi in a flat-
boat to draw birds in crayon and water
color, and supported himself and his
family in New Orleans as a sidewalk por-

Eprtor’s NoTE

The illustrations that accom-
pany this article are not from the
books reviewed here. Drawn by
Marian Parry, they reflect the
content of some of the books.
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traitist and teacher of dancing, fencing
and violin. In a trip abroad he finally
rounded up enough subscribers to pub-
lish in four elephant-folio volumes 435
magnificent hand-colored copperplate
engravings of the birds of America, the
finest ornithological illustrations ever
made. These two new biographies of this
most interesting and attractive man are
addressed to children of 9 to 12. The
Kierans’ version is quieter and better
written, but I find it puzzling that
neither book gives any space to Audu-
bon’s longest and most difficult excur-
sion: his 1843 journey with his friend
Edward Harris and others up the Mis-
souri River to the headwaters of the
Yellowstone.

GrReAT DiscoveEriEs BY YOUNG
CHeEMmisTs, by James Kendall. Thomas
Y. Crowell Company ($3.00). Profes-
sor Kendall’s excellent book is based on
his Christmas Lectures to the Royal In-
stitution first published in 1939. They
have now been recast from lecture into
narrative style, brought up to date on
current topics and further enlarged to in-
corporate additional historical material.
Young chemists have played a remark-
ably influential part in the development
of their science, and these stories de-
scribe the life and youthful work of no
fewer than 16 pre-eminent figures,
among them Faraday, Pasteur, Mose-
ley, the Curies, Davy, Mendeleyev, Ar-
rhenius, van’t Hoff. A pleasingly written,
attractively designed book, warmly
recommended for readers 12 years of age
and up. Fine illustrations.

LaucHING Gas AND SAFETY Lamp, by
Amabel Williams-Ellis and Euan Cooper
Willis. Abelard-Schuman, Inc. ($2.50).
A biography of Sir Humphry Davy
which carries the story of the apothe-
cary’s apprentice through his most fruit-
ful years. Davy was as vain and self-
seeking as he was gifted, and it is some-
times said of him that his greatest gift to
science was Faraday, whom he took on
as an assistant.and gave the chance to
abandon bookbinding for research. But



this is scarcely just. Despite his social
climbing and other foibles, Davy found
time for brilliant work: the first isolation
of sodium, potassium, boron and other
elements by electrolysis; the demonstra-
tion that diamonds are made of carbon;
the invention of the miner’s safety lamp;
the discovery of the physiological effects
of inhaling nitrous oxide; the proof that
chlorine and iodine are simple sub-
stances. This is an accurate and a
thoughtful book, happily free of imagi-
nary conversations but with much too
much quoted material from other biog-
raphers. The book has no index—an un-
fortunate omission.

MariA MitcHELL: GIRL ASTRONO-
MER, by Grace Hathaway Melin. The
Bobbs-Merrill Company, Inc. ($1.75).
“Goody, goody, the rain is over!” is the
first line of this story of the life of the
noted U. S. astronomer Maria Mitchell.
She was five, we are told, when she made
this observation; 65 years later her last
line, as quoted in this book, was: “When
you leave Vassar [she was speaking to
her lady students] to be scientists,
teachers, artists and workers in other
fields you must prove your ability again.”
For about 190 pages the girl astronomer
is made to say what most of the subjects
of the well-known “Childhood of Fa-
mous Americans” series are usually made
to say. Lamentable.

Physical Sciences

Sxow, by Thelma Harrington Bell
with drawings by Corydon Bell. The
Viking Press ($2.50). It would be diffi-
cult to praise too highly this fascinating
book. The Bells explain the mechanics of
a snowfall, the help and the harm snow
does, how an igloo keeps its tenants
warm against temperatures of 50 below
zero, the work of snow surveyors and the
use of “Santa-Claus chimneys,” the
structure of snow crystals and how they
are formed, the various types of snow-
flakes, the origin of snowflake cousins
such as frost, windowpane frost, rime,
glaze, sleet and hail. The book also de-
scribes the delicate and wonderfully in-
genious methods devised by Ukichiro
Nakaya in Japan for producing artificial
snowflakes, and by Vincent Schaefer at
the General Electric Research Labora-
tory in Schenectady for fossilizing snow-
flakes. The flakes are caught on black
velvet, transferred to glass slides, coated
with a clear, quick-drying solution of
polyvinyl formal resin and then per-
mitted slowly to get warm, whereupon
the water composing the snow crystal

evaporates through the thin plastic shell,
leaving a perfect replica of the ice pat-
tern of the original flake. The text and
pictures make what is in my opinion the
year’s most distinguished science book
for children.

ALL aBouT THE WONDERS OF
CHEMISTRY, by Ira M. Freeman. Ran-
dom House ($1.95). This is one more
excellent book by Professor Freeman
who, though a physicist by profession,
has written for children on chemistry
and astronomy, besides serving as con-
sultant to UNESCO in developing
methods for teaching and popularizing
science. He explains how chemistry be-
gan and how the theories of molecular
combination and atomic structure
evolved, and he goes on to describe the
applications of chemical knowledge in
metallurgy, oil refining, agriculture, the
manufacture of fibers and plastics, the
synthesis of rubber, the development of
antibiotics. His style is congenial and
clear and is enriched by many felicitous
analogies and examples.

THE WoNDERFUL WORLD: THE Ab-
VENTURE OF THE EArTH WE Live ON,
by James Fisher. Hanover House
($2.50). This book bears a resemblance
to Mrs. Murphy’s chowder. It contains

Great Discoveries by Young Chemists
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many good things, but also an extra-
ordinary assortment of odds and ends
tossed in as blithely as the famous over-
alls. In less than 70 pages the volume
covers “how the world began,” “the face
of the world” (land, sea, vegetation, cli-
mate and so on) and “man’s world”
(how he has adapted himself to nature
and exploited its resources). Mainly it is
a picture book, and the illustrations,
edited by F. H. K. Henrion, are of sev-
eral different kinds. There are full-page,
multi-colored panoramic paintings, ab-
surdly crowded, some charming and
gay, some deliberately lurid and horrify-
ing, some informative, some merely
stupefying. There are Neurath “isotypes”
of mixed merit. There are “shadow relief
maps” which, it is claimed, show you the
relative heights of mountains on a flat
page, but which, as far as I can see, only
make the earth look bilious. Among
other things the book depicts Dr. Liv-
ingstone at Victoria Falls, a tyrannosaur
chewing up a stegosaur, an Oxford boat
race, Amundsen at the South Pole, pre-
historic cave paintings, Hillary and
Tensing on Everest, a tornado descend-
ing on a herd of buffalo, the main street
of Innsbruck, a great mammal called the
gray baluchithere, now, alas, extinct.
For all its disorganization, I cannot
imagine a child or an adult who would
not find at least parts of this hodgepodge

fascinating.

IcEBERGS AND JUNGLES, by Shirley
Carpenter and Marie Neurath. Hanover
House ($1.00). Designed along the
same lines as The Wonderful World (see
above), this book on world weather and
climate has many of the same merits and
defects. The illustrations, printed in
colorgravure in London, are gay, charm-
ing, moderately instructive and not in-
frequently irrelevant; the text is gum-
my; the page layout is a mixture of
drawings, isotypes, shadow-maps, cap-
tions and two-column text—all having a
tendency at times to run into each other
and make the reader feel he is losing his
mind. Perhaps the book has had this ef-
fect on me, for I like it very much in
spite of what I have said, and other chil-
dren, I am sure, will feel the same.

ResTLEss EArRTH, by Rose Wyler and
Gerald Ames. Abelard-Schuman, Inc.
($2.50). This is a first-rate introduction
to the study of earth physics. A gifted
husband-and-wife team explains the na-
ture of volcanoes and earthquakes, how
mountains are formed, the behavior of
earthquake waves and the operation of
a seismograph, the evolution of rocks,
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the constant transformation of the earth’s
skin by internal forces of heat, pressure,
radioactivity and surface processes of
erosion and sedimentation. The writing
is interesting and the explanations are
crisp and admirably clear. Highly

recommended for anyone over 13.

THE Epics oF EvEResT, by Leonard
Wibberley. Farrar, Straus & Young, Inc.
($3.25). A gripping short history of the
attempts to climb Mount Everest. It
begins with the Howard-Bury reconnais-
sance of 1921 and ends with the triumph
over the “Goddess Mother of the World”
by the Hunt party in 1953. The book will
engross any reader 12 or older.

THE REAL Book ABOUT THE SEa, by
Samuel Epstein and Beryl Williams.
Garden City Books ($1.50). The Ep-
steins are a skilled writing team and this
book serves their reputation. They de-
scribe how the seas were created, the
submarine landscape, tides and ocean
currents, marine life, the sea as a high-
way of commerce and conquest, its ef-
fects on the weather, its mineral and
food resources. The illustrations are
tepid, but the story is well told and this
is an attractive volume at the price. For
adolescents.

ALL ABOUT THE STARs, by Anne Terry
White. Random House ($1.95). Mrs.
White has written children’s books on
subjects ranging from Shakespeare to
archaeology and George Washington
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Carver, but don’t let this prolificacy put
you off. She has a firm grasp of the es-
sentials of astronomy, and this primer
will gladden and instruct boys and girls
in the vicinity of 12—plus or minus one
or two years.

THROUGH THE MAGNIFYING GLASS, by
Julius  Schwartz. Whittlesey House
($2.50). This happy book for children
of nine and older is based on a simple
and fruitful idea: namely, that an in-
expensive magnifying glass is an end-
lessly useful piece of scientific apparatus.
With a glass costing no more than half a
dozen comic books a child can explore a
fascinating world. Among the things to
be seen are the exploding atoms on a
watch dial, skin cells, sparkling salt and
snow crystals, the faces of insects, the
many-colored dots in magazine pictures,
the eggs of spiders, the whorls of finger
prints, the grooves of a phonograph
record, the nodules and hairs on plant
roots, the fine structure of flowers, the
tiny letters on coins. Schwartz tells how
to make a viewing stand for the lens,
what to look for and what the various
objects mean. Jeanne Bendick’s illustra-
tions fit the text very well.

EXPERIMENTS WITH ATOMICs, by Nel-
son F. Beeler and Franklyn M. Branley.
Thomas Y. Crowell Company ($2.50).
A clearly written, attractively illustrated
primer of atomic energy for children of
12 to 14. It gives instructions for per-
forming experiments and building with
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common materials a remarkable assort-
ment of nuclear but nonlethal appara-
tus. An electroscope can be made of
newspaper strips; experiments in radio-
activity can be performed with a lumi-
nous-dial watch, a sheet of photographic
paper and a paper clip; a cloud chamber
can be built of a jam jar, some black vel-
vet, dry ice and rubbing alcohol; a model
Geiger counter can be put together from
an ice-cream carton, a mailing carton and
a knitting needle.

THE Bovys’ First Book oF Rapio AND
EvLEcTrONICS, by Alfred Morgan. Charles
Scribner’s Sons ($2.75). The author, an
electrical engineer and an experienced
writer of science primers, has turned out
another sound, straightforward book in
which emphasis is placed on equipment
the reader can build for himself. Morgan
explains the basic facts of electricity,
radio waves, electronics, radio tubes; he
then gives detailed plans and instruc-
tions for making simple radio receivers,
amplifiers and other apparatus. With its
many lucid diagrams this is a good intro-
ductory volume for a youngster who is
handy and persevering.

Biological Sciences

THE CHEMICALS OF LIFE, by Isaac
Asimov. Abelard-Schuman, Inc. ($2.50).
An introduction to biochemistry which
gives particular attention to the en-
zymes, vitamins and hormones. The au-
thor, who teaches biochemistry at Boston
University School of Medicine and has
written many science fiction books as
well as student texts, has a tendency to
be cute (e.g., “the carbon atom is dis-
satisfied”), but he more than makes up
for these lapses by his clear presentation
of a difficult subject and his numerous
effective analogies. I recommend his
book to teen-agers.

ALL ABout THE INsect WoORLD, by
Ferdinand C. Lane. Random House
($1.95). A 1948 entomological census
indicated that 686,000 species of insects
had already been described and 6,000
or 7,000 new ones are added each year.
Lane does not tell all about all of them,
but he gives an account of some im-
portant and familiar ones, including but-
terflies, moths, beetles, water bugs, the
praying mantis, bees, wasps, termites,
mosquitoes, flies and ladybugs. His
story moves along briskly, offering a full
complement of strange facts: the cock-
chafer has 40,000 organs of smell, the
dragonfly’s eye has 25,000 lenses, some
insects have 4,000 muscles (man has



about 500). A good book for children of
10 and up. *

DiNosaurs, by Herbert S. Zim. Wil-
liam Morrow & Company ($2.00). A
competent book on a subject not too dif-
ficult to write about, especially for a
veteran. Zim describes the great race of
extinct reptiles from the allosaur through
the tyrannosaur. Their company in-
cluded species weighing 50 tons and
others no bigger than a Pekingese, flesh
eaters and vegetarians, long-necked
brachiosaurs and armored stegosaurs,
clumsy ankylosaurs and fleet ornitho-
lestes. The dinosaurs laid eggs with a
hard covering and gave. not much mind
to their young. Indeed, they had not
much mind to give, for their brains
represented only one 50,000th of their
body weight. Of course the little they
had was precious, and in one species it
was protected by a skull a foot thick. The
dinosaurs ruled the continents for about
100 million years. Climate, geologic
changes and natural enemies gradually
closed in on them. They had difficulty
adapting. “Can man’s brain,” asks Zim,
“help him to change and adapt so that
the human race can last longer than the
dinosaurs?”

InsecTs AND THE HoMEs THEY BuiLD,
by Dorothy Sterling. Doubleday & Com-
pany, Inc. ($2.50). Mrs. Sterling tours
the silk tents of caterpillars, the cocoons
of silkworms, moths and bagworms, the
webs of spiders, the bubble houses of the
potbellied froghopper and the praying
mantis, the mud houses of wasps, the
multi-room paper domiciles of hornets,
the tree cavities of wild bees and the
hives of their domesticated cousins, the
wood houses of ants and beetles, the
plant residences of galls. Myron Ehren-
berg’s photographs are adequate, but
the halftone reproduction of them is as
moldy a job as you are apt to see.

Here CoME THE BEars, by Alice E.
Goudey. Charles Scribner’s Sons ($2.25).
A pleasant account for small children. It
describes the habits of grizzlies, polar
bears, black and brown bears, and tells
a story about a family of each kind. The
illustrations by Garry MacKenzie are
only so0-so.

Paws, HooFs, anp FLiPPERS, by Olive
L. Earle. William Morrow & Company
($3.50). Miss Earle’s soleful work
classes mammals in a new way: by the
kind of feet they have. The varieties of
appendages are claws (hedgehog, kan-
garoo, lion, beaver), hoofs (horse, ele-

phant, hippopotamus), flippers (whale,
sea cow) and nails (you know who).

THE WONDER WORLD OF THE SEA-
SHORE, by Marie Neurath. Lothrop, Lee
& Shepard ($1.75). A mildly beguiling
assortment of stories about small sea-
shore creatures. They include starfish,
fiddler crabs, cockles, parchment worms,
goose barnacles, Portuguese men-of-war,
Australian sea dragons, small crabs that
carry tiny stinging sea anemones as
weapons in their claws, cotton spinners
that manage to befuddle predatory lob-
sters with their sticky threads, and
teredos, which are sea-going termites.
For children as young as 8.

AvLL aBout WHALEs, by Roy Chap-
man Andrews. Random House ($1.95).
Some years ago the whale forsook the
land and went to sea. It was a sensible
move; in the oceans the mammal grew
great. Whales are the biggest animals
that ever lived. There are two main
classes: baleens (whalebones) and
toothed whales. The baleens, which get

The Epics of Everest

their name from the huge food-strainers
suspended like hairy mats from the up-
per jaw, include several species. There is
the stubby, 50-foot humpback, with an
enormous mouth, a humplike dorsal fin
and barnacles hanging from its chin. The
majestic gray sulfur-bottom reaches
more than 110 feet in length, weighs
almost 200 tons and has a great flabby
tongue weighing more than 6,000
pounds and a 1,000-pound heart. But its
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brown eyes are “not more than twice as
large as those of a cow,” and its ears are
tiny holes. It has exactly 32 whiskers on
its chin and a few blades on top of its
head. Small chunks of bone buried deep
in its flesh are left as remnants of the
hind legs of its ancestors. The sulfur-
bottom emits a “terrific whistling roar”
when spouting. The female gives birth to
8-ton, 25-foot babies, which it nurses
tenderly until they can do for them-
selves. Also in the baleen group are the
“right” whales, a name they owe to the
Basques, who discovered a thousand
years ago that this species yielded more
oil than any other and therefore was the
“right whale to kill.” The class of toothed
whales includes sperm whales and por-
poises. Among the latter are the killer
whales, which attack other whales in
packs, tearing out their tongues and rip-
ping them to pieces. These are among the
details to be found in Andrews), fascinat-
ing book, addressed to adolescents but
obviously of interest to all ages. One of
Andrews’ first jobs at the American Mu-
seum of Natural History was to help
build a life-sized model of a sulfur-bot-
tom. Thereafter he traveled over the
world for many years studying whales,
taking part in many whale hunts. His
knowledge of the subject, his exciting
experiences, his love of the species itself,
combine to make this one of the most
enjoyable natural-history primers of re-
cent years.

Horses AND THEIR ANCESTORS, by
William A. Burns, Whittlesey House
($2.75). Tue Horse anp Pony Book,
Margaret and Stuart Otto. William Mor-
row & Company ($2.50). These two
books have much in common. Burns
skims over the evolution of the horse,
gives examples of its part in man’s his-
tory, tells how it has been celebrated in
story and art and discusses briefly the
various types of horses and what uses are
made of them. Paula Hutchison’s illus-
trations are more decorative than in-
formative. The Ottos’ volume has a little
less history, but the account of the sev-
eral breeds of horses and the jobs they
do is pleasant and uncluttered and the
photographs are excellent. Both volumes
are for 9- to 12-year-olds.

Wonpers oF THE Human Bobpy, by
Anthony Ravielli. The Viking Press
($2.50). This book explains for children
of 10 to 13 how the neckbone is con-
nected to the shoulderbone, the hipbone
is connected to the thighbone, the thigh-
bone is connected to the kneebone, the
kneebone is connected to the legbone,
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and so on up and down. It also tells
what the muscles look like and how they
work, the construction of the nervous
system, the functioning of the internal
organs. The author is a free-lance artist
skilled in anatomical drawings; he writes
competently and many of his pictures
are very good. Recommended.

Zoo Expepitions, by William Bridges.
William Morrow & Company ($3.50).
The expeditions are those of the Bronx
Zoo to various parts of the world to cap-
ture exhibits. The quarry included blind
fish in a Mexican cave pool, elephants
and peacocks in the Belgian Congo,
paradox frogs in Trinidad. One of the
most interesting trips was to Rhode Is-
land to get background information on a
box turtle which had the date 1844
carved on its belly. It turned out, in fact,
to be at least 129 years old and is still
trundling around. An agreeable book by
the author of last year’s delightful Zoo
Babies. Photographs.

WHEEL oN THE CHIMNEY, by Mar-
garet Wise Brown and Tibor Gergely.
J. B. Lippincott Company ($3.00). In
Hungary, and perhaps elsewhere, it is
thought to be a sign of good luck when
storks build their nest on the chimney.
Farmers tie a wheel to the chimney to
make the nest-building easier. In this
gently poetic story, with many vivid and
a few really lovely illustrations, young
readers are told about storks.

THE WORLD THROUGH YOUR SENSES,
by Sarah R. Riedman. Abelard-Schuman,
Inc. ($3.00). This competent book for
adolescents tells about the structure of
the nervous system: how impulses travel
along nerve circuits; how we feel, see,
hear, smell, taste; and many more facts
about the communication and control
machinery of organisms.

INTRODUCING ANIMALs, by William
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and Helena Bullough. Thomas Y.
Crowell Company ($2.50). A lucid,
charming primer for youngsters 10 and
up. It gives a great deal of information
about animals without backbones, from
amoebae, which are so small it would
take about 15 of them to cover a period
on this page, to 12-foot Australian earth-
worms and 50-foot squids. This is one of
the best books on animals in a long time.
It is made doubly attractive by excellent
drawings.

PrREHISTORIC ANIMALS, by William E.
Scheele. The World Publishing Com-
pany ($4.95). The author, director of
the Cleveland Museum of Natural His-
tory, presents in pictures and text some
of the principal fish, insects, reptiles,
birds and other creatures that dwelled
on earth during the first few hundred
million years after life appeared. He tells
how fossil bones are assembled to show
what the animals looked like. The book
is authoritative but leans a little to the
lurid side, especially in the illustrations.

Technology

THE FirsT Book oF CoTToN, by Ma-
tilda Rogers. Franklin Watts, Inc.
($1.75). An uncommonly clear and in-
teresting volume for youngsters over 9.
It relates how cotton is raised, how the
crop is harvested, the operation of the
cotton gin, the many uses of cotton
seeds, the manufacture of yarn and fab-
rics, the machines, the processes, the
people who enter into this major indus-
try. The book has pleasant illustrations, a
useful glossary and an index.

THiNGs arounD THE Housg, by Her-
bert S. Zim. William Morrow & Co., Inc.
($1.75). This is a new addition to Zim’s
series of books in two sizes of type for
two reading levels. He explains what is
inside the walls and floors of a house and
how the doorbell, the electric light, the

All about W hales
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gas stove, the refrigerator, the oil fur-
nace, the toilet and the water faucet
work. Colored pictures by Raymond
Perlman.

TunxNeLs, by Marie Halum Bloch.
Coward-McCann, Inc. ($2.75). The
book by Edward and Muriel White
called Famous Subways and Tunnels of
the World, reviewed here last year,
might be thought to have covered the
subject pretty well for youngsters, but
here is another volume which makes its
own place. For one thing, Mrs. Bloch’s
story is on a somewhat simpler level, so
that 8- or 9-year-olds can enjoy it. More-
over, while her account is less dramatic
than the Whites’, her explanation of tun-
nel construction is exemplary in its
clarity. Ten full-page photographs and
25 drawings by Nelson Sears.

LeT’s Look unpEr THE CITY, by Her-
man and Nina Schneider. William R.
Scott, Inc. ($2.00). This was a good
book in the earlier edition (1950), and
the revision is even better. It explains the
essential underground mains and utili-
ties of a city—water, gas, electricity, tele-
phone, sewage. An admirable little vol-
ume for ages 8 to 11, with charming and
helpful illustrations by Bill Ballantine.

FREIGHTERS AND TANKERS OF THE
U.S. MERCHANT MARINE, by Gordon A.
Growden. G. P. Putnam’s Sons ($2.00).
Here is an attractive album of merchant
vessels. It has 26 full-color drawings by
Lemuel B. Line and accompanying cap-
tions describing the principal cargo of
each type of ship, its speed, hoisting ma-
chinery, propulsion engines and kindred
features. Boys will like the book even if
it doesn’t tell them much.

FreicuT TrAIN, by William Bunce.
G. P. Putnam’s Sons ($2.00). A com-
panion to the volume above, this book
presents 29 colored illustrations by the
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The Complete Book of Helicopters

same artist of the carriers and Diesel
units that compose a typical freight train.
The text explains the purpose of each
car, what the mysterious markings on
their sides mean, how coupling devices
and other equipment work, how the rail-
road lines keep track of the travels of
their rolling stock.

Tre CoMmpLETE Book or HEeLicop-
TERS, by D. N. Ahnstrom. The World
Publishing Company ($4.95). The man-
aging editor of Skyways presents a com-
prehensive, readable, illustrated survey
of helicopters. He explains how the “egg
beater” or “whirlybird” species of flying
machine evolved and describes the ex-
traordinary range of its uses: for forest-
fire control, seed-sowing, whale hunting,
scouting for tuna, ice-pack reconnais-
sance, rescue and ambulance service,
spraying against pests and insects, trans-
porting cowboys on huge ranches, pa-
trolling power lines, carrying mail and
passengers, bringing supplies to light-
houses, surveying archaeological sites,
trailing horse races on the lookout for
fouls—in short, all kinds of useful and
silly jobs which formerly could not be
done at all or can now be done more
easily with the help of a flying carpet.
For adolescents or grownups.

Rapar aAnxp OTHER ELEcTRONIC IN-
VENTIONS, by Frank Ross, Jr. Lothrop,
Lee & Shepard Co., Inc. ($2.75).
Adolescents and adults will find in this
book a great deal of clearly presented
information about the working and uses

of radar and the application of electronic
instruments to an astonishing variety of
activities, from appraisals of the ripeness
of tomatoes and the determination of the
crystalline structure of aluminum sheets
to the remote control and monitoring of
auto assembly line operations and the
checking of customers’ signatures in
banking. You will also be happy to learn
that in the U. S. most walnuts are now
cracked electronically.

GoiNnc INTO Space, by Arthur C.

Clarke. Harper & Brothers ($2.50). If |

your child of 12 or older is still ravenous
for information on how to get to the
moon and on when he can look forward
to sharing a space station with Wernher
von Braun, and you can find no way of
deflecting these lunar drives, you will do
him a minimum of harm in giving him
this book. It says nothing that has not
been said before, and the explanations
are not always luminous, but Clarke is a
knowledgeable man on this subject.

THE ATOMIC SUBMARINE, by John
Lewellen. Thomas Y. Crowell Company
($2.50). A smoothly written account for
adolescents of the Navy’s new nuclear
nautilus. The author explains clearly the
machinery and operation of the sub and
what daily life will be like for the crew.
Amenities for the 70 or more crewmen
include moving pictures, electric phono-
graphs and a large record collection, a
snack bar open 24 hours a day, “walls
painted in pleasing colors to give a sense
of spaciousness and to help calm tense
nerves,” and an abundant supply of cot-
tage cheese—because in underwater-
living tests this was “the food crewmen
missed most.” The reason: Breathing air
with a high carbon-dioxide content, the
men need the calcium that cottage
cheese gives.

SCIENCE THE SUPER SLEUTH, by Lynn
Poole, Whittlesey House ($2.75). A
policeman’s lot is becoming happier all
the time. If he can’t catch and cosh the
criminal on the scene, the following re-
finements will help track the fellow

down: equipment for identifying small |

bits of material by suspending them in
liquids, the lie detector, the spectro-
graph, the electron microscope, ultra-
violet light, X-rays, Geiger counters and
what-all. The book will be embraced by
all students of Dragnet, and who among
us is entirely free from this tendency?

Social Sciences

A Worrp FurL or Homes, by Wil-
liam H. Burns. McGraw-Hill Book Com-
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WOULD

YOU LIKE

TO HELP

DEVELOP -

prspulsion?

If you are an engineer or
scientist who wants to get in
early on the age of nuclear
propulsion, this may be exactly
what you have been looking for.

On this project, you will be
working on one of the most chal-
lenging problems of today — the
development of a nuclear-powered
aircraft engine. You will be engaged
in a creative-type of engineering
where there will be every chance to
gain professional recognition.

You will work within the conti-
nental United States for Pratt &
Whitney Aircraft—world’s foremost
designer and builder of aircraft en-
gines. You will have all the advan-
tages of this progressive organization
— the advancement opportunities —
the chance to build a sound, well-
rewarded career.

If you are an . . .

Engineer
Metallurgist
Chemist
Physicist

. .. please send your resume immedi-
ately to Mr. Paul Smith, Dept. N-6.

PRATT & WHITNEY
AIRCRAFT

Division of United Aircraft Corporation

East Hartford 8, Connecticut
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pany, Inc. ($2.50). A house may not be
a home, as a contemporary social critic
has observed, but in different parts of
the world and at different times any-
thing has been made to serve as a home
that protects from heat, cold, rain, snow,
wind and sun. The author of this book,
assistant to the director of the American
Museum of Natural History, reports on
a remarkable range of ancient and mod-
ern dwellings: Chinese river boats, light-
houses, Eskimo igloos, Italian beehive
houses (made of loosely piled stone),
Japanese paper and wood houses, trail-
ers, Quonset huts, log cabins, caves,
tents, Philippine tree houses, New
Guinea grass houses, glass houses,
Borneo stilt houses, Swazi straw huts,
Pueblo adobe and Egyptian mud houses,
double-roofed Sumatran houses built on
volcanic slopes, Assyrian and American
brick houses, Cape Cod shingle cottages,
Roman marble houses, Iroquois bark
houses, modern steel-frame apartments.
An unpretentious, interesting survey for
youngsters over 9.

Foop ror PEOPLE, by Sarah R. Ried-
man. Abelard-Schuman, Inc. ($2.50).
This book covers the chemistry of food,
the processes of digestion and metabo-
lism, the importance of vitamins, the
amount of food we need, the rational
planning of diets, fads and facts con-
cerning food, the problems of world food
supply. Dr. Riedman is not a sparkling
writer, but she knows the subject thor-
oughly, explains it well and has added
to the interest of her account by giving
historical and biographical details about
the men whose work underlies the
science of nutrition, among them Sanc-
torius, Antoine Lavoisier, Count Rum-
ford, Sir Frederick Gowland Hopkins
and Dr. Joseph Goldberger. A sound
book which you can recommend to chil-
dren of 12 and older.

THE FirsT Book OoF CONSERVATION,
by F. C. Smith. Franklin Watts, Inc.
($1.75). Here is an intelligent, well-
written primer explaining the balance of
nature, its disruption by man, the result-
ing damage to plant and animal life and
to the soil, the methods of mending
this damage by various conservation
measures. Instructive illustrations. For
children of 10 or so.

ALL ABOUT LANGUAGES, by Mario Pei.
J. B. Lippincott Company ($2.75). The
human race today, according to Profes-
sor Pei, speaks 2,796 different languages.
In this excellent book he explains what
a language is and how it works, the
special languages of various occupations
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(did you know that bellboys refer to a
tip as a “Higgins,” and railroad men to
passengers as fish?), the origins of place
names and people’s names (20 million
persons in the U. S. are named John or
Mary), the natural history of polite ex-
pressions, the geography and develop-
ment of English, the sources of slang,
jargon and abbreviations, the logic and
illogic of usage and grammar. A readable
and valuable account for anyone older
than 12.

TuHE SEMINOLE INDIANS, by Sonia
Bleeker. William Morrow & Company
($2.00). This is a new item in the au-
thor’s series of unpretentious, informa-

Careers and Opportunities in Science

tive accounts of American Indian tribes.
The Seminoles—the name means “people
who go to another country”—migrated
to Florida two centuries ago from Ala-
bama and Georgia, where their once
populous tribes had been thinned by the
wars and diseases brought in by white
men. Mrs. Bleeker, using an unobtrusive
fictional device, describes the migration,
the character and habits of the people,
how they saved themselves from extinc-
tion. A good book for 9-to-12-year-old
children. Illustrations by Althea Karr.

A History OF EVERYDAY THINGS IN
ExcLanp, by Marjorie and C. H. B.
Quennell. B. T. Batsford, Ltd. ($13.00).
This four-volume work, long a favorite
in Britain and many times revised and
enlarged since the first edition appeared
in 1918, is now readily available to U. S.
readers through the British Book Centre
in New York. The Quennells, addressing
themselves to boys and girls upwards of
10 or 11 years of age, give a rich, fasci-
nating account of how the English
people worked and lived from the Nor-
man Conquest to the beginning of the
First World War. One learns about the
breakfast of a 12th-century monk, the
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effects of the Black Death, siege opera-
tions with a trebuchet, the changes in
furniture and kitchen utensils between
the 13th and 20th centuries, the games
children played in Chaucer’s time and
Disraeli’s, the shoes and underclothing
ladies wore in Elizabeth’s reign, naval
life in the 17th century, how a yeoman
made his will, how children were bathed
in 1400 and where one bought a bird
cage, how families survived Sunday
afternoons in Victoria’s period, what led
to the rise of plumbing and women’s
bustles. There are hundreds of illustra-
tions, including color plates, photo-
graphs, paintings, prints and the au-
thor’s own line drawings. A delightful,
higgledy-piggledy set of volumes, ap-
pealing to adults as well as children.

PLENTY TO WaTcH, by Mitsu and
Taro Yashima. The Viking Press
($2.50). This is one of the most enchant-
ing children’s books published in years.
It describes life in a peaceful Japanese
village where Taro Yashima lived long
ago when he was a little boy. There were
the village school, the barrel-maker (Mr.
Tanko) who made washtubs and pickle
barrels, the dye house run by an old man
whom people called Mr. Blue “because
his arms were blue even when he wasn’t
working,” the sweetshop where they
made sweet-potato taffy and turtle-
shaped cakes stuffed with bean jam, the
mattress and lantern and umbrella
shops, the studio of the sign painter who
the children thought “must be the best
painter in the whole country because he
was alive, and all the great ones we read
about in books were not living.” When
the children took the mountain road
home, they saw the camphor factory
where the raw camphor logs were
chopped and steamed to draw out their
juice, the mill where huge machines that
shook the ground made fertilizer from
animal bones, the blacksmith’s shop, the
barbershop where one sat for a haircut
“before holidays,” the farmers’ yards
busy with tool sharpening, straw-sandal
making, rice pounding, rope making,
persimmon drying. The text is simple;
the crayon drawings are unsentimental
and beautiful.

THE YOUNG TRAVELER IN SCOTLAND,
by Ian Finlay. THE YOUNG TRAVELER IN
NEw Zeavranp, by Hilda M. Harrop.
THE YOUNG TRAVELER IN AUSTRALIA, by
Kathleen Monypenny. E. P. Dutton &
Company, Inc. ($3.00). These three
volumes are the most recent additions to
a bright, cheerful travel series for chil-
dren of 12 and older. Each book de-
scribes a tour as seen through the eyes of



a pair of visiting American youngsters.
Up-to-date, helpful and dangerously
stimulating for those with wanderlust.
Good photographs.

THE Caves oF THE GREAT HUNTERS,
by Hans Baumann. Pantheon Books, Inc.
($3.00). Because they are both inquisi-
tive and small enough to wriggle into
holes in the ground, children have
played key roles in the discovery of the
marvelous ice-age cave paintings of
southern France and northern Spain. A
five-year-old girl in Spain was the first
to find cave paintings, in Altamira; the
caves at Trois Freres were first explored
by Count Louis Begouén when he was a
boy; four little boys and a dog in 1940
uncovered the famous cave at Lascaux
in France. The Lascaux story, presented
in a fictional setting, is the main theme ‘
of this book, which attempts to explain
the origins of primitive art. The writing |
is somewhat murky and the translation
from the original German has certainly ‘
not improved matters, but the story is so
good as to be almost impervious to the
teller’s clumsiness. The illustrations are
unbelievably beautiful. Altogether the
handsomest children’s book of the year.

RainBow RrOUND THE WORLD, by
Elizabeth Yates. The Bobbs-Merrill
Company, Inc. ($2.50). An 11-year-old
boy makes a trip around the world with
a U. N. official to observe the work of
the United Nations Children’s Fund. A
heartening report of man’s humanity to
man.

CAREERS AND OPPORTUNITIES IN
Science, by Philip Pollack. E. P. Dutton |
& Co., Inc. ($3.75). The chemical indus-
try needs from 5,000 to 10,000 chemists
every year, but no more than 5,000 de-
grees will be granted in 1955; the
median income of U. S. physicists is
$6,100, but for Ph.D.’s, $7,100; astrono-
mers don’t earn as much as meteorolo-
gists; it’s more profitable to be in wild-
life research than in geological research;
there are 62 schools and colleges offer-
ing courses in aeronautical engineering
but only 48 offering four-year courses in
agriculture. The author has assembled
information of this kind on the science
business: the fields of greatest current
interest, the study and training needed
to get into each, how much you can ex-
pect to earn, what scientific careers are
open to women, what leading scientists
have to say on scientific education, and
so on. This is a rambling book, a mixture
of anecdotes, statistics and homilies, but
it is not dull and is worth leafing through
for youngsters with ambitions in science.

Simon and Schuster 1s proud

to be entrusted with the publication
of Scientific American’s

magnificent portfolio of pictures

ART IN SCIENCE:
82 paintings, drawings, and photographs
from this magazine —including
23 of those wonderful cover pictures

in brilliant full color

Together with 32 explanatory captions, separately printed,
and an introductory essay by Gyorgy Kepes
of the Massachusetts Institute of Technology

Each plate 1s by an outstanding artist.
Fach 1s superbly reproduced
on an individual sheet (size 11 x 13)

(you’ll instantly want to frame them)

of heavy coated paper.
The whole set comes 1n a
handsome durable portfolio.
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Price $6 at all bookstores, or direct from the publishers,
Simon and Schuster, Dept. Y, 630 Fifth Ave., New York 20
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Conducted by Albert G. Ingalls

retired naval architect of New York
A City, I. C. G. Cooper, has de-
veloped an avocation which com-
bines half a dozen sciences—chemistry,
optics, taxonomy, histology, genetics and
hydroponics. All of these activities con-
verge on one project: growing algae.
Algae have become a popular sub-
ject with science writers, engineers and
even bankers, who see these aquatic
plants as a promising source of food,
fuel and process chemicals. When Coop-
er took up his hobby 20 years ago, how-
ever, algae were just scum on ponds and
a subject in botany books; few laymen
thought of them as objects of beauty
or commercial opportunity. It is only
since World War II that laboratories and
pilot plants have sprung up in various
countries to explore their possibilities.
As Harold W. Milner reported in his
article in the October, 1953, issue of
SciENTIFIC AMERICAN  (“Algae as
Food”), the results so far are spectacular.

Aeration flask for algal culture
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*THE AMATEUR SCIENTIST

About cultivating algae from the soil

and making steady telescope mountings

On the basis of the preliminary work
it is estimated that we can grow 40
tons of algae per year on every acre
given over to algal culture equipment.
That would be the equivalent of 20 tons
of scarce and valuable protein and three
tons of equally scarce fat per acre—
astronomical figures compared with pro-
duction rates in agriculture.

But it will be a long time before algal
products appear at your corner grocery
store. There are big problems to solve,
and of the 10,000 species of algae that
are candidates for culture, fewer than 30
have been studied in detail.

The algae range in size from micro-
scopic single cells to kelps nearly as tall
as an oak tree. Some algal species live
in boiling natural springs; others thrive
in the polar wastes. The algae have
adopted almost every method of repro-
duction known to biologists. If variety
is what you want in a hobby, the algae
should satisfy you.

Cooper has a considerable collection
of algae, but his interest is not in col-
lecting but in culturing these organisms.
He writes:

“The algae have given me an excuse
for playing with a whole basement full
of scientific gadgetry, which includes
everything from microbalances and mi-
croscopes to geologists” picks. I have had
a lot of fun with these plants, and you
can imagine how stimulating it has been
to see them come in for major recogni-
tion during the past few years. I must
confess that when I got into this thing
I had no intention of taking up a hobby,
much less of tangling with a group of
sciences in which I had no background.
I merely started out one afternoon for a
pleasant walk in the woods.

“William T. Davis, an amateur natural-
ist and one of the founders of the Staten
Island Institute of Arts and Sciences,
had volunteered to teach me how to
identify some of our local wildflowers.
His enthusiasm was contagious, and be-
fore the afternoon was over the bug had
bitten me.

“During the next few months I gath-
ered and mounted a lot of flowers and
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weeds. Before long it became evident
that I was a little late with my discov-
eries; the specimens I collected were
already represented in the Institute’s
display cases. It seemed pointless to go
on duplicating work already well done.
Then one evening at the end of a field
trip I took a short-cut home by way of
the beach and noticed a strange clump
of seaweed waving back and forth in
the low tide. I took off my shoes and
waded in. After I had pulled up a speci-
men of the plant, I had an idea: Why
not make a study of Staten Island’s
marine flora?

“Although that first specimen turned
out to be only a common variety of
rockweed, it occupies a special place
in my collection because it introduced
me to the thallophytes, the grand divi-
sion of the plant kingdom occupied by
the algae.

“You don’t need a scientist's back-
ground to get fun out of collecting algae,
especially the big ones. You simply float
them in whole or in part onto a sheet
of paper and let them dry. The leaflike
parts of many consist of only two layers
of cells coated with a clear pectinous
substance. They dry on the paper with-
out apparent thickness, like ink, and few
artists paint more colorful or exotic ab-
stractions.

“Things went along nicely for a couple
of years, and my original rockweed grew
into quite a substantial collection. Then
the job became rough. As I worked my
way down the scale of algal sizes, the
number of species increased all out of
proportion, Identification became dif-
ficult. The reference texts, which fully
describe the giant kelps and often carry
colored illustrations of them, become
sketchy when you get down to the spe-
cies that make a pocket magnifier handy.

“Without knowing it would make
matters worse, I bought a microscope.
The first look through it almost ended
my new hobby. Here was no man’s
land. I could not even distinguish be-
tween plants and animals, much less
identify the plants. A single drop of fluid
scraped from a stalk of marsh grass



would hold scores of organisms, includ-
ing animals that grow in branching pat-
terns like plants and plants that swim
by means of whiplike tails and eat like
animals! At this point I want to put
in a good word for the patience of our
museum’s curators and that of my fellow
members in the New York Microscopical
Society. They finally succeeded in teach-
ing me how to recognize a chloroplast
when I saw one, and also to identify the
cellulose walls which aid in distinguish-
ing one biological kingdom from the
other.

“But learning how to tell plants from
animals was only a beginning. Each
drop of liquid that appears under the
microscope’s objective contains a unique
population. Before I could complete a
census, the drop would evaporate and
destroy the individuals. How do you
introduce order into a scramble like
this, and where do you begin?

“It is a good idea, the curators ad-
vised, to commence by narrowing your
field. Staten Island is not large as is-
lands go, but in terms of its algal popula-
tion it is vast. In naively undertaking the
collection of all our local ‘seaweed’ I
had staked out too much territory. After
years of sampling the immensely various
populations of algae in the island’s
waters, I decided I would have to limit
myself to the less abundant algae of the
soil.

“As a rule, algae are not too difficult
to find in the soil once you have picked
up a bit of experience in handling cul-
tures and the microscope. But separating
them into individual species and explor-
ing their structure and behavior can get
you embroiled in all sorts of puzzles and
complications. Fortunately the phycolo-
gists and bacteriologists have solved the
hard problems of method, and it is not
difficult to adapt their techniques to an
amateur’s studies.

“I use the so-called ‘soil-water’ culture
method advocated by E. G. Pringsheim
of Cambridge University. In effect the
algae grow in a miniature artificial pond
—a glass jar of nutrient solution covering
a bottom of mud [see drawings at upper
right]. The pond is prepared by partly
filling a wide-mouthed glass container—
such as a peanut-butter jar—with nu-
trient solution, adding a tablespoonful
of soil and then sterilizing the whole
in an autoclave. The pond is then in-
oculated with the specimen of soil to
be investigated. A pinch does the job.
The pond is kept at room temperature
and exposed to light during incubation;
a window having a northern exposure is
a good light source.

artificial ponds
lighted by
basement
window

cotton plug
n screw

nutrient

alga culture growing

silition on surface of agar
- nuotrient
N
3 }
artificial ~ avtoclaved = —
pond soil N T 4
K_ir __. __I-.j-r:._._,‘_, acrd

Cooper’s setup for the cultivation of algae from the soil

“After incubation is completed—when
the characteristic green ‘scum’ appears
in quantity—a smear of the culture is
transferred to an agar plate where it
continues to grow. If the smear has been
made carefully, distinct colonies of the
various organisms will appear here and
there on the plate. You then pick out
one of these with a glass needle or a
micropipette and inoculate a second
sterile pond with it. What you thought
was a colony of identical organisms will
likely prove to be a mixture—but the
second pond will be less motley than the
first. You continue this cycle of opera-
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tions until your species appear in splen-
did isolation—or your patience gives out.
Sometimes I wonder if it is possible to
develop a perfectly pure culture of any-
thing.

“Single-celled algae are enveloped by
the same pectinous substance that causes
the giant kelps to dry on paper so beau-
tifully. This sheath is usually alive with
bacteria. Just try to kill them without
killing the algae! Irradiation by X-ray or
ultraviolet light in measured doses tends
to kill the bacteria without destroying
all the algae. But even if you succeed in
knocking out the bacteria without dam-
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aging the plant, you still face the job
of separating the alga from the culture
without contaminating it and of induc-
ing it to grow in a fresh pond. I have
not tackled that experiment so far. Prob-
lems like this can tempt you into getting
mixed up with X-ray machines and lots
of other costly gadgetry.

“Keeping things simple and resisting
the urge to follow every byway that
opens is the most difficult part of my
hobby. This year my resistance broke
down again, and I am now constructing

The ESCH
125 inch
Reflector

~

a reflecting spectroscope, as described in
Amateur Telescope Making—Book III.
Itrequires time which should perhaps be
devoted to the cultures. But I reconcile
this cost by telling myself that I have
learned a little about replica gratings
and that a mighty useful gadget will
soon be on hand. You come up against a
lot of chemical problems in the course of
growing algae, such as the analysis of
nutrient solutions for their content of
minor elements. My limited chemical
facilities were not up to such exacting
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An amateur’s telesceope re-equipped with adequate axes
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work and so I sold myself on the neces-
sity of taking time out for constructing
the spectroscope and learning how to use
it for chemical analysis.

“The artificial-pond technique always
leaves you with a number of chemical
unknowns. I hope the spectroscope will
eliminate some of them. The growing
culture takes part of its nourishment
from elements added to the solution and
part from sterilized soil. The first are
under your control. If we could grow
cultures by pure hydroponic methods, a
lot of question marks that come with the
soil would vanish. But that would neces-
sitate a comprehensive knowledge of the
organism’s nutrient requirements in ad-
vance of growing a culture of it. Hence
we combine the major elements—nitro-
gen, potassium, magnesium and others
common to all plants—in the nutrient
solution and rely on the ‘mud phase’ to
supply the minor ones plus other un-
known factors such as vitamins. The
mud also serves as a reservoir and a
place of reduction and synthesis for
keeping the heavy metals in solution. In-
cidentally, the proper soil for the pond’s
bottom must be found by trial. After a
lot of sampling, I located one that works
unusually well. A large quantity of it was
sterilized at one time by autoclaving and
stored in sealed containers for future use.

“Friends sometimes ask what I do
with an alga when it has been isolated
and added to the collection of cultures.
In a way that is like asking a philatelist
what he does with his stamps. If he is a
good philatelist, he preserves them care-
fully and tries to learn something from
them. Preserving live algae is no less
satisfying nor more difficult than caring
for any other plant. If you give them
light, water and food, and maintain the
temperature they prefer, they glow with
health. In turn they challenge you to dis-
cover how they react to such things as
subtle changes in diet; how, when and
by means of what mechanism they re-
produce; what products their metabo-
lism yields—and the countless related
secrets of their life processes. In accept-
ing this challenge you can, as they say,
dive in as deeply and stay down as long
as you wish. I have been at it now for
some years without getting more than
my feet wet.

“Those who enjoy hydroponics like to
develop nutrients, and I have had some
success in this work. One series of experi-
ments ended in a solution which seems to
work better for me than those listed in
the reference texts. You lay out a set of
slightly differing ponds in a rectangular
grid, with a single element in the nu-
trient progressively diluted more and



more in each vertical row. The entire
grid is inoculated and kept under ob-
servation. A detailed record of the cul-
ture’s reaction in each pond is made.
The experiment can be continued by
simultaneously altering the strength of
two elements in each vertical row, then
three elements and so on. An analysis of
the accumulated record discloses the
ideal concentration of each element in
the nutrient for the species under study.
Incidentally, a culture subjected to this
study becomes a tool of great power and
subtlety for investigating unknown nu-
trients. The alga’s reactions when trans-
ferred to the unknown nutrient provide
an indication of the ingredients present
and, in some cases, a quantitative meas-
ure of their concentrations.

“Once a culture has been standard-
ized, that is to say, brought to a reason-
able state of purity and provided with
the preferred nutrient, it suggests end-
less other experiments. If the alga em-
ploys sexual reproduction, for example,
you can attempt to mate it with a near
relative and create a hybrid. It is in-
teresting to modify a plant’s diet and
observe the result. A heavy concentra-
tion of nitrogen can cause Chlorella, an
alga which may become commercially
important, to increase its production of
protein from about half its weight to
almost 90 per cent. In contrast, putting
Chlorella on a starvation diet of nitrogen
boosts fat production from something
under 10 per cent to more than 70 per
cent. The commercial implications are
obvious.

“It is easy to see how such metabolic
gymnastics can fascinate the amateur.
Learning to observe such changes, to
take the plants apart and measure the
substances of their bodies, or those that
appear as by-products, will bring you
into contact with as many fields of
science as you have time and talent to
enjoy.”

’\n ideal approach to becoming an ad-
<+ X vanced amateur astronomer . is to
begin by building a 6-inch reflector, use
it a season, and then progress to 8-inch,
to 10-inch and (if that does not satisfy)
to 12%-inch telescopes—the sizes are
based upon available Pyrex mirror disks.
This sounds like a long lot of hard work.
But to start with the ultimate size robs
the builder of the fun of designing and
making the series of mirrors and be-
coming an expert in the process. After
building several telescopes an amateur
has a right to regard himself as advanced
and seasoned.

This account is about two amateurs
who began with a 12%-inch telescope be-

Jim Hong, Aerodynamics Division head, discusses results of high speed
wind tunnel research on drag of straight and delta wing plan forms with
Richard Heppe, Aerodynamics Department head (standing), and
Aerodynamicist Ronald Richmond (seated right).

Lockheed Expands
Aerodynamics Staff

With five prototypes already in or near flight test, Lockheed’s
Aerodynamics Division is expanding its staff to handle
greatly increased research and development on future aircraft
in commercial and military fields.

The five prototypes, which show the breadth and versatility of
Lockheed engineering, are: The XF-104 supersonic air superiority
fighter; XFV-1 vertical rising fighter; C-130 U.S.A.F. turbo-prop
cargo transport; R7V-2 U.S.N. turbo-prop Super Constellation
transport; and an advanced jet trainer of the T-33 type.

New projects now in motion are even more diversified
and offer career-minded Aerodynamics Engineers and
Aerodynamicists unusual opportunity to: create supersonic inlet
designs for flight at extremely high altitude; match human pilots
with rapid oscillations of supersonic aircraft at low altitude;
develop boundary layer control systems for safe take-off and
landing of fighters and transports; remove aileron reversal and tail
flutter problems incurred in high speed flight through analysis and
design; participate in determining configurations of turbo-prop and
jet transports and advanced fighters, interceptors and bombers.

To Aerodynamics men interested in those problems Lockheed offers:

increased salary rates now in effect; generous travel and moving
allowances; an opportunity to enjoy Southern California life; and an
extremely wide range of employee benefits which add approximately 14%
to each engineer’s salary in the form of insurance, retirement pension,
sick leave with pay, etc.

You are invited to write E. W. Des Lauriers, Dept. SA-12, for an
application blank and brochure describing life and work at Lockheed.

lOCKHEED AIRCRAFT CORPORATION
... CALIFORNIA
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UNITRON

I GIFTS for the AMATEUR SCIENTIST |

|.'_'

— I

2.4" ALTAZIMUTH REFRACTORS

The 9 UNITRON Models are America’s fastest selling
Telescopes. Write for catalog on these complete home
observatories for astronomical and terrestrial viewing.
COMPLETE with mounting and slow motion controls,
tripod, view finder, erecting prism system (2.4”. 3", 4”
mo(lels\ star diagonal. sunglass, wooden cabinets. et(

1.6” MODEL: with eyepieces for 78X, 56X. $75
< . only
:with eyepieces for 100\. $1 25
th e for 171X, 133\.
MODEL 1 11 evepieces fm- . Og\' 5265
4 t 219X,
MOPELIpith rgpigees for 155X, 208, §465

Additional eyepieces available for all models.

UNITRON EQUATORIAL MODELS
Prices include eyepieces and accessories
2.4 Inch EQuatorial ..o
3 Inch Equatorial
3 Inch Photographic-Equatorial
4 Inch Equatorial .
4 Inch Phofographlc Equalonal

control

‘ box
N
lf

——

—

20-30-40X "TRI-POWER"

TERRESTRIAL TELESCOPE

Three magnifications at your fingertips with UNI- |
TRON’S exclusive triple-revolving eyepiece selector.
Ideal for nature study, bird lore, sports events, viewing
the Moon, etc. Large 62mm (2.4”) coated objective.
Micromatic rack and pinion focusing. Sturdy 3 section
adjustable tripod with Altazimuth mounting.

POSTPAID Only $59.95

PRECISION
MICROSCOPES

e triple revolving nosepiece
with parfocal achromatic ob-
jectives. Wooden cabinet.
inclined prismatic eyepiece
turns in any optional observ-
ing direction.

large research stand.
low-positioned controls for
ease in operation.
permanently level stage.

o standard size optics.

only $5 .50

_~ declination
clamp

drive

3 magnifications

OTHER MODELS AVAILABLE
80X Portable Micr. Set with Accessones
200X, rack and pinion focusing .
100- 250X double revolving nosepiece
300X, stand as illustrated above...
300X Micr. Set with Lamp and Sl
Microscope Lamps . .$
Staining and Dissect

TIME PAYMENT PLAN AVAILABLE
All instruments fully guaranteed.

Send check or M.O. or 25% deposit with balance
C.0.D. Microscopes and ‘“I'ri-power’” postpaid except
on C.0.D.’s. Astro telescopes shipped express collect

Write for free illustrated literature to Dept. SC-12

| cause thev had inherited a 12%-inch mir-

ror completed by a friend who had died.
Robertand Karl Eschof Cherryvale, Kan.,
and their neighbors put “uncounted
hours” on the project (see this depart-
ment for May, 1952), but when they put
the big telescope to use, the stars danced
in the eyepiece. They had used solid steel
axis shafts 1% inches in diameter, but evi-
dently these were not massive enough.
After inspecting a professionally built

instrument at the University of Kansas
‘ and noting its massive solidity, Robert

$ 7.75
..511.95
$22.50

204-206 MILK STREET,

BOSTON 9, MASS.
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‘ﬁ differential

80-500X . o | An “amateur-professional-amateur’s
6 magnifications
100-300X _only $41.50

Semerau
124" Newtonian
astrographic camera

S=5

hold(‘l' g
gmdlng - ﬂ
cycpiccc

synchronous
motor drive

differential
drive

guiding

motor
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fine instruments

went home and wholly redesigned and
rebuilt the mounting. Roger Hayward’s
drawing on page 110 shows its new pro-
portions. Karl says: “This one really has
rigidity. I had little to do with the
mounting, which was designed and built
by my brother Bob, though I made a new
12%-inch mirror for it and was respon-
sible for the rest of the optical parts.”
What the brothers had overlooked in
their first mounting was the fact that a
telescope magnifies tiny vibrations in
proportion to its own magnification and



must therefore be much more rugged
than other machines.

Robert’s new design was inspired by
illustrations in the Amateur Telescope
Making books of Russell W. Porter’s
stocky mountings for a 12-inch reflector
and for the 18-inch Schmidt at the Palo-
mar Observatory. Robert says: “The re-
sult of all our efforts in fattening the axes
was more than fruitful.”

It has sometimes been urged that the
data of engineering stress analysis be
furnished for guidance in the design of
telescope mountings. Such instructions
were published in this department in
April, 1951, but they have had no ob-
servable effect beyond the fact that a
number of readers quarreled with them
because they called for mountings that
seemed unnecessarily rugged. Axes 6%s
inches in diameter for a 12%-inch tele-
scope were “big beyond reason.” One
who quarreled with them was Karl Esch,
then an engineering student. Neverthe-
less, older brother Bob made the new
housings eight inches in diameter.

I have an inch-thick file of round-

robin correspondence on this matter

with advanced amateurs. Some of the
readers quarreled with each other. From
the protracted argument the main facts
that emerge are that the sizes of tele-
scope parts are highly dependent upon
the assumptions made at the beginning,
and that these assumptions vary, are
arbitrary and have only an uncertain
basis in optics. A dozen readers were to
contribute instructions for making a
stress analysis of a telescope, and the
best was to be chosen for use in Amateur
Telescope Making—Book One. But noth-
ing fruitful resulted. Thus after going
full circle we return to an original hunch
that the successful builders, such as Rus-
sell Porter and Robert Esch, usually ar-
rive at a sufficiently rugged mounting by
intuition and judgment, while those who
feel they need instructions would prob-
ably reject the stress-analysis answers
anyway.

The Esches found that their neat one-
legged support for the diagonal mirror
resonated in vibration when the Kansas
“zephyrs” whistled down the telescope
tube, blurring the image. They substi-
tuted a more conventional three-legged
support spider.

Robert writes: “We are most proud of
the simplicity of the driving controls,
now that we have added a drive. The
drive uses a synchronous ball-bearing
motor of %o horsepower and 1,800 revo-
lutions per minute, geared through a
96-3-3-30-100 gear combination to give
a ratio of 2,592,000 to 1. While this does
not give perfect sidereal time, it would

Engineers and Physicists

Your Move

The men we seek are experts in their specialized fields,
capable of filling responsible engineering positions
with MELPAR, a leader in research and development.
Perhaps one of these men may be you. We invite you
to learn about our long-range military and industrial
programs.

If you are experienced in one or more of the fields
listed below, write us about yourself and let us tell
you during a personal interview about our past rec-
ord of success and how you can successfully fit into
our future plans.

Network Theory
* Microwave Techniques
e UHF, VHF or SHF Receivers
¢ Digital Computers
* Magnetic Tape Handling Equipment
* Radar and Countermeasures
* Microwave Filters
e Flight Simulators
¢ Subminiaturization Techniques
¢ Electro-Mechanical Design
¢ Packaging Electronic Equipment
* Photographic Equipment Design
* Pulse Circuitry
Technical Personnel Representative

[ ]
melpﬂl", INCe » Subsidiary of the Westinghouse Air Brake Co.

452 Swann Ave., Dept. SA-12, Alexandria, Virginia
or 11 Galen St., Watertown, Mass.

PRECISION
OPTICS

OPTICS

ACHROMATIC TELESCOPE OBJECTIVES—
Perfect magnesium fluoride coated and cemented.
We have 127, 13", 15”, 19”, 20”, 26”, 28”, 30", 34",

and 36” F.L. achromats and Alumlnum Tublng
Send for List.

54 l/mmf}gr) 616303/] Le(ré%tll/l $1 %}ascg

m/m (2%8” m/m Yo" - .

78m/m (345") 38Im/m (15" -$21.00

8im/m (37%") 622m/m (24%%") ... $22.50 MASS PROD U CED
83m/m (3%”)  1016m/m (40”). $30.00 3 .

110m/m (43")*  1069m/m (42" $60.00 It takes skill and experience to
L1om/m (4%”)  1069m/m (4275") $67.0

*Not Coated
MOUNTED COLOR-CORRECTED EYEPIECES

Have a stock of precision war surplus lenses. Had
them mounted in precision 114” outside diameter
mounts. Result! You would pay 3 to 4 times more
elsewhere. Our price can’t be beat!!

12.5M/M (1”7 F.L. Symmetrical eycple(‘c con-

ted achromats

s. $6 Not Coated..
16M/M (5&”) F.L. Extra Wide angle E

tains five 'lens
$13.50—Not Coated..
Symmetrical eyepie

two Lel‘nented thx‘Onl ats.
(,ol ted 6.75—Not Coated.......... $6.00

2M/M *.L. Kellner eyepiece contains
Cunented a(hrox‘n IL and a non-achromatic lens
Coated lenses. ..$6.75—Not Coated.. 6.
32 m (1’/4"J T contains a cemente
and a non-achromat. Not Coated

8X ELBOW
TELESCOPE

produce o single highly precise
optical form. To mass produce this
same objec! requires even greater
skill and experience, plus imagina-
tion and practical application of

(-@_

" Eoheame engineering knowledge.

Since 1941 Ferson hos success-
fully mass produced optics of ex-
ceptionally high precision.

(-

Your problems will receive an
enthusiastic examination by us.

This telescope will make an exceptlonal finder.
Objective 52m/m Dia., focussing eyepiece, turret-
mounted filters, amber red, neutral and clear. Il-
luminated cross-line reLlcle qulck finding level
sight, and large size Amici prism.

(-4-«

Used ... $18.50 Brand New.. ......$27.50
[ s e, | < ERSON

We pay the POSTAGE—C.0.D.’s you pay postaqe
—Satisfaction guaranteed or money refunded
returned within 10 days.

A- JAEGERS [ Mgt &'y

OFTICAL COMPANY, INT

Ocann

Sprngs, Matnitbipps

I3
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JOIN RCA
ENGINEERING
MANAGEMENT

T S S —

RCA has two engineering
management openings in its
expanded electronics engineering
program:

Manager Aviation Systems
Electronics Development (to
supervise circuit development
engineering and systems analysis
of precision navigation, fire control
and communications equipments).

Manager Airborne Fire Control
Product Design (to supervise
design engineering of airborne
electronic equipments).

These positions require the ability to manage a
comprehensive design and development engineering
organization and to plan broad engineering programs.
Your ability should be substantiated by proven
supervisory experience and a degree in EE, ME, or Physics.

Send a complete resume of your education and experience to:

Mr. John R. Weld, Employment Manager
Dept.B-466L, Radio Corporation of America
Camden 2, New Jersey

RADIO CORPORATION OF AMERICA

Tmks. ®

ARGAINS
g SPITZ JR. PLANETARIUM |

Fascinating! Instructive!

Amazing! Projects on ceiling of darkened
room nearly 400 stars, more than 70 constel-
lations in proper relation. No batteries, uses

home current Rheostat control for bright-

. hess. About 14" high on a 7”x7” base Pro
%, jection sphere 7” diameter. 32-page informa-
- tion book included FREE

Stock No. 70,040-S . ... $15.00 Pstpd.

~1 IMPORTED MICROSCOPE

ONLY 100, 200, 300 Power

$'|4 Good optical qualities, fine fo-

pustpa"j cusmv Definition is surprising-

]Lar and good—amazingly

is price. Revolving

[ OCULAR dises hgm ad]ustable m-rrgr.

3 OBJECTIVEéquare st age 234" 25/57.
LEN 5 (3 wonderful bargam |

completely satisfied, your mon-

RACK & ey refunded. Comes packed in
PINION  sturdy, hard wood cabe: Acces-
FOCUSING S50y, Bvepieces and Objective

allable

stock No. 70, 0688,
Clip this ad for 93 pig

FREEI hed Miaroseoper: sont et B
price 60¢. Limited tmu only!

4.95 Postpaid
“‘Hunting With
egular advertised

ASTRONOMICAL TELESCOPE KIT Build i
worth up to $500.00. Gl ind your own mirror. Contains:

mirror blauk, evL pie ﬂea, (hagonal, abrasives, etc.
4-S.. 6", ..$11

Stock #70, 0 .00 Pstpd.

. A REAL '
4Y," “‘Palomar, Jr.” As;:&gg&l‘gu
Reﬂe:!inq With this scope, you can see the
Telescope craters on the Moon, the rings of

Saturn, double stlrs Or a news-
paper headline at a mile! Mirror
guaranlccd to give theoretical
of resolution. Rack and
mmon focusing, removable mir-
ror mount, counterv\elmlt Real
equatorial = mountin; nly  one
adjustment follows L,rs Alu-
minum tube. Combination eye-
piece gives 57 and 115 powers.
‘}‘ Takes standard eyepieces for
greater power. Mirror f/1
Mirror corrected to better thzln

5745']

Complete ] |
with il
if |

tripod

5,006-S
$74.50 f.o.b. Barrington,

“MAKE-YOUR-OWN”' 4Y;” MIRROR KIT
The same fine mirror as above. polished and alumnuled
lenses for eyepieces and diagonal. ar
Stock 50,0 ’$16.25 pstpd.

Order by Stock No. Send check or M.O. (Open acct. to rated
firms.) Money back guarantee.

We have Literally Millions of WAR SURPLUS
LENSES AND PRISMS AT BARGAIN PRICES
Write for Catalog ''S''—SENT FREE!

EDMUND SCIENTIFIC CORP.
BARRINGTON, NEW JERSEY

114

N. J.

CALCULATIONS
of all kinds can be easily solved on the
BINARY CIRCULAR SLIDE RULE

This rule will quickly solve the simplest as well as the
more difficult problems involving calculations in Arith-

metic, Algebra and Trigonometry. Any number of fac-
tors can be handled in long and difficult calculations.
The C sLale of the Binary is 25 inches long with gradu-
ations 259, further apart than those of a 20-inch slide
rule. The CI, A, K, & Log scales are divided as closely
as a 20-inch slide rule. Log-Log scale extends from
1.0015 to 1,000,000. Gives Trig. functions from 0 to 90
degrees on back. Engine-divided scales yellow and black
on white coated aluminum. Permanently accurate. Dia.
814", Price $8.50 in case, with instructions. Approved
at leading Univ. Used by many large firms in the U. S.
Midget size 4” dia. with case $3.

NEWLY IMPROVED
ATLAS SLIDE RULE

The Atlas Slide Rule will quickly solve problems in
Multiplication, Division, and Proportion and give re-
sults with a maximum error of less than 1 in 36,000.
The Atlas has two C scales. One is 25” long and the
second one is a spiral of 25 coils. This is equivalent to
a straight rule 60 ft. long and gives answers to 5
figures.

Chemists, Physicists and Engineers have found this
rule invaluable for its great accuracy. Dia. 812", Easily
portable. White coated aluminum with legible black and
vellow scales. Price $11.00 in case with instructions.

.

Combination Atlas-Binary Slide Rule

Has Atlas front scales on one side with 2 indicators,
Binary front scales on reverse side with 2 indicators.
rig. scales. Made of metal, permanently accurate.
Price $15.00 in case with instructions.
Dcscnptne circulars free. Satisfaction guaranteed.

GILSON SLIDE RULE CO.
Box 993 SA, Stuart, Fla.
Slide Rule Makers since 1915
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be wasteful to buy special gears for a
closer approximation.” Karl adds: “I set
the telescope on Sirius and went indoors
for an hour to blot up heat and on return-
ing I found Sirius still in the field.”
Walter J. Semerau, whose astro-
graphic camera and still larger guiding
telescope are shown on page 112, is a
professional scientific instrument maker
for whom telescope making is a hobby.
Before he built these instruments he had
made some simpler telescopes. He writes:
“For photographic work a telescope
must be as rigid as a rock throughout.
The mirror is mounted on a nine-point
support system in a cast-aluminum cell
attached to a 60-inch length of 14-inch
aluminum tubing with walls one eighth
of an inch thick. One half of a rebuilt
10-power binocular with illuminated
cross-hairs is attached to the side of the
main tube and is used for wide-angle
photography. If photographs are to be
made simultaneously with it and the re-
flector, the guiding is done with a special
guiding eyepiece on the telescope. This
eyepiece receives light from a single star
near the edge of the field, lengthens its
own focus with a tiny negative lens, and
reflects it into the eye with two tiny di-
agonal prisms. This guiding eyepiece has
a 1%4-inch focal length and is equipped
with illuminated cross-hairs. These must
be parallel to the motion of the star and
at right angles to the declination.”
Roger Hayward comments on this
telescope: “Semerau has a very profes-
sional instrument. The only weak spot is
the guiding eyepiece, which is fixed.
There are lots of things one would like
to photograph for which there is no con-
venient star at just the right distance and
spacing to fit his instrument. Therefore
guiding eyepieces should be arranged to
be fixed at any orientation around the
plate holder. When I built my photo-
graphic attachment, I arranged things so
that the plate holder and eyepiece could
be rotated around the line of sight. The
professionals use two guiding eyepieces
which are clamped to the plate holder.
They are adjusted to fit two stars so that
the plate holder can be set aside with the
eyepieces still attached and the exposure
continued at some future time. The two
eyepieces insure replacing the plate
holder in both the same orientation and
direction. It is also more convenient if,
as Semerau states, the cross-hairs are
parallel to the motion of the star and at
right angles to the declination, but I have
guided the 100-inch telescope at the
coudé focus with the angle between the
cross-hairs and the right ascension and
declination motions changing over a
period of two hours. It can be done.”
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sweet'en-er

That which sweetens or
imparts a sugarlike flavor.

Example: GLYCERINE!

In products like cough drops,
toothpastes, candies, capsules, and
medicines, where Glycerine’s
major properties make it an im-
portant ingredient, Glycerine’s
pleasant taste is an extra “plus.”
Glycerine not only acts as a
humectant, demulcent, solvent,
plasticizer or preservative in for-
mulations of this type, but also
enhances their flavor.

U.S.P Glycerine is nontoxic and
easily digested. Its applications in
food processing have been accept-
ed by the American Medical Asso-
ciation Council on Foods, and ver-
mitted by Federal and State food
and drug authorities.

If you’re developing a product
that must have any of the prop-
erties mentioned—and be palat-
able too—check Glycerine.

New Pectin Jelly

For example, a concentrated pec-
tin jelly composition was recently
patented. When dissolved in hot
water and then cooled, this solid
aqueous gel forms a larger volume
of edible jelly dessert. Glycerine
acts as a sweetener.

Balance of Properties

Glycerine’s sweetening action is
only one part of the story. You can
count on wversatile Glycerine to
serve as—

preservative bodying agent

bacteriostatic stabilizer
lubricant antifreeze
penetrant blending agent

Booklets on the application of Glycer-
ine in the drug and cosmetic and food
fields are available. For your copy,
write Glycerine Producers’ Associa-
tion, Dept. S, 295 Madison Avenue,
New York 17, N. Y.
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Quick-connect controller mounting . . .
for added protection the controller is
supported by ayokewhen disconnected.

Horizontal scale above chart (left) continuously indi-

cates control air pressure. Unitized construction (right)

permits fast, easy removal and replacement of major

sections.

Today’s Tel-O-Set* instruments

are easiest to install...operate...service

HE latest improvements in the 7Tel-O-Set

family of miniature recorders and con-
trollers make them the simplest and most con-
venient ever.

Quick-connect mounting . . . either on back of re-
corder, back of panel, or at a remote location. A
single lever opens or closes all interconnecting
air lines . . . allows the controller to be removed
without interfering with manual control of the
process.

Foolproof connect and disconnect. The rear of the re-
corder is a flat gasketed surface that matches up
perfectly with the controller . . . has no protrud-
ing valve stems or plug-in fittings. Self-contained
air switch must be shut off before the controller
can be removed.

Leakproof design with large capacity valves.

*Tel-O-Set is a trade mark of Minneapolis-Honeywell Regulator Co.

Wide range of reset rates. A single instrument pro-
vides a simple choice of three different reset
ranges . . . fast, intermediate and slow. One basic
model serves in applications formerly requiring
several models.

Versdtility. Rate action is readily added. When
equipped with a manifold, the controller can be
mounted remotely, either back of the panel or
in the field.

Low air consumption . . . less than 0.2 scfm.

For a discussion of your specific process control
requirements, call your nearby Honeywell sales
engineer . . . he’s as near to you as your phone.

MINNEAPOLIS-HONEYWELL REGuLATOR CoO.,
Industrial Division, Wayne and Windrim
Avenues, Philadelphia 44, Pa.

@® REFERENCE DATA : Write for your copy of new Bulletin No. 7201, ‘“Quick-Connect Tel-O-Set Instruments."”

Honeywell
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® DRAFTING

e STENCIL

Mathematical types for formulae and
equations, foreign languages, special
symbols and other type styles used in
scientific work are among the hundreds
of fonts. Changes are instant, and can
be made in the middle of a sentence.
Vari-Typer's universal keyboard per-
mits you or your secretary to operate
it with ease. Coupon will bring details.

RALPH C. COXHEAD CORPORATION
720 Frelinghuysen Ave., Newark 5, N.J.

Please send me Vari-Typer BookletM-21

BUILD "efessional ¢ ABINETS
~IN YOUR OWN SHOP

{ With

Widney DORLEC
CABINET
COMPONENTS

The Widney-Dorlec
Cabinet System,
consisting of a series
of pre-fabricated, dural
die-cast corners, extruded
dural sections and other
special components, now
makes it possible to build

modern, fully-radiused

cabinets to any set of

dimensions without special
tools!

For Free Catalog L Price List, write to Depl SA-12

BRITISH INDUSTRIES CORPORATION
| 164 Duane Street New York 13, N.Y.

120

Engineers

&
Physicists
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book review by Jesse L. Greenstein;
September, page 157.

SUN NAVIGATION OF ANIMALS, THE, by
Hans Kalmus; October, page 74.

SUPERGALAXY, THE, by Gérard de Vaucou-
leurs; July, page 30.

Surgenor, Douglas M.
ary, page 54.

Sutton, Richard M. A FAMILY OF SOLAR
ECLIPSES; February, page 36.

SWIFT, THE HOME LIFE OF THE, by David
and Elizabeth Lack; July, page 60.

BLOOD; Febru-

T TEMPERATURES: CHEMISTRY, HIGH,
by Farrington Daniels; Septem-
ber, page 109.

TEMPERATURES : FLAME, HIGH, by Bernard
Lewis; September, page 84.

TEMPERATURES : MATERIALS, HIGH, by Pol
Duwez; September, page 98.

TEMPERATURES: PROPULSION, HIGH, by
Martin Summerfield; September, page
120.

TEMPERATURES, ULTRAHIGH, by Fred
Hoyle; September, page 144.

TEMPERATURES, VERY HIGH, by Arthur
Kantrowitz; September, page 132.

Tinbergen, N. THE COURTSHIP OF ANI-
MALS; November, page 42.

Tolansky, Samuel. A TOPOGRAPHIC MI-
CROSCOPE; August, page 54.

TRADE IN THE ANCIENT WORLD, by Lionel
Casson; November, page 98.

TRITIUM IN NATURE, by Willard F. Libby;
April, page 38.

Trowell, Hugh C. KWASHIORKOR; Decem-
ber, page 46.

TSUNAMIS, by Joseph Bernstein; Au-
gust, page 60.

Tyler, Albert. FERTILIZATION AND ANTI-
BODIES; June, page 70.

U ULTRAMICROCHEMISTRY, by Burris
B. Cunningham; Feb., page 76.
ULTRASONICS, by George E. Henry; May,

page 54.
URANIUM FROM COAL, by Ralph L. Miller
and James R. Gill; October, page 36.

Vaucouleurs, Gérard de. THE
SUPERGALAXY; July, page 30.
VIRUS, THE LIFE CYCLE OF A, by André

Lwoff; March, page 34.
VIRUSES, THE PHYSICS OF, by Ernest C.
Pollard; December, page 62.

W Wald, George. THE ORIGIN OF
LIFE; August, page 44.

Walter, W. Grey. THE ELECTRICAL AC-
TIVITY OF THE BRAIN; June, page 54.
Watson, Fletcher G. A CRISIS IN SCI-
ENCE TEACHING; February, page 27.
Weinberg, Alvin M. POWER REACTORS;

December, page 33.

Westwater, J. W. THE BOILING OF
LIQUIDS; June, page 64.

Whittaker, Sir Edmund. A History of the
Theories of Aether and Electricity,
Vol. II. A book review by Freeman J.
Dyson; March, page 92.

Whittaker, Sir Edmund. WILLIAM ROWAN
HAMILTON; May, page 82.

Wiener, Alexander S. PARENTAGE AND
BLOOD GROUPS; July, page 78.

WILD ANIMALS IN CAPTIVITY REALLY
WILD ?, ARE, by H. Hediger; May, page
76.

Wailson, Mitchell. JOSEPH HENRY; July,

page 72.

Wilson, Mitchell. PRIESTLEY; October,
page 68.

Witt, Peter. SPIDER WEBS AND DRUGS;

December, page 80.

Wright, Wilbur and Orville, The Papers
of, edited by Marvin W. McFarland. A
book review by James R. Newman;
May, page 88.



Another new development using

B. k. Goodrich Chemical - ==
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"B. F. Goodrich Chemical Company dne:- not make these wing mver_'.r.

We supply only the Geon paste resin.

Covor-up sty ow. Jat Wings

THESE wings for B-47 Stratojet bomb-
ers must be protected during rail
shipment from sub-assembly plants to
the Boeing Airplane Company’s
Wichita, Kansas, Division. Here’s how
Geon polyvinyl materials play a part
in getting the wings there safely.
The wings are an oversize load,
measuring 58 feet. They are shipped 2
pairs to a flat car and must be protected
against damage from weather, smoke,
soot and abrasion. A plastisol based
on Geon paste resin coated over nylon
fabric was used by the manufacturer
for the special covers designed for this
job. As the result, special crating or

boxcars are not needed and wings are
protected during open air storage, sav-
ing hangar and warehouse space.

Thanks to the Geon coating, these
covers resist the effects of grease, oil,
mildew and retard flame. High tensile
and tear strength of the fabric and
Geon coating have enabled the covers
to make more than 70 trips—with
more to come!

This use for a Geon material may
give you ideas for solving a problem—
or developing a product with ready
sales appeal. Geon materials have many
profitable uses, from upholstery and
wire insulation to rigid tubing, sponge

and more applications. For helpful
technical information, please write
Dept. D-6, B. F. Goodrich Chemical
Company, Rose Building, Cleveland
15, Ohio. Cable address: Goodchemco.
In Canada: Kitchener, Ontario.

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

GEON polyvinyl materials e

HYCAR American rubber o
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would you wish for?

Sometimes it’s hard to decide. There are so many wonderful things to wish for.
But if you stop to think a moment, isn’t good health one of the most important?
So much depends on health!

Today this wish is coming true for more people than ever before, as medical
science does more to help build good health. Particularly in the fields of
vitamin therapy and nutrition are advances being made. One outstanding
example is the synthesis of Folic Acid developed by American Cyanamid
research. This essential vitamin was quickly recognized by doctors as an aid in
arresting certain types of anemias. Its importance in daily nutrition as a
vitamin essential to life itself has more recently been established. As a result,
it is now used in vitamin compounds which supplement regular diets as
aids to health. Also recognized as a growth factor, Folic Acid is being added to
animal feeds to promote growth and increase resistance to disease.

Folic Acid is one of the pharmaceutical and nutritional products of American
Cyanamid’s Fine Chemicals Division. Its synthesis is another contribution of
Cyanamid chemistry in advancing the health and the well-being of mankind.
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