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max imagination with Alcoa Aluminas

and get refractories or refractory castables that work hardest, longest!
Refractories are vital to production in almost every industry. To give industry the best
refractories possible, more and more refractory manufacturers have turned to Alcoa® Alumi-
nas. They’ve found that refractoriness and durability increase in direct proportion to the
amount of alumina they use. They know it pays to mix imagination and engineering with
Alcoa Aluminas . . . for the best in refractory performance at reasonable cost.

Alcoa is not a source for finished refractories, but does supply aluminas to manufacturers
of the best refractories. For their names, write: ALUMINUM COMPANY OF AMERICA, CHEMICALS  wALCOA THEATRE"
DrvisioN, 706-E Alcoa Building, Pittsburgh 19, Pennsylvania. Exciting Adventure
For finer products . .. let Alcoa add new directions to your creative thinking! Alternate Monday Evenings
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Boon to equipment designers
and “problem liquid” pumpers

Sealless plastic pump eliminates corrosion, leakage,
contamination, cuts maintenance to bone!

Sometimes the answer to a prob-
lem lies not in further improve-
ments along an existing avenue of
development, but rather in
creative thinking that finds a com-
pletely new approach to the prob-
lem. That’s what Cooper Alloy
has done with its Vanton Plastic
Sealless Pump (mfd. by Vanton
Pump Div). Where other com-
panies have sought to improve
shaft seals to minimize leakage
and maintenance, Cooper Alloy
has worked out a design that
eliminates the shaft seals (see
panels below).

Practical results are outstand-
ing. Product contamination is
eliminated, since pumping cham-
ber is completely sealed, and no
metal touches the liquid. Leakage
and scoring of pump parts are
eliminated; maintenance is
reduced to infrequent replace-
ment of liners. Body blocks and
liners can be fabricated from a
wide variety of plastic materials,
to handle any corrosive, abrasive,
or pharmaceutical fluid pumped
in industry today.

Currently in use in thousands
of “problem-pumping”’ situations
the nation over, the Vanton Pump
will soon appear in two new im-
portant applications:

Close-Coupled Motor-Pump Unit,
for versatile, all-purpose pumping
in “run-of-mill’’ plant situations;

Original Equipment Model, with
long trouble-free working life,and
no maintenance schedule needed,
styled and priced to meet the
needs of original equipment man-
ufacturers in all fields, from
industrial to aircraft to home
appliances.

Where can you use this simple,
trouble-free, leak-free pump de-
sign?—or this kind of pioneer-
ing, problem-solving Cooper

"Alloy thinking? Inquiries

welcomed, especially from Orig-
inal Equipment Manufacturers.
Write today, won’t you?

coorer (AaLLoY

Corporation « Hillside, New Jersey

New Cooper Alloy pump design outflanks shaft
seal problems by eliminating seals. Here's how:

t PLASTIC BODY BLOCK
I S FLOW PATTERN

PACKING
GLAND

FACE PLATE

ROTOR ON
ECCENTRIC SHAFT

CORROSIVES

\BRA

QI\F
JITLY

Conventional Pump. Seals ana Vanton Design Is Simple. Minimizes Maintenance: Liquid
packing are needed to seal off flows in channel between molded plastic body-and synthetic
fluid pumping chamber where liner. No liquid touches metal. Liner flanges are secured to
impeller shaft, powered from body block by bolted face plates. Pumping mechanism is
outside, enters casing. Seals re- rotor on eccentric shaft. All bearings are located outside of
quire constant maintenance and fluid area. At each revolution rotor pushes liner against
attention, to prevent leakage, body block and sweeps a *‘slug” of liquid around track from
and depending on product, con- inlet to outlet. Resilient liners, replaceable in minutes,
tamination and scoring of pump absorb “grind”’ of abrasive slurries. Wide choice of plastic
shaft. Vanton Pump, having no materials gives easy handling of all industrial corrosive and
shaftseals,avoidstheseproblems. abrasive liquids, with minimal maintenance. Self-priming,

high vacuum, capacities }5-40 gpm. FOR ALL THE FACTS,
WRITE FOR BULLETIN SA50.
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NEW USES FOR POLYETHYLENE
Polyethylene, as we all know, is pretty ver-
satile stuff. By varying its molecular weight,
it can be made soft and fluid—or so hard that
even its manufacturer doesn’t know what to
do with it! (More about this from us in
future articles.) Right now, a word about
the low-molecular types, of especial interest
to molders and textile people.

Textile finishes: Polyethylene is now emul-
sifiable—and that’s good news for the textile
industry, already the largest consumer of
chemicals. A-C polyethylene emulsions can
be used either by themselves or with other
finishes to impart a variety of desirable char-
acteristics to both natural and synthetic
fibers, such as soft “hand,” and better wear-
ing qualities through increased tear strength
and abrasion resistance.

Slush molding: Molders are well aware
of the advantages of this process—low pres-
sures, short runs, inexpensive molds. But,
they may not be as aware
as they should be of the
advantages of polyethy-
lene for slush molding.
Here’s an entirely new
material for the process—
one which “gives the
properties without the
problems.” A mixture of
A-C polyethylene with
conventional types per- :
mits viscosity control.
Polyethylene and slush
molding are opening up
a whole new concept of
plastics manufacture—

oxygen, for instance, it is strikingly better
on a density basis (1.45 vs. 1.14). It gives
12% greater range and is far easier to
handle, needing no refrigeration. More than
an oxidizer, its energy content contributes
thrust as well. Availability? Sources are now
adequate and potential availability is prac-
tically unlimited. The cost is slightly greater,
but all things considered, it may be cheaper
to use—as a first-stage, dependable oxidizer.

Of course, there’s nothing exactly “new”
about Nitrogen Tetroxide as a chemical. It
became available in pilot plant quantities
‘way back in the early 1940’s. Today’s de-
mands for the ideal rocket propellant give
it new and pertinent interest. A new bulle-
tin is available.

NEW FOREST-FARMING BIBLIOGRAPHY
“Forest Fertilization,” a 300-page bibliog-
raphy, with abstracts, on the use of fertil-
izers and soil amendments in forestry, has

from small toys to 5(- A new concept of plastics manufacture—slush molding with A-C polyethylene.

ounce parts—all with fine
detail and warm “lifelike” feel. Write for
our latest bulletins on these polyethylene
developments.

REPORT ON ROCKET PROPELLANTS

A few years from now, if somebody tells
you his vacation is going to be “out of this
world,” he may mean it quite literally. He
may be planning a jaunt to Mars—or the
moon. Chances are he’ll go “by rocket.” And
what will make the rocket go? That’s a ques-
tion which is absorbing the attention of
many of our rocket-minded citizenry today
—and for purposes far more pressing than
space travel.

Nitrogen Tetroxide may prove to be one
of the answers. It’s certainly worth a long
look into. N20s offers some decided advan-
tages over liquid oxygen and hydrogen per-

oxide as an oxidizer. Compared to liquid

© 1958 SCIENTIFIC AMERICAN, INC

(Decoys at left are from mold above.)

been published by the State University Col-
lege of Forestry, Syracuse University. This
book, first of its kind, is the result of a two-
year study sponsored by Allied’s Nitrogen
Division. It is now available to the public at
a $3.00 cost-of-printing charge. Also avail-
able, and without charge, are two booklets
translated from German and Japanese
sources describing fertilization practices in
those countries. Write us for any or all.

WHEN WRITING FOR LITERATURE
offered on this page, please use your com-
pany letterhead and tell us as much as you
can about your proposed use. This will help
us to help you. Address: Allied Chemical,
Dept. 58, 61 Broadway, New York 6, N.Y.

A-C is an Allied Chemical trademark.
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RADIOACTIVITY AT WORK..1

Ovur business is radioactivity —applying it, measuring it, protecting against it

Since our business might have bearing on
yours, this is the first in a series of reports
on work we’re doing for a variety of clients,
not only in the nuclear industry but in such
diverse fields as chemicals, petroleum, phar-
maceuticals, medicine, steel and coal.

Nuclear reactor developers and operators
call on us for such services as analysis of
reactor fuels, decontamination studies, and
the development of data relating to the pro-
duction of atomic power.

Research people and industrialists in all
fields draw upon our specialized skills and
equipment for applying the phenomena of
radioactivity to improving processes and for
highly complex studies which were not
possible with “‘yesterday’s” techniques.

So many people these days are curious about
the possibilities of applied radioactivity, we
thought you might be interested in reading
about some of our current projects.

ENVIRONMENTAL RADIOACTIVITY
SURVEYS

Since we started in business, one of our
important activities has been conducting
site surveys for operators of nuclear reac-
tors. These studies-are undertaken prior to
start-up to determine the level of “‘back-
ground” radioactivity in the area surround-
ing the reactor.

This then provides a basis for measuring any
increase in radioactivity after the reactor is
in operation. Environmental radioactivity
studies are required. Such studies should
also be made on a continuing basis not only
for safety’s sake but to provide ‘third
party” legal protection against lawsuits and
insurance claims.

In conducting a site survey, NSEC takes
samples from the surrounding area. These
may be soil, ground water, plants, animals,
fish, rainwater, dust, sewage or other mate-
rials. We consider carefully the nature of
the facility, the terrain, direction of air
movement, and surface and ground water
flow. The samples are processed and an-
alyzed in our labs. We are then able to
establish the radioactivity level, the kinds
of isotopes producing it, and the possible
sources of these isotopes.

NSEC has conducted more site surveys of
nuclear facilities than any other company
in the United States. For information on
environmental radioactivity surveys of your
nuclear site, phone us at HOmestead 2-4000
in Pittsburgh. We can either conduct the
survey for you, or train your personnel on
proper procedures.

PREVENTING BEACH POLLUTION
Recently, in the largest radioactive tracer
study ever conducted in the United States,

NSEC successfully traced the dispersion of
sewage effluent flowing into ocean waters.
Our study helped the City of Los Angeles
in planning expansion of its sewage system.
First we injected the isotope scandium-46
into sewage about to be released into Santa
Monica Bay. This enabled us to measure
the pattern of sewage diffusion and its dilu-
tion in sea water to one part in ten thousand.

Write for a copy of ‘““Radioactive Tracer
Study of Sewage Field in Santa Monica
Bay” by Dr. Ralph L. Ely, Jr. (He’s our
Vice President and Technical Director.) Or
ask about our forthcoming study for the Re-
public of Venezuela, in which we will investi-
gate littoral drift, using radioactive sand, to
determine the feasibility of a certain harbor
location.

RADIATION SICKNESS

It’s common knowledge that excessive radia-
tion produces harmful effects in human
beings, ranging from mild nausea or skin
burns to cancer and death. Recent experi-
ments under the direction of Dr. A. Edel-
mann, Manager of our Department of
Biology and Medicine, have indicated that
radiation can also produce a toxic factor
which appears in the blood. Analysis of the
blood of rats subjected to X-rays under
varying conditions not only indicates that a
toxic element is produced but that it may
be transferred by injection from one animal
to another.

When and if this toxic substance is identi-
fied, it may be possible to devise an anti-
toxin to alleviate some of the effects of
atomic radiation. Medical and pharmaceuti-
cal applications of controlled radioactivity
open up entirely new means of studying ex-
isting problems. Contact Dr. Edelmann about
your problem.

DETERMINATION OF BORON

IN SILICON

A major problem plaguing the electronics
industry is achieving ultra-pure silicon for
transistors. Current methods are slow and
costly, but effective. Nevertheless, boron
still remains as a damaging impurity even
in minute quantities of only a few parts per
billion. Ordinary chemical methods cannot
detect the presence of boron in such small
concentrations.

However, NSEC scientists are now perfect-
ing a process by which the boron is trans-
muted into radioactive carbon-11 and sub-
sequently measured by its radioactivity.

This new method of analysis will be helpful
in the quality control of silicon during pro-
duction. Once a routine method is established
it will be offered on a commercial basis.
Interested? Drop us a letter.

We’ll be glad to furnish detailed information on any of these studies. And if you’d
like to keep abreast of new developments in the field, just ask us to put you on the
mailing list for our monthly publication “Radioactivity at Work.”

Our technical staff is available for consultation on your specific requirements and
will make proposals and quotations without obligation.

Nclear Secence and Engineering Corfroralion

DEPT. SA-2, P. O. BOX 10901, PITTSBURGH 36, PENNSYLVANIA
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THE COVER

In the painting on the cover the
earth is partly cut away to show
how eddies in its fluid core (yellow
sphere) may give rise to the earth’s
magnetic field. The lines of force in
the field are represented by the
large loops. These loopsmay be the
result of electric currents (helixes)
which are in turn generated by
eddies (small arrows) in the core.
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Take a New Look at

T ITrARNITU M

Wonder metal? Restricted supply? Not
today. Titanium is daily proving its eco-
nomic advantages in more and more
industrial applications.

And Mallory-Sharon...world’s largest
integrated producer of special metals...
is ready now to assist you in designing
with titanium. We can supply your
requirements for titanium and titanium
alloy sheet, strip, rod, bar, plate and other
mill products...many of them from stock.

Check below for ways titanium and
its alloys can serve you now! Then write
us about your requirements, or contact
our nearest sales office.

For availability — Delivery time on titanium has been cut by
Mallory-Sharon’s ingot inventory in certain grades and analyses.
Here, orders can be started in the ingot stage, saving time for
fabricators. In addition, a wide range of sheet and bar sizes can
be shipped direct from stock.

For corrosion resistance—Turbine impeller
made from titanium has given four years’
service in highly corrosive application that
killed other metals in weeks or even hours.
Impeller agitates slurry containing cobalt,
nickel, copper arsenic, iron and sulfuric acid.

For high strength-to-weight —In the U.S. Air Force’s
B-58 Hustler, built by Convair, Fort Worth, heat-treated
titanium alloy was substituted for alloy steel—for wing
fittings bearing heavy loads. Result: 449, saving in weight,
with strength equal or superior to the previous material.

For technical facts write for “Titanium

Fact File”—giving advantages, metal-

lurgy, corrosion properties, informa-

tion on machining, welding, forming.
Our Service Engineering group is
ready to assist you.

MALLORY-SHARON

METALS CORPORATION . NILES. OHIO

Integrated producer of Titanium * Zirconium ® Special Metals

\
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CELANESE FORTIFLEX MAKES POSSIBLE A

A Word About Celanese Fortiflex ...

Fortiflex is a linear type polyolefin with a specific gravity less than water.
Its rigidity combined with toughness makes possible a host of packaging
applications—from thinwall blown bottles and injection molded jars to
transparent film for bags and wraps. Its heat resistance and resistance to
chemical attack mean that Fortiflex containers can be subjected to post-
packaging sterilization, and can be used for packaging many chemically
reactive liquids, semi-solids and solids. Fortiflex has the sanction of the
Food and Drug Administration.

If you have a packaging problem that calls for something special in a
packaging material, write to: Celanese Corporation of America, Plastics
Division, Dept. 192-E, 744 Broad Street, Newark 2, N. J. Canadian Affiliate:
Canadian Chemical Co., Limited, Montreal, Toronto, Vancouver. Export
Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Avenue,
New York 16, N. Y. Celanese® Fortiflex®
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A THOUSAND PACKAGING POSSIBILITIES

Celanese Fortiflex is basically a simple polymer of
ethylene. However, its ordered molecular arrangement
provides the combination of rigidity, toughness, and
chemical and heat resistance needed for almost any
type of container packaging.



SIGNIFICANT ADVANGE IN JAR PACKAGING

Lermer Plastics, Incorporated offers immediate shipment on a complete line

of Poly-Opal drug, cosmetic and ointment jars in the popular slim line shape

Taking advantage of the unique properties of Celanese Forti-
flex, Lermer Plastics, Incorporated have developed a line of
rigid-type containers that promise to revolutionize the packag-
ing of drugs, cosmetics, chemical specialties and other prod-

ucts. Called Poly-Opal, the jars now in production are made in
six sizes—from % oz. to 4 oz. They are designed for standard
threaded closures, and can be hermetically sealed with cellu-

lose type seals.

Poly-Opal jars are also available in a full range of colors.
Other special shapes, sizes and colors can be created for
exclusive use of industrial users.

For more information about Poly-Opal Fortiflex plastic jars,
you are invited to get in touch with Lermer Plastics, Incor-
porated, Garwood, N. J. Address your inquiry to Dept. CF500
for prompt response.

Fortiflex...a €_2clas.cac linear polyolefin
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A Message to Executives
Seeking a New Plant Site

Check these 3 Important
Plant Location Advantages in

PENNSYLVANIA

100% financing
for your new plant

Complete financing on lease-
purchase plan—low interest rate—
deferred amortization. Plant
“shells” now being readied for
completion. Inspection welcomed.

Improved “tax climate”

No capital stock and franchise
taxes—no machinery and equip-
ment taxes—no stock transfer tax
—no state personal income tax—
reduced manufacturer’s sales tax.

Plant location services

Staff specialists available to serve
industry, engineering firms, man-
agement consultants, industrial
realtors and others with fully de-
tailed plant location data.

va

FREE

For free copy of pamphlets on
these Pennsylvania Plant Loca-
tion Advantages, write or call:

PENNSYLVANIA DEPARTMENT OF COMMERCE
Main Capitol Building
1151 State Street, Harrisburg, Pa.
Phone: CEdar 4-2912
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LETTERS

John Bardeen’s letter [“Letters,” Sci-
ENTIFIC AMERICAN, January] criticizing
B. T. Matthias’s article on superconduc-
tivity requires some comment from a
theoretician’s point of view. Professor
Bardeen’s contentions are that the Bar-
deen-Cooper-Schrieffer (B.C.S.) theory
gives a sound and essentially complete
explanation of all major effects in super-
conductivity, and that no valid objec-
tions have been raised against it.

Actually several objections, involving
more than just points of mathematical
rigor, have been raised by various peo-
ple, e.g., at the International Conference
on Low Temperature Physics at Madi-
son, Wis., in August, 1957.

The perhaps most serious objection
raised concerns the very derivation of
the Meissner effect, the most fundamen-

| tal phenomenon of superconductivity. It

has been demonstrated that by the use
of certain identities (which follow from
the law of conservation of charge alone
and are thus universally true) the
“Meissner effect” of the B.C.S. theory
can be transformed away. So clearly the
B.C.S. derivation of the Meissner effect
is not consistent with the conservation
law of charge. This point is glossed over
in the B.C.S. paper in a footnote refer-
ence to other influences which, however,
are not calculated. There is, thus, no
valid theory of the Meissner effect given,
nor of the vanishing of resistance.

Scientific American, May, 1958; Vol. 198,
No. 5. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York 17, N. Y.;
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president
and treasurer.

Editorial correspondence should be addressed to
The Editors, SciEnTiFiIc AMERICAN, 415 Madison
Avenue, New York 17, N. Y. Manuscripts are
submitted at the author’s risk and will not be
returned unless accompanied by postage.
Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,
ScIENTIFIC AMERICAN, 415 Madison Avenue, New
York 17, N. Y.

Subscription correspondence should be ad-
dressed to Jerome L. Feldman, Circulation Man-
ager, SCIENTIFIC AMERICAN, 415 Madison Avenue,
New York 17, N. Y.

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

Subscription rates for U.S.A. and possessions: 1
year, $5; 2 years, $9; 3 years, $12.50. Canada and
Latin America: 1 year, $6; 2 years, $11; 3 years,
$15. All other countries; 1 year, $8; 2 years, $14;
3 years $18.
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Many of the other results of the B.C.S.
theory, which seem to show such re-
markable agreement with experiment,
are secondary consequences of only one
quantity, a gap in the possible energies
of electron excitations, which is an ad-
justable parameter of the theory. Thus
only this one quantity is under test. Its
derivation, incidentally, is also open to
doubt.

It would seem that Dr. Matthias’s
original caution was well justified.

M. R. SCHAFROTH

University of Sydney
Sydney, Australia

Sirs:

This is not the place to answer Dr.
Schafroth’s comments in detail. Nothing
has occurred to change the views ex-
pressed in my letter. This letter should
not have implied that the theory has
been developed so far that there is no
room for reasonable skepticism about its
ultimate success.

JouN BARDEEN

Department of Physics
University of Illinois
Urbana, Ill

Sirs:

The entertaining and provocative
article on symmetry by Martin Gard-
ner [“Mathematical Games”; SCIENTIFIC
AMERICAN, March] recalled for your
readers the tantalizing question: “Why
does a mirror reverse left and right and
not up and down?” Despite the compre-
hensive descriptions of light paths and
optical principles which are usually
marshaled in answer to this query, there
seems to be an even more fundamental
basis, which, the writers of this letter
propose, lies primarily within the prov-
ince of psychophysiology.

Humans are superficially and grossly
bilaterally symmetrical, but subjectively
and behaviorally they are relatively
asymmetrical. The very fact that we can
distinguish our right from our left side
implies an asymmetry of the perceiving
system, as noted by Ernst Mach in 1900.
We are thus, to a certain extent, an asym-
metrical mind dwelling in a bilaterally
symmetrical body, at least with respect
to casual visual inspection of our exter-
nal form. Here the term symmetry is
used in an informational context, and in-
dicates that the observer can make no
distinction, other than sense, between
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Avco makes things better for America

Avco Manufacturing Corporation

420 Lexington Ave., New York, N. Y.
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Avco helps
to shrink an
electronic giant

What's the giant?

Today’s mammoth computer.
How is it shrunk?

From the inside, electronically!

Avco research has perfected
electronic ‘building blocks’—
miniature plug-in units, not much
larger than penny matchboxes. They
replace many vacuum tubes and
yards of intricate wiring. Incredibly
rugged, they operate perfectly at
arctic or tropical temperatures. . .
without air conditioning.

And the smaller computer they
make possible can be used in
hundreds of new ways. ..in industry
and for defense. Avco ‘building
blocks’ are already in production

for a U. 8. Army-U. S. Air Force
portable computer.

Full name: Transistorized Logical
Building Blocks

From: Avco’s Research and
Advanced Development Division

Avco today — its products are
integral parts of the American
scene: in homes and industry,

on farms, and for defense.

Avco works to give America the most
dependable equipment, the most
advanced ideas and research. :

Scientists and engineers interested
in unusual opportunities for
advancement can grow with Avco.




A SKILLED HAND

IN CHEMISTRY...AT WORK FOR YOU

Nopco Lockfoam goes
DOWN TO THE SEA
IN ATOMIC SUBS

Latest in the impressive and fast-growing list of uses for Nopco Lockfoam—the
versatile “pour-in-place” urethane foamed plastic, pioneered by Nopco chemists
—comes out of Groton, Conn.

Seeking a more serviceable and stronger substitute for the traditional white pine
and pitch to strengthen and fill structural voids and nonfunctioning cavities of a
submarine, the Electric Boat Division of General Dynamics has selected Nopco
Lockfoam for use in the construction of the new atomic submarines. Lockfoam’s
versatile range of properties allows long lead time planning for design changes.

Nopco Lockfoam will lighten a vessel by several tons, because it is so much
lighter than wood. It is also unaffected by salt water, won’t corrode, crack at low
temperatures, or become water logged.

Nopco Lockfoam fabricating economies also appeal to General Dynamics
designers. Formerly, whole days of costly, skilled labor went into cutting, fitting
and sealing wooden inserts for control plane assemblies, one side at a time. In
contrast, metal stabilizer shells are now prefabricated in one operation; then the
two Lockfoam components are mixed and poured into the voids, where they foam
into place in minutes—saving time, money and labor, and at the same time
improving functional design.

It is the same versatility of Nopco Lockfoam that appeals to designers in other
industries—the reason it is finding its way into all kinds of products—from
refrigerator trucks to space missiles. Plastics Division, Nopco Chemical Company,
North Arlington, N.J. and Los Angeles, Calif.

VITAL INGREDIENTS FOR VITAL INDUSTRIES

North Arlington, N.J.

Harrison,N.J. « Richmond, Calif. « Cedartown, Ga. s Boston. Mass. e Chicago, Ill.« London,Canada
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two or more elements of his perceptive
field. Of course by refining his observa-
tions he may gain information of other
dissimilarities, at which time the system
under consideration ceases to be sym-
metrical.

When we stand before a mirror, we
see reflected a superficially bilaterally
symmetrical structure, and we are mis-
led by this apparent symmetry into
treating the system as if ourselves and
our reflection were identities rather than
enantiomorphs (entities of opposite
“handedness”). Therefore, by psycho-
logical projection, we seem to be able
to rotate our body image 180 degrees in
three-dimensional space around a ver-
tical axis and to translate it a distance
equal to twice the distance to the mirror,
thereby achieving a coincidence be-
tween our body and its reflection. By

| this process we have imagined the iden-

tical central-nervous-system perceptive
machinery which is in ourselves, rather
than its enantiomorph, to exist within
our mirror image. We are consequently
led to the erroneous statement that when
we move our right hand, our mirror im-
age moves its left hand. If we, more cor-
rectly, imagine our enantiomorphic
selves within our mirror image, then we
realize that its definition of right and
left would be reversed, and when we
move our defined right hand, it moves
its defined right hand. We must endow
our reflection not with our own coor-
dinate system, but with a mirror-image
coordinate system. This can easily be
illustrated by placing a paper bag over
one hand and re-defining the major body
axes as “head-feet,” “front-back,” and
“hand-bag” (instead of right-left). Now
stand before a mirror and observe that
when you move head, mirror image
moves head; when you move feet, mirror
image moves feet; when you move hand,
mirror image moves hand; and when you
move bag, mirror image moves bag.
What has become of right-left reversal?
It has been dispelled, as the chimera it
was, by the simple procedure of making
our superficial structure obviously not
bilaterally symmetrical. It is no longer
possible to produce essential coincidence
between ourselves and our mirror image
by 180-degree rotation around.our ver-
tical axis, any more than around any
other axis, and we recognize the enantio-
morphic nature of our reflection.

To illustrate how the convention of
rotation about a vertical axis imposes the
concept of right-left mirror reversal on
objects other than ourselves, consider a
map of the U. S. oriented in the cus-
tomary manner of North headward and
East to the right. To observe the mirror



CERAMICS

This is an unretouched photo of a broken 3" thick section
of Coors high alumina ceramic, formed by the Isestatic
Process, It fractured smoothly and shows a completely
homogeneous structure. There are obviously no voids or

hidden stresses to cause failure.

COORS

TECHNIQUE

PRODUCES UNIFORM

This is an unretouched photo of a broken 3" thick section
of high alumina ceramic, formed by the conventional
wel process. It clearly shows typical voids and hidden
stress patterns inherent in all conventionally made, wet
process ceramic parts.

PARTS

WITH NO HIDDEN VOIDS OR INTERNAL STRESSES

Design uncertainties of ceramic
strength and unformity are completely
eliminated by the use of Coors Alumina
Ceramics formed by the Isostatic Pro-
cess*. There are no variations in proper-
ties between one ceramic part and
another. This is the only ceramic form-
ing technique that can guarantee uni-
formity between ceramic parts.

Outside of the spark plug field,
Coors has pioneered in isostatically
forming high alumina ceramics. In this
forming technique, blanks are initially
produced by pressing dry, unfired
powder in a rubber mold under high

hydraulic pressure. An accurate inside
contour can be formed by pressing the
powder around a metal arbor. The uni-
form pressure from all directions pro-
vides uniform compactness and com-
plete homogeneity. The final outside
shape isformed by machining the blanks.

In a wet process, the ceramic parts,
once formed, must be dried. This drying
action causes hidden stresses to develop.
And finally, the volume occupied by
the water is replaced by air, forming
hidden voids and weak spots.

Since the powdered ceramic material
used in the Isostatic Process is dry be-

fore it is formed, the machined blanks
go directly into the high temperature
kilns. Unpredictable drying necessary
in wet processes is thus eliminated.
With Coors Alumina Ceramic parts
made by the Isostatic Process, the en-
gineer can accurately design for me-
chanical and electrical properties—an
impossibility with any ordinary meth-
ods of forming ceramic. For complete
mechanical and electrical properties,
send the coupon below. Parts to test your
design will be furnished at nominal cost.

*Coors Porcelain Company operates under license
for this patented process from Champion Spark
Plug Company, Toledo, Ohio.

COORS PORCELAIN CO., 626 9th St., Golden, Colo.

Please send me detailed Bulletin 1055-A on Coors High Strength
Alumina Ceramics and Coors manufacturing facilities.
NAOME i a i St osinsen A ¥ M Fonah < oWVl 43 Fos aa o Titlecyessocsoesocmtinee LAY

i

\ N

Manufacturers of High Strength Alumina Ceramics A rascin o i s ok tsavsoaigon et oK P e ey e R
GOLDEN, COLORADO ! i

Please refer to our 12-page catalog in Sweet’s Product Design File

!
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I ’ Man with a special problem

L Y

. .. and the answer

special purpose, custom produced molding cg

PLENCO

Here’s further evidence of the way
Plenco engineers have responded to
the needs of manufacturers and
designers. Special needs, in these in-
stances, demanding special answers.

For, although the basic properties
of thermosetting phenolic molding
compounds were required, the
standard categories available were
not ideally suited. Consultation with
Plenco was a natural first step. The
custom-design and production of
special-purpose compounds by Plenco
was the result. Here are just a few:

e A high thermo-conductive moldingcom-
pound wherein a specific thermo-conduc-
tive coefficient was needed to satisfy
design requirements for the proper func-
tion of an electrical control device.

e A high impact strength compound pos-
sessing high heat resistance plus a spccific
cocflicient of friction.

PLASTICS

ENGINEERING

COMPANY

Sheboygan, Wisconsin

Serving the plastics industry in the manufacture of high grade "G
phenolic molding compounds, industrial resins and coating resins.

e A special compound capable of re-
producing extremely fine definition with
low molding pressures for the production
of printing matrixes.

e Service as a special backing for diamond
abrasive cutting wheels was the chief re-
quirement of another problem-solving new
compound.

e For the production of electrical com-
ponents extremely sensitive to chlorides, a
compound meeting (by means of water
extraction tests) a maximum chloride
content of not more than 3/10 parts per
million.

These compounds are, of course, not
stock items. They have been devel-
oped to serve specialized industries
and to perform under particular
conditions. They demonstrate once
again that if phenolics can do it, Plenco
can provide it . . . already made or
specially made. We invite you to
discuss your product or production
problem with us.

"
e
A
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image of this map, we invariably rotate
the map around its North-South axis
toward a mirror. This habit undoubtedly
derives from the fact that most of our
movements designed to inspect our en-
vironment involve rotation about our
vertical axis. For example, if the map
were fixed to a wall opposite a mirror,
we would observe the map directly and
then rotate ourselves about our vertical
axis to view the map’s reflection. In ei-
ther case, East will now appear to our
left, but North will remain up. If, how-
ever, we rotate the map around its East-
West axis to face the mirror, or look at
the reflection of the wall map by stand-
ing on our head, then East remains to
our right, but North becomes footward.
It now appears that the mirror has re-
versed top and bottom rather than right
and left.

The only determined coordinate sys-
tem is that which the observer imposes
on his environment, and the axes can be
adjusted so that the origin occurs at any
point within the observer’s perceptive
space. When we describe the parts of an
object relative to one another, we gen-
erally do so by- adjusting our coordinate
system so that the origin occurs within
the object, and it thereby acquires top-
bottom, front-back, and right-left axes
corresponding to those of the observer.
As objects rotate within this system, ei-
ther through motion of the object or
motion of the coordinate system (i.e.,
the observer), certain of the object’s
coordinate values will change sign. Ro-
tation of an object around its vertical
axis results in change of sign of right-
left and front-back loci; around its right-
left axis results in change of sign of front-
back and top-bottom loci; and around
its front-back axis results in change of
sign of top-bottom and right-left loci.
However, since the observer defines the
coordinate system, rotation of the ob-
server does not result in change of sign
of the relative parts of the observer.

| . .
Thus, if we look at our own reflection

while standing on our head, we still er-

| 1'one0usly interpret the mirror as revers-

ing right and left, because in the process
of inverting our body, we have inverted
the coordinate system itself.

RoBERT D. TscHirci, M.D., Pu.D.
Jon~ LaNGpON TAYLOR, Jr., Pr.D.
Department of Physiology
School of Medicine

University of California
Medical Center

| Los Angeles, Calif.



OPPORTUNITY REPORT FROM GENERAL MILLS INDUSTRIAL DIVISIONS

now on stream...

another new unit to supply
industry’s growing need for
fatty nitrogen products

This, the Chemical Division’s
newest continuous process unit at
Kankakee, Illinois, provides
production capacity right now to
serve industry’s need for high
quality, always uniform fatty
nitrogen derivatives for

years to come.

Our complete line includes
primary and secondary fatty
amines, diamines and quaternary
ammonium chlorides. Each
product is backed with intensive
research, specialized production
know-how and competent
technically trained
representatives. We welcome your
initial order and assure you
prompt delivery—

order after order.

Get more facts, write:
Chemical Division
General Mills, Kankakee, Illinois.

the future is our frontier

INDUSTRIAL GROUP

Chemical Division o Mechanical Division
Soybean Division ¢ Special Commodities Division

Continued next page
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defense systems specialists
like these have a place inyour future

ELLESWORTH E. RAIHLE,
Prototype Machinist

Mechanical Division

DR. ROLF MUELLER,
Basic Semi-conductor Research
D. W. BURROWS,
Engineering Project Manager

The nation’s biggest demand for technological com-
petence today is in weapons and defense production.
General Mills has brought together an unusually
talented group of scientists, engineers and manu-
facturing craftsmen, and equipped them with broad
physical resources, to help meet this demand. Dur-
ing 18 years of fine precision ordnance and instru-
ment work we have made major contributions to the
military and industry. We anticipate making even
greater contributions in the future—your future!
General Mills welcomes the opportunity to work

® & & ® & & & & & & o

with you on any type of research, engineering or General
manufacturing which requires painstaking accuracy I ls
and creative thinking. the future is our frontier

o

Get more facts, write:

Mechanical Division INDUSTRIAL GROUP

General Mills, 1620 Central Ave. N.E., Mechanical Division ¢ Chemical Division
Minneapolis, Minnesota. Soybean Division e Special Commodities Division
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DispersaGen*—a new soy
development designed to
perfect water-based paints

DispersaGen is an improved wetting agent for
pigments in all types of water based paints. It is
non-ionic; helps make smooth, creamy pigment
pastes; maintains particle suspension; facilitates
spreading. Paints thus formulated are more
uniform, give clean cut coverage when applied,
provide many other desirable features.
DispersaGen is brand new. Be among the first to
use DispersaGen to improve your formulations.

Get more facts and working sample
of DispersaGen, write:

Soybean Division
General Mills, 9200 Wayzata Boulevard,
Minneapolis 26, Minnesota.

*General Mills trademark

shoppers reach for food
brands protein fortified with
vital wheat gluten

Today’s shoppers want protein-enriched foods to
aid in weight reduction, to build strong muscles
and for general health, energy, vitality,
Recognizing this, many food processors now use
General Mills Pro-80 Vital Gluten (809 protein,
dry basis) to bring their products to desired protein
level, to build strong brand preference. Pro-80
Vital Gluten is an economical, easy to use protein
food ingredient. Extracted from wheat, Pro-80
hydrates rapidly, blends smoothly, is bland and
compatible—adds no taste or odor of its own.

Get more facts about Pro-80, write:
Special Commodities Division

General Mills, 9200 Wayzata Boulevard,
Minneapolis 26, Minn.

General

the future is our frontier M l ll s

INDUSTRIAL GROUP

Soybean Division e Special Commodities Division
Chemical Division e Mechanical Division
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I Vifro ...aleader

in the place names of progress

CORPORATION of AMERICA

261 Madison Ave., New York 16, N. Y.

16

In these—and many other— place names of
progress, Vitro engineers and scientists play key
roles in modern technology.

In weapon systems, nuclear energy, extrac-
tive metallurgy and other technologies of the
Atomic Age, Vitro is one of America’s leaders.

iro

&~ Research, development, weapon systems
% Nuclear and process engineering, design
A Refinery engineering, design, construction
4 Uranium mining, milling, and processing
<\<.\ Thorium, rare earths, and heavy minerals
& Recovery of rare metals and fine chemicals
%Aircraft components and ordnance systems
Ceramic colors, pigments, and chemicals
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20 AND 100
YEARS AGO

MAY, 1908: “The view that the atom
is a complex system made up of nega-
tively charged corpuscles and positively
charged alpha particles has been made
the subject of extensive mathematical
studies by J. J. Thomson. Thomson’s
hypothetical atom is a system composed
of rings or shells of corpuscles in a
uniform sphere of positive electrifica-
tion. That the corpuscular theory is the
last word on the nature of matter, none
will contend. Thomson himself writes:
‘The theory is not an ultimate one; its
object is physical rather than metaphysi-
cal. From the point of view of the physi-
cist, a theory of matter is a policy rather
than a creed; its object is to connect and
coordinate apparently diverse phenom-
ena, and above all to suggest, stimulate
and direct experiment.””

“In 1931 the asteroid Eros will ap-
proach the earth within 16,000,000
miles, about half the distance that sepa-
rated the two planets in 1900. Sir David
Gill asserts that it will then be possible
to determine the solar parallax to one
10,000th of a second. The magnitude of
this undertaking makes it necessary to
distribute the work among all the merid-
ian observatories of the world. For this
reason Sir David proposed last August
that a congress of astronomers be con-
vened without delay for the purpose of
considering the work to be done. If the
hope of this eminent astronomer is ful-
filled, we shall know the sun’s distance to
within 10,000 miles—little more than the
diameter of the earth.”

“One of the most interesting discov-
eries made at Pompeii within recent
years was that of the Roman Villa Bos-
coreale, with its frescoes, mosaics and
other antiquities. The collection of sil-
verware which forms the most important
of the objects was found in the wine
reservoir, and it seems to be clearly indi-
cated that the pieces were carried to
this hiding place at the time of the erup-
tion. The Baron de Rothschild bought
for $80,000 95 pieces of the silverware,

! which he presented to the Louvre; the



Write a numeral here

D

and read It here

on new Bell Labs machine

A new device invented at Bell Laboratories “reads” a numeral while it is being written
and instantly converts it into distinctive electric signals. The signals may be employed to
make a numeral light up in a display panel, as above, or they may be sent to a computer or
to a magnetic “memory” for storage.

The writing is done with a metal stylus on a specially prepared surface. Two dots, one
above the other, are used as reference points. Seven sensitized lines extend radially from
the dots. Transistorized logic circuits recognize numerals according to which lines are crossed.

The concept of a number-reader has interesting possibilities as a new means of commu-
nication from humans to machines. For example,
in an adjunct to a telephone, it might provide inex-
pensive means of converting handwritten data into
signals which machines can read. The signals
could be transmitted through the regular telephone
network to a teletypewriter or computer at a distant
point. In this way, a salesman might quickly and
easily furnish sales data to headquarters, or a
merchant might order goods from a warehouse.

Tom Dimond, a B.S. in E.E. from the Uni-

X X L versity of Iowa, demonstrates an experi-
fields of inquiry than the transmission and recep- mental model of his number-reading

tion of sound. The experimental number-reader is  invention. A similar device can also be made

. to read alphabetical characters. Small size
but one example of Bell Telephone Laboratories 477, power requirements result from

work to improve communications service. transistor circuitry.

Modern communication involves many more

BELL TELEPHONE LABORATORIES
World Center of Communications Research and Development
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BAUSCH & LOMB

pectromc

COLOR-ANALYZER

Simplifies precision measurement . . . for identification, control and match-

ing of colors ... to I.C.I. standards. . . at lowest cost!

® ‘‘Fingerprints’’ any color
for permanent reference

Now precision color control moves
out of the high-price laboratory field!
With the new, low-cost B&L Spec-
tronic Color-Analyzer you can easily
determine the exact description of
any color. Paints, inks, dyes can be
matched to previous production runs.
Keeps production to specifications.
Applications range from printing to
textile finishing to just about any
process requiring control of color.

® Dependable, foolproof—
Operator needs no color
experience!

Every color has its own identifying
characteristics of brightness, hue and
saturation. The B&L Spectronic
Color-Analyzer determines these
characteristics objectively—Dby accu-

.... $515.00 complete.

rate scale readings of percent reflec-
tance. Identification is in terms of
world-standard I1.C.I. numerical de-
signations.

©® Lowest cost in the entire
color-analysis field!

Extremely low cost is made possible
by use of the best-selling B&L Spec-
tronic 20 Colorimeter-Spectropho-
tometer as the basic photometric
equipment. Cost of the complete
equipment—Spectronic 20 Colori-
meter plus Spectronic Color-Analyzer
accessory—is $515. Cost of the Spec-
tronic Color-Analyzer accessory
alone, for use with any Spectronic 20
Colorimeter, is $280. Compare with
any other color-analysis equipment.
You won’t find any that equal B&L
Spectronic performance at anywhere
near the low Spectronic price!

r-------—--—---—1
1 BAUSCH & LOMB OPTICAL CO. 1
b £9429 st. Paul Street, Rochester 2, N. Y. i
MA“' COUPON Now = Please send me descriptive folder D-290 :
FOR COMPI.ETE DATA i on the B&L Spectronic Color-Analyzer. '
] Please schedule an obligation-free, on- |
AND DEMONSTRAT'ON = D the-job demonstration at my convenience. :
NAME .. oo =
BAUSCH & LOMB  [L11 I
5'”“@'“3 ADDRESS.. ... . ... .. . :
CITY Z0NE..... STATE........ =

America's only complete optical source . .. B -
from glass to finished product L--------—-----—-J
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frescoes have been acquired by the
Metropolitan Museum of Art in New
York City.”

“For some months past the British
military authorities have been experi-
menting with a new type of tractor for
the haulage of heavy vehicles over rough
and unstable ground. This machine, the
invention of Mr. David Roberts,
M.IM.E,, represents a new development
in traction. Briefly, its object is to crawl
over the ground, there being a series of
feet disposed along the periphery of two
heavy side-chains passing over fore and
aft wheels. As this chain revolves, the
teet are successively brought into con-
tact with the ground, thereby impelling
the machine forward or backward. Be-
cause of its peculiar movement, the sol-
diers at the Aldershot military center,
where it is in operation, promptly chris-
tened it ‘the caterpillar. ”

“Upon the return of the newspaper
correspondents and photographers from
North Carolina, considerably more in-
formation was obtainable regarding the
recent flights made by the Wright broth-
ers in testing their aeroplane than has
hitherto been available. All those who
witnessed the flights agree that the per-
formance of the machine was marvelous,
and that the speed attained with the
small motor of 30 horsepower was re-
markable. As already noted in our last
issue, the speed in question appears to
have been from 45 to 48 miles an hour,
although the last flight was timed in
seven minutes and 40 seconds, during
which the Wright brothers claim that
the machine traveled slightly over eight
miles. According to report, they made
three earlier flights of 18, 24 and 32
miles respectively. Since their trial flights
in North Carolina have been witnessed
by newspapermen, and photographs of
these flights have been secured, there
is no longer any doubt of the pre-emi-
nence of America in aviation.”

MAY, 1858: “M. St. Claire Deville
lately delivered a lecture on aluminium
before the Society for the Encourage-
ment of National Industry at Paris; he
gave some interesting facts in relation
to its properties, and the progress made

| toward its general introduction. Under

the skillful hand of this celebrated ma-
nipulator, it has been reduced to a



Who sets the pace in inertial navigation?

One of the newest concepts in missile and air-
craft guidance, inertial navigation promises
remarkable advances in other fields, too.
For example, navigating on or under the sea,
or on featureless desert or arctic terrain.

American Bosch Arma Corporation, through
its .amaza Division, is one of the leaders in

the exciting new field of inertial navigation.
As a pioneer in the development of electronic
and gyroscopic control systems, amsra was
selected to design and produce the inertial
guidance system for America’s newest inter-
continental ballistic missile: Titan. amsza...
Garden City, N. Y. A Division of American
Bosch Arma Corporation.

There are unlimited employment opportunities in inertial navigation at 4ss24.

AMERICAN B8OSCH ARMA CORPORATION
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WESTINGHOUSE COMMERCIAL

ATOMIC POWER COMES OF AGE

Where would you work on an atomic power reactor?

@ Control rod pressure &
thermal seals

Fuel rod length/diameter

ratio

Core hydraulics

Design: Control rods,
couplings,

shock

absorbers, i
drive C
mechanisms, |
core support, L
spacing of
fuel rods,
fuel assembly,
remote handling tools

Calculate: clad thickness,
fuel & cost rates in mills/kwh,
stress on materials, coolant
temp., coolant flow

[ ] Development & selection of
new reactor materials
1. Metal joining & fabrication
2. Fuel element cladding
3. Corrosion studies

¢

Development & measurement
of unusual physical properties
1. High thermal conductivity
2. Control of porosity

3. Fabricability

X Temperature
coefficients
Gamma
heating
problems
Vapor
containment
Fluid
mechanics o~
Thermal design

Wall thickness for
instrumentation
All heat transfer
analysis

* Systems: UO: pellet rl
chemistry, corrosion 1l
inhibitor & purification, | |/
chemical shutdown &
addition, sampling and |
waste disposal, ion |
exchange, high |'|
temp. water chemistry f#’
r. Mech. Design Engs. ﬁ
W Metallurgists \

@ cenamists | \‘

X Chem., Mech. & Nuclear

Y Chemists
Instru. & Control Engs.

i+ Physicists

CONTROL ROD DRIVE
MECHANISM

Control rod drive
assembly &

instrumentation
) Systems servo
analysis

Radiation
monitoring
Process
instrumentation
& controls
Precise measurement of
neutron level

CONTROL ROD
GUIDE TUBES

CONTROL RODS
FUEL ELEMENTS

+ Analytical reactor

physics:

1. Theory & application

2. Digital & analog
computers

Criticality experiments

Ventilation

Biological shielding

Thermal shield design

THERMAL

#—REACTOR
VESSEL

T THERMAL

SHIELD
SUPPORT

This diagram shows the main
parts of a pressurized water
atomic power reactor, one of
many types being designed at
Westinghouse Atomic Power
Department . . . and just what
work would be done by you
in the commercial atomic
power industry. There are
many overall studies on which
you may work, as well as speci-
fic studies.

5 Commercial Atomic
Power Programs
Now Under Way

1. A 150-megawatt homogene-
ous reactor for Pennsyl-
vania Power & Light Co.

2. The first industry-owned
testing reactor for nuclear-
materials study (Owned by
Westinghouse).

3. A 134-megawatt reactor for
Yankee Atomic Electric Co.

4. A 134-megawatt atomic
plant for Edison-Volta,
Ttaly.

5. An 11.5-megawatt pressur-
ized water reactor for
Belgium.

Also research, analysis, and
development of advanced re-
actor types . .. and more pro-
grams, national and interna-
tional, are coming in.

Immediate openings in the
Pittsburgh area for: Metal-
lurgists. Physicists. Ceramists.
Mechanical Engineers. Chem-
ists. Chemical Engineers. Nu-
clear Engineers. Instrumenta-
tion & Control Engineers.
Atomic experience desirable
but not necessary . . . we’re
not dependent on government
subsidy . . . opportunities for
advanced study on company
fellowships.

Send your résumé to: C. S.
Southard, Westinghouse
Atomic Power Department,
Box 355, Dept. 102, Pitts-
burgh 30, Pa.

VVestinghouse

FIRST IN ATOMIC POWER

20
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beautiful white metal with a slight bluish
tinge, easily worked, more easily melted
than silver, remarkably well adapted for
gilding, and, in short, capable of being
applied to many manufacturing house-
hold purposes.”

“By the latest news from Europe, we
learn that very active preparations are
now making for the next effort in laying
the Atlantic telegraph cable. Our noble
frigate, the Niagara, with the British war
steamer Agamemnon, her former com-
panion, are taking in their shares of the
cable, and they will be in readiness to
proceed on the expedition about the end
of May. Mr. Bright is still chief engineer,
and from his former experience it is
reasonable to suppose he will neglect no
precaution to ensure success. From re-
cent experiments on the coils, as stated
in English papers, it would appear that
only about eight words per minute can
be sent through the cable—very slow
work indeed.”

“At the opening of a new street in
Paris lately, M. Jules Duboscq’s electric
light was employed with great success,
perfectly illuminating the street and
shedding a beam of brilliant white for
a great distance.”

“There is a hoop skirt manufactory in
New York City which weekly turns out
24,000 ladies’ skirts, employing for that
purpose 500 hands, 180 sewing ma-
chines, and not less than a tun of steel.
Various materials have been employed
to give the required degree of flexibility
to the skirts, to enable their wearers to
sit upon them, and pack them to the
smallness of compass frequently re-
quired, without affecting their elasticity
and capacity to again spread themselves
to the full extent and graceful form when
their wearers rise to an erect position.
The rotundity of spread is now given to
this general favorite of female apparel
by very thin steel springs, so prepared,
and intertwined with the stiffened fabric
of which they are principally composed,
as to give them these characteristics.”

“A commission appointed in France to
consider the claims of Professor Morse
for remuneration, because his telegraph
was employed in that country, has re-
ported in his favor, and has recom-
mended the payment to him of 400,000
francs. As Professor Morse’s telegraph
was first patented in France and has
been the one mostly used in that coun-
try, where all the telegraphs are under
government control, the sum is very
respectable.”
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Accuracy measured in millionths of an inch, made
visible to the human eye. Steel balls, the heart of
New Departure precision ball bearings, held to 5
millionths of an inch or less in sphericity. Graph at left
shows sphericity variation of a ball on the order of
one millionth of an inch (.000001”) measured by
Talyrond Machine. Graph radial divisions are .00001”,

PORTRAIT
of PRECISION !

A mechanism is only as accurate and reliable as the bearings sup-
porting its moving parts. For the designer the problem is how to
achieve the essential rigidity or accuracy of location, yet be assured
of extreme freedom of rotation.

A “‘tip-off” to the solution lies in the chart above—super-precise
steel balls, the heart of New Departure precision ball bearings. For,
with balls held to 5 millionths of an inch or less out-of-roundness and
other bearing parts finished with comparable care, such bearings can
be mounted and preloaded to provide the hairsplitting exactness of
location and ease of rotation required of the finest precision instruments.

The extreme accuracy of New Departure

ball bearing component parts is now The AChiever-guidance system proved in tests of the Air Force’s
?iﬂYingAc vital role indsuccissful n:ls:iles Thor ballistic missile demands tolerances often measured in millionths
or the Army, Navy and Air Force. Above . . . .
—typical bearing parts, less separator of an inch, as is the, case \zw.th the New Departure ball bearings on
—unretouched photograph. which the AChiever’s precision gyros turn.

1908-7958

N7
)

“
‘w e

FORWARD FROM FIFTY

DIVISION OF GENERAL/MOTORS, BRISTOL, CONN.

NOTMING ROLLS LIKE A SALL
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Cryocenic* Know-How
.highlights from the Record

*Technology of ultra-low temperatures

1907 LinpE installed first air liquefaction plant in America
1912 Built the first American-made air liquefaction plant

1914 Established scientific laboratories for gas and chemical research
experimentation, and testing

1916 First commercial argon production

1917 First natural gas liquefaction plant to produce helium designed and
[N built for U. S. government
! 1917 Accon oxviancivaluucad to 811 Lichs halle

1917 LiNpE became a part of UNIoN CARBIDE
1918 Operations omtmded to Camda

. = " i

1922 Began commercial production of neon

7

1928 Started development of system for liquid oxygen and nitrogen
1932 First customer liquid oxygen storage and conversion unit installed
1932 First liquid oxygen truck delivery to customer units

1935 High-pressure conversion equipment adapted to truck use
1925 _Oviaos

an conuvartad from Uouid to gac an trnele

1937 Powder-vacuum insulation reduced heat leak to contents by a factor of Iy

1939 First vacuum-msulated railroad tank car shipment of liquid oxygen

'I - » 2 UTa a U RaSUUUS UA Y ELIT PlﬂllL

1944 Liquid oxygen producmg plants, transport containers, and storage units
made for government

1946 Basic patent for powder-vacuum insulation issued

1946 First 25,000,000 cu. ft. liquid storage reservoirs for oxygen, nitrogen
or argon

1948 First 140 ton a day low-purity oxygen-producing unit
1949 Flrst 360 ton a day on- 31te oxygen producmg unit for chemical industry
e

1951 Heat leak to cmten;s‘ﬁmher mm:sed by ameﬁ
1953 First 450 ,000 cu, ft. capacity vachunt msqlated

1955 First 3000 cu. ft. compact cyhnder for storage transport, and
conversion of liquid oxygen

1957 3000 cu. ft. cylinder adapted to shipment of liquid nitrogen
argon, and hydrogen

1957 Continuing progress in decreasing heat leak to contents
105

957 Liquid oxygen distribution system requiring no external power source
1957 First automatically-operated 120 ton a day on-site oxygen plant
1957 Single shipment of 10,000 liters of xenon

F i = e o il
e y

TAADE MARK
The terms “Linde” and * ‘Union Carbide” are regis-

tered trade-marks of Union Carbide Corporation.
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Some Cold

Facts About

CRYOGENICS and ‘LINDFE’

Since installing the first oxygen liquefaction plant in America

in 1907, LINDE has continuously expanded its Cryogenics capa-

city—scientific, engineering, and production. How much? Look!

PRODUCTION

More than 50 plants for producing liquid or gas-
eous oxygen, nitrogen, argon, hydrogen, and rare
gases (neon, krypton and xenon).

Here are the capacities of a few centrally-
located plants producing liquid:

Essington, Pennsylvania — 500 tons a day
(12,000,000 cu. ft.)
Fontana, California — 175 tons a day
(4,200,000 cu. ft.)
Ashtabula, Ohio — 500 tons a day
Others at Kittanning (700 tons), Seattle (20
tons), Houston (40 tomns), Birmingham (20
tons), East Chicago (900 tons), Eic. . ..
Most on-site plants operated for single-customer
use produce high-purity gaseous oxygen. Capaci-

ties range from 10 tons a day to more than 500
tons a day. (One ton equals 24,150 cu. ft., N. T. P.)

DISTRIBUTION

Over 100 storage and distribution installations,
plus hundreds of customer units are serviced by a
LiNDE built fleet of:
More than 500 liquid-carrying railroad box
tank cars.
Standard capacity: 1,000,000 cu. ft.
(gaseous equivalent)

Over 350 liquid-carrying trucks and trailers:
Capacity : 60,000 to 450,000 cu. ft.

(More than 25 of these are equipped to convert ~__

liquid to gas at 3000 psi pressure)

=
s

STORAGE AND
STORAGE-CONVERSION UNITS
Portable
Aircraft storage-conversion—oxygen—
Capacity: 5, 10, 25 liters
Storage-conversion cylinders—liquid oxygen—
(Adapted also for liquid nitrogen, argon, neon,
hydrogen service) Capacity: 3,000 cu. ft.
Special liquefied gas refrigerator containers for
biologicals, cryogenic research —
Capacity: 25 and 640 liters
Others with capacities up to 450,000 cu. ft., in-
cluding mobile pumping units
Stationary
About 650 liquid storage or combination stor-
age and conversion units in service at cus-
tomer, distributor, or mass-plant locations—

Capacity: 10,000 to 75,000,000 cu. ft.

RESEARCH AND ENGINEERING

Of the combined staff of 1300 at three labora-
tories, more than 1000 engineers, scientists, and
technicians are constantly adding to LINDE’s
knowledge of Cryogenics and supporting sciences.
Years of solving low-temperature problems, plus

_our up-to-date know-how of Cryogenic engineer-

ing, equipment, and liquefied gas applications are
yours when LINDE becomes your source for cold
facts and materials.

""f?'if?%[

Put LINDE's vast experience in Cryogenics to work for you

Call or write Department R-5, LinoE CompaNY, Division of Union Carbide Corporation, 30 East 42nd St., New York 17, N. Y.
In Canada: Linde Company, Division of Union Carbide Canada Limited.
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At Monterey, California, in
tech/ops’ Research Office, ex-
pansion means a need for:

Applied mathematicians and op-
erations analysts with under-
standing of high speed computer
applications for information
handling; scientists and engi-
neers with heavy mathematics
orientation as project leaders;
senior scientists with Ph. D.s,
backgrounds in mathematics
and physics; and other senior
sctentists in OR.

at Monterey, California

OR

at Washington, D.C.

At Washington, D. C., further
tech/ops expansion is creating
a need for:

Mathematical statisticians, Ph.
D. level, with five years’ expe-
rience, for research into sen-
sitivity of stochastic games;
mathematicians, Ph. D. level,
with five years’ computer ex-
perience, for OR and simulation
of combat operations; and other
senior scientists in OR.

address: Robert L. Koller
TECHNICAL OPERATIONS, INCORPORATED
Burlington, Massachusetts

OPERATIONS
MODEL EVALUATION

GROUP. AIR FORCE

THE AUTHORS

MORRIS TEPPER (“Tornadoes™)
heads the Severe Local Storms Research
Unit at the U. S. Weather Bureau. A
graduate of Brooklyn College, he was an
Air Force weather officer in the Pacific
during World War II, then acquired a
Ph.D. in meteorology and fluid mechan-
ics from the Johns Hopkins University.
Tepper writes: “During my service with
the Air Force, I was struck by the pilot’s
dependence on the weather officer for
the completion of his mission. At the
same time, I was struck by the inade-
quacy of weather data and theory on
which the forecaster could base a pre-
diction with any degree of confidence.
Thus the importance of understanding
weather processes as a prerequisite to
forecasting them was impressed on me.
One of my first investigations upon join-
ing the Weather Bureau after the war
was of the ‘squall lines” which produce
remarkable local weather disturbances—
including tornadoes—but which seem to
the forecaster to appear and disappear
without explanation. I developed the
‘pressure-jump theory’ which, by anal-
ogy to the flow of liquids in a channel,
proposed that the squall line behaves as
an atmospheric gravity wave.” Tepper
belongs to the Weather Bureau chess
team and also goes in for woodworking

and gardening.

P. O'B. MONTGOMERY and W. A.
BONNER (“A ‘Flying-Spot’ Micro-
scope”) share the credit for developing
the new television microscope built by
them at the Southwestern Medical
School of the University of Texas. Mont-
gomery, a pathologist, is a graduate of
Southern Methodist University and re-
ceived his M.D. from Columbia Univer-
sity in 1945. He is associate professor of
pathology at Southwestern Medical
School, and has served as medical ex-
aminer of Dallas County in Texas. Bon-
ner is an electronics engineer. He was
born in Durham, England, in 1920 and
worked on research projects in television
engineering before turning to medical
electronics.

WALTER M. ELSASSER (“The
Earth as a Dynamo”) comes from the
German Rhineland and studied physics
at the universities of Heidelberg, Mu-
nich and Géttingen, taking his Ph.D. at
the last-named institution under the di-
rection of Max Born. He taught for sev-
eral vears at the Technische Hochschule

© 1958 SCIENTIFIC AMERICAN, INC

in Berlin and at the University of Frank-
furt, concerning himself mainly with
quantum mechanics. From 1933 to 1936
he was a fellow of the Institut Henri
Poincaré at the University of Paris.
There he developed an early form of the
theory of nuclear shell structure now
widely used by nuclear physicists. He
then joined the staff of the California
Institute of Technology. Upon coming
to the U. S., Elsasser decided to leave
nuclear physics for geophysics, which he
declares “leaves more play for work of
the imagination.” His reasons for this
shift were two: first, a life-long interest
in astronomy, and second, the personal
influence of Robert A. Millikan, who was
then pioneering geophysics in the U. S.
Elsasser is now professor of theoretical
physics at the La Jolla campus of the
University of California. He says: “My
preoccupation with the basic nature of
the earth’s magnetic field started around
1937 as a private sideline and continued
for many years without public support.
It was not until about 1950 that the sci-
entific public began to take an interest.”

E. P. ROSENBAUM (“The Teaching
of Elementary Mathematics”) is a mem-
ber of the board of editors of ScIENTIFIC
AMmEeRrICAN. He approaches the subject
of his article not only as a journalist but
also as a teacher: for several years he
taught mathematics and physics at the
Milford School, a preparatory school in
Connecticut.

SIDNEY M. JOURARD (“A Study of
Self-Disclosure”) is a clinical psycholo-
gist and associate professor of psycholo-
gy at the University of Florida. A Ca-
nadian, he studied psychology at the
University of Toronto and the University
of Buffalo, where he received his Ph.D.
in 1953. Since then he has taught at
Emory University and the University of
Alabama. His book Personal Adjust-
ment: An Approach to the Study of
Healthy Personality has just been pub-
lished by the Macmillan Company.

STANLEY D. BECK (“An Insect and
a Plant”) comes from Portland, Ore., and
studied entomology at the State College
of Washington. After Navy service on a
minesweeper during the Second World
War, he went to the University of Wis-
consin, where in 1950 he received his
Ph.D. and became assistant professor of
zoology. At Wisconsin Beck has devel-
oped a program of teaching and research
on insect physiology. His own work has
dealt mainly with the adaptation of in-
sects to plants—a subject which, he says,
“cuts across the fields of physiology, be-



Copwiat:

THE EXPENSE FROM
THE EXPENDABLE...

InoellipTs

CHARACT\?R DISPLAY
CATHODE-!Q&Y TUBES

If you use, or are considering the use of character dis-
play read-out—investigate display by cathode-ray tubes

— WRITE FOR COMPLETE DETAILS ...

oUMONT

No longer is it necessary to put all your eggs in one
basket when it comes to character read-out displays.
Now you can do it better, and more economically, with
Du Mont cathode-ray display tubes in one of several
commonly-known systems. Such a system permits the
replacement of the display unit alone, eliminating the
very expensive replacement of integrated tube and
generator, and at the same time, provides these out-
standing PLUS FEATURES. ..

® Bright, flickerless display — permits read-outs

under high ambient light conditions. No annoy-
ing, low-frequency flicker.

‘Space-saving — greatest screen diameter-to-

length ratio. Du Mont display tubes are avail-
ablein 5, 12, 15,and 19-inch screen diameters.

Versatility—variable size characters, positioned
anywhere on screen.

® Low replacement cost — the generator is com-

pletely divorced from the CRT. For replacement,
only the cost of a moderately-priced tube..

Speed — electrostatically-formed and electro-
magnetically-positioned characters for greatest
speed and accuracy.

INDUSTRIAL TUBE SALES, ALLEN B. DU MONT LABORATORIES, INC., 2 MAIN AVE., PASSAIC, N. J.

25

© 1958 SCIENTIFIC AMERICAN, INC



26

In the inexorable March of Progress, many are in step —some
having picked up the cadence and who are stoutly maintaining it,
others clinging to it and moving more by induction than by skill.
Still others, however, aren’t in step at all, and it is in this group
that Sigma has (again) found itself. It is doubtful, indeed, if Sigma
is even in line.

Relays the size of sugar lumps aren’t news. Nor is there any
point in designing relays which control only a little more power
than their own coils consume. So—

The Sigma Series 32 (pictured) needs no power except for a
trifle at the instant of switching. It is as modern as a flip flop,
because it operates like a flip flop. The principle of a magnetic
latching relay is old, but a truly practical and low cost embodi-
ment is new.

For those whose present problem is too well grounded in
existing circuitry to take advantage of such watt wilting concepts,
we have the 33, which while requiring something like 100 milli-
watts to hold it energized, still switches real power, withstands
more vibration than most test equipment can inflict, and won’t
break your bank roll.

Relays of both types are now available. Your inquiry will
bring complete specifications.

ACTUAL
SIZE

i } 1 A\
N/} 7 | | Y

SIGMA INSTRUMENTS, INC,,
40 Pearl Street, So. Braintree 85, Mass.

& & o

.._‘:, 4\. 4_?_; .é&
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havior, ecology, biochemistry, genetics
and applied entomology.”

RACHMIEL LEVINE and M. S.
GOLDSTEIN (“The Action of Insulin”)
collaborate on research at Chicago’s
Michael Reese Hospital, where Levine
heads the department of medicine and

| Goldstein is associate director of the de-
| partment of metabolic and endocrine
| research. At the age of 17 Levine left his
| native Poland for Canada, where he
studied philosophy, comparative litera-
ture and medicine at McGill University.
He has been a physiologist at Michael
Reese Hospital since 1936. Goldstein,
| also from Canada, received his under-
| graduate and medical training at McGill
under Dominion provincial scholarships,
winning his M.D. at the age of 23.

CARL W. BLEGEN (“King Nestor’s
Palace”) is chairman of the classics de-
partment at the University of Cincinnati.
Born in Minneapolis in 1887, he at-
tended Augsburg Seminary there, then
went on to advanced studies in Greek
and Latin literature at Yale University.
How he became an archaeologist is ex-
plained by him as follows: “I was lucky
enough to receive a fellowship which
was described in the University cata-
logue in magic words. They stated that
the holder would be permitted, if he so
desired, to spend a year in Athens at the
American School of Classical Studies. It
sounded exciting and tempting, so I
went to Athens, expecting to stay a
year. Instead, I actually stayed 17 years,
having a chance to take part in many
excavations, wandering freely about the
country, and inevitably absorbing some
familiarity with Greece, its people and
its past. It was the digging that inter-
ested me especially. When I went to Cin-
cinnati as professor of classical archae-
ology, the University gave me leave to
spend the second semester each year
carrying on research in the field. Profes-
sor and Mrs. W. T. Semple of Cincinnati
founded and supported the University’s
Archaeological Expedition, which un-

| dertook new excavations on a large scale

| at Troy from 1932 to 1938, and which

| has more recently been uncovering the
palace of King Nestor.”

MORRIS KLINE, who reviews
Lancelot Hogben’s Statistical Theory in
this issue, is professor of mathematics at

| New York University. He is the author
| of the popular book Mathematics in
Western Culture and of several other

|
pieces for SCIENTIFIC AMERICAN, the

most recent being “The Straight Line”

[ (March, 1956).



Circling the earth, the “Explorer” orbits at 18,000 miles per hour from sunlight to darkness, at

to help assure thermal safety.

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

Hotter than Fire ... Colder than Ice

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

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

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

NORTON PRODUCTS Abrasives  Grinding Wheels « Grinding Mach

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

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

Facilities for applying ROKIDE coat-

" £, b omi
. les o tleclr
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ings are maintained at NORTON
CoMpaNY, Worcester, Mass., and at
its plant 2555 Lafayette Street, Santa
Clara, Cal. For the latest ROKIDE
Bulletin write to NorTON COMPANY,
544 New Bond St., Worcester 6, Mass.

Y NORTON)

NEW PRODUCTS

Wlaking betrer products. ..
o make your products beffer

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

Is — BEHR-MANNING DIVISION Coated Abrasives o Sharpening Stones e« Pressure-Sensitive Tapes
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BARRETT RESEARCH REPORTS ON:

A New Standard of Purity

Unusual photomicrographs show the formation of crystal phthalic 2 Crystals grow rapidly from “root” of first solid formation.
o anhydride from the liquid state—key to Barrett purity measure- o Temperature variations are carefully plotted during this phase
ments. Above, first crystals appear as liquid is cooled to freezing point.  change to determine freezing point of sample.

- P TR_ . . 2 = . =)

P~

3 Crystals have now engulfed 75% of area. When determined, 4]. Completely crystallized, phthalic anhydride looks like this, mag-
o the freezing point is compared with that of 100 mole % phthal- o nified 25 times. By the method of freezing point determination.
ic anhydride—permitting accurate calculation of over-all purity. Barrett commercial phthalic measures 99.7 mole % pure.
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for Phthalic Anhydride

SUMMARY: The Barrett laboratories have established the purity of Barrett Phthalic Anhydride
(commercial specifications) at 99.7 mole per cent. To achieve this accuracy, they used a method known
to physical chemists as the calorimetric freezing point determination. It involves the indirect measure-
ment of the freezing point of 100 mole per cent phthalic anhydride. When determined, this freezing point
becomes the standard of purity against which phthalic samples are measured. Barrett researchers now

have set this standard, permitting new accuracy in the purity measurement of phthalic anhydride.

'When you’re measuring purity, that
extra place beyond the decimal point
often seems to be just beyond the
reach of your analysis. You turn to
mass spectrometry, infra-red spectro-
photometry, or chromatography for
the analysis of specific impurities. But
when it comes to finding the sum of all
impurities, you may have to abandon
electronic instrumentation and return
to the white-coated methods of physi-
cal chemistry.

First, find the freezing point

The calorimetric freezing point deter-
mination, a method accepted by the
U.S. Bureau of Standards, is a real
boon to the decimal point chaser. The
crux of this method is the extrapola-
tion of the freezing points to 100 mole
per cent material. Once you can estab-
lish this value for a particular com-
pound, you are well on the way to
new accuracy in measuring its purity.

After determining that the method
was theoretically applicable to phthalic
anhydride, Barrett chemists went to
work on the freezing point problem.
Though phthalic anhydride (or any-
thing else) of absolute purity is non-
existent, its properties can be arrived

at indirectly. Barrett research estab-
lished the freezing point of 100 mole
per cent phthalic anhydride to be
131.11 = 0.01°C.

With this absolute value now avail-
able, the purity of phthalic anhydride
can be measured with a new accuracy.
The second law of thermodynamics
describes the relationship between the
mole fraction of a substance and the
freezing point depression. Working
from there, Barrett researchers have
measured the mole fraction of Bar-
rett Phthalic Anhydride (commercial
specifications) as 0.997.

Pitfalls of titration

This is a particularly impressive de-
gree of assured purity when you com-
pare it with the vagaries of phthalic
purity measured by titration. Say, for
instance, a manufacturer quotes a
purity of 99.5% by titration. This
may sound precise but actually it gives
you no firm limit on total impurities.

Phthalic acid, maleic anhydride, ma-
leic acid and benzoic acid are some
common impurities which go unde-
tected by titration. These masquer-
aders are all included in the purity

BARRETT DIVIS

40 Rector Street,

© 1958 SCIENTIFIC AMERICAN, INC

New York 6, New York
in Canada: The Barrett Co. Ltd., 5551 St. Hubert St., Montreal, P.Q.

figure determined by titration.

On the other hand, the purity of Bar-
rett Phthalic Anhydride can now be
stated positively at 99.7 mole per cent.
This gives customers the comforting
assurance that Barrett Phthalic An-
hydride will react smoothly and con-
tribute its full share to uniformity of
end products—be they alkyd resins,
polyesters, plasticizers or chemical
intermediates.

Microscopic devils

While keeping careful tabs on over-
all purity, Barrett also pays close at-
tention to special trouble-brewing im-
purities. Maleic anhydride and other
impurities can cause trouble in phthalic
anhydride at percentage levels you
wouldn’t notice in your drinking
water. Another report in this series
will carry the full story on these elu-
sive devils and how they are exorcised.

If you would like the deep-down de-
tails of the Barrett lab’s work on
phthalic purity, you’re welcome to a
the published
Calorimetric Determination of the
Freezing Point of Phthalic Anhydride.
Drop us a postcard now, while you're

thinking of it.

reprint  of article,

llied
O N

hemical
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Hermann von Helmholtz...on immortality

.

‘...what arouses our moral feeling at the thought of a
future cessation of all living creation on earth, remote as
this may be, is above all the question whether all life is but
an aimless sport, which will ultimately fall prey to destruc-
tion l)y brute force. In the Iight of Darwin’s great tl’xoughts
we begin to see that not only pleasure and joy, but also
pain, struggle, and death, are the powerful means by which
nature has built up her finer and more perfect forms of life.

And we men know that in our intelligence, our civic order,

and our morality we are living on the inheritance which
our forefathers gathered for us through labor, struggle, and
sacrifice; we also know that what we acquire will in like
manner ennoble the lives of our descendants. Thus the
individual, who works for the ideals of humanity, even
if in a modest position and in a limited sphere of activity,
can bear without fear the thought that the thread of his
own consciousness will one day break.”

~Uber die Entstehung des Planetensystems, 1871

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonprofit organization engaged in research on problems related to national security and the public interest
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Tornadoes

These explosively violent storms are so small and short-lived

that they are very hard to study. New meteorological methods

now help us to pick out areas where they are likely to strike

the shore of Lake Michigan
near Saugatuck about 6:30 p.m.
It moved northeastward . . . striking the
Hudsonville area, Ottawa County, at
6:58 p.m. Hudsonville was left in ruins,
with 14 persons dead. The next locality

wr I Yhe raider was first reported on

WHIRLING WINDS of a tornado scored these elliptical marks
across a field near Scottsbluff, Neb., on June 27, 1955. Though

by Morris Tepper

in the raider’s path was the suburban
business community of Standale, west of
Grand Rapids, which was nearly wiped
out at 7:11 p.m., with the loss of four
more lives. . . . A total of 18 persons lost
their lives [in the raid] and 340 were
reported injured. Destroyed or badly

© 1958 SCIENTIFIC AMERICAN, INC

damaged were 332 homes, 100 farm
buildings and 105 other structures.”
The foregoing is not an account of a
bombing raid or a visit by a space ship.
It is a U. S. Weather Bureau report of
an event of April 3, 1956, to which few
people in the U. S. except those immedi-

a tornado may leave a track only a few dozen yards across, the
speed of the winds within the funnel may reach 500 miles an hour.
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FRAGMENTS OF HOUSES fly in the air as a tornado passes across

a group of buildings near Dallas, Tex. The violent winds around

ately affected paid much note. I have
quoted the report verbatim with only
one slight change: substituting the word
“raider” for the word “tornado.” Tor-
nadoes are a frequent and devastating
occurrence in the U. S., but such is man’s
fatalism about acts of nature that these

catastrophes usually arouse less general
excitement than the escape of a wildcat
from the zoo. The fact is that, although
the menace of tornadoes has always been
with us, only within the last few years
has any important effort been made to
find out how they arise and what might

the funnel and a sharp drop in atmospheric pressure make frame
buildings literally explode. Debris which is spun around and

be done to reduce their toll of life and
property.

Last year 924 tornadoes were re-
ported in the U. S. They killed 191 peo-
ple, injured 2,343 and caused damage
amounting to more than $73 million.
Since the early decades of this century

OVER-ALL WEATHER CONDITIONS which set the stage for

tornadoes are shown in these maps of pressure and wind patterns

32
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on February 26, 1958. At the surface (left) southerly winds brought
warm, moist air from the Gulf of Mexico. Around 18,000 feet



ejected at high speed does further damage. The base of the cloud
to which a tornado is attached is usually about 3,000 feet above

the average number of tornadoes re-
ported annually has risen more than
fivefold. It is unlikely that this increase
can be attributed to atomic bomb tests
or any real meteorological change in
the U. S.; rather it appears that the
Weather Bureau has simply been get-

(right) radiosonde observations revealed a strong current of cold,
dry air from the North Pacific. Tornadoes (black squares) occurred

ting a more complete count of the tor-
nadoes actually occurring. In any event,
we have come to realize that these vi-
cious storms are much more frequent
and more widespread than used to be
thought. They are most common in the
Midwest, but tornadoes are now known

© 1958 SCIENTIFIC AMERICAN, INC

the earth, but the tornado’s circulating winds may perhaps
extend higher. These photographs were made on April 2, 1957.

to strike in every part of the country and
at every season.

In the nature of things, because a
tornado springs up suddenly and usually
lasts less than an hour, most of our in-
formation about the phenomenon con-
sists of the excited reports of people who

in the area where these two currents crossed. The local conditions
which set off tornadoes do not show up on these large-scale maps.
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happen to have been in the path of
the storm. The accounts of these un-
trained observers, who have lived
through a most violent experience, nat-
urally fall somewhat short of scientific
objectivity and completeness. Indeed
tornado experts have found that it is of-
ten impossible to decide from the wit-
nesses’ accounts, or even from inspection
of the storm’s damage, whether the
event was actually a tornado or merely
a strong windstorm. But with special
networks of observing stations and in-
struments such as radar the Weather
Bureau has recently begun to collect
more systematic information on torna-
does. Some have actually been photo-
graphed on motion-picture film.

‘x /hat exactly is a tornado? The gen-
eral picture is familiar enough. The
phenomenon is usually brewed on a hot,

sticky day with south winds and an
ominous sky. From the base of a thun-
dercloud a funnel-shaped cloud extends
a violently twisting spout toward the
earth. As it sucks in matter in its path,
the twister may turn black, brown or
occasionally even white (over snow).
The moving cloud shows an almost con-
tinuous display of sheet lightning. It
lurches along in a meandering path,
usually northeastward, at 25 to 40 miles
per hour. Sometimes it picks up its finger
from the earth for a short distance and
then plants it down again. The funnel
is very slender: its wake of violence gen-
erally averages no more than 400 yards
wide. As the tornado approaches, it is
heralded by a roar as of hundreds of jet
planes or thousands of railroad cars. Its
path is a path of total destruction. Build-
ings literally explode as they are sucked
by the tornado’s low-pressure vortex
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(where the pressure drop is as much as
10 per cent) and by its powerful whirl-
ing winds (estimated at up to 500 miles
per hour). The amount of damage de-
pends mainly on whether the storm hap-
pens to hit populated areas. The worst
tornado on record in the U. S. was one
that ripped across Missouri, lower Illi-
nois and Indiana in three hours on March
18, 1925, and killed 689 people.

The tornado’s lifetime is as brief as it
is violent. Within a few tens of miles
(average: about 16 miles) it spends its
force and suddenly disappears.

How a tornado develops its prodi-
gious energy is still a complete mystery.
Since we know very little about the
specific atmospheric forces that give rise
to this type of storm, our theoretical
attack on the problem must start from
general principles.

One thing we do know is that torna-
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does generally are born in an atmosphere
whose structure is potentially unstable.
Usually there is an inversion layer,
some 5,000 to 6,000 feet up, where the
air becomes warmer instead of cooler
with increasing height. The soundings
show that before the outbreak of a
tornado the air below this layer is
very moist; above, very dry. This setting
suggests how strong local updrafts may
develop. Assume that a warm, moist par-
cel of air near the ground is driven up-
ward (by some force we shall leave un-
specified; there are several possible ways
this can happen). As it rises the air ex-
pands, because of the diminishing pres-
sure at higher altitudes, and the expan-
sion cools it. Eventually the warm parcel
of rising air will be cooled to about the
same temperature as the cool higher air
it is invading. But by this time a warm-
ing process has begun to operate in the
parcel. Since it carries a good deal of
moisture, its air becomes saturated as it
cools, and the moisture begins to con-
dense. As the parcel is driven higher, the
heat released by the condensation re-
duces the rate of cooling, and ultimately
the parcel becomes warmer than the sur-
rounding air. Consequently it will now
rise of its own accord, and its upward
motion is accelerated. In short, the proc-
ess creates a narrow “chimney” of swift-
ly rising air [see chart on opposite page].

Such a mechanism could generate
strong vertical currents, but it does not
explain how a tornado develops its spin.
To account for the tornado’s vortex we
must look to other processes. Here we
tall back on principles of the mechanics
and dynamics of rotary motion. For in-
stance, the tornado may attain its ex-
tremely rapid rotation by a process of
convergence that shrinks its radius—as a
skater speeds up her spin by pulling in
her arms, or as the water running out of
a basin speeds up its rotation when it
spirals in toward the drain hole. There
are also other possible ways in which a
vortex may develop.

\ "hen we have acquired enough in-

Y formation to form a theory as to
how atmospheric forces generate tor-
nadoes, we shall probably be able to
predict the occurrence of these strange
and unexpected storms. Meanwhile the
Weather Bureau has set up a forecast
center in Kansas City to accumulate in-
formation and issue alerts when con-
ditions seem to indicate that tornadoes
may develop.

We know in a general way, on a sta-
tistical basis, what some of the condi-
tions are. The favorite locale and time

“MESO-SCALE” CONDITIONS which trigger tornadoes are shown on map (bottom)
which summarizes data from a special network of closely set weather stations. Tornadoes
(black squares) develop along a “squall line” of sharp pressure rise. Moist air forced aloft
produces intense precipitation (hatching) ; this shows up on radar, as in the photograph
at top. The map and photograph cover two different areas, each about 500 miles across.
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of tornadoes is the Midwest in late
spring and early summer. They come
most often in the late afternoon or early
evening—between 3 and 9 p.m. As I
have mentioned, the setting is usually
a hot, muggy day with southerly winds.
More specifically, four conditions seem
to be indispensable: (1) moist, warm
air at low levels; (2) cool, dry air at
higher levels; (3) a strong southerly
wind at the surface plus a strong wind
aloft blowing over it from a different
direction, usually westerly or southwest-
erly; and (4) some lifting mechanism,
such as a cold front or storm line, which
drives the warm air upward. Most com-
monly this last mechanism—what might
be called the trigger that starts a tor-
nado—is a line of thunderstorms, known
as a “squall line.”

During the past six years the Weather
Bureau has been operating a close net-
work of stations in the tornado belt to get
a fine-scale picture of atmospheric con-
ditions. The stations, only 25 to 30 miles
apart, record pressure, temperature, hu-
midity, rain and wind. This detailed sur-
vey has brought to light that tornadoes
frequently develop in a squall line or a
line of sharp rise in pressure. The “pres-
sure jump” is so ominous as a possible
harbinger of tornadoes that the Weather
Bureau has installed in about 100 sta-
tions an alarm device which sounds a
buzzer and flashes a light when the pres-
sure jumps. These stations are moni-
tored 24 hours a day.

The observations I have just described
are on what we call the “meso-scale,”
as distinguished on one hand from large-
scale weather maps of the country and
on the other from local, on-the-spot con-
ditions. The meso-picture shows us the
small-scale structures in which tornadoes
arise. So far our observations of these
structures have been almost entirely con-
fined to ground level; we need more
information about the conditions in the
upper air. During the past two tornado
seasons a pilot engaged by the Weather
Bureau has sounded potential storm
areas in an airplane carrying instru-
ments. But a single plane is not enough,
and the Bureau is now planning to have
flights of many aircraft take simultane-
ous recordings at many points to show
the pattern of atmospheric conditions
throughout a critical area.

We have good hopes that we shall
eventually be able to detect tornadoes
themselves at a distance by means of
radar. It is already possible to identify
RADAR TRACKS a tornado which passed through Bryan, Tex., on April 5, 1946; the se- the type of storm that may generate
quence of photographs covers an hour and a half. In the fourth and fifth pictures the funnel tornadoes by its radar picture. An ap-
shows as a small, dark spot in the light area directly to the left of the center of the screen.  proaching squall line shows up on the
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radarscope as a line of intense echoes. A
concentrated storm produces a bright
image, which can be traced by vertical
scanning high into the atmosphere. Dur-
ing the development of a tornado,
observers have sometimes seen pe-
culiar patterns on their scopes—hooks,
S-shapes, doughnut shapes and so on.

Another possible means of identifying
a tornado at a distance is the phenome-
non known as “sferics”—radio static pro-
duced by atmospheric electricity. We
know from the lightning display that
the air around a tornado must be
charged with a great amount of electric-
ity. With directional antennas and re-
ceivers placed some distance apart we
should be able to locate the electric cen-
ter, and it may be possible to distinguish
a tornado from an ordinary electric storm
by the frequency or intensity of the dis-
charges. Its lightning has a very differ-
ent appearance—more diffuse and more
continuous.

A]y effective tornado warning system
not only must discover the condi-
tions that threaten to generate such a
storm but must pinpoint the area where
a tornado is likely to break out. At pres-

FREQUENCY OF TORNADOES in the U. S. from 1916 to 1955 is
shown on this map. Darkest shading shows the greatest number; in

ent the Weather Bureau’s alerts usually
cover an area about half the size of a
Midwestern state. We hope to be able
to narrow down the area, and the time,
in which tornadoes can be expected to
form. To achieve sharper forecasts we
shall need much more research on the
general setting in which tornadoes are
apt to materialize, on the basic princi-
ples that underlie their development and
on the localized structures from which
they are born.

In addition it is necessary to have a
system of rapid detection and warning
to alert people in the path of a tornado
as soon as one actually springs up. There
may be only a few minutes to warn them
to take shelter—the few minutes that
spell the difference between life and
death. Radar, sferics and networks of
tornado minutemen may help to make
these storms less catastrophic than they
have been in the past. A number of net-
works, manned by public-spirited vol-
unteers, have already been organized in
metropolitan areas to report tornadoes
or threatening conditions to the Weather
Bureau.

We have heard so much lately about
schemes for controlling weather that it
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is natural to ask: Should it not be pos-
sible to break up a storm as localized and
transient as a tornado? Could we prevent
one from forming? The latter possibility
seems (uite remote. Even if we could
predict exactly where tornadoes may
form, nothing short of a massively ener-
getic intervention (such as huge thermo-
nuclear explosions) could influence the
great volume of air involved, which
amounts to thousands of cubic miles.
And of course such a cure would be
worse than the disease—to say nothing
of the possibility that our interference
might trigger off tornadoes that would
not otherwise have started.

It may be within the realm of possi-
bility, however, to soften the fury of a
tornado already in being. If we could
somehow modify the parent thunder-
clouds from which the tornado draws its
energy, perhaps by artificial cloud-seed-
ing, we might draw some of the twister’s
sting. But this brings us squarely into
the broader problem of searching for a
better understanding of the atmospheric
forces and mechanisms that rule our
weather, of which tornadoes are but one
manifestation—albeit the most violent
known on the earth.
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the white areas they are very rare. Tornadoes occur through-
out the year, hitting a peak in late spring and early summer.
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ULTRAVIOLET FLYING-SPOT MICROSCOPE is photographed
in the authors’ laboratory at the Southwestern Medical School of
the University of Texas. In the center is a reflecting microscope.
Behind. the small box above the reflecting microscope is an ultra-
violet scanner tube. Ultraviolet radiation emitted by the scanner
tube is directed into the reflecting microscope by a mirror in the
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small box. After passing through the reflecting microscope the radi-
ation is converted into electrical impulses by a phototube. The elec-
trical impulses are then used to make an image on a television
screen. The viewing screen at the top presents a complete pic-
ture of the microscope field. The oscilloscope at left presents the
scanning lines one at a time. Apparatus for photography is at right.
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A“FLYING-SPOT” MICROSCOPE

In which a thin beam of ultraviolet radiation 1s used to scan

li\'ing cells. An advantage of the method 1s that the cells can

be examined at length in this harsh light without killing them

by P. O’B. Montgomery and W. A. Bonner

biologist who studies life at the
A cell level, like a physicist study-

ing atoms, is almost a blind
groper in the dark. Nearly everything he
learns has to come from indirect evi-
dence. He can break up cells and analyze
their chemical make-up; he can study
their metabolism by measuring their
food intake and chemical output; he may
even see a fuzzy picture of their anatomy
through a microscope. But the basic
processes of the living cell are beyond
human seeing.

It has been the dream of biologists to
find a supermicroscope that could bring
this drama into view. An ordinary micro-
scope cannot do so because the waves of
visible light are too long to resolve activi-
ties at the molecular level. The electron
microscope can penetrate to that level,
but it captures only a picture of the cell
stopped in the stillness of death. We now
have a new microscope, however, which
takes us a long step toward visualizing
the life of a cell. It can make motion pic-
tures of the living cell in the act of grow-
ing and dividing to reproduce itself. It
tells us something about chemical
changes going on within the cell. It
shows movements and activities of the
tiny cell organs. And it pictures some of
the changes that take place when a cell
suffers injury or dies.

The instrument uses ultraviolet light,
whose wavelengths are short enough to
give twice as good resolution as visible
light. Ultraviolet light, as everyone
knows, can be damaging to living tissue.
(We would have reason to fear rather
than welcome sunlight if the atmosphere
of the earth did not shield us from the
sun’s ultraviolet radiation by absorbing
most of it.) But the new microscope,
thanks to certain electronic devices, can
photograph cells in ultraviolet light for
hours without killing them. What is

more, the instrument actually turns the
damaging effects of ultraviolet to ad-
vantage. We can mete out damaging
doses to selected parts of the cell and see
what happens.

More than 50 years ago A. Kohler of

-
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Germany made some pictures of cells in
ultraviolet light. He had to use fused
quartz instead of glass for the lenses of
his microscope, because glass blocks the
short ultraviolet wavelengths. He could
not, of course, see the specimens on his

»

HUMAN CELLS of the HeLa cancer strain are enlarged some 2,000 diameters in the ultra-
violet flying-spot microscope. The large dark object at right is a nucleolus, a body within
the nucleus of a cell. The smaller dark objects are bodies in the cytoplasm, the part of the
cell outside the nucleus. The horizontal scanning lines of the picture are faintly visible.
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slides, ultraviolet rays being invisible to
the eye, but he was able to produce
images on photographic film, which is
sensitive to ultraviolet. Kohler got some
good pictures of the chromosomes in the
cell, and he noted that the chromosomal
material (chromatin) absorbed ultra-
violet much more strongly than did other
parts of the cell.

Kéhler’s lead was not followed up ac-

tively for more than 30 years. Then
in 1936 Torbjorn Caspersson of Sweden
took up ultraviolet microscopy to study
the genetic material of the cell. He
found that ultraviolet at the wavelength
of 2,600 angstroms was strongly ab-
sorbed by the nucleic acids, and the
discovery touched off intensive study of
deoxyribonucleic acid (DNA) and ri-
bonucleic acid (RNA), which has been
pursued with growing enthusiasm ever
since.

With this ultraviolet technique it has
been possible to map the distribution of
nucleic acid in chromosomes and to learn
other important information about cells.
But the method is cumbersome and se-
verely limited when applied to living
cells. In the first place, we usually do
not photograph fully active cells but
only a fixed preparation. Secondly, the
business of making the photographs is
time-consuming, and particularly awk-
ward because the experimenter, being
unable to see the specimen in the ultra-
violet light, cannot focus the microscope
visually but has to make one picture
after another and adjust the microscope
after each one until he arrives at the
proper focus. In the process, of course,
the subjects die, because few cells can
stand more than one or two exposures to
the ultraviolet radiation.

The ultraviolet investigators have
tried to follow the life of the cell by mak-
ing “still pictures” at successive stages
of its typical experiences. But to appre-
ciate the shortcomings of this procedure
you must imagine what it would be like
to attempt to learn the rules and objec-
tives of the game of baseball, say, by
photographing one play and destroying
all the players in the process, setting up
another game with a new set of players,
again getting only one play, and so on
and on. It is problematical whether we
could ever get any understanding of the
game on the basis of this type of infor-
mation.

r I the new ultraviolet microscope now

HELA CELLS in this sequence were photographed for hours in the ultraviolet flying-spot enables us to study cells in a more
microscope. The photographs show how the cells changed shape during the exposure. Faint-  sequential fashion. It gives us a com-
ly visible in the light area near the right side of the bottom photograph is a watery bubble.  plete motion picture of a single game,
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or at least one or more full innings of a
game. The instrument is based essen-
tially on the television idea: an ultra-
violet beam scans the subject, and the
ultraviolet “image” is eventually trans-
lated into a visual picture, which is pho-
tographed at certain chosen intervals.
The living cells thus photographed
escape damage, because (1) the scan-
ning spot of ultraviolet light touches
each point of the cell only for an instant,
and (2) we can use a very weak beam of
the light and amplify the faint image by
electronic means.

The instrument is called “the ultra-
violet flying-spot television microscope.”
Its operation involves a series of com-
ponents [see diagram on page 43]. First
a fine beam of electrons sweeps across
the face of a cathode-ray tube line by
line, as the flying spot does in a tele-
vision picture tube. But in this case the
tube is coated with a phosphor that
emits ultraviolet light instead of visible
light. The flying spot of ultraviolet light
so generated is reflected in reverse
through the microscope. There it “scans”
the cells on the slide and produces an
image made up of points of varying
brightness, the brightness depending on
how much of the ultraviolet is absorbed
by each area of the cell. Next this image
is converted into a pattern of electric
current in a photomultiplier tube, which
amplifies the energy to make the image
stronger. Finally the amplified current
feeds into cathode-ray picture tubes,
where it paints the picture in visible
light, as on a television screen. We use
two picture tubes, one to present the pic-
ture for visual observation and the other
to record the same picture with a cam-
era. The visual tube is coated with an
orange phosphor that has a long after-
glow, so that we can see the complete
picture in each frame even when the
flying spot moves at a slow scanning
speed. In the tube for the camera we use
a blue phosphor, which has less after-
glow and is more favorable for pho-
tography.

The controls in the instrument make
it possible to vary the scanning speed
from one twentieth of a second to 10
seconds for a complete frame, and to
take successive pictures over a wide
range of intervals—10 per second, one
every minute or one every 25 hours.
Thus we can telescope the cell’s activi-
ties and speed up the motion picture of
its life as much as we wish.

Each point of the cell is exposed to
ultraviolet so fleetingly that it either suf-
fers no damage or has time to recover

BRIGHT SPOT in each of these photographs indicates an area of intensified ultraviolet
irradiation and illustrates how the beam size can be varied. The beam can single out a lipo-
from the brief exposure before the flying  protein droplet (top),a portion of the nucleolus (center) or the whole nucleolus (bottom).
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spot visits it again. We have made con-
tinuous motion pictures of cells for up to
nine hours without any evidence of in-
jury to them. One. of the great virtues of
the instrument is that the destructive
effect of ultraviolet can be turned on and
off at will at any point in the cell, merely
by stepping up or throttling down the
strength of the beam at the desired
point. We can selectively damage an
area as small as one micron in diameter.
This means that we can destroy a single
tiny body in the cell while leaving the
rest undamaged, or we can damage most
of the cell but skip some small area, such
as the nucleus. Needless to say, an in-
strument which makes it possible to
study the behavior of cells that have
been partly crippled at selected points
should have a big future in biology.

In our laboratory we have already

learned a number of very interesting
things about cells with the ultraviolet
television microscope. The subjects we
have studied so far are three different
types of cells: human cancer cells of the
so-called HeL.a strain, connective-tissue
cells of human fetuses and heart cells of
the salamander. All these cells show cer-
tain common features in the motion pic-
tures. We see them drinking in fluid
from their surroundings (pinocytosis);
we see dark round bodies moving around
actively in the cytoplasm of the cell; we
see varying numbers of other bodies
(nucleoli) in the nucleus. The cytoplasm
of the cell is fairly transparent to ultra-
violet light in its outer regions, but it ab-
sorbs more and more (i.e., becomes
darker) toward the nucleus.

We have seen many cells go through
the process of reproductive division (mi-
tosis). Although this is a most sensitive
phase of a cell’s life cycle, apparently the
flying spot of ultraviolet light does not
injure it, for some cells carry out a per-
fectly normal mitosis even after they
have been scanned for several hours.

The actual division of the cell usually
takes about 60 minutes. Just as it is di-
viding into two, violent bubbling breaks
out on its surface. Our photographs show
that there are two kinds of bubbles:
small, short-lived bubbles which absorb
ultraviolet light, and large, transparent
ones which disappear slowly. The lat-
ter apparently are bubbles of water
squeezed out of the cytoplasm.

What happens when we deliberately
damage the cell with the ultraviolet
light? (We can apply a graded damag-
DESTRUCTIVE EFFECTS of ultraviolet irradiation can also be observed with the new ing dose to the whole cell either by step-

microscope. HeLa cells exposed to killing doses of ultraviolet die off one by one. They first ping up the Strength.Of the current' or by
contract into opaque masses (middle picture) and eventually tend to disappear (bottom). 1NCreasing the scanning SPeed, which in-
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creases the frequency of attack by the
flying spot on each point of the cell.)
We find that a moderately punishing
dose causes the cell’'s cytoplasm to gel,
as if it were suddenly frozen into im-
mobility. The cell stops drinking at its
surface; the tiny round bodies in the
cytoplasm stop moving. Otherwise, how-
ever, the cell looks exactly as it did be-
fore. When this dose catches the cell in
the act of dividing, we sometimes see
more striking effects. Not only does the

division stop abruptly but many big bub-
bles break out on the surface, so that
the cell looks like a Medusa head.

The response of cells to a heavier dose
of ultraviolet radiation is dramatic. The
cell suddenly becomes completelv
opaque (i.e., black) and contracts into
a small round ball. But interestingly
enough each cell reacts as an individual.
That is to say, no two cells, even in a
group of a single type, show exactly the
same vulnerability to the ultraviolet ir-

radiation. If we expose a group together
to the same damaging dosage, the cells
give up the ghost one by one, each after
a different time, and a few survive even
after 30 minutes of exposure.

To find such individuality in cells of
the same strain is a little unexpected. It
is one of the many fascinating new ques-
tions to which the new microscope has
introduced us in our exploration of the
most fundamental of life’s mysteries—
the nature of the living cell.

BLOCK DIAGRAM shows the principal parts of the flying-spot
microscope. The scanner tube emits ultraviolet light which passes
through the quartz eyepiece and reflecting condenser of the micro-
scope to the cells being examined. Rays not absorbed enter the
phototube, which translates them into electrical impulses. These
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are amplified and relayed to the monitor tube (essentially a tele-
vision picture tube). Apparatus in the center of the diagram con-
trols the timing and dimensions of the scanning beam. Apparatus
at top right is used to vary the intensity of irradiation in one
portion of the sweep. Other apparatus is used for photography.
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The Earth as a Dynamo

Why is the earth a magnet? The best answer at present is

that the slow flow of matter in its fluid core generates

electric currents, which in turn set up a magnetic field

he problem of explaining the

I earth’s magnetism has been with
us ever since William Gilbert, the
Elizabethan scientific  genius, first
showed that the earth as a whole acts

as a gigantic magnet. It may continue to
be with us for a long time to come,

by Walter M. Elsasser

because the main source of the mag-
netic field undoubtedly lies deep in the
interior of the earth, forever beyond
reach of our direct investigation. But as
we learn more about physics, and about
the properties of our planet, we are com-
ing closer and closer to a reasonable

SHAPE OF THE EARTH’S MAGNETIC FIELD (arrows) strongly suggests that it is pro-
duced by circular electric currents (ellipses) flowing at right angles to its lines of force.
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theory which rests on established physi-
cal principles and fits the known facts.
I want to tell of some recent work on
the problem that makes us confident we
are now on the right track.

Gilbert thought that the field might
be produced by a large body of perma-
nently magnetic material inside the
earth. This idea had to be given up a
long time ago, when it became plain
that the temperature of the earth’s in-
terior must be much too high to allow
any material to retain magnetism. Physi-
cists were left completely at a loss to
explain the earth’s field. It became fash-
ionable to look for some new cosmic
process for producing magnetism which
eluded detection in the laboratory but
applied to very large rotating bodies
such as planets and stars. The main pro-
ponent of this line of thought in modern
times has been the famous British physi-
cist P. M. S. Blackett. But Blackett and
his school have now abandoned such
ideas because astrophysical evidence
shows very clearly that the magnetism
of stars does not conform to any reason-
able scheme involving a new fundamen-
tal law.

We come back, then, to the simple and
familiar process by which we gen-
erate magnetic fields every day—namely,
by the use of electric currents. An elec-
tric current flowing around a bar of iron
induces magnetism in the metal. But the
magnetized material need not be a solid
bar. We know that electricity can pro-
duce magnetic fields in a gas or other
fluid: such phenomena have lately been
much studied under the name of mag-
netohydrodynamics. Let us see whether
magnetohydrodynamics can explain the
existence of the earth’s magnetic field.
We must assume first of all that there
are electric currents in the core of the



earth. Possibly they were started orig-
inally by chemical irregularities which
separated charges and thereby initiated
a battery action that generated weak
currents. But how the currents origi-
nated is less important than the question
of how such currents could be built up
and perpetuated to maintain the earth’s
continuing magnetic field. We do not
have to look far for a process that could
accomplish this: it is the familiar princi-
ple of the dynamo.

A dynamo converts the energy of me-
chanical motion into electric current.
The motion may be relative motion be-
tween a coil and a ferromagnetic mate-
rial or between two coils (or other con-
ductors of electricity). The simplest il-
lustration of such a machine is the disk
dynamo invented by Michael Faraday.
He put a disk of copper on a spindle and
spun the disk over a bar magnet set up
near the outer edge of the disk [see
diagram at the right]. The motion of the
conductor through the magnetic field of
the magnet induced a small current in
the disk, as shown in the diagram. Now
we can replace the bar magnet with a
coil, and this will induce a current in the
disk in exactly the same way, provided
we start with a current in the coil. And
if we feed the current induced in the disk
back into the coil, we have a self-con-
tained system for generating current
simply by spinning the disk. This is ex-
actly the principle on which power-sta-
tion generators operate.

rl’he Faraday disk itself could not

maintain a current for very long, be-
cause the current induced in the disk is
so weak that it would soon be dissipated
by the resistance of the conductor. If we
had a material that could conduct elec-
tricity a thousand times better than cop-
per, the system would indeed yield a
self-sustained current. We could also
make it work by spinning the disk very
fast, but here again the solution is only
theoretical, because the necessary speed
is far beyond feasible limits. There is,
however, a third way we could make
such a dynamo self-sustaining, and this
has a direct bearing on our problem of
explaining the earth’s magnetism. All we
need to do is to increase the size of the
system: theory says that the bigger we
make such a dynamo, the better it will
function. If we could build a coil-and-
disk apparatus of this kind on a scale of J
many miles, we would have no difficulty 4 |
in making the currents self-sustaining.
And the larger we made it, the less speed
of rotation we would need. If the disk SIMPLE DYNAMO generates electric current (colored arrows) when a copper disk is
had the same diameter as the earth, its  turned through the magnetic lines of force of a bar magnet (top drawing) or a coil (bottom).
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outer edge could rotate at a snail’s pace
and we would still have a dynamo.

We have a plausible mechanism, then,
for maintaining self-sustaining electric
currents in the earth’s interior. Let us
now look at the interior to see whether
currents can actually be generated there.

The study of the travel of earthquake
waves through the earth has told us some
very definite facts about its internal
structure and composition. First of all,
we know that the earth has a distinct
core 4,316 miles in diameter—a little
more than half the total diameter of the
globe. We know also that this core is

fluid. It may therefore be in motion—
which is one of the necessary conditions
for the dynamo model we have dis-
cussed. And finally, we are reasonably
sure that the main material of the core
is iron: it is probably composed of an
iron-nickel alloy with some dissolved im-
purities. Thus we have a molten metal
or alloy filling the inner part of the
earth. It is at once a good conductor of
electricity and a fluid in which motions
can easily take place. In other words, the
core is exactly the kind of medium we
need for the Faraday type of dynamo.
It allows both mechanical motion and

the flow of current, and the interaction
of these can generate self-sustaining cur-
rents and magnetism.

So far, so good, but the most important

evidence is yet to come. The nature
of the earth’s magnetic field itself is the
strongest argument for the dynamo the-
ory. For many years geophysicists have
known that the magnetic field is irregu-
lar and constantly changing [see maps
below]. The compass needle does not
point exactly to the north, and it de-
viates from true north by different
amounts in various parts of the world.

CHANGING EDDIES in the earth’s magnetic field are reflected
by the differences in the contours on these two maps of the world.
The contours plot the rate of change in minutes of arc per year of
magnetic declination: the deviation of a compass needle from true
north. The map at top shows the contours in 1912; the map at bot-
tom, the contours in 1942, A contour labeled with a positive num-
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ber (black) indicates the rate at which a compass needle on the
contour moved away from true north; a contour labeled with a
negative number (color), the rate at which a needle on the con-
tour moved toward true north. On the North Island of New Zea-
land in 1942, for example, a compass needle would have moved away
from true north at a rate of five minutes of arc (+5) per year.
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There are many eddies, as it were, in the
field. They are eddies in a literal sense,
because they change as time goes on.
Seamen and fliers who use magnetic
charts for navigation know only too well
that the maps must be brought up to
date every few years. Not only does the
field fluctuate but the rate of change
itself varies from time to time.

Moreover, even the over-all strength
of the earth’s field as a whole is not con-
stant. In the century since accurate
measurements of the field began to be
made, its strength has declined about 5
per cent. We need not be alarmed into
thinking that by the year 4000, say, peo-
ple will no longer be able to use mag-
netic compasses for navigation. There is
evidence that in the last few years the
decline in strength has begun to slow
down, and the trend may turn upward
in the near future. Finally, we know that
the north magnetic pole has been wan-
dering about the Arctic in the course of
geological time; it is now just north of
Canada near the 70th latitude.

All this is precisely what we should
expect on the dynamo theory. It repre-
sents overwhelming evidence that the
core of the earth is in motion; the varia-
tions and changes in the field must re-
flect these motions. So the pieces of the
puzzle fit together. Seismology tells us
that the earth’s core is fluid; the study
of the magnetic field confirms that there
are motions in this same core. Indeed,
from the measured changes in the field
we can compute the speed of these mo-
tions. It turns out that matter in the core
is moving at the rate of about a hun-
dredth of an inch per second, which
means that in the course of a few centu-
ries a particle may travel through a large
part of the core. In a very true sense the
variations in the magnetic field that we
observe on the surface of the earth tell
us something about what is going on in
the deep interior.

The question arises at once: What is
the source of energy for these motions?
We do not, as yet, have a conclusive
answer. Some scientists believe that heat
flowing outward from the center of the
earth gives rise to convection currents in
the core, as happens when a pot of water
is heated at the bottom. Small differ-
ences in the chemical constitution of
parts of the core also would produce
slow movements of the fluid, as differ-
ences in salt content do in the oceans.
Or it may be, as Harold Urey of the
University of Chicago has suggested,
that the earth’s interior is changing and
moving because it has not yet reached a
state of equilibrium. In any event, mo-

CIRCULAR ELECTRIC CURRENT (gray arrows) which gives rise to the earth’s magnetic
field may be driven by smaller eddies of current (closed arrows). This schematic diagram
is a section through the Equator, i.e., the poles are perpendicular to the plane of the page.

tion there is, and there is one more thing
we can say safely. Calculations show
that the energy required to maintain mo-
tion in the earth’s core is surprisingly
small.

The dynamo theory of the earth’s mag-
netic field takes off from the two
basic facts that seem well established:
the existence of a core composed of
molten metal and the presence of mo-
tions in this core. It requires no addi-
tional assumptions. From these facts we
can derive the magnetic field merely by
applying laws of classical physics which
have been known and uncontested for
well over 100 years. But the reasoning
is not altogether simple and straightfor-
ward: we have some tricky questions to
answer,

Suppose we take a fishbowl, say a foot
in diameter, fill it with mercury and
heat it from below. We will certainly
get thermal convection in the mercury.
But by no stretch of the imagination can
we expect to detect any electric currents
or magnetism in the bowl. Now our bowl
of mercury is very similar to the earth’s
liquid core, and we often use scale mod-
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els satisfactorily to investigate fluid mo-
tions: e.g., a ship model in a tank or a
model of an airplane in a wind tunnel.
What, then, is wrong with our model of
the earth’s core? Mathematical analysis
answers this question. The model fails
because electrical processes and me-
chanical motions do not scale down (or
up) in the same way.

If we suddenly shut off a current in
a coil in the laboratory and instantly
hook up the coil to an oscilloscope which
displays what happens immediately
thereafter, we find that the current does

“not stop at once but takes a small frac-

tion of a second to die out. This is known
as the decay time. A circular current in
the mercury of our fishbowl would have
a decay time of about a hundredth of a
second. But now as we increase the size
of the vessel we discover the striking and
surprising fact that the decay time in-
creases out of all proportion: in fact, it
goes up as the square of the increase in
the vessel’s diameter. In a vessel 10
times larger than our first, the current
will take 100 times longer to decay. Cal-
culations show that an electric current
circulating in the earth’s core would re-
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quire about 10,000 years to decay. Ten
thousand years would be ample time for
this current and its associated magnetic
field to be “pushed around” considerably
by motions in the fluid, however slug-
gish they might be.

We can visualize how this pushing-
around process might generate new elec-
tric currents and might amplify mag-
netic fields. Let us consider just the
magnetic fields. We can think of the field
lines as so many ribbons which are
pulled and stretched by the motion of
particles in the fluid: this is not merely
a fanciful way of speaking but actually
a literal description of the way they be-
have. Let us assume that a group of par-
ticles in the fluid, moving at different
speeds, pulls laterally on some lines of
force which are straight to begin with.
The lower part of these ribbons, where
the particles are moving faster, will be
pulled farther than the upper part, and
therefore the ribbons will be stretched.
In the process of stretching they gain
energy—energy which is imparted by the
motion of the particles. This basic proc-
ess of the conversion of mechanical en-
ergy into electrical and magnetic energy
—not essentially different from the oper-
ation of a dynamo—can be shown mathe-
matically to account satisfactorily for the
electric currents and the magnetism of
the earth’s core.

If the core contained no electric cur-
rents at the beginning of the earth’s his-
tory, it could soon have acquired small

PROMINENCE on the sun was photographed with a coronagraph
at the High Altitude Observatory of the University of Colorado.

48

currents by some chemical battery ac-
tion. These tiny currents would rapidly
be amplified by being pushed around by
the fluid motion, and the amplification
would go on until an equilibrium state
was reached. Thereafter the core would
contain self-replenishing electric cur-
rents and the earth would have a per-
manent magnetic field.

One major question remains: Why
does the earth have a unified gen-
eral field? The process I have described
would produce only localized eddies, not
a general field. But we have a reason-
able answer to the question. The stage
director that lines up the eddies in some
sort of order must be the earth’s rotation,
for the general field is aligned approxi-
mately along the axis of rotation.

The greatest difficulty in all attempts
to explain the earth’s magnetic field has
been the problem of introducing the
driving force that produces the general
symmetry of the over-all field. We have
to assume that the field is generated by
circular electric currents closed upon
themselves. In such a setup there is no
apparent place where we can insert a
driving force—either a battery or any
other. But the dynamo theory allows the
earth’s rotation to act as a driving force.
The rotation causes the closed cur-
rents of the eddies to flow in the same
direction [see diagram on preceding
page]. If we were in the earth’s core we
would observe only the individual ed-

O\
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dies. But at our observation posts out-
side the core their aggregate effect is
nearly equivalent to a single current
flowing in a large circle around the
whole core, as the diagram indicates.
Over-all the field is fairly stable, but,
since eddies start, grow and decay in
more or less random fashion, the mag-
netic field is unpredictable in its details.

Of late, strong support for the dynamo
theory has come from the camp of the
astronomers. They have found that not
only our sun but also many other stars
possess strong magnetic fields, and we
can easily picture dynamo processes
operating in the stars. The sun has ex-
tremely strong magnetic fields in the
sunspots, and its archlike prominences
must be formed by magnetic lines of
force [see photograph below]. So far
some 60 other strongly magnetic stars
have been identified; no doubt a large
proportion of the whole star population,
if not all of this population, is more or
less magnetic.

The stars rotate; their gaseous matter
conducts electricity well; their magnetic
fields change rapidly—all this points to
a dynamic rather than static explana-
tion of their fields, such as we postulate
for the core of the earth. Although our
fishbowl of mercury is an inadequate
model of what goes on inside the earth,
the earth’s core seems to be a quite toler-
able model for the magnetohydrody-
namic processes that fill the universe on
the vastest possible scale.

The artificially eclipsed disk of the sun is at bottom. Shape of the
prominence suggests that it travels along magnetic lines of force.



Kodak reports on:

the things some people want in front of a television camera tube. .. our desire to be
a fountainhead. .. creation and propagation of slides and filmstrips

It will be interesting to see if this picture and the paragraph of type you are
now reading succeed in their purpose (and it’s a long, long shot) of eliciting
even a single letter, wire, or phone call from a party seeking a strong and
competent organization to take on the development, design, and/or con-
struction of a complex optical-mechanical system for feeding some sort of
image into a television camera tube. The quest for such a contact is sug-
gested by the very satisfactory manner in which our work is progressing on
two such projects, the first television bombsight and the first airborne tele-
vision gunsight. In security-dictated disorder, the photograph suggests the
kind of components we make and put together for these affairs. Nor are our
talents along these lines newly acquired, even if Ed Sullivan* doesn’t stress
them on Sunday evenings when discussing our more popular mechanical
and optical products. The letter, wire, or phone call goes to Eastman Kodak
Company, Military and Special Products Division, Rochester 4, N. Y.

*The fact may little signify, but Ed and most of the other figures of live television reach the magic
screen through Kodak Television Ektanon Lenses on the studio cameras.

in mammalian and avian physiol-
ogy, the prouder we shall be.

To facilitate such inquiry we an-
nounce our readiness to supply at
$50 per 10 mg d-a-tocopheryl acid
succinate bearing a Cl4-labeled 5-
methyl group. Biologically and
chemically identical with the crys-
talline material we regularly sell to
pharmaceutical manufacturers, it
carries the high specific activity of 1
microcurie per mg.

Because of the slight formality which
requires licensing of radioisotope users
by the Atomic Energy Commission, Di-
vision of Civilian Application, Oak
Ridge, Tenn., this material is not han-
dled as an Eastman Organic Chemical
or sold through dealers. A photocopy of
your AEC authorization must accom-
pany your purchase order. Submit it to
Distillation Products Industries, East-
man Organic Chemicals Department,
Rochester 3, N. Y. (Division of Eastman
Kodak Company).

Of tocopherol we sing

Of tocopherol we sing a tune differ-
ent from that used for Eastman
Organic Chemicals as a class. Here
the principle of non-specialization
is cast off. Here is no place for
pleasantries where one Sandmeyer
reaction product or another, one
nitrite reagent or another, serve as
mere illustrations of diversity. The
stream of tocopherol that pours
into the world economy has one of
its main sources in us. To be looked
to, likewise, as a fountainhead of
tocopherol research suits us. It says
so right at the bottom of our ad-
vertisements to the pharmaceutical
industry: “leaders in research and
production of vitamin E.” The
greater number of disinterested in-
vestigators we can incite to scruti-
nize the role and fate of tocopherol

The powers of semi-darkness

One result of all the efficiency per-
vading life today has been more
time to sit around in semi-darkness
listening to speakers draw attention
to Worthwhile Matters with the
help of slides or filmstrips. You will
not deny that this is good.

What, then, can be done to en-
courage and facilitate the genera-
tion of lots more slides and film-
strips? Consider the sources.

There are organizations—some
for profit, some non-profit—that
produce them for schools. All they
need for encouragement is sales.
Subjects are of the kind that keep
well. Life along the Nile. The cir-
culation of the atmosphere. That
sort of thing.

Then there are firms producing
films and filmstrips to order for
promoters of causes. The need for
higher protective tariffs. The need
for lower barriers to international
trade. How to sell bicycles to people
over 40. Here an advertising or
public relations agency often acts
as intermediary between sponsor
and producer.

Outfits that use slides and film-
strips to communicate on a broad
and varied scale often maintain
their own production facilities for
the purpose. This would include
large companies, government bu-
reaus, ag colleges.

Not to be neglected beyond these
large operations, however, is the
individual on his own who has an
audience to face and to tell of his
work and thoughts-as vividly as he
can. He, too, can make them—
slides if he intends to put on the
same performance only once or a
few times, filmstrips if it is to be
given many times in essentially un-
changed form.

For his benefit we have published a
Kodak Data Book, ‘‘ Photographic Pro-
duction of Slides and Filmstrips.”
Kodak dealers have it for sale or can
order it. It is particularly rich in details
on attaining good quality color repro-
duction by the use of masking tech-
niques. The danger that purchase of this
50¢ booklet turns out eventually to have
been the first step toward establishment
of a slide-and-filmstrip department in
the organization with which
the reader is affiliated, while
slight, is undeniably present.

Prices quoted are subject
to change without notice.

This is another advertisement where Eastman Kodak Company
probes at random for mutual interests and occasionally a little
revenue from those whose work has something to do with science
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to perform superhuman control func-
tions, Parker 2 and 3 Dimensional
Cams are used in Jet Aircraft, Missiles,
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vironmental extremes make precision
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Satellites and Beyond

‘ }i / ith the launching of Vanguard
I and Explorer III in March
there were five man-made ob-
jects whirling around the earth. Sputnik
II, with its dead radio and dead dog,
was expected to come down around the
middle of April. Explorer I, still sending
radio signals on one channel, was
thought to be good for several years.
Vanguard I may stay up for 100 years,
and its accompanying rocket case may
orbit as long as 10 years. Explorer II,
which began its journey a little off
course, is expected to have a lifetime of
only a few months.

The Vanguard satellite, launched by
the U. S. Navy on March 17, is a sphere
6.4 inches in diameter weighing 3.25
pounds. Its elliptical orbit, which crosses
the Equator at an angle of 33 degrees,
has a minimum altitude of 404 miles and
a maximum of 2,466. Flying much high-
er than any of the other satellites, Van-
guard takes a longer time—134 minutes
—to complete each revolution. The
sphere contains two transmitters, one
powered by conventional batteries and
transmitting at 108 megacycles, the
other powered by solar batteries, trans-
mitting at 108.03 megacycles. The solar
batteries, distributed over the surface of
the vehicle, are expected to last for
months or years, depending on the rate
of erosion by meteors. Vanguard I's
transmitters are reporting temperatures
inside the vehicle and at its surface. Its
signals are also giving some information
about the ionosphere; they give a meas-
ure of the degree of ionization.

Explorer III was put into orbit by
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the Army on March 26. It is a 31-pound
cylinder six and a half feet long and
six inches in diameter. Its orbit, inclined
at 34 degrees to the Equator, has a mini-
mum height of 110 miles and a maxi-
mum of 1,700; it takes 116 minutes for
the trip around the earth. Like Explorer
1, it has two transmitters (on the stand-
ard frequencies of 108 and 108.03 mega-
cycles) together with instruments for
measuring temperatures and detecting
cosmic rays and impacts of meteors. Ex-
plorer III carries a magnetic tape re-
corder which stores two hours’ worth of
cosmic-ray counts and reports the ac-
cumulated information on command
from a ground station. After each read-
out the tape is erased and starts record-
ing again.

All the satellites are being tracked
continually. Little Vanguard, only the
size of a grapefruit, so far has been fol-
lowed only by the Minitrack radio net-
work, but Moonwatch teams have re-
ported sighting it several times, and it is
expected to be picked up eventually by
the special satellite cameras, of which
six are already in operation in the U. S,
Australia, Japan, India, South Africa and
Spain.

Only two of the satellites launched
so far—the spherical Sputnik I and Van-
guard I—could give information about
the density of the upper atmosphere and
the shape of the earth. The others, being
asymmetrical in shape, vary greatly in
drag as they tumble along. Sputnik I
showed that the upper atmosphere is
denser than had been thought. Van-
guard I will add more accurate informa-
tion after its precise orbit has been es-
tablished visually.

During the remaining months of the
International Geophysical Year the Navy
plans to launch at least seven full-sized
(21-inch) Vanguard satellites and the
Army one or more of the Explorer type.
More ambitious projects also are under
way. The U. S. Department of Defense
has directed the Army and the Air Force
to shoot four or more “probes” to the
moon, and has started off the project
with an allocation of $8 million.

Last month the President’s Science
Advisory Committee, headed by James
R. Killian, Jr., recommended a long-
range program of space projects which
would go on from satellites to unmanned
rockets to the moon, then to other plan-



THE GITIZEN

ets and eventually to manned vehicles.
The Committee estimated that to put
the first man on the moon and bring him
back would cost “a couple of billion dol-
lars.” Its estimate of when manned space
flight might become feasible ranged
from 10 or 20 years hence to some time
in the next century. The Committee
saw no urgency for sending up men in
rockets, aside from the adventure, be-
cause instruments could collect about as
much information as human passengers
could.

The Committee proposed a list of sub-
jects to be investigated, among them the
much-debated question whether clocks
would run slower in a space flight.

Parliament of Science

r]Wo consider a science policy for the
- U. S., a “Parliament of Science” was
held in Washington last month at the
call of the American Association for the
Advancement of Science. It was attend-
ed by more than 130 leading scientists
and representatives of the humanities,
the public and the press. After three
days of discussion, the group adopted a
statement of general principles and more
than 50 specific recommendations.

The parliament focused its attention
on five areas: support of science, organ-
ization of the nation’s scientific effort,
communication among scientists and be-
tween scientists and the public, guid-
ance of the nation’s youth and improve-
ment of education. Among the important
conclusions reached were:

Basic research must be supported both
by government and by private funds.
These must be provided in ways which
encourage and support creativity and
maintain a balance in universities be-
tween research and teaching. Grants to
universities should be made on the basis
of long-range plans and should cover
both direct and indirect costs. More
money is needed for “large and expen-
sive” research projects in the biological
and social sciences. The national tax
structure should be altered to increase
corporate and private contributions to
education and research.

Federal support of education is neces-
sary, and the first priority should go to
improving teaching, by raising teachers’
salaries and increasing their opportuni-
ties for further study. Scholarships and

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

At Watertown Arsenal ...

Stokes YVacuum Furnace makes
new metals and alloys possible

Watertown Arsenal (Massachusetts) conducts research on
titanium, other reactive metals, and radioactive metals, using
the new Stokes Vacuum Furnace recently installed in their
General Thomas J. Rodman Laboratory. This furnace is de-
signed to produce metal of extremely high purity, free of slag
inclusions and trapped or dissolved gases. The purified and de-
gassed melt is poured into ingot molds while still under vacuum.,

Stokes Vacuum Furnaces are designhed for maximum versatility
—can be arranged for single or multiple pouring under vacuum.
Continuous observation is possible through sight glasses.
Specially designed locks enable additions to be made and
samples taken without breaking the vacuum. Controls, instru-
mentation, and other features make the Stokes Vacuum
Furnace systems easily adaptable to any type of laboratory or
production service. All controls are conveniently grouped for
easy operation.

Take advantage of Stokes’ advanced vacuum furnace tech-
nology in induction and arc-melting, heat-treating and sintering,
and degassing systems. The Stokes Engineering Advisory Service
can help you in planning a system to serve your exact require-
ments. Call or write—today.
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World’s I.OW_E_ST PRICED Tape Recorder!
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PORTABLE,
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| fellowships should be awarded on a
merit basis only. Fellowship programs
| should include the humanities and social
sciences as well as the natural sciences.
| Science teaching in elementary and high
schools should be improved by expand-
ing programs for training teachers and
revising certification requirements to re-
duce education courses and increase
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HI-QUALITY REPRODUCTION! WEIGHS ONLY 2 LBS.! o 1 g munication of science. Scientists should

’ 2 y use “clear, vigorous English” in writing
professional papers, and should encour-
age critical and responsible editorial
policies in professional journals. Agen-
cies that support research should en-
courage scientific meetings, support the

PRECISION ENGINEERED — This amazing new, battery-operated, portable, fully tran-
sistorized tape recorder, imported from West Germany, is precision engineered to render the same func-
tions as machines costing five times as much.
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| FOR HOME, STUDENTS, BUSINESS — It will be the center of attraction at home for recording famiiy get-
togethers, capturing the magic of speech and song of family and friends — records radio, record and TV

i shows! Educators, too, agree that students, thru coliege level, benefit greatly from studying with a tape
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Unusual Conversation Piece That Really Works! PHOENIX to communicate their ideas to the public.
N Scientists should work with the Amer-
}I( ican Society of Newspaper Editors and
other groups to reduce governmental
At the crossroads of opportunity for men secrecy and protect the public’s right to
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know. Restrictions on the dissemination

GOODYEAR of scientific information, unless clearly
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structive, wasteful and intolerable.
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ELECTRONIC LABORATORY thusiastic about the results of the parlia-
. Arizona Division ment to ask the A.A.A.S. to hold more
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A Subsidiary of the such conferences.
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government support has greatly ex-
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SILICONE NEWS

Cost-cutting Silicones

® Speed Maintenance, Production

TRIMMING THE TAB ON PLANT EXPENSE — Every executive knows that
rising costs coupled with excessive down-time can swing a healthy net profit

to an embarrassing loss.

New ways to smooth production flow and cut
maintenance hours have been discovered, however . . .

with silicones. Here

are some salient facts on how Dow Corning Silicones have come to the aid
of plant engineers.

HIGH VOLTAGE IDEA — The
Kaiser Aluminum and Chemical
Corp. had a problem with high volt-
age insulators in the switchyard of
their Permanente, California, plant.
Cement dust would coat the strings
of insulators causing current leakage
and flashovers during damp weather.
Cleaning insulators took eight man
hours per string every six months. Of
course, the plant had to shut down
while power was off.

Then plant maintenance engineers
brought silicones into the picture.
Insulators were coated with Dow
Corning 5 Compound, a greaselike
dielectric material. After six months,
the silicone-coated insulators came
clean with a quick swish of a dry
cloth. Results from additional tests
were equally favorable. Now Kaiser
Aluminum plans to cut cleaning
schedules to once a year, do the entire
job with fewer people and in less
than a shift!

PAINT THAT STAYS NEW — To
prevent rust and add attractiveness,
Cosden Petroleum Refinery, of Big
Spring, Texas, has painted its huge
“cat” cracker and all other high-
temperature units in a gleaming silver
and gold color scheme. How can the
paint stay on these hot surfaces?

Cosden’s secret is a silicone aluminum
paint made by Cactus Paint Company
from Dow Corning silicone resins. It
withstands temperatures from 300 to
900°F on stacks, furnaces, crackers,
and similar equipment. Where several

repaintings a season were formerly
needed with conventional paint, the
silicone finish resists both heat and
weathering . . . is still “like new” after
three years. A lot of paint and paint-
ing time has been saved, rust has been
prevented and the plant “looks good
. .. like a refinery should.”

BUBBLES BROKEN FOREVER —
Foam is one waste you don’t have to
live with. For example, a metalwork-
ing plant had trouble with coolant
on a camshaft grinder. The cutting
oil foamed so badly it overflowed
both the grinding machine tank and
the 289-gallon filter tank connected
to it. Naturally, this interfered with
production. Then the company tried

P
“f N
a ready-to-use Dow Corning silicone
defoamer. A single teaspoonful elim-
inated foam entirely. Now floors stay
clean, work is less messy and produc-
tion runs smoothly . . . due to an
occasional spoonful of silicones!

FOR MORE INFORMATION on any of these silicone products

or applications, write Dept. 985

Dow Corning CORPORATION

MIDLAND. MICHIGAN

ATLANTA BOSTON CHICAGO CLEVELAND DALLAS DETROIT LOS ANGELES NEW YORK WASHINGTON, D. C.

CANADA: COW CORNING SILICONES LTD., TORONTO GREAT BRITAIN: MIDLAND SILICONES LTD. LONDON FRANCE: ST. GOBAIN, PARIS
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Now POSITIVE ACTION SWITCHES

.. another first from
Cutler-Hammer

Wiping contacts insure perfect
switching for very low energy
circuits

Positive-break action insures safe,
reliable switching with high
energy circuits

Direct toggle-to-contact
mechanism guarantees switching
action

S R L e LI UL . Cutler-Hammer single, dou-

E ble, and four pole Positive
proof toggle switch Action Switches are available

in unlimited circuit arrange-
ments . .. single throw, dou-
ble throw, momentaries, etc.
For detailed information,
write for Publication EA-168.
CUTLER-HAMMER Inc., 4
1225 St. Paul Avenue, Mil-
waukee 1, Wisconsin.

1® |lever throw opens circuit

Positive detent action prevents
switch teasing

New insulating material gives 3
times greater arc tracking
resistance

Greater !e_rmmal clearance for ACUTLER-HAMMER
easier wiring 2 |
Improved bushing seal is molded E,MO‘I‘_OBXQNIR'Q'E‘%

in place.

Preserve
your copies

of
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(@ A handsome and durable library file or binder in which to keep
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gold leaf.
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sible. Price: $2.35 (U.S.A. only).
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SCIENTIFIC AMERICAN
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New York 17, N. Y.
(New York City residents please add 3% Sales Tax)

enclosing check or
money order, to:
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panded the universities” work in the nat-
ural sciences without doing so at the
expense of the social sciences and the
humanities. It has helped them to devote
to teaching money they would have had
to use to maintain research.

The committee, headed by Chester 1.
Barnard and J. W. Buchta, did, how-
ever, find a number of points of friction
between educational institutions and the
granting agencies, and it recommended
some reforms. Faculty members work-
ing on sponsored projects should be paid
through the university at regular uni-
versity rates. Equipment purchased for
a project should be considered the prop-
erty of the institution rather than of the
sponsoring agency, except in special
cases. Contracts and grants should cover
a longer term, to facilitate planning. The
sponsoring agencies should pay the in-
direct costs of research and should be
more liberal in allowing expenses for
attendance at scientific meetings and for
publication of nonclassified material.

The committee urged that classified
research be removed from the campuses
as far as possible, and that work in mili-
tary science and atomic energy be con-
centrated in government-owned centers
such as the Los Alamos Scientific Lab-
oratory.

Kitt Observatory

T he site for the new National Astro-

nomical Observatory has been chos-
en. It will be located on Kitt Peak in the
Quinlan Mountains in Arizona, 40 miles
southwest of Tucson. The site was se-
lected from some 150 considered in a
three-year study by a committee of the
Association of Universities for Research
in Astronomy, which will build and op-
erate the Observatory under contract
with the National Science Foundation.
Plans are to build 36-inch and 80-inch
reflecting telescopes.

The Kitt Peak site, a flat 70-acre area
at an elevation of 6,875 feet, has several
virtues which will complement the loca-
tion of the great telescopes in California.
It covers more of the southern sky and
has clear skies in the winter and the
spring, when California’s skies are apt
to be cloudy. One complication is that
Kitt Peak is sacred to the Papago In-
dians: a cave in the mountain is said to
be the home of a dwarf god. The In-
dians’ councils have agreed to permit
the Observatory on their reservation,
however, on condition that no caves be
molested.

The universities that will operate the
Observatory are California, Chicago,
Harvard, Indiana, Michigan, Ohio State,



MASTERING THE MOLECULE...WITH ELECTRON MICROSCOPY @

RCA Electron Microscope helps build
better cars at General Motors

Automotive masterpieces have virtues that are more than “‘skin deep,” thanks
to basic research with the RCA Electron Microscope. At General Motors Tech-
nical Center in Detroit, studies using the instrument range in scope from
determining deformation in crystalline solids to quality control problems in
connection with heat-treated metals. Recently, GM researchers correlated the
score resistance properties of an alloy used in bearings with the precipitation
of silicon.

Micrographs, such as shown, indicated that optimum performance resulted
when the aluminum-silicon-cadmium-bearing material was heat treated to
precipitate the thin crystallites of silicon throughout the matrix. Particle size
and distribution were studied by means of electron microscopy and positively
identified by electron diffraction.

RCA Electron Microscopes are providing valuable information regarding size,
shape and structure of particles smaller than 20 angstrom units. With the ability
to produce direct electron image magnifications up to 200,000X, the RCA
Electron Microscope is advancing man’s knowledge in many fields, as diversified
as automobiles and cell structures . . . chemicals and viruses. Installation super-
vision and contract service are available through the RCA Service Company.

Tmk(s) ® CAMDEN, N. J.
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Undissolved silicon (large opaque particles)

and thin silicon plates in an aluminum matrix,
magnification 12,000 diameters. (Micrograph
courtesy General Motors Research Staff.)

For full particulars, write to RCA, Dept. F-111, Building 15-1, Camden, N.J.
In Canada: RCA VICTOR Company Limited, Montreal.

RADIO CORPORATION of AMERICA
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FLYING
GLASS

Perkin-Elmer ]broduces precision optics in quantity

for the arrcraft and maissiles of the Space Age

Perkin-Elmer produces special optical
elements —in quantity —to exacting
specifications. Among the optics avail-
able on a steady production schedule
are high quality aspherics mass pro-
duced by techniques exclusive to Perkin-
Elmer, derotation prisms for the MA-2
bombing system that resolve 4 seconds
of arc, and a wide range of improved
optiecs for reconnaissance, aerial pho-
tography, infrared detection, bombing
systems and instrumentation.

If your project requires quality and
special optics in production quantities

EEEEEEEENN,
anctonﬁcalreproducﬁon!

PRECISE e SCALE SKELETON

$30,000 and 4 years to produce!

® accurate model

® instructive, fascinating
® partial articulation

® facsimile bone color

An amazing 12" tall
model of the human skel-

eton, at a price within
reach of every science
student, every classroom.
Thousands already
bought by schools, doc-
tors, lawyers, hospitals,
hobbyists, artists. Con-
versation piece or muse-
um curio. ldeal subject
for photography. A thing
of beauty. Includes in-
struction chart naming
each part, pins for quick
assembly, support stand.

Lifetime durability, made //h o

of remarkable bone-col- llh2 TIALLd

or material. Can be bent, owﬁ'l.vmem sw&o
dropped, struck, without $5' |

. Add 25¢ parcel post.
breaking. No COD's. Guaranteed!

ANDREW TECHNICAL SUPPLY CO.

7072 N. Clark St., Chicago 26, lIl.
A B EE R EEEETER
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you can benefit from the special skills
and facilities developed by Perkin-
Elmer. For information, write us at
915 Main Avenue, Norwalk, Conn.

These are some of the optical elements Perkin-
Elmer makes for military and industrial use:

Aspherics ¢ Prisms ¢ Optical Flats « Schlieren
Windows ¢ Hyperhemispheres ¢ Infrared Opti-
cal Systems ¢ Paraboloid, Ellipsoid, and
Toroid Optics ¢ Periscope Systems ¢ Windows
and prisms for missile applications.

ENGINEERING AND OPTICAL DIVISION

Perkin-Elmer Gy

NORWALK, CONNECTICUT

| AEROJET-GENERAL
CORPORATION

ASTRONAUTICS |
RESEARCH
LABORATORY

Offers Key Research
Positions For

Y PHYSICISTS

Ph.D. or M.S.—for experimental
and theoretical studies of ion pro-
pulsion systems for high-velocity
extraterrestrial flight.

Y RADIATION PHYSICIST

Ph.D. or M.S. familiar with nu-
clear instrumentation and elec-
tronics. Experience in field of
radioisotopes.

v PHYSICAL CHEMISTS

Ph.D. or M.S. with experience in |
high vacuum systems. |

For the opportunity to associate
yourself with a high caliber scien- |
tificengineering team, you are |
cordially invited to send a detailed
technical resume to:

L. L. THOMPSON
AEROJET-GENERAL
j CORPORATION

Box 296
Azusa, California |

A Subsidiary of The
General Tire & Rubber Company |
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Yale and Wisconsin, with the University
of Arizona cooperating.

College Pay

he average salary of college teachers

in the U. S. this year is $6,120, ac-
cording to a study by the U. S. Depart-
ment of Health, Education and Welfare.
In public universities average salaries
range from $5,110 for instructors to
$8,530 for full professors. The corre-
sponding range in private institutions is
$4,230 to $7,360. The highest average
salaries reported were $13,800 for full
professors in one private university and
$12,350 in a public institution. Noting
that salaries have risen 20 per cent in
the past three years, Lawrence G. Der-
thick, Commissioner of Education, com-
mented: “This represents little progress
in relation to other professions. . ..”

Biophysical Year

In their wide-ranging search for facts
about the earth, workers in the Inter-
national Geophysical Year are willy-nilly
undergoing biological experiments them-
selves. The Antarctic program especially
affords a unique opportunity for study-
ing the effects of extreme climatic con-
ditions on man. Such a study has been
set up by the U. S. National Committee
for the I.G.Y.

One of the chief areas of investiga-
tion is Antarctic dentistry. The South
Pole brings out the worst in a man’s
teeth. Small cavities which might go un-
noticed in a temperate climate produce
rousing toothaches in the cold of Byrd
Land. Dead but serviceable teeth hurt
so much they must be pulled out. Alloy
fillings shrink and fall out of their cav-
ities. Gold inlays allow the cold to pene-
trate to sensitive nerves. Despite an
elaborate dental going-over before leav-
ing the States, many of the Antarctic
party have found life there one long
toothache. Dentists with the group are
experimenting with new materials for
fillings and with rubber tooth-guards to
keep out the cold. They are measuring
mouth temperatures under various con-
ditions and looking into psychosomatic
effects.

To find out what adjustments, if any,
the body makes in adapting to the rigors
of polar climate, physiologists are keep-
ing a continual check on the thickness
of body fat, the production of body heat,
the mobility of joints and the sensitivity
of touch. The psychological effects of
cold and isolation also are being studied.
Members of the various expeditions keep

I diaries noting their difficulties and an-



General Cable reports . ..

PROPERTIES OF «“MYLAR”

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

REMARKABLE TOUGHNESS. “Muvlar,"”

the strongest plastic film ever made. is
tough even im extra-thin gauges [t resists
aging. . heat, moisture and most chemicals,

HIGH DIELECTRIC STRENGTH. Aver-
age of 4,000 volts per mil...average power
factor of 0.003 at 60 cycles . . . dielectric
constant above 3.0 at 72°F., 1,000 cycles.

New shielding assembly with Du Pont Mylar®
limits oil drainage ... restricts moisture pickup

PROBLEM: To provide an outer shielding
assembly on General Cable’s high-volt-
age, high-pressure pipe-type cable. The
assembly had to resist oil drainage dur-
ing shipment and storage as well as re-
strict surface-moisture pickup during
installation.

SOLUTION: After extensive tests on vari-
ousmaterials, General Cable Corporation
adopted two new tapes for the outer
shielding assembly . . . one tape was
“Mylar’’* polyester film; and the other,

REG.U. 5. PAT. OFF.

BETTER THINGS FOR BETTER LIVING

... THROUGH CHEMISTRY

DU PONT

MYLAR

POLYESTER FILM

a “Mylar”’ /foil lamination.

RESULTS: General Cable tests showed that
“Mylar’’ provided a tight, yet flexible,
assembly and effectively reduced oil
drainage. The high tensile strength and
other excellent physical properties of
“Mylar” permit its application to the
cable under high tension. “Mylar’’ re-
stricts surface-moisture pickup when the
cable is exposed to air during installation.
“Mylar”’ is not affected by the insulating
oils . . . has no plasticizer . . . will not

*“MYLAR' is Du Pont’s registered trademark for its brand of polyester fiber.

E. I. du Pont de Nemours & Co. (Inc.)

contaminate other materials,

How can “Mylar” help you? Whether
you manufacture high-voltage cable or
tiny components, it will pay you to evalu-
ate the outstanding combination of prop-
erties found only in “Mylar.”” And when
figured on an area basis, this tough, thin
polyester film will often cost less than
materials you are currently using. For
more detailed information, send in the
coupon below.

|

| Film Dept., Room SA-5, Nemours Bldg., Wilmington 98, Del.

| Please send the new booklet listing properties, applications and
| types of “Mylar” polyester film available (MB-11).

| Name Title

| Company

I Address

: City. State
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DAEDALUS

The new journal of intellectual thinking in science,
social studies, humanities, and public affairs

winter 1958 SCIENGE AND THE MODERN WORLD VIEW

articles by
P. W. Bridgman
Harcourt Brown
Jerome S. Bruner
Giorgio de Santillana

Philipp Frank
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Howard Mumford Jones
Charles Morris

Robert Oppenheimer

spring 19586 THE AMERICAN NATIONAL STYLE

articles by
Niels Bohr
P. W. Bridgman
Abraham Kaplan
George I. Kennan

Clyde Kluckhohn
Henry A. Murray
Linus Pauling
Edward Teller
W. W. Rostow
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D/EDALUS THE AMERICAN ACADEMY OF ARTS AND SCIENCES
280 Newton Street, Brookline Station, Boston 46, Massachusetts

Please enter a one-year subscription for DZEDALUS (4 quarterly issues, 1958) :

Name _ Street
City Zone State
[ $6.50 check enclosed [ Bill me
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System
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die-cast corners, extruded
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Electronic
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British Industries Corporation
Port Washington, New York
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noyances—individual and social. Their
records and comments will be analyzed

by psychologists.

Eight-Mill Atomic Power

he Pacific Gas & Electric Company
has laid a large bet that it can make
money on nuclear power. It has con-
tracted to install a 60,000-kilowatt boil-
ing-water reactor on Humboldt Bay, a
remote area in northern California where
the cost of conventional power is high.
When the nuclear plant begins opera-
tion in 1962, it is expected to produce
power at 8.2 to 8.8 mills per kilowatt
hour. Three or four years later its first
core will be replaced by one of more
advanced design and the cost is then
expected to drop to 7.6 to 8.2 mills. The
present cost of power from oil-fired
plants in the area is about eight mills.
The company’s optimism stems from
its experience with a 5,000-kilowatt
boiling-water reactor at Vallecitos, near
San Francisco. This experimental unit,
which has been running since last Oc-
tober, furnishes twice as much steam as
it was designed to produce and has given
remarkably little trouble in operation.
In calculating the nuclear-power costs
the engineers have assumed that the
plant will run steadily at 90 per cent of
capacity and will share service facilities
with conventional plants at the same site.
No charges for land are included. The
plant is to be built by the Bechtel Cor-
poration for a firm price of $20 million.
The cores, which will contain enriched
uranium oxide, will be fabricated by the
General Electric Company. The first one
is expected to cost $3 million, the second

| less than $2 million. At current rates the

annual cost of renting uranium fuel from
the Atomic Energy Commission will be
$200,000.

Formaldehyde Plastics

Formaldehyde, which can be prepared

cheaply from natural gas or coal, can
now be polymerized into a tough and
durable plastic. The new material, called
Delrin, was developed by E. I. du Pont
de Nemours & Company.

Previous attempts to polymerize for-
maldehyde produced solids too easily
decomposed by heat and poor in me-
chanical properties. Delrin is unaffected
by boiling water and will withstand the
heat of an engine. Its toughness com-
pares well with that of nylon, while its
resistance to creep and fatigue is greater
than that of any other thermoplastic. It
resists most common solvents.

The new plastic is expected to find
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MID-PACIFIC/TROPO

A new link in America’s communications for
defense is the Pacific radio circuit under

construction for the U. S. Army Signal Corps.

One type of propagation utilized for this important
system will be tropo scatter. The choice was
quite naturally REL radio equipment—driver exciters,
klystron amplifiers, and diversity combiner receivers.

REL’s acknowledged world leadership in tropo scatter
reflects the unequalled performance and reliability
of REL equipment. More kilowatt miles of tropo apparatus
have been developed and manufactured by REL
than by all other companies combined.

All your specialized communications problems deserve the
imagination and experience of REL.

REL Radio Engineering Laboratories-Inc.

29-01 Borden Ave - Long Island City 1, NY
STillwell 6-2100 - Teletype: NY 4-2816

Canadian representative: AHEARN & SOPER CO « 384 BANK ST « OTTAWA
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PHYSICISTS

ENGINEERS
MATHEMATICIANS

are invited to join the Lincoln Laboratory
scientists and engineers whose ideas have
contributed to new concepts in the field of
electronic air defense.

A brochure describing the following
Laboratory programs will be forwarded
upon request.

HEAVY RADARS

MEMORY DEVICES

TRANSISTORIZED DIGITAL COMPUTERS
SCATTER COMMUNICATIONS

SOLID STATE

AEW (air-borne early warning)

SAGE (semi-automatic ground environment)
SYSTEMS ANALYSIS

In certain of these programs, positions of signifi-

cant professional scope and responsibility are open
to men and women with superior qualifications.

Research and Development

MIT

LINCOLN LABORATORY
BOX 18
LEXINGTON 73, MASSACHUSETTS
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uses primarily in the mechanical field.
It is said to be usable for cams, bearings,
gears and pump impellers. The fact that
it can be colored easily may lead to its
use for household wares such as dishes.

Indulgence v. Discipline

Is it better to bring up children indul-

gently or strictly? Some new experi-
ments with puppies suggest that indul-
gence may have its advantages. But, as
any parent might suspect, it all depends
on the breed of dog.

At the Jackson Memorial Laboratory
in Bar Harbor, Me., D. G. Freedman
tried the experiments with groups of
beagles, wire-haired fox terriers, Shet-
land sheep dogs and basenjis (small
African hounds). Each group was di-
vided in two. Half were brought up “in-
dulgently”: that is, the puppies were
encouraged to do whatever they wanted
and were never punished. The other half
were subjected to strict discipline and
trained to sit, stay and come on com-
mand. At eight weeks of age each pup
was tested for obedience. Placed in a
room with food, it was punished when-
ever it touched the food. The experi-
menter left the room after a few minutes
and watched the pup through one-way
glass to see what it would do. The ex-
periment was repeated for eight days in
succession. Freedman reports the results
in Science.

Among the fox terriers and the bea-
gles the indulged pups tended to be obe-
dient, staying away from the food as
long as 10 minutes, while the strictly
reared pups generally began eating soon
after the experimenter had left the room.
The fox terriers took to sin more quickly
than the beagles.

A distinguishing feature of these two
breeds of dogs is that they are attracted
to and affectionate toward their trainer.
The other two breeds—the Shetlands and
basenjis—are fearful or indifferent to-
ward an experimenter. And they respond
to their upbringing differently from the
fox terriers and the beagles. The timid
Shetlands, whether indulgently or strict-
ly reared, tended to show obedience in
the test. The aloof basenjis tended to be
disobedient, whatever their upbringing.
The indulged Shetlands and basenjis
did, however, show some difference from
their strictly raised fellows: they were
more active, more vocal and less timid.

Follow-up experiments many weeks
later suggested that indulgence is not al-
ways an unmixed blessing. Freedman
found that the indulged beagles, after
exposure to normal experiences, had
grown exceedingly shy.



V4, V2 and 1-second re-
corders speed research
and test projects by pres
serving accurate data.

Measure rapidly changing
variables with £/ectrnoniK

fast speed recorders

Its high-speed recording makes the ElectroniK instrument ideal for
accurately measuring split-second changes in many types of
variables. Three models are available, with pens which traverse
the full 11-inch width of the chart in 14, 14 or 1 second.

ElectroniK fast speed recorders combine the accuracy and depend-
ability of standard ElectroniK instruments with special pens,
specially geared motors and high powered amplifiers . . . to give
precise, complete records.

You’ll find these recorders particularly valuable in rocket or guided
missile testing, spectography and other analyses, and jet engine
development. Use them to measure thrust, torque, strain, tem-
perature, pressure, fuel and air flows, and other rapidly changing
variables requiring continuous, accurate recording.

Get complete details from your nearby Honeywell field engineer.
He’s as near as your phone.

MiNNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division,
Wayne and Windrim Avenues, Philadelphia 44, Pa.

Honeywell
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Correct Lubrication in Action...

Endicott Johnson saves

This unique leather polishing machine speeds its
heavily loaded roller back and forth over every inch
of a leather side. Like all the other machines

in these Endicott Johnson plants, its complex parts
are protected by Mobil Correct Lubrication

u
Complete Engineering Program Mo bl I
Proved Petroleum Products

SOCONY MOBIL OIL CO., INC,, and Affiliates: MAGNOLIA PETROLEUM CO., GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL CO., INC.
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$19,080.. .with the help of Socony Mobil

Leading shoe manufacturer cuts downtime and maintenance...

increases production... all through Mobil’s lubrication program!

Endicott Johnson’s records offer impressive
proof of how a Mobil Program of Correct Lubri-
cation can cut maintenance costs and improve
production. Total savings in 1957 alone amounted
to $19,080.

The major share of these savings was made in
Endicott Johnson’s Upper Leather Processing
Plant. Mobil engineers, in close cooperation with
plant personnel, analyzed lubricant application
methods . . . set up schedules and lubrication

Special grease saves $1,075. Six blower breakdowns
a year were occurring in ovens used to dry leather.
300°F. temperatures caused bearings to fail. Mobil
recommended high temperature grease. Failures
ceased, grease consumption was cut 50%,.

Moobil sizing ingredient saves $5,039. Mobil represen-
tative suggested new ingredient for production of
fiber board used in shoe counters. New product per-
mitted use of less rosin in sizing process.

records for every machine. As a result, application
time was cut 33% . . . a saving of $12,466.

Every phase of Mobil Correct Lubrication is
designed to cut maintenance costs. For example,
Mobil’s in-plant training courses can instruct your
personnel in the most up-to-date lubrication
methods. Mobil laboratory service can supply in-
valuable information on oil condition. These serv-
ices, and many more, are yours when you rely on
Mobil. Why accept less for your plant?

ottt /

Mobil specialist avoids costly gear replacement. Mobil
gear specialist made a study of all gears in Endicott
Johnson’s Paracord plant. His recommendation to
reverse certain gears to compensate for wear avoided
replacement . . . saved a substantial sum.

$500 saved.

Stuffing wheel failures eliminated . . .
Severe operating conditions made it necessary to
overhaul one of these huge wheels a year. Mobil
recommendation made overhaul unnecessary.

Correct Lubrication

Another reason Youre Miles Ahead with Mobil ¥
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The Teaching

ol Elementary Mathematics

Continuing a survey, begun last month, of the current ferment

in science education. The outlook in mathematics: The next few

vears will bring substantial changes in high-school curricula

and are occasionally called upon for

help on his math, you may not re-
member the answers but you recognize
the problems. It is the same old math
that was taught a generation ago and
indeed 200 years ago. The methods and
the subject matter have not changed.
But a revolution is impending. Deeply
dissatisfied with the way mathematics
has been taught, several influential
groups of educators have begun to ex-
periment with radically new methods of
presenting the subject. There are high
schools where sophomores are now tak-
ing home problems such as this: Prove
that [A, B/I/] if and only if (A € [ and
B 1) and AB N | = &. (Translated
this reads: “Prove that a point B lies
between another point A and a line !
if and only if A is not a member of [ and
B is not a member of | and the segment
AB does not intersect 1.”)

There are sharp differences of opin-
ion about whether this sort of thing is
helpful or will get very far. But on one
thing almost everyone agrees: The old
mathematics course must go. It does not
tell the students what mathematics is all
about. It does not give them any real
understanding of the principles of the
subject. It is so far behind the times that
it leaves out practically all the new
ideas and discoveries of the past 100
years. And above all, it has managed
to make mathematics about the most
unpopular of all branches of learning.
Even cultivated men declare their ig-
norance of mathematics with a defiance
akin to pride.

Something has to be done to make

If you have a youngster in high school

64

by E. P. Rosenbaum

mathematics more meaningful and more
exciting. At least three major attempts
are under way. I shall try to report
briefly the rationale and tactics of their
approach.

Their underlying theme is to modern-
ize the subject matter taught—more or
less (some want to go modern farther
than others). Going modern means
mainly two things: pruning out dead
wood and introducing some of the new
fundamental ideas which within the last
century have given more meaning and
unity to all the traditional branches of
mathematics.

As an example of dead wood one can

cite the considerable attention devoted
in trigonometry textbooks to solving tri-
angles with logarithms. This was the
only method available to surveyors and
navigators a century ago; today tech-
nicians punch out the answer in calcu-
lating machines. Also in the category of
dead wood are some of the classic
Euclidean “proofs” of geometry; they
are not really proofs at all. Today a
mathematician attacks these problems
with the calculus and the idea of limits,
and arrives at truly rigorous proofs.
Mathematics as now taught in the
lower schools and even in college seems
to be a collection of separate subjects.

MODERN APPROACH to high-school mathematics is being tried by the University of
Illinois Committee on School Mathematics. The photographs on these and the two following
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Each has its own apparently arbitrary
rules, taught by rote. But work on the
foundations of mathematics in the last
century has shown that all the branches
of mathematics can be reduced to purely
abstract terms, with common properties.
As numbers are the elements of algebra,
so points and lines are “primitive” ele-
ments of geometry, and we can deal with
sets of either in the same way—indeed
with the same operations. The rules of
mathematical logic are universal. These
basic ideas and logical processes can
be taught even to school children, the
modernists believe. In learning them,
students will find mathematics more
understandable and more meaningful.
They will also get at least some ac-
quaintance with modern thinking in
mathematics.

The College Board Program

Foremost among the projects for mod-
ernizing the teaching of high-school
mathematics is that of the Commission
on Mathematics of the College Entrance
Examination Board. This group, set up
in 1955, is preparing a considerable
revision of the high-school courses. Be-
cause the Commission represents a
wide range of views, and because it
hopes to exert an almost immediate in-
fluence on every school in the country,
its program is comparatively conserva-
tive. It proposes to change the approach
and spirit of the algebra course without
altering the content substantially. It is
revising the geometry course consider-
ably. It wants to make certain changes

pages show Max Beberman, director of the project, teaching a
first-year class how to solve equations. The squares on the black-

in trigonometry. And it would add some
entirely new courses to the high-school
curriculum.

Algebra, like geometry, can be re-
garded as an abstract deductive system.
It is built up from a set of undefined
primitive notions and a number of as-
sumed axioms. From these all the other
rules and facts can be deduced by logical
reasoning. The Commission does not pro-
pose to make high-school algebra purely
an exercise in abstract deduction, but it
believes that students should be led to
appreciate the deductive nature of alge-
bra, should learn what the axioms are
and how they are used to prove some of
the principles. The necessary skills in
manipulating algebraic expressions will
be easier to learn when the reasons be-
hind the manipulations are understood.

What are the “primitive” notions of
algebra? They are the notions of num-
ber and of operations such as addition
and multiplication. The axioms likewise
are simple concepts—so simple that they
hardly seem to need stating. If a and b
are numbers, then a + b is a number.
Ifa=bandc=d,thena+c=b+d
(if equals are added to equals, the sums
are equal). Then there are the “commu-
tative” laws,a + b = b + a, and a X
b = b X a; the “associative” laws, e.g.,
(a+b) +c=a+ (b+ c), and the
“distributive” law, a (b + ¢) = ab + ac.

Although they may appear mere plati-
tudes, these rules form a mathematical
system which underlies all the familiar
manipulations of elementary algebra and
provides a foundation for deriving fur-
ther principles. Consider the theorem
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that the sum of two even numbers is
also even. To begin the proof, evenness
is defined as follows: A number n is even
if and only if there is another number p
such that n = 2p. The problem is: Given
that a and b are even numbers, prove
that a + b is even. By the definition of
evenness we can say that a = 2x and
b = 2y. By the axiom about adding
equals, a + b = 2x + 2y. The distribu-
tive axiom says that 2x + 2y = 2 (x +
y). Since x and y are numbers, x + y is
a number. Hence 2 (x + y) is an even
number and so a + b is even.

It may strike a layman that high-
school freshmen will be neither attracted
nor edified by such a laborious proof of
a seemingly obvious idea. There are
mathematicians who hold the same view.
But the proponents argue that in a well-
taught course exercises of this kind mayv
become an intriguing journey into the
realm of mathematical rigor.

The Theory of Sets

A central feature that distinguishes
the “new” algebra is its use of the theory
of sets, one of the most powerful tools
of modern mathematics. A set is simply
a group or collection. The books on a
shelf, the people in a room, the letters of
the alphabet, the numbers 1, 2, 3, 4 and
5—each of these groups is an example of
a set. The set may have only one mem-
ber or none at all (in which case it is the
“empty” set). Or it may be infinite: e.g.,
all the points inside a circle, or all the
positive integers. Mathematicians com-
monly denote a set by listing its mem-

board represent spaces for a numeral. They are used instead of x
early in the course to make clear the meaning of letters in algebra.
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bers within braces, e.g., {1, 2,3, 4, 5]}.
There is also a conventional shorthand
for statements about sets and their mem-
bers. For example, the statement that 4
is a member of the set A is written 4 €
A; that 6 is not a member of the set is
written 6 ¢ A. To say that A is a subset
of B they write A C B. The empty set
is “#”. The letter U denotes a “univer-
sal” set—embracing all the members per-
tinent to a particular discussion; for
example, the universal set for plane ge-
ometry consists of all the points in a
plane.

This unfamiliar language may seem
an undue burden to place on beginning
students in mathematics, but actually
with a little practice it soon becomes
easy to read—considerably easier than
mastering stenographer’s shorthand.

To illustrate the operations on sets I
shall mention only three. The union of
two sets A and B (written AU B) is the
set consisting of all the members that are
in A, in B, or in both. Thus the union of
11,2,8,4}and {2,38,4,5}is {1,2,3,
4, 5}. The intersection of two sets (A N
B) is the set of all the elements that are
common to the two sets. Thus the inter-
section of {1, 2, 3, 4} and { 2, 3, 4, 5}
is{2, 3, 4}. Finally, the complement of
a subset A (written A) is all the mem-
bers of the universal set that are not in
the subset; e.g., if the universal set is
{1,2,3,4,5} and a subset is {2, 3}, its
complement is {1, 4, 5 }. These ideas can
be presented in a graphic way by simple
figures known as Venn diagrams [see
page 69].

Set theory helps to lay bare the unity

SEQUENCE IS CONTINUED as Beberman discusses the meaning
of equations and of the transformations used to solve them. Some
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of mathematics. Algebra and geometry
are both concerned with sets—algebra
with sets of numbers, geometry with sets
of points. The specific operations in both
subjects can be considered examples of
the general set operations of union, in-
tersection, and so on.

Let us see how the concept of sets
can help to clarify the notions of a vari-
able and of an equation in algebra. The
College Board group recommends that
students be taught first of all that algebra
deals with sets of numbers and relations
between them. They would then learn
that a variable is simply a general name
for members of a set. As such it can be
represented by a letter. For example, if
the set is the series of all the whole num-
bers, then x can be any whole number,
and x + lcanbel + 1 or2 + 1 or
3 + 1, etc. Further, an equation is a
statement about a relationship between
members of a set. It may be true or false:
3 + 2 =5istrue, 3 + 2 = 6is false, but
both are statements. If a statement con-
tains letters, it is noncommittal: x + 2 =
5 is neither true nor false until the place
held by « is filled with some member of
the appropriate set. Early in the course
the students would also learn to work
with inequalities, using the symbols >
(greater than) and < (less than).

Now any relation can be regarded as
a specification for selecting a certain sub-
set from the universal set of numbers un-
der consideration; in set terminology it
can be called a set “builder.” Thus if the
universal set is all the real numbers, the
relation x + 2 = 5 selects the set {3},
or x + 2 > 5 selects the set of all num-
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bers greater than 3. The set selected by
a relation is known as its solution set.

The same concept applies to pairs of
numbers and can deal with an equation
with two unknowns, conventionally rep-
resented by x and y. Such an equation
of course has more than one solution.
For example, the set selected by the
equation 5x + 3y = 15 includes such
pairs as (0, 5), (3, 0), (1, 3%). Now
anyone familiar with coordinate systems
recognizes this at once as the wedding
of algebra with geometry: a pair of num-
ber variables (x, y) can define either a
point or a line [see diagrams on page
70]. Thinking in terms of sets, a student
can see that the solution of two simul-
taneous equations of algebra is a matter
of finding the intersection of the two
solution sets: the solution is the pair of
numbers that is common to both sets.

The notion of sets is particularly help-
ful in dealing with inequalities. The
meaning of an expression such as 5x +
3y > 15 becomes clearer when it is
considered as the selector of those pairs
of numbers (or points) that lie above
the line 5x + 3y = 15 on a graph. The
expression x> + y? < 16 selects the
points inside the circle x? + y2 = 16.
To “solve” this pair of inequalities simul-
taneously is again a question of finding
the intersection of their solution sets [see
the middle diagram in the second col-
umn on page 70].

All these are merely examples to illus-
trate the College Board group’s approach
in its proposed revision of the algebra
course. Except for the emphasis on
inequalities, it does not appreciably

excerpts: Teacher: “How can we be sure this equation is true?”
Pupil: “If we replace the holes by numbers, er, by numerals, the



change the subject matter of the course,
but it offers that subject matter in a new
context.

The New Geometry

In geometry the group proposes to
change the course radically. In the first
place, it wants to eliminate most of the
propositions and theorems that students
are now required to prove, on the
grounds that the students will already
have had some training in deductive rea-
soning in the algebra course and that
many Euclidean proofs can be demon-
strated more easily by other methods.

The College Board Commission would
cut down the theorems to be proved
to about 12, in place of the 100-odd in
today’s geometry books. These 12 would
provide a sample of how the facts of
geometry can be deduced from a set of
axioms. From them the students would
develop theorems and facts about trian-
gles, parallel lines, similar triangles and
finally the Pythagorean theorem (a tri-
angle is a right triangle if and only if
the square of the hypotenuse is equal to
the sum of the squares of the two sides).
The reason for stopping with the Pytha-
gorean theorem is that it makes possible
a shift to analytic geometry—that is, alge-
braic solution of geometric problems
with the help of graphs. The analytic
methods show the use of solution sets in
geometry [see diagrams on page 71].

The Commission does not propose to
abandon classical Euclidean proofs en-
tirely. Some problems are in fact easier
to solve by the Euclidean procedure

two sides of the equation are both names for the same number.”
Teacher: “What principles did we use in this operation?” Pupil:

than by the analytic method. Students
would be encouraged to find and use the
most effective approach to each problem.

The recommended short cuts would
reduce the time needed to cover plane
geometry to less than a year, and the
Commission proposes to use the time
saved to include some solid geometry.
Students would be encouraged to think
in three dimensions as well as in two,
and they would study the important
theorems of solid geometry, mostly from
an intuitive point of view.

In the third year, after elementary al-
gebra and geometry, the mathematics
course would go on to further work in
algebra and some trigonometry, with
emphasis on the mathematical behavior
of the trigonometric functions (sine,
cosine, etc.) and their application to
such problems as the study of vectors
rather than the solution of triangles. For
the fourth year the Commission would
offer students who continued in mathe-
matics two half-year courses. The first,
called elementary analysis, would deal
with the idea of relations and functions
from a more advanced point of view. It
would investigate the properties of poly-
nomials (algebraic expressions contain-
ing many terms) and of logarithmic, ex-
ponential and trigonometric functions.
The idea of limits would be introduced
informally, and students would learn a
little calculus, i.e., how to differentiate
and integrate polynomials. In the second
half of the year there would be a course
in probability and statistical inference.
Here a student would learn to deal with
sets of scattered measurements or obser-
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vations by means of statistics. He would
learn how mathematics is applied to
processes governed by chance. The
course would demonstrate some of the
methods of computing the reliability of a
sampling program and of measuring the
statistical significance of results. The
Commission points out that this material
is probably more closely related to the
daily lives of people than any other part
of mathematics. Also, statistics and
probability are becoming increasingly
important in science and industry.

Because most of the topics in the prob-
ability course have never been taught in
high school, the Commission has pre-
pared a new textbook for this course; it
is already being used in a few schools.
The book presents the subject first intui-
tively and then from a more formal
mathematical standpoint. Set theory is
used extensively in the course. I found
the text readable and interesting and the
material no more difficult than many of
the traditional topics in advanced high-
school mathematics.

The Commission also would like high
schools to offer, for students who take
part in the College Board’s Advanced
Placement Program, a course in calculus
and analytic geometry—the usual college
freshman course.

Such, in brief, is the College Board
Commission’s program for reforming the
teaching of mathematics in the nation’s
high schools. It is urging schools and
teachers to try all or any part of its ideas,
in the hope that the ideas can be tested
to see which will work and which will
not. It is confident that once students

“We used the commutative principle and added, and we also used
the distributive principle to combine the 12 square and 175 square.”
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IDEAS OF SET THEORY play a major role in the Illinois course. represent the sets of number pairs belonging to the two equa-
In this sequence Beberman applies them to the solution of simul- tions. The solution is their intersection. C and D (bottom) are
taneous equations. In the material on the blackboard A4 and B the sets formed by the elimination of x and y respectively.
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have been introduced to the beauty of
modern mathematics, the subject will
acquire a new vitality in the schools.

Although the Commission’s program
is merely a proposal, obviously the Col-
lege Board is in a position to exercise a
powerful effect on the high schools,
through its examinations and its close
relationship with leading colleges. The
Commission has already begun to reach
teachers throughout the country by
means of pamphlets describing phases of
its work, and it will publish its compre-
hensive report this fall. Very probably
its suggestions will generate the writing
of radically new textbooks within the
next couple of years.

The Illinois Program

Now let us turn to another approach—
the program stemming from the Univer-
sity of Illinois, which has had some pub-
lic attention in newspapers. The leading
spirits of this movement are Max Beber-
man, a teacher in the University High
School at Illinois, and Herbert E.
Vaughan, a mathematician on the Uni-
versity faculty. They have worked out a
program which goes so far in the direc-
tion of modernism that it makes the Col-
lege Board Commission’s program look
almost antique.

The Illinois experiment began at the
University High School, an adjunct of
the University’s College of Education, in
1952. It has grown into a four-year pro-
gram which is being tried this year in a
dozen high schools in Illinois, Missouri
and Massachusetts, and is also being
taught to interested employees of the
Polaroid Corporation in Cambridge,
Mass. With financing from the Carnegie
Corporation, the Illinois group has pro-
duced a complete series of textbooks and
teaching manuals and brings teachers to
the University for up to a year of ob-
servation and indoctrination in its
courses.

The approach to mathematics via ab-
stract generalizations is the very corner-
stone of the Illinois program—not merely
an exercise in reasoning or a sampling
of some of the foundations of mathe-
matics. Pupils in the ninth grade begin
their study of algebra with a set of
axioms from which they proceed to
prove all the rules they must master. The
axioms, called “principles of arithmetic,”
include such things as the definition of
zero (any number times zero equals
zero), the definition of the number 1
(any number times 1 equals itself) and
of course the commutative, associative
and distributive laws. The children are

led into their rigorous program by easy
stages, sometimes in story form. For ex-
ample, they learn that a number must
be distinguished from the symbol used
to represent it by means of a corre-
spondence between Ed Brown, a student
at “Zabranchburg High,” and Paul
Moore, a pen pal in Alaska. The two
chums have fallen into the unlikely
habit of writing each other about arith-
metic. Young Paul advances the reason-
able proposition that if you take 2 away
from 21, you should be left with 1. Ed
is startled: is this a joke, or does Paul
have something? The text straightens
things out by explaining that “21” is a
name for the number, not to be taken
too literally. It goes on to show that the
number 21 can be described by other
names: e.g., “20 + 1”7 or “7 X 8.” The
pupils proceed to learn that a letter can
stand for a number and that it can be
given various meanings (i.e., it is a
“variable” or “placeholder” for a num-
ber). Indeed, the teacher uses blank
boxes for the unknown numbers in equa-
tions [see photographs on pages 64 and
65]. A substantial portion of the first-
year course is devoted to driving this
point home. The text observes that a
letter plays the same role in a mathe-
matical statement that a pronoun does
in ordinary language. The statement “x
+ 2 = 67 is like the sentence “He was
a president of the U. S.” Neither is true
nor false until a name is put into the
proper place. The teacher calls the let-
ters of algebra “pronumerals,” and uses
this term throughout the course.

A good part of the first year is also
given to introducing and exploring the
idea of sets. Because of the long pro-
numeral introduction and the careful
development of the set concept, the
course covers less ground than the tra-
ditional course in elementary algebra.

In the second year the program goes
modern for fair. This course is nothing
less than “a development of Euclidean
geometry which is as rigorous as, for
example, that due to Hilbert, and yet
which is, we believe, accessible to stu-
dents who have mastered the first
course.” It attempts to make clear the
nature of geometry as a pure deductive
theory which, in itself, has only logical
structure and is empty of content until
specific interpretations are introduced.
Consider, for instance, three postulates
which are necessary for deducing the
rules of Euclidean geometry. These are:
(1) every line is a set of points and con-
tains at least two points; (2) there are
three points which do not belong to the
same line; (3) every two points any-
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VENN DIAGRAMS are simple pictorial
representations of set relations. Top dia-
gram expresses the idea that B is a subset
of A. Shading in second and third diagrams
indicates the union of A4 and B. In fourth
diagram it indicates their intersection. At
bottom it represents the complement of A.
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'{x x+2=5}

SETS ARE REPRESENTED geometrically
as well as algebraically. Dot represents
the set described by equation x 4+ 2 = 5.

-2 -1 0 1 2 3 4 5 6
;x x+2>5 }
INEQUALITIES also describe sets. The

heavy section of the line in this diagram is
the infinite set described by x 4+ 2 > 5.

!_
|
{X,y‘5x+3y=}5}

TWO-VARIABLE expressions describe sets
of pairs of numbers. Points on this line
represent pairs belonging to 3x -+ 3y = 15.

{x,y‘5x+3y> 15}

SET-BUILDER idea helps give meaning
Shaded area represents
set selected by the inequality in brackets.

to inequalities.
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{xy

NUMBER PAIRS that belong to the set
selected by the inequality appearing above
are graphed as the points inside a circle.

X+ vt < 16}

{x,y 2 +y< 16} ) {x,y
INTERSECTION of sets described by two
inequalities is represented graphically by
the heavily shaded area in this diagram.

5x+3y>15}

AB =Vix2 — x1)? + lyz — yi)?

DISTANCE FORMULA in analytic geome-
try appears under this diagram. Lower-case
letters are coordinates of end-points of line.
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where are contained in a line. The teach-
er brings out that the words “point” and
“line” can be interpreted in various
ways. The main model used in the course
is the “number plane,” where points and
lines are defined in terms of pairs of
numbers (x, y); the course develops all
the necessary postulates of plane ge-
ometry from this model. But to empha-
size that the deductive system can have
various concrete interpretations, the
teacher examines several models, includ-
ing one in which “point” stands for busi-
nessman and “line” for a partnership.
The postulates apply here just as they
do in geometry. Suppose there are three
businessmen, A, B and C, each of whom
forms a two-man partnership with each
of the others. Each partnership (AB, AC
and BC) is a set of businessmen and
contains at least two members (postu-
late 1). None of the partnerships con-
tains all three businessmen (postulate
2). Every two businessmen are con-
tained in a partnership (postulate 3).

I can make a little clearer how the
teacher and children deal with these
matters by quoting a recording of a re-
view discussion of postulate systems be-
tween Beberman and a bright class:

Teacher: “Where do these postulates
come from?”

George: “From the number plane.”

Teacher: “What do you mean by
that?”

George: “They are properties of the
number plane.”

Teacher: “If were talking about the
number plane when we say, for exam-
ple, that each line is a set of points and
contains at least two points, is that state-
ment true or false?”

George: “True.”

Teacher: “But suppose we are not
talking about the number plane. Then
what about these postulates?”

George: “False.”

Chorus: “No!!”

Jim: “You have to give a specific
meaning to ‘line’ and ‘point’ before you
can tell whether they are true or false.”

Teacher: “What is a ‘model” of a pos-
tulate system?”

Jane: “Something that has the proper-
ties expressed by the postulates or that
satisfies the postulates.”

Teacher: “Suppose there are several
interpretations for the postulates. You
can be talking about the number plane,
or about businessmen and corporations,
or about class presidents and commit-
tees. So what?”

George: “Well, when you try to de-
duce a theorem from the postulates, you
can use a model to find out in some cases



that you can’t deduce it because it’s false
for that model.”

In the hands of a teacher like Beber-
man the discussion in a better-than-
average class is alert and spirited. A leaf-
let put out by the Illinois group asserts:
“High-school students have a profound
interest in ideas. They enjoy working
with abstractions. . . . Despite the cur-
rent fashion to point out the usefulness
of mathematics in various occupations,
most high-school students are not genu-
inely stirred by such a ‘sales campaign.’
The goal of vocational utility is too re-
mote to make much difference to a ninth
grader. He wants to know how mathe-
matics fits into his own world. And, hap-
pily, that world is full of fancy and
abstractions. Thus students become in-
terested in mathematics because it gives
them quick access to a kind of adven-
ture, which is enticing and satisfying.”

The course is frankly experimental.
Some of the material has proved too
time-consuming or too hard to teach. At
the moment the Illinois group is consid-
ering whether it should postpone some
of the rigorous development to the
fourth year. But Beberman starts with
the attitude that you don’t know what
you can teach children until you try.

It is too early to tell how much the
pupils eventually get from the course;
the first group is just completing the
four-year program this term. But I have
visited the University High School class-
room and can testify that the students
seem to carry their burden cheerfully
and even enthusiastically. The big ques-
tion is: How would such a course go
generally? Some critics concede that it
may work well with a gifted teacher and
bright students but strongly doubt that
the average teacher or the average class
could handle it successfully.

The Critics

There are those who believe that the
whole approach of the modernists is fun-
damentally wrong. One of the most ar-
ticulate of these critics is Morris Kline,
a professor at New York University’s
Institute of Mathematical Sciences and
a popular writer on modern develop-
ments in mathematics. He doubts that
the abstract approach will get young-
sters interested in mathematics.

Kline argues that you do not abstract
until you know what you are abstracting
from. Professional mathematicians did
not arrive at an understanding of the
abstract general features of mathematics
until after they had explored many of
its specific branches. Why should a

schoolboy be expected to? Moreover,
Kline believes that set theory has no
place in an elementary curriculum: its
applications there can only be trivial,
and even its importanee in advanced
mathematics is overemphasized.

Kline and others hold that the way to
stimulate more interest in mathematics
is to make the teaching more concrete
rather than more abstract—to relate it
more vividly to problems of the real
world. Kline would introduce mathe-
matical ideas by means of simple physi-
cal experiments and examples drawn
from fields such as music and other arts.
An active advocate of this sort of ap-
proach is the English mathematician and
teacher W. W. Sawyer, now at the Uni-
versity of Illinois. Sawyer has built a

let AD and BE intersect at P.

Mark M and N, mid-points of AP
and BP respectively.

ED is parallel to AB and equal to
V2 of it.

MN is parallel to AB and equal to
V2 of it.

.. EDis parallel and equal to MN.

~. MP=DP and EP = NP.

But AM = MP and BN = NP.

~ Pis % of the way from Ato D
and from B to E.

By the same construction, using AD
and CF, their intersection can
also be shown to be %3 of the
way from A to D.

. the medians intersect in a com-
mon point which divides them in
the ratio of 2:1.

Q.E.D.

number of simple devices which he uses
to illustrate mathematical ideas [see
photographs on next page].

But the anti-modernists seem to be
in a losing cause. They are not organ-
ized, nor have they formulated a specific
program. Meanwhile the modernist
movement is spreading rapidly. At the
college level, a number of colleges have
adopted a new freshman course de-
signed by a committee of the Mathe-
matical Association of America. The
course consists of a half year of calculus
and a half year on modern topics, col-
lectively called “discrete” mathematics.
It deals with noncontinuous sets (i.e., of
discrete numbers or objects). This
branch of set theory is finding increasing
application in science, particularly social

By the rules for writing equations
of lines, the equations of AD, BE
and CF are respectively

cx + (2a — bly = 2ac
cx + (2b — aly = 2bc.
2cx + (a + bly =2ac + 2bc

These three equations have the
common solution

x=23(a+bl,y=2%c

.. the medians meet in a common
point.

Substituting the proper coordinates
in the distance formula shows
that

AP = 2PD, BP = 2PE and CP = 2PF
Q.E.D.

PROOF OF THEOREM (the medians of a triangle meet in a common point which divides
them in the ratio 2:1) is done by Euclidean method (left) and analytic geometry (right).
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SIMPLE MECHANICAL DEVICES are used by mathematician tween the rate of flow of liquid and its level in the vessel. At
W. W. Sawyer to illustrate mathematical principles. At top is a bottom is a balance for which students discover a relation between
water clock whose design involves calculations of the relation be- position of the counterweight and number of nuts in weighing pan.
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science, which deals typically with
groups of persons, units of product, etc.
Even physics is discrete at the atomic
level, and matrix algebra, one of the
topics in discrete mathematics, lies at
the foundation of quantum theory. The
new college course is intended to give
liberal arts students a taste of some mod-
ern mathematical ideas and also to ac-
quaint social science majors with mathe-
matical techniques. The text now in most
common use includes symbolic logic,
probability, the algebra of vectors and
matrices, the theory of games and linear
programming.

The Teachers

Mathematics teaching in the nation’s
high schools and elementary schools ob-
viously will not be changed overnight.
Most teachers are not prepared to teach
either the modern material or any other
new scheme. However, the current great
expansion of teachers’ summer institutes
and in-service courses, financed by the
National Science Foundation, private
corporations and others, is a golden op-
portunity. This summer there will be 10
university institutes in mathematics, all
teaching mainly the modern topics.
Some 40 other universities are offering

courses in both mathematics and science, |

and most of them are stressing the mod-
ern approach. It appears likely that most
U. S. high schools will have shifted more
or less toward the modern approach
within five years or so.

Finally I must mention a new project
which in the long run may have a strong-
er impact on mathematics teaching in
the U. S. than any of the programs dis-
cussed in this article. It is the School
Mathematics Study Committee, set up
by the mathematics department of Yale
University and patterned after the Phys-
ical Science Study Committee at the
Massachusetts Institute of Technology
described in this magazine last month
[see “The Teaching of Elementary
Physics,” by Walter C. Michels, April].
The new group will enlist a large num-
ber of mathematicians and teachers to
consider mathematics teaching in high
schools and junior high schools, and very
likely it will prepare an elaborate pro-
gram of textbooks and other teaching
aids, as the physical science group is do-
ing. This summer the Committee will
hold a conference to review the present
experiments and the whole problem.
What it will come up with is anyone’s
guess, but in manpower and financial
support it may well carry more weight
than any other group seeking to revital-
ize the teaching of mathematics.

THE
ELEMENT

OF
FREEDOM

Freedom is doing what you like. Some engineers like best to match
their wits against difficult problems. This characteristic (or idio-
syncrasy) of liking complicated technical problems is one of the
chief qualifications of the engineer we need.

His work will involve advanced computer input-output
equipment, specifically simulation devices, in the largest man-

computer system in the nation.
—

The position requires at least three years’ experience, pref-
erably in a combination of the following fields: electro-optical

equipment, photo-chemistry and circuit design.
e —

You are invited to write for more information or phone col-
lect. Address R. W. Frost, System Development Corporation, 2420
Colorado Avenue, Santa Monica, Calif.; phone EXbrook 3-9411.

11-31

SYSTEM DEVELOPMENT CORPORATION

{
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Shaping the future with Du Pont's

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

“Orlon", “Teflon” and "Super Cordura”

E—— B ] N

TOMORROW'S MOBILE ELEVATED SIDEWALKS

... reinforced with Du Pont industrial fibers

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

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

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

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

*Registered Du Pont trademarks.

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

REG. U.S. PAT.OFR

BETTER THINGS FOR BETTER LUVING . . . THROUGH CHEMISTRY

WRITE FOR YOUR COPY

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

DU PONT FIBERS
FOR INDUSTRY
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proved and used
in the

atomic submarine
program

The USS Skate—recently made record submerged crossings of the Atlantic both ways.
Built by Electric Boat Division of General Dynamics Corp. World Wide Photo.

The Nautilus, The Seawolf, The Skate, The Swordfish, tries, too . . . in power plants the country over . . .
The Sargo, The Seadragon, The Skipjack, The Triton— UniBestos has well earned its reputation as “the
these are the nuclear submarines now in service or world’s finest pipe insulation.” Sizes to 44" o.d. Single-
under construction with UNMBEsT0s Pipe Insulation. In  layer thickness to 5”. Write for specific recommenda-
the petrochemical, petroleum, and processing indus- tions, competitive prices, and literature.

The USS Nautilus—first atomic-powered submarine. Built The USS Sargo—first atomic sub The USS Seawolf, built by Electric
by Electric Boat Division of General Dynamics Corp. built by Mare Island, Calif., Navy Boat Division of General Dynamics
United Press Photo. Yard. World Wide Photo. Corp. Official U.S. Navy Photo.

PIPE INSULATION

®

UNION ASBESTOS & RUBBER COMPANY
1111 W. Perry Street, Bloomington, lllinois
INSULATIONS « PACKING « GASKETING « ASBESTOS TEXTILES « INSULATING CEMENTS
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A Study of Sell-Disclosure

How much of what we know about ourselves do we tell others? Plainly

it varies with the individuals involved. This variation is evamined

as an approach to the problem of how we form personal relationships

he novelist Thomas Wolfe asked,

“Which of us has known his

brother?” His question is a sharp
social comment which goes to the heart
of all human relations. No man fully
knows another, for no human being ever
fully discloses himself, even to his closest
intimates. Most of us live behind a wall
or smoke-screen which in some degree
hides our true thoughts, feelings, beliefs,
desires, likes and dislikes. If no one really
understands us, we are ourselves partly
to blame. By the same token, if preju-
dice, fear and conflict between man and

C0O—-

SELF-DISCLOSURE WAS STUDIED by means of a questionnaire
which asked subjects to indicate how much they disclosed about

by Sidney M. Jourard

man stem largely from misunderstand-
ing, we must lay a major share of the
responsibility upon man’s all-too-human
reticence.

Self-disclosure itself is not a topic peo-
ple like to talk about. Yet as a basic so-
cial and psychological variable it cer-
tainly warrants scientific study. People’s
willingness or reluctance to disclose
themselves reflects at once the culture
of their society, their individual person-
ality and some fundamental character-
istics of human nature in general.

The psychoanalyst Erich Fromm, de-

© 1958 SCIENTIFIC AMERICAN, INC

fining love, has observed that one neces-
sary condition is knowing the loved one.
I would add to his definition the propo-
sition that loving also entails wanting to
make oneself known to the loved one.
But the question of self-disclosure goes
deeper than mere willingness. People
often cannot disclose themselves, even
if they would, because they do not know
their real selves—what they really want,
feel or believe. Karen Horney has called
this phenomenon of being a stranger to
oneself “self-alienation,” and she finds it
characteristic of neurotics. It may be sig-

e,

themselves to specified individuals such as their parents or their
friends. The kinds of disclosure were divided into six categories.
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DIFFERENCES IN SELF-DISCLOSURE are plotted. The three charts at top plot six
categories of disclosure against the amount of disclosure by unmarried and married white
females to mother (left), father (center) and female friend (right). The amount of dis-
closure is scored on a scale in which 20 is full disclosure. The charts at bottom plot the
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categories against the amount of disclosure
by unmarried and married white males to
mother, father and male friend. The black
curve in each chart is disclosure to spouse.

nificant of modern society that so many
people have taken to the psychoanalyst’s
couch to try to know themselves.

l’n this article I want to tell about some
studies of self-disclosure that we
started several months ago. They are a
small but encouraging beginning in
what promises to be an interesting field
of research. Our approach is statistical.

We devised a questionnaire asking peo- |

ple how much they disclosed about

themselves to specified individuals— |
their parents, friends and spouses. The |

questionnaire covered six categories of
the subject’s personal affairs: his atti-
tudes and beliefs (e.g., on religion), his
tastes and interests (e.g., in food), his
feelings about his work or studies, his
money affairs (e.g., income), his worries
about his personality and his concerns
with his body or physical appearance. So
far we have administered this question-
naire to several hundred subjects, most
of them college students, and made some
interesting findings.

The first study I shall report was on a
sample of college students, all about the
same age, all unmarried and all from
middle-class homes. They included
whites and Negroes, men and women.
We asked each subject how much he or
she disclosed to mother, father, closest
male friend and closest female friend.
Our object was to learn how self-dis-
closure varied with sex, race and the
relationship of the target person.

Some very definite patterns emerged
[see table at top of page 82]. Whites in
general took their parents and friends
into their confidence more than did Ne-
groes. Women disclosed themselves
more than did men; whether or not it is
true that women talk more than men,
they certainly tell more about them-
selves, at least to their mothers and fe-
male friends.

The questionnaire showed further
that mother is generally the closest con-
fidante of an unmarried young person—
son or daughter, white or Negro. Women
also tend to confide in their girl friends
and men in their male friends; women
tell the least about themselves to their
boy friends, likewise men to their girl
friends.

Negroes, both men and women, indi-

cated a striking reticence about them- |

selves toward everyone but their moth-
ers. Particularly noteworthy was the
small amount of self-disclosure to their
fathers. Our findings bear out the ob-
servation of sociologists that the father
plays a very small part in the home

among Negro families in the South. Our
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WHAT CAN
YOU DO WITH
THIS AMAZING

NEW
COLD WATER
SWELLING

COLLOID ?

JAGUAR®

1S STEIN-HALL GUAR GUM!

You are certain to find that one of the 28 types
of JAGUAR will perform better and more
economically than other colloids in your labo-
ratory — both in solving old problems and in
developing new products!

JAGUAR is available in 28 standard types and
can be tailor-made to meet specific
end use requirements

JAGUAR is exclusive with Stein-Hall and is pro-
duced domestically in Stein-Hall plants

JAGUAR produces extremely high viscosity at
low concentrations

JAGUAR is available in new types to produce
low viscosities according to specifica-
tions

JAGUAR is a cold water swelling, non-ionic type
of polysaccharide

JAGUAR develops its properties over a wide
pH range

JAGUAR has excellent thickening, film forming
and stabilizing properties

JAGUAR in trace quantities has excellent floc-
culating and filter-aid properties

JAGUAR is a natural vegetable pure food
colloid

JAGUAR is freely available in large tonnage
quantities

| STEIN || HALL |

285 MADISON AVENUE NEW YORK 17, N. Y.

Established 1866

JAGUAR, Dept. SA-5
Stein, Hall & Co., Inc.,
285 Madison Ave., New York 17, N. Y.

Please send me at once 16-page descriptive booklet
together with FREE sample of Stein-Hall’'s JAGUAR.
| understand that absolutely no obligation is
incurred.

Company
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subjects all came from Southern homes.

We went on to analyze self-disclosure
according to topics: which aspects of
themselves people discuss most freely,
and which they find it hardest to talk
about. Here again we found consistent
differences. Most people, it appears, are
willing to talk to others about their atti-
tudes, tastes and work but are compara-
tively reticent about their financial af-
fairs and their personality and bodily
concerns. The most striking statistical
findings here are the reticence about
body concerns to father and about
money affairs to boy friends and girl
friends. The reserve of Negroes on
money matters is especially marked [see
charts on opposite page].

]n view of Erich Fromm’s definition of
- love, we were interested to see how
love affected self-disclosure. Two sepa-
rate studies confirmed that love does in-
deed break down barriers to some ex-
tent, but not as much as one might think.
In a small sample of unmarried students
in a nursing school, it turned out that the
subjects who liked their parents most
disclosed the most to them. The other
study was a comparison of married and
unmarried subjects—both young groups
of about the same age. We found, as we
expected, that the married men and
women tended to disclose more about
themselves to their spouses than they
did to their parents. But this did not
mean that the married persons had be-
come more outgiving in sharing confi-
dences. Unmarried people told more to
their parents and friends; the married
had shifted from confiding in their par-
ents and focused their self-disclosure
mainly on their spouses. We might say
that libido, turned toward the new love
object, acts as a kind of magnet pulling
self-disclosure in its wake.

The husbands and wives who re-
sponded to our questionnaire varied con-
siderably in the amount of self-disclosure
to their spouses. That many married peo-
ple are almost strangers to each other is
of course no new discovery. What our
systematic data suggest is that the sta-
bility of a marriage may depend in some
measure on the amount of mutual self-
disclosure between the partners.

We found a marked difference in self-
disclosure between two different groups
of married men that we questioned. One
was a group of policemen, the other a
group of married college students. The
policemen were far less communicative
about themselves to their wives than
were the college boys. Very possibly the
situations are not comparable because of
the differences in length of the marriage,

T0 HELP
YOU FIND
TOMORROW

JEZE8 FIRST IN PRECISION OPTICS

Chance has no place in your work as you seek to turn today's theory into tomorrow’s truth.
To be sure of the facts, as you explore uncharted fields of research, you must depend on
instruments of unfailing precision.

And chance should play no part in your choice of research tools. Nor will it, if you choose
Leitz instruments right from the start. Naturally, you will want to know something about
their reputation and past performance. If so, you need not look far for the answers. Per-
haps you already know them. Or you may find them no further away than your colleague at
the next bench. For Leitz microscopes have been part of the history of science for more
than 100 years —since the days of Pasteur and Koch. The Leica camera, its body and lenses
the products of microscope makers’ skills, created the art of 35mm photography more
than 30 years ago. Ever since, it has been the criterion against which other cameras are
measured. Coupled to a Leitz microscope, it forms a research tool outstanding in ease of
operation as well as results. For no similar equipment can match the performance records
of Leitz microscopes and Leica cameras, working together or separately.

Imaginative design and uncompromising accuracy are the hallmarks of every Leitz product
—from simple copying device to immensely versatile photomicrographic apparatus. See
for yourself the quality and handling ease that make Leitz products famous. Special prob-
lems? Perhaps a Leitz instrument can help solve them.

ORTHOLUX —fills every research requirement. Versatile, precise and unique in operation. Features
built-in illumination systems, stage movement, finger-tip control, and a binocular-monocular-photo-
graphic body for instant changeover from visual observation to photography, projection, etc.

LEICA M-3 —the ultimate in 35mm precision cameras. Versatile, precise and unique in operation.
Features combined rangefinder-viewfinder providing parallax-correction for lenses of four focal
lengths; automatic coupling of shutter and exposure meter; rapid winding; functional distribution
of controls. Interchanges a wide variety of lenses and accessories.

Complete information obtainable on request to:

E.LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N. V.
Distributors o f the world-famous products o f
Ernst Leitz G.m.b. H., Wetzlar, Germany—Ernst Leitz Canada Ltd.
LEICA CAMERAS * LENSES *- MICROSCOPES - BINOCULARS
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Cast aluminum

missile fins call for the
ultimate in accuracy and finish.
If you require tolerances,
physicals, or smoothness
beyond the ordinary

you should be interested

in the unusual

foundry methods of

Morris Bean & Company

Yellow Springs 5, Ohio

TARGET WHITE NEGRO WHITE NEGRO
PERSON MALES MALES FEMALES FEMALES
MOTHER 65.80 63.30 86.40 73.70
FATHER 64.60 37.50 64.70 40.00
MALE FRIEND 6520 49.00 62.40 4410
FEMALE FRIEND | 52.90 36.10 80.10 5720
ASPECT MALE FEMALE
OF SEIF MOTHER FATHER FRIEND FRIEND
ATTITUDES
AND OPINIONS 12.40 9.08 12.15 1173
TASTES
AND INTERESTS 1445 10.48 12.10 13.25
WORK 14.00 1135 11.08 1123
MONEY 12.20 9.45 5.63 495
| PERSONAUITY 9.80 6.58 8.78 8.90
|
BODY 9.45 478 5.45 653

age, occupation, social class and so on—
all factors which may reduce the ex-
change of self-disclosure without actu-
ally undermining the solidity of the mar-
riage. But the finding suggests some in-
teresting topics for further study.

Nl the generalizations here reported

have stood up inrepeated investiga-
tions with a number of groups. Some of
them indicate that we are dealing with
strong cultural patterns which dictate
what kinds of self-disclosure are “in good
taste” or morally permissible and what
kinds are not. Thus systematic analysis
of the mores and practices in self-dis-
closure may be a highly useful tool for
investigating some areas of our culture.
We can think of many topics that it
opens up for studies from a new point

© 1958 SCIENTIFIC AMERICAN, INC

MEAN SELF-DISCLOSURE SCORES are classified by group and target person (top) and
by target person and aspect of self (bottom). In top table the highest possible score,
combining scores in six categories, is 120. In bottom table the highest possible score is 20.

of view: personality differences, the
roles of family members and friends,
marriage and, possibly most important
of all, mental illness.

If we live in an age of “self-aliena-
tion,” it may be well to look into its
causes and consequences frankly and di-
rectly, Perhaps our culture has made it
“bad form” to disclose oneself, and re-
wards those who present themselves in
flattering, though false, colors. But psy-
chologists and doctors know that a per-
son who cannot disclose himself as he is
and establish a close relationship with at
least one other human being stands in
danger of mental breakdown. To para-
phrase Paul Tillich, the philosopher and
author of The Courage to Be, the “cour-
age to be” very likely entails the “cour-
age to be known.”



Organic Fluids in New Electronies

One Monsanto fluid, Coolanol 45, has enabled engineers to design smaller, more reliable
electronic packages for missiles and aircraft. Compact, lightweight cooling and hydraulic

tuning units make possible longer ranges for missile guidance systems, higher altitudes for
aircraft electronics.
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This new multipurpose fluid system developed by Eastern Industries,
Inc., may be used for missile guidance or fire control systems and elec-
tronic countermeasures equipment. It is composed of a liquid heat-

IQUID cooling with Coolanol 45
brings new performance concepts
to electronic equipment by al-

lowing engineers to build more and
more power into less and less space.
The liquid flows around tube units to
dissipate the great heat created by
miniaturization. As a result, aircraft
electronic systems can operate at alti-
tudes where air cooling is impractical

. missiles have increased accuracy

over their effective striking ranges.

PRESSUBE SAFETY —|

TUNEABLE FREIQUENCY
'{_H!EAH TUBE
/
RESERVOIR
TUNING WANDS

— —SELF - SEALING  QuICK—
DISCONNECT COVPUINGS
M QUTLET MANIERLD

AMPLIFIER

- ELECTRICAL CONNECTION
ELECTROMIC SERVO CONTROL

WiDH SORE
HYDRAULIC GEAR PUMP

FILTER SAFETY
RELIEF VALVE

FOUR-WAY SERAVD HYDRAULIC
CONTROL VALWE

— STATIC PRESSURE
SAFETY RELIEF VALVE

—RESERVOIR

- ERPAMSION AND CONTRACTION
CHAMBER

Equipment diagram: courtesy Eastern Indusiries, Inc., Hamden, Conn.

Cooling and hydraulic units can be
designed into packages smaller than
a portable typewriter. Every pound
saved, every watt of increased power
contributes to a greater effective range.

Coolanol 45 operates efficiently from
-65° F. to 400° F.—a remarkable
temperature variation for a liquid. No
longer held to the maximum tempera-
ture water imposes, engineers can de-
sign even “hotter” equipment. Coolanol
45 is one of many Monsanto fluids you

dissipating unit on the left (Model E/HT 200) and a hydraulic tuning
unit on the right (Model E/HS 100). Sealed in both units, Coolanol 45
cools the magnetron tube, actuates the mechanical tuning mechanism.

see establishing new performance con-
cepts for guidance and control systems,
radar and countermeasures units and
nuclear reactors.

Fifty years of fluid research places
Monsanto first in the synthetic fluid
field. Aside from the 25 commercial
fluids now available, Monsanto has a
number of base stocks that allow modi-
fication. Whatever your requirements,
consult Monsanto first if you have a
fluid problem.

WHEN YOU NEED A SYNTHETIC FLUID, COME TO MONSANTO—

—_————— — — Send for more information

MONSANTO FLUIDS

Creator of Fluids for the Future

MONSANTO CHEMICAL COMPANY

Organic Chemicals Division

Dept. SA-4, St. Louis 24, Missouri
Please send literature:

Coolant/dielectrics for electronic equipment I
[ Coolanol 45 Technical Bulletin I

Hydraulic fluids in electromechanical systems
Lubricants for high-temperature operations

| *Fluids ... For Specialized Engineering"
I Dielectrics for transformers and capacitors U P g 9

(Technical Data)
Name.....coovvivennnn cecessenes Title.. ...

Monsanto

® Address. ...

Coolant/moderators for nuclear power reactors
Modifiers for special fluid properties
Heat-transfer fluids for temperature control
Coolanol 45: Monsanto T. M. (formerly OS-45) CityeveeeeeesesassnenseessZone.....State, .

— — —— — — —— — — — — — S — — m— — — — — — — — — — — — — —
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Life

on the

Chemical

Newsfront

ECONOMY IN PRODUCTION of hydrogen and ammonia results from the use of
Cyanamid’s AEro* catalyst NR-1 for gas reforming, HI-3 and 3A for water-gas shift
reaction and FM-2 for ammonia synthesis. These catalysts are products of more than
thirty years’ experience in catalyst development and engineering. They provide high
catalyst activity, stabilized to remain high for long periods; physical strength to resist
breakdown; optimum size and shape to ensure low pressure drop through catalyst
beds; and low volumetric cost. Complete brochure available on request.

(Industrial Chemicals Division)

MANY NEW FLEXIBLE PACKAGING MATERIALS, as in
this tobacco pouch, are being coated with polyvinyl
acetate for improved moisture and grease resistance and
GIVING A GENTLER "HAND’’ TO FABRICS is the role of softeners in clarity over printed matter. Especially effective as a
textile processing. By lubricating fibers and softening resin additives, these PVA emulsifier is Cyanamid’s new AErosoL® TR surface
textile chemicals give fabrics a better drape and improved appearance—  active agent. AerosoL TR produces a uniformly low
also facilitate cutting and sewing in garment manufacture. Cyanamid’s particle size—2 to 2% microns —through an unusually
complete line of CyanaTEx® and AEroTEX* textile softeners ranges from wide range of concentration from 0.05% to 1.0%. Emul-

sulfonated natural fats and oils to completely synthesized chemicals de- sion and cast film benefit by increased stability and
signed to provide specific fiber-modifying properties. good dry film resistance to moisture, grease and water-
#Trademark (Organic Chemicals Division) spotting. (Industrial Chemicals Division)
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“WARP AND WEFT* FOR WEAVING POLYMERS are provided by

the new bifunctional monomer N-methylolacrylamide. Since the NEW STABILITY IN SUNLIGHT for plastic boat hulls now
monomer contains both a conjugated vinyl group and a reactive can be secured by adding as little as 0.25% of UV 9%
hydroxymethyl group, linear polymers can be formed, followed by ultraviolet absorber to the polyester resin before laminating
cross-linking if desired through the remaining unreacted functional with glass fiber. Highly effective as a light stabilizer, UV 9
group. Addition reactions of the vinyl group, followed by conden- protects polyester resin laminates from discoloration and
sation polymerization, further extend the structural possibilities. degradation through its remarkable ultraviolet-absorbing
N-methylolacrylamide thus offers the possibility of formation of a properties. The useful life of stabilized polyesters, meth-
wide variety of products for adhesives, cements and thermosetting acrylates and styrene polymers is multiplied many times.
plastics. We will be pleased to forward additional information on Clarity of the resins, formulation schedules, and properties
request. (Market Development Department) of the cured resin are unaffected. (Organic Chemicals Div.)

< CYANAMID >

AMERICAN CYANAMID COMPANY
30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y.

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

\
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CHOOSE FROM

With -hp- signal generators, frequencies
are directly set and read on one dial.
Output voltage is directly set and read.
No calibration charts are required. Most
-hp- generators offer internal pulse,

FM or square wave modulation ; some
include external pulsing and FM’ing.
New -5p- 626A (10 to 15.5 KMC) and
628A (15 to 21 KMC) offer 10 mw
output, SWR 1.2.

-hp- signal generators outsell other
signal sources by approximately 2:1.
Engineers report the reasons are simpler
operation, versatility, trouble-free
performance, and exceptional value,

Instrument | Frequency Range Characteristics Price
Output 0.1 uv to 1 v into 50 ohm load.
-hp- 608C 10 to 480 MC CW, pulse or AM mod. Direct calibration. $ 950.00
Output 0.1 uv to 0.5 v into 50 ohm load.
-hp- 608D 10 to 420 MC CW, pulse or AM mod. Direct calibration 1,050.00
and crystal calibrator check
Output 0.1 uv to 0.5 v into 50 ohm load.
-hp- 612A 450 to 1,230 MC Pulse, CW or amplitude modulation to 5 MC 1,200.00
Direct calibration.
-ho. Output 0.1 uv to 0.223.v into 50 ohm load.
hp- 614A 800 to 2,100 MC Pulse, CW or FM modulation. Direct calibration. 1,950.00
-hp- Output 0.1 uv to 0.223 v into 50 ohm load.
hp- 616A 1,800 t0 4,000 MC Pulse, CW or FM modulation. Direct calibration. 1,950.00
Output 0.1 uv to 0.223 v into 50 ohm load.
-hp- 6188 3,800 to 7,600 MC Pulse, CW, FM or square wave modulation. 2,250.00
Direct calibration.
Output 0.1 uv to 0.223 v into 50 ohm load.
-hp- 620A 7,000 to 11,000 MC Pulse, CW, FM or square wave modulation. 2,250.00
Direct calibration.
5,925 to 6,575 MC; Output 70 uv to 0.223 v into 50 ohm load.
-hp- 6238 6,575 107,175 MC; FM or square wave modulation. 1,900.00
7,175t0 7,725 MC Separate power meter and wave meter section.
Output 3.0 uv to 0.223 v into 50 ohm load.
-hp- 624C 8.500 to 10,000 MC Pulse, FM or square wave modulation. 2,265.00
Separate power meter and wave meter section.
Output 1 puwatt to 10 mw. Internal or external
-hp- 626A 10,000 to 15,500 MC pulse, FM, or square wave modulation. 3,250.00
Direct calibration.
Output 1 uuwatt to 10 mw. Internal or external
-hp- 628A 15,000 to 21,000 MC pulse, FM, or square wave modulation. 3,250.00
Direct calibration.

4055 PAGE MILL ROAD

Your -hp- field engineer has complete data on all -hp- generators. Or, write direct.

HEWLETT-PACKARD COMPANY

PALO ALTO, CALIFORNIA, U. S. A.

CABLE ““HEWPACK'' « DAVENPORT 5-4451

FIELD ENGINEERS IN ALL PRINCIPAL AREAS

complete coverage, outstanding value
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AN INSECT AND A PLANT

Most plant—eating msects prefer one species of plant. Studies

of how the corn borer adapts to its host (the corn plant) have

revealed significant facts about msect nutrition and behavior

grasshopper will eat almost any
A green plant. But the tastes of most

insects are not so catholic. Many
of them have a strong predilection for
just one plant species. Why does the ap-
ple maggot show partiality to apples,
the plum curculio to plums, the spruce
budworm to the spruce, the rose chafer
to the rose, the Mexican bean beetle
to beans and the European corn borer
to corn? Here is an interesting question
in biological adaptation. The secret of
these creatures’ nice adjustment to their
hosts might throw light on why insects
are one of the most successful classes of
animals in the whole animal kingdom.
And of course the question is very im-
portant from a practical point of view.
If we can learn precisely what attracts
an insect to the plant it ravages, we
can take steps to make the plant a

by Stanley D. Beck

less happy or convenient home for the
insect.

During the past 10 years some asso-
ciates and I at the University of Wiscon-
sin have been carrying on a detailed and
systematic investigation of the intimate
relationship between the corn plant and
the European corn borer. The insect is a
comparative newcomer to North Ameri-
ca. It slipped in from Europe some time
between 1912 and 1915. The intruder
was first discovered in 1917 near Boston
and shortly afterward was detected in
the Lake Erie region. By that time the
borer had established so solid a foothold
that vigorous countermeasures failed to
eradicate it. Free from its European
parasites and diseases, the insect spread
rapidly, and when it reached the corn
belt in the Midwest, its population mul-
tiplied explosively. Today it is a major

pest of U. S. agriculture, costing corn
growers more than $100 million a year.

It is ironical that the corn borer should
be a native of Europe rather than Ameri-
ca, where corn originated. Actually the
insect existed in Europe and Asia long
before corn was introduced to Europe
in the 16th century—probably thou-
sands of years before. It must therefore
have lived in other host plants, possibly
hops, millet or thick-stemmed weeds. In
fact this insect has been found to feed
on more than 200 species of plants—po-
tatoes, rhubarb, chrysanthemums, dah-
lias, green beans, pigweed and many
others. But corn is far and away its most
favored host. Wherever the insect finds
corn it pounces upon that plant, forsak-
ing all others. The vast fields of our corn
belt have become its paradise.

The insect apparently is attracted in

SYNTHETIC DIETS were devised to study the corn borer’s nutri-
tional needs and preferences. Young borer larvae prefer diet on

© 1958 SCIENTIFIC AMERICAN, INC

the right, containing sugar, to that on the left, containing no sugar.
At this stage of their growth, however, they do not need sugar.
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the first instance by the plant’s odor. In
the adult stage the borer is a small, buff-
colored moth (in Europe it is called the
“maize moth”). The female lays her eggs
in late spring on the underside of the
upper leaves of the young corn plant.
The developing leaves at that stage of
the plant’s growth are tightly rolled in a

100030 Y= TEnEl

MAY

LIFE CYCLE of the corn borer is well-adapted to the growth cycle
of its host. Larvae which have hibernated through the winter in

88

whorl. When the larvae hatch from the
eggs, they crawl into the whorl and
begin to feed on leaf tissue there. But as
the tassel develops and pushes up
through the whorl, the borers shift their
feeding from the leaves to the young
tassel. After the tassel has grown and
branched out, the insects tend to move

JJ UNE

© 1958 SCIENTIFIC AMERICAN, INC

down into the closed spaces—behind leaf
sheaths or in the ear husks. They attack
the sheaths, the stalk and the ear. Larvae
that are hatched in late summer, when
the plant is mature, tend to concentrate
their attack on the ear, working their
way down the silk or between the husks.
These late-season young larvae are a sec-

I

JuUutLy

corn stubble metamorphose into adults in late spring. Eggs are
laid in June, when the plant is in the “whorl” stage of its growth.



ond generation; the insect often pro-
duces two in a season.

\J ow the corn borer’s peculiar shifting
of its feeding sites as the plant de-
velops has intrigued students of the in-
sect and seemed to us a particularly
promising thing to investigate. It might

4

tell us, among other things, why the in-
sect found the corn plant so attractive
and so well suited to its requirements.
We therefore embarked on a series of
controlled experiments to analyze the
borer’s behavior in a systematic way. In
order to do so we had to devise some
new experimental techniques for gaug-

AT

T

AUGUST

The newly hatched larvae feed on the fast-growing plant during
the summer; some may complete their development by August

+ ."'?.

a"‘.h

ing the insect’s nutritional requirements
and measuring its behavior on a quanti-
tative scale—tasks which took us several
years of work. We worked out a syn-
thetic diet which met the borer’s food
needs so well that it grew faster on this
diet than on the corn plant; the mixture
consists of sugar, protein, B vitamins,

AELEEET

SEPTEMBER
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and lay a new batch of eggs. By harvest-time in September all
larvae have gone into hibernation until the following spring.
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Kennametal

Kentanium \ Seal Ring
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KENNAMETAL"
Rotary Seal Rings provide

substantially zero leakage at
mile-a-minute rubbing speeds

At rubbing speeds of 4200 to 5400
ft./min., the hydraulically balanced seal
shown above achieves substantially zero
gas leakage. Excellent wear character-
istics of Kennametal and Kentanium*
Seal Rings make possible unlubricated
dry rubbing at peak speeds.

Stein Seal Company, Philadelphia,
Pa., solved major sealing problems on |
many applications by using Kenna-
metal and Kentanium parts in their
hydraulic balanced seal design such as
illustrated above. Using rings made of l
these hard carbide, wear-resistant com-
positions, it is possible to operate with
higher spring forces and in much higher
temperatures than when rings of con-
ventional sealing materials are used.

The outstanding physical properties
of Kennametal compositions provide
many more answers to rotary seal ring
problems in petroleum refining and
transportation, high-pressure high-
temperature chemical production and
nuclear power. For example, K501, a
platinum-bonded carbide, is used to
confine liquid oxygen and red fuming

nitric acid. Results reported by the
customer are ‘‘far superior to any pre-
viously-used materials, with no indi-
cation of face wear.”

Various grades of Kennametal com-
positions hold economical answers to
your need for high YME, low thermal
expansion, high resistance to abrasion,
erosion, corrosion, impact and pres-
sures. For positive sealing, with little
or no maintenance, mating surfaces of
Kennametal Seal Rings can be lapped
to a flatness less than two light bands,
with a surface finish better than two
microinch.

For more information, send for Book-
let B-111A, “Characteristics of Kenna-
metal.”” Write to KENNAMETAL Inc.,
DepartmentSA, Latrobe, Pennsylvania.
*Trademark

@%p
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minerals, cholesterol, fat and a concen-
trate of plant sap. Next we developed a
method of measuring the insect’s prefer-
ences between different diets: 30 or 40
newly hatched larvae were kept for 24
hours in a closed container with different
diet offerings; at the end of that time
their preferences, if any, were measured
by comparing the number found feeding
on each diet.

The experiments showed first of all
that, given a choice between a com-
pletely synthetic food and one which in-
cluded some ground-up corn-plant tis-
sue, the borers distinctly preferred the

IN' DARK

IN SUNLIGHT

e e

one with the plant material. Next we
offered them choices between various
parts of the plant: the green young tas-
sel, the leaf sheath, the green silk, the
ear husks. Surprisingly, they showed no
preference whatever among these tis-
sues; in each test about half of the borers
would feed on one diet and half on the
alternative.

If the borers do not find one part of
the plant more appetizing than another,
why do they shift locations as the plant
grows? It seemed the reasons might
be physical rather than nutritional. We
knew that corn borers do not like the

PER CENT OF LARVAE IN DEEP WHORL

BORERS MOVE to protected parts of the corn plant to avoid light. Even in darkness many
of them are drawn to these locations by their preference for physical contact (thigmotaxis).

9

S
=
e

RELATIVE CONCENTRATIONS OF SUGAR (GLUCOSE)

o
N
(&)}

50 75 100

PER CENT OF LARVAE FEEDING

BORERS FEED by preference on diets with a high sugar content. Figures at left show the
relative amount of sugar in (bottom to top) leaf-tip, leaf-base, husk, and ear or stem.

© 1958 SCIENTIFIC AMERICAN, INC



PYROCERAM brand

News!
Tubing and Rod now available.

We flatter ourselves into thinking that
a great many of you are familiar with
PyroceraMm Crystalline Materials.

For the sake of review, however, this
brief summary: PYRocERAM is the brand
name given by Corning to a new group
of ceramic crystalline materials made
from glass. What with nucleating agents
and some classified heat processing we
end up with a material unltke anything
you’ve ever seen. A number of variations,
each exhibiting different combinations of
properties, have been evolved.

On an overall basis, PyRocEraAM Ma-
terials can be made lighter than alumi-
num; harder than carbon steel; stronger
than tempered glass; immune to the
corrosive action of most chemicals; un-
bothered by heat that warps steel and
melts copper; possessed of electrical
properties equal to the better ceramics.

And now you can get one variant in the
form of PyrocEraM Tubing and Rod.
Designated Code 9608, it is a gastight
white opaque material. It has the thermal
shock resistance that you’d normally get
only from fused silica. On the Vickers
Diamond Pyramid test it rates 550.

You can use this PyrocEraM Tubing
at an operating temperature of 1000°C.,
unloaded—up to 500°C., loaded. (The
latter figure is based on preliminary runs
with indications that it’s too low.)

Long-term chemical durability data
will be available soon. But we can tell you
that linear coefficient of thermal expan-
sion is 9-15 (factor 10~7) between 25° and
300°C. Specific gravity at room tem-
perature is 2.50.

The enthusiasm shown by you when
PyroceraM Materials were first intro-
duced suggests that these new forms
should prove practical in varied product
and process applications. Might just be
that the idea you’ve been noodling
around can now become a reality.

Inquiries aimed at our Technical
Products Division will bring you all the
very latest data on PyroceEram Tubing
and Rod.

And for your files, there’s Progress Re-

portNo. 2. Check the coupon for your copy.
LATE FLASH!

Just announced—PyrocEraM brand Ce-
ment. This is a thermal-setting solder
glass originally developed for sealing the
closure panel on color TV tubes.

But, it turns out to be an unusually
versatile material. You can use it for
sealing glass - to - glass, metal - to - metal,
ceramic-to-ceramic—and any combina-
tion thereof.

The cement is fired at temperatures of
400-450°C..—and the cemented parts can then
be used at these temperatures! 1t’s suited for
materials having expansions falling be-
tween 90-110 x 10-7 cm/cm °C.

The people who know most about this
say this devitrified glass makes for real fine
joining—especially for applications that
have proved difficult in the past.

You can get more information by again
referring to the coupon.

Get ’em while they’re hot
This is MEALPACK,
a device for keep-
ing train travelers,
among others,
happy.

It was developed
by MeaLpack of
Evanston, Illinois,
and now is used by railroads, hospitals
and other institutions. Purpose? Elimina-
tion of the costly and cumbersome arrange-
ments needed for preparing hot food
while trains are en route or food to be dis-
tributed throughout a big building.

The approach is simple: Prepare meals
in central kitchen; place in Pyrex brand
dish, insert dish in insulated MEALPACK
container. At mealtime waiter serves hot
food in the original Pyrex dish. No fuss,
no muss.

Please send me the following material: [] Progress Report No. 2; [] IZ-1, “Designing
with Glass for Industrial, Commercial and Consumer Applications”; [] B-84, “Manu-
facture and Design of Commercial Glassware”;

brand Cements,

Name

Backing up a bit, a Pyrex glass dish
was the logical choice, first, because dish-
es are heat-charged to a skin temperature
of 250° F. to act as a heat-battery for each
meal.

Then, piping hot food is placed in the
dishes by workers wearing gloves. But
even with all this heat there’s no worry
about a Pyrex brand glass—it won’t
crack, craze, or change shape.

Also the glass won’t alter the taste since
it neither adds to nor takes from what you
put in it.

And these glass dishes look like fine
crystal. Yet you’ll never have trouble with
cleaning since there are no rough spots
to hold food. Hot water, cleaning agents,
rough handling—nothing bothers these
Pyrex dishes.

Clincher: When you draw on Corning’s
glass know-how and production facilities
you can get quantity delivery on the items
you need, when you need them, and at a
price that makes the whole project worth-
while.

A goodly portion of our daily work is
devoted to providing glass components (in
almost endless variety) to people like you.

For a good picture of this operation
send for: IZ-1, “Designing with Glass for
Industrial, Commercial and Consumer
Applications”; B-84, ‘“Manufacture and
Design of Commercial Glassware.”

You might also find “This Is Glass”
of value. It’s a 64-page word-and-picture
summary of glass as a basic material of
design and construction. FREE.

[ “This Is Glass”; [] PYROCERAM

Title

Street

Zone State

]

|
|
|
|
|
|
|
| Company.
|
|
|
|
L
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light: exposed to sunlight, they will re-
treat to a dark place as fast as their short
legs can carry them. It was also sus-
pected that the larvae are partial to nar-
row places where their body surfaces are
in contact with the walls (a tendency
called “thigmotaxis”).

To test these reactions we made some
dummy corn plants with stems of rolled
cotton and leaves of wax paper. We then
deposited corn-borer eggs on the under-
side of the “leaves” and followed devel-
opments. The larvae, after hatching,
went to precisely the place they would
in a real corn plant—namely, deep in the
“whorl.” Even when the artificial “plant”
was kept in complete darkness, about
one third of the larvae sought out this
location, showing that thigmotaxis, as
well as avoidance of light, plays a part
in drawing borers there.

So we can take it as proved that the
migrations of the borer in the develop-
ing corn plant are prompted by nothing
more than the plant’s changing physical
form. As long as the whorl is tight, the
insects take shelter there and feed on the
leaves and the young growing tassel.
When the tassel grows out and leaves
them exposed, they crawl down under
the leaf sheaths and into the husks of
the developing ears.

FEEDING PREFERENCES of borer larvae are measured as shown above by placing them
in a dish containing different diets (A and B). After 24 hours the number of larvae feeding
on each diet is counted. As shown in graphs below, borers prefer diets containing corn
tissue to synthetic “standard diet.” They show no preference between corn leaves and tassel. This is not, however, the whole story.

Within the place that a borer inhab-
its at any particular time, it does show a
preference of taste. Under a leaf sheath
it tends to feed on the stalk in preference
STANDARD DIET to the sheath; in the whorl it prefers the
young tassel, if present, to the leaves; in
the ear it likes the inner husks better
— than the outer husks, and silks better

than either.

‘ We returned to feeding experiments
’ to see what food substance might be re-
‘ ‘ sponsible for the preference. In succes-
sive tests we found that protein, choles-
terol, fats, minerals and B vitamins had

DIET WITH LEAVES

STANDARD DIET | little or no special attraction for the bor-
ers: they would feed readily on a diet

| devoid of any one of these substances

Y even though it was grossly inadequate

nutritionally. But sugar was another
matter. The insects were very sensitive
indeed to the presence of this food. In
every test the borers tended to concen-
trate their feeding on the diet containing
the most sugar. The sugar had no power
to attract the insects to the food (e.g.,
by odor), but once they had tasted it,
m they stayed longest with the food that
had the highest sugar concentration.

DIET WITH TASSEL Chemical analyses of the various tis-
sues of corn plants now confirmed the
findings in the simplified dietary tests.
PER CENT OF LARVAE FEEDING Young tassel was found to contain a

DIET WITH TASSEL

DIET WITH LEAVES

0 25 50 75 100
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AUXILIARY POWER
for the U.S. Army’s deadly

NIKE HERCULES

AiResearch units power the controls of

America's most potent defense weapons

Key defense and population centers are now
being ringed with batteries of Army Nike
Hercules missiles to deter or destroy aggressors.
Supplying power for flight controls is the
AiResearch auxiliary power unit pictured above,
now in production.

As a member of the Army-industry team pro-
ducing the Nike Hercules (Army Ordnance,
Western Electric-Bell Telephone Laboratories
and Douglas Aircraft), AiResearch was chosen
to design, develop and manufacture this vital
accessory power source for the missile because
of nearly two decades of experience in light-
weight turbomachinery.

This experience includes applications utiliz-
ing solid propellants, liquid mono-propellants,
bi-propellants, atomic power, cryogenic gases as
well as gasoline and air. AiResearch’s ability for
high capacity production as well as in research
and development, made it the logical choice.

v Garrett’s AiResearch divisions have also

q\ designed systems and components for 18 other

3 2 —.-}. missiles and rockets in the U.S. defense arsenal.
‘r.‘ .

\ i1 | We invite your inquiries.
5

L

i
-
) A ™
s ; AR [
*"* g =t
ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES

CORPORATION
AiResearch Manufacturing Divisions

Los Angeles 45, California « Phoenix, Arizona

Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS
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higher concentration of sugar than the
surrounding leaves, the stalk more than
the leaf sheath, the green silk of the ear
more than the husks. In every case the
tissue that the corn borer attacks most
enthusiastically is the one with the most
sugar.

The feeding behavior of the corn bor-
er, then, is governed by an aversion to
light, a predilection for tight spaces and
a liking for sugar. All three of these
seemingly irrelevant traits actually serve
to help the insect to survive. The avoid-
ance of light and thigmotaxis drive it
into the deep parts of the corn plant,
where it is protected from adverse
weather and its natural enemies and is
also held in contact with its food supply.
The value of its liking for sugar is less
obvious. The larva does not actually
need sugar in its diet until the last stages
of its growth. But we found that for
young larvae sugar performs a very im-
portant service other than nutrition. It
fortifies them against a toxic chemical
(6-methoxybenzoxazolinone) in young
corn plants; that is, it acts as an antidote
against this poison which the borers in-
evitably take up in feeding on the plant
tissues. Many young borers are killed by
the poison; the more sugar they eat, the
more immune they are.

lt would be hard to find anywhere in

nature a neater adaptation than the
corn borer’s to the cultivated corn plant.
Corn is planted fairly early in the spring,
and its growth is nicely timed to the
season when the borer moth lays her
eggs. The plant affords rich nutrition for
the larvae; it grows fast; it is on hand
for a long season; even in death it pro-
vides hollow stalks where the larvae can
hibernate over the winter. The borer, for
its part, possesses just the traits needed
to make full use of the plant’s advan-
tages and' to counteract its minor dis-
advantages.

Ten years of persevering research
have given us a better knowledge of the
relations between the corn borer and its
host than we have of any other insect-
plant combination. This article has cov-
ered only one aspect of the study. What
we have learned suggests various ways
of fighting the insect: qualities of re-
sistance that can be bred into the plant,
planting times that will put the plant
out of phase with the insect’s breeding
cycle, measures for destroying the hiber-
nating larvae, and so on.

It would be well worthwhile to go on
to study other insects in the same way.
Our findings and the techniques we have
BORER’S BEHAVIOR on the corn plant is explained by its dislike of light (top), and its used should be aPPlicable to many other
preference for physical contact (center) and for tissues with high sugar content (bottom). plant-feeding insects.
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Foxboro makes

a better instrument
. .. or Foxboro
doesn’t make it!

Individual flow-calibration of the Foxboro Magnetic Flow Meter — an instrument
now affording many industries their first accurate measurement of difficult fluids.

FOXBORO

REG. U.S. PAT. OFF.

Creative Design and Manufacture of Instruments and Instrument
Systems for Measurement and Control of Process Variables. The Foxboro Company, Foxboro, Mass., U. S. A.
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Canned Cyc/lone...

ADVANCED MATERIALS TAME SWIRLING GRIT
IN MODERN SEPARATING MAELSTROM

Whirled at terrific velocities, finely ground coal, metallic ores and other
valuable materials are now separated from a watery slush of rock and
dirt in modern cyclone separators. In this operation, industry often ob-
tains “pay dirt” from previously unused sources of raw materials.

One problem, however, is the scouring, abrading action of trillions
of sharp, swirling particles, grinding away at the sides and exit valves
with the fury of a desert sandstorm. The same problem exists in other
equipment—dust and fly ash collectors, for instance, and ducts, down-
comer elbows, nozzles, junction boxes and feeder tables. The resultant
wear and downtime can limit productive capacity and eat into overall
manufacturing profits.

This problem of costly wear is another instance where industry
turns to the qualities offered by today’s growing family of advanced
materials by Carborundum. In the cyclone shown at left, a special type
of silicon carbide, of exceptional hardness, is accurately formed to line
the surfaces exposed to greatest wear.

Materials to resist extreme abrasive wear, or to stand up to unusual
conditions of heat or corrosion, are Carborundum’s specialty. The variety
of these materials, many of them permitting fabrication into complex
and highly accurate shapes, opens new opportunities for improving
products and processes in industry today.

If you face a challenge in finding new ways to meet problems be-

DORRCLONE® WET CYCLONE SEPARATOR used to
recover fine coal fractions from gritty slimes. Heavy
wear due to erosion was a problem until Dorr-Oliver

adopted a special lining. This lining, made of Carbo- yond the capabilities of conventional materials, perhaps Carborundum
frax® silicon carbide material, is one of Carborun- .
dum’s growing family of advanced materials. High can help you. Write to The Carborundum Company, Research & Devel-

resistance to erosion now results in negligible wear.

opment Division, Dept. SA, Niagara Falls, New York. AM-4

Get your free subscription to industry’s newest publication

ADVANCED MATERIALS TECHNOLOGY

The Science of Materials for Profit

Ova

Nee

AYE Ry O ) y
cor MLy

A
»,

“ADVANCED MATERIALS TECHNOLOGY” is a temperature, extreme abrasion and corrosion
new quarterly publication devoted to news and new ways to combat them. To get your
and ideas for all concerned with finding new name on the free subscription list, write to
materials and methods to meet severe serv- Carborundum, Research & Development Divi-
ice applications. It deals with problems of high sion, Dept. SA, Niagara Falls, N. Y.

Where conventional materials fail...call on

CARBORUNDUM

REGISTERED TRADEMARK
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Dr. James L. Lawson, Ph.D., University
of Michigan (1939), served at the Radia-
tion Laboratory, Mass. Institute of Tech-
nology, from 1940 until 1945, when he
joined the staff of the General Electric
Research Laboratory. He has specialized
in studies of high-energy radiation, beta-
ray spectroscopy, and nuclear physics.
Since 1952 he has been manager of the
Electron Physics Research Department.

Uniting scientific skills
Dr. James L. Lawson of General Electric leads
research studies in nuclear and electron physics

As manager of electron physics research at the
General Electric Research Laboratory, Dr. James L.
Lawson is responsible for programs ranging from
nuclear physics to high-temperature electronics and
the study of information theory.

Dr. Lawson’s group, which includes scientists of
many and varied skills, is uniquely able to undertake
research projects requiring versatility, as well as co-
operative effort. An example is the work now being
directed toward the peaceful use of fusion power. In
programs of such broad scope, success depends par-
ticularly on those leaders of research who — as sci-

entists themselves — can understand, encourage, and
integrate the work of other scientists.

While making contributions to his chosen profes-
sion, nuclear physics, Dr. Lawson is at the same time
contributing as a research leader to an atmosphere in
which scientists have the incentives, the tools, and
the freedom to seek out new knowledge.

Progress Is Qur Most Important Prodluct

GENERAL @3 ELECTRIC
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THE ACTION OF INSULIN

It 1s well known that this hormone is involved in the metabolism

of sugar. But how? Recent experiments indicate that 1t prcsides

at the passage of sugar through the outer wall of certain cells

by Rachmiel Levine and M. S. Goldstein

or more than a third of a century
Finsulin has been one of the great
- puzzles of biology. It has been
celebrated and used throughout the
world as a life-saving treatment for dia-
betes mellitus ever since it was first dis-
covered by Frederick G. Banting,
Charles H. Best and John J. R. Macleod
at the University of Toronto in 1922. But
after a generation of the most intense
research biologists are still not sure ex-
actly what chemical function insulin per-
forms in the body. We know that the
hormone helps the body to use sugar.
But how? If we had a complete answer
to that question, it would not only give

us a better understanding of the “sugar
disease” but might also clarify how other
hormones regulate the metabolic proc-
esses of the body.

In the department of metabolic and
endocrine research of the Michael Reese
Hospital in Chicago we have been ex-
ploring a new theory about insulin’s ac-
tion. The experiments are quite encour-
aging. The site of the hormone’s action
has at last been located, and it may now
be possible to proceed to work out the
chemical mechanism itself, although that
promises to be very difficult.

The metabolism of sugar is one of the
most thoroughly investigated subjects in

all biochemistry. Oddly enough, it was
the brewing industry that first gave im-
petus to this study. Seeking to improve
the quality and uniformity of beer, the
brewers pushed research into the vaga-
ries of the fermentation of sugar by
yeast. These investigations showed that
yeast cells, aided by various enzymes,
transform sugar into a whole galaxy
of different compounds. Experimenters
soon found that sugar goes through an
analogous series of transformations in
the chemical machinery of animal cells.
Glucose, for instance, first combines
with adenosine triphosphate (ATP) to
form a glucose-phosphate compound;
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INSULIN MOLECULE is composed of amino acids (labeled rec-
tangles in this schematic diagram) in two chains joined by disulfide
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bonds (S-S). This structure was determined by the studies of Fred-
erick Sanger and his colleagues at the University of Cambridge.
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EXTERNAL
GLUCOSE

GLUCOKINASE
SYSTEM GLUCOSE

|
GLUCOKINlASE + ATP

MUSCLE PHOSPHATE —
CONTRACTION
” GLYCOGEN
LACTIC ACID | —

PYRUVIC ACID
L L ) 1 R ] 1 7 J ] | S BN NS O N IS B B S .
PYRUVIC ACID Jv
UTILIZATION ACETYL —_—

COENZYME A | FAT

N

OXALOACETATE CITRATE
MALATE CIS-ACONITATE

CARBON DIOXIDE

T WATER !

FUMARATE ENER Y ISOCITRATE
K/
M
AMINO ACIDS
il
PROTEINS

METABOLISM OF SUGAR in a typical cell is outlined to show its principal products and
the interrelationship of carbohydrate, fat and protein metabolism. Glucose, a sugar in the
blood, enters the cell through the cell membrane (hatching). Heavy broken lines separate
the reactions into those of the glucokinase enzyme system (top), those occurring in muscle
contraction (middle), and those involved in the utilization of pyruvic acid (bottom).
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this breaks down to pyruvic and acetic
acids; they in turn furnish energy and
raw material for a thousand uses and
products, including fats and proteins
[see chart at the left].

Contemplating this scheme, medical
scientists could understand why diabetes
was so serious a disease. Obviously any
important disturbance of the metabolism
of sugar was bound to have far-reaching
repercussions, for it disrupted the whole
chemical machinery of the body, inter-
fering with production of all its major
substances. No wonder diabetics grew
weak and wasted away.

Clues to what was happening could
be seen in the patients” blood and urine.
Because diabetics cannot convert sugar
to other substances efficiently, much of
it passes through the body unused. The
blood shows a sugar level of 200 milli-
grams or more per 100 cubic centi-
meters, instead of the normal 80 to 100
milligrams. Eventually the sugar is ex-
creted in the urine. The body, for want
of sufficient nourishment, breaks down
its proteins and fats for energy to sur-
vive, and it steadily becomes emaciated.
Moreover, some of the acid products of
the rapid breakdown of fats have a poi-
soning effect on the body (acidosis),
which may produce abrupt coma and
death. All this from just one defect: fail-
ure to metabolize sugar fast enough!

Research eventually showed that a

commanding role in the control of
sugar metabolism was played by insulin,
a hormone manufactured by special cells
in the pancreas. The power of this hor-
mone proved to be remarkable. As little
as one or two milligrams of insulin a day,
given to a patient who could not manu-
facture his own, was enough to clear the
glucose pile-up and restore the patient’s
entire metabolism to normal. The tissues
regained their ability to use sugar at a
normal rate and to synthesize fats and
proteins; the liver recovered its function
of storing sugar (as glycogen) and dol-
ing it out in nice proportion to the body’s
needs.

How did insulin perform this service?
Biochemists began a systematic exam-
ination of the chemical machinery of the
cell, part by part. It was natural to sup-
pose that insulin acted on some key en-
zyme system, of which there are a great
many in the cell. The first metabolic sys-
tem to be tested was the breakdown of
glycogen to lactic acid, which provides
the energy for contraction of muscles. If
this processrequired insulin, presumably
a diabetic animal would not be able to



New shaker top
of TENITE POLYETHYLENE

sells more salt for Morton

3888890

A simple packaging improvement that
lets a housewife sprinkle salt right from
the container has given Morton Salt
Company an important sales lead in
market after market.

The new patented shaker device,
fitted into the top of the salt package,
consists of sprinkler and self-hinged
sprinkler-cover, molded all in one
piece. The material is Tenite Polyethyl-
ene in a formulation which affords just
the right stiffness to keep the cover
erect when open, and ample toughness
to guard against breaks in the hinges.

The desired blue color is achieved
by using a Tenite Polyethylene color

Shaker top molded for Morton Salt Company, Chicago 3, Ill.,

by: Korris Products, Inc., Lyons, Il

Victory Manufacturing Co., Chicago 12, Ill.
Northwest Molded Products Corp., Skokie, Il
Ken Hagen Co., Shelburn, Ind.

Federal Tool Corp., Chicago 45, Ill.

concentrate, added in fixed proportion
during the molding process. By this
means, Morton secures uniform color
results while employing several dif-
ferent molders.

In Tenite Polyethylene, the Morton
Salt Company also found the more
general characteristics needed tomake
the idea practical. First of these were
low material cost and ease of fabrica-
tion. Important, too, were resistance to
corrosion by salt or water; moldability
that would permit one-piece design;
and resilience that would make pos-
sible a tight friction-fit between cover
and sprinkler.

The shaker top is a good example of
how the many useful properties of ver-
satile Tenite Polyethylene can satisfy
design needs. If you have a design—
or even just an idea—that could be
given effective reality in polyethylene,
why not look into the possibilities
offered by Eastman’s wide range of
formulations.

For more information on Tenite Poly-
ethylene and advice about its use, write
EASTMAN CHEMICAL PRODUCTS, INC.,
subsidiary of Eastman Kodak Com-
pany, KINGSPORT, TENNESSEE.

TENITE

POLYETHYLENE

an Fastman plastic
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g; the talented

engineer & scientist

APL OFFERS
GREATER
FREEDOM OF
ACTIVITY

APL has responsibility for
the rechnical direction of
much of the guided missile
programof the Navy Bureau
of Ordnance. As a result
staff members participate in
assignments of challenging
scope that range from basic
research to prototype test-
ing of weapons and weapons
systems.

A high degree of freedom
of action enables APL staff
members to give free rein
to their talents and ideas.
Thus, professional advance-
ment and opportunities to
accept program responsi-
bility come rapidly. Promo-
tion is rapid, too, because
of our policy of placing
professional technical men
at all levels of supervision.

APL’s past accomplish-
ments include: the first ram-
jet engine, the Aerobee high
altitude rocket, the super-
sonic Terrier, Tartar, and
Talos missiles. Presently the
Laboratory is engaged in
solving complex and ad-
vanced problems leading to
future weapons and weap-
ons systems vital to the
national security. Interested
engineers and physicists are
invited to address inquiries
to:

Professional Staff
Appointments

The Johns Hopkins University

Applied P hysics Laboratory

8641 Georgia Avenue, Silver Spring, Md.
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convert glycogen to lactic acid. But the
experiments on animals showed that
even without insulin the muscles of an
animal during exercise did produce lac-
tic acid in normal amounts. So all of the
enzyme systems involved in conversion
of sugar to lactic acid were ruled out as
| targets of insulin’s action. Next it was
| found that insulin was not necessary for
| the metabolism of pyruvic acid; a dog
| deprived of insulin could still metabolize
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pyruvic acid in normal fashion. Finally it
turned out that the third major phase of
sugar metabolism—conversion of glucose
to glucose-phosphate—also could pro-
ceed without insulin.

In short, the process of elimination
had only succeeded in showing that
every known component of the cell’s
machinery for using sugar could function
perfectly well without insulin! This was
indeed an embarrassing impasse. There

D-GALACTOSE
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FOUR SUGARS which in the presence of insulin will enter cells in the dog have similar
structural formulas. At the ends (broken gray rectangles) the four molecules are identical.
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Stainless-steel ball valve with seals of TEFLON TFE-fluorocarbon resin made by Rockwood Sprinkler Company, Worcester, Mass.

THE INSIDE STORY... on a better valve for handling corrosives

REG. U, 5. PAT. OFF.

The valve body is of stainless steel. All of
its seals were designed of TeErLon TFE-
fluorocarbon resin, because of the resin’s
practically universal chemical resistance.
Thanks to TFE-fluorocarbon resins, the
valve now has a greatly expanded range of
uses . . . stops leakage of the most powerful
reagents. It can operate at 500°F., is “self-
lubricating”, does not stick or “freeze”.
Wears better, too.

We’d like to send you an intriguing scien-
tific “inside story” showing how the molec-

TEFLON

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY

© 1958 SCIENTIFIC AMERICAN, INC

ular structure of TFE resins results in their
remarkable chemical, electrical, thermal and
frictional properties. For your copy of “The
Physical Properties of TErLoN Polytetra-
fluoroethylene” write to: E. I. du Pont de
Nemours & Co. (Inc.), Polychemicals
Department, Room 385, Du Pont Building,
Wilmington 98, Del. In Canada: Du Pont
Company of Canada (1956) Limited, P.O.
Box 660, Montreal, Quebec.

TEFLON is Du Pont’s registered trademark for its
fluorocarbon resins, including the TFE (tetrafluoro-
ethylene) fluorocarbon resins discussed herein.
TFE-

FLUOROCARBON

RESINS




D-GALACTOSE (colored) is injected into the vein of a dog from which the kidneys, pan-
creas and other abdominal organs have been removed. Within five to 10 minutes the sugar
spreads throughout the blood, occupying the space in 8 per cent of the body by weight.

SPREADING of the sugar continues for 45 to 60 minutes until the galactose has penetrated
all the extracellular fluid and tissues which readily accept it. It then occupies 45 per cent
of the body by weight. Galactose is used for this experiment because it is not metabolized.

INSULIN injected into a vein can open up the remaining tissues of the dog to the sugar,
enabling it to enter into all the body fluid, both inside and outside of cells. The sugar
finally occupies a space which is equivalent to about 65 to 70 per cent of the body by weight.
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was no doubt whatever that insulin
played a leading role in the body’s use
of sugar, and yet biochemists could find
no place for it to act.

If insulin had nothing to do with the

internal chemical machinery of the
cell, where else might it operate? Our
laboratory went back to an old idea sug-
gested many years ago. Perhaps insulin
had something to do with sugar getting
into the cell. In order to be metabolized,
sugar must reach the machinery inside
the cell where metabolism takes place.
Suppose we assume that the reason a
diabetic cannot use sugar is that the
sugar fails to enter his tissue cells. It
would follow that the function of insulin
is to help sugar get through the cell
membrane into the cell-to open the
door, so to speak.

This offered a new lead for experi-
ments. We injected sugar into the blood-
stream of animals and then examined
them to see to what extent their cells
took up the sugar. We could not use
glucose itself, for this would promptly
be transformed to other substances once
it entered the cell. But we found other
sugars (galactose, xylose and others)
which under certain conditions are not
metabolized and serve as satisfactory
tracer substitutes for glucose. The re-
sults of the experiments upheld our
working hypothesis. Analysis showed
that a large proportion of the cells in the
animal did not take up sugar unless in-
sulin was injected at the same time.

That many cells did absorb sugar
without such an addition of insulin was
not surprising. It was known that the
cells of some organs of the body, includ-
ing the brain, the kidney and the intes-
tinal tract, are able to metabolize sugar
even in the absence of insulin. The prin-
cipal tissues where sugar metabolism
fails in diabetes are the muscles and the
connective tissues, especially the cells
that synthesize fat.

Other laboratories have confirmed our
finding that insulin controls the admit-
tance of sugar into such cells, and C. R.
Park of Vanderbilt University and E. J.
Ross of London have recently verified
that what applies to the special sugars
we used as tracers also applies to glu-
cose itself.

We can now picture the following

general scheme of insulin’s action.
When an animal eats carbohydrate, su-
gar goes into the bloodstream and raises
its sugar level. This is a signal for the
pancreas to secrete more insulin. The
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Portability, instant power and 100% reliability
are continuing problems in the critical area of
missile support. For more information on how SOI_ AR w
Solar gas turbines can help solve these prob- SAN DIEGO
lems, write to Dept. F-10, Solar Aircraft Company,
San Diego 12, California.

To Fire Missiles Fast
Use Solar Gas Turbines

Compact, reliable gas turbine
engines are ideal for missile ground support.

Here are the important reasons...

INSTANT STARTING = NO WARM UP. Solar gas turbines can be started and
fully operational in just 10 seconds! They require no warm up...give instant power after
months of inactivity, even under severe temperature extremes. This 100% reliability makes
them ideally suited for missile support...where every second is of paramount importance !
And gas turbines are the only prime movers which offer this tremendous advantage.

DEPENDABILITY. Gas turbines are the simplest of all heat engines. There are few
moving parts and no complicated cooling system. Overhauls are infrequent, maintenance is
easy, routine servicing can be completed in a few hours.

LIGHT WEIGHT, SMALL SIZE. Solar gas turbines are many times smaller...and
weigh up to forty times less than conventional engines! All essential piping and duct compo-
nents are a part of the engine. There are few accessories and controls.

PORTABILITY. Compact and lightweight, Solar turbines can be easily mobilized for quick
transportation to remote locations.

ADAPTABILITY. Versatile Solar turbines can provide power for virtually every phase of
missile support—such as erecting and aligning, fueling, calibration, checkout and launching.
Both shaft power and compressed air are available for important hydraulic, electric,
mechanical, and pneumatic applications.

USES ANY FUEL. Solar gas turbines can operate on almost any available fuel—includ-
ing gasoline, kerosene, natural or manufactured gas and diesel oil—greatly simplifying logistics
for remote missile operations.

AIRCRAFT COMPANY DES MOINES
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GLUCOSE
FROM LIVER

GLUCOSE ( ’/// INSULIN
FROM DIGESTION /% FROM PANCREAS

Wy

NORMAL TRANSPORT OF SUGAR to two kinds of cells is represented in these two
pairs of diagrams. Under fasting conditions glucose (colored hatching) in the blood can
penetrate the membranes of some cells (top diagram) , but is kept out of other cells (second
diagram). If the glucose level in the blood rises, as it does after a meal, insulin (black
hatching) is released from the pancreas and is carried to the cells by the blood. The insulin
acts at points on the “covered” cell to open its transport system so that glucose can enter.
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hormone travels via the bloodstream to
the muscle and fat cells, attaches itself
to some specific point on the surface of
the cell, and thus opens the gate for su-
gar. The pancreas’s insulin secretions
nicely regulate the cells” uptake and the
level of the sugar in the blood so that
none is wasted. Some sugar is taken up
by the liver and stored as glycogen; be-
tween meals the liver keeps rationing
out just about enough glucose to fuel the
brain, the kidney and the beating heart.

This is a highly satisfying picture
which clears up many puzzles; one of its
beauties is that it also leads us into in-
teresting new fields.

To begin with, we want to know more
about the sugar-transfer system in the
membrane of the cell. Apparently insulin
is not the only gateman that works at
this door. Experiments have shown that
muscles, during strenuous exercise, also
release a substance, not yet identified,
which can open the door. This has been
demonstrated by connecting the blood
vessels of two animals—one resting, the
other exercising. Although both animals
lack insulin, because of removal of their
pancreas, the working animal supplies
its resting partner via the bloodstream,
with an agent which allows entry of su-
gar into its cells. That muscular work
promotes the uptake of sugar by the tis-
sues has been known for a long time, and
exercise has been prescribed for dia-
betics.

It will not be easy to investigate the
chemistry of the sugar-entry system it-
self. As in all living systems that work
only so long as they are intact, we are
faced with the problem of how to ana-
lyze the system chemically without tak-
ing it apart. To study the chemical ac-
tivities of the cell membrane in its intact
condition we shall need radically new
methods of analysis.

NI eanwhile the membrane of the cell
= takes on fresh interest. We see once
again that it is a very important little
organ—fully as important as the nucleus,
the mitochondria and the other tiny
“organelles” within the cell. The cell
membrane contains vital transport sys-
tems not only for the passage of sugar
but also for the traffic of sodium and
potassium ions, amino acids and a host
of other foodstuffs and breakdown prod-
ucts in and out of the cell. Now that in-
sulin has been identified as a gatekeeper,
we may well look for other hormones
that act as engineers controlling the flow
of materials in and out of the chemical
factory of the cell.



Big
...10 break
a hottleneck

/20"x240"

—the widest, thin-gage Stainless Steel Sheets in the world

Today, anything that will further our
missile and aircraft program is of prime
importance to every American. That’s
why these BIG stainless steel sheets—
two and a half times as wide as those
hitherto available—are big news indeed.

Consider these facts: One of these
huge 200-square-foot sheets, when used
to surface the wings of a supersonic
bomber, could replace several sheets of
conventional size. The fewer joints and
seams thus required will simplify design
and fabrication . . . will speed up pro-
duction . . . will reduce weight.

Most important are the significant
savings in weight these wider, longer
sheets make possible. Because the
weight of many welds can be eliminated
by the use of such sheets on a typical
4,800-square-foot bomber wing, a sav-

ing of almost 1,000 pounds per wing
may be realized.

“Sandwich’ rolling is the secret—
Developed by United States Steel re-
search, this new method of increasing
sheet size consists of sandwiching a
number of stainless or alloy steel plates
between heavier plates of ordinary car-
bon steel and, after heating, rolling the
“sandwich” to a total reduction of
about 90%.

In this way, stainless steel or alloy
plates originally %" thick are reduced
to sheets with a nominal thickness of
.033 of an inch that measure 240 inches
long and 120 inches wide—a width
never before achieved.

This is possible because, in rolling,
the sandwich has the working charac-
teristics of the carbon steel cover plates
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rather than of the tough stainless steel
inside, and also because the sandwich,
due to its initial thickness, tends to
retain sufficient heat for the entire
rolling operation.

On the basis of the excellent results
obtained so far—with 12% chromium
and 5% chromium stainless—‘‘sand-
wich” rolling will be gradually extended
by United States Steel to provide wider,
longer sheets in “difficult to roll” stain-
less and alloy steels that have been
specially developed to meet the needs
of missile and supersonic aircraft build-
ers. United States Steel Corporation,
525 William Penn Place, Pittsburgh 30,
Pennsylvania.

USS is a registered trademark

@ United States Steel
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NORTRONICS

...GEARED TO THE SPACE AGE

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

the combined experience of Nortronics.

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

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

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

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

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

S5 —Extensive experience makes Nor-
tronics an important source of weapon
systems support equipment. Now in pro
duction, for example, is electronic and
mechanical ground support equipment
for leading United States missiles.

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

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

The research facilities as well as the development and manufacturing capabilities
of Nortronics are now supporting U.S. science, industry and military services.
For further information write to: Nortronics, A Division of Northrop Aircraft, Inc.,
222 North Prairie Avenue, Hawthorne, California.
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KING’S PALACE at Pylos is shown after its excavation. The of this room is the entrance of the palace; to the right are maga-
throne room, with its round hearth, is in the center. To the left zines for oil and wine jars. In distance is the island of Sphacteria.

QUEEN’S APARTMENTS in the palace are seen from near the is the queen’s reception room. Like the throne room, it has a cen-
propylon or palace gate (see floor plan on page 112). In the center tral hearth. At right are the queen’s boudoir and “powder room.”
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King Nestor’s Palace

Archaeologists have excavated a large structure in southwestern

Greece which was probably the home of the man who, the Odyssey

relates, received Telemachus as he began his search for Odysseus

ne of the most charming stories in
O the Odyssey tells of the visit of
Telemachus, the son of Odys-
seus, to the palace of King Nestor of
Pylos, his father’s old friend. Setting
forth from Ithaca to search for Odysseus,
who had not been heard from for nearly
10 years since the end of his successful
siege of Troy, Telemachus went first to
Nestor to ask whether the king had any
information that might help him find his
father. Nestor, delighted to see the son
of his old comrade, warmly invited Te-
lemachus to spend the night at the pal-
ace, and Homer’s story gives a detailed
account of how Telemachus was wined
and dined in the palace, how he was
given a bath by Polycasta, Nestor’s
youngest daughter, and how he was sent
on his way in the morning in a chariot
with the king’s blessing and such little
information about Odysseus as Nestor
could provide.

If there ever was a King Nestor—and
archaeology has of late found much evi-
dence that the Homeric sagas were
based on historical facts—we can confi-
dently say we have now discovered his
palace: the very place where Telem-
achus was so royally entertained. The
remains have been found where Greek
tradition placed the palace—in the terri-
tory of Pylos in western Messenia at the
southwestern tip of Greece. On a flat
hilltop covered with a wheat field and
olive trees, the extensive ruins of the
ancient building and its contents have
been brought to light by excavations
within the past six years.

Archaeologists have been combing
over Greece from end to end for some
80 years, and they have uncovered one
after another of its ancient cities and
towns. One might think that after this
thorough going-over there would not be
much of any consequence left to find.

by Carl W. Blegen

But the soil of Greece covers seemingly
inexhaustible deposits of antiquities, and
occasionally archaeologists favored by
the goddess of luck still manage to hit a
“jackpot.”

"r wenty years ago my friend Constan-

X tine Kourouniotis, director of the
Greek Archaeological Service, invited
me to join him in an archaeological
investigation of the southwestern Pelo-
ponnesus, where some ancient vaulted
tombs of the Mycenaean period had
been accidentally discovered. We formed
a joint Helleno-American expedition to
explore the area, Kourouniotis represent-
ing the Greek Archaeological Service
and I the University of Cincinnati.
Judging that the large newly discovered
tombs belonged to kings and members
of ruling families, we decided to search
for the palace where these royal per-
sonages must have lived. After two sea-
sons of systematic exploration of the
whole district on foot, we settled on
what looked like by far the most prom-
ising site: a flat-topped hill, now called
Epano Engliands, four miles from the
Ionian Sea coast. Commanding a wide
view in all directions, and dominating
the surrounding district, the hilltop was
obviously an ideal place for a royal
stronghold—near enough to the coast to
maintain a seaport yet far enough in-
land to be safe from surprise attack via
the sea.

Our first inspection of the hilltop dis-
closed two small projections of fused
mudbrick and limestone resembling
concrete. Local people assured us that
they must be part of the ruins of a
Roman building. We had a different
view. To us the concretions looked like
the calcined debris of the famous ancient
palace already uncovered at the Pelo-
ponnesian city of Mycenae, which had
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been burned by a great fire. We also
found fragments of pottery lying about
in the field which clearly were of the
Mycenaean period. Consequently we
began to dig into the site with some
confidence.

The very first day’s digging demon-
strated that we had really found what
we were seeking (and nothing is sweeter
to an archaeologist than to have his de-
ductions substantiated!). We unearthed
some thick stone walls badly damaged
by fire, fallen plaster with traces of fres-
coed decorations, stuccoed floors, many
pieces of broken Mycenaean pottery,
and, most exciting of all, several clay
tablets in the ancient Linear B script,
previously found only on the island of
Crete [see “The Language of Homer’s
Heroes,” by Jotham Johnson; ScIENTIFIC
AMERICAN, May, 1954]. Within a few
days we found hundreds of tablets,
nearly all coming from a small room evi-
dently used for the storage of archives.
By the end of the season we had estab-
lished the existence of the palace and
worked out plans for its complete exca-
vation. It was with rosy dreams that I
went home to Cincinnati at the season’s
end in the summer of 1939.

But the war intervened, and many
years passed before we were able to
return to Greece to carry out the project.
At last in 1952 we were able to go back
to the excavation. Dr. Kourouniotis had
died in 1945, and the Cincinnati wing
of the expedition took over responsibility
for completing the clearing of the pal-
ace. With financing provided by Profes-
sor and Mrs. W. T. Semple of Cincin-
nati we have devoted six seasons to the
excavation and have uncovered most of
the building.
The palace seems to have been de-
stroyed by fire around 1200 B.C. The



upper story collapsed into the lower,
and some of the walls apparently were
blown out in huge chunks. The site was
never occupied again: in time it came
to be covered by three or four feet of
earth and eventually became an olive
orchard. In the Classical period of
Greece, when Thucydides wrote his his-
tory, no one knew the exact spot where
Nestor’s palace had stood. It had been
lost to sight for 2,500 or 3,000 years
when it was rediscovered in 1939.

This building at Pylos is the third
palace of the Mycenaean period found
on the mainland of Greece: the other
two are at Mycenae and at Tiryns. The
ground plan of Nestor’s palace is com-
pletely preserved, and so its architecture
in the original state is much easier to

1

understand and to visualize than are the
other Mycenaean palaces, which were
damaged by later constructions or have
been in large part destroyed.

Nestor’s palace was a royal residence
of respectable dimensions. On its ground
floor it had more than 60 rooms or units
of one kind or another—courts, porches,
corridors, halls, stairways, chambers and
storerooms—and there were nearly as
many more in a second story. The es-
tablishment evidently consisted of three
distinct parts—a central structure and
two wings. The palace as a whole spread
over an area about 120 yards long and
65 yards wide.

The central unit, containing the apart-
ments of state, was laid out in a formal
five-part pattern leading to the throne

room as its climax (the same basic plan
as in the palaces at Mycenae and Ti-
ryns). The main gateway, or propylon,
was a covered, H-shaped passage with
the doorway in the center of the cross-
bar [see plan below]. Next to the door-
way is a slightly raised stand—probably
for a sentry or gatekeeper. The roof
of this entrance portico was supported
by two wooden columns—one centered
in front and one in back. The wooden
shafts themselves were of course con-
sumed in the fire, but well-preserved
impressions in a decorative stucco ring
around the surviving base show that the
columns were fluted with 60 delicately
carved grooves.

On passing through the gateway, you
emerged into an open courtyard some
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FLOOR PLAN of the palace shows its location on a hilltop (indi-
cated by broken line). The numbers indicate the propylon or
gate (1), courtyard (2), portico (3), vestibule (4), throne room
(5), archives (6), waiting room (7), pantries containing pottery
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(8), storerooms for wine and olive oil (9), bathroom (10), the
queen’s reception hall, courtyard, boudoir and “powder room”
(11,12,13, 14), entrance hall of old wing (15) and old throne room
(16). Another wing, housing administrative offices, is not shown.



40 feet wide, flanked by a porch and
balcony from which the ladies of the
palace may have looked on at arrivals or
events in the court. You crossed the
court to the main portico of the palace,
fronted by two large wooden columns,
and went through a broad doorway into
the vestibule or antechamber of the
throne room. Decorated with wall paint-
ings on all four sides, the large ante-
room was an impressive preparation for
the great hall of ceremonies bevond. The
doorway to the throne room was broad
and no doubt lofty; there is no evidence
of settings for doors, so it was probably
covered only by heavy drapes. Beside
the doorway again there was a stand for
a guard.

The throne room was a nearly square

hall about 37 feet wide by 43 feet long. MOLDING of stucco surrounded the base of a wooden column which supported the roof
Four fluted wooden columns, each o he propylon. On the inside of the molding is an impression of the column’s carved fluting.
standing on a stone base, supported the

roof and a balcony which probably ran
around the four sides of the room. In
the center of the hall was a big circular
hearth, 13 feet in diameter: it had a
terra-cotta chimney above to carrv the
smoke through the roof. The king’s
throne itself stood against the wall on
the right of the hall. The throne is gone,
but a slot in the floor marks its position.
No doubt it was much like the Myce-
naean throne found in the palace of
Minos at Knossos in Crete.

The throne room was brightly deco-
rated with gay designs painted in lively
colors on all available surfaces. Its stucco
floor was a mosaic of checkerboard
squares with various abstract linear pat-
terns, usually in two or more colors. One
square in front of the throne pictured a
semirealistic octopus. We have reason to
believe that the octopus held a high
place in the esteem of the royal family,
for it plays an important role in the
decoration of the building and also ap-
pears on royal seals.

The raised hearth, too, carried painted
designs, and probably also the wood-
work and the room’s four supporting
columns. Frescoes embellished the four
walls. Behind the throne were huge
winged griffins in a heraldic arrange-
ment, apparently reinforced by a lion on
each side. On the same wall was a fresco
of a human figure playing a lyre and
apparently taming a strange flying crea-
ture—perhaps a representation of Apollo
or Orpheus.

The throne room, with its wall paint-
ings, vivid floor designs and richly or-
namented woodwork gleaming in the
mellow glow of the fire on the hearth,
must often have been the scene of gay

. . ¢ BATHTUB bears a striking resemblance to modern designs. It is made of terra cotta and
assemblies and receptions. One can pic-  pag o clay base. At bottom of tub is a wine cup which has been left where it was found.

K
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ture the king seated on his throne, pour-
ing a libation to the gods in the presence
of a large company of brightly costumed
guests and subjects, while attendants
bustled about to see that wine was duly
served to all. One can also imagine the
women and children of the household
eagerly looking down on the festivities
from the surrounding balcony—if they
were not indeed permitted to take part
in the gathering below.

{long the sides of the central building,
+ X flanking the halls of state, was a
series of utilitarian rooms: offices, a
waiting room, pantries, storerooms, stair-
ways, a bathroom, and in one corner an
elegant suite which may have been the
queen’s formal apartment. It was in two
small rooms next to the front gateway
that we found the clay tablets, more than
1,000 in all, inscribed in the famous
Linear B, a pre-Homeric form of Greek
which the late Michael Ventris deci-
phered in 1952. Our tablets seem to be
economic records—lists of persons, agri-
cultural accounts, notes or contracts re-
lating to land, tithes and offerings, in-
ventories and the like. Nestor and his
successors clearly conducted a well-
organized administration. It may be that
the collector of internal revenue had his
headquarters in these archives rooms
and there received taxes in kind: in one
of the rooms stood a huge earthenware
jar which was apparently full of olive
oil the day the palace caught fire.

Next to these rooms was what appears
to have been a waiting room. In one
corner we found a long, right-angled
bench; there was also a stand for one or
two large wine jars and an adjoining
pantry with hundreds of drinking cups.
Very likely visitors waiting on the bench
for an audience in the throne room were
offered refreshment while they waited.

On the same side of the building
were five pantries containing a vast stock
of household pottery—more than 6,500
vessels of many shapes had been ar-
ranged in neat and orderly array on
wooden shelves. One of these pantries
was devoted exclusively to high-
stemmed drinking cups, shaped some-
what like a champagne glass. We
counted 2,853 stems. Nestor’s palace has
yielded by far the largest collection of
crockery and china yet found in any
Mycenaean residence.

Other storerooms in the palace were
crowded with jars, large and small, for
wine and olive oil: the latter commodity
obviously was a measure of wealth as
well as a part of the daily diet.

POTTERY from the palace includes many Mycenaean types. Among the samples shown in Although th.e upper story of the Pal.'
these photographs are one- and two-handled cups, dippers, vases and cooking vessels. aC€ 0011ap86d in the fire, we have evi-

I 14
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dence of its contents in some burned
rubbish found where it had fallen in
the lower rooms. There are innumerable
small fragments of ivory, many bearing
traces of beautifully carved decoration:
these evidently are the remains of
combs, mirror cases, toilet boxes and
the like from the quarters of the ladies
of the palace.

On the ground floor we found a bath-
room complete with its simple fittings: a
decorated terra-cotta tub set on a clay
base, with a step to facilitate getting into
the bath; a high stuccoed stand of clay
with two large earthenware jars, prob-
ably for holding water; and a hole for
draining the floor. The tub itself had no
outlet: apparently it had to be emptied
with a bailing vessel and a swab. Lying
on the floor of the tub was a wine cup,
and we found other goblets of the same
kind in the big jars. Possibly bathers
were in the habit of sipping wine with
their bath, but more likely these cups
were used for olive oil or water.

It is tempting to imagine that this may
have been the very room in which
Telemachus was given his bath by Poly-
casta—a ceremony from which, when
he had been washed, rubbed down,
anointed with oil and clothed in a fine
tunic and cloak, Telemachus emerged,
as Homer phrased it, looking like one of
the immortal gods.

The queen’s state apartments, as I
have mentioned, seem to have occupied
a corner of the palace’s main building.
Here is a large reception hall, about 20
by 23 feet, with a raised hearth in the
center, decorated in painted patterns.
The floor was no doubt adorned with
checkerboard paintings as in the throne
room, but all details were burned out by
the fire. There are, however, remains of
the wall frescoes, representing zoological
scenes which include griffins, lions,
panthers or possibly savage hounds.

From her reception hall the queen
could step out into a private walled
court. A corridor also led to an elegant
little room, perhaps a boudoir, with a
stucco floor delicately painted in ab-
stract or realistic representations of oc-
topuses, dolphins and other fishes. An-
other small room in her suite, also gaily
decorated, looks like a “powder room.”
On the floor stood at least a dozen nar-
row-necked jars, probably for washing
hands, and there seems to have been a
primitive water-closet—a stone slab
pierced by a round aperture to a stone-
lined underground drain.

We need not linger long over the two
wings off the central structure of
the palace. The wing on the southwest-

A typical discussion
period attended by
{1eft to right)

Mr. G G Bilodeau,
Dr. R. S. Varga,

Dr 1. Spanier

At Bettis Atomic Power Division scientists in related fields often meet for discussion
on various topics pertinent to the advancement of nuclear power technology.
It is men like these who will one day give the world complete power over the atom.

One of these discussions led by Dr. R. S. Varga centered around a lemma
proved by Stieltjes in 1887 which states that: “If the elements off the principal
diagonal of the (symmetric) matrix of a positive definite quadratic form

are all negative, then all the elements of the inverse of that matrix are positive.”

Realizing the relevance of Stieltjes’ lemma to nuclear power technology,

Dr. Varga obtained several necessary and sufficient conditions that the inverse

of a matrix has positive elements. He then established that the elliptic partial
differential equation = ¥ - [D(;)V(p(_).()] + E()-(.)(p(;) = S(;), arising
naturally in multigroup diffusion problems, is numerically approximated by the
matrix equation A X = E, where the matrix A satisfies one of the sufficient
conditions above. Hence, if_l:, a vector related to the source S(;j,

is non-negative, then the solution of the above matrix equation is a positive vector.

the
solution
was a
positive
vector

Dr. Varga’s calculations proved sound and the above fact has since been
incorporated into a Bettis production code as an internal check. Dr. Varga and

the other men who took part in this particular discussion typify the scientists who
make up Bettis. Could you have added something to this discussion . . . or to

one like it dealing with Physics, Metallurgy, or Nuclear Engineering?

If your answer is yes; if you are a U.S. Citizen with a Ph.D. or the equivalent
experience and would like to participate in the development of nuclear power,
send your resume to: Mr. M. J. Downey, Dept. #A-46, Bettis Atomic Power Division,
Westinghouse Electric Corp., Box 1468, Pittsburgh 30, Pa.

BETTIS ATOMIC POWER DIVISION

VVestinghouse

BETTER YOUR FUTURE AT BETTIS
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electronics thrives
in new habitat

It’s a surprise to many to find Chance |

Vought such fertile ground for elec-
tronics advancements. Vought’s cli-
mate traditionally has been one for
airframe achievement in the fighter
— and for the past 13 years — in the
missile field. Opportunities to set the
pace in this direction have attracted
top engineers for 40 years.

Today, Vought is exploring, devel-
oping, making new-product news in
electronics as well. It makes sense,
with electronics and airframe so inter-
dependent in missile and fighter pro-
grams. It makes for better weapons,
when a contractor like Chance
Vought has a knowledgeable grasp
of all subsystems. And it’s making
some unique opportunities for excit-
ing electronics careers.

The breadth of Vought’s electronics
work ranges from management of
RIN development (the Regulus 11
missile’s inertial navigational system)
to development and design of fighter
stabilization and fire control systems.
Happily for the Vought electronics
engineer, he sees most of his work
through from analyses to production
hardware and flight test.

Sampling these projects for rep-
resentative problems you find transi-
ents and closed loop stability
analyses; antenna design for high-
performance missiles; radar, data
link and fire control systems engi-
neering; reliability, packaging and
radar beacon development.

There is room in these activities
for additional, well-qualified men.
Investigate Vought’s generous grow-
ing season for electronics careers.
For details, write: C. A. Besio,
Supervisor, Engineering Personnel,
Dept. SA-2.

CHANCE,

QUGHT AIRCRAFT

INCORPORATED . DALLAS, TEXAS
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| ern side is older than the main building

and seems to have been the original pal-
ace. A spacious forehall in this wing
gave onto another hall through a door-
way in its left-hand wall—very different
from the straight-line approach through
a series of chambers to the throne room
that appears in the later Mycenaean
plan. Here there were but two cham-
bers: the large entrance hall, with three
wooden columns, a stucco floor and fres-
coed walls, and the throne room itself,
which seems to have had four columns

and a central hearth but is too poorly
preserved to give us much basis for re-
construction.

Behind the two halls of this wing were
many smaller rooms, approached by cor-
ridors and passages. One diminutive
chamber contained several hundred
coarse cooking pots; other rooms evi-
dently were storerooms, and one may
have been a bath. There was at least one
stairway, showing the existence of an
upper story, no doubt given over to do-
mestic and sleeping quarters. We can
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PAINTED STUCCO FLOOR of the throne room is partly reconstructed. Above the central
hearth is an octopus, a motif which figures prominently in the decoration of the palace.
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To test our recently developed “Fixed-Bed” Mounting, General Electric transistors have been struck full force with a No. 2 Iron. After traveling
a distance of 50 yards and landing on a concrete pavement, they checked out perfectly.

Tee off on a General Electric transistor
and it continues to work perfectliy!

General Electric transistors have been hit by golf clubs and fired from shotguns. They worked afterwards.

At G.E’s test laboratories in Syracuse, New York, there are transistors which have operated continu-
ously for the equivalent of nine years at eight hours a day—longer than the total life of most electronic
equipment.

The next time you run into a tough electronic design problem, remember the small size, long life and
extreme durability of General Electric transistors. We'll give you all the help we can.
General Electric Company, Semiconductor Products Department, Electronics Park, Syracuse, New York.

GENERAL @D ELECTRIC
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auroras, and an ionosphere. thit‘ '

cally varies in altitude, all of which ¢
communication blackouts and sl
fluctuations. v

A less well-known obstacle is the multi-
path phenomenon—the tendency of radia-
tions to reflect from different layers of
the ionosphere into two or more signal
paths. This condition, which under certain
circumstances produces a confused sig-
nal, is being overcome at Hughes through
the use of digital techniques. Frequency
is madg a controllable variable. Then, with
a digital computer to determine the best
frequencies to use at given times, a com-
munication system can automatically and
continuously select its most favorable
frequency.

Many openings now exist in this area.
Your inquiry is invited. Please send
resumé to Mr. J. C. Bailey at:

the West's leader in advanced electronics

Scientific and Engineering Staff
RESEARCH & DEVELOPMENT
LABORATORIES . =

Culver City, California & ,-' :
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“LINEAR B” TABLET found in a pantry enumerates bathtubs and other vessels.

In the

Pylos archives are the first examples of Linear B writing found on the mainland of Greece.

plausibly conjecture that after the later
central structure was built this older
wing may have served as the residence
either of a dowager queen or of the
crown prince and his family.

The other wing, off the northeast side
of the main building, was quite differ-
ent. It seems to have been the adminis-
trative department of the palace, per-
haps also the headquarters of the palace
guard and its armory. The building was
about 106 feet long, 52 feet wide and
contained about seven rooms. It had a
small open court with a stone altar and
what may have been a small stepped
shrine facing the altar. A broad corridor
led from this court to the several rooms.
Their floors were merely trodden earth;
the walls, crude brick. The building
probably had no upper story. We found
its rooms strewn with crushed pots and
many arrowheads, of flint and of thin

| bronze. More exciting were some 56 in-

scribed clay tablets and a large number
of lumps of clay bearing impressions of
official seals, which the fire had fortu-
nately preserved for us by baking the
clay hard.

\To inscriptions  specifically identify-
+ Y ing the palace as King Nestor’s were
found anywhere in the buildings. But
there can be no serious doubt that this
was actually the home of the Homeric
king who, along with Agamemnon,
largely outfitted the Greek expedition
against Troy. In size, splendor, sophisti-
cation of design and evidence of wealth
and political power this palace is equal
to those at Mycenae and Tiryns. Its date
—the 13th century B.C.—also places it at
the time of the celebrated Trojan expe-
dition, conducted by a coalition of kings
and princes of this region in Greece. The

© 1958 SCIENTIFIC AMERICAN, INC

ancient Greek stories mention only one
royal family in southwestern Pelopon-
nesus that was rich enough and had the
military force to maintain a capital on
the scale of our palace. That was the
family whose greatest scion was Nestor,
“ruler over nine cities.” Nestor, accord-
ing to the Iliad, fitted out 90 ships with
crew and equipment for the Trojan en-
terprise. He ruled over Pylos for three
generations. Greek tradition says that he
was followed on the throne in turn by a
son and a grandson, and that the palace
was finally sacked and burned by Dorian
invaders. We are convinced that the pal-
ace we have now dug out can be none
other than the residence of old King
Nestor.

MAN’S HEAD, made of gold and niello
(a black alloy) once decorated the side of
a silver cup found in the palace gateway.
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- Designed by Peter R. Lee, Minneapolis, this is First Prize Winner
in solar house competition sponsored by Association for Applied Solar 1
‘;, _ Energy — the 1958 Project of the Phoenix Association of Home Builders. T By

Now-=thanks to COPPER
the sun can heat your homel!

Solar scientists turned to Copper to help harness
the power of the sun. They’ve been so successful,
your home today, and perhaps all future homes in
certain temperate climates, can be heated in this
dramatic, efficient way.

Here’s how solar energy is put to work: Black-
ened Copper “collectors” on the roof absorb heat
from the rays of the sun. This heats water circu-
lating in Copper tubes built into the collectors. And
the heat is then transmitted throughout the house
by conventional methods. To take care of cloudy
spells, heat is stored in large, buried water tanks.

Two of Copper’s outstanding characteristics are
emphasized by this advanced heating method.
First, it is an unexcelled commercial heat transfer
agent. Second, its resistance to corrosion makes
it ideal for water circulation systems.

In addition, Copper and its alloys are easy to
work, form, join, draw, stamp, polish and plate.
And Copper’s efficiency as a practical electrical
conductor is unmatched. Let Copper help solve
your problems. The industry’s reserves are now
at a record high, productive capacity is:greater
than ever.

COPPER * BRASS * BRONZE

in over 40 Standard Alloys!

For information on other applications of Copper, write Copper & Brass Research Association, 420 Lexington Ave., New York 17, N. Y.
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LINK YOUR CAREER TO TOMORROW

For career men it is almost impossible to
tell where mental climate leaves off
and physical climate begins. Like the Moebius
strip, properly joined, they present a
single-sided situation that is most benign.
At Link Aviation the climate is ideal . . .
* ° Pioneers of flight simulation, Link’s modern
C 1 I I I at e electronic laboratories now bracket
= our continent. The facilities in Binghamton,

New York, have been supplemented by
the energetic Research & Development
Laboratories at Palo Alto, California.
At both places, primary consideration was
given to the importance of climate to

you. ..the very engineer we now seek.

Lo | B8
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Link AViation, Inc. Binghamton, NewYork

© 1958 SCIENTIFIC AMERICAN, INC

The mental climate at Link Aviation,
Inc., is ideal for your growth. Its facili-
ties, its attitude, its personnel provide
a congenial, purposeful atmosphere.

The physical climate furnishes you
with the maximum in comfortable sub-
urban living. And you have your choice
between the full-seasoned stimulation of
Binghamton in upstate New York, or the
temperate Californialiving in Palo Alto.

The climate of learning is here, too. If
you are the man we want, you will never
claim that your education is finished.
Link Aviation does more than give lip
service to this concept. As a participant
in the Honors Cooperative Programs at
outstanding universities, you can ad-
vance your education by attending regu-
lar classes withtime and tuition provided
by Link.

In addition to providing you with the
ideal climates, Link also assures you
that your material benefits will be com-
mensurate with today’s most enlightened
practices; good pay, ample vacations,
hospital, health and retirement benefits.

If this entire work-live-study setup at
Link sums up the ideal you have estab-
lished in your mind, we urge you to re-
spond immediately.

Write:
Mr. Ken Viall

Link Aviation, Inc., Dept. P-2
Binghamton, New York

Or:

Mr. Joe Larko

Link Aviation, Inc., Dept. P-2
P.O. Box 1313

Palo Alto, California
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MATHEMATICAL GAMES

About tetraflexagons

and tetraflexigation

by Martin Gardner

exaﬂexagons are diverting six-
H sided paper structures that can
be “flexed” to bring different sur-

faces into view. They are constructed by
folding a strip of paper as explained in
this department for December, 1956.
Close cousins to the hexaflexagons are a
wide variety of four-sided structures

which may be grouped loosely under the
term tetraflexagon.

Hexaflexagons were invented in 1939
by Arthur H. Stone, then a graduate stu-
dent at Princeton University and now a
lecturer in mathematics at the Univer-
sity of Manchester in England. Their
properties have been thoroughly investi-
gated; indeed, a complete mathematical
theory of hexaflexigation has been de-
veloped. Much less is known about tetra-
flexagons. Stone and his friends (notably

————m———

John W. Tukey, now a well-known top-
ologist) spent considerable time folding
and analyzing these four-sided forms,
but did not succeed in developing a
comprehensive theory that would cover
their discordant variations. Several spe-
cies of tetraflexagon are nonetheless in-
tensely interesting from the recreational
standpoint.

Consider first the simplest tetraflexa-
gon, a three-faced structure which can
be called the tri-tetraflexagon. It is easily
folded from the strip of paper shown
below (la is the front of the strip; 1b,
the back). Number the small squares on
each side of the strip as indicated, fold
both ends inward (lc) and join two
edges with a piece of transparent tape
(1d). Face 2 is now in front; face 1 is in
back. To flex the structure, fold it back
along the vertical center-line of face 2.
Face 1 will fold into the flexagon’s in-
terior as face 3 flexes into view.

Stone and his friends were not the
first to discover this interesting structure;

B
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How to make a tri-tetraflexagon (1), a tetra-tetraflexagon (2) and a hexa-tetraflexagon (3)
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it has been used for centuries as a dou-
ble-action hinge. I have on my desk, for
instance, two small picture-frames con-
taining photographs. The frames are
joined by two tri-tetraflexagon hinges
which permit the frames to flex forward
or backward with equal ease.

The same structure is involved in
several children’s toys, the most familiar
of which is a chain of flat wooden or
plastic blocks hinged together with
crossed tapes. If the toy is manipulated
properly, one block seems to tumble
down the chain from top to bottom. Ac-
tually this is an optical illusion created
by the flexing of the tri-tetraflexagon
hinges in serial order. The toy was popu-
lar in the U. S. during the 1890s, when

it was called Jacob’s Ladder. Two cur- |

rent models sell under the trade names
of Klik-Klak Blox and Flip Flop Blocks.

There are at least six types of four-
faced tetraflexagons, known as tetra-tet-
raflexagons. One of them has often been
* used as an advertising novelty because
the difficulty of finding the fourth face
makes it a pleasant puzzle. A good way
to make a tetra-tetraflexagon is to start
with a rectangular piece of thin card-
board ruled into 12 squares. Number
the squares on both sides as depicted
on the opposite page (2a and 2b). Cut
the rectangle along the broken lines.
Start as shown in 2a, then fold the two
center squares back and to the left. Fold
back the column on the extreme right.
The cardboard should now appear as
shown in 2c. Again fold back the column
on the right. The single square project-
ing on the left is now folded forward
and to the right. This brings all six of
the “1” squares to the front. Fasten to-
gether the edges of the two middle
squares with a piece of transparent tape
as shown in 2d.

You will find it a simple matter to flex
faces 1, 2 and 3 into view, but finding
face 4 may take a bit more doing. Nat-
urally you must not tear the cardboard.
Higher-order tetra-tetraflexagons with
an even number of faces can be con-
structed from similar rectangular start-
ing patterns; tetra-tetraflexagons with an
odd number of faces call for patterns
analogous to the one used for the tri-
tetraflexagon. Actually two rows of small
squares are sufficient to make a tetra-
tetraflexagon, but adding one or more
additional rows (which does not change
the essential structure) makes the model
easier to manipulate.

Another variety of tetraflexagon, and
one which has the unusual property of
flexing along either of two axes at right
angles to each other, can also be made
with four or more faces. The construc-

60 employees

learned to use the

“&endi” G-/5
computer

The California Department of Water Resources is
preparing aggressively to meet the future demands of a
rapidly expanding population. For example, digital electronic
computers are speeding solution to complex water
conservation problems. The general purpose Bendix G-15
proved so easy to use that 60 employees have been

taught to solve a wide range of problems on it. Although
most of these people had no prior computer experience, they
were writing programs after just four hours of training.

G-15 ADVANTAGES Memory an(‘i speed of computers
costing four times as much * Typewriter input-output,
paper tape output and 250 char/sec paper tape input at no
added cost * 1,200,000 words of magnetic tape memory
available * Punch card input-output available + Extensive
library of programs furnished ¢+ Strong users’ sharing
organization * Proven reliability « Nationwide sales and
service * Lease or purchase

Gnynfv

DIVISION OF BENDIX AVIATION CORPORATION

Built and backed by Bendix, the G-15 is serving
scores of progressive businesses, large and
small, throughout the world. For the details,

write to Bendix Computer, Department C.3, ’ l

Los Angeles 45, California.
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How to make and flex the tetraflexatube
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tion of a hexa-tetraflexagon of this type is
depicted on page 122. Begin with the
square-shaped strip shown in 3a (front)
and 3b (back). Its small squares should
be numbered as indicated. Crease along
each internal line in 3a so that each line
is the trough of a valley, flatten the strip
again, then fold on the four lines marked
with arrows. All folds are made to con-
form with the way the lines were origi-
nally creased. The strip now looks like
3c. Fold on the three lines marked with
arrows to form a square flexagon. Over-
lap the ends so that all the “2” squares
are uppermost (3d). Attach a piece of
transparent tape to the edge of the
square at upper left, then bend it back
to overlap the edge of a “1” square on
the opposite side.

The hexa-tetraflexagon can now be
flexed along both vertical and horizontal
axes to expose all six of its faces. Larger
square strips will yield flexagons whose
number of faces increases by fours: 10,
14, 18, 22 and so on. For tetraflexagons
of different orders, strips of other shapes
must be used.

It was while Stone was working on
right-triangle forms of flexagons (“for
which, perhaps mercifully,” he writes in
a letter, “we invented no name”) that he
hit upon a most remarkable puzzle—the
tetraflexatube. He had constructed a flat,
square-shaped flexagon, which to his
surprise opened into a tube. Further ex-
perimentation revealed that the tube
could be turned completely inside out by
a complicated series of flexes along the
boundaries of the right triangles.

The flexatube is made from a strip of
four squares [see drawings on opposite
page], each of which is ruled into four
right triangles. Crease back and forth
along all the lines, then tape the ends
together to form the cubical tube. The
puzzle is to turn the tube inside out by
folding only on the creased lines. A more
durable version can be made by gluing
16 triangles of thin metal or cardboard
onto cloth tape, allowing space between
the triangles for flexing. It is useful to
color only one side of the triangles, so
that you can see at all times just what
sort of progress you are making toward
reversing the tube.

One method of solving this fascinating
puzzle is illustrated in drawings 4b
through 4k. Push the two A corners to-
gether, flattening the cube to the square
flexagon of drawing 4c. Fold this for-
ward along the axis BB to form the tri-
angle of drawing 4d. The two B corners
are now pushed together to make a flat
square, but make sure that the two inside
flaps go in opposite directions (4e).
Open the square as in drawing 4f; then

Now you can forget the calculator
and concentrate on
the problem

You simply “write” the problem in the Deci-Magic

as you would on paper...and AUTOMATICALLY
your problem is solved!

No manual carriage

e et:a
VOOV VLULLLO

SEEEy s shifting, dial clearing or

decimal setting between

- entries and answer.
NEW MARCHANT DECI-MAGIC

The Marchant Deci+-Magic does all this for you!

This fully automatic “self-control” of the Marchant Deci-Magic makes it a
remarkably easy-to-use personal tool for the scientist, engineer or technical
specialist. No longer need you invite error and waste valuable time concerning
yourself with intermediate tabulation, dial position indicators and carriage
shift keys en route to your answer. With the Marchant Deci-Magic you can be
sure of your calculating results.. .devote maximum time to making use of them.

When you see it, we believe you will agree that the Deci-Magic is the easiest
of all calculators to use. Besides its exclusive “self-control” of dials, decimals
and carriage, the Deci-Magic gives you the important advantages of progres-
sive dial check of all entries and results, automatic single-entry squaring, auto-
matic zeros, and automatic accumulation of products or quotients.

For full information about the Deci-Magic. .for yourself, department or
organization...send the coupon provided below.

MARCHANT

CALCULATORS. Inc.

OAKLAND 8, CALIFORNIA

——— . . e e e S T o S o e .

MARCHANT CALCULATORS, INC. - OAKLAND 8, CALIFORNIA

1’d like to know more about how the Marchant
Deci+-Magic can help us in our figurework.

-5

NAME

PLEASE ATTACH COUPON TO YOUR ORGANIZATION’S LETTERHEAD
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The ORGANIZATION and RETRIEVAL
of INFORMATION

The organization and retrieval of large
volumes of diverse types of information is
rapidly becoming one of today’s more
serious problems. Major areas where the
problem exists include business and indus-
try, the military, the government, and the
scientific and engineering community itself.

In its simpler forms, the problem may in-
volve, for example, the automatic handling
and analysis of business data such as pay-
rolls, sales and manufacturing figures,
insurance premiums, and other essentially
statistical data. At the other extreme are
certain complex military situations which
require the concurrent interpretation, anal-
ysis, and integration on a very short time
scale of data from a wide variety of
sources, including field reports, photo-
graphs, news reports, estimates of indus-
trial activity, and the like. In many of these
situations, there is the additional require-
ment to translate the information from a
foreign language into English.

The development in recent years of elec-
tronic data handling equipment is now
making possible the practical solution of
many of these problems. Such equipment
has the capability to perform arithmetic

operations, make decisions among alter-
natives, store and retrieve large quantities
of information, and at high speed auto-
matically perform long, complex sequences
of operations.

At Ramo-Wooldridge, work is in progress
on advanced information handling systems
that are characterized by large volume and
widely different forms of information,
short time scales, and a variety of uses and
users. The scope of the work includes the
planning of systems and procedures, pro-
gramming various types of data handling
equipment, and formulation of require-
ments for new equipment. Research is also
under way on the machine translation of
foreign languages into English.

Engineers and scientists with experience in
the following fields are invited to explore
the wide range of openings now available:

Systems Engineering

EDP Systems

Computer Programming

Console Design Programming
Display Development Programming
High Acuity Optics Programming
Photo Interpretation Programming

The Ramo-Wooldridge Corporation

5730 ARBOR VITAE STREET « LOS ANGELES 45, CALIFORNIA
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pull corner C down and to the left to
make the flat structure shown in draw-
ing 4g. Corner D is now pushed to the
left, behind the structure, creating the
flat rectangle of drawing 4h. This rec-
tangle opens to form a cubical tube (4i)
that is half the height of the original
one.

You are now at the mid-point of your
operations; exactly half the tube has
been reversed. Flatten the tube to make
a rectangle again (4j), but flatten it in
the opposite way from the way shown in
drawing 4h. Starting as shown in draw-
ing 4k, the previous operations are now
“undone,” so to speak, by making them
in reverse. Result: a reversed flexatube.
At least two other completely different
methods of turning the flexatube inside
out are known, and both are as devious
and difficult to discover as this one.

Recently Stone has been able to prove
that a cylindrical band of any width can
be turned inside out by a finite number
of folds along straight lines, but the gen-
eral method is much too involved to de-
scribe here. The question arises: Can a
paper bag (that is, a rectangular tube
closed on the bottom) be turned inside
out by a finite number of folds? This is
an unsolved problem. Apparently the
answer is no, regardless of the bag’s pro-
portions, though it would probably be
extremely difficult to find a satisfactory
proof.

T he answer to Ben Ames Williams’s
coconut problem posed here last
month is 3,121. On the first five divisions
into fifths there is an extra coconut for
the monkey. Following the reasoning
given last month, the smallest number of
coconuts that will permit these five steps
is 55—4, or 3,121. After the last opera-
tion there will be 255 coconuts left. Be-
cause this is evenly divisible by five,
with no coconut for the monkey, 3,121
is the answer.
The general solution of the problem
requires two Diophantine equations. If

| the number of sailors is odd, the original

number of coconuts equals (1-+nc)
n"— (n—1), where n is the number of
men and ¢ is any integer including zero.
If the number of sailors is even, the for-
mulais (n—1+nc)n"—(n—1).

The answer to the simpler problem of
three sailors, at the close of last month’s
department, is 15 coconuts.

he two Tac Tix problems, also pre-

sented last month, are solved as fol-
lows. In the first problem the only win-
ning play is to remove counters 9, 10, 11,
12. The second problem has two win-
ning moves: counters 9 or 10.



REPORT FROM IBM

Analysis

The Speech Recognition Project at the IBM Yorktown
Research Center has recently completed equipment able
to convert speech into digital form for computer input.
Information Research engineers and scientists cooperated
on the project.

Two devices, an Editor and a Coder, are used to pre-
pare speech samples for computer analysis. The Editor
aids selection of “speech events” from continuous speech.
In this operation edit pulses are written on a second track
of an audio tape opposite speech events desired. The sec-
ond device, a Coder, plays back the audio portion of
edited tape through equalizer, compressor, and low-pass
filter components to an analog to digital converter. As

YORKTOWN RESEARCH CENTER, NEW YORK

of speech

instructed by edit pulses, the converter samples speech

-signal amplitude and converts amplitude at each sample

point to a six-point binary number. Simultaneously, the
edit pulse also causes control circuits to bring the com-
puter system tape unit up to speed and writes the con-
verted signal on digital tape. Data thus stored on digital
tape is then subject to a versatile system of analysis pro-
grammed on the computer.

The project is concerned with the question, “What
properties do acoustic signals possess which aid in dis-
tinguishing speech sounds one from another?” It is hoped
that this research will lead to the development of useful
and natural systems for verbal control of machines.

Investigate the many career opportunities available in exciting new fields at IBM.

International Business Machines Corporation, Dept. 659Q, 590 Madison Avenue, New York 22, New York
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Close~-up of an industrial
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breakthrough

The tiny holes in this punched tape feed
instructions to the first all-electronically
controlled production line of machine tools
ever developed —a series of coordinated
machines with the unique capability of per-
forming machining operations on a variety
of parts, simultaneously.

By achieving this history-making breakthrough,
HUGHES digital controls make possible for the first time
“Detroit-type” techniques and economies for small-to-
medium quantity production. This new HUGHES system
is ideally suited to the trend toward fast-paced changes
and shorter production runs which constitute the bulk
of all machining done today.

With the HUGHES digital control system, any desired
number of machine tools can be integrated into one
production line. Milling, drilling, tapping, boring, and
reaming operations are performed automatically, to
precise tolerances. The system provides automatic
compensation for dimension tolerances while main-
taining production flow.

Translating blueprints into finished parts with HUGHES
digital controls saves many days, and often weeks, of
valuable time. Engineering and scheduling changes in
a machined part can be made in minutes.

This system eliminates costly inventories of small parts.
When a reorder has to be filled, or even one part is
needed, a HUGHES digital controlled production line
will turn it out in minutes.

To find out how a HUGHES digital control system can
achieve a breakthrough in your production of
machined parts, please write or telephone —

HUGHES PRODUCTS
Industrial Systems and Controls, International Airport Station,
Los Angeles 45, California

Working from a standard planning sheet a typist (with only
one hour of training) can punch a HUGHES digital control
tape on the self-correcting keyboard.

The punched tape is then inserted in electronic “readers”
that feed the information into control cabinets, automati-
cally converting it into instructions for the machines.

Shown here is a line of milling, drilling and boring machines
(Kearney & Trecker) automated by HUGHES controls. Sev-
eral different parts can be handled by a line at the same time.

© 1956, HUGHES AIRCRAFT COMPANY

© 1958 SCIENTIFIC AMERICAN, INC



b~y
2 )

L

VT ™

*\f _

‘e “ Vi)

F

Conducted by C. L. Stong

amiliar optical devices such as eye-
F glasses and binoculars form an im-

age by refracting light with glass
lenses. Yet when an amateur makes a
telescope its main optical element is al-
most always a mirror. Why? Primarily
because in making the mirror of a re-
flecting telescope the amateur need
grind and polish only one optical sur-
face. If a refracting telescope is to bring
images in various colors to even roughly
the same focus, its objective lens must
ordinarily consist of two pieces of glass.
Thus the maker of a refractor objective
must grind and polish four surfaces. To

objective lens

reflecting prism

objective lens
.

e

CTHE AMATEUR SGIENTIST

A refracting telescope in which the main

lens consists of only one piece of glass

make matters worse, the edges of both
lens elements must be ground and fitted
to a precisely machined cell so that their
curves are centered on the optical axis
of the telescope.

J. H. Rush of Boulder, Col., suggests
an easier way to make a refractor: a re-
markable design which, although it is
completely corrected for color, has an
objective lens consisting of only one
piece of glass!

Rush writes: “Chromatic aberration
has plagued the designers of refracting
telescopes from the time of Galileo down
to the present. This defect causes images
to be blurred by overlapping colors and
to be surrounded by colored halos. Yet
a truly achromatic (color-free) refractor
design has been available since 1899. In
that year a German optical worker
named L. Schupmann published a small
book on what he called ‘medial’ tele-
scopes. His work was curiously neglect-

Mangin mirroy

13.0"

ed. Latelv it has been rediscovered and
adapted to modern telescope designs by
James G. Baker of the Harvard College
Observatory, to whom I am indebted for
much of my information on the Schup-
mann system.

“A brief review of the evolution of
refractors may focus some light on the
advantages and disadvantages of the
Schupmann telescope. Isaac Newton de-
cided (on the basis of inadequate exper-
iments) that ‘all refracting substances
diverge the prismatic colors in a constant
proportion to their mean refraction’; that
is, the focal lengths of a lens for two
particular wavelengths of light must al-
ways be in the same ratio, regardless of
what kind of glass the lens is made of.
This conclusion was in error, but it led
Newton to decide that a color-compen-
sating lens was impossible because any
two pieces of glass that could cancel
the dispersion of colors would also can-

primavy image

36.5"

'
|
4

o i
|

achromatic
field lens

X
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plateholder

X |
384 — Mangin
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The optical path in the two kinds of Schupmann telescope: the brachyt (top) and the medial (bottom)
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cel the desired refracting power. He
turned his attention to reflectors, and his
great reputation discouraged others
from challenging his conclusions.

“About 1730 Chester M. Hall of Eng-
land disputed Newton’s authority and
produced the first achromatic lenses. It
is interesting to note that Hall was en-
couraged in this undertaking by his ob-
servation that the various ‘humours’ in
the eye produce an achromatic image.
He concluded that a combination of dif-
ferent glasses should also do so. His ob-
servation was just as erroneous as New-
ton’s (the eye is not achromatic), but
Hall’s error was optimistic and led to a
notable advance in optics.

Hall did not do much with his in-
vention, but a few years later John Dol-
lond independently invented the achro-
mat and promoted it so energetically
that it revolutionized telescope design.
Achromatic lenses take advantage of the
differing optical properties of various
kinds of glass. A converging (positive)
lens, usually of crown glass, is combined
with a diverging (negative) lens, usual-
ly of flint glass. Because the dispersion of
the flint glass (its power to bend light of
one color more than another) is greater
than that of the crown glass, the flint
element can be designed to reverse and
cancel the color dispersion of the crown
element without entirely canceling its
mean refractive power [see drawing at
top of next page]. The resulting ‘achro-
matic doublet’ is commonly used as a
telescope objective, and the same princi-
ple is of course applied in more complex
lens systems.

“Unfortunately the doublet does not
give perfect color correction. Color dis-
persion by glass or other substances is
irrational. That is, the refraction for dif-
ferent colors is not proportional to their
wavelength. Hence when refraction is
plotted against wavelength, the result-
ing curves for different glasses do not
have the same shape. A doublet can be
designed to bring two chosen wave-
lengths to a focus at exactly the same
distance from the lens; intermediate
wavelengths fall a bit short, and those
beyond the corrected region deviate se-
riously from the common focus. This
‘secondary spectrum’ is quite trouble-
some in a large instrument. The 40-inch
achromat at the Yerkes Observatory, for
example, focuses the yellow-green about
a centimeter nearer the lens than the red
and blue for which it is corrected. If
three different kinds of glass are com-
bined, three wavelengths can be brought
to a common focus. Such a lens is called
an apochromat. It gives a much better
color correction than does the achromat,

Iong-focus
guiding
telescope

iluminated
cross~hairs

gmdmg /—/‘

eyepiece
ficld lens

declination slow motion
declination clamp

countzrweight

clock dvive

Suggested mounting for a Schupmann refracting telescope

but is costly and suffers from other dis-
advantages.

“In complex lens systems an additional
defect called lateral color usually ap-
pears. Such a system may focus all wave-
lengths of interest at practically the same
distance from the last lens element. Yet
the images in different colors may be of
different sizes, so that they do not coin-
cide except on the optical axis of the
telescope. The result is an overlapping
color effect similar to that produced by
the more familiar longitudinal color just
discussed.

“At this point one may ask: Why
bother with refractors at all? Mirrors are
entirely free of chromatic aberration,
since the simple law of reflection holds
for all wavelengths. The answer is main-
ly that a mirror system usually wastes
more light than a good achromatic ob-
jective (a minor objection), and that,
usually having only one figured surface,
the mirror does not permit adequate
control of other aberrations.

“The ideal mirror shape for focusing
parallel rays, with which we are con-

© 1958 SCIENTIFIC AMERICAN, INC

cerned in an astronomical objective, is
the paraboloid. Its spherical aberration
is zero. All light coming into such a mir-
ror parallel to its axis is reflected (within
the limitations due to the wave proper-
ties of light) to a single focal point on
the axis. So far, so good. But parallel
rays coming in at an angle to the axis,
such as the light from a star that is not
centered in the field, do not converge to
a common focus—as any telescope-mak-
ing enthusiast is painfully aware. The
image is distorted by two types of aber-
ration: astigmatism and coma. In the
case of astigmatism, an object point off
the optical axis is imaged as two lines
at different focal distances and perpen-
dicular to each other. The effects of
coma, on the other hand, resemble those
of spherical aberration. But instead of a
point-source coming to focus as a circu-
lar patch of light in the plane of the
image, as in spherical aberration, coma
results in a comet-shaped patch. More-
over, the image field is a curved surface.

“There is nothing you can do about
these defects. You have already deter-
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You Get Things Done With
Boardmaster Visua! Control

Gives Graphic Picture of Your Operation—
Spotlighted by Color

Y Facts at a glance — Saves Time, Saves
Money, Prevents Errors
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Can you think faster
than this Machine?

Control Panel of GENIAC® set up to do a problem

Be careful before you answer. GENIAC® the first elec-
trical brain construction kit is equipped to play tic- tac-
toe, cipher and encipher codes, convert from binary

ueumal, reason (in syllogisms) as well as add, Zub-
tr ultiply and divide. pecific problems in a
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You will find building and using GENIACS® a won-
derful experience; one kit user wrote us: ‘‘this kit has
opened up a new world of thinking to me.'" \nu actu-
ally see how computing, problem solving. and game
play _(Tic;tac-toe, nim . n be analyzed Wwith

oolean Algebra’ and ‘the algebraic solutions trans:
formed directly into circuit diagrams. You create from
over 400 spedially designed snd Wanufactured com.
ponents a machine that solves problems faster than
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My name and address are attached.

132

? =
/ deviation

(

pical chromatic

=
CYown

/ glass ty
4 aberration

bluve
yc" ow
red

ﬂe:l and blue

typical achvomatic
image

The positive and negative elements of an achromat produce opposite color dispersion

mined the shape of the mirror, making
it a paraboloid to eliminate spherical
aberration; and you have determined its
scale, to obtain the desired focal length.
You can do nothing more with a single
surface. Of course, in the case of com-
pound reflecting telescopes, the experts
do some tricks with secondary mirror
surfaces and sometimes with special cor-
recting lenses, but most amateurs leave
these strictly alone.

“In a simple lens the index of refrac-
tion of the glass and the difference in the
curvature of the two surfaces determine
the focal length. By bending’ the lens—
keeping this difference constant while
changing both radii of curvature—the
designer can eliminate all coma and
nearly all spherical aberration. Of course
the designer still has to live with astig-
matism, chromatic aberration and curva-
ture of the field. In designing a doublet,
he computes powers for the two ele-
ments that will give the desired focal
length and color correction. Then, by
suitably bending both elements inde-
pendently, he eliminates both coma and
spherical aberration. The perfection of
these corrections depends very much on
some subtle wisdom in the choice of
glasses, which the designer usually at-
tains by surviving his previous efforts.

“Here, then, is the principal advan-
tage of the refractor. A doublet or triplet
lens affords the designer degrees of free-
dom enough to correct the most trouble-
some aberrations independently. How-
ever, astigmatism remains a problem. It
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is an obstacle to good definition over
wide fields, and usually limits an astro-
nomical refractor to a very small area of
the sky. But a reflector is even more
sharply limited by astigmatism and coma.
“About 1930 Bernhard Schmidt of
Germany came up with an excellent so-
lution to these limitations with his now-
famous lens-and-mirror combination. His
instrument is especially advantageous
for fast photography of wide angular
fields at low magnification. Its peculiarly
curved lens, or ‘correcting plate, is an
obstacle to any but the most skilled op-
ticians, but modified designs using
spherical lens-surfaces have eliminated
even that difficulty for some purposes.
Yet the Schmidt is not a substitute for
the long-focus refractor, so useful for
astronomical observations that require a
relatively large image. A Schmidt tele-
scope is twice as long as a simple reflec-
tor or refractor of the same focal length.
“Schupmann described two types of
unconventional telescopes: the brachy-
medial (or brachyt) and the medial. The
brachyt is not capable of correcting
chromatic aberration completely. For
that reason I have not investigated its
possibilities in detail. It has the great
advantage of compactness and might be
capable of acceptable performance over
a limited field and spectral range, if
carefully designed. The optical path of
the brachyt is depicted in the accompa-
nying drawing [page 130].
“Schupmann’s other design, the me-
dial, is something else again. It is capa-



UNUSUAL

50 150-300 POWER MICROSCOPE

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

Stock No. 70,008-S....$14.95 Pstpd.
MOUNTED 500 POWER OBJECTIVE

Threaded for easy attachment on
above microscope. Achromatic lenscs for
fine viewing. 3 mm. focal lengtl

Stock #30,197-S ..$5.00 Psfpd.

See the Satellites
NEW, LOW PRICE "SATELLITER"
TELESCOPE

E Get ready for a terrific sky show as
! more Satellites are vaulted into space.

See thrilling sights with our amazing
Natellite Scope at unheard of low cost. Also view comets—
use as a_ Rich-field Scope for viewing star clusters. 5
power—wide 12° field. Use of high quality war surplus
optics makes possible this bargain.

Stock No. 70,150-S. ... $9.95 Postpaid

Take Telephoto
Shots Thru

7 x 50
MONOCULAR

This is fine quality, American made instrument—war
surplus! Actually % of U.S. Govt. 7 x 50 Binocular. Used
for general observation both day and night and to take
fascinating telephoto shots with your camera. Brand new.
$95 value. Due to Japanese competition we close these out
at a bargain price. Directions and mounting hints included.
Stock No. 50,003-S............c.ccueeenen $15.00 Pstpd.

OPTICAL BARGAINS

A 4 " ASTRONOMICAL TELESCOPE
: 4 MT. PALOMAR TYPE ONLY
' uP To 270 POWER $7450

A REAL REFLECTOR TELESCOPE
Complete with Equatorial Mount, Tripod COMPLETE

With this scope you can see the craters on the moon, rings of Saturn,
double stars, or a newspaper headline at a mile! Mirror guaranteed to
give theoretical limit of resolution. 6X Finder. Rack and pin focusing,
removable mirror mount, real equatorial mounting—only one adjustment
follows stars! Aluminum tube—takes standard eyepieces. You get 40X
Kellner, %" F. L. eyepiece, one Barlow lens to give you up to 270 Power.
F/11 mirror corrected to better than 34" wavelength.

Stock 7£85,006-S.. ....$74.50 f.o0.b. Barrington, N. J.

ASSEMBLED See the Stars, Moon, Planets Close Up!

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

Famous Mt. Palomar Type
You’ll see the Rings of Saturn, the fascinating planet Mars,
huge craters on the Moon, Star Clusters, Moons of Jupiter in
Galaxies! Equatorial moun:
zed and overcoated 37 s
Hes equlpped wit|

0 es.
high-speed f/10 mlrror
a eyepiece and a mounted
) 7100 power. An Optical Finder
is mlso included. Sturdy, hard-

h.‘ Free with scope: Valuable STAR CHART

and 272 page ‘‘Astronomy Book.'
Photographers' This_is an actual photograph
moon taken through our Astronomical Stock No. 85,050-S i $29.50 f.0 b.
Telescope by a 17-year-old student. (Shipping wt. 10 Ibs.) Barrington, N.

W Fine, American-Made Instrument at Over 50% Saving

STEREO MICROSCOPE
For Industrial or Hobby Use

Up to 3” Working Distance—Erect Image—Wide 3 Dimensional Field
Now, ready after years in development—this instrument answers the long standing need
for a sturdy, efficient STEREO MICROSCOPE at low cost. Used in production—in re-
search—in the lab, shop, factory, or at home; for inspections, examinations, counting,
checking, assembling, dissecting—speeding up and improving quality control. 2 sets of
objectives on rotating turret. Standard pair of wide field 10X Kellner Eyepieces give you
23 power and 40 power. Additional eyepieces available for greater or lesser magnification.
Helical rack and pinion focusing. Precision, American-made! WE WILL SHIP ON

10-DAY FREE TRIAL . . . complete satisfaction or your money back.
Order Stock No. 85,056-S......... ... $99.50 f.o.b. Barrington, N. J.
(Shipping wt. approx. 11 Ibs.) Send check or M.0.

REFRACTOR TELESCOPE

240-POWER

Complete with Finder, Equa-
torial Mounting, Tripod, Eye-
piece Extension, Star Diagonal,
and Three Eyepieces giving you
48X, 120X and 240X. Special
Barlow lens also gives up to
500X. Big 4” objective is an
air-spaced achromat, each ele-
ment coated on both sides for
low reflection. Rack-and-pinion
focusing. A $400 value.

Stock No. 85,038-S .. ..$247.00 f.0.b.

(Shipping wt. 55 1bs.) Barrington, N. J.

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE
GRIND YOUR OWN ASTRONOMICAL MIRROR
Complete Kits Including Blank, Tool and Abrasives

All over America amateurs are grinding their
own mirrors and making expensive Telescopes 5 . - .
cheaply. You can do the same using our Kits. Stock No. Dia. M|lr,l"°r Thl;:k“ness Price

These contain mirror blank, tool, abrasives, 70,003-S 4/ %" $_7.50 postpaid
diagonal mirror and eyepiece lenses. You 70,004-S 6" " 11.95 postpaid
build instruments ranging in value from $245 70,005-S 8" 1% 19.50 postpaid
to thousands of dollars. 70,006-$ 10 1% 30.75 postpaid

70,007-S 12" 2" 54.75 postpaid

TIC ELECTRICITY
GENERATOR

Sce a thrilling spark display as you
set off a miniature bolt of lightning.
Absolutelysafeand harmless. Sturdi-
ly made—stands 1~1 high. Turn the
handle and two 9” plastic dises ro-
tate in opposite directions. Metal
collector brushes mck up the static
electricity, store it in the Leyden
jar type condenser until discharged
by the jumping spark. Countless
tricks and experiments. 24 page
instruction booklet included.

Sloch Ne. 70,070-5 .$10.95 Postpaid

J>

BUILD A SOLAR
ENERGY FURNACE

Good Geophysical Year Project
A fascinating new field. You can
build your own Solar Furnace for
experimentation—many practical
uses. It’s easy—inexpensive—use
your scrap wood. We furnish in-
struction booklet. This sun pow-
ered furnace will generate terrific heat 2000° to
3000°. Fuses enamel to metal—produces many un-
usual fusing effects. Sets paper aflame in seconds.
Use our Fresnel Lens—143,” diameter . . . f.1. 14",

Siock No. 70,130-S package of 1 .$ 6.00 Postpaid
Stock No. 70,131-S package of 2....... 11.00 Postpaid

ORDER BY STOCK NUMBER

»  INFRARED SNIPERSCOPE TELESCOPE & PARTS

See in the dark—without being observed. War surplus Sniperscope M-2.
Gov’t cost about $1200. Used for industrial plant security; research lab
experiments ; infrared photography ; spectroscopy, etc. Instrument complete,
ready to use. Includes Power Pack, infrared light source. Will operate
from 6V auto battery. Battery or transformer available.

Stock No. 85,053-S $150.00 f.0.b.

Shpg. wt. approx. 12 Ibs. Barrington, N. J.
Save still more money! Build your AMERICA NEEDS SCIENTISTS!
own Sniperscope! We will furnish in- Stimulate your son’s interest—request for
structions—parts, including: Power him our FREE CATALOG-S featuring
Packs, 1P25A image tubes, light hundreds of scientific and astronomical
units, filters, etc. For details—re- items. No better time than in this GEO-
quest FREE catalog “‘S”’. PHYSICAL YEAR!

50 Power Microscore | ‘ron. FREE CATALOG-S
al‘ld lo POWER TELESCOPE Huge selection of lenses, prisms, war surplus op-

tical instruments, parts and accessories. Tele-

@ m scopes, microscopes, satellite telescopes, binocu-
— > A

lars. Infrared Sniperscopes

ONLY  Useful Telesc&pedana Mi- parts, reticles, mirrors, Ron-
croscope combine: in one H 1
$4.50 amazing, Precision ifsiru. chi rulings, dozens of other
. ment. Imported! No larger hard-to-get optical items.
spe. than a fountain pen. Teie- 109
sct}]pe is_10 Power. Micro- America's No. 1 source of
scope magni; H imes. arp
focus at any range! Handy fof sports. supply for Photogra-
1520012‘?‘-:‘:1 small objects, just plain phers, Hobbyists, Tele-
 Order Stock 2 30,059- S sa 50 ppd. scope Makers, etc. Ask
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Satisfaction ﬂulrlr\!ern
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. SEND CHECX OR MONEY ORDER .

EDMUND SCIENTIFIC CO. 5ARRINGTON, NEW JERSEY
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INFRARED

OPTICAL SYSTEMS

This facility has produced
infrared systems involving
all-air path optics for the
far infrared spectrum, and
combinations of reflecting
optics and the newer in-
frared transmitting mate-
rials. Needs in short focus
Cassegrain systems have
been satisfactorily supplied.

If you have such a prob-
lem we will be pleased to
entertain it.

K
LA ERSON

OPTICAL COMPANY,INC. & /
Ocean Springs, Mississippi -

Our selection of diame-
ters and focal lengths is
the largest in the United

States available for immediate delivery. Perfect magnesium
fluoride coated and cemented achromatic telescope objectives.

Aluminum tubing and cells available for lenses listed below.
Send for complete list of other diameters and focal lengths.

EACH Dia. F.L. EACH
$12.50 35" 15" $21.00
$ 9.75 é " $22.50
$12.50 $30.00
$12.50 % 434" 67.50
$12.50 57" 243" $85.00
MOUNTED AIR SPACED OBJECTIVES

We offer the finest hand-corrected air
spaced American made astronomical objectives.
Mounted in Black Anodized Aluminum Cells.

DIA. F.L. PRICE PRICE
3Ya" 48” Coaled $32.00 Not Coated $28.00
4" 62" Coated $69.00 Not Coated $60.00

We can supply ALUMINUM TUBING for the above lenses.

MQUNTED 1%” 0.. EYEPIEGES

Symmetrical .§6.0
. Erfle (Wide Angle).. I2 50
Triplet .50

Symmetrical
Kellner ..

32 mm FI Orthoscopic

e ,00
COATING 75¢ extra
WIDE ANGLE ERFLE (68° Field)
EYEPIECE Brand new coated 114”
E.F.L. Poummg mount, 3 pexfe(‘t
achromats, 134¢” 11)elture ...... $18.5

. WIDE ANGLE ERFLE 1%” E.I. I
Brand new: contains Kastman Kodak’s rare- edrth glasses :
aperture 2 ; focusing mounts; 65° field.................... 18.50
1" DIA. ADAPTOR for above eyepieces...$ 3.95

MONOCULARS (COATED)

I'ine quality imported monoculars,
Leather case and straps included.
.00 7 x 50 15.
1.25 16 x 30 17.50
12.50 20 x 50 20.00

ASTRONOMICAL TELESCOPE MIRRORS

Polished to ¥4 Wave and Aluminized
Dia. F.L.

Postpaid
344" 42 9.7
Pyrex 41" 45" $13.50
Pyres 6" 60" $25.00

I Free Catalogue ‘“‘MILLIONS’ of Lenses, etc. I

We pay the POSTAGE—C.0.D.’s you pay postage—Satisfaction
guaranteed or money refunded If returned within 10 days.

A. JAEGERS

B91A Merrick Road
LYNBROOK. NY

134

truve center of mirror

blue

appavent centers
of curvature of mivror
foy diffevent colors

silver

A Mangin mirror of crown glass performs like a negative lens of flint glass

| ble of practically perfect correction of
chromatic aberration over the full pho-
tographic spectral range. The medial,
like the Schmidt system, uses both lenses
and a mirror, but it is mainly a lens in-
strument and even in its simplest form
it need not be much longer than the
equivalent simple refractor. The objec-
| tive is a simple lens of a good telescopic-
quality crown glass, such as borosilicate
crown No. 2 (BSC-2) or Schott boron-
kron No. 7 (BK-7). It is designed to
have the desired focal length for some
intermediate wavelength and is bent for
Zero coma.

“The mirror of the Schupmann tele-
scope is called a Mangin mirror. It is
simply a negative lens whose convex
back surface is aluminized [see drawing
on this page]. It is made of the same
glass—preferably the same melt—as the
objective.

“The secret of the medial’s perform-
ance is found in the field lens. Its func-
tion is to image the objective onto the
Mangin mirror. Optically the effect is to
superimpose the objective and the Man-
gin so that their combined dispersive
power is that of a flat plate. The Mangin
is bent so that its surface contributes
‘ enough positive power to form the final

image.

“You can easily see how the medial
tends to correct chromatic aberration.
Since the lens power of the Mangin is
negative, the focal length of the Mangin
is greater for blue than for red light. But
the primary image formed by the objec-
‘ tive in blue light is nearer the objective

and thus farther from the Mangin than
the red image. Consequently the final
image in both wavelengths will tend to
fall at or near the same distance from
the Mangin, because the difference in
object distance is offset by the difference
in focal lengths of the Mangin for blue
and for red light. Detailed calculation
shows, however, that this correction can-
not be exact for more than two wave-
lengths unless a field lens is used to
image the objective onto the Mangin.
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“If the field lens were perfectly achro-
matic, the Mangin could be designed to
form final images of the same size and
at the same distance from the Mangin
in all wavelengths. Practically, the field
lens cannot be perfectly achromatic, and
its secondary spectrum produces a slight
amount of lateral color in the final im-
age. Even a simple, single-element field
lens will reduce the secondary spectrum
in the final image to a small fraction of
that produced by an achromatic doublet
objective of equivalent power. A good
crown-flint field lens, designed for the
image and object distances at which it
is to be used, contributes an entirely
negligible residue of chromatic aberra-
tion over the spectral range and image
fields ordinarily used.

“To sum up: The medial telescope
uses a negative lens to cancel the dis-
persion of a positive objective of the
same glass, and then interposes a con-
cave mirror to intercept the light that
has been so treated and focus it as the
final image. Why bother? Why not for-
get the lenses and just use a mirror in
the first place? The complication is justi-
fied by the superior optical corrections
that can be made in the medial tele-
scope. The medial telescope has severai
advantages, in addition to freedom from
color, over the ordinary refractor. Its
spectral range is not limited by the ab-
sorption in flint glass because other ma-
terials can be substituted—even in the
field lens. The surfaces of the objective
are less sharply curved than those of the
equivalent achromat, so that residual
aberrations are reduced and the me-
chanical strength of the lens is im-
proved. The positive and negative
powers of the objective and Mangin
result in a nearly flat image-field.

“A unique advantage of the Schup-
mann medial is its adaptability to the
Lyot solar coronagraph. The essential
teatures of this instrument are: a simple
objective to minimize scattering of white
light into the system, a metal disk to
eclipse the bright solar disk at the pri-



For centuries men have tried to develop
new and more powerful weapons to achieve
victory in war.

Lately these have been weapons of un-
precedented power.

Now war can become race suicide, and
victory thus gained is a delusion.

Yet we keep on trying to develop new and
more powerful weapons, because we must.

Not because we seek victory through a
nuclear war, but because through strength
we may prevent one.

For as long as there are powerful forces
with a record of cynical duplicity and op-
pression, the free world must have weapons
capable of neutralizing them.

At least until men learn that the only
alternate to peace is oblivion.

At Sandia, we play an important part in
providing this protective strength. Our

scientists and engineers are responsible for
research, design, and development of nu-
clear weapons for the Atomic Energy
Commission. This makes these men ex-
ceptionally valuable assets in our nation’s
efforts to secure the future.

We need more such men — outstanding
engineers and scientists in many fields,
especially at the highest academic and
experience levels. At Sandia in Albuquerque
and at our branch laboratory in Livermore,
California, we need their knowledge, skill,
and perseverance.

If you can help us meet this need, or if
you know anyone who can, write Staff
Employment Section 569.

SANDILA

CORPORATION

ALBUQUERQUE. NEW MEXICO
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AN INVITATION
TO JOIN ORO

Pioneer In
Operations Research

Operations Research is a young
science, earning recognition rapidly
as a significant aid to decision-mak-
ing. It employs the services of
mathematicians, physicists, econo-
mists, engineers, political scientists,
psychologists, and others working
on teams to synthesize all phases of
a problem.

At ORO, a civilian and non-
governmental organization, you
will become one of a team assigned
to vital military problems in the
area of tactics, strategy, logistics,
weapons systems analysis and
communications.

No other Operations Research
organization has the broad expe-
rience of ORO. Founded in 1948 by
Dr. Ellis A. Johnson, pioneer of
U. S. Opsearch, ORO’s research
findings have influenced decision-
making on the highest military
levels.

ORO’s professional atmosphere
encourages those with initiative and
imagination to broaden their scien-
tific capabilities. For example, staff
members are taught to ‘“‘program’
their own material for the Univac
computer so that they can use its
services at any time they so desire.

ORO starting salaries are com-
petitive with those of industry and
other private research organiza-
tions. Promotions are based solely
on merit. The ‘“fringe” benefits
offered are ahead of those given
by many companies.

The cultural and historical fea-
tures which attract visitors to
Washington, D. C. are but a short
drive from the pleasant Bethesda
suburb in which ORO is located.
Attractive homes and apartments
are within walking distance and
readily available in all price ranges.
Schools are excellent.

For further information write:

Prof.
Pr

I A .y "
PP

OPERATIONS RESEARCH
OFFIGE [o=e]

The Johns Hopkins University

6935 ARLINGTON ROAD
BETHESDA 14, MARYLAND
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mary image, and a field lens and dia-
phragms to eliminate white light intro-
duced by diffraction and reflection at the
objective. To meet these conditions most
coronagraphs have suffered the disad-
vantages of chromatic images; the me-
dial offers an ideal way to get a color-
free image without interfering with the
essential optics of the coronagraph.
“Coma causes no trouble, because it is
eliminated in the objective by a suitable
choice of radii, and in the Mangin by
making the image and object distances
equal for a mean wavelength. Two diffi-
culties arise, however. Since the shape
of the Mangin is totally determined by
the twin requirements of color correc-
tion and mirror power, it is not possible
with spherical surfaces to meet these
conditions and at the same time shape
the Mangin to cancel the spherical aber-
ration of the objective. Probably the best

%

way out of this difficulty is to figure an
aspheric surface on the front of the Man-
gin, departing just enough from a sphere
to bring the spherical aberration of the
entire system to zero as determined by
knife-edge or other test at the final im-
age. This chore is comparable to parab-
olizing a mirror objective, but is tricky
because of the relatively small size of the
Mangin. It is possible, of course, to make
the corrections on the primary, which is
somewhat easier to work because of its
size. Or, if you insist on spherical sur-
faces, you might make the Mangin lens
and mirror elements separately, and
bend the lens to cancel the spherical
aberration (though I have not checked
this possibility in detail ).

“The Mangin must be tilted so that
the reflected beam will clear the field
lens and give access to the final image.
This tilt introduces additional astigma-
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Mangin mirror
back silvered

Spherical aberration of a Mangin mirror (bottom) is the opposite of a simple lens and mirror



STRAIGHT TALK TO ENGINEERS

from Donald W. Douglas, Jr.

President, Douglas Aircraft Co., Inc.

Here at Douglas we’re involved in a greatly
accelerated missile and space program. This
requires one of the most intensive engineering
and research efforts in our history.

The problems are great ones as we move into
the new dimension of unmanned and manned
space vehicles. They require specialists in almost
every engineering field. But their solution will

result in great benefits not only to our own nation
but to all mankind.

If you’re interested in tackling these problems
with us...in giving your best in an all-out drive
to solve them...we’re interested in you!

Please write to Mr. C. C. La Vene
Douglas Aircraft Company, Box 620-N
Santa Monica, California
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COMPREHENSIVE
RELIEF MAP

e

5 ft. 4 in. x 3 ft. 4 in. 9 colors durable Vinylite

Handsome gift for home or office

A three-dimensional relief map that gives
you EVERYTHING . . . not only moun-
tains, lakes and valleys you can see and
FEEL, but also 4000 geographical names
including over 2000 cities, 600 rivers, 300
national parks and monuments. Extra large
size 5 ft. 4 in. long and 3 ft. 4 in. high,
molded in sturdy plastic, lithographed in
colors with WASHABLE plastic coating.
You can mark map freely with soap crayons
and wash off easily with damp cloth. Self-
framed in sturdy Vinyl plastic, fitted with
grommets for easy hanging. Built to last
for years and years, light in weight. Scale
1”7 equals 50 miles. You must be satisfied
or your money returned without question.
Express prepaid anywhere in the U.S.A.
Send check or money order. ........... $45.00
Same with major highways in red...$47.50

Write for free catalog of many other plastic
relief maps made by Aero Service Carp.,
worldwide aerial mapping company.
PANDA PRODUCTS
1200 Niagara R105 Buffalo 13, New York

Observer's Guide and Catalogon

ASTRONOMICAL TELESCOPES

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

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

Contents include —

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

Constellation map

Hints for observers
Glossary of telescope terms
How to choose a telescope

Amateur clubs and research
programs

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

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

Guide and Telescope Catalog. Dept. 6E
I Name l
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I City — — State l
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OBJECTIVE MANGIN
MATERIAL BSC-2 BSC-2
RADIUS (FRONT SURFACE) 40.44 INCHES —9.2 INCHES
RADIUS (BACK SURFACE) —440.8 INCHES 18.635 INCHES
THICKNESS (CENTER) .5 INCHES 25 INCHES
CLEAR APERTURE 4.0 INCHES 2.0 INCHES

Data for the objective lens and Mangin mirror of a Schupmann telescope

tism into the image. Hence the tilt angle
should be held to the absolute minimum.
In a large instrument, astigmatism intro-
duced by the tilt is eliminated by figur-
ing a toroidal surface on the back of the
Mangin, but it is more practical in a
small telescope to cancel the astigmatism
by the stratagem of tilting the objective
on an axis perpendicular to the tilt axis
of the Mangin.

“Two medial systems have been built
on modernized plans developed by Dr.
Baker at the Harvard College Observa-
tory. Chester Cook of the Boston Ama-
teur Telescope Makers has built an
eight-inch; and Richard Dunn and
James Gagan have developed a 16-
inch. Both of these instruments have
given fine results and have confirmed the
theory of the color-free medial.

“To indicate what can be done, I have
computed the objective and Mangin for
a system of aperture f/18 at the wave-
length of the hydrogen alpha line of the
spectrum (6,563 angstrom units). This

| system is suitable for amateur use. The

plans are based on an objective aperture
of four inches. They can, of course, be
scaled to a larger size, if the proportions
among all dimensions are maintained.
Data for the objective and the Mangin
are given in the accompanying table
[above].

“I have not specified the elements of
the field lens because the procedure for
designing a doublet is simple. A recom-
mended procedure is given in the paper
‘Computation of Achromatic Objectives,’
by Robert E. Stephens. This paper is Na-
tional Bureau of Standards Circular 549
(1954), and may be obtained for 10
cents from the Superintendent of Docu-
ments, Washington 25, D. C.

“In the design presented here the final
image will be about 38.4 inches from the
back of the Mangin. A diagonal eyepiece
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will be necessary to keep the observer’s
head out of the optical path. The system
will be about 9.5 feet long—awkward,
but not impractical, since the elements
are light and little more than self-sup-
port is required of the tube. The tele-
scope can of course be shortened bv
folding the optical path with a double
mirror or reflecting prism behind the
field lens. In addition to compactness,
this arrangement has the advantage of
locating the eyepiece in the usual posi-
tion at the rear of the telescope.

“The Schupmann medial principle of-
fers an opportunity to make a telescope
of exceptionally fine definition, and mak-
ing the telescope is not particularly diffi-
cult for the advanced amateur. Only one
unconventional element is used, and it
requires only one aspheric surface—a job
no worse than parabolizing an ordinary
mirror. I shall be interested in hearing
from anyone who decides to try a me-
dial.”

Nelson M. Griggs of R. D. No. 2, Old

Baltimore Road, Boyds, Md., has
announced the formation of a global net-
work of amateur radio stations to pro-
vide fast communication without cost
between scientific groups both in the
U. S. and abroad. Although the network
began operating only a month ago, par-
ticipating stations already span the U. S.
Some 30 astronomical groups are now
using the facilities. More amateur sta-
tions are needed, particularly in Europe,
Asia, Latin America and the South Pacif-
ic. The network clears routine traffic
Monday through Friday on 7,125 kilo-
cycles at 9 p.m. Eastern standard time,
and on 14,085 kilocycles at 9:30 p.m.
E.S.T. Scientific groups may arrange to
use the new facility by communicating
directly with Griggs, whose amateur call
is W3UCT.



CREATIVITY
and PRODUCIBILITY

Basic research has been described as “a search for knowl-
edge, unfettered by production demands.” At Avco, we
realize that fundamental new ideas cannot be programmed
in advance to fit the needs of even the highest priority
schedule. There will always be room here for this kind of
basic creative work.

Yet, as an industrial research operation, we want to Robert D. Grange
realize the material benefits that have historically resulted
from scientific breakthroughs. Economic common sense
and national security require an industrial research struc-
ture that can transform the idea in a scientist’s brain into
workable, useful hardware.

We see nothing inconsistent in the pursuit of new products
simultaneously with the pursuit of new ideas—and doing
both under the same roof. Rather, we feel that the con-
tinuous feedback resulting from close association of basie
research people, applied scientists and engineers, test
engineers and product engineers does as much for creativ-
ity as for producibility. And America’s future depends

upon a good supply of both.

Pictured above is our new Research and Development Center now

p&' under construction in Wilmington, Massachusetts. Scheduled for
. completion this year, the ultramodern laboratory will house the
scientific and technical staff of the Aveo Research and Advanced

Robert D Grange Development Division.
. ¢
Manager, Prototype Development Department

Avco’s new research division now offers unusual and exciting
career opportunities for exceptionally qualified and forward-
looking scientists and engineers.

Writeto Dr. R. W. Johnston, Scientific and Technical Relations,

Avco Research and Advanced Development Division,
y 20 South Union Street, Lawrence, Massachusetts.

Research & Advanced Development
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should your child
be a scientist ?

by Or. Fdward Teller

Professor of Physics and Associate Director,

Radiation Laboratory, University of California
( As told to DONALD ROBINSON )

Laboratory research often occupies a considerable amount of the scientist’s time.
Here a scientist examines an experimental tube for testing photosensitive devices.

EVER HAS MAN learned so much, and so
fast, about the universe he lives in as he
has during this century.

We have learned things that are more sur-
prising than any story in science fiction, more
beautiful than anything in music.

Just think of the way we have expanded the
boundaries of the universe. On New Year’s
Day, 1900, our main attention was still focused
on stars a few thousand light years away.
Today, we are studying galaxies a billion light
years away.

At theturn of the century, even a simple item

like the size of the atom was unknown to us.

The chemists had used atoms as a kind of
symbol, but in the year 1900 we didn’t even
have proof that atoms really existed.

Today, the atom is a demonstrated reality.
Both its structure and the laws which underlie
this structure are completely understood. We
know, for instance, that each atom has a nu-
cleus, loaded with very much moreenergy than
the atom itself. We know, too, that individual
atoms are as unpredictable as people are sup-
posed to be, but that we can calculate their
behavior en masse through the laws ofaverages.
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These are just some of the epochal advances
pure science has made. There are more. Many
more.

We have gotten an entirely new conception
of time in this century. The mathematicians
have given us new forms of logic. The geneti-
cists have discovered the laws of inheritance.
The chemists have come to understand the
structure of crystals, and the complex mole-
cules upon which life depends.

Is it any wonder that historians are calling
this “the golden age of pure research”?

In the applied sciences, progress has been as
spectacular. It has literally transformed our
world within the past few decades.

In this short span the applied scientists have
given us automobiles and supersonic airplanes.
They have developed rockets that can attain
speeds of 18,000 miles-per-hour and lift satel-
lites up into outer space.

They have given us instant, world-wide com-
munication. They have electrified our homes
and made our lives far easier. They have
evolved electronic equipment that promises us
real automation.

And that’s not all, by any means.

Years back, tuberculosis and pneumonia
tookan appallingtoll. No longer. The problem
of infectious disease has been largely solved in
our time.

Years back, we had to rely on particular
places for their particular riches. Such as rub-
ber. No longer. Chemistry has provided us
with synthetics.

No more do we have to worry because our
coal and oil stocks are petering out. We have
nuclear power at our disposal now. It should
generate all the energy we require for at least
200 years, and it will enable us to supply elec-
tricity to the most remote corners of the globe.

Much as science has accomplished in this
century, there is still more to be done.

Science will do it. Of that I'm confident.

Before the century is over, we will have ex-
plored our entire planetary system reasonably
well. We will have found out how to influence
the weather. We will have learned how to make
proper use of the ocean. Today, our methods
of fishingare ascrude as they were in the Stone
Age, but in the not distant future we will be
seeding fish and plants in the sea as effectively
as we cultivate cattle and crops on land.

Come the year 2000 and we will have
achieved a cure for cancer and heart disease.
We will know how to make materials to order,
synthetically.

On the broad front of pure science we will
haveexplored the basic structure of the atomic
nucleus. We will have peered into the history
of the universe down into the distant past, six
or seven billion years ago.

Can you think of any other profession that
affords its followers the charce to find such
towering, demonstrable truths, and to do so
much good?

Yet, let me say this as strongly as I can.

I do not want any young person to choose
science as his lifework simply because he hopes
to be the one to solve these big, exciting prob-
lems.

Inmy opinion, oneshouldneverenter science
with a view to the end results. The thought of
achievement, fame, position or monetary re-
ward should have no bearing on the decision.

There is but one good reason for going into
science. It is that a person enjoys the day-to-
day details of scientific researchfor the sake of
those day-to-day details.

Only this kind of a boy or girl will find con-
tentment and success in science. The others
are foredoomed to failure and frustration.

I have seen youngsters embark on a scien-



tific career with the fervent expectation that
they were going to make world-shattering dis-
coveries. Instead of relishing their everyday
activities, they kept fretting about the ‘“‘big
break-through” they dreamed of.

Naturally, it didn’t come. Knowledge can-
not be wooed so brusquely.

If your child is interested in science, for
science’s sake and for no other reason, he will
find all doors opened to him.

We have a desperate need for new scientists
today in America. The fact is that we must
have them if we are to survive as a free, demo-
cratic nation. The President of the United
States himself has termed this ““the most criti-
cal problem™ confronting the American people.

Year by year, the Soviet Union has been
overtaking us in the scientific arena. Back in
the *30’s, the Russians had to bring in Ameri-
can engineers and machinery to help them with
comparatively easy jobs like constructingdams.
Today, Russia has more scientists, engineers
and technicians than the United States, and is
graduating more than twice as many as we are
each year.

Not long ago, the National Science Founda-
tion made a check on the status of higher scien-
tific education in the United States. The find-
ings for one sample year were shocking.

In all America, only 986 persons got their
Ph.D.’s in chemistry, that year, only 470 in
physics, only 230 in mathematics.

Just twenty-three persons got their Ph.D.’sin
astronomy. A meretengotthemin meteorology.

Figures like that explain why the U.S.S.R.
now has 15,000 more people at the doctorate
level in the various sciences than we have in
the United States.

If Russia continues to outpace us in this
fashion, the results will be catastrophic for us.
The Russians will be the ones to land on the
moon first. They will be the ones to control
weather first. They will be the ones to perfect
weapons so overwhelming that no one will be
able to resist them. They will lead the world in
everything, including science and its peaceful
applications.

Then freedom will be lost here and every-
where.

A scientific career is more than a duty,
though. It is an opportunity.

Science is fun. It offers people the supreme
pleasure of clear, complete understanding, of
creating order where there was confusion.

You have the fun of being thoroughly ab-
sorbed in what you’re doing. And you have
the fun of working for a clear-cut decision. It’s
like chess. Ordinarily, in that wonderful game,
there is no question of who wins or loses. Sim-
ilarly, in science, there is no doubt as to
whether you have solved or failed to solve a
problem. The proofs are definite.

In many fields, another person’s success can
be a disadvantage to you. Not in science. Here
anybody’s success is your success. For one
thing, you gain personally from the new knowl-
edge that has been reached. For a second,
progress of any sort points out the path for
you to further progress.

Best of all, science has objective criteria and
a language that are the same in every country.
With them, scientific people can, and do, co-
operate with each other no matter what their
nationalities are.

Let me put it this way. A person who be-
comes a good scientist joins an international
community of people who practice the brother-
hood of men.

Sometimes, parents say to me,

“Don’t you have to be a genius to make a
career for yourself in science?”

My answer to them is “No.”

To my mind, talent is nothing but an unu-
sual amount of concentrated interest. If you
have this intense interest in a subject—and the
capacity to work hard—you will do well at it.

In most sciences, this interest is manifested
young. When Karl Friedrich Gauss, the great-
est mathematician of all, was a little boy of
nine, for example, his teacher in a Brunswick,
Germany, school asked the class to add up a
long series of progressive numbers.

The other children worked an hour, labori-
ously adding the lengthy columns of figures.
Little Karl spent scarcely a minute on it. He
looked up, looked down, and jotted the cor-
rect answer on his slate. At his tender age,
he’d already figured out how to work arith-
metic progression.

I know that in my case I was fascinated by
numbersinearliest childhood. My mother used
to put me to bed before I wanted to go. So,
I’d lie there in the dark and compute the num-
ber of seconds in an hour, a day, a month, and
a year. I did not always get the right answers,
but it was fun.

It is up to parents to recognize such interest
in science if their children have it and to en-
courage its growth.

How do you know if your child’s interest in
science is a genuine one?

By his curiosity about scientific subjects.

By the fact that he asks intelligent questions
about science and profits from your answers,
so that each successive question shows a higher
level of understanding.

By the fact that he loves to work scientific
problems—mathematical puzzles, perhaps—
and by the fact that he insists on solving each
problem completely.

By a bull-dog quality which won’t let him
dropasubject untilheunderstandsit inside out.

A child does not need a lightning-fast mind
to be a scientist. Nor does he need a miracu-
lous memory. Nor is it necessary that he get
very high grades in school.

The only point that counts is that the child
have a high degree of interest in science.

What should parents do to encourage this
interest?

Since a child’s attitudes are usually set by
the time he is twelve, parents should start early
to expose him to science and to create the kind
of an environment which will stimulate him in
that direction.

I was lucky along those lines. When I was
ten, my father saw that I had a scientific urge
and took me to visit an old mathematics pro-
fessor of his.

The professor was not very impressive in ap-
pearance or anything else. But I learned some-
thing priceless from him. He started speaking
to me about his specialty, projective geometry,
and I discovered that mathematics was fun for
him. That he had more fun than any grown-up
I’'d known.

Then and there, I resolved to have fun like
that, too.

If you ask me, the wise parent should talk
about science to his children, give them books
to read, and arrange for them to meet scien-
tists. He should see to it that they take all the
science courses their school offers.

A good teacher can do wonders in this re-
gard. Let me say here that the essential char-
acteristic ofa good teacher is not that he knows
his subject well or can teach it efficiently. It is
that he loves his subject and makes that love
evident to his pupils.

In the event that your child does settle upon
science for a profession, I would recommend
that he get as thorough an education as possi-
ble. I do not say that a Ph.D. is a prerequisite
to advancement, but it does have great value.
If your child does not choose science for his
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profession, I would .urge that he at least take
science appreciation courses at school. In this
scientific age, all of us should have some grasp
of the developments that are shaping our lives.

Much as I respect science, 1 don’t want to”
leave you with the impression that a career in
it is all milk and honey.

It isn’t. Unfortunately, scientists are a group
apart in America. People often think of them
as “‘high-brows” and ‘‘squares.”

As a result, the scientists have tended to
withdraw into themselves. Many have lost
contact with the common man.

This is bad.

However, I feel that the public attitude to-
ward science is gradually beginning to change.
Eventually, I believe, scientists will come into
their own and be recognized for what they are
—one of the most important, small compo-
nents of our big society. The time may even
come when teen-agers will look up to their
school’s science stars as admiringly as they do
to their school’s football heroes.

A healthy sign in this connection is that sal-
aries for scientists are now edging upward.
Throughout the country, universities, private
research laboratories, industrial concerns and
the government are bringing scientists’ pay up
toalevel which will assure them a comfortable,
secure life.

Not that money should be a factor in decid-
ing on a scientific career.

I well remember the day I told my father
that I planned to be a scientist. He was vehe-
mently opposed.

“You’ll never make a decent living as a
scientist,” he warned.

“I don’t care,” I replied. “If 1 do anything
else, I may make more money but I’ll only
have fun after hours. If I work at science, I'll
have fun all the time.”

I do.

aylio

HOW TO HELP YOUR CHILD
HAVE THE CAREER HE WANTS

Many factors will enter into your child’s choice
of a career: his interests, his ambitions, his
abilities, the counsel he receives from teachers,
friends and family. But, most of all, it will
depend on his opportunities to get the training
he needs to enter the field of his choice.

Even though his college days are still years
away, it’s never too soon to start making sure
that your child will have the opportunity to
continue his education when the time comes.

Your New York Life agent has chosen as his
career the business of hel ping families plan for
the future—for education, for retirement, for
all the things which life insurance helps make
possible. Through training and experience he
has become a highly qualified specialist. You’ll
find him both able and willing to hel p you.

For reprints of this article in booklet form,
write to:

NEW YORK LIFE

Insurance COlllpany
Dept. SA-2, 51 Madison Avenue,
New York 10, N. Y.

The New York Life Agent in Y our Community
is @ Good Man to Know

Copyright 1958, New York Life Insurance Company
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C”’lﬁ Ltbmry Of SCI&HCE INVITES YOU TO ACCEPT
EITHER OF THESE DISTINGUISHED SETS —
THE MOST VALUABLE MEMBERSHIP GIFTS

WE HAVE EVER OFFERED...

This invitation is extended to bring to your attention the
role of The Library of Science in the work and thinking of over
40,000 scientists, educators and related professionals.

As a member, you will join in receiving, at substantial savings,
the books of enduring value in scientific thought and research:
volumes presenting the new discoveries of the individual
disciplines; books illuminating the personalities who shape the
world of science; works that broaden the paths of
communication between all fields of scientific inquiry.

To start your membership, choose—entirely

3 : { Published at
as a gift with your first Selection-one of 5 00
the two sets shown alongside.

Thereafter you need take only five $2 *
Selections out of a total of at by Simon &
least 40 that will be available at Schuster

reduced Member’s Prices during the
next 24 months. After every fourth
Selection taken, you also receive

a free book of your choice.

THE WORLD OF

MATHEMATICS
FOUR VOLUMES, BOXED
Edited by James R. Newman
The vast 2500-year
panorama of the development
of mathematical thought—
2535 pages, 500 illustrations—
presenting 133 complete books,
articles and demonstrations,
with 89 interpretive essays by

A HISTORY OF TECHNOLOGY
VOLUMES ONE AND TWO
Edited by Singer, Holmyard, Hall & Williams

These two lavish volumes—1629 pages, with
over 1400 illustrations—chronicle the development
of the methods and skills by which man attained
mastery over his environment, from prehistoric times
through the Middle Ages. “A monumental project

..« A first rate contribution to the . . . history
of science.”—Scientific American. “Embraces

all of science . .

working scientist.’—Henry Margenau.
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The Library of Science “

59 Fourth Avenue, New York 3, N. Y.

Please enroll me as a member and send the
works indicated below, one as my Membership
Gift on joining, and the other as my first Selec-
tion. I need take as few as 5 more Selections in
the next 24 months, and after every fourth
Selection, I will receive a free Bonus Book of
my choice.

Membership Gift

First Selection

Additional Selection desired

....... STATE.....cnn.

. in a setting that will interest the

SCIENTIFIC AMERICAN BOOKS (2nd series).
By the Editors of Scientific American. 1104
pages, 73 contributors. Contents: New Chem-
istry; Plant Life; The Universe; The Planet
Earth; Lives in Science, 5 volumes, paper
bound, boxed.

List price $7.25 Member’s price $5.75

ROCKETS, MISSILES & SPACE TRAVEL. By
Willy Ley. New, revised edition. “The defini-
tive book about the subject [by] the best
known exponent of . . . rocketry and space
travel in the world today.”’—Scientific Monthly,
List price $6.75 Member’s price $5.25

ELECTRONS, WAVES AND MESSAGES. By
John R. Pierce. The art and science of modern
electronics—*‘a subject about which he knows
as much as anyone in the world . . . Extremely
illuminating.”—Lee A. DuBridge.

List price $5.00 Member’s price $3.95
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the Editor. “The most amazing
selection of articles about
mathematics yet published , . .
full of fascinating reading.”
—The New York Times

Book Review.

Published at $53-80

by Oxford University Press

Choose any one of these 6 important works as your first Selection

MATHEMATICS AND PLAUSIBLE REASON-
ING. TWO VOLUMES by George Polya.
Analyzes the methods of scientific problem
solving, showing their origins in mathematical
reasoning and their applications in other fields
of inquiry.

List price $9.00 Member’s price $6.50

TWO MAJOR WORKS BY MAX JAMMER.
TWO VOLUMES, Concepts of Space and
Concepts of Force, tracing the development
of the philosophical ideas implicit in scien-
tific theory, from ancient times through Einstein.
List price $9.25 Member’s price $6.25

THEORIES OF THE UNIVERSE. Edited by
Milton K. Munitz. Space, Time and the Crea-
tion of the Universe—the first one-volume
presentation of the development of cosmology
from Plato until the present day.

List price $6.50 Member’s price $4.95



by Morris Kline

StaTisticaL THEORY, by Lancelot Hog-
ben. W. W. Norton & Co. ($9).

“\uring the 18th century economists
D and political theorists turned an
envious eve on the physical sci-
entists who were revealing the perfec-
tion of the Newtonian system of celestial
mechanics. The order and harmony of
the physical world made a striking con-
trast with the disorder and misery in the
world of human affairs. The students of
society conceived a plan. It was clear
that the physical sciences had achieved
their successes by finding fundamental
principles such as the Newtonian laws
of motion and gravitation, by expressing
these laws in mathematical terms and by
applying mathematical procedures. The
would-be social scientists decided that
they too must find fundamental princi-
ples and apply mathematics to them.
Though this introduction of reason into
the affairs of man must still be welcomed
as a positive contribution, the efforts of
the social theorists led only to absurdi-
ties such as Malthus’s law of population
and Ricardo’s law of wages.

During the 17th century Blaise Pascal
and Pierre de Fermat created another
kind of mathematics—the theory of
probability—to assist the nobility at the
gaming table. Then Edmund Halley,
Daniel Bernoulli and Abraham de
Moivre showed how this same theory
could earn profits for life insurance com-
panies and enable governments to sub-
stitute pleasant lotteries for painful taxa-
tion. A little later Pierre Simon de La-
place extended the theory of probability
to show that the solar system was indeed
designed and not a rare accident, and
Karl Friedrich Gauss applied the theory
to measurement and showed how the
true value of a physical constant could
be determined with a high probability
of correctness. The appetites of the so-

BOOKS

A biologist decries some scientific

applications of statistical theorv

cial theorists were again whetted: they
turned to statistics and the theory of
probability for the resolution of their
problems. It was L. A. J. Quételet, the
Belgian astronomer and geodesist, who
decided that the social world could be
subjected to these mathematical disci-
plines. Quételet’s idea was that the
Gaussian theory of errors of measure-
ment must also be applicable to the dis-
tribution of the mental and physical
qualities of men. The variations were
obviously due to the fact that nature in
creating man aimed at an ideal but made
errors. The application of statistics and
the theory of probability would deter-
mine the ideal, and once this average or
mean man (lhomme moyen) was de-
termined it would be possible to devise
social institutions to fit his needs and
desires. The aspiring social scientists
pounced on the vision of Quételet and
proceeded to apply it to the reconstruc-
tion of their disordered domains.

Additional stimulus was provided by
another successful application of the
theory of probability to the physical sci-
ences. Rudolf Clausius, James Clerk
Maxwell and Ludwig Boltzmann showed
how to derive the laws of gases from
probabilistic assumptions about the be-
havior of individual molecules; they
erected new branches of physics, nota-
bly statistical mechanics and thermody-
namics. Not only social theorists but also
biologists took up the program of Quéte-
let and expanded the applications of the
theory of probability. It was not long
before statistical theory became the ar-
biter of social and biological controver-
sies and a household word.

But Lancelot Hogben, who is a biolo-
gist and might be expected to rejoice in
this powerful tool, has come to bury and
not to praise it. He wants to halt the
mushrooming of the theory and its appli-
cations, and to have us re-examine their
value. He is not only critical of what
statistics and probability are purportedly
accomplishing; he is also convinced that
the current generation of research work-
ers has relinquished the obligation to
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examine the mathematical credentials of
the principles it uses. In their frantic
haste to get on with research they take
on trust the procedures recommended
by a few leaders and perform meaning-
less calculations. More and more they
rely upon methods which they under-
stand less and less. Though Hogben
would not drive social scientists out of
the paradise they have discovered, he
would have them make themselves
worthy of it.

The central theme in Hogben’s attack
is that statisticians have become so at-
tracted by tidy mathematics that they
have overlooked the major reason for
the existence of their subject, namely,
its value in deriving knowledge of real
phenomena and in giving power to bio-
logical, social and psychological investi-
gations. Hogben does not decry the in-
tellectual activity of mathematicians
seeking to perfect abstract systems of
thought. But he is not concerned with
it. His book examines the value of sta-
tistical theory in enlarging our under-
standing of living organisms and social
systems. His harsh conclusion is that
the theory is not successful in the solu-
tion of practical problems.

In view of the widespread use of sta-
tistics, and the weight given to the re-
sults of statistical investigations, one
must pay attention to Hogben’s criti-
cisms. He believes that he can make
these criticisms clearer, and show how
the weaknesses in the current theories
arose, by dividing the applications of
statistics into four domains. These divi-
sions are not concerned with statistics in
its original meaning, in which simple
arithmetic yields helpful summaries of
unemployment, birth rate, death rate
and so on. Rather he devotes his atten-
tion to statistical theory which invokes
the theory of probability.

The first domain is the calculus of
errors. This calculus assumes that meas-
urements of a physical quantity such as
length or angle are random samples of
a fixed “universe” or “population” of all
possible measurements. It seeks to de-
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termine the true value of the quantity
by the application of the theory of prob-
ability.

The second class of applications Hog-
ben calls the calculus of aggregates.
This too has its origins in physical sci-
ence. There it makes probabilistic as-
sumptions about subsensory particles of
matter; for example, the probable dis-
tribution of the velocities of molecules
in a gas. From such assumptions it de-
duces general laws about the behavior
of gross matter. The assumptions stand
or fall on the success with which the de-
rived laws work, that is, on how they fit
our observations of the behavior of gross
matter.

The third domain of statistical appli-
cations Hogben calls the calculus of ex-
plorations. This calculus is concerned
with statistical procedures such as re-
gression and factor analysis; its underly-
ing concept is covariance. Though these
procedures may invoke tests of signifi-
cance and therefore intrude on the next
division, Hogben prefers to consider
them separately.

The fourth major division is the cal-
culus of judgments, or statistical infer-
ence. It is mainly concerned with testing
the reliability of hypotheses. It includes
the theory of significance, decision tests
and interval estimation in terms of the
limits of confidence. The calculus of
judgments, unlike the calculus of ag-
gregates, does not deduce from definite
assertions involving the concept of prob-
ability; it rather prescribes probabilistic
rules for deciding on the merits of hy-
potheses. It does this by working back-
ward, so to speak, from the information
provided by a sample.

To analyze the strengths and weak-
nesses of these four calculi Hogben
deems it desirable to show how the
classical theory of probability created by
Fermat and Pascal for games of chance
was gradually extended to cover the
newer applications. This historical ap-
proach does prove to be enlightening; it
also shows how older ideas persist and
exert their influence.

Pascal and Fermat used pure reason-
ing, or what is often called a priori prob-
ability, to decide that the probability of
a “two” turning up on a single throw of
a die is one sixth. Thus they implied that
in practice the “two” will appear about
one sixth of the time in a long series of
throws. In other words, they assumed as
self-evident that what should occur will
occur. They also assumed that the
throws are random, so that in a long se-
ries all possible ways in which a die can
turn up will have their rightful propor-
tion. The die must not be loaded nor the
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deck of cards stacked. Stated otherwise,
the possible events must be lawless for
the laws of a priori probability to apply.
The theory of probability was then
applied, as I have already noted, to in-
surance and lotteries, wherein the fre-
quency of actual occurrences was used
to estimate probabilities. More impor-
tant, however, is the fact that Laplace,
in applying himself to problems of mor-
tality, assumed that the people one actu-
ally wishes to study are part of a hypo-
thetically infinite population. Laplace as-
sumed further that the sample one actu-
ally uses to calculate a mortality rate is
a random sample from this hypothetical
population. While these assumptions
may have provided a more systematic
and mathematically more convenient
method of treating a large but finite
number of cases, they immediately pro-
voke objections. Not only is the infinite
population purely fictitious, but why
should the actual sample be a random
sample of this population? Fortunately,
in the field of insurance, assumptions are
tested by practice. Hogben points out,
in fact, that the full theory of probability
is really not needed for insurance.
Nevertheless two procedures had
crept into the domain of probability: the
use of a static, infinite population, and
the treatment of actual samples as ran-
dom. These procedures gained wider
acceptance when Laplace and Gauss
applied them to the theory of errors of
measurement, for in this domain it does
prove to be reasonable to assume that
there are an infinity of possible measure-
ments and that the measured values are
indeed a random selection from the in-
finite universe. The calculus of errors
also established the “normal curve” as
the distribution of the frequencies of
possible measurements of a single quan-
tity, and the mean of these measure-
ments as the true value of the quantity.
Hogben has no criticism of this calculus
as applied to physical measurements.
Then Quételet, with his resolve to ap-
ply the calculus of errors to social prob-
lems, entered the picture. Having ob-
served that the distribution of the
heights of people in a group seemed to
follow a normal curve, he concluded that
there must be a law of nature to account
for the fit. It was only a step to the next
conclusion, also suggested by the sound
calculus of physical errors: that there
were true norms of height, weight, birth
rate, death rate and crime rate. Here
Hogben enters his first class of serious
objections. The word population, which
Laplace had introduced for the entire
infinite set of errors, was now applied to
population literally: the urn of nature
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was now supposed to contain an infinite
number of balls. Moreover, the human
population and social conditions were
assumed to be static. Students of society
should know that society constantly
changes, in fact changes in response to
measures often introduced as a conse-
quence of statistical investigations. The
social world is not passive like the physi-
cal world. “The subject matter of the
social sciences consists of unique histori-
cal associations which are unrepeat-
able.” One cannot assume that two sam-
ples are really drawn from the same
universe. Further, the norms or means
which Quételet took as the true values
of nature’s ideal man are pure supposi-
tions. Quételet’s mean man, possessing
the mean height, mean weight and so
forth, might be a monstrosity of nature.
The norms which Quételet and his fol-
lowers imposed on reality can refer only
to people in some “felicitous heaven of
Platonic universals but are devoid of
conceivable content in the dismal ter-
rain of the efforts of living men to come
to grips with inexorable nature.”

The major fallacy in Quételet’s work
was to confuse errors of measurement,
which merely signify man’s fallibility in
apprehending natural law, with natural
variations. The deviations in height from
anorm are the law itself in the biological
domain. One cannot identify the varia-
tion in height which can be observed
among 10,000 people with the errors
which an experimenter might make in-
10,000 measurements of the height of
one person. Almost as weighty is the
criticism that blindfold selection does
not necessarily imply random selection.
Just because we do not know the make-
up of the individual choices, we cannot
argue that they must be random.

Hogben is inclined to excuse Quéte-
let, who lived in an age which wor-
shiped laws wherever man investigated.
Moreover, Quételet was an astronomer,
and could not help being impressed by
the value of the calculus of errors. Hog-
ben holds Francis Galton and Karl
Pearson much more to blame. These men
not only swallowed Quételet’s ideas but
extended them to the concept of a mean
natural environment, and went so far as
to argue that a population could not be
improved except by selective inbreed-
ing. Through the work of Quételet, Gal-
ton and Pearson, the normal law came
to occupy an honored position in social
and biological research.

The extension of the calculus of errors
to more advanced applications in the
social and biological sciences leads to
techniques such as regression and factor
analysis. These two concepts fall within
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Hogben’s calculus of explorations. But
these extensions, since they depend upon
the calculus of errors, or are best de-
rived from it, are subject to the same
criticisms leveled at Quételet’s original
work. Hogben censures sharply these
widely applied techniques.

We may pass quickly over his treat-
ment of the calculus of aggregates.
There the uses of probability in formu-
lating hypotheses are perfectly accept-
able because their consequences can be
tested.

Hogben contrasts the calculus of ag-
gregates with the calculus of judgments,
another method of testing hypotheses.
In this branch of statistical theory one
observes a sample of some population
and uses knowledge obtained from the
sample (for example, its mean) to de-
cide on the reliability of a hypothesis
about the entire population. More pre-
cisely, the theory of probability tells us,
on the basis of the hypothesis, the fre-
quency with which samples of various
means can be expected. We can then
judge such matters as whether the sam-
ple in hand is sufficiently improbable to
discredit the hypothesis.

In the domain of the calculus of judg-
ments one can use knowledge of the
sample as a check, as in the control of
quality in manufacturing. Hogben calls
such applications statistical prudence.
But the major applications of the calcu-
lus of judgments are those wherein one
tries to decide whether, for example, a
certain medical procedure is advisable
by noting its effects on a sample of peo-
ple or animals. But when one tries to
establish judgments about entire popu-
lations by arguing from the evidence
presented by the sample, the entire bur-
den of the argument falls on the statis-
tical theory.

With these latter applications Hogben
finds many reasons to be dissatisfied. In
the first place the Gaussian theory of
errors is involved; hence all of the objec-
tions Hogben raises to Quételet, Galton
and Pearson apply at once. The concept
of a supposed static infinite population
which has no real counterpart is espe-
cially inappropriate here. The effect of
a medical procedure depends upon age,
medical history, nutrition and innumer-
able other changing circumstances.

Hogben has other objections, too de-
tailed to be presented here, to the tech-
niques of the calculus of judgments. It
may suffice to point out that his indict-
ment of the present state of the entire
body of statistical theory is almost
wholesale; his remarks are biting and
even sarcastic. He would send to the
nether regions, doubtless to join Malthus
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and Ricardo, such misconceptions as the
normal man and the normal environ-
ment. He suggests that it may be neces-
sary to destroy the entire facade of irrel-
evant computation and let laboratory
experiments stand on their own feet.

All of Hogben’s criticisms apply to
the applications of statistics in the social
and biological sciences; the physical sci-
ences not only escape scot-free but also
receive some praise. Hogben would even
use the experience of the physical sci-
ences to argue that statistical theory may
not be needed in the design of experi-
ments. He points out that the great
historic experiments in physics were per-
formed without resort to statistical
theory. But many proponents of current
statistical theory have used the example
of the physical sciences to defend their
position. Their argument is that even the
mathematical theory which is used in
physics states an ideal case which does
not occur in practice. The analogy is a
questionable one. A real circle may not
be the mathematicians’ ideal circle, but
the error in calculating the area of a real
circle cannot be terribly important. On
the other hand, the assertion that some-
thing may happen in less than 1 per cent
of the cases, which are therefore negli-
gible, may cause real trouble if it is ap-
plied to deciding whether a medical
procedure will cure or kill.

Are Hogben’s criticisms correct? In
some cases, it seems to me, he is beating
a dead horse. Some of his criticisms are
valid only if one ignores advances in
statistical theory during the past 30
years. However, not all of Hogben’s criti-
cisms have been met. At the very least
the value of statistical theory in reach-
ing decisions is more limited than is
often claimed by its authors.

Hogben’s criticisms of the practition-
ers, as opposed to the theorists, may be
on safer ground. If the consumers of
statistical theory in social and biological
laboratories are still blindly following
the older rules and procedures, and con-
fidently drawing the unwarranted con-
clusions that he rails against, then his
attacks are justified. It is likely that he
is right; many potential users of statis-
tics in economics, psychology and edu-
cation seem to want to learn statistics
without mathematics. The chief value of
Hogben’s book is to point out that sta-
tistical practice is behind theory.

Short Reviews
History or TEcHNOLOGY, VoL. I1I,
edited by Charles Singer, E. J.

Holmyard, A. R. Hall and Trevor L
Williams.  Oxford  University  Press
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($26.90). This pioneering history does
not falter. The first two volumes, which
carried the story from stone implements
to the end of medieval times, drew their
information from archaeological evi-
dence and contemporary documents.
The account in the third volume is itself
the beneficiary of a major technological
advance, namely printing; for during the
period covered a large and rapidly ex-
panding literature describing the arts
and crafts made its appearance. The
same period of course witnessed the
emergence of modern science, but this
movement as such falls outside the com-
pass of the book. Nevertheless, the ef-
fects on the rise of theoretical science be-
gin to be reflected in the present vol-
ume, and much more marked repercus-
sions will undoubtedly make themselves
felt in the two installments still to come.
Technology branched out so profusely
in the 200 years from 1500 to 1700 that
it is quite impossible, as the preface
points out, even in 750 pages to sum-
marize adequately the techniques of
manufacture and production. The edi-
tors have therefore “necessarilv been
highly selective in their choice of topics
for discussion” and have imposed rather
stringent restrictions of space on the con-
tributors. There are five main parts
which treat in turn primary production,
manufacture, material civilization, com-
munications, approach to science. R. |.
Forbes, writing on food and drink, de-
scribes the new food crops adopted by
the European farmer in the 16th and
17th centuries, the introduction of tea,
coffee and cocoa, the rise of the potato
(which came not from Virginia, as was
long thought, but from South America)
and the only new contribution to the
European table from the animal world,
the turkey, which made the transatlan-
tic voyage from Mexico in 1520 and
“became common Christmas fare a cen-
tury later.” A masterly survey of metal-
lurgy and assaying by Cyril S. Smith
and Forbes is included in the first part,
along with an interesting paper on coal
mining and coal utilization by J. U. Nef.
This points out that by 1660 coal was
so extensively burned in” London that
the dark pall of filthy smoke from tens
of thousands of domestic fires and hun-
dreds of breweries, soap- and starch-
houses, sugar refineries, brick kilns,
earthenware works and glass furnaces
led foreigners first visiting the city to
pronounce it unfit for human habitation.
The second part of the volume contains
R. A. Salaman’s fascinating essay on
tradesmen’s tools—which have changed
remarkably little from classical Mediter-
ranean times to the present—papers on
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farm tools, vehicles and harnesses, on
spinning and weaving, on figured fabrics
and on glassmaking. In the third part are
articles on building construction, town
planning, land drainage, machines and
mechanisms (gear-operated chain-and-
bucket pumps, water-driven ore-crush-
ers, water mills, suction pumps, screw-
cutting lathes, screw presses, power-
driven rollers), and military technology.
An account of the origins of printing by
Michael Clapham, which concludes this
part, presents vivid reconstructions of
the methods of working of a mid-15th-

| century printing office, as well as others

of later date. (The Mainz printing office
of Fust and Schoefller, where the great
42-line Bible—commonly attributed, for
no clear reason, to Gutenberg—was print-
ed, had in the 1450s a staff of at least 25
men: two type-founders and six com-
positors, a reader, 12 pressmen and as-
sistants, and a few others.) Articles on
bridges, canals and river navigation,
ships and shipbuilding, cartography, sur-
vey and navigation comprise the fourth
part; in the last part are papers on the
calendar, precision and scientific instru-
ments, mechanical timekeepers, and in-
vention in the chemical industries. An
epilogue discusses the rise of the West
to dominance in technology. The stage
was set for theoretical science to come
to the aid of practice in the 18th cen-
tury, but during the two centuries em-
braced in these pages the methods of
modern science “were being begotten
from the conjunction of [experimental]
philosophy with the practical observa-
tion and intuitive knowledge of those
who actually handled the materials” and
conducted the processes. The illustra-
tions in this volume are many and ad-
mirable (though a few are too much re-
duced); dress, typography, design are
distinguished.

VHE SHAKESPEARIAN CIPHERS ExaM-
INED, by William F. and Elizabeth S.
Friedman. Cambridge University Press
($5). In 1728 a certain “Captain”
Goulding wrote a little book questioning
Shakespeare’s sole authorship of the
plays. Shakespeare, he said, was no
scholar, no grammarian, no historian and
“in all probability cou’d not write Eng-
lish.” This marked the birth of an anti-
Stratfordian movement which, while
never very strong, never lacked support-
ers, survives to this day and deserves a
footnote in any work on fads and delu-
sions. A branch of the movement bases
its claims on cryptographic proofs, that
is, on evidence derived from ciphers or
other cryptographic systems allegedly
incorporated in the plays themselves.
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The prophet or leading nut in this en-
deavor was one Ignatius Donnelly of
Minnesota, a 19th-century lawyer, pio-
neer, entrepreneur and politician. Don-
nelly said Francis Bacon wrote the plays,
and he (Donnelly, not Bacon) pur-
ported to find embedded in the texts a
cipher system which he traced to the
Lord Chancellor. The present book, by
two leading cryptanalysts (Colonel
Friedman is credited with the chief role
in breaking the Japanese diplomatic
cipher in 1941 by reconstructing their
“purple” cipher machine, and his wife is
“cryptologic expert” for the U. S. Secret
Service) disposes of Donnelly’s claims
and those of dozens of successor zanies.
One may, if one is so inclined, continue
to doubt that Shakespeare wrote Shake-
speare, and put forward in his place a
favorite son such as Bacon, or Thomas
Dekker, or Walter Raleigh, or Christo-
pher Marlowe, or the 17th Earl of Ox-
ford (it has even been suggested, and
this long before the present vogue of
togetherness, that the plays were written
by a “team” of which the aforemention-
ed were members) ; one may even argue
that the plays were composed not by
Shakespeare but by another man of the
same name; but thanks to this book one
may no longer rationally claim that there
is a cipher in Hamlet or Othello or Mac-
beth or any other of the plays. The ci-
pher theory is permanently dead. The
Friedmans having quieted the tempest
and exposed the comedy of errors, love’s
labour has not been lost.

NATURAL Macick, by John Baptista
4+ X Porta. Basic Books, Inc. ($7.50).
An attractive facsimile reprint of the
1658 English translation of an enor-
mously popular Italian scientific book.
The author of Magia Naturalis was a
16th century Neapolitan gentleman who
overcame the handicap of being a child
prodigy and devoted his long life (he
died in 1615, aged 80) to study and
writing and to the organization of the
first scientific society of modern times:
the Otiosi (Men of Leisure). Porta
wrote works on distillation, meteorology,
ciphers and secret writing; on pneu-
matics, astronomy and the refraction of
light; on architecture, physiognomy and
astrology. He also composed 14 prose
comedies, two tragedies and one tragi-
comedy, which provided an “unac-
knowledged source of material for 17th-
century English playwrights.” But it is
for his Natural Magick, which went
through several Latin editions and was
translated into half a dozen languages,
including Arabic, that he is best remem-
bered. It is a delightful hodgepodge,



filled with nonsense as well as nuggets
of natural science. The optical sections,
for example, describe the camera ob-
scura, with and without a lens (Porta,
however, was not the inventor of this
device), and explain the use of a combi-
nation of convex and concave lenses for
viewing objects far off or near at hand.
Another section deals in some detail
with magnetism and contains a hint of
a “sympathetic magnetic telegraph”:
“And to a friend that is at a far distance
from me, and fast shut up in prison, we
may relate our minds, which I doubt not
may be done by two Mariners’ Com-
passes, having the Alphabet writ about
them.” There are chapters on perfumes
and cosmetics, on cookery and temper-
ing steel, on how to take off pimples or
put them on the face for disguise, on
dentifrices and counterfeiting, on cor-
recting “the ill sent of the Arm-pits,” on
making a virgin of a “deflow’red wom-
an,” making spectacles, separating water
from wine, catching partridges by get-
ting them drunk, writing in an egg, or
causing women “to cast off their clothes
and go naked” (“jugglers and impos-
tors” do this by burning hare’s fat in a
lamp).

VAN NosTRAND’s ScIENTIFIC ExcCy-
cLopeDIA. D. Van Nostrand Com-
pany, Inc. ($30). The third edition of
this work has been enlarged and revised.
Its 1,839 pages (the second edition had
1,600 pages) bear two million words,
14,000 articles and 1,400 illustrations
(of which 12 are in color); its entries
cover some 30 subjects from aeronautics
to zoology. The editors state that the
encyclopedia will serve the “inquiring
lay reader” and the student as well as
the “professional” and the “trained tech-
nician.” If this were so, the new Van
Nostrand would be a valuable and wel-
come book; in truth it is in many respects
below standard and does not adequately
meet the needs of either expert or non-
expert. According to the preface there
is a “progressive development of the
discussion of each topic, beginning with
a simple definition expressed in the
plainest of terms and progressing to
a final reflection of the more detailed
aspects of the topic treated.” This prom-
ise is often broken, especially in the en-
tries for the physical sciences and math-
ematics. A polite nod to the nonexpert,
consisting of a brisk dictionary defini-
tion, is usually followed by a densely
technical summary which will convey lit-
tle to anyone except the reader who does
not need it. Leafing through the pages,
one is astonished at the omissions. A
tew at random: Pythagorean theorem,
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Macromolecules
in Cell Structure

By A. FREY-WYSSLING

VER THE PAST TWO DECADES
O new discoveries in submicro-
scopic morphology have removed
the barrier between the hitherto
separated biological sciences of
morphology and biochemistry.
Using plant cells as examples, the
well-known botanist A. Frey-Wys-
sling here explains how, with the
aid of the electron microscope, a
morphological analysis on the
macromolecular level is possible
in cytology. Much new informa-
tion makes this a significant addi-
tion to work previously done in

the field. $5.00

The Motility of
Muscles and Cells

By HANS WEBER

HE EXPERIMENTAL DATA of this
Tstudy have been arranged in
such a way as to show clearly the
conditions in the interior of mus-
cles and cells necessary for pro-
ducing contraction on the one
hand and relaxation on the other.
The difference between the condi-
tions necessary for the movement
of certain organelles of cells and
those for muscular contraction and
the musclelike contraction of the
cells has been shown, giving evi-
dence that Nature invented several
very different mechanisms of
movement. And an attempt has
been made to synthesize the
known experimental data on mus-
cular movement and musclelike
cell movement into a new theory
of contraction. The 1957 Dunham
Lectures. Ilustrated. $3.50

—

Through your bookseller, or from

HARVARD
UNIVERSITY PRESS

79 Garden Street,
Cambridge 38, Massachusetts

theory of games, cybernetics, operations |

research, pi, infinity, quality control, na-
tural selection. The editors have includ-
ed no biographical articles. This policy
can be defended, but not the frequent
practice of presenting entries about laws,
theories and formulas without mention-
ing their discoverer (e.g., the articles on
the Planck law, the Schottky effect, the
Schrodinger equation do not mention
Planck, Schottky or Schrédinger). The
disproportionate emphasis on various
topics is incomprehensible except on the
assumption that this is an engineering
manual. Stochastic process receives five
lines; stoker, two and a half pages; po-
tential, half a column; perfumes, almost
four columns; general theory of relativ-
ity, half a column; photomechanical re-
production processes, three columns.
One of the annoying and occasionally
comic features of the encvclopedia is
its built-in treasure-hunts and wild-
goose chases. Examples: There is no en-
try for infinity; but if one looks up trans-
finite number, the concept is mentioned.
One notes, however, that the reference
is in bold-face type, which means, ac-
cording to the preface, that the term it-
self is “explained and described in its
alphabetical position.” Hastily one turns
back to recheck; there is no such entry.
Under heredity there is a cross reference
to selection; no such entry. Cosmology
is not mentioned, but in its place is an
entry for cosmological models which in-
vites the reader to consult Einstein law
of gravitation, Einstein universe, de
Sitter universe, expanding universe. The
first three items are not found in this
book; the last is cross-referenced to
spirals. The publishers, contributors and
editors pray the readers’ “indulgence”
in case of “any significant omissions
and in the case of errors”; anyone who
has paid $30 for this book will have to
be more than indulgent.

HE DEVELOPMENT AND MEANING OF
EppingToN’s FuNpDAMENTAL THE-
ory, by Noel B. Slater. Cambridge Uni-
versity Press ($7.50). When Sir Arthur

| Eddington died in November, 1944,

there was found among his papers the
nearly completed manuscript of a book
in which he synthesized the “diverse ac-
cepted principles of physics” and de-
rived by purely theoretical means certain
fundamental ratios of physical constants
in agreement with observation. This
book, published in 1946 under the title
Fundamental Theory, is profound, at
times obscure, and often very difficult to
follow. Eddington himself found it diffi-
cult to write; most of it took five or
six drafts. A substantial part of the ear-
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Seals

Sea Lions
and

Walruses

A REVIEW OF THE PINNIPEDIA

Victor B. Scheffer

This is the first systematic account of
the pinnipeds to be published in fifty
years. Taxonomic history, geo-
graphic range, and population esti-
mates are given for each of the 47
kinds of pinnipeds. A synoptic key
enables the reader to identify each
of the twenty genera on the basis of
distinctive features of size and
shape, pelage, skeleton, and be-
havior. lllustrated with 32 pages of
photographs and 13 maps.  $5.00

Stanford University Press
Stanford, California

ATLAS

OF THE

SKY

by VINCENT DE CALLATAY

Translated and with a Foreword by
Sk Harorp SPENCER JONES,
Formerly Astronomer Royal

A unique collection of 36 plates on which
the stars are represented as white dots
graded in sizes according to their bright-
ness, on a dark ground. With forty-five
complementary maps on which are
shown each of the eighty-eight constel-
lations. Contains a wealth of up-to-date
astronomical information on nebulae,
variable stars, novae, globular clusters
as well as details about magnitude, di-
mensions, colors, distances and the struc-
ture of the galaxy. 72 pages of text.
123, x 9%%". $12.50

THE SOURCES
OF INVENTION

by JOHN JEWKES, DAVID SAWERS
& RICHARD STILLERMAN
T'he how, where and why of 150 years of
industrial invention. Illustrated. $6.75

At your bookseller, or
ST MARTIN'S PRESS
103 Park Avenue, New York 17, N. Y.




a matter
of

necessity

* THE EVER-INCREASING peaceful exploita-
tion of man’s prime source of power, nuclear
cnergy, is no longer the prerogative of any
one nation—rather are such revolutionizing
achievements built up from the collated re-
search and development from the most prom-
inent countries of the civilised world; witness
the knowledge gained from Britain’s lead in
establishing with Calder Hall the world’s first
civilian electricity supply generated by nuclear
energy, and the thermo-nuclear reactor ZETA at
Harwell, a product of Anglo-American techni-
cal liaison.

Such progress demands the attention of sci-
entists, research technicians and forward-
looking businessmen throughout American in-
dustry, a potent reason why they, like their
colleagues in 92 other countries, should read
Nuclear Engineering, Britain’s leading nuclear
journal. Nuclear Engineering features every
month articles by leading authorities through-
out the world on the latest trends and de-
velopments in every sphere of the industry,
providing a fully informed, well-considered
and completely reliable view of nuclear de-
velopment in Europe and elsewhere, including
of course the United States.

Important features of Nuclear Engineering
include “The World’s Reactors’ series, giving
full descriptions, detailed specification sheets
and cutaway drawings as the world’s newest
reactors come into operation; Nuclear En-
gineering Data Sheets, containing tabular
statistics on the physical and mechanical prop-
erties of metals used in nuclear installations,
with accompanying explanatory articles and
regarded as the most up-to-date works of refer-
ence available on their subjects.

An annual subscription of $§7.00 will bring you
12 issues, but a special ‘3 years for 2’ offer
will purchase

NUCLEAR

ENGINEERING

for 3 years at a cost of only $14.00.

Subscriptions can be placed with British Pub-
lications Incorporated, 30 East 60th Street, New
York 22, and copies can be ordered from most
good bookstalls. Special students rate on direct
application to the Publishers,

TEMPLE PRESS LIMITED

BOWLING GREEN LANE °* LONDON EC1 ¢ ENGLAND

lier versions, in beautifully neat manu-
scripts, was preserved. Slater has under-
taken a painstaking examination of these
manuscripts, collating them with each
other and with the final version, and the
results of his analysis, presented in de-
tail, should be of considerable value to

physicists in clarifying Eddington’s con- |

ceptions, and in making more accessible
the main ideas of what the late E. A.
Milne described as a “notable work of
art.”

rI‘lu«; WARBLERS OF A)ERICA, edited
by Ludlow Griscom and Alexander
Sprunt, Jr.; illustrations by John Henry
Dick. The Devin-Adair Company ($15).
A number of leading ornithologists have
collaborated to produce this natural his-
tory of one of the most beautiful North
American birds. Brief essays describe
99 species from the prothonotary to the
painted redstart, ranging from the Arctic
tree-line to the Panama Canal, as well as
to South America and the West Indies.
Appearance, habits, habitat are given,
and agreeably discursive details. In ad-
dition to maps and black-and-white
drawings, the book presents 35 color
plates, which are useful and pretty but

undistinguished.
J ANE's FiGHTING SHIps, 1957-1958,
compiled and edited by Raymond
V. B. Blackman. The McGraw-Hill Book
Company, Inc. ($30). In one of the ma-
jor revolutions of the naval world, Jane’s
has taken a 90-degree turn. This famous
annual, founded in 1897, celebrates its
diamond jubilee by changing from hori-
zontal to a vertical format; thus keeping
pace, one supposes, with the changing
philosophy of navies, which have adapt-
ed themselves to the new conditions of
war by converting increasingly to craft
that move up or down (e.g., airplanes
and submarines) rather than merely
chug along on the surface. In addition
to this daring innovation in design,
which will further unsettle those who
already regard the new look in navies as
a catastrophe, Jane’s has a large amount
of fresh material, extensive revisions
and more than 800 new illustrations.
Cambodia, Liberia and Vietnam, let it
be known, each now has a navy.

f]‘m; STRUCTURE OF A MoORAL CODE,

by John Ladd. Harvard University
Press ($8). Ladd, a philosopher turned
anthropologist, describes his approach
to the scientific study of ethical systems.
It consists principally of an analysis of
ethical discourse, that is, of what peo-
ple say about moral issues. This volume
contains a rigorous statement of the au-
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BOOKS THAT BROADEN
THE SCIENTIFIC HORIZON

New brilliant work by Perrine
Physics and Mathematics

In Electrical Communication
by James Owen Perrine, Ph.D.

Profound and probing explanation of what hap-
pens in electrical circuits that contain resist-
ance, inductance and capacitance. Text contains
numerous explanatory diagrams, many con.
ceived by the author, that point out and simplify
concepts that are normal]y considered compli-
cated. Each graph, complete with point-by-point
identifying nomenclature, illuminates the text.
On a foundation of associated mathematics
made completely understandable and replete with
numerical examples, the author brilliantly ties
together physical concepts and electrical com-
munication.

Using an entirely new and progressive ap-
proach in analyzing hyperbolic areas and func-
tions, the text conveys in an unusually lucid
manner the fundamentals and derivation of the
mathematical subjects. The study of the laws of
geometric retrogression will prove invaluable in
understanding exponential equations and related
functions. A tremendous aid to the student, a
valuable reference for the teacher and guaran-
teed to be of great interest to all in the field of
engineering. #219, 874”x11”, cloth bound, $7.50.

Modern presentation of the physical sciences

Energy by Sir Oliver Lodge, F.R.S.

The long awaited reprint of this classic exposi-
tion on the subject of energy by the eminent
English physicist has been modernized, specially
edited and illustrated. #200, soft cover, $1.25.

Heat by Alexander Efron, E.E., Ph.D.

While it is a classical study of the subject, it
progresses to the modern concepts of basic
thermodynamics and their applications to heat
engines such as turbo props, ramjets and rockets.
#200-2, soft cover, $1.50,

Mechanics sy Ates.Efron, E.E., Ph.D.
Initial discussion covering vectors, their applica-
tion to moments and torques; the laws and theory
of motion; energy, work, frictional forces and
mechanical efficiency provxdes the foundation
for a more penetrating analysis of the subject.
1£200-3, $1.50

Sound &y Alezander Efrom, E.E., Ph.D.
Covers the physical nature of sound and the
characteristics of hearing with all the ramifica-
tions of acoustics, music instruments and the
human voice. #200-5, soft cover, $1.25.

Nuclear Energy atez.Efron, E.E., PL.D.

In clear, concise language, the atom, its makeup
and uses are completely explained. Starting with
the general historical background; the electron,,
proton and neutrorn; natural radioactivity, alpha,
beta and gamma rays, detectors, isotopes the
book progresses to more advanced concepts such
as the mass-energy relationship, induced radio-
activity, nuclear fission, research and power
reactors,the hydrogen bomb, etec. #200-7, $1.25.

The fastest growing area of electronics

Basics of Digital Computers
by John S. Murphy

Anyone with some knowledge of the funda-
mentals of electronics can understand and master
the basics of electronic digital computers with
this new three-volume ‘‘picture-book” training
course. At least one BIG illustration is given
on each page to make the text crystal-clear. Text
explains development of computers, basic theory
of computer arithmetic, covers circuits, the pro-
gram, memory, the generation and distribution
of timing pulses and control. Writtén for all
who need or desire an understanding of the
theory of computers. #196, 3-volume soft cover
set, $6.95; #196-H, cloth bound, $7.95.

These Rider books, and many others, covering
all phases of electronics, are available at your
bookstore, or order direct by using coupon below.

30 day money back guarantee ===~

JOHN F. RIDER PUBLISHER, INC.
116 West 14th Street, N. Y. 11, N. Y,
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NEW

BASIC BOOKS
in BIOLOGY

The Evolution of

Genetic Systems
(Revised and enlarged edition)
by C. D. Darlington

r:
A pioneer in the application of ge-
netic theories to the study of
evolution, Professor Darlington ;
points out that “the deepest prop-
erties of life — heredity, develop-
ment, and infection—are in process
of being related to a physical and
chemical basis. It is the purpose \
of this book to join together the
relatively fixed world of physics
and chemistry and the undoubtedly
moving world of biology.” This
new edition synthesizes the main
currents of contemporary genetic
thought. 5600

Anatomist at Large
The Life and Selected Papers of
George W. Corner

One of the world’s eminent biolo-
gists recalls his career at Johns
Hopkins, the University of Roches-
ter, the Carnegie Institution, and
the Rockefeller Institute for Medi-
cal Research. This warm and infor-
mal autobiography recreates, vivid-
ly and colorfully, the world of bio-
logical research during the first
half of this century. Ten essays,
exemplifying the enormous range
of Dr. Corner's interests — from
special embryological problems to
the philosophy of medicine — com-
plete the volume. 5400

The Uniqueness of

the Individual
by Peter B. Medawar

Eight recent studies, graced with
rare insight and wit, deal with
such problems as aging and na-
tural death, grafting and regen-
eration, the patterns of organic
growth and transformation, the
scientific method in biology, and
Lamarckism. A delightful and re-
warding experience for any reader
interested in the various aspects
of contemporary biology and their
significance, $4oo

Through your bookseller or from
BASIC BOOKS, INC.
59 Fourth Avenue, New York 3, New York
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thor’s views as well as a report of their
application to the ethics of the Navaho
Indians. It is aimed at the expert.

Notes

THE SEMINOLES, by Edwin C. Mec-
Reynolds. University of Oklahoma Press
($5.75). This 47th volume in the Civili-
zation of the American Indian Series is
an extensive history of a small but val-
iant and formidable tribe which, though

| tricked, robbed, defrauded and abused,

| dian nation that never officially

refused to give up, and is the only In-
made
peace with the U. S.

ANCIENT MAN IN NORTH AMERICA,
by Hannah Marie Wormington. Denver
Museum of Natural History ($5.20).
The fourth edition, fully revised, of a
nontechnical survey of knowledge about
the earliest inhabitants of North Ameri-
ca. Extensive bibliography; many illus-
trations; an excellent book.

THE FasciNaTION OF NUMBERS, by
W. J. Reichmann. Essential Books, Inc.
($4). An agreeable diversion about
numbers: series, digital roots, primes,
divisibility, ratios, recurring decimals,
congruences, irrationals, continued frac-
tions, magic squares, number oddities,
tricks and fallacies.

THE MacMiLLAN WoORLD GAZETTEER
AND GEoGraPHICAL DicTiONARY, edited
by T. C. Collocott and J. O. Thorne.
The Macmillan Company ($6.95). Re-
vised edition of a convenient and inex-
pensive gazetteer.

LEs METHODES NOUVELLES DE LA
MecaNiQuE CELEsTE, by H. Poincaré.
Dover Publications, Inc. ($7.35). An
unabridged and unaltered re-publication
of Poincaré’s great treatise on mathe-
matical astronomy. The publisher earns
a cheer for making this expensive work
available in a three-volume set of clearly
printed paperbacks which is considerate
of the student’s wallet.

De Motu Corpis, by William Har-
vey, translated from the Latin by Ken-
neth |. Franklin. Charles C. Thomas

($3.50). This immortal work, first pub- |
lished in 1628, appears now in a fresh |

translation by a noted British physiolo-
gist and scholar. The translation, occa-
sioned by the tercentenary of Harvey’s
death, has been widely praised as a con-
tribution to historical and experimental
research upon the circulation of the
blood.
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NOTABLE ACHIEVEMENTS AT JPL...

THE ARMY'S NEW SERGEANT

JPL is proud to have the responsibility of designing
and developing the U.S. Army’s newest operational
missile system—the Sergeant. This weapon is America's
first truly ‘“second generation’’ surface-to-surface
tactical missile and, when placed in production will
eventually succeed the Corporal which was also a JPL
development.

The Sergeant, especially designed as an extremely
mobile tactical weapon, utilizes a solid propellant rocket
motor which provides better field handling and storage
capabilities than those of many other weapon systems.
It can deliver a nuclear blow deep into enemy territory

and its highly accurate guidance system is invulnerable
to any known means of enemy countermeasure.

All elements of the Sergeant are particularly designed
for active field use with emphasis on reliability, mobility
and the use of standard U.S. Army vehicles wherever
possible. The erector-launcher, for example, is capable
of rapid movement over rough terrain. These character-
istics place in the hands of the U.S. Army an important
new tactical element of extended range.

The basic activity at JPL continues to be —research
into all scientific fields related to the development of
weapons systems and space research vehicles.

JET PROPULSION
LABORATORY

NOW OPEN IN ENGINEERING ¢ PHYSICS AND MATHEMATICS A DIVISION OF
THESE FIELDS CAl ITUTE OF TECHNOLOGY

PASADENA « CALIFORNIA

CAREER

OPPORTUNITIES ELECTRONIC, MECHANICAL, CHEMICAL AND AERONAUTICAL

IFORNIA INST
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A message for young
physical scientists & engineers

from James H. Doolittle, Chairman, NACA

Future breakthroughs on crucial problems relating to
aircraft and missiles can be expected in light of
NACA’s long record of achievement. NACA supplies
advanced research findings to the Nation’s

aircraft and missile industry, to all branches of the
military, and to the airlines. All Americans

can be assured by the knowledge that NACA is
working with a spirit of urgency to help

solve the current most pressing problems of flight.

James H. Doolittle, Chairman, NACA;
Sc.D., Massachusetts Institute of Technology.

NACA has a staff of 7,750 research scientists and supporting personnel spread
among centers on both Coasts and in Ohio. NACA staff members in pursuit of new
knowledge have available the finest research facilities in the world, including
several of the largest and fastest supersonic and hypersonic wind tunnels, hot jets, a
fleet of full scale research airplanes, which will include the X-15, hypersonic bal-
listics ranges, shock tubes, a nuclear reactor establishment, rocket facilities, a
research missile launching site, tracking devices, and the most advanced mechanical
and electronic computers.

NACA Fields of Research Include: Aerodynamics, Aircraft and Missile
Structures, Materials for Aircraft and Missiles, Automatic Stabilization, Propul-
sion Systems, Propulsion Systems Structures, Rocket Systems, Solid State Physics,
Fuels, Instrumentation.

A number of staff openings are becoming available. You are invited to address
an inquiry to the Personnel Director at any one or all four of the NACA research
centers:

Langley Aeronautical Laboratory, Hampton, Virginia
Ames Aeronautical Laboratory, Mountain View, California
Lewis Flight Propulsion Laboratory, Cleveland, Ohio
High-Speed Flight Station, Edwards, California

(Positions are filled in accordance with the Aer tical Research Scientist Annou t 1B)

The Nation’s Aeronautical Research Establishment
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Hospitals will welcome this new light-
weight sterilizer tray made of heat-
resistant MARLEX . . . withstands steri-
lizer temperatures up to 250°F. for hours!

MARLEX tote boxes filled with chickens
moving into this quick-freezer easily
withstand repeated freezing and steam
cleaning, as well as the usual severe
production-line handling.

The best tote hoxes are made of MARLEX

POLYETHYLENE

. lightweight, unbreakable, Iow in cost!

“We picked Marlex because it has what it takes to de-
liver satisfactory service in restaurants, cafeterias,
hotels, hospitals, and the institutional food field,” says
Daniel Bloomfield of Bloomfield Industries, 4546 West
47th Street, Chicago 32, Ill.

“Here is a tough, rugged plastic that is completely
sanitary,” Mr. Bloomfield points out. “You can put
our new Marlex All-Purpose Dish Boxes and Silverware
Trays through commercial cleansing procedures.

‘“Marlex doesn’t stain from oils, fats or greases. It
won’t dent, either. So this equipment keeps its good
looks. And the price is right.”

Injection-molded restaurant equipment is just one
of many profitableapplications for Marlex polyethylene.

No other type of material can serve so well and so
economically in so many different uses.

For more information, get in touch with your local
Marlex sales representative.

*MARLEX is a trademark for Phillips family of olefin polymers.

PLASTICS SALES DIVISION
PHILLIPS CHEMICAL COMPANY

Bartlesville, Oklahoma
A subsidiary of Phillips Petroleum Company

NEW ENGLAND AKRON WESTERN
322 Waterman Avenve, 318 Water Street, 317 N. Lake Ave.,

East Providence 14, R. I.  Akron 8, Ohio Pasadena, Calif.
GEneva 4-7600 FRanklin 6-4126  RYan 1-0557
NEW YORK CHICAGO SOUTHERN & FOREIGN

80 Broadway, Suite 4300, 111 S. York Street, Adams Building,
New York 5, N. Y. Elmhurst, 1l Bartlesville, Oklahoma
Digby 4-3480 TErrace 4-6600 Bartlesville 6600, Ext. 8108
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“Let the waters bring forth abundantly the moving creature that hath life .
Let the earth bring forth the living creature after his kind .

Let us make man in our image, after our likeness: and let them have dominion
over the fish of the sea, and over the fowl of the air .

and over all the earth . ... Be fruitful, and multiply, “and replenish the earth,
and subdue it: and have dominion over the fish of the sea,

and over the fowl of the air, and over every living thing

that moveth upon the earth.” (Genesis 1.20, 24, 26, 28)

e A= T
GENERAL DYNAMICS CORPORATION * 445 PARK AVENUE. NEW YORK 22, N. Y.
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