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Air Strike....Submarine Style

Guided missiles launched from submarines promise
to be major offensive weapons in case of war. A mis-
sile of this tvpe travels to its distant destination
under unerring electronic orders. The brain center for
such missiles will be typical of the electronic systems
developed and manufactured by Arma Corporation.

In close collaboration with the Armed Forces
since 1918, and more recently with the Atomic
Energy Commission, Arma has contributed much

in basic research, design, development and manu-
facture to the advancement of electronic and electro-
mechanical weapon control, navigation, and other
precision remote control systems. There is every
reason to believe that engineering background and
techniques—first used successfully in these devices
—will see widespread industrial applications. Arma
Corporation, Breoklyn, N. Y.; Mineola, N. Y.
Subsidiary of American Bosch Corporation.

APPPIA ...... .concs von conreor @
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gives you more!

|

DuMont equipment is used in 67 of the 110

television stations in the United States

FIRST IN TELECASTING
DuMont operates the first wholly owned television
network. Its key station, WABD New York, was the first
fully equipped, high-powered station on the air; was the
first with daytime programming; and has led the way
with many other major television “firsts.”

One after another, DuMont developments have improved every
phase of television . .. have brought greater enjoyment to more and
more people. Commercial television tubes, cameras, controls and
transmitters . . . new scanners for clear motion picture transmission

... low-cost UHF telecasting. . . all were pioneered by DuMont.

In the past, the story of better television has been the story of
DuMont. In the eye-opening future, young men with ambitions
in the field of electronics will come to the Allen B. DuMont
Laboratories to bring their ideas to life . . . to continue the Du Mont

ory of new developmen ive Americans more in every way.
story of devel ts that give A cans a

Ll Wil e Zﬁfm;/( w Fhootiiniieds

Allen B. Du Mont laboratories, Inc., 750 Bloomfie!ld Ave., Clifton, New Jersey
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Trace Analysis

is important

Spectroscopy

is essential

Above: the new 3.4 Meter Stig-
matic Grating Spectrograph with

JAco Varisource—an outstanding
instrument for trace analyses.

In any analysis problem, the tougher
an element is to detect and measure,
the more important the spectrograph
becomes. Here are just a few examples
of trace analyses that are made possible
through spectroscopy:

electronics—elements in concentrations
as low as 0.0001% are important in the
germanium used in those electronic mar-
vels, transistors . . . JAco Equipment, with
its outstanding resolution and dispersion,
does the analyses with ease.

metallurgy—0.0006% boron makes the
tougher steel now demanded by industry
... an exacting analytical problem—but a
JAco Spectrograph does it quickly and
accurately.

nutrition—0.001 ppm of cobalt, boron,
copper, iodine, iron, magnesium, man-
ganese, molybdenum and zinc have lately
been found of dietary importance . . . dif-
ficult analyses and only the spectrograph
can do them!

. and so the story goes . . . in medical
research . . . atomic energy . . . dozens of
manufacturing industries . . . JAco Spec-
trochemical Equipment is on the job
wherever quicker, easier and more precise
trace analyses are required.

Discover how much time and money JAco
Spectrochemical Equipment can save for
you—write, wire or phone today.

W22 JARRELL-ASH CO.

165 Newbury St., Boston 16, Mass.
Detroit El Cerrito, Cal.
Chattanooga Queens Vill., N. Y.
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Sirs:

Your September issue, entitled “Auto-
matic Control,” was indeed an interest-
ing one. I found it particularly produc-
tive to read it in conjunction with your

earlier issue entitled “Human Re-
sources of the U. S.” These two issues,
when read and related to each other,
raise some perplexing problems.

How can young people be aided
to select those occupations for which
they have the aptitudes, capabilities,
and, of the utmost importance, the in-
terest and drive to work toward success?
What kinds of experiences have proven
to be successful in helping people who
are preparing for careers in scientific
fields? In regard to teachers of science,
there are some indications that an
educational background which in-
cludes some engineering is very valu-
able. Would science teachers with this
kind of background help to guard
against a future shortage of competent
engineers? It would also seem that this
new technology will make it increasing-
ly imperative that everyone not only
know how to do a job or a piece of re-
quired work, but also be able to see how
this work is connected with the work of
other people and how it fits into the
total operation which includes machines
and their controls. The maintenance
man will have to understand what it
would mean to hit a $50,000 controller
with a hammer, “if,” as your author
says, “the shaft doesn’t fit into the hole
on the first try.” How can people learn to
see the job that they do as a vital part
of an important whole? These are some
of the questions that are raised by these
two outstanding issues of Scientific
American. We have had answers to
some of these questions. However, it
would seem that some of our old an-
swers no longer fit our times. Can we find
new and better answers for the future?

WILLARD JACOBSON
Teachers College

Columbia University
New York, N. Y.

Sirs:
I read with great interest your issue
on automatic control; and I agree that
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LETTER

this new technological “revolution” has
tremendous implications for the social
sciences and their applications.

The concept of the closed-loop, self-
regulating economic system is very old,
dating at least from Adam Smith’s
Wealth of Nations. (Note that Smith’s
“invisible hand” is of approximately the
same age as Watt’'s governor.) More-
over, the feedback principle (not un-
der that name) has been the basis of
theoretical self-regulation.

Twentieth-century economics, espe-
cially Keynesian economics, has led to a
re-formulation of some of the economic
circuits, a rejection of assumed built-in
corrective feedback, and a construction
of new control systems. It was gratify-
ing to see Professor Tustin’s interpreta-
tion of the Keynesian system in these
terms. However, I feel that the diagram
of such a system and its explanatory
text are inadequate and misleading,
partly because of incompleteness and
partly because the true feedback loops
of a control system are not shown.

First of all, it will be noted that the
system as it stands is “open” in three
areas: international transactions, the
rate of interest, and employable popu-
lation. In reality the relation between
incomes and expectation of profit is ex-
tremely tenuous, most major changes in
profit expectations arising from “exogen-
ous” stimuli, such as war, technological
innovation, government policy, etc.
Such relation as exists is called the
“accelerator effect” and constitutes an
element of positive instability in the
system. For control purposes, therefore,
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THE MOST IMPORTANT BOOKS

In the Sciences—in Literature . . .

Written while the author

hid from the Nazis

in Holland, it is

at once a remarkably
sensitive record of
adolescence and an

eloquent testimony to the
strength of the human spirit:
List price 3.00

Members Pay 1.89

Called by the New
York Times, “Without
doubt the best general
work on evolution to
appear in our time,”
this is a vital study of

its significance for man.
List price 3.75
Members Pay 1.89

:

The major psychoanalytic
theories from Freud, Adler, and
Jung to the present are here
set forth in a new and
unifying way. The work

also .includes the great

Oedipus trilogy of Sophocles.
List price 5.00

Members Pay 1.89

The notable books pictured and listed on this page are a sampling of
the many distinguished volumes available to you, now, as a member of
the Book Find Club—and as you will note, although the publishers’ list
prices range up to $6.00, as a member of the Club you pay only $1.89 per
volume. Actually, this represents an average saving of more than 50% on

the books you buy—and you buy only the books you want.

THE BOOK FIND CLUB

SPECIAL INTRODUCTORY
BONUS OFFER

And now as your introduction to the Book Find Club you
may select any two books from those pictured or listed on
this page —one as your Introductory Bonus Book and the
other as your first selection. You can thus receive UP TO
$12.00 RETAIL COST OF BOOKS FOR ONLY $1.89.

It costs you nothing to belong to the Book Find Club. You
pay only for the books you want and you may take as few
as four (from the more than 25 offered) in the entire mem-
bership year. Since it is almost certain that you will read
at least four Book Find Club selections during the year
anyway, why not get them from the Club at the tremendous
savings we are able to effect through our large printing
orders.

FILL OUT THE COUPON AND MAIL /

the history of life-and of

This highly absorbing
book traces the growth ot
ideas in physics

through Relativity.

Its non-technical style

is the essence of

beautiful clarity.

List price 3.50

In their own words, Members Pay 1.89
thirty-three eminent
physicians tell of their
personal experiences with
shattering mental and
physical illness and

how they have come

to terms with it.

A scholarly yet lively history
of this significant science,
replete with a wealth of
biographical and

anecdotal material.

List price 5.00

Members Pay 1.89

List price 3.95
Members Pay 1.89

N
]
R

Man’s religious beliefs brilliantly
examined from a naturalistic
point of view, This encyclopedic
study has been rankéd with
Frazer’s Golden Bough.

List price 5.00

Members Pay 1.89

A

This large volume
contains all the novels
and a selection of the
finest short stories
of one of America’s
most perceptive writers.
List price 5.00

{ Members Pay 1.89

The most comprehensive
study ever made of the
sexual behavior of

human beings and animals,
based on a detailed
analysis of the

sexual patterns of 190
contemporary societies.

List price 4.50
Members Pay 1.89

Physical anthropology

is here studied, for
__the first time, in the
light of modern science.
“The best book on race
ever to be published.”
— Bernard Mishkin.
List price 6.00
Members Pay 1.89

_ Sub-titled “The Inner Experience
A" of a Psychoanalyst,” Dr. Reik’s book
has been favorably compared with
Freud’s Interpretation of Dreams.

List price 6.00
Members Pay 1.89

THE BOOK FIND CLUB, 215 Fourth Avenue, New York 3

Please enroll me as a member and send me the Introductory Bonus
Book and first selection | have indicated. | am also to receive each
month the Club’s literary magazine, the Book Find News. | understand
| may accept as few as 4 books a year at the SPECIAL MEMBERSHIP
PRICE OF ONLY $1.89 A BOOK (plus 24¢ postage and handling) and
may cancel my membership at any time after purchasing 4 selections.
(Check any two of the books listed below, one as your Introductory
Bonus, the other as your first selection.)

[ THE. THURBER ALBUM

[J EPITAPH OF A SMALL WINNER

[] ANNE FRANK: Diary of a Young Girl
[J LAMENT FOR FOUR VIRGINS

] WHEN DOCTORS ARE PATIENTS
C] A LAND

[] MAIN STREAM OF MATHEMATICS
[J PATTERNS OF SEXUAL BEHAVIOR
[] WHERE WINTER NEVER COMES

MALE AND FEMALE
OEDIPUS-MYTH AND COMPLEX
[J LISTENING WITH THE THIRD EAR
[] MATHEMATICS and the IMAGINATION

[C] MEANING OF EVOLUTION
BALLAD OF THE SAD CAFE
RISE OF SCIENTIFIC PHILOSOPHY
EVOLUTION OF PHYSICS

] THE AMERICAN MIND

[ GENETICS AND THE RACES OF MAN [] MAN AND HIS GODS

NAME.

ADDRESS

CITY.

Please print

NE STAYE
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what is a military simulator
doing in an industrial plant?

e sensing elements which collect and measure data.

o servo mechanisms that transform and transmit data.

e reference systems in which data is stored, or against which
data is compared—to effect control and similar functions.

¢ computing systems that analyze data and solve dynamic

problems.

® visual presentation systems which interpret results for the

human eye.

e optical or photoelectric systems which interpret what the

human eye sees, and feeds it to a system.

o recording systems that tabulate intermediate or final data.

o feed back systems to make automatic corrections.

o optical and infra-red systems as special sensing and transmitting

devices.

These are the things of which Hillyer creates military
simulators and many other devices—the same basic ele-
ments that are today being used to put automaticity
into the factory.

It is much more surprising to industry than to the military,
what is possible through the proper integrated use of
electronics, mechanics, and optics. Industry is just becom-
ing aware of the fact that the technique of converting data
in a plant process or machine function can be applied
whenever needed—it- makes no difference whether the
factors involved are temperature, pressure, or positioning on
the one hand, or altitude and flight speed on the other.

What does this mean to you? Just this. Hillyer Instrument
Company has a simple data sheet that will help you to
analyze quickly for us your desires to achieve a lower
operating cost and increased efficiency.

A copy will be sent upon request on your company letter-
head, together with the recently published brochure on
Hillyer Instrument Company.

54 Lafayette Street « New York 13, N.Y.
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expectation of profit must be regarded
as an “open” area, and the capital goods-
income circuit as incomplete.

The control system suggested by
Keynesian economics is compensatory
action by government. This action may
be broken down into monetary policy
and fiscal policy, the former carried out
by a central bank, the latter by the pub-
lic treasury. Monetary policy feeds back
corrections to the rate of interest. Fiscal
policy feeds back corrections to net for-
eign transactions and domestic invest-
ment. Employable population remains
as the single independent input, which
may be assumed the basic material of
the problem of control (for our imme-
diate purposes), corresponding to crude
petroleum in the automatic refinery.

Now the central bank emits cash and
depresses the rate of interest (non-linear
function) as net expectation of profit,
decisions to invest, etc., decline and un-
employment rises; and it absorbs cash
to raise the rate of interest as the oppo-
site conditions obtain. The treasury re-
duces intake (taxes) and increases out-
put (expenditures) as domestic plus
net foreign investment decline, thus to
raise consumable incomes (linear func-
tion) ; that is, the treasury reduces sur-
plus or increases deficit, the latter ab-
sorbed ideally by “idle” savings or emis-
sion of new cash through the banking
system. The opposite reaction follows
from an increasing total of foreign and
domestic private investment.

These, then, are the major control
loops in the Keynesian system. It must
be pointed out, however, that to repre-
sent automatic feedback the above ac-
tions would have to rest upon law and
firmly established policy, with specific
criteria, rather than depend upon politi-
cal expediency and conflicting personal
judgments of bureaucrats, congressmen,
and businessmen.

STEPHEN L. McDONALD

Department of Economics
University of Texas
Austin, Texas

ERRATUM

In the subtitle of the article
“The Diphtheria Toxin,” which
appeared in the October issue of
this magazine, it was stated that
“the substance secreted by the
diphtheria bacillus is one of the
most potent poisons known: one
milligram of it is enough to kill
1,000 tons of guinea pig.” Ac-
tually one milligram of the toxin
will kill only 3% tons of guinea
pig. The larger figure is true of
the tetanus and botulinus toxins,
as stated in the article.




PORCELAIN AND CHINAWARE

REFRACTORIES AND ABRASIVES SOAP AND COSMETICS

What do you make? Aim to make it better? Then investigate ALcoa
Aluminas.

These versatile ALcoa aluminum oxides are used widely throughout
industry to improve many products. They speed up processes,
promote chemical reactions, cut production costs. They make
products stronger, more resistant to shock and heat. Moreover,
because Arcoa Aluminas are produced in vast quantities primarily
for the aluminum industry, they are available to you at reasonable cost.

Your research department may be able to suggest profitable
applications in your business for the physical, chemical, thermal or
electrical properties of ALcoa Aluminas. We’ll gladly send samples.
Write to Avruminuym CompANY OF AMERICA, CHEMICALS DIVISION,

629-M Gulf Building, Pittsburgh 19, Pennsylvania.

Alcoa Aluminas
make a hit!

ALCOA

PAINT AND VARNISH

=
> I A +

GLASS AND GLAZE

TEXTILES

RUBBER AND PLASTICS

leoa Chemicals

ALUMINAS and FLUORIDES

ACTIVATED ALUMINAS =
ALUMINAS =

CALCINED ALUMINAS = HYDRATED
TABULAR ALUMINAS * LOW SODA ALUMINAS
ALUMINUM FLUORIDE + SODIUM FLUORIDE + SODIUM
ACID FLUORIDE * FLUOBORIC ACID * CRYOLITE = GALLIUM
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Are you working with o

HEAT SENSITIVE

BIOLOGICAL
PHARMACEUTICAL
CHEMICALS
FOODS?
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émePROCTOR;
' vacuum-radiant heat |

FREEZE DRYER

will answer your drying problem !

:

Here is a patented method for drying heat
sensitive materials while frozen that is
finding wide application in drying prod-
ucts which must remain unchanged chem-
ically or biologically after drying.

This Proctor system uses infra-red radia-
tion in the range of 2 to 9 microns, where
it is absorbed selectively by different mate-
rials depending upon the chemical com-
position. The frozen product may be in
vials, bottles or on transparent trays. It is
placed in a vacuum chamber and exposed
to wires glowing in a selected tempera-
ture range, thereby causing moisture to
sublime off without going through the
liquid state. It is especially suited to
products where quality control is an abso-
lute requirement.

Available in sizes ranging from a research
unit to full scale commercial installations.

PROCTOR & SCHWARTZ - INC-

PHILADELPHIA 20 « PA o

=
PROCTOR & SCHWARTZ, INC, 1
680 Tabor Road, Philadelphia 20, Pa.

Please send me additional information on the Proctor I
Vacuum-Radiant Heat Freeze Dryer. I

ECEMBER, 1902. “We have just
D had news of the smashing of Win-

ton’s new track record, made in
the world renowned ‘Bullet, by Henry
Ford, of Detroit. Mr. Winton, on the
Glenville track at Cleveland, September
16 last, made a new track record of a
mile in 1:02 1/4, against his previous
record of 1:06 2/5, made about a year
ago. Mr. Henry Ford, of Detroit, on a
gasoline racer built by himself and Tom
Cooper of that city, has just succeeded
in beating Mr. Winton’s time by more
than a second, having established a new
record December 1 on the Grosse Pointe
track, Detroit, of a mile in 1:01 1/5.
This brings the much-sought-for speed
of 60 miles an hour, or one minute on
a track, within slightly over a second of
being attained; so the probabilities are
that before long the feat will actually
be accomplished.”

“This year’s Nobel prizes have just
been announced. The honors in physics
were divided by Dr. H. A. Lorentz and
Dr. P. Zeeman, both of Holland. The
chemical prize was taken by Dr. Emil
Fischer, of Berlin. The medical prize
was received by Major Ronald Ross,
principal of the Liverpool School of
Tropical Medicine. The venerable his-
torian Theodor Mommsen received the
literary prize. To American readers some
of these men may not be well known.
Zeeman is the man who discovered that
if a beam of light were passed through a
magnetic field before being analyzed by
a spectroscope, the lines in the spectrum
would be doubled. Lorentz worked on
kindred subjects—the theory of radiation
and the relations of the ether to matter.
It is singular that both of these men are
Dutchmen, countrymen of the famous
van’t Hoff, who received the prize in
chemistry last year. Fischer is a most
versatile scientist. His early work was
in the field of coal tar. More recently he
has studied the amino and diamino
acids, which are products of the decom-
position of proteids. To Major Ross is
principally due the theory that the mos-
quito is an active agent in the dissemina-
tion of malaria.”

“Recognizing the importance of the
new transportation and the fact that it
will endure, the faculty of Columbia
University has added a course in auto-
mobile mechanics to the curriculum. In-
struction will be given by a competent
gas engine expert, and the course will

© 1952 SCIENTIFIC AMERICAN, INC

a0 AND 100
YEARS AGO

cover gasoline and steam carriages only,
the electric vehicle being included in the
regular electrical course.”

“In Thomas Edison’s work there is no
guessing, no trusting to luck. Edison
knows exactly what he wishes to accom-
plish, and how his end is to be attained.
Absolute certainty of purpose and of
method saves him from frittering away
his time in useless experimentation.
Chance has given perhaps an occasional
idea, but it has not lightened his work.
A device, whose invention he himself has
attributed to accident, is the phono-
graph. He had taken out a patent on a
telegraph repeater, in which a chisel-
shaped stylus indented a sheet of paper
curled around a cylinder. These indented
marks were to be used in retransmitting
the recorded message. “While singing in-
to the mouthpiece of a telephone, the
vibrations of the voice sent the fine
metal point into my finger,” he tells us.
‘That set me to thinking. If I could
record the movements of the point and
send it over the same surface afterward,
I saw no reason why the thing would not
talk. I tried the experiment first on a
strip of telegraph paper. I shouted “Hel-
lo! hello!” into the mouthpiece, ran the
paper back over the steel point, and
heard a faint “Hello! hello!” in return.’
Then he decided to make a talking-
machine. The men in the laboratory
laughed at him. In the end he proved
that he was right. When the first opera-
tive phonograph was completed, Edison
packed up his instrument and came to
the office of ScienTIFIC AMERICAN,
Without ceremony he placed the ma-
chine on the Editor’s desk and turned
the crank. The machine introduced it-
self. ‘Good morning, it said. ‘How do
you do? How do you like the phono-
graph?” And thus it happened that the
editors of SCIENTIFIC AMERICAN consti-
tuted the first public audience that ever
listened to the phonograph.”

“A device which does not seem to re-
ceive from its makers the attention which
it merits is the sprag, the iron rod sus-
pended from the rear axle to hold a car
on a grade in case brakes do not operate
or are not in use. Too often the sprags
fitted to heavy large cars are altogether
too slender for the purpose; often they
are stout enough, but so short that the
car would be certain to ride over them.
It is not often that the sprag is needed,
but when it is wanted the need is great
and immediate, and not only the car,
but the lives of its occupants may de-



It splits seconds even faster

Ixa split second, relays, which are
high-speed switches, set up dial tele-
phone connections. Then theyv are
off to direct the next call. Yet even
this speed is too slow for Bell Lab-
oratories scientists in quest of still
faster switching.

Scientists and engineers devised a
new relay — the wire spring relay —
and worked out the production prob-
lem with Western Electric. manufac-

A New wire spring relay. Older relays had flat
metal springs and 70 parts to be handied, com-

pared with 12 in the new model. Relays operate
by means of an electromagnet which responds
to high-speed pulses.

turing unit of the Bell System. T'his
is twice as fast, uses less power and
costs less to make and maintain.

With speedier relays, switching can
be done with less equipment . . . and
calls go through faster. The wire
spring relay is a practical example of
how Bell Telephone Laboratories and

Western Electric 1)001 their skills to New relays must be able to operate one billion
. . X times—equal to once-a-second for 30 years.
improve telephone service while keep- Employing a sound recorder as a pregision
. . vibrator, Bell scientists learned to evaluate the
lllg 1ts cost dOWI]. effect of sideways motion on relay life. Such

rubbing motion is limited to one-thousandth
of an inch in the new relays.

Dynamic Fluxmeter, developed by Bell Laboratories,
indicates flux build-up in intervals of 25 millionths
of a second. Precise information like this was essen-
tial to higher speed operation.

s W Bell Telephone
W Laboratories (&

IMPROVING TELEPHONE SERVICE FOR

ReIa){ springs as they come .from Western Electric AMERICA PROVIDES CAREERS FOR CREATIVE
molding machine, before being cut apart for use.
Molding technique saves time and money . . . makes MEN IN SCIENTIFIC AND TECHNICAL FIELDS

possible the maintenance of precise adjustment.
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=—— AvigRicAM CHEMICAL Pring: Companm

Technical Service Data Sheet
Subject: HOW TO MAKE PAINT STICK T0

GALVANIZED IRON WITH |ITHOFORM®

INTRODUCTION

“Lithoform” forms a dense, zinc phosphate coating on zinc, cadmium,
and galvanized surfaces—including Galvanneal, cadmium plated steel,
zinc plated steel, zinc base alloys, and zinc base die castings. The
“Lithoform” coating, which is non-metallic and inactive, retards reaction
between alkaline metal oxide and the paint film. Peeling and loss of
adhesion are thus greatly retarded on painted Lithorized zinc and cadmium.

ADVANTAGES
OF
“LITHOFORM”

“Lithoform” forms a durable
bond for paint. It is economical.
It eliminates frequent repaint-
ing. It protects both the paint
finish and the metal underneath.
“Lithoform” meets these Gov-
ernment Finish Specifications:

QQ-P-416
RR-C-82 y Pbo;a%aphfby cquméy of
. urray Manufacturing Corp.
MIL-E 917A (Shlps) Murray  Circuit Protectors are fully
JAN-F-495 magnetic and provide maximum pro-
tection for both domestic and indus-
AN-F-20 trial wiring. Housings are of galvanized

iron which is Spray Lithorized for long
paint life.

U.S.N. Appendix 6

THE LITHORIZING PROCESS

“Lithoform” can be applied by brushing or spraying the work with simple
hand equipment, by dipping it in tanks, or by spraying it in industrial
power washers.

Brush. Galvanized bay windows, cornices, rain gutters, hardware,
building siding, truck panels, and farm equipment are typical of the many
surfaces that are treated effectively with Brush “Lithoform”.

Dip. This grade is used for coating cleaned surfaces of such typical
products as cabinets, refrigeration condensers, etc, immersed in heated
solutions in tanks.

Spray. The spray process is the most logical one with which to coat
sheets, coiled strip or duplicate products best processed on a conveyor.

CHEMICALS

PROCESSES

WRITE FOR FURTHER INFORMATION ON “LITHOFORM* |CHEMICALS

AND ON YOUR OWN METAL PROTECTION PROBLEMS.

PROCESSES
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penfl upon the apparently insignificant
device.

“It is said that Professor Michael Pu-
pin has sold the European patent rights
of his invention for the transmission of
telephone messages over long cables to
the firm of Siemens and Halske of Berlin.
The report made to the firm by its engi-
neer states: ‘The experimental tests dem-
onstrate that the insertion of inductance
coils into long-distance telephonic con-
ductors, in accordance with Pupin’s in-
vention, enables us to obtain in practice
the enormous effects required, and that
long-distance telephony actually enters
into a new area of development. The
problem of transatlantic telephony has
become through this invention a possi-
bility, even if the technical difficulties
of laying a submarine cable in great
submarine depths might be considered
as exceptionally serious.””

of Boston, has written an able

article on the effect of climate on
consumption to the Boston Medical and
Surgical Journal. From statistics and in-
formation which Dr. Burnett has been
collecting, he has come to the conclusion
that consumptive invalids, to be perma-
nently benefited by a change of climate
must go South and make their home
there. The climate of Greenville, in
South Carolina, and some parts of Geor-
gia is exceedingly favorable to those la-
boring under this disease; in summer the
temperature rarely exceeds 90 degrees,
and is free from sudden changes.”

DECEMBER, 1852. “Dr. Burnett,

“Sir William Herschel has suggested
the hypothesis that all matter was orig-
inally in a nebulous state, and that, while
condensing into solid bodies, it devel-
oped great heat. Thus our earth was first
a fiery ball, and the surface on which we
now live is a mere crust, the rest not
being cooled yet. This hot interior, when
recached by water, causes an explosion
like a steam boiler. The author of The
World Without states how easy it is to
account for volcanoes by this theory,
saying—‘according to the fiery nebulous
theory, the earth, at a depth of sixty-five
miles, is 7,000 degrees temperature, and
it water percolates through fissures of
the earth, we have a sufficient explana-
tion of earthquakes and volcanoes.””

“The introduction of sewing machines
for stitching shoes is becoming quite
common. One establishment in Abing-
ton, Mass., uses no less than six. It is
said that an operator, with the machine,
will stitch in a day more than ten times
the amount usually accomplished by a
‘stitcher,” and that the cost is very mate-
rially reduced. Who, a few vears ago,
would have thought that our coats and
shoes would ever have been stitched by
iron fingers?”
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BRUSH and the future of
high fidelity...

THE COVER

The painting on the cover is a close-
up of the apparatus used to study
the behavior of an artificial muscle
fiber (see page 18). The fiber is
made by reducing natural muscle to
its constituent protein molecules, al-
lowing them to spread on the sur-
face of a water-filled trough and
squeezing them together. In the
painting the fiber is suspended from
the glass hook. At the bottom of the
fiber is a glass weight. Below the
weight is an arrangement by which
it may be lifted or pulled down.
The fiber is immersed in a solution
to which can be added substances
that cause contraction or relaxation.
The small tank containing this solu-
tion is set within another through
which water is circulated at con-
stant temperature. At the edges of
the painting is the cement of the
larger tank. At the bottom of the
tank is the shell of a clam, symboliz-

With use of Brush crystal elements, phonograph pick-ups can be made feather- lng. the fact that some of the GEX-
light, meeting the requirements of micro-groove records. periments use clam muscle protein.

BRUSH piezo-electric crystals make possible many
refinements in design of high fidelity sound record-

. . ; THE ILLUSTRATIONS
ing and reproducing equipments.

Cover painting by Stanley Meltzoff
As the heart of pick-ups, Brush crystal elements

Page Source
permit the designer to make smaller, lighter weight 15-16  Eric Mose
pickup arms, and to eliminate the problem of hum. He ig 20 ihllip“l;""mrk’ Inc.
. . . . . -2 au eller
can achieve the ultimate in faithful tonal reproduction. 21 Courtesy Teru Hayashi
In other audio applications, Brush crystals open the 33 ”s ]CEO}ll't\elsy N. Tinbergen
. . . 24-2 ric vose
way to smalle.r, more umforrr.xl.y responsive micro- 2 Sara Love
phones, and lighter, more sensitive headphones. 39 Bell Laboratories

40 Irving Geis

Brush is the world’s largest producer of man-made 41 Bell Laboratories

crystals. There is a complete line to help you develop 4248 Trving Geis
new and improved audio products. To acquaint your- 51 Paul Weller
self further with the scope of Brush’s activities in this 52 American Museum of Na-

tural History
54-56 Courtesy Redcliffe N. Sala-

man

58-60 James Egleson
THE T 9| Piezo-electric Crystals and Ceramics 62-63 C.ourtesy ]acob Fine
Magnetic Recording Equipment 64 Bill Dove
| o 71 Courtesy Sheldon Judson
f Acoustic Devices

- 72 Irving Gei
DEVELOPMENT COMPANY 5o ® =5 utusancs §3.90 Roger Hayward

3405 Perkins Avenue o Cleveland 14, Obio VIUEIIL  industrial & Research Instruments

and other fields, write for the brochure “This Is Brush”.
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It turns
cellulose
acetate
into

the shiniest

sheet metal you ever saw

he product is more spectacular than pictures on
this page could ever show. Yet the process is not
complicated and profit prospects are excellent.

We make the equipment and it works like this:

You degas the surface of a roll of high quality plas-
tic sheeting (Kodapak Sheet, for example) by auto-
matically rolling it back and forth many times at
high speed under moderate vacuum.

Then you transfer the roll to a machine like the
one shown above. The big steel jar comes down and
within a few minutes your sheet is under high
vacuum. Inside, a set of crucibles, each containing a
few ounces of aluminum, flash to white heat. Under
the high vacuum, the heat vaporizes the metal to a
gas which hits the area of sheeting passing above
the crucible and condenses on it as a film a few
millionths of an inch thick.

As soon as the roll has run through, you release
the vacuum, raise the jar, and load in the next roll.
The metallized sheet then goes to a conventional
rubber roll coater for a protective coat of clear lac-
quer. With yellow lacquer, the metal looks like gold.
Or, you can impart almost any other color desired.

The packaging industry is but one of many busi-
nesses for which DPi puts high vacuum to work
earning profits. In electronics, in metallurgy, in
metal finishing, in refrigeration, in vaccine manu-
facture—in whatever field good high vacuum engi-
neering can help you, we are at your service. For de-
tails, write Distillation Products Industries, Vacuum
Equipment Department, 751 Ridge Road West, Roch-
ester 3, N. Y. (Division of Eastman Kodak Company).

oJicle

high vacuum research

and engineering

Also . . . vitamins A and E ... distilled monoglycerides . . . more than 3500 €astman Organic Chemicals for science and industry
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POLYETHYLENE WRAPS UP ANOTHER FIRST-—
ANGEL FOOD MIX!

Water is all you add to Pillsbury’s Angel Food Cake Mix. But

just a trace of dampness in the package could spoil everything,

The ingredients of Angel Food
Mix are so sensitive to air and mois-
ture that a new package had to be
developed before the mix could be
marketed. A lamination of metal foil,
plasticized glassine, and BAKELITE
Polyethylene did the trick. Each
component contributes a valuable
feature:

The foil is a good moisture-vapor
barrier. To protect the extremely
hygroscopic flour, it must keep mois-
ture pickup under .05 of a gram per
100 sq. in. in 24 hours. The glassine
protects the foil outer surface against
abrasion and carries the printed leg-
end.BAKELITE Polyethylene,extrud-
ed to form the inner surface, enables
the foil to be heat-sealed to a strong,

airtight bond, making it practical for
high-speed mechanical packaging.

Odorless and tasteless, BAKELITE
Polyethylene does not affect the con-
tents of the Angel Food Mix pack-
age. Colorless, it enhances the clean,
bright appearance of the foil. Tough
and flexible, it adds strength to the
assembly, preventing excessive
cracking and breaking.

The many remarkable properties
of BAKELITE Polyethylene fit it for
other applications in widely diver-
sified fields. It can be molded into
flexible containers and closures, ex-
truded into pipe, film, tubing, mono-
filaments, and jacketing for wire and
cable. For further information, write
Dept. ES-42 for booklet V-2,

Polyethylene-foil-glassine lamination by Shellmat
Products Corp., Mount Vernon, Ohio.
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BAKELITE

TRADE-MARK

POLYETHYLENE PLASTICS
/B\
taaoe\OO Jmank
BAKELITE COMPANY

A Division of
Union Carbide and Carbon Corporation

UCC]
30 East 42nd Street, New York 17, N. Y.
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What's Happening at CRUCIBLE

about permanent alnico magnets

automatic control—permanent magnets
are partners in industrial progress

One important part of the “automatic” factory is the re-
quirement that measuring devices he accurate, rugged
... and because of their use in such great volume they
have to be low cost. Itis a credit to instrument manufac-
turers that these meter miracles are being accom-
plished. Not only are the meters more sensitive, lower
cost . . . but specialized problems in measurement are
solved everyday with new and different instruments.

Former design of
magnet assembly
using Alnico IL.

before

Note how rede-
signed magnet is
made lighter be-
cause of reductions
in area. The change
from Alnico II to
Alnico V with this
design improved
flux density.

after

CRUCIBLE
52 gears of sthelmaking

Midland Works, Midland, Pa. ® Spaulding Works, Harrison, N. J.
National Drawn Works, East Liverpool, Ohio

CHime

14

Sanderson-Halcomb Works, Syracuse, N. Y. o

Marion Meter,
Model 53RN.

here’s how Marion cut magnet costs 1/3
...and built a better meter!

Marion Electrical Instrument Company, prominent meter
manufacturer, embarked on a plan of redesigning their
meters to give improved service. The Marion Meter,
Model 53RN shown here, is a good example of what is
being accomplished.

In redesigning their instruments, Marion worked
closely with Crucible magnet specialists. The recom-
mendation was made to change from Alnico II to Alnico
V for the magnetic alloy used in the meter’s D’Arsonval
movement. Then the magnet itself was redesigned. The
overall effect was to reduce the weight of the magnet by
35%, cut the cost 14 . .. and increase the gap flux density
which resulted in a 15% increase in the torque of the
movement. The illustration shows the old and new design.

This development is typical of how Crucible is work-
ing to increase measuring efficiency with permanent alnico
magnets. Have you a magnet application we can cut costs

on by 14?

magnet data

book available

Since the advent of the
alnico market in 1936,
Crucible has pioneered in
the design and develop-
ment of special magnet
alloys. Send for your copy
of Crucible’s “PERMANENT
MAGNET DESIGN”. This booklet points out design
factors in the selection of alnico magnets. CRUCIBLE
STeEEL CoMPANY OF AMERICA, Chrysler Building,
New York 17, New York.

first name in special purpose steels

. Park Works, Pittsburgh, Pa. . Spring Works, Pittsburgh, Pa.

Trent Tube Company, East Troy, Wisconsin
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The Useful Algae

Ranging from single cells to treelike colonies, these

primitive plants support a whole hierarchy of marine

life and also contribute directly to the needs of man

HEN a manufacturer wishes to
EXI test the performance of new pro-
duction methods without invest-
ing too much capital, he usually sets up
a pilot plant—a flexible assembly of
machinery which can be adjusted to a
wide range of experimental conditions.
Nature seems to have availed herself of
the same device in developing some
of the fundamental processes of life,
such as food assimilation, respiration
and reproduction. Her “pilot plant” was
the alga, a simple plant most com-
monly known as seaweed. Algae are
an ideal experimental setup. Most di-
verse and flexible of all the classes of
organisms, they vary in size from mi-
croscopic single cells to the multi-
cellular giant kelp, which is as big as
a large tree, and they can adjust their
living to extremes of environmental
conditions, on land and in the sea. The
algae have no special organs—no true
roots, stems or leaves—yet the larger
varieties do possess structures which,
simple as they are, perform well-defined
functions.

The most conspicuous and important
function of these organisms is, of course,
the conversion of inorganic matter into
organic substance. Like all green plants,
they transform carbon dioxide and water
into living material by photosynthesis. It
was the “invention” of photosynthesis by
some simple alga or its precursor billions
of years ago that made the evolution of
life on this planet possible. The algae
still account for most of the photosyn-
thetic activity on the earth. There is
about 10 times as much photosynthesis
going on in the oceans as on land, and
the enormous photosynthetic action in
the oceans is almost entirely based upon
the life process of algae. The greatest

by Francis Joseph Weiss

producers, in aggregate bulk, are the
microscopic diatoms and dinoflagellates
that live in the surface layers of the open
seas. But there is also a vast production
of organic matter by the larger green,
brown and red algae, which grow off con-
tinental shores and in a few ocean areas
such as the Sargasso Sea, which got its
name from the brown alga Sargassum
natans that floats over large stretches of
this section of the Atlantic Ocean.

The minute algae that form the “grass
of the sea” are the base of a food pyra-
mid, the apex of which is occupied by
fishes that serve as food for man. Algae
are devoured by slightly larger pro-
tozoa; protozoa and algae are eaten
by numerous tiny crustaceans; the
crustaceans in turn serve as food for the
herring, the most abundant fish of the
ocean, and the herring finally is eaten
by such carnivorous fish as cod, haddock
and tuna. Not only are algae the first
link in the food chain, but they also give
a foothold to plant and animal life in
places where one would think no life
could exist, such as on bare rocks and
cliffs, in hot springs at temperatures as
high as 167 degrees Falirenheit, in ice
and snow, at the bottom of lakes and
ponds, in dark caves, in the cells of
protozoa and in the intestinal tracts of
higher animals. In symbiotic association
with fungi, algae form the large and
widely distributed group of lichens,
often the aboriginal stage in plant suc-
cession. In short, there is no more
ubiquitous organism than the alga, and
none that has had a more significant
impact on life, past and present.

AN has made use of algae for thou-

sands of years. The manna that
fell from Heaven on the Israelites was in

© 1952 SCIENTIFIC AMERICAN, INC

all probability a blue-green alga. The
word manna was derived from the
Hebrew mdn hu, meaning “What is it?”
From the accurate description of it in
Exodus we know now that it must have
been an alga species of the genus
Nostoc. This plant grows with unbeliev-
able rapidity during the night, with the
aid of the heavy dew upon highly
mineralized desert soils. 1f not harvested
in the morning, as the Israelites were
ordered to do, it melts away “when the
sun waxes hot.” It is also subject to fast
decomposition by bacteria. Manna still
grows in desert areas of California,
Pakistan and China, and many people
still eat it. The Nostoc algae are a
nourishing food; not only can they syn-
thesize carbohydrates with great effi-
ciency but they are able to fix nitrogen
trom the air and use it in building pro-

ALGA of the genus Nostoc was prob-
ably the biblical manna. Top: Cross
section. Bottom: Actual size of alga.

I5



teins. In all probability the blue-green
algae play an important part in the
nitrogen cycle of marine and fresh-water
life. For about half of mankind they are
probably an important source of nitro-
gen for protein, because the irrigated
fields on which rice is cultivated are
covered with a rich algal flora.

What makes algae so hardy and
ubiquitous is that they are equipped
with the most complete and self-
sufficient chemical apparatus one can
imagine. From the tiniest to the largest
species, they possess all the equipment
necessary for food production and other
life processes. Algae contain chlorophyll
and other pigments for the absorption
of radiation and the conversion of car-
bon dioxide and water into carbohy-
drates. They possess the full array of
minerals, trace minerals, enzymes, co-
enzymes, vitamins and other not yet
tully explored substances which play
an important part in photosynthesis,
respiration, nitrogen fixation, protein
formation, and so on. They produce
growth hormones and all the compli-
cated organic compounds that are asso-
ciated with reproduction, inheritance
and survival under extreme conditions.
And recently the discovery was made
that the alga Chlorella pyrenoidosa un-
der certain conditions even manufac-
tures an antibiotic, called “chlorellin.”
We may expect to discover in other
algae antibiotics even more powerful
than chlorellin.

Algae are responsible for much more
of our mineral and organic resources
than is generally realized. In the first
place, there are the vast deposits of fine
diatomaceous earth, formed of fossil-
ized diatoms. Then many algae can
concentrate potassium and iodine from
sea water, and they were the first
major sources of these elements. Lime-
secreting algae play an important part
in the formation of coral reefs and other
large marine calcium deposits. And now
it has been discovered that in the forma-
tion of the earth’s great petroleum de-
posits the accumulation of tiny oil
droplets in the cells of diatoms and other

SEA KELP Macrocystis pyrifera
grows in fronds. It is harvested on a
large scale off the California coast.
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minute algae may have been an even
more important source than the decay
of fat-containing animals.

The remarkable fact about these
chemical achievements of algae is the
extraordinary efficiency with which they
are attained. They can carry on photo-
synthesis with much less light than other
plants require; they do so even in the
Arctic during the long winter night.
Nobody has yet been able to shed light
on just how they do this. Even more re-
markable is the case of the alga Euglena
viridis, which seems to be half plant
and half animal. Ordinarily it manufac-
tures its sustenance by photosynthesis.
But when it is deprived of light for any
extended period, it swallows solid food
particles by way of a gullet, like an
animal! It also possesses other animal
features: a light-sensitive eyespot, a
contractile vacuole and a long, whiplike
Hagellum. Closely related to Euglena
are other organisms which can be classi-
fied as true animals, because they lack
chlorophyll. This shows how narrow is
the bridge that separates the plant from
the animal kingdom at the lowest levels.
It suggests that hundreds of millions of
vears ago there lived a common an-
cestor of plants and animals which was
much like Euglena.

HE ALGAE seem to have served

nature as convenient pilot plants for
experiments in reproduction as well.
Their methods of reproduction show
the greatest diversity in the entire world
of organisms. Some algae reproduce
simply by cell division. Others produce
young by means of asexual spores. A
little higher on the scale are algae which
reproduce by the fusion of sexually un-
differentiated gametes. And finally there
are algae which produce true sex cells,
differentiated into large nonmotile eggs
and small motile sperms, which mate to
form the offspring.

In spite of the algae’s enormous vari-
ability in form and function, they are,
generally speaking, a very conservative
group of organisms. They do not exhibit
that unquenchable urge for progress



which we suppose to be inherent in
every living being. As far as the earliest
geological records of their existence
allow us to see, they have not changed
much in either form or life activities;
some species of today may well be iden-
tical with ancestors that lived in the
Archeozoic sea about 1.2 billion years
ago. While other members of the ani-
mal and plant kingdoms branched out
into highly differentiated forms, the
main classes of algae (blue-green,
yellow-green, green, red and brown)
went their simple ways. Perhaps this
is due to the fact that their ocean en-
vironment remained essentially un-
changed and at the same time provided
them with ever more ample food. The
constant erosion and leaching of min-
erals from the land into the oceans dur-
ing hundreds of millions of years has
vastly enriched the seas’ mineral con-
tent. Since algae have an extraordi-
nary capacity to accumulate minerals,
they have become steadily richer in
sodium, potassium, calcium, magnesium,
chlorine, sulfur, iron, copper, manga-
nese, zinc, arsenic, cobalt, nickel, lead,
tin, molybdenum, antimony, titanium,
boron, bromine and iodine.

Algae of marine origin, therefore,
make excellent fertilizers for depleted
soils. They can supply minerals, espe-
cially the trace elements, whose essen-
tial function in plant and animal life
has been emphasized by recent investi-
gations. The incorporation of algae or
algal products into fertilizers would not
add a strange factor to the soil. Indeed,
terrestrial algae play an essential part in
maintaining soil fertility: they bind solu-
ble mineral and nitrogen compounds
into organic forms and prevent leach-
ing losses; they decompose organic
matter; they help in nitrogen fixation;
they contribute to the aeration of the
root system by absorbing carbon di-
oxide and giving off oxygen, and finally,
they form stable colloidal systems,
which have a most beneficial effect upon
soil texture. As a matter of fact, the
alginic acid of brown algae resembles
the recently synthesized soil condi-
tioner called Krilium.

ARMERS have used some seaweeds,

especially the large brown algae, as
fertilizer and fodder since ancient times.
In certain coastal areas of Norway sheep
are fed exclusively on seaweed. In
Scotland cattle and sheep often wander
down to the shore and graze on sea-
weeds in preference to pastures. On the
Pacific Coast of the U. S. several fac-
tories have been established to make
cattle-feed from seaweed. Recently the
Overbrook dairy herd, 10 per cent of
whose feed ration was dried seaweed,
set a world’s record in milk production.
On the west and southwest coast of Ire-
land seaweed is extensively used as
manure for potato fields. Peasants think

so highly of its fertilizing value that they
carry it as far as eight miles inland.

Since time immemorial the larger sea-
weeds have served human beings as a
food supplement. Millions of people in
the densely populated areas along the
Pacific coast of Asia and on Pacific
islands—Chinese, Japanese, Indonesians,
Filipinos, Hawaiians, Burmese—eat sea-
weed today, using some 100 different
species of it. According to J. P. Harring-
ton the aboriginal Indians of North
America fed on the red alga Porphyra
tenera, which grows abundantly on the
Gulf of Alaska and on the shores of
British Columbia, Washington, Oregon
and California. On the coast of what is
now Peru and Chile the early Indians
found immense growths of the large
brown alga Durvillea antarctica, the
succulent stipe of which makes a nour-
ishing dish. This plant still is a popular
food in southern Chile, where it is
called cochayuyo, an Inca name mean-
ing “sea cabbage.” It is reported that
Chileans who supplement their diet
with seaweed are healthier than those
who do not.

New Englanders like to prepare pud-
dings from the gelatinous fronds of the
red alga Chondrus crispus, known as
“Irish moss.”

Now it is true that the caloric value
of seaweed dishes is low, that their car-
bohydrate has poor digestibility, that
their proteins lack some essential amino
acids and that their fat content is very
small. But they are rich in minerals and
certain vitamins, and, most important,
can supply the bulk that is lacking in
refined modern foods. In the absence of
bulk, the flow of the contents of the in-
testines becomes sluggish, leading ulti-
mately to constipation. The gelatinous
substances of algae provide excellent
roughage. They stimulate the peristaltic
movements, facilitate elimination and
give a feeling of satiation and well-
being. They should be especially suit-
able for reducing diets and for patients
who are suffering from constipation.

The remarkable algae contain several
substances which are just now of great
interest to chemists—notably agar and
algin. Algin, the sodium salt of alginic
acid, is a gelatinous compound an-
alogous to pectin. It is found in large
amounts in all the brown algae or sea-
weeds, and can easily be extracted.
Algin and its derivatives have a great
number of present and potential uses
in industrial and food chemistry. Algin
can be pressed into boards or other
plastic products. Its mineral salts can
be spun into noninflammable fibers.
Algin makes many food products more
appealing and palatable. It is estimated
that no less than 75 per cent of all
the ice cream consumed in the U. S. is
now emulsified with algin. In addition
it is used as a stabilizer in sherbets,
chocolate milk and cheese and as a
thickener for soups and salad dressings.
And in the industrial field algin is
widely used in pharmaceutical emul-
sions, cosmetic preparations, sizing
material, paper coating, paints and
varnishes, latex creaming, leather finish-
ing—in short wherever need exists for
a gel-forming hydrophilic substance.

ITH all this, the possibilities of

the algae have scarcely been
touched so far. I can only mention here
the work being done with the tiny green
algae of the genus Chlorella, for that is
a big story in itself. The promising
prospect of growing these single-celled
algae under controlled conditions for
the production of synthetic food on a
vast scale is already being tested in pilot
plants. Thus the algae, which started
out as pilot plants of Nature, are now
serving as pilot plants of Man, who will
doubtless get equally important re-
sults—and far more speedily.

——

Francis Joseph Weiss, biochemist,
was the author of “Chemical Agri-
culture,” which appeared in the
August issue of this magazine.

KELP HARVESTER docks at San Pedro, Calif., with a cargo of Macro-
cystis pyrifera. The kelp is now dehydrated. About 90 per cent of its dry
weight is water; of the remaining 10 per cent a third is minerals.
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Artificial Muscle

What is the mechanism of muscular contraction? A promising
new approach to the problem involves reducing the tissue to

its constituent molecules and putting them together again

by Teru Hayashi and George A. W. Boehm

ARTIFICIAL MUSCLE FIBER is suspended from a  that cause contraction. At the bottom end of the fiber is

hook in the center of this photograph. The fiber is im- a glass weight. Beneath the weight is an arrangement
mersed in a solution to which may be added substances that may be employed to lift or stretch the fiber.
18
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O MECHANIC, however in-
i Qgenious, could hope to build a

working model of a muscle. The
merest twitch of an evelid is actuated
by a mechanism far too complex, yet
at the same time too beautifully simple,
to be simulated by any contraption of
bolts, cams, gears, springs, or the like.
An electronic servo-mechanism might in
its introspective way behave like a
muscle, but even such a device, swift and
sensitive as it might be, would seem a
clumsy plodder beside the compact,
lightning-fast living muscle. We have
here a chemical machine which is more
elegant than any that electronics or
mechanics could ever create, and to
build its match we must look to chem-
istry itself.

On casual inspection a strip of muscle
seems very like a rubber band. Closer
scrutiny under a microscope discloses
a structure resembling that of an elastic
garter: it has fibers running the length
of the strip and striped with transverse
lines. These fibers, or their component
fibrils and filaments, are thought to be
the muscle’s contracting elements, just
as in a garter. But there the similarity
between muscle and ordinary elastics
ends. Unlike a merely elastic material,
muscle tissue can harden abruptly, alter
its shape, lift hundreds of times its own
weight and return to jelly-like flabbiness
when it relaxes. Moreover, it can repeat
this whole process scores of times a
second.

When it comes to understanding how
muscle performs its prodigious feats,
biologists are still groping in dim light.
The history of muscle research is span-
gled with impressive names and in-
triguing ideas, but no single approach
has succeeded in explaining muscle ac-
tion completely. The anatomist has
studied its peculiar crosswise striations
and, with the aid of the electron micro-
scope, resolved the lengthwise fibers in-
to bundles of slenderer fibrils. The
physiologist has measured the force and
speed of muscular contraction and ex-
amined the nerve-actuated bio-electric
events which initiate the change from
jelly to taut tissue. The biochemist has
ground muscle to paste, centrifuged it
and separated it into its various com-
ponents, then determined how these
chemical fragments react. But all these
researches still lack unifying ideas.
Muscle structure does not explain
muscle action. Measurements of muscle
action fail to make clear the source of
energy. And biochemical reactions in
the cells of the muscle tissues have still
not been correlated with the structural
changes in the fibers that bring about
contraction.

In recent years these three basic ap-
proaches to muscle have been combined
in a fourth: an attempt to create “artifi-
cial” muscle, or rather, to reconstruct

muscle from gross chemical parts. No
artificial muscle so far synthesized has
been more than a feeble impostor. But
little by little this synthetic tissue is be-
coming more muscular.

THE MAIN line of investigation into
the chemistry of muscle has stemmed
from a discovery made in 1868 by the
German biochemist Willy Kiihne. He
extracted from muscle tissue a substance
which he named “myosin.” It was
thought to be a single protein. No one
did much with this discovery until 1934,
when the German investigator Hans
H. Weber succeeded in forming from
Kithne’s “myosin® some thread-like
fibers. He did this by squirting a thin
stream of the dissolved protein into
water; the protein precipitated in the
form of a slender string. Five years
later the Russian biochemists V. A.
Engelhardt and M. N. Ljubimova dis-
covered that “myosin” is an active factor
in the release of energy in a biochemical
system. It reacts with and splits the
energy-bearing compound adenosine
triphosphate (ATP), which is present in
all living systems and is especially
abundant in muscle. Shortly afterward
the Hungarian worker F. B. Straub
found that Kiihne’s “myosin” was not a
single substance but a combination of
two proteins, which he named actin and
myosin. The combination was re-
christened actomyosin.

All this set the stage for a striking
experiment in 1941 by the Hungarian-
born biochemist Albert Szent-Gyorgyi.
He immersed precipitated actomyosin
fibers of the Weber type in a solution of
potassium salt and ATP, and when he
did so, the fibers contracted! After the
war Szent-Gyorgyi continued his experi-
ments with actual muscle fibers taken in-
tact from animals. He froze and washed
the fibers, removing the ATP they con-
tained. Without this energy-yielding
compound they were, of course, power-
less to contract. But Szent-Gyorgyi
found that when they were put in a salt-
ATP solution, they did contract, just as
his actomyosin fibers had.

His findings electrified muscle physi-
ologists and stimulated new experiments
in laboratories all over the world. Szent-
Gyorgyi proposed that this “mechano-
chemical” reaction which he had demon-
strated might be the basis of living
muscles’ activity. Here was a chemical
reaction, involving substances known to
be present in muscle, which transformed
chemical energy into mechanical work.

Yet the reaction was only superficially
like natural muscle contraction. The
Weber-type precipitated fibers that
Szent-Gyorgyi had used refused to do
any work: when loaded, even lightly,
they sagged instead of tensing. Ap-
parently the molecules in them, though
contracting individually, were not tied
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LANGMUIR TROUGH is seen from
above. A film of muscle protein on its
surface is squeezed together by rods.
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FIBER IS OBSERVED through a low-powered micro-
scope. The movement of the weight at the bottom of the
fiber is measured by a vernier scale on the side of the mi-

together in a continuous molecule-to-
molecule chain that would be able to
support and lift a load. The fibers lacked
orientation and organization.

N 1949 a group of workers in the bio-

physics laboratory of the zoology
department at Columbia University be-
came interested in this problem. The
group had been intrigued by the fact
that the living cell contains a hodge-
podge of substances, many of which are
as incompatible as oil and water. This
means, of course, that in the cell there
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are many interfaces between the non-
mixing substances. Now it is well known
that protein molecules, upon coming in-
to contact with such an interface, tend
to spread over the surface. That is to
say, the protein reacts with the surface
and is physically changed from a more
or less spherical molecule to a flat, sheet-
like structure which becomes insoluble
in water. The Columbia group felt that
such a process might account for the
formation of some of the active struc-
tures in the cell.

They were encouraged in this idea by
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croscope stand. The tank in which the fiber is immersed
is surrounded by another through which water is cir-
culated to control the temperature during experiments.

some of their experiments. It had been
thought that proteins lost their bio-
logical activity when they reacted with
a surface. But the Columbia workers
showed that certain enzyme molecules
not only retained their activity when sur-
face-spread but also showed the same
characteristic behavior in the artificial
experimental situation as they did in the
cell. To a research team armed with
these facts, actomyosin seemed to be an
ideal material for investigation. It is
a protein, an enzyme capable of re-
leasing energy from ATP, and it forms



a structure within the muscle cell-the
long fibrils.

The Columbia biophysicists proceed-
ed to apply these ideas to form artificial
muscle fibers in a new way. First they
formed a film of surface-spread acto-
myosin molecules on the surface of a
dilute potassium salt solution. They did
this in the following manner: The salt
solution filled a brimming box, known
as a Langmuir trough. To the surface of
the liquid they touched a slide on which
was deposited some actomyosin in solu-
tion. The actomyosin promptly spread
over the surface to form a uniform film.
After the actomyosin molecules had set-
tled into an orderly array, the experi-
menters skimmed the top of the brim-
ming trough with two chromium rods,
pushed toward each other from both
sides. This pressed the film together like
an accordion, and it was compressed into
the shape of a string. The resulting
thread, made of clear, colorless protein,
consists of continuous lengthwise fibers,
like muscle.

The Columbia group then contrived
an apparatus to test how closely the
properties of their artificial fiber ap-
proached those of natural muscle (see
photograph on opposite page).

HE FIRST challenge confronting

artificial muscle is: Can it transform
chemical energy into work? To test this
the researchers tied one end of their
fiber to an overhead hook and the other
end to a weight in the form of a bent
sliver of glass. Knotting the frail and
slippery protein thread requires a sur-
geon’s dexterity; it has been one of the
research group’s most difficult accom-
plishments. When the fiber, thus
weighted, was immersed in a weak
potassium chloride solution fortified with
ATP, it contracted and pulled up the
glass weight. The rise of the weight is
small; it has to be measured with the aid
of a vernier scale mounted on a low-
powered microscope. In 15 to 20 min-
utes a typical one-inch length of arti-
ficial muscle will have shortened by
almost one quarter of an inch and in
so doing will have hoisted 100 times
its own dry weight. This demonstration
that the fibers can do work shows that
the component actomyosin molecules
have been hitched together in a con-
tinuous structure.

Having proved that their protein
strings can lift a load, the Columbia
researchers then showed that the fibers
also can relax. They replaced the bath
of ATP and diluted salt with a more con-
centrated solution of salt, with or with-
out ATP. In the concentrated salt
solution the weighted fiber slowly
stretched until it attained its original
length. By alternating the strong and
the weak salt solutions, the experi-
menters can make their artificial mus-

cle relax and contract again and again.

One of the most fascinating properties
of muscle is its ability to rise to an oc-
casion. That is, the heavier the load
placed on it, the more work it will do,
within limits, of course. As the load
increases, the muscle is stimulated to
work harder to contract and lift it. This
phenomenon poses subtle questions in
muscle physiology, and the underlying
mechanisms are still the subject of re-
search and debate. The experiments to
date with the artificial actomyosin fibers
show that they do more mechanical
work on a heavier load than on a lighter
one—mechanical work being measured
as the weight of the load multiplied by
the distance it is lifted.

There is no proof as yet that the con-
tractions of these artificial muscles are
induced by precisely the same reac-
tion with ATP as in natural muscle,
although the surface-spread actomyosin
does show the ability to split ATP, thus
releasing chemical energy. The artifi-
cial fibers show one obvious difference
from natural muscle; they react much
more slowly. It takes them several min-
utes to contract, whereas natural muscle
does so in a fraction of a second. Per-
haps in the artificial muscle the acto-
myosin  molecules are imperfectly
aligned, leaving weaknesses in their
ideally continuous structure. And ob-
viously they lack the electric nerve im-
pulses that trigger contraction in natural
muscle.

F THESE dissimilarities can be satis-
factorily explained, and if enough
similarities to living muscle can be estab-
lished, the artificial muscle fibers may
become a powerful tool for finding out
how the living muscle works. They may
throw light on such important questions
as how the protein chains kink to pro-
duce shortening, and the precise nature
of the reaction that transforms chemical
energy into mechanical work. As a mat-
ter of fact, the artificial muscle may al-
ready have provided the answer to one
key question. For several years investi-
gators have debated whether muscle
relaxation is an active or passive re-
action. In other words, can an unloaded
muscle elongate by pushing itself out, or
must it be stretched by a weight? The
answer seems to be that relaxation is
passive, at least insofar as the artificial
fibers represent muscle. Even in a re-
laxing solution of concentrated potas-
sium chloride a contracted fiber does
not stretch unless it is loaded.

e ———

Teru Hayashi is associate pro-
fessor of zoology at Colum-
bia University. George A. W.
Boehm is a science writer
whose articles have previously
appeared in this magazine.

© 1952 SCIENTIFIC AMERICAN, INC

A y S _.!__[
UNCONTRACTED FIBER is in-

dicated by the relative position of
the three air bubbles inside of it.

CONTRACTED FIBER is
cated when the same three bubbles
are closer together and flattened.

indi-

21



The Curious Behavior
of the Stickleback

This insignificant fish has a ceremonious sex life. To attract

females the male builds a house, changes color and does a kind

of dance, a ritual singularly useful to the study of instinct

HEN T was a young lecturer in
EX/ zoology at the University of
Leyden 20 years ago, I was
asked to organize a laboratory course in
animal behavior for undergraduates. In
my quest for animals that could be used
for such a purpose, I remembered the
sticklebacks I had been accustomed as
a boy to catch in the ditches near my
Lome and to raise in a backyard aquar-
ium. It seemed that they might be ideal
Jaboratory animals. They could be
hauled in numbers out of almost every
ditch; they were tame and hardy and
small enough to thrive in a tank no
larger than a hatbox.

I soon discovered that in choosing
these former pets I had struck oil. They
are so tame that they submit un-
frightened to laboratory experiments,
for the stickleback, like the hedgehog,
depends on its spines for protection and
is little disturbed by handling. Further-
more, the stickleback turned out to be
an excellent subject for studying innate
behavior, which it displays in some re-
markably dramatic and intriguing ways.
We found it to be the most reliable of
various experimental animals that we
worked with (including newts, bees,
water insects and birds), and it became
the focus of a program of research in
which we now use hundreds of stickle.
backs each year. The stickleback today
is also a popular subject in various other
zoological laboratories in Europe, no-
tably at the universities in Groningen
and Oxford. To us this little fish is what
the rat is to many American psycholo-
gists.

My collaborator J. van Iersel and
I have concentrated on the stickle-
back’s courtship and reproductive be-
havior. The sex life of the three-spined
stickleback (Gasterosteus aculeatus) is
a complicated pattern, purely instinc-
tive and automatic, which can be ob-
served and manipulated almost at will.
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by N. Tinbergen

In nature sticklebacks mate in early
spring in shallow fresh waters. The
mating cycle follows an unvarying
ritual, which can be seen equally well in
the natural habitat or in our tanks. First
each male leaves the school of fish and
stakes out a territory for itself, from
which it will drive any intruder, male
or female. Then it builds a nest. It digs
a shallow pit in the sand bottom, carry-
ing the sand away mouthful by mouth-
ful. When this depression is about two
inches square, it piles in a heap of
weeds, preferably thread algae, coats
the material with a sticky substance
from its kidneys and shapes the weedy
mass into a mound with its snout. It then
bores a tunnel in the mound by wrig-
gling through it. The tunnel, slightly
shorter than an adult fish, is the nest.

Having finished the nest, the male
suddenly changes color. Its normally
inconspicuous gray coloring had already
begun to show a faint pink blush on the
chin and a greenish gloss on the back
and in the eyes. Now the pink becomes
a bright red and the back turns a bluish
white.

N THIS colorful, conspicuous dress

the male at once begins to court
females. They, in the meantime, have
also become ready to mate: their bodies
have grown shiny and bulky with 50 to
100 large eggs. Whenever a female en-
ters the male’s territory, he swims to-
ward her in a series of zigzags—first a
sideways turn away from her, then a
quick movement toward her. After each
advance the male stops for an instant
and then performs another zigzag. This
dance continues until the female takes
notice and swims toward the male in a
curious head-up posture. He then turns
and swims rapidly toward the nest, and
she follows. At the nest the male makes
a series of rapid thrusts with his snout
into the entrance. He turns on his side
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as he does so and raises his dorsal spines
toward his mate. Thereupon, with a few
strong tail beats, she enters the nest and
rests there, her head sticking out from
one end and her tail from the other. The
male now prods her tail base with
rhythmic thrusts, and this causes her to
lay her eggs. The whole courtship and
egg-laying ritual takes only about one
minute. As soon as she has laid her eggs,
the female slips out of the nest. The
male then glides in quickly to fertilize
the clutch. After that he chases the
female away and goes looking for an-
other partner.

One male may escort three, four or
even five females through the nest, fer-
tilizing each patch of eggs in turn. Then
his mating impulse subsides, his color
darkens and he grows increasingly hos-
tile to females. Now he guards the nest
from predators and “fans” water over
the eggs with his breast fins to enrich
their supply of oxygen and help them to
hatch. Each day the eggs need more
oxygen and the fish spends more time
ventilating them. The ventilating
reaches a climax just before the eggs
hatch. For a day or so after the young
emerge the father keeps the brood to-
gether, pursuing each straggler and
bringing it back in his mouth. Soon the
young sticklebacks become independent
and associate with the young of other
broods.

T O GET light on the behavior of man,
particularly his innate drives and
conflicts, it is often helpful to study the
elements of behavior in a simple animal.
Here is a little fish that exhibits a com-
plicated pattern of activities, all depend-
ent on simple stimuli and drives. We
have studied and analyzed its behavior
by a large number of experiments, and
have learned a good deal about why the
stickleback behaves as it does.

Let us begin with the stimulus that



causes one stickleback to attack another.
Early in our work we noticed that a
male patrolling its territory would at-
tack a red-colored intruder much more
aggressively than a fish of some other
color. Even a red mail van passing our
windows at a distance of 100 yards
could make the males in the tank charge
its glass side in that direction. To inves-
tigate the reactions to colors we made
a number of rough models of stickle-
backs and painted some of the dummies
red, some pale silver, some green. We
rigged them up on thin wires and pre-
sented them one by one to the males in
the tank. We found that the red models
were always more provoking than the
others, though even the silvery or green
intruders caused some hostility.

In much the same way we tested the
influence of shape, size, type of body
movement and other stimuli, relating
them to specific behavior in nest build-
ing, courting, attack, zigzag, fanning
and so on. We discovered, for example,
that a male swollen with food was
courted as if it were a female.

As our work proceeded, we saw that
the effective stimuli differed from one
reaction to another, even when two re-
actions were caused by the same object. MALE STICKLEBACK (Gasterosteus aculeatus) is photographed in full
Thus a female will follow a red model sexual markings. Its underside is a bright vermilion; its eyes, blue.
wherever it leads; she will even make
frantic efforts to enter a non-existent nest
wherever the model is poked into the
sand. Once she is in a real nest, she can
be induced to spawn merely by prodding
the base of her tail with a glass rod,
even after she has seen the red fish that
led her there removed. At one moment
the male must give the visual signal of
red; at the next, this stimulus is of no
importance and only the tactile sensa-
tion counts. This observation led us to
conclude that the stickleback responds
simply to “sign stimuli,” i.e., to a few
characteristics of an object rather than to
the object as a whole. A red fish or a red
mail truck, a thrusting snout or a glass
rod—it is the signal, not the object, that
counts. A similar dependence on sign
stimuli, which indicates the existence
of special central nervous mechanisms,
has been found in other species. It seems
to be typical of innate behavior, and
many social relationships in animals
apparently are based on a system of
signs.

Sticklebacks will respond to our
stimuli only when they are in breeding
condition. At other seasons they ignore
the signs. This fact led us to investigate
the internal factors that govern the fish.
The obvious way to study such fluctua-
tions is to measure the frequency and
intensity of a response under standard :
stimulation. For some of these tests we o} T 3 .2

3 : - .
'Q."- . o d - .
used either uniform models or live fish i-.‘u ;. !; ’ /_’r 4 A ¥ N - : !
- o -

confined in glass tubes so that we could s 3B ™ Lo
control their movement. To measure the -

parental drive we adopted the standard MALE STICKLEBACK DIGS in the sand after it has perceived its image in
of the number of seconds spent in fan- a mirror. This is one aspect of its behavior during a fight with another male.
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IN FIRST STAGE of courtship the male stickleback
(left) zigzags toward the female (right). The female

then swims toward him with her head up. The ab-
domen of the female bulges with from 50 to 100 eggs.

IN SECOND STAGE, seen from above, the male stickle-

back swims toward the nest he has built and makes a

ning a given number of eggs per time
unit.

The stickleback’s drives in the breed-
ing sequence wax and wane in a series
of cycles. Each drive runs its course in
regular succession: first the male gets
the urge to fight, then to build a nest,
then to court a female, then to develop
the brood. He will not start to build,
even though material is available, until
he has defended his territory for a while.
Nor will he court until he has built the
nest; females that approach him before
the nest is finished are driven off or
at best are greeted with a few zigzags.
Within each cycle also there is a fixed
rhythm and sequence; for example, if
you fill up the pit the male has dug, he
will dig one again before collecting nest
material. After the pit has been filled
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several times, however, the fish will build
the nest without completing the pit. The
development of his inner drive over-
comes outside interference.

It seems likely that the rise and fall of
inner drives is controlled by hormonal
changes, and we are now studying the
effects on these drives of castrating and
giving hormones to the males. One in-
teresting finding so far is that castra-
tion abolishes the first phases of mating,
but has no effect on the parental drive.
A eunuch stickleback, when given a
nest of eggs, ventilates it with abandon.

N ANY animal the innate drives
themselves are only the elementary
forces of behavior. It is the interaction
among those drives, giving rise to con-
flicts, that shapes the-animal’s actual be-
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series of thrusts into it with his snout. He also turns on
his side and raises his dorsal spines toward the female.

havior, and we have devoted a major
part of our work with the stickleback to
this subject. It struck us, as it has often
struck observers of other animals, that
the belligerent male sticklebacks spent
little time in actual fighting. Much of
their hostility consists of display. The
threat display of male sticklebacks is of
two types. When two males meet at the
border of their territories, they begin
a series of attacks and retreats. Each
takes the offensive in his own territory,
and the duel seesaws back and forth
across the border. Neither fish touches
the other; the two dart back and forth
as though attached by an invisible
thread. This behavior demonstrates that
the tendency to attack and the tendency
to retreat are both aroused in each fish.

When the fight grows in vigor, how-



IN THIRD STAGE, also seen from ahove, the female

swims into the nest. The male then prods the base of her

R —

tail and causes her to lay her eggs. When the female
leaves the nest, the male enters and fertilizes the eggs.

e ig pmanssmtass™t

IN FOURTH STAGE the male “fans” water over the

eges to enrich their oxygen supply. The dotted lines

ever, the seesaw maneuver may sudden-
ly change into something quite differ-
ent. Each fish adopts an almost vertical
head-down posture, turns its side to its
opponent, raises its ventral spines and
makes jerky movements with the whole
body. Under crowded conditions, when
territories are small and the fighting
tendency is intense, both fish begin to
dig into the sand, as if they were starting
to build a nest! This observation at first
astonished us. Digging is so irrelevant
to the fighting stimulus that it seemed
to overthrow all our ideas about the
specific connection between sign and
response. But it became less mysterious
when we considered similar instances
of incongruous behavior by other ani-
mals. Fighting starlings always preen
themselves between bouts; in the midst

of a fight roosters often peck at the
ground as though feeding, and wading-
birds assume a sleeping posture. Even
a man, in situations of embarrassment,
conflict or stress, will scratch himself
behind the ear.

So it appears that the stickleback does
not start digging because its nest-
building drive is suddenly activated.
Rather, the fish is engaging in what a
psychologist would call a “displacement
activity.” Alternating between the urge
to attack and to escape, neither of which
it can carry out, it finally is driven by
its tension to find an outlet in an irrele-
vant action.

HE THEORY of displacement ac-

tivity has been tested by the follow-
ing experiment. We place a red model
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show the movement of a colored solution placed in the
tank; the solid lines, the direction of the water currents.

in a male’s territory and, when the fish
attacks, beat it as hard as we can with
its supposed antagonist. This unexpect-
ed behavior causes the fish to flee and
hide in the weeds. From that shelter it
glares at the intruder. Its flight impulse
gradually subsides and its attack drive
rises. After a few minutes the fish
emerges from shelter and cautiously ap-
proaches the model. Then, just at the
moment when attack and retreat are
evenly balanced, it suddenly adopts the
head-down posture.

A similar interaction of drives seems
to motivate the male when he is court-
ing. In the zigzag dance the movement
away from the female is the purely
sexual movement of leading; the move-
ment toward her is an incipient attack.
This duality can be proved by measur-
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FANNING OF EGGS by the male stickleback follows
a predictable pattern, as shown by the graph at the left.
The fish spends more and more time fanning from the
first day until the eighth. By the tenth day it has stopped
fanning altogether. The graph at the right shows what

ing the comparative intensity of the two
drives in an individual male and relating
it to his dance. Thus when the sex drive
is strong (as measured by willingness to
lead a standard female model) the zig
component of the dance is pronounced
and may shift to complete leading.
When the fighting drive is strong (as
measured by the number of bites aimed
at a standard male model) the zag is
more emphatic and may become a
straightforward attack. A female evokes
the double response because she pro-
vides sign stimuli for both aggression
and sexuality. Every fish entering a
male’s territory evokes some degree of
attack, and therefore even a big-bellied
female must produce a hostile as well as
a sexual response.

This complexity of drives continues
when the fish have arrived at the nest.
A close study of the movement by which
the male indicates the entrance shows
that it is very similar to fanning, at
that moment an entirely irrelevant re-
sponse. This fanning motion, we con-
clude, must be a displacement activity,
caused by the fact that the male is not
yet able to release his sex drive; he can
ejaculate his sperm only after the female
has laid her eggs. Even when the fe-
male has entered the nest, the male’s
drive is still frustrated. Before he can
release it, he must stimulate her to
spawn. The “quivering” motion with
which he prods her is much like fanning,.
It, too, is a displacement activity and
stops at the moment when the eggs are
laid and the male can fertilize them. It
is probable that the male’s sex drive is
frustrated not only by the absence of
eggs but also by a strong conflict with
the attack drive, which must be intense
when a strange fish is so near the nest.
This hostility is evident from the fact
that the male raises his dorsal spines
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while exhibiting the nest to the female.

The ideas briefly outlined here seem
to throw considerable light on the com-
plicated and “irrelevant” activities
typical of innate behavior in various
animals. Of course these ideas have to
be checked in more cases. This is now
being done, particularly with fish and
birds, and the results are encouraging.

AM often asked whether it is worth

while to stick to one animal species
for so long a time as we have been study-
ing the stickleback. The question has
two answers. I believe that one should
not confine one’s work entirely to a sin-
gle species. No one who does can
wholly avoid thinking that his animal is
The Animal, the perfect representative
of the whole animal kingdom. Yet the
many years of work on the stickleback,
tedious as much of it has been, has
been highly rewarding. Without such
prolonged study we could not have
gained a general understanding of its
entire behavior pattern. That, in turn,
is essential for an insight into a num-
ber of important problems. For in-
stance, the aggressive component in
courtship could never have been de-
tected by a study of courtship alone, but
only by the simultaneous study of
fighting and courtship. Displacement ac-
tivities are important for an understand-
ing of an animal’s motivation. To
recognize them, one must have studied
the parts of the behavior from which
they are “borrowed” as well as the
drives which, when blocked, use them
as outlets. Furthermore, the mere
observation and description of the
stickleback’s movements has benefited
from our long study. Observation im-
proves remarkably when the same thing
is seen again and again.

Concentration on the stickleback has
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happened when the eggs were removed on the sixth day
and replaced with a fresh batch. The fanning pattern
began anew, but the fanning time on the sixth day was
still longer than that on the first. This suggested that fan-
ning is controlled by internal as well as external factors.

also been instructive to us because it
meant turning away for a while from the
traditional laboratory animals. A stickle-
back is different from a rat. Its be-
havior is much more purely innate and
much more rigid. Because of its relative
simplicity, it shows some phenomena
more clearly than the behavior of any
mammal can. The dependence on sign
stimuli, the specificity of motivation, the
interaction between two types of moti-
vation with the resulting displacement
activities are some of these phenomena.

Yet we also study other animals, be-
cause only by comparison can we find
out what is of general significance and
what is a special case. One result that
is now beginning to emerge from the
stickleback experiments is the realization
that mammals are in many ways a rather
exceptional group, specializing in
“plastic” behavior. The simpler and more
rigid behavior found in our fish seems
to be the rule in most of the animal king-
dom. Once one is aware of this, and
aware also of the affinity of mammals to
the lower vertebrates, one expects to
find an innate base beneath the plastic
behavior of mammals.

Thus the study of conflicting drives
in so low an animal as the stickleback
may throw light on human conflicts and
the nature of neuroses. The part played
by hostility in courtship, a phenomenon
found not only in sticklebacks but in
several birds, may well have a real bear-
ing on human sex life. Even those who
measure the value of a science by its
immediate application to human affairs
can learn some important lessons from
the study of this insignificant little fish.

i ——————
N. Tinbergen is lecturer

in animal behavior at
the University of Oxford.



TURNING IDEA - PLASTICS INTO DOLLARS

An important sales feature of this
automatic clothes washer is a light
inside the machine which illuminates
the interior when the washer is
cleaned and emptied.

As shown in the cut-away view
above, light is provided by a bulb
enclosed in a protective translucent
housing. The housing projects
through a rubber gasket directly into
the washing chamber. A material
was needed for the housing which
was translucent, tough in thin sec-
tions (0.040 inches), and could be
formed by economical injection
molding. It had to withstand heat
from the light bulb without discolor-
ing, splashing from hot water con-
taining caustic cleaning solutions,
and continuing vibration caused by
the agitator.

Of all the materials tested, only

Light bulb housing of Du Pont nylon plastic
withstands heat, caustic solutions and vibration

Du Pont nylon plastic satisfied every
one of these exacting requirements.
In accelerated tests, housings of
Du Pont nylon withstood the equiv-
alent of ten years’ actual service!
Du Pont nylon withstands continu-
ous use, up to 250°F., and is unaffect-
ed by caustic solutions. It is strong
and resilient . .. resists vibration and
shock even in thin sections. It is
translucent and does not discolor
because of internal heat.

Perhaps Du Pont nylon—or others
of the more than 100 plastics and
chemicals made by Du Pont Poly-
chemicals Department—can be of
value in your business. Write on
your business letterhead, and we’ll
send you bulletins on the products
most likely to offer opportunities
for you.

E. I. du Pont de Nemours & Co.
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(Inc.), Polychemicals Department,
1512S Nemours Building, Wilming-
ton 98, Delaware.

District Offices:

818 Olive Street, St. Lovis 1, Missouri
350 Fifth Avenue, New York 1, New York
7 S. Dearborn Street, Chicago 3, lllinois
845 E. 60th Street, Los Angeles 1, California
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Better Things for Beter Living
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I¥’s time
to take a
new look

“"working”
plastics

The list of materials you could profitably use
for a given product or part six months ago
may be obsolete now.

In the field of phenolic plastics alone, recent
Durez developments can offer you savings in
production and assembly costs, improved
product service, and greater salability.

A re-survey of the materials picture will
show you, for example, that parts to be metal
plated can now be molded from a new Durez
phenolic having excellent physical properties.
If you never used plastics because the service
your products undergo is “too rough,” we have
another new material with impact strength as
high as 20 foot-pounds per inch (Izod). This
is more than double the impact you could get
heretofore.

Perhaps you manufacture electrical devices
using silver contacts? We have a new phenolic
thateliminates the problem of contact corrosion.

These and other results of our continuing
plastics research can be utilized conveniently.
Custom molders of Durez can serve you from
the rough-drawing stage on in... can deliver
finished moldings that meet your most exact-
ing tests.

Our field technicians are at your service.
Just write.

Our monthly ‘Durez Plastics News’” will
keep you informed on industry’s wuses of
Durez. Write, on office letterhead, to
DUREZ PLASTICS & CHEMICALS, INC.
812 Walck Road, N. Tonawanda, N. Y.

PHENOLIC PLASTICS that fit the job
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Polio Progress Report

epidemic of poliomyelitis (47,665
cases) in U. S. history, but it has
also been the year of the most encour-
aging research progress on the disease.
Large-scale gamma globulin trials in
three epidemic areas for the first time
afforded provable protection against
polio. The tests were carried out on
55,000 children, half of whom were in-
jected with gamma globulin (a human
blood fraction rich in antibodies) and
half with an inactive gelatin. Last
month William McD. Hammon of the
University of Pittsburgh, who super-
vised the program, reported on the first
five weeks™ results. Of the group that
got gelatin, 64 children came down with
paralytic polio; of the gamma globulin
group, 26 were afllicted. Hammon
called the difference “highly signifi-
cant.” The results look even better when
they are broken down by weeks. In the
first week following the injections the
children who got gamma globulin fared
little better than the control group (12
cases to 16), presumably because some
of the 12 were already incubating the
disease when they received their shots.
Even so, the gamma globulin seemed to
decrease the severity of the infection. In
30 days half of the 12 children had com-
pletely recovered, while none of the 16
controls had. In the second week only
three of the GG group developed polio,
compared with 23 of the control group.
In the third through the fifth weeks the
figures were six GG cases against 38 in
the controls.

Hammon and other authorities have
been at pains to point out that, encour-
aging as the results of the big trial
are, gamma globulin will be at best a
stopgap. There is not nearly enough
gamma globulin to inoculate children in
all epidemic areas. Moreover, the im-
munity conferred by gamma globulin

THIS has been the year of the worst
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lasts only a short time. A big question,
not yet answered, is whether children
who have received an injection can still
acquire a mild infection when exposed
to the virus and thus develop permanent
immunity by manufacturing their own
antibodies. Notwithstanding these limi-
tations, the National Foundation for In-
fantile Paralysis says that it will use
gamma globulin next year on a much
larger scale.

Along with the good news about
gamma globulin come two promising
reports of progress toward a vaccine that
will produce long-lasting immunity.
Howard A. Howe, Johns Hopkins physi-
cian, has tested a dead virus vaccine on
six children. He says that the subjects
developed antibodies to all three types
of polio viruses, although the response
was poor against the Brunhilde strain,
currently the most widespread of the
three. None of the children reacted bad-
ly to the injections. The vaccine was
prepared from virus grown in spinal
cords of monkeys, and the viruses were
inactivated with formalin. Howe em-
phasized that the work is still in its pre-
liminary stages.

The second vaccine announcement
came from Lederle Laboratories, where
a weakened strain of live polio virus has
for the first time been grown in chick
embryos. This appears to open the pos-
sibility of large-scale, low-cost vaccine
production. To produce a form which
would grow in the chick embryo,
Lederle scientists transplanted a Lan-
sing virus successively through the
brains of 150 suckling hamsters. By the
end of the series of transplants, the
strain had altered enough not only to
grow in the embryo but to produce in
laboratory monkeys a mild infection
which gave immunity to the regular
Lansing virus.

Virus Lab

AST month the University of Califor-
nia opened a new $2 million bio-
chemistry and virus laboratory. It was
described by a visiting scientist at the
inaugural ceremonies as “the best
equipped laboratory in the world for
pressing research on viruses to the deep-
er levels of biochemistry and genetics.”
The institution will be under the direc-
tion of Wendell M. Stanley, who won a
Nobel prize for his work on the tobacco
mosaic virus.

The Australian virologist Sir Frank
M. Burnet gave the chief address at the
ceremonies. He said that today it is
possible to “supply protection against
any infectious disease,” with the major

i
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exception of poliomyelitis, “whenever
the community wants it badly enough.”

“It may be almost time,” he added,
“that we should beware of concentrating
too exclusively on the perfection and
extension of the laboratory approach to
biology and medicine that has been so
successful in the past 50 years. I can-
not escape the belief that from the
human angle we have obtained most of
the answers that medicine can expect
from it. The problems of human biology
that are left when we eliminate in-
fectious disease, malnutrition and simple
physical disability may need a basically
different approach.  Somehow the
discipline of the experimental sciences
will need to be applied to social prob-
lems more difficult than those involved
in conventional public health activities.
Human genetics, both at individual and
population levels, and those human in-
teractions of aggression, subordination,
frustration and the like—human ‘peck
orders’ is a phrase I like—these seem to
be the two great fields of scientific en-
quiry that will need to grow alongside
experimental biology if the scientific ap-
proach is to be successful in alleviating
human ills in the second half of the cen-
tury as it has been since 1900.”

Nobel Prizes

HE 1952 Nobel prizes in science
were awarded to three U. S. and
two British scientists. Selman A. Waks-
man of Rutgers University won the
medicine award for his contribution to
the treatment of tuberculosis through
the discovery of streptomycin. Felix
Bloch of Stanford University and Ed-
ward M. Purcell of Harvard University
shared the physics prize for their work
in microwave analysis of atomic nuclei.
The prize in chemistry was divided be-
tween A. J. P. Martin of the National
Institute for Medical Research in Lon-
don and R. L. M. Synge of Aberdeen
University in recognition of their de-
velopment of partition chromatography.
Each full prize this year is $33,000.
Waksman has been studying soil
microbiology since 1915. It was not until
1939, when his former pupil, René
Dubos, announced the discovery of
tyrothricin, that Waksman turned his
attention to the medicinal possibilities
of soil organisms. Then he and his group
screened some 10,000 cultures, from
soil samples gathered all over the world,
and eventually found his powerful anti-
biotic in Streptomyces griseus, an organ-
ism he had isolated in 1915.
The discovery that won the physics
award was developed by Bloch and Pur-

Tall Tale

Ever hear how Sourdough Sam
cooked himself to heaven on a mess
of sliver-cat stew and sour dough
dumplings? Should have know'd better
than to dump a thousand shovelsful of
that rapid rising dough into a boiling
tankful of stew. Before you could squint,
every bubble in that explosive brew
swelled up big as a balloon; heaved Sam
up against the rafters and swooshed into
every corner of the cookhouse. Then with
a splintering roar Sam and the whole
kitchen shot up into the clouds like a giant
mushroom on a stem of frothy dough.

to Fahulous Fact

And that’s not a patch on the damage
bubbles do in modern industry. Mostly
we think of foam as an innocent suds on
our hands. But foam’s also a thief and a
fire-bug. It wastes space in vats, tanks,
kettles, stills, and reactors. If they over-
flow, production is wasted. If the foamer
is lammable, the whole plant may go up

in smoke.

For the most part, foam was a hazard pro-
duction men had to live with until we
developed a silicone defoamer called Dow
Corning Antifoam A. Only a few parts
per million are required to break billions
of bubbles in thousands of foamers rang-
ing from adhesives to wine and yeast.

It saves millions of dollars a year in
industry. And the lives of many cows
afflicted with the bloat are saved by a
bovine belch induced by Antifoam A.

This and many other fabulous facts
are more fully described in a semi-
technical publication called “What's
A Silicone?”. Simply address your re-
quest to Department W-24.

DOW CORNING CORPORATION

MIDLAND, MICHIGAN

ATLANTA ¢ CHICAGO « CLEVELAND o DALLAS
NEW YORK » LOS ANGELES » WASHINGTON, D.C.

In Canada: Fiberglas Canada Ltd., Toronto
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DOW CORNING SILICONE NEWS

NEW FRONTIER EDITION

TENTH OF A SERIES

In England: Midland Silicones Ltd., London
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RESORCINOL

Here is

#he hot Spot

of Resorcinol

RESORCINOL is of particular interest be-
cause it reacts like phenol only much faster.
This greater activity has been utilized com-
mercially with gratifying profit results.

In heat reactive phenol-formaldehyde
resins, the addition of resorcinol in the
formulation can reduce curing time or cur-
ing temperature or both.

In the adhesive field, a pure resorcinol-
formaldehyde adhesive will cure at room
temperature in 8-10 hours without catalysts
that may injure cellulosic fibers. At an
elevated temperature, such as 120°F., the
same resorcinol adhesive will cure in about
one hour. Straight phenolic adhesives, un-
less rendered strongly acidic, are not active
at these temperatures and must be heated
to 200°F. or higher. Either way—by lower-
ing cure temperature, or reducing curing
time — resorcinol produces a saving that
more than offsets its higher cost.

Resorcinol is also being mixed with rub-
ber latex to give a stronger bond between
rubber and rayon tire cord, and it has
found a valuable application in the tanning
of leather. After soaking in water, resor-
cinol-tanned leathers dry out in a flexible
condition, instead of being hard and unpli-
able. Resorcinol-formaldehyde resins have
further found application in the finishing
of leather. Other well established uses of
this versatile chemical are in the fields of
dyes, germicides, pharmaceuticals, explo-
sive primers and organic synthesis.

Write for a free copy of Bulletin C-2-124.

KOPPERS COMPANY, INC.

Chemical Division

e .

Dept. SA-122
KOPPERS | Koppers Building
v ® Pittsburgh 19, Pa.

Sales Offices: New York * Boston * Philadelphia
Chicago * Detroit * Los Angeles
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cell independently at about the same
time. Their technique has been de-
scribed as “an almost incredibly refined
procedure for resonating directly with
the nuclei, making them literally dance
in thythm with a radio wave.” By meas-
uring the exact frequency of this dance,
physicists can determine the magnetic
properties of the spinning nuclei. The
methods developed by the two prize-
winners are slightly different. Both use
a strong, steady magnetic field to align
the nuclear magnets of the material
under study. In Purcell’s method, known
as nuclear resonance, a variable high-
frequency radio wave is applied. At a
certain frequency the nuclei flip over,
absorbing energy from the radio wave.
Purcell was able to measure the resonant
frequency with an accuracy of one part
in 30,000. Bloch’s approach, called nu-
clear induction, applies radio energy in
such a way as to make the protons in the
nucleus send out radio waves of their
own. The interaction of the magnetic
field and the applied radio wave on the
proton magnets makes them wobble,
causing them to generate their own
waves at right angles to the applied
wave.

Martin’s and Synge’s contribution to
chemistry was to extend the exquisitely
sensitive procedure of chromatographic
analysis to compounds soluble in water.
Previous workers had developed the
method of separating mixed substances
by dissolving them in fat solvents and
allowing them to flow slowly through a
column of solid adsorbent. Different
molecules flow at different rates, and so
are separated into distinct layers. In
Martin and Synge’s partition chromatog-
raphy technique the solid adsorbent is
replaced by water, held in a porous
solid such as starch. The mixed material,
dissolved in a solvent which does not
mix with water, percolates through the
column, and the molecules pass back
and forth between that solvent and the
water. Again they do this at different
rates and so are separated. This tech-
nique made it possible to isolate a num-
ber of compounds important in bio-
chemistry, notably the carbohydrates
and the amino acids. Martin and other
workers later used the method to de-
velop paper chromatography, in which
the separations are carried out on sheets
of adsorbent paper, rather than in
packed glass columns.

The Nobel winners in chemistry and
physics this year were all of the younger
generation that has developed since
World War II. Martin is 42, Synge 38,
Bloch 47 and Purcell 40.

Amateur Astronomer

ITEL Lowys my sone, I apercyve wel
by certeyne evydences thyn abilite

to lerne sciences touching nombres and
proporciouns. Therefore have 1
yeven the a suffisant Astrolabie as for
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our orizonte compowned after the lat-
itude of Oxenforde.

So wrote one of Albert G. Ingalls’
predecessors in amateur astronomy,
Geoffrey Chaucer, in his Treatise on the
Astrolabe. Recently Derek J. Price of
Cambridge University reported new evi-
dence of Chaucer’s interest and com-
petence in astronomy. A handwritten
manuscript entitled Equatorie of the
Planetis, found in the Peterhouse library
at Cambridge, has been identified as
almost surely written by Chaucer. In it
he describes a circular wooden model
about six feet in diameter for determin-
ing the positions of the planets at any
time, and his manuscript gives extensive
tables for calculating these positions.

Chaucer had an excellent grasp of
the Ptolemaic system for a layman. Price
calls his Treatise on the Astrolabe “still
today the best work in the English
language on this extremely important
medieval instrument.” The astrolabe
was a device for calculating the posi-
tions of the fixed stars.

Space Travel

O people who are laying plans for

taking off to the moon within the
next 10 or 15 years a rocket expert re-
cently offered a discouraging word.
Milton W. Rosen, director of the Viking
Rocket Project, took issue with the pre-
vailing optimism among astronauts at a
symposium on space travel in the Ameri-
can Museum of Natural History. Said
he: “I can hardly conceive of anything
that would do more harm to this coun-
try’s defense efforts, and to the cause
of space flight itself, than for the U. S.
to undertake any one of the fantastic
projects for a space ship that have been
proposed in the last few years.”

Rosen argued that engineers have
gone about as far as they can with the
present fund of basic scientific knowl-
edge. Present knowledge, he said,
might make possible a manned flight to
a height of 50 miles and return, but to
go higher scientists will have to learn
much more about cosmic and solar
radiation, rocket-motor combustion
theory and materials. He said that
progress in these fields has been slow.
He recommended that an advisory
group be set up, possibly under the Na-
tional Science Foundation, “to de-
termine what we are doing and what
we could do to make further progress.”

Quicker Freeze

HE trick in preserving quality and
flavor in frozen foods is to freeze
them quickly. The shorter the freezing
period, the smaller the crystals that are
formed and the less the damage to food
cells. In Denmark engineers have re-
cently announced a new superfast
freezing process.
Most commercial freezing is done with



proeLem: When 1s water safe to drink?

proeLEm: Why some bright

children fail in school

ANSWER: Are there harmful bacteria in the water you drink?
Local health authorities have to know. Most cities give their
water supply daily microscope tests. A microscope specially
designed for the job by AO helps determine the exact nature
and quantity of the bacteria or other organisms in a sample of
drinking water . . . assists in keeping impurities under control.

prosLEm: 10 shoot at an enemy
you can’t see

ANSWER: Most youngsters who fail are poor readers.
To enable doctors and educators to study eye
movements and how they affect reading skills, AO
scientists developed the Ophthalmograph. It pro-
vides a permanent record of eye movements so
rapid they can’t ordinarily be measured. Such in-
formation is used to diagnose and treat people
who need visual training and reading instruction.

AN SWER: The Infrared Sniperscope sees in the dark by
throwing invisible rays on the target, making it visible
in a special telescope. American Optical has contracts
for production of the Sniperscope. AO designs and
manufactures many specialized instruments. Write us
about your development problems. Address American
Optical Company, 37 Vision Park, Southbridge, Mass.



Why Westinghouse specifies
DUROID 700

for tap changer

NO BLISTERED PIECES

HOLDS S

LITTLE DANGER OF MOISTURE PICK-UP
BETWEEN BAKING AND OIL SUBMERSION

MECHANICAL STRENGTH
MAINTAINED IN OIL AT 90°C

FORMS INTO THIN-SECTIONED
RIBS OF HIGH STRENGTH

STAYS FIRMLY FASTENED TO
PORCELAIN WITH SELF-TAPPING SCREWS

HAPE

support

— e -

/
ROGERS

CORPORATION

Established in 1832

DUROIDS
for
Gaskets, Filters,
Electronics . . .

ELECTRICAL
INSULATION for
Motors, Transformers,
Generators . .

IN DUROID 700 Westinghouse
found a fibrous material that pro-
vided a vastly improved support
for the tap changer in one of its
distribution units, Listed by Under-
writers Laboratories, this Duroid is
one of many specially processed
fibrous materials developed by
Rogers. Several steps above con-
ventional fibrous products, it com-
bines rigidity and firmness with

-non-brittleness.

In its ability to outperform stan-
dard non-metallic sheet materials
in its class, Duroid 700 typifies the
special work Rogers is doing with
fibrous sheet products. Rogers may
have —or can develop—just the ma-
terial you need to effect-a design
improvement. We will not only
provide the material, but fabricate
finished parts as well.

CATALOG Complete data about DUROID

700 and other Rogers Duroids are available.
Please write to Dept. S, Rogers Corporation,
Manchester, Conn.

PLASTICS SHOE MATERIALS FABRICATING
Molding for Producing
Compounds and Counters, Midsoles, parts from

Laminates Liners... Rogers materials
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a blast of cold air. But air is an in-
efficient heat transfer medium. The
Danish process, as reported in Industrial
and Engineering Chemistry, uses a freez-
ing bath of water, glycerol and ethyl
alcohol at a temperature of 20 degrees
below zero Fahrenheit. In this bath a
12-pound cut of beef can be cooled from
32 degrees to 23 degrees (the critical
temperature range in which the freezing
takes place) in two hours instead of the
usual four. When the food has reached
23 degrees, it is removed from the bath
and placed in an air blast which further
cools the food to 16 degrees below zero—
the best temperature for long storage.

In addition to freezing the interior
of the food more quickly, the method
freezes the surface almost instanta-
neously, preventing any transfer of odor
or flavor to the solution. Mixed batches
of herring, strawberries, cauliflower,
oranges and chicken have been success-
fully treated together.

The Danish process is said to be
cheaper, to reduce microorganism ac-
tivity, to avoid shrinkage, to eliminate
the need for blanching or sugaring
fruits, and to make possible the freezing
of whole grapefruit, oranges, tomatoes,
melons and grapes.

Under U. S. law ethyl alcohol may
not be used in contact with foods during
processing. The Danes claim that their
method freezes food surfaces so quickly
that no alcohol is absorbed by the food.

The Naked Spindle

HE dramatic events that take place

in a living cell when it divides have
always fascinated biologists. Within the
seemingly formless material of the cell
nucleus threadlike chromosomes sud-
denly appear. Meanwhile in the sur-
rounding cytoplasm fibers begin to grow
from two tiny centers, and they soon
unite to form one spindle-shaped body.
Now the skin of the nucleus melts away
and the chromosomes move into the
spindle, there to pair off at the opposite
ends. Then the whole cell constricts in
the middle until it splits in two—two
identical cells where previously there
was one.

Watching this process of mitosis under
their microscopes, biologists have often
wondered whether they were seeing a
true picture of the physical events in
cell division or merely an artifact, per-
haps caused by chemical reactions of the
cell material to the stain used to make
the cell visible. Proof that the behavior
of the chromosomes, the spindle and the
rest of the apparatus is not a chemical
or optical illusion has now been put into
concrete form by two zoologists. Daniel
Mazia of the University of California
and Katsuma Dan of Tokyo Metro-
politan University have succeeded in
isolating the mitotic apparatus naked
and intact.

Mazia and Dan described their feat in



FOR DEPENDABLE
ELECTRICAL CONTROL

Again and again, these rugged, vitreous-enameled wire-wound

Ohmite resistors have demonstrated their ability to provide

unfailing performance and long life under the most difficult
service conditions.

Ohmite also offers the most complete line of wire-wound

resistors on the market . . . fixed, tapped, adjustable, non-induc-

tive, and precision units—in more than 60 wattage sizes

ranging from 1” to 20” in length, in 18 types of terminals and

in a wide range of resistance values. Investigate Ohmite
resistors for your product.

Write on company letterhead for complete catalog.
Ohmite vilreous- Ohmite Manufacturing Co., 4809 Flournoy St., Chicago 44, lllinois
enameled resistors
are available from
stock or promptly

made to order in a ®
wide range of
sizes and types.
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THE SHARPLES CORPORATION

2300 Westmoreland Street « Philadelphia 40, Pennsylvania

Associated Companies and Representatives throughout the World

15;,

N\

This drawing is hanging in the offices of fish and
whale by-products plants all over the world. We re-
print it here, not to extoll the virtues of the Sharples
process that produces vitamin-rich fish solubles from
an odorous waste, but rather to emphasize the im-
portance to industry of similar valuable *‘waste’
products which often can be recovered economically
—many of them by the application of centrifugal
force.

By-products today are big and profitable business,
and great strides have been made by industry to
recover otherwise unsalable materials from its
processes.

Yet the work has really just begun. The versatile
tools of American industry of which the centrifuge
is one, are still to be tested in wide areas of this
profitable conservation program.

The fluid wastes, the slurries, the “‘dregs” of in-
numerable processes are worthy of scrutiny for their
possible economic value.

The Sharples Corporation, with long experience in
centrifugal engineering, may be the short cut to a
proper evaluation of your “‘waste’” products.
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the Proceedings of the National Acad-
emy of Sciences. They fertilize sea-
urchin eggs and, when the eggs have
reached the desired stage of division, fix
the preparation in alcohol. They can
then separate out the mitotic apparatus,
either by forcing the cells through a
fine hypodermic needle, which squeezes
off the cytoplasm, or by dissolving away
the cytoplasm with hydrogen peroxide
and a detergent. The naked mitotic
bodies under the microscope have the
same appearance as in the cell. Chemical
analysis shows they are composed large-
Iy of protein. About two per cent of the
total protein material of the egg goes
into their formation.

British Bomb

RIME MINISTER Winston Church-

ill last month announced a few de-
tails of the first British atomic bomb test,
made in the Monte Bello Islands off the
Australian coast in October. The bomb
was exploded inside a small frigate in
a harbor. The ship, said Churchill, was
completely vaporized, except for some
red hot fragments that scattered over
one of the islands. Measurements of the
radiation energy as the blast broke out
of the hull showed that the temperature
at the hull was almost one million de-
grees.

Observers from the mainland re-
ported that the cloud thrown up by the
bomb, unlike the mushroom clouds
characteristic of U. S. bombs, had the
shape of a ragged “Z.” Churchill said
that “thousands of tons of water and of
mud and rock from the sea bottom were
thrown many thousands of feet into the
air and a tidal wave was caused.” He
added that damage effects were tested
in specimen structures erected at var-
ious distances from the explosion.

The bomb project cost the British well
over $280 million. It was directed by
\W. G. Penney, a physicist who had
worked at Los Alamos during World
War II. Churchill said he hoped the
successful test would lead to “a much
closer American interchange of infor-
mation” with Britain about atomic
energy.

European Nuclear Research

EN governments will cooperate in

building and operating a $25 million
European laboratory for nuclear re-
search, to be located in Geneva. The
participating nations are Denmark,
France, the Netherlands, Italy, West
Germany, Sweden, Belgium, Yugoslavia,
Norway and Switzerland.

The European laboratory may be the
first to build the super-powerful synchro-
tron based on the strong-focusing prin-
ciple worked out at the Brookhaven Na-
tional Laboratory (“Science and the
Citizen,” SCIENTIFIC AMERICAN, No-
vember). Its sponsors had sent Odd



SPEEDS UP PRODUCTION
REDUCES COSTS
IMPROVES QUALITY

INDUCTION SOLDERING UNIT
MODEL PM1

for soldering small metal parts
and assemblies
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The Marion Model PM1 Induction Heating Units, pictured
above, are in service at the Clyde, New York, plant of the General
Electric Company.

Germanium diodes, diffused junction rectifiers and transistors are
manufactured at the Clyde plant and the Model PM1 Induction Heater
plays an important role in a sub-assembly operation on the whisker
diode line. A very small pellet of germanium metal is soldered to the
end of a nickel pin and the Induction Heater is used to elevate the
temperature to the desired value.

This Marion low cost, low powered, portable Induction Soldering Unit (Model PM1) simplifies,
improves and speeds up the production of magnet assemblies, relay armatures, connectors,
capacitors, transformer cans, germanium diode assemblies and other parts and assemblies
in the manufacture of electrical and electronic componenis. In addition, the Marion PM1
Induction Soldering Unit has many applications in other fields such as jewelry, watches, toys,
automotive parts, household fixtures, etc. Wherever the application of intense heat to small
units is required chances are that it can be done better, faster and easier with this Marion Unit.

The unit was originally designed and has been used successtfully for many years by Marion
in the true glass-to-metal sealing of Ruggedized and other hermetically sealed instruments.

SPECIFICATIONS
Power Supply: 115 volts, 60 cycles Power: 775 watts at full power output, 100 watts standby.
Size: 15%" x 215" x 15" The entire unit is rigidly assembled and mounted to prevent
Mounting: Standard relay rack cabinet arc-over and failure of components. It easily meets latest
Weight: 150 pounds F.C.C. requirements on radiation.

For further information write Marion Electrical Instrument Co., 416 Canal Street, Manchester, N.H., U.S. A,

Reg. U.5. Por. OR.
MANUFACTURERS OF RUGGEDIZED, HERMETICALLY SEALED AND STANDARD PANEL INSTRUMENTS
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NEW TYPE RELAY

Ever since we sponsored an advertisement entitled “Crickets,
Thermal Stability and Sigma Sensitive Relays,” we’ve been deluged
with mail requesting information about our new Tri-Stable Two.
Stage Caloriferer With Biased Viewpoint Adjustment* as well as
much information and many questions about crickets.

Perhaps the greatest complaint about our method of telling tem-
perature with crickets (Count the chirps in 15 seconds and add 37;
answer in °F) comes from scientists in cold climes. Our research
people accepted the implied challenge and ran tests on crickets
under extreme conditions of cold. For example, at a known tem-
perature of —12°F, the crickets did not chirp exactly 49 times in
15 seconds. By applying the rule and adding 37 to this =49, our
man of course came out right on the button.

We also have complaints about our sensitive relays — not so
much about how they perform, but mostly about delivery. Our
people are tackling this one, too, with (we hope) the same enthu-
siasm but perhaps more highly scientific methods. Often however,
the manufacturing problems encountered make little more sense
than our advertising.

* a limited supply of our brochures on this new equipment is still
available if you act fast.

GV

SIGMA INSTRUMENTS, INC.
40 PEARL ST., SO. BRAINTREE, BOSTON 85, MASS.
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Dahl, Norwegian physicist, to Brook-
haven to see the cosmotron. While
there he learned of the strong-focusing
idea and returned home to propose
building a 30-billion-volt machine such
as the Brookhaven workers had sug-
gested.

British Isotopes

REAT BRITAIN now leads the U.S.

in the export of radioactive isotopes.
The British Ministry of Supply recently
announced that in the past year 3,053
shipments of isotopes were made to 37
different countries. The isotopes are
produced at the Atomic Research Estab-
lishment at Harwell.

The English journal The Engineer re-
ports that the British Overseas Airways
Corporation has developed a novel and
economical method for transporting
radioactive material. B.O.A.C. planes
carry it in their wing tips, which dis-
penses with the need for heavy lead
shielding and reduces shipping costs by
more than 60 per cent.

Military Science

HE U. S. Government’s pressure

upon universities to do military re-
search is converting many graduate
schools into “commercial development
establishments,” according to George B.
Kistiakowsky, professor of chemistry at
Harvard University. Kistiakowsky, one-
time chief of the explosives division of
the Los Alamos Scientific Laboratory,
objected vigorously to the effects of the
research contracts at a recent forum at
Mount Holyoke College.

He acknowledged that many govern-
ment contracts successfully combine the
needs of the military with the require-
ments for good education. But he ob-
jected that too often universities accept
contracts for their prestige and for their
financial return, with no thought to the
possible ill effects they may have on
the students who must fulfill them. “I
see ourselves threatened,” said Kis-
tiakowsky, “with a generation of scien-
tific workers who know how to carry out
instructions and to follow in the foot-
steps of others, but who have not
learned how to discover a rewarding re-
search problem, how to plan the attack
on it and how to solve it.”

He suggested that the military estab-
lishments employ university personnel
to help them draw up projects.

Commissioner Resigns

KEITH GLENNAN, member of
o the Atomic Energy Commission
since August, 1950, resigned last month.
He wrote President Truman that com-
mitments to his college, the Case Insti-
tute of Technology, and family responsi-
bilities compelled his immediate return
to private life.



STEEL WOOL bursts into flame under a
jet of fluorine gas in an experiment at The
Whitemarsh Research Laboratory of The
Pennsylvania Salt Manufacturing Company.

When Metal Bursts into Flame

Imagine, if you can, an element so

fierce it burns up steel. One that

claws its way through fire-brick ...

makes water burn like alcohol...de-

stroys almost everything it touches.
That’s fluorine for you!

And for over two hundred years
chemists racked their brains to find
some material that would hold
fluorine. Hold it for even a few min-
utes’ study.

Numerous materials — all consid-
ered dependably resistant to cor-
rosion — were tried. Most went up
in a flash.

Some few seemed to work, mo-
mentarily. But let temperature rise
a trifle, or pressure build up ... or a
trace of moisture seepin...thendig
out the wreckage and start over.

Finally Nickel and its alloys were

tried. They work. They last for
months where other materials failed
in days or weeks.

Today, you find Nickel and Inco
Nickel Alloys in equipment that
produces fluorine...in pumps and
piping and valves where fluorine is
compressed, stored, and processed.
Nickel and Inco Nickel Alloys hold
fluorine, even under heat and pres-
sure. By the way, if you would like
to know more about fluorine, ask
us for a copy of “Fluorine Makes
Its Debut.”

When you have a metal problem
If it’s corrosion, it can’t be any
tougher than that caused by fluor-

Inco Nickel Alloys

Teese matt
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ine...and the solution may be found
in Inco Nickel or one of the Inco
Nickel Alloys.

Inco corrosion engineers are ready
to help you. They’ve prepared a Cor-
rosion Data Work Sheet to make it
easy for you to outline your prob-
lem to them. Write for it, without
obligation, of course.

Or perhaps your metal problem
concerns temperatures—high or low
...stresses or fatigue resistance.
Whatever it may be, Inco engineers
will gladly help you find the answer.
The International Nickel Company,
Inc,, 67 Wall St.,, New York 5, N. Y.

Monel® * “R”® Monel * “K”® Monel
“KR"”® Monel * “S”® Monel * Nickel

- Low Carbon Nickel ¢ Duranickel * Inconel®
Inconel “X”® ¢ Incoloy * Nimonics®
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mpga. More jets sooner-...

BECAUSE WE FORGED A 64th INTO 3-THOUSANDTHS

In making forgings, a shop is doing mighty well when it can turn out
forgings within %ath of an inch of the right dimension . . . our Jet
Division is forging buckets for jet-engine turbines to a tolerance of
0.003", day and night, to get more jet engines built in less time.

These Thompson ultra-high precision forgings require only a
finish-polish to make the airfoil section ready to go to

work turning hot gases into power. There’s no time-consuming
machining of the complex surfaces on elaborate machines.

Precision forging is but one of the ways Thompson produces
blades and buckets. To meet individual customer requirements,
we can cast, machine, or use powder-metallurgy processes to turn
out parts for all types of jet engines. We also have a large share
in manufacturing parts and complete assemblies for jet engines.

The military air services have learned that ““you can count on
Thompson” . . . it’s leadership that you can always count on in
devising better ways to make many types of high-precision
parts economically.

JET DIVISION

dhompson Products, Inc.

Euclid, Ohio; Harrisburg and Danville, Penna.

Heat-Resisting Turbine Buckets made by
YOU CAN COUNT ON THOMPSON FOR ENGINEERING LEADERSHIP the Thompson Precision Forging Method
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THE NATURE
OF SOLIDS

The theory that explains their various properties

is a comparatively recent development of physics.

From it practical benefits already begin to flow

of his life a general notion of what

a solid body is: that which sup-
ports when sat on, which hurts when
kicked, which kills when shot. We have
also known for a long time certain laws
of the behavior of solid bodies: the laws
of free fall, of refraction, of elasticity
and so on. Yet none of those laws really
describes the nature of the solid state.
Long after the behavior of gases had
been formulated and explained in terms
of molecular action, the essential char-
acter of the solid state remained a secret.
No suggestion of an answer was forth-
coming to the question how the same
molecules could behave so differently in
a solid and in a gas. In fact, the ques-
tion was not even clearly asked for a

I :VERYONE develops in the course

by Gregory H. Wannier

long time, and an unasked question is
especially difficult to answer.

The physics of the solid state is a new
science, developed only within the pres-
ent century. It is often the unusual and
startling aspects of a subject that wake
it from its slumber. Two such aspects
can be singled out as having opened up
the physics of the solid state at the turn
of the century: the structure of crystals
and the conduction of electricity by
metals.

Crystals have never suffered from the
lack of glamour which so long delayed
progress in the physics of the solid state.
The travelogues of the ancients are lib-
erally sprinkled with mentions of won-
drous gems. The classification of crys-
tals was one of the chief occupations of

Arab scientists. To these early observers,
crystals seemed to be exceptional forms
of solids. Nineteenth century research
disclosed, however, that this view was
not correct. It is only the well developed
crystals that are exceptional. A very
large number of solids which do not
appear to be crystalline at first sight are
seen to be composed of tiny crystals
when examined under the microscope.
The list includes all rocks and all me-
tals; only a small group of recalcitrant
solids such as glass fail to show any
trace of crystallinity.

Crystal Structure

Crystals are homogeneous solids
bounded by plane faces. Many of them
are strikingly symmetrical in shape; for

CRYSTAL owes its characteristic shape to the regu-
lar geometry of its atomic structure. This crystal is ethyl-

© 1952 SCIENTIFIC AMERICAN, INC

ene diamine tartrate (EDT), which is grown in solution
and cut into sections to control electrical frequencies.
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QUARTZ or silicon dioxide has a basic hexagonal structure determined
by the angles of the honds hetween silicon (black) and oxygen (white).
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example, the little cubes formed by rock
salt and the hexagonal prisms of quartz.
Even in some of those that are not fully
symmetrical, the asymmetry is often due
simply to the fact that certain planes
have been shifted parallel to themselves.
If the angles between the planes are
taken as the basic indication of struc-
ture, the same structure always goes
with the same chemical species. For this
reason crystals acquired great value to
the chemist as a means of identifying
and preparing his chemical compounds.
He had only to permit the substance to
crystallize out of a solution or a melt; it
then corresponded (with some excep-
tions) to a simple chemical formula.
Thus there was added to the geometric
simplicity of crystals their simple chemi-
cal behavior.

It was inconceivable that this com-
bination of properties was not due to a
symmetry in the internal constitution.
A regular arrangement of molecules was
postulated, and the consequences of
that postulate were worked -out by
mathematicians with the tool of group
theory. They proved in particular that
any crystalline symmetry can be ob-
tained by reproducing the same unit
over and over through identical parallel
displacements, like so many houses in a
modern housing development. This
unit, called the unit cell, is not neces-
sarily identical with the individual mole-
cule; indeed, we know today many cases
in which there are several molecules per
unit cell. The parallel displacements
form a lattice, the so-called Bravais lat-
tice. The final triumph of this viewpoint
was achieved by the proof that an ar-
rangement based on molecular symme-
try could never exhibit the five-sided
symmetry which is so common in living
nature (see drawings on page 47).

When it became possible to measure
the positions of atoms in crystals with
X-rays, these crystallographic theories
became one of the foundations of the
new physics of the solid state. The dis-
covery of this technique was made in
1912 by Max von Laue of the Univer-
sity of Munich and his associates Wal-
ter Friedrich and C. M. Paul Knipping.
The experiment, one of the most impor-
tant of all time, arose in the following
way. Von Laue, a member of the lab-
oratory of Wilhelm Roéntgen, the dis-
coverer of X-rays, was inclined to con-
sider these rays as electromagnetic
waves; that is, of the same nature as
radio waves or visible light, but of much
shorter wavelength. To prove that they
were waves he had to construct or find
gratings much finer than any grating
ever made by man. At this point he
happened to become acquainted with
studies then being made of crystals, and
he perceived that here was a grating
made by nature which should serve his
purpose. At his suggestion Friedrich
and Knipping directed a beam of X-rays
at a crystal, and looked for reflections



from the regular crystal planes which
existed in the interior. After some un-
successful trials these reflections were
found.

Within a few years the technique of
diffracting X-rays by means of crystals
was taken up by others, notably W. H.
and W. L. Bragg, father and son, in
England. Today it has become a stand-
ard tool for analyzing crystal structure,
while its original purpose—determina-
tion of the wavelength of X-rays—has
receded into the background. The sim-
plest example, and the first to be an-
alyzed with this tool, is the sodium
chloride crystal, NaCl (see drawing on
the opposite page) . The partners Na and
Cl occupy the corners of a cubic lattice;
they alternate in this position, like the
black and white squares of a checker-
board. Each Na is surrounded impar-
tially by six Cl’s at equal distance, and
vice versa.

Thus crystallography provides a geo-
metric analysis of the solid state which
is unusual in its beauty and perfection.
But it is not yet physics. Johann Kepler’s
laws of planetary motion, which had a
similar beauty, were not physics but as-
tronomy; Newton transformed them in-
to physics by finding the law of force to
which the planets were subject. In the
same way physicists asked what forces
made the atoms in crystals arrange
themselves as they did, and what dy-
namic phenomena took place in crystals.
They learned that the forces responsible
for the formation of atoms, molecules
and crystals are electrical, which placed
solids and molecules on a similar foot-

ing.
The Bond

It is therefore appropriate to examine
the chemical binding forces in molecules
as a preliminary to the more compli-
cated case of solids. The basic unit of
these forces is the negatively charged
electron. Even before the discovery of
the electron by the Cambridge physicist
J. J. Thomson in 1895 the existence of
units of electrical charge had been de-
tected in solutions. When a salt such as
sodium chloride is dissolved in water,
the molecule dissociates into sodium
atoms, charged positive, and chlerine
atoms, charged negative. These charged
carriers, called ions, are identified by
the passage of an electric current, in
which a transport of charge is linked in
a fixed way with deposition of matter—
atoms of sodium on one electrode and
atoms of chlorine on the other. Thom-
son’s discovery that the charge of the
electron was identical with the known
unit of charge of ions suggested imme-
diately that electrons were constituents
of the atom and that ions were charac-
terized by an excess or a defect of such
particles.

At first the electrons in the atom were
thought of as negative raisins in a posi-
tively-charged cake; then it was shown

X-RAY DIFFRACTION PATTERN of a barium titanate crystal has a

regular array of spots. The hole in the center is for mounting the negative.

that the positive charge, far from being
a cake, is concentrated in an extremely
small space within the atom where it
forms the atomic nucleus, about which
the electrons cruise very much like the
planets around the sun. Next it was seen
that the charge of this nucleus deter-
mines the chemical element. Thus the
atom of copper consists of a nucleus
bearing 29 positive charges surrounded
by 29 negative electrons; from it an ion
with two extra units of positive charge
(Cu® ™) is derived by the surrender of
two electrons. The manner in which
these electrons are bound to the nucleus
was elucidated only after considerable
difficulty. It was learned that the elec-
trons were restricted to certain definite
orbits, representing energy states,
around the nucleus. A modification of
mechanics, called quantum or wave
mechanics, had to be evolved to pick out
the possible orbits; between these pos-
sible states the electrons can make transi-
tions, emitting or absorbing the energy
difference in the form of light.

The picture was reasonably well com-
pleted by the discovery in 1927 that the
electron spins on its own axis, much as
the earth does, and that only two states
of rotation are possible. With this dis-
covery, it became possible to formulate
the so-called Pauli exclusion principle,
which states that two electrons cannot
be in the same quantum state including
spin. The Pauli principle gives the elec-
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trons around the atom a shell structure,
and so explains valency.

Thus the lightest atom, hydrogen,
which consists of a nucleus bearing one
positive charge and an electron, has the
valency 1, corresponding to the fact that
it can surrender its electron to an atom
desiring one, as it does in hydrochloric
acid (HCl). The next atom in order of
weight, helium, has two charges and
two electrons. This arrangement is so
stable that the electrons do not usually
leave the atom and helium does not form
chemical compounds. The next atom,
lithium, has three electrons, only two of
which can enter the stable helium shell,
while the third, called the valence elec-
tron, is easily detached. Consequently
lithium has valence 1 and forms salts
such as lithium chloride, in which lithi-
um bears a positive charge; a solution
of this salt in water will conduct electric
current, with lithium coming out at the
negative pole. Beryllium, the next ele-
ment, has two valencies, and so on up
the scale of elements. The chemically
inert_gas argon, with 10 electrons, fills
the second shell. The element imme-
diately preceding argon, fluorine, lacks
one electron in the second shell and is
an extremely reactive substance with
one valence. The valence is of the elec-
tronegative type; that is, fluorine tends
to grab an electron to complete its sec-
ond shell. In consequence a salt such as
lithium fluoride, in which the lithium
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IONIC CRYSTAL is composed of atoms held together by
opposite electric charge. The shading of each atom repre-
=ents the density of the electron cloud about its nucleus.

atom passes one electron to the fluorine
atom, is very stable, because both atoms
are now surrounded by complete elec-
tron shells. After argon comes sodium,
with 11 electrons, one of which is de-
tached easily; this means that it will act
very much like lithium. Thus the ele-
ments fall into groups of similar be-
havior according to the structure of the
outermost shell. The group of atoms
having just one electron outside a closed
shell is called the alkali metals. This
group occupies a key position in the
theory of the solid state, as will be seen.

Crystal Bonds

Now let us return to the structure of
crystals. The simple lattice of the sodium
chloride crystal is composed of ions.
Ionic crystals had revealed something
of their electrical character as early as
the 18th century. Jewelers, testing the
durability of the colorful gem tourma-
line by putting it in the fire, noticed that
foreign particles collected on it, and
they named it “the stone which attracts
ashes.” Careful study showed that the
gem became electrified when it was
heated, always in the same crystallo-
graphic direction, positive charges ap-
pearing on one crystal face and negative
charges on its opposite. More than a
century later French scientists followed
up this discovery of a “pyroelectric” ef-
tect with demonstration of the “piezo-
electric” effect—the electric polarization
of certain crystals under pressure. These
polarizations result from shifts in the
ecuilibrium positions of the ions; the
ions return to their original positions
when the heat or the squeeze is re-
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moved. The shift of positive ions is dif-
ferent from that of negative ones. Today
piezoelectricity is sufficiently well un-
derstood to have made possible the de-
sign of artificial crystals which can re-
place natural quartz in some applica-
tions [“Crystals and Electricity,” by
Walter G. Cady; SCIENTIFIC AMERICAN,
December, 1949].

The ionic crystals, and sodium chlo-
ride in particular, were not only the first
solids whose structure was analyzed,
but also the first chemical compounds
whose chemical binding energy was ac-
counted for by physical principles. This
feat was accomplished by the German
scientists Fritz Haber and Max Born.
Haber suggested that the chemical
binding of sodium and chlorine in the
rock salt crystal was accomplished sim-
ply by the electric attraction of Na*
and CI". If this hypothesis was true,
the chemical binding energy could be
computed in electrical terms, and Born
was able to do so. His calculation was
the first computation of a chemical
quantity from physical premises. The
importance of this step cannot be ex-
aggerated. One can infer from it that
very probably all chemical binding is
electrical in the last analysis, and that
it should be possible to implement this
view by direct computation.

To explain how solids hang together,
however, one missing link remains to be
forged. The ionic concept does not ac-
count for the binding of atoms in all
chemical compounds. In the molecules
of hydrogen (Ha,), oxygen (O,) or chlo-
rine (Cl,), for example,. neither of the
two atoms which compose the molecule
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COVALENT CRYSTAL is composed of atoms
that share their outer electrons. The outer part
of each electron cloud joins that of its neighbor.

carries an effective charge. Similarly in
many metallic crystals all the atoms are
known to be in the same condition,
and in consequence, we cannot possibly
assume half of them to have positive
charge and half negative. The chemical
bond in such cases is called covalent.
It is one of the successes of quantum
mechanics that it can explain the
covalent bond; because of its impor-
tance for the theory of the solid state
as well as for chemistry we must ex-
amine that bond in some detail.

The Covalent Bond

Quantum  mechanics,  sometimes
called wave mechanics, represents the
final formulation of a schizophrenic
viewpoint which has evolved in 20th
century physics. Earlier scientists heat-
edly debated whether light was made
up of particles or waves. This conflict
finally was resolved by the assertion that
it is both. There is a discrete unit of
light called a quantum, but if we try to
locate this particle, we must apply wave
theory. The height of the wave at any
point gives the probability of finding
the light quantum at that spot. Wave
mechanics is concerned with the second
stage of this reasoning. If light waves
are also particles, then particles are also
waves. The wave pattern associated
with a particle gives the probability of
finding it at a given spot: on the wave
crests the probability is high, in the
troughs it is low. The wavelength of this
“probability wave” is obtained from the
formula devised by the French physicist
Louis de Broglie; the wavelength equals
Planck’s constant divided by the mass



METALLIC CRYSTAL is composed of atoms
whose outer electrons are so loosely held that
they are free to move through the crystal lattice.

times the speed of the particle. It fol-
lows from this formula that a particle
cannot be located with certainty within
a space much smaller than one de
Broglie wavelength. Therefore you can-
not confine the particle without doing
work, because in order to do so you
have to reduce its wavelength. This
reduction can be accomplished in de
Broglie’s formula in only one way: by
increasing the speed of the particle. An
increase in speed means an increase in
energy, which has to be supplied from
somewhere.

For electrons this feature of quantum
mechanics is particularly important, be-
cause the mass of an electron is far less
than the mass of an atom and hence the
wavelength tends to be larger. The com-
pression of an electron into a space of
atomic dimensions therefore requires
significant amounts of energy. If an elec-
tron is given a chance to spread itself
over several atoms it will do so, and, be-
tween two possible states of matter, the
one in which the electron has that
chance will be the more stable, other
things being equal. The question re-
mains: What limits this process? Why
do not all electrons spread out their
waves indefinitely? The answer is Pauli’s
exclusion principle. Each possible wave
pattern is a quantum state in the sense
described for atoms, and according to
the exclusion principle only two elec-
trons (for the two directions of spin)
can spread themselves out in the lowest
energy state, or wave pattern. The third
and fourth electron must go into the
next higher state, and so on. The tend-
ency to form covalent bonds can be de-

scribed as the tendency of the electrons
to extend their wave patterns, and thus
to reduce their energy of motion, as far
as this is compatible with the Pauli ex-
clusion principle.

Take as an example the simplest
molecule, Hy, formed by two atoms of
hydrogen. The system contains only four
constituents: two positively charged nu-
clei and two electrons. When the two
atoms are far removed from each other,
the electric forces confine each electron
to its own nucleus. If the two atoms are
brought closer, the wave corresponding
to each electron can be spread over the
two nuclei, lowering their energy. The
Pauli principle can be satisfied by giving
the electrons opposite spin. In conse-
quence the energy of the system as a
whole is lowered, and the two atoms
cannot be separated again without fur-
nishing a certain amount of energy; this
is the chemical binding energy of the
molecule H,.

Conductors and Nonconductors

The covalent two-electron bond, the
bond achieved by two electrons of op-
posite spin sharing their wave function,
is the most frequent bond of chemistry.
It is much more usual than the ionic
bond in which an electron is transferred
from one atom to another. Its widest ap-
plication is in organic chemistry. On the
other hand, very few crystalline solids
are built exclusively on this principle.
The classical examples are diamond,
germanium and gray tin, a nonmetallic
substance. In these crystals the number
of nearest neighbors of any given atom
just equals its valence. This situation is
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MOLECULAR CRYSTAL is made up of molecules. These
are held together by weak forces due to the attraction
of nuclei in one molecule for the electrons of another.

most perfectly exemplified in the struc-
ture of diamond, made up of four-valent
carbon. But in general covalent bonding
enters into the theory of crystals in
a secondary way, in conjunction with
other forms of binding.

Implicit in all this is the fact that
covalent as well as molecular and ionic
crystals are essentially nonconductors of
electricity. To be sure, the charged ions
in ionic crystals can conduct electricity,
but generally their conductivity is small.
Electric conduction demands mobile
electrons. In thes: three types of crystals
the electrons are all locked into certain
quantum states. Metals represent a
fourth type of crystal, in which the num-
ber of quantum states must be greater
than the number of electrons available
to fill them, giving the electrons freedom
to switch and to move around. For ex-
ample, in metallic lithium each atom is
surrounded symmetrically by eight other
atoms. The number of valence electrons
per atom is one. If there were no elec-
tron spin, one quantum state on cach
atom would be filled. However, because
of spin the number of available states
is double the number of electrons, thus
giving them a possibility of raotion. Be-
cause of the electronic charge this mo-
tion can be observed as electric current.

In 1900, five years after the discovery
of electrons, the German physicist Paul
Karl Ludwig Drude suggested that they
were the agents which conduct electric-
ity in metals, and he constructed a the-
ory in which he assumed the electrons
in the metal to be free, like the mole-
cules in a gas. His theory assumed that
the flow of current in a metal depended
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FREE ELECTRONS are roughly a-

nalogous to water in half-filled vessel.

on two factors: the applied electric force
and the resistance offered by the nu-
merous collisions between the electrons
and the atoms in the metal. Drude’s for-
mula was not immediately verifiable be-
cause it contained an unknown-—the
mean free path of the electrons between
collisions. However, his theory could be
used to calculate the conductivity of
heat as well as that of electricity. The
ratio between the two conductivities
could be computed theoretically and
compared with experiment. The result
was that theory and experiment checked
each other very well.

Yet Drude’s theory raised more ques-
tions than it answered. One troubling
question had to do with the matter of
specific heat. If the electrons form a gas,
they must obey the laws that apply to
gases. The specific heat of a gas is easily
computed from theory, because it tells
exactly what energy is required to im-
part to the gas molecules a given speed.
These same considerations, applied to a
gas of free electrons, predicted that the
specific heat of a metal should be larger
by a substantial amount than the speci-
fic heat of an insulator. But no such dif-
ference was found. This contradiction,
together with the fact that no criterion
was forthcoming to tell when electrons
are free and when they are not, stopped
further progress. The Drude theory re-
mained a theoretical fragment of doubt-
ful validity which sometimes gave right
answers and sometimes did not.

The Electron Gas

The development of quantum me-
chanics and the enunciation of the ex-
clusion principle resolved the apparent
contradiction within the Drude theory.
The solution was found in 1928 by Ar-
nold Sommerfeld of the University of
Munich. Applying quantum mechanics
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ELECTRONS IN SODIUM behave

like water in vessel that is stoppered.

to the hypothetical electron gas of
Drude, he showed that electrons, even
at room temperature, are in a condition
where all low-lying quantum states are
tightly occupied. A gas in such a condi-
tion is called a degenerate gas. If we
try to heat our degenerate electron gas,
we find that most electrons are incapa-
ble of accepting energy because all
neighboring states are occupied. Only a
small number of electrons of highest
energy can accept heat in the usual way.
In many ways the degenerate electron
gas inside a metal can be compared to a
container filled with water in which the
energy is simulated by the height, and
Pauli’s exclusion principle by the impos-
sibility of two drops being in the same
place. What corresponds to the surface
level is the so-called Fermi level for elec-
trons. Below the Fermi level all states
are filled; above they are all empty. If
the container is agitated slightly, only
the surface drops can jump up in the air;
the other drops are hindered by the ones
above them.

A final clarification of the matter was
worked out by Felix Bloch, Eugene P.
Wigner and Frederick Seitz, now re-
spectively at Stanford and Princeton
Universities and University of Illinois.
They studied chiefly sodium. Think of
the metal as arising from a gradual
pushing together of independent atoms.
As the atoms approach one another,
they arrive at a distance at which the
valence electrons can jump from atom to
atom. De Broglie’s relation then enters
into play: each electron tries to reduce
its energy by spreading its wave func-
tion uniformly over the entire metal. But
according to the Pauli exclusion princi-
ple only two electrons in the entire metal
can do so. The other electrons have to
accept states with shorter wavelengths
and a correspondingly smaller binding



ELECTRONS IN DIAMOND hehave

like water in filled, stoppered vessel.

energy. Thus the electrons are piled on
top of each other just as in the degener-
ate electron gas. The totality of states
available to these electrons occupies a
band of energy, and the filling occurs to
a certain level. In the case of sodium
there are exactly twice as many possible
states as electrons, because there is one
electron per atom outside a closed shell
and two possible directions of spin. The
metallic binding is a consequence of this
sharing of electrons, and the conductiv-
ity a consequence of the incomplete fill-
ing of the available energy levels.

Returning to the water-in-the-con-
tainer picture, we would say that the
electrons in sodium are analogous to a
bottle half filled with water, whereas
the electrons in a valence crystal like
diamond correspond to a full bottle.
Finally the picture of free electrons is
analogous to water in an open container.
So long as the container, whether open
or closed, is only partly filled, a slight
tilting of the bottle—which simulates the
effect of an applied static electric field—
brings about a rearrangement of the
electrons, emptying certain states and
filling others. The filled bottle, on the
other hand, shows no response. Thus a
close analogy exists between free elec-
trons and electrons in a partially filled
band. It is clear that we are dealing with
an analogy only; there is no guarantee
that it is a perfect one. Indeed, we know
it is not quite perfect, for to make it
work one sometimes has to ascribe to
electrons in a metal an artificial mass
which is not their true value. But apart
from this the analogy works rather bet-
ter than one would have a right to ex-
pect.

The band into which the quantum
state of the valence electron in sodium
spreads out is only an instance of a more
general feature applicable to all quan-
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tum states of an atom when they are
brought together. In a solid each atomic
state becomes a band, with the lower
ones generally narrower than the upper
ones. Somewhere within this system lies
the Fermi level. Below this level all en-
ergy states are filled; above it all are
empty. If this level falls within a band,
the body is a conductor; if it falls in a
¢ap between bands, it is an insulator.
We may say that the solid is similar to
a bottle consisting of separated sections
connected by narrow tubes. The water

ELECTRON SHELLS account for
the repetition of chemical properties
in the table of the elements. Hydro-
gen (top), has one electron travel-
ing in one shell. Helium (middle)
has two electrons which fill shell.
Lithium (bottom) has third elec-
tron which travels in second shell.
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FIVE-FOLD SYMMETRY of bio-
logical forms is never found in crys-
tals. At top is a five-armed starfish;
at bottom a six-sided snow crystal.

level in this bottle may lie within a sec-
tion, in which case a slight tilting of the
bottle can rearrange the regions occu-
pied by the water near the surface (con-
ductor), or it may lie within one of the
narrow tubes, in which case tilting will
have no effect unless it is very strong
(insulator).

The division of solids into ¢onductors
and insulators has become complicated
in recent years by the observation that
all the so-called insulators conduct elec-
tricity to some extent. Some of them,
called semiconductors, have enough
conductivity to be technically interest-
ing. Their conductivity is electronic, but
in detail it is quite different from the
metallic kind. Metallic conductivity in-
creases as the body is cooled, because of
the absence of impeding thermal agita-
tion. Semiconductors, on the other hand,
lose their conductivity at low tempera-
ture and gain upon heating. The expla-
nation, given by the English physicist
Alan H. Wilson, falls into the wa-
ter-bottle picture developed here. If the
tilting or the agitation in the bottle is
violent enough, water may be brought
up into the empty part, in compensation
for which a bubble will appear in the
tull bulge. In other words, an electron
appears in the empty band and a “hole”
on the top of the full band. Such pairs,

HOW COLD IS COLD?//
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MuHyC uIecTbAeCcsT BOCeMb rpaaycon, or 90 degrees below
zero Fahrenheit, might mean cold to the native of Verkhoyansk,
Siberia, probably the coldest city on earth. To the scientist how-
ever, cold can mean 456 degrees below zero. When Helium was
liquefied at 452 degrees below zero, it extended materially the range
for low-temperature experimentation where already matter has
revealed many interesting phenomena.

CRYOGENIC
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SECTIONS IN BOTTLE are anal-

ogous to energy levels in a crystal.
o o

of electrons and holes, are the carriers
of electricity in a semiconductor. Since
their number will increase rapidly with
temperature, so, therefore, will the elec-
trical conductivity of the material.

Assessing this conductivity one has a
very easy time with the “excited” elec-
trons. The Drude theory will apply to
them in its original form, because they
form a gas which this time is not degen-
erate; that is, the quantum states ad-
joining a given one are usually empty.
One must not forget, however, the
“hole” in the full band. The analogy
with a bubble in a full water bottle is a
particularly happy one in this connec-
tion. The bubble is able to move just as
freely as the water in a way we can in-
tuitively understand; it acts as if gravity
were directed upward instead of down.
In exactly the same sense a “hole” in a
full band of negative electrons acts as
if it had a positive charge.

Like all sciences that arise late, the
physics of solids has the disadvantage
of running behind technology. People
have used and must use solids all the
time, and in doing so, must acquire
some sort of technological control over
their properties. In such a situation the
practical man is apt to despise the
dreamers who try to “understand” fea-
tures which he takes for granted. It
looks, however, as if the time for this
kind of attitude is about to run out.
Theoretical analysis is beginning to pro-
duce solids with properties beyond the
“common sense” experience of the prac-
tical man. The transistor is only one
of the spectacular results that are des-
tined to flow from this painstaking
study of what has long seemed a dense
and commonplace subject.

L ———

Gregory H. Wannier is a
theoretical physicist at Bzll
Telephone  Laboratories.



Using an electron tube developed by RCA, automotive engineers have
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The Social Influence
of the Potato

The humble tuber has shaped many cultures, notably the Peruvian

and the Irish. For some peoples the richness of its food content

and the ease of its cultivation have ironically been a disaster

HE potato has had much to do
Twith shaping human society. Two

cultures in particular, each in its
own way, offer striking examples of
its influence. One is Ireland, whose
history has been bound up with the
potato for more than 300 years. The
other is ancient Peru, where for some
2,000 years the potato was not only the
staple of life but a spiritual symbol
as well. It was from Peru, in fact,
that the tuber came to Europe; investi-
gations in recent years have left little
doubt that the first European potatoes
were of the Peruvian species Solanum
andigenum. The potato did not arrive
in Europe until near the end of the 16th
century. It has since been enormously
improved. The tuber of today is a tri-
umph of breeding and selection; it dif-
fers from its Peruvian ancestor as much
as does the race horse from its wild
progenitor.

The birthplace of this Peruvian po-
tato, and the place where it was first
cultivated, was in the uplands of the
Andes between the altitudes of 6,000
and 14,000 feet. In these lofty valleys
and plateaus the potato’s nutritive value,
its bountiful bearing and its good keep-
ing qualities, in an environment where
the failure of crops was all too common,
made it the pre-eminently suitable food.
The pre-Inca Indians who cultivated it
were probably the first farmers in history
to make a practice of reversing the sod.
They worked in teams of at least four
persons—two diggers dragging plows to
cut the turf, and two others, generally
women, following them to turn it over.
The Peruvians were also pioneers in the
art of preserving food. After harvesting
the potatoes they dehydrated part of
the crop to keep it for later use. They
spread the tubers on the ground and
exposed them to the night frosts, then
trod them with bare feet during the heat
of the day to press out the moisture.
After several days of this treatment the
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by Redcliffe N. Salaman

potatoes were dried and stored. The
product, hard and chalk-white inside
and still covered with its brown skin, was
known as chufio. There was also a re-
finement of the process in which the
potatoes, after the freezing, thawing
and treading, were kept in running
water for two months. This product,
called tunta, was snow-white except for
the eyes.

HE esteem in which the potato was

held by the Peruvians is shown by
the fact that they often buried bowls
of chuiio, doubtless as food for the de-
parted, in their tombs, and that in
much of their pottery the potato is the
motif of the design. I have collected
photographs of 70 such Peruvian pots
from the museums of the world. Some
of them date back to about the time of
the beginning of the Christian Era, and
the evidence indicates the potato must
have been cultivated in pre-Inca Peru
as early as 500 B.C.

The potato design on these pots is
generally anthropomorphic. It almost
always represents a human being, or at
least a human head. The design is so
cleverly made that it is equally con-
vincing as a representation of a human
figure or of a potato tuber. In one pot
several tubers are combined to form a
head, trunk and arms. All of the figures
bear on the head and body many deeply
incised tuber “eyes.”

Now a peculiar feature of these sculp-
tures is that the human figures are gen-
erally mutilated. Of the 27 pots of out-
spoken anthropomorphic design, 22 ex-
hibit mutilations of the mouth or nose
or of both. Sometimes the end of the
nose is sliced off; sometimes one or both
lips are cut out, so that the teeth appear
to sprout from the exposed gums. What
explanation is to be ascribed to this
curious syndrome—potato tuber, human
figure, facial mutilation?

We start with the assumption that the
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pots depict a sacrificial mutilation de-
signed as a fertility rite to further the
productivity of the plant. The germinal
foci of the potato tuber lie in the “eyes,”
and it is a common tradition that a well
developed “eye” and a strong bud issuing
from it are favorable omens for a bounti-
ful crop. Let us now suppose that the
Peruvians regarded these foci not as
“eyes” but as “mouths.” For this there
is morphological support. The “eye”
of the more commonly grown S. an-
digenum varieties is very deep, and it
is bordered above and below by bolster-
like swellings which might be described
as lips. From between these lips project
the buds, which we must now regard as
teeth.

Accepting this symbolization, it fol-
lows that the bigger the mouth and more
prominent the teeth, the better the pros-
pects for a good crop.

The Peruvian was a confirmed
animist. The spirit of the potato, Papa
mama, needed not only invocation but
guidance and strength to carry out its
task. A common symbol of strength-giv-
ing in primitive rites is the outpouring
of blood, and in this case it would have
followed the mutilations.

It may be objected that this explana-
tion is an armchair theory lacking factual
support. Happily such criticism can be
met. We have evidence on the point
from the early Spanish soldier Cieza de
Léon. In 1545 he witnessed in Inca
Peru an elaborate ritual in which the
blood of a llama was poured over the
seed potatoes before planting. Later
visitors to Peru described scenes in
which the womenfolk collected the
blood of warriors and carried it off to
pour on the potato fields, or soaked
chuiio in the blood and ate it. Potatoes
of a blood-red color were, and still are,
highly prized in the Peru-Bolivia region.
Travelers have told me of seeing a curi-
ous ceremony: upon finding a blood-red
tuber in the field, a farm man or woman



rushes to the nearest person of the op-
posite sex and hits or touches him in the
face with it.

The pots themselves give further sup-
port to the fertility-symbolism theory.
One of them shows not only several
mutilated heads of human beings
(formed from tubers) but also a large
jaguar’s head, with mouth open and
teeth displayed, as if reinforcing the
symbolism suggested by the mutilated
heads. Finally, there is an early Mochica
pot which seems to sum up the whole
story: we see a man built up from a po-
tato tuber, with his lips and the end of
his nose cut off and his body be-
strewn with “eyes” from which extrude
well developed buds. In the man’s hand
is the digging-stick with which he will
plant the tuber seed.

HEN the potato arrived in Europe,
it soon acquired a semi-religious
aura there too, but in reverse—the peo-
ple regarded it as a sinister creation. The

Highlanders of Scotland, objecting
violently to the tuber as a food, noted
significantly that the potato was not
mentioned in the Bible. In Russia a
century later the introduction of the po-
tato met with open revolt. The Church
of the Old Believers wove a nexus of
myth around the tuber which, by a
miracle of inductive logic, led them to
alter the Ukrainian name for a potato,
bulba, into gulba, which connoted some-
thing sexually perverse and unclean.
England’s John Ruskin, in his The
Queen of the Air, called the potato “the
scarcely innocent underground stem of
one of a tribe set aside for evil.”
Throughout the 17th and the 18th cen-
turies there was a widespread and per-
sistent belief that the potato induced
leprosy. When that fell disease no longer
aroused popular fear, the potato was ac-
cused of being the cause of scrofula.
But the tuber was eventually accepted
everywhere. It is in Ireland, the classic
land of the potato, that one finds the

clearest evidence of the influence which
a cheap, nutritious foodstuff can exercise
on a society. The potato reached Ireland
around 1588. The Desmond Revolt at
that time and the Cromwellian storm in
the mid-17th century uprooted the Irish
peasantry and destroyed their herds,
their homes and their crops. But by the
end of the 17th century the potato had
helped them to recover. In Munster
and Connaught it had become the basic
food of nine tenths of the population.
In 1672 John Beale recorded that “po-
tatoes were a relief to Ireland in their
last famine; they yield meat and drink”—
a signpost on the road along which the
Irish economy was traveling. As we
journey through the next two centuries,
how often we hear the potato spoken of
as the lifeline of the people, the trusted
bulwark against ever-recurring failures
of the cereal crop!

The Irish potato economy has been
held partly responsible, and I think
rightly, for the rise in population which,

0.30

OLD AND NEW POTATOES are compared in their

actual size. At the bottom is a modern specimen. At the
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top are ancient Peruvian chufios in the American Mu-
seum of Natural History. They were dried by freezing.
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FIRST SCIENTIFIC DESCRIPTION of the potato was
published in 1601 by the famous French botanist Caro-

setting in early in the 18th century, was
to assume alarming proportions toward
its end. It is not true, as was once
thought, that the potato has aphrodisiac
powers, but it may fairly be said that the
potato did a great deal to make large
families possible. It provided a maxi-
mum of sustenance with a minimum of
labor. When the potatoes had been
earthed up in early June, there was no-
thing to do until October, and even
then tubers were often left in the ground
to be lifted as required—a custom
which proved of great value in times
of “trouble.” The output of an Irish
acre was sufficient to supply a married
couple and four children with all they
needed in the way of potatoes and still
leave enough for the pigs and hens, not-
withstanding that the average man con-
sumed 12 pounds, the wife 10 pounds,
and each child 5 pounds per day.

If food was no limiting factor, neither
was clothing; no one wore shoes, and
the children ran naked, at least in sum-
mer. Housing was of the simplest: it
was commonly allowed that a single-
chambered black hut could be erected
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for £3, and a partitioned dwelling for
£5. Of furniture there was little more
than the three-legged iron cauldron, a
few rough stools and perhaps a table.
Beds, as such, were a luxury; a straw
mattress on the raised part of the floor
sufficed. The cow, the pig and the
poultry lived under the same roof, pro-
viding welcome heat in the winter
months. Why, then, should the poor de-
lay marriage, seeing that they couldn’t
be poorer and might well be happier?

OWARD the middle of the 18th cen-
tury a disturbing sign appeared:
here and there the potato crop began to
fail. Sometimes the cause was excessive
rainfall, sometimes drought. And then
in 1809 a virus disease struck the crop.
By 1817 the disease had brought famine
and typhus to the people. The govern-
ment began to spend large sums for or-
ganized relief. In 1833 virus diseases
of the potato caused a spurt of emigra-
tion to the U. S.
These failures of the potato crop led
many to warn the government and the
people against undue reliance on the po-
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lus Clusius, or Charles de ’Escluse. This woodcut is re-
produced from his book Rariorum Plantarum Historia.

tato. It was too late; the potato had
not only fashioned the pattern of the
people’s lives but also widened the gulf
dividing the Protestant ruling caste from
the Catholic workers and farmers. The
impoverished and subject population felt
that its refuge and protection was the
potato economy. The relations between
the working classes, the small bourgeoi-
sie and the Protestant ascendancy had
become so stereotyped, so firmly embed-
ded in an economic nexus in which the
potato was the least common denomina-
tor, that the people were held in bond-
age to it.

Then in 1845 and 1846 came the total
destruction of the potato crop by the pre-
viously unknown fungus Phytophthora
infestans. The tale of this fatal mold and
of the Great Famine that followed has
been told too often to need repetition
here. Notwithstanding a sustained effort
by the government and the people of
England to meet the emergency, death
and emigration reduced the population
of Ireland from 9 million to 6.5 million
within six years, and in a couple of
decades it had fallen to 4 million.



HEN HE CAME to the Westinghouse Research Lab-

oratories in 1940, Dr. Earl Gulbransen was given
a challenging assignment. He was asked to initiate
a program of fundamental research on the corrosion
and oxidation of metals. A new approach was needed.
Previous research had failed to solve the problems. Dr.
Gulbransen, a physical chemist, was chosen to supply
that new approach.

With complete freedom to proceed in any direction he
saw fit, Dr. Gulbransen developed a host of new tech-
niques and methods that have resulted in a better
understanding of corrosion. He has a unique ability to
apply physical tools to the study of chemical reactions.
He developed a vacuum microbalance so sensitive that
it can weigh a single layer of oxygen atoms . . . a special
clectron diffraction camera for the study of crystal
structure of corrosion films at high temperatures . . . new
applications for the electron microscope in the study of
chemical reactions on solid materials.

The achievements of Dr. Gulbransen may also be
measured by the many honors he has received and his
50 scientific papers published since the start of his re-
search program. His latest honor was from the American

Society of Corrosion Engineers, which, at its Spring

Adventurers
in Research

Dr. Earl A. Gulbransen

SCIENTIST

A graduate of State College of Washington, Pull-
man, Washington, he received his Ph.D. from the
University of Pittsburghin 1934. Ile was a National
Research Council Fellow in physical chemistry, and
later a Research Associate at the University of
California. For four years he was Instructor at
Thufts College. In 1940 he came to the Westinghouse
Research Laboratories as Research Engineer, and
in 1947 was advanced to Advisory Engineer, his
present post.

meeting of 1952, granted Dr. Gulbransen the Willis
Rodney Whitney Award for his contributions to the
knowledge of corrosion.

Dr. Gulbransen is a soft-spoken, friendly man with
intense interests in both technical and cultural direc-
tions. He points out that the research in which he is
engaged has tremendous social significance. “It is well
known that our metal resources are diminishing,” he
says. “The pressure for these resources in the past has
led to power politics and disastrous wars. Success in cor-
rosion research and subsequent practice of protection
of our metal resources can offer areal alternative to the
pressing problems of mankind.”

Dr. Gulbransen will tell you he considers fundamental
research the most useful research. He explains that by
gaining an understanding of the basic reactions involved
between the simple gases and pure metal, an important
step is taken toward ultimate solving of the problem
of corrosion.

His contributions to science have been many. His
practical solutions to problems have added greatly to
our knowledge of metal processing, and have resulted
in many improvements in Westinghouse products.

Westinghouse Electric Corporation, Pittsburgh, Pa.
G-10256

you cAN BE SURE..IF nr'sVVestinghouse
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LINEAR
MOTION
POTENTIOMETERS

BOURNS precision wire-
wound potentiometers
accurately translate
mechanical position into
an electrical signal.
Resolution of .001 inch
attainable in all standard

ranges from 1 to 6 inches.
Technical publication
describing standard
B— models and special
applications available

upon request.

BOURNS designs and
manufactures other
potentiometer instru-
ments which measure
such physical variables
as gage pressure,
differential pressure,
altitude and acceleration.

d

/30(//?”5

LABORATORIES

6135 MAGNOLIA AVENUE
RIVERSIDE, CALIFORNIA
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PERUVIAN POTATO called the tunta is white except for the eyes. It was

made from the already dried chufio by long immersion in running water.

The common idea that Ireland at-
tained its economic and political inde-
pendence by political action and revolu-
tion is, I believe, but half the truth.
Ireland could never have been really in-
dependent until it freed itself from its
economic thralldom to the potato. That
was not effected by legislation, violence

or famine. The old economy was de-

“feated by a newer economy, by free

trade and by the importation of cheap
American food.

RELAND is the extreme example of
the impact of the potato on social or-
ganization. In most of England its effect

PERUVIAN VESSEL was made to look like the tunta. Most of the Peruvian

potato vessels, however, also look like people (see photograph on page 56).
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This glass drives home a point
... it’s strong

Sure, it’s easier to drive a nail with a hammer. But, the point is—glass
can be made strong enough to stand such a blow.

This characteristic of PYREX brand glass No. 7740 makes it prac-
tical for pipelines, sight glasses, mixer bowls, explosion-proof globes
and other products that must withstand pressure or mechanical shock.

Physical strength is just one property Corning can build into glass.
There are many others that make its application to design problems prac-
tically unlimited. For example, glass can be made to withstand tempera-
ture extremes, conduct or insulate electrical charges, control light, repel
corrosion, or give you new ‘‘eyes” through its optical properties. In short,
glass by Corning is a zew engineering material. We suggest that you send
for the illustrated bulletin on “Glass, its increasing importance in product
design.” Just mail the coupon.

CORNING GLASS WORKS
CORNING, NEW YORK

@WWWW Gass
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Besides providing “eye appeal,” PYREX mixing
bowls give you extra protection against
physical and thermal shock.

Made to withstand various boiler pressures up
to 2000 psi., PYREX, MACBETH and CORNING
brand gauge glasses illustrate the ruggedness
Corning builds into glass.

Refineries and chemical plants handling highly
volatile solvents depend on Underwriters’
approved PYREX brand explosion-proof globes
for safe, efficient lighting.

3

| CORNING GLASS WORKS

| 52 Crystal Street

: Corning, N. Y.

|  Please send me your 12-page illustrated
| booklet, “Glass, its increasing importance
: in product design.”
|

|

|

|

|

|

|

|

|

|

I

|

Name

Title

Company.
Address.

City Zone

State

PYREX is a registered trade-mark in the
U. S. of Corning Glass Works.
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JOB
OPPORTUNITIES
AT FORD
INSTRUMENT

Ford Instrument Company,
pioneer in the development of
control devices, is regularly
looking for and offering per-
manent positions to engineers
who can qualify as:

o Design Engineers

e Liaison Engineers
—for basic customer contact

e Mechanical Engineers
e Electrical Engineers
¢ Quality Control Engineers

e Technical Writers
with experience writing manuals
on complex systems

e Design Draftsmen

F'rom the drafting rooms, laborato-
ries and shops of the three great
buildings of the Ford Instrument
Company, come the mechanical, hy-
draulice, electro-mechanical, electronic
and magnetic instruments, computors
and control equipment, that bring us
our “tomorrow” today. Write for
more complete information.

FORD INSTRUMENT
COMPANY

DIVISION OF THE SPERRY CORPORATION

31-10 Thomson Avenue,
Long Island City 1, N. Y.
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MUTILATED HEAD is worked into the potato design of another Peruvian
vessel. The mutilations may have suggested bleeding, symbol of strength.

was blunted by the sturdy indepen-
dence of the people; in truth the potato
there was for a long time a luxury
food, and was accepted by the in-
dustrial workers only reluctantly after
wheat prices skyrocketed during the
Napoleonic Wars. The English working
man had long regarded the Irishman as
a man enslaved by his potato diet, and
he struggled to ward off a similar sub-
jection.

The danger the English worker recog-
nized more than 150 years ago has not
disappeared. Before World War II a po-
tato economy was being created in rural

© 1952 SCIENTIFIC AMERICAN, INC

Poland, and today one exists along part
of the Chilean coast of South America
and west of it on the Pacific island of
Chiloé. As in Ireland just over a hundred
years ago, the Chilean crops were de-
stroyed in 1950 suddenly and un-
expectedly—and by the same agent.

A cheap, abundant and easily raised
food still has its dangers!

——

Redcliffe N. Salaman is author
of the book The History and
Social Influence of the Potato.



Six strong arms
and "true’

Six powerful arms of steel grip and turn the crankshaft—send power
from pulsing pistons surging through the mighty Ford truck. These
connecting rods are machined to tolerances of 3/10,000 of an inch—
diamond-bored for precision—dynamically balanced to 1/10th of

an ounce for peak performance. That’s precision production—

and for such exacting work in great volume, Ford Motor Company
depends on Lycoming,

Lycoming stands ready to assist you—whether you have “just an idea”
that needs developing, a problem in the blueprint stage, or a finished metal
product that needs speedy fabrication. Long famous in the metal-working
field, Lycoming continues to meet the most exactingand diverse requirements,
both industrial and military. Whatever your problem—look to Lycoming!

Lycoming's 2Y2 million feet of floor space, its more than
6,000 machine tools, and its wealth of creative engineering
ability stand ready to serve your needs.

AIR-COOLED ENGINES FOR AIRCRAFT AND INDUSTRIAL USES o PRECISION.AND-
VOLUME MACHINE PARTS ¢ GRAY-IRON CASTINGS o STEEL-PLATE FABRICATION

~LYCOMINC

LYCOMING-SPENCER DIVISION
EBRIDGIPORT-LYCOMING DIVISION

FOR RESEARCH
FOR PRECISION PRODUCTION

WILLIAMSPORT, PA,
STRATFORD, CONN.
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For precision “arms"
—connecting rods
that perfectly pass
power along to a
truck’s wheels—

Ford Motor Company
depends on Lycoming
precision production.

Lycoming-Spencer Division
AVCO Manvfacturing Corp,
652 Oliver Street
Williamsport, Pa.

Please send me further information on
Lycoming’s varied abilities and facilities.

Name.

Firm, Title.

Address

City Zoms, State.
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THE BREEDER REACTOR

The realization of cheap atomic power hinges on our ability

to build reactors that make more fissionable material than

they burn. Some details of our first attempts to build one

Energy Commission put into opera-
tion at Arco, Idaho, its experi-
mental breeder reactor—the first reactor
in the world to begin testing the pos-
sibilities of harnessing atomic energy as
an economic, competitive source of
power. As such, it is probably the most
important reactor since the original
Chicago pile. Its general design has now
been made public by W. H. Zinn, di-
rector of the Argonne National Labora-
tory, and a schematic drawing of the
design is published below.
The Arco breeder is exploring the
answers to several questions, but the

SEVERAL months ago the Atomic

e

CONTROL ROOM

) ]l

= 000

e

e

ca

key one is whether a nuclear reactor
can be made to manufacture more fuel
than it burns. Its assignment is to burn
the fissionable U-235 in natural uranium
and, with the neutrons from these fis-
sions, to convert the much more abun-
dant U-238 in the mixture to fissionable
plutonium. The fission of U-235 atoms
releases an average of 2.5 neutrons per
atom. One of these neutrons must be
captured by another U-235 atom to
maintain the chain reaction; for breed-
ing to succeed, better than one of the
remaining 1.5 neutrons must be cap-
tured by U-238 to make plutonium.

The experimental breeder is designed

;;?FP?% SUPPLY TANK
kseion
4

7y

REACTOR CORE

SCHEMATIC DIAGRAM shows reactor together with
its associated energy-converting equipment. Wide gray
borders indicate concrete shielding which encloses the
core and radioactive primary cooling circuit. In the
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to cut neutron losses to a minimum and
ensure that as many as possible find
their way to U-238 atoms. Its reacting
core is tiny—about the size of a football.
Because the materials used in a reactor
to slow down neutrons all absorb some
neutrons, this reactor has no moderator:
it operates with fast neutrons. Around
the core is a “blanket” of U-238, which
catches neutrons to form plutonium.
All of the reactor’s power is generated
as heat in this small core. The coolant
that picks up the heat and carries it
to the electricity-generating unit is a
liquid metal—an alloy of sodium and
potassium. This alloy does not appreci-

TURBO-GEMERATOR

RGO
: SRR

A -fx.?t‘.ﬁ.?ﬁ’ér%
7t

ELECTROMAGNMETIC PUMP
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heat exchanger a secondary circuit takes heat (but not
radioactivity) and conveys it to the unshielded steam
boiler. Space used for energy production is seen to
be tiny compared with the space for energy conversion.



RADIATION DAMAGE crumbles
fuel element. Before-and-after views
show effect of neutron bombardment.

ably absorb neutrons and has excellent
characteristics as a heat transfer med-
ium: for example, it is liquid at room
temperature but has a high boiling point,
1,500 degrees. It is, however, extremely
active chemically: it burns vigorously
when exposed to air and explodes on con-
tact with water. It is also highly radioac-
tive because of its exposure to neutrons.
Hence it must be handled carefully.
Emerging from the core at a tempera-
ture of 660 degrees, the coolant flows
through a heat exchanger, where it gives
up its heat to a second circuit, and is
then pumped to an elevated storage
tank, from which it begins its circuit
again. To handle the radioactive liquid
metal, special pumps, valves, flow meters
and other instruments had to be de-
signed. One of these is a unique “elec-
tromagnetic pump” without moving
parts. It operates much like an induc-
tion motor: electromagnetic forces move
the liquid metal through a duct in the
same way that they force the rotor of an
induction motor to turn.

The section of the plant through which
radioactive coolant flows is enclosed by
a concrete shield. The second circuit of
sodium potassium alloy, which takes the
heat from the first, does not become
radioactive and is outside the shield. It
transfers the heat to a steam boiler of
special design. With sodium-potassium
alloy and water together in the same
apparatus, the boiler must be construct-
ed so that they cannot come into con-
tact with each other.

HE REACTOR core has the highest

flux of neutrons known—650 million
million neutrons per square inch per
second. This creates a severe problem,
because a high neutron flux breaks down
the physical structure of all materials
and equipment exposed to it, including
the uranium itself (see photographs
above).

The AEC has not disclosed how heat
can be transferred efficiently from the
very small reactor core. The reactor
vields four kilowatts of power for each
cubic inch of the core, whereas a modern
oil-fired naval boiler gives only six
tenths of a kilowatt per cubic inch.

The experimental breeder is produc-
ing enough power to supply its own

A TECHNICAL FIRM

May Be Known By Its Clients

NDA Now Works With

The Babcock & Wilcox Company
Bell Telephone Laboratories, Inc.

Carbide & Carbon Chemicals Company
(Oak Ridge National Laboratory)

The Conservation Foundation

The Cooper-Bessemer Corporation
The Detroit Edison Company

The Dow Chemical Company
Halliburton Oil Well Cementing Co.
The International Nickel Co., Inc.

The Johns Hopkins University
(Applied Physics Laboratory)

United Aircraft Corporation
(Pratt & W hitney Aircraft Div.)

U.S. Atomic Energy Commission

Known for its application of advanced engineering
physics to nuclear reactors, this private enterprise
specializes in many kinds of imaginative, high-
performance engineering design for hoth govern-
ment and private enterprise.

NUCLEAR DEVELOPMENT ASSOCIATES, INC.

WHITE PLAINS, N. Y.

For Mwsie Suers

Here is the quality your ear demands
Here is the value selected by experts

Best Buy in a High-Fidelity 8
Music System Recommended by
Saturday Review’s E. T. Canby

Now you can revel in full-fidelity,
distortion-free reproduction of
vour records. Here is an easy-to-
assemble custom music system at
a sensible price — selected and
recommended by E.T.Canby and
associated authorities on the re-
production of recorded music.
Complete system includes: Bogen
DB-10-1 Hu,h Fidelity Amplifier,
Garrard RC-80 3-Speed Changer
with two G. E. cartridges and
diamond stylii, Electro-Voice
SP12B Coaxial Speakv:n Complete
with cables (no soldering connec-
tions required), hardware, and
full instructions. Shpg.wt., 65 Ibs. \

Bagen Amphtigr

Garrard Changer

93-572. Only..... $162.75 ¥
98-650. Pilot AF-821 FM-AM

High-Fidelity Radio Tuner for

above system. Only . $99.95 S

Other fine custom quahly home
music systems from $108 to $1250

Outstanding Book on High-
Fidelity. If you're interested in
recorded music, you'll want a copy
of * The Saturday Review Home Book of Recorded Music
and Sound Reproduction.” Complete, authoritative in-
formation on all aspects of high-fidelity reproduction
and recording techniques. 37-946. Postpaid . . ... .. $4.40

Electro-Voice Speaker

236 Poge Hi-Fi,
FR!E TV ond Rodio Cateleg

Send for the complete Buying
Guide to every0h|ng in High-
Fidelity, TV, Radio and Elec-
tronic E'qulpmenl Unsurpassed
selection of quality apparatus
and fine valves. Ask for your
FREE copy today.

ALLIED RADIO

833 W. Jockson Blvd., Dept. 40-M-2,Chicagoe 7, lllinois
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ENGINEERS
NEEDED

to work on
G. C. A., Mobile
Radio, Auto Radio,
Airborne Communica-
tion &
Equipment,

Radar,

Navigation
Television,

Antennas, Microwave

Equipment, Servo Me-

chanisms, and Guided
Missiles and Test
Equipment.

@ TV Receiver Design Eng.
@ Test & Inspection Eng.
@ Electronics Engineers

@ Field Engineers

@ Lab. Technicians

YOU BENEFIT AT
BENDIX RADIO

Write from high wages, a modern, air-
Wire, conditioned plant, paid vaca-

Y tions and holidays, group insur-
Phone ance and a good chance for

advancement.

Housing immediately available
in the beavutiful suburban and
country areas that surround the
Bendix Radio plant.

"BendixX Radio

DIVISION OF BENDIX AVIATION CORP.

Mr. E. O.
Cole,
Dept. R

BALTIMORE-4, MD. Phone: TOWSON 2200
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Demonstrate

RADIOACTIVITY
with the

CCLASSMASTER,

D

@ Everything you need for demonstrating or
teaching the fundamentals of radioactivity
is supplied in the Nuclear “Classmaster”.
Beta and gamma radiation indicated by a
flashing neon light and a loudspeaker, and
alarge meter shows the count rate. Demon-
strate inverse square law, coincidence loss,
absorption, geometry effect, counter pla-
teau, other interesting characteristics. Only
the “Classmaster” provides all necessary
equipment for elementary course in nucle-
onics. Absolutely safe for classroom use.
Complete with instruction manual. Write
for details. Price $147.45 f.o.b., Chicago.
nuclear INSTRUMENT &

CHEMICAL CORP.

247 West Erie Street,

Chicago 10, lllinois

BRANCH OFFICES:
New York, New York—

Los Angeles, Calif.—

Silver Spring, Maryland

-

nuclear “Precision Instrumentation
for Nuclear Measurement”
T T T

y

" S e RADIOACTIVITY
with the

CHELDUDIMAY

L

i @® Only with the “Cloudmaster” — Nuclear’s
| exclusive continuous cloud chamber —can you
| see the visible tracks of “alpha” and “beta” par-
| ticles as they are emitted from radioactive ma-

terial. A dramatic demonstration that’s ideal for
| classrooms or meetings! Watch the “radioacti-
vity tracks” constantly erupting from the low
energy radiation source that’s completely safe.
Uses easily obtainable dry ice and isopropyl
alcohol. Supplied with combination “sweep volt-
age” 1200 volt d-c supply and illuminating light,
ready to plug into any 120 volt a-c line. Nuclear
“Cloudmaster”, complete with simple operating
instructions — $99.00 f.o.b. Chicago.

nuclear INSTRUMENT AND
CHEMICAL CORPORATION

247 West Erie Street ® Chicago 10, lllinois

Branch Offices: New York, New York
Los Angeles, Calif.

® Silver Spring, Maryland

\ |

nuclear “precision Instrumentation
for Nuclear Measurement”
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CORE AND BLANKET are shown i

n close-up. Chain-reacting core (red

oval) supplies neutrons to surrounding U-238. Liquid metal coolant flows

through blanket and core and emerges (red arrows)

electrical machinery. But there is
no indication that it has yet attained
its primary goal—breeding more nuclear
fuel than is consumed. “We do not
know,” says Zinn, “that we can operate
a reactor in which the necessary econ-
omy of neutrons exists. . . . Perhaps more
such experimental devices will be neces-
sary before we are on sure ground as to
the fundamental feasibility of the pro-
cess.”

If breeding does succeed, and despite
their cautious tone most authorities be-
lieve that it will, Zinn points out that
20 pounds of natural uranium will yield
51,800,000 kilowatt-hours of electricity
—enough to light 25,000 average Ameri-
can homes for a year. At an assumed
price of $35 a pound for refined uranium
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at 660 degrees.

this gives a fuel cost of .013 mills per
kilowatt-hour exclusive of the cost of
chemical processing to separate the
plutonium. Even if fuel processing raises
the cost by a factor of 10, Zinn observes,
the fuel cost will still be negligible.

NUMBER of private industrial

firms are now studying the pos-
sibilities of commercial atomic power.
The Dow Chemical and Detroit Edison
group recently indicated that it thinks
breeding is a good bet to succeed. This
group proposes to build a pilot power
plant using a high-temperature breeder
reactor. It has said that it is willing to
undertake the project with its own funds
and without a government-guaranteed
price for plutonium made in its plant.



Important to
Engineering, Research & Testing

Internal view showing amplifier and damping circuit components.

e NEW HIGH SPEED Z/zrl1o71iK RECORDER

For accurate records of

rapidly changing variables

® Now you can accurately record, on a wide
chart and on a null-balance instrument, full
scale signals which vary as rapidly as 20 cycles
per minute. Signals with a peak to peak ampli-
tude of 109, of scale can be reproduced at
variations up to 3 cycles per second.

The instrument develops a pen speed that tra-
verses its eleven inch graduated chart in one
second! It has chart speeds up to 4 inches per
second—20 feet per minute. It incorporates
an adjustable damping circuit. . .has a motor
driven reroll mechanism to maintain constant
tension on the chart. .. and is adaptable to the
measurement of practically any d-c signal.

Humes el

0 10 20 30 40 50 60 Q@S0 S0 100

Simultaneously records

two independent variables

ON ONE CHART

® On a single chart, the ElectroniK Duplex
Recorder provides a clear, easily read record of
the measurement of practically any combina-
tion of two independent variables. A “natural”
for such applications as atomic energy, stress
analysis and acoustics . . . this instrument is
particularly useful in before and after compari-
sons made by recording a measurable charac-
teristic of a substance as it enters and emerges
from a processing stage or reaction.

Auxiliary switches can be supplied on one pen
for control or signalling . . . a solenoid-actuated
third pen can be provided to register in time
conformance with one of the standard pens.

o THE Z/leclioniK DUPLEX RECORDER

MinNEAPOLIS-HONEYWELL REGULATOR Co., Industrial
Division, 4580 Wayne Avenue, Philadelphia 44, Pa.

I
Honeywell
| Fost i Coitinls-

@ Tmportant Reference Data

WRITE FOR A COPY OF DATA SHEET NO. 10.0-7 ON THE HIGH SPEED RECORDER ... DATA SHEET NO. 10.0-6 ON THE DUPLEX RECORDER.
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TRAUMATIC SHOCK

The dangerous complication of serious injuries is countered

by transfusion, but not always successfully. An experimental

study of such failures suggests a hitherto unsuspected cause

RAUMATIC shock is a serious,
Toften fatal, complication of major

injury. Since it usually occurs when
the victim has lost a considerable quan-
tity of blood, the standard treatment is
to replace this blood by transfusion.
However, transfusions do not always
work, and for many years investigators
have been studying the problem of just
what happens in shock and how it might
be treated more effectively. This is an
account of current studies at the Harvard
Medical School and elsewhere which
have yielded some promising leads.

A person suffering from traumatic
shock due to loss of blood is in an ob-
vious state of collapse. The lips and
skin are pale; the skin is cold and moist;
the blood pressure is low; the pulse is
fast; there is no urine. The deficiency in
the supply of blood to the tissues leads
to rapid disintegration and death within
hours, or at most one or two days. Re-

by Jacob Fine

placement of the blood loss will usually
save the patient, if the transfusion is
given soon enough and the major fea-
ture of the injury is simply the hemor-
rhage. But long ago it was learned
that often this is not the whole story,
that in many cases some factor apart
from loss of blood volume must be pres-
ent, because transfusion is useless. For
example, shock caused by extensive
burns sometimes is not cured by replace-
ment of the large loss of blood plasma.
The same is often true in cases of a
massive wound of muscles or viscera,
known as “wound shock.” The questions
arose: Is burn shock or wound shock the
same as hemorrhagic shock? What is
the factor that prevents shock victims
from recovering when they are given
prompt transfusions? This was where
the problem stood in 1940.

During the past decade it has been
attacked in many ways, and one of the

most fruitful was an intensive study by
Robert Chambers and his colleagues
at New York University of the changes
in the peripheral circulation during
shock. Let us look for a moment
at the system of peripheral blood ves-
sels. Approaching the capillary bed that
feeds the tissues, the small arteries (ar-
terioles) divide into still smaller metar-
terioles and the latter in turn branch into
capillaries. At the outgoing end the
capillaries fuse to form venules and
these join to form veins. The inlet (arte-
riole) and the outlet (venule) of the
capillary system are connected by a
blood vessel, called the arteriovenous
anastomosis, which under certain cir-
cumstances allows blood to by-pass the
capillaries (see diagram at the top of
page 64).

The thrust of the heartbeat is not
powerful enough to drive blood through
the capillary system. The -circulation

graphs is the portal vein, which conducts
three fourths of the blood to enter the liver.
At the upper right in the photographs are the

EFFECT OF SHOCK on the portal circulation of a dog is revealed
by injecting a substance opaque to X-rays into its circulatory sys-
tem. The large vessel at left center in each of these X-ray photo-
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there is helped by a sheath of muscle
around the arterioles, which contracts
rhythmically and so “milks” the blood
forward through the capillaries. At the
point where the metarterioles branch
into capillaries, there is a muscular
sphincter which regulates the flow into
the capillary system. The blood pres-
sure at the incoming end of the system
is substantially higher than at the out-
going end: it falls from an average of
120 millimeters of mercury in the small
entering arteries to about 10 millimeters
in the outgoing veins.

When the body’s blood volume drops
sharply, the small arteries constrict, in-
crease their resistance to flow, and so
assist in sustaining the blood pressure.
The resulting decrease in the flow of
blood through the capillaries reduces
the nourishment and cleansing of the
tissues. The arterial muscle, like all other
tissues, suffers from this. Eventually it
loses its contracting power. Much of
the blood coming to the arterioles is
diverted from the capillary system
through the by-passing vessel, and the
flow through the capillaries becomes
swamplike. The oxygen supply falls,
and acid products from the tissues ac-
cumulate in the blood. Owing to the
reduced hydrostatic pressure in the
capillaries, the filtration of the blood by
the kidneys slows up or stops. Urine is
scant or absent, and waste products are
not excreted. Before long some vital
organ gives way and death soon follows.

HIS IS the intimate picture of the
peripheral circulation in traumatic
shock, however produced. The surpris-
ing and significant fact is that the same

paralysis of peripheral vessels and
swamplike slowing of flow in the capil-
laries occurs even in cases of shock in
which there is no significant loss of
blood: for example, in persons injured
by being buried under a cave-in or in
patients suffering a severe infection,
such as peritonitis or pneumonia.

What common denominator can there
be in all these different situations that
causes the same collapse of the periphe-
ral circulation? Many years ago the
great Harvard physiologist Walter B.
Cannon proposed that a toxin might be
the responsible agent. But an intensive
search failed to disclose such a factor
that would receive acceptance. Even in
shock due to infection it is by no means
agreed that bacterial toxins are the di-
rect cause. Many investigators have
sought to trace shock to the failure of a
particular organ or tissue. The literature
is full of studies invoking a crucial role
for the heart, the central nervous sys-
tem, the kidneys, the adrenals. Others
have looked for the cause of death in a
generalized deterioration of cells or in
disturbances of enzymatic processes.

The heart came under early scrutiny,
because the blood output per beat is
always much reduced in shock. This
happens whether or not blood is lost,
because in both types of shock the re-
duced velocity of flow in the peripheral
circulation results in a slower filling of
the veins and a decline in the flow back
to the heart. The heart muscle, however,
shows greater resistance than other tis-
sues to the ravages of insufficient oxy-
gen or deficiency of flow. At any time
up to the moment of death, the heart
will respond well to the spur of a fresh
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CAPILLARY BED is supplied with blood by the met-
arteriole and drained by the venule. Around some of
these small vessels is a muscular sheath, here indicated
by short lines. At the left is the arteriovenous anas-

transfusion. Even so, the shock state
does not improve; the collapse of the
peripheral circulation persists. Hence
the heart can be dismissed as the central
cause of the state of shock.

The central nervous system also can
be excluded, on the ground that its con-
trol of respiration, heart action and
other vital functions continues in good
order to the end. So, too, can the kid-
neys. It is obvious that they are serious-
ly injured, for urine formation declines
sharply or stops altogether. But shock
victims may die in a matter of hours,
whereas even a total collapse of the kid-
neys is not fatal for some 6 to 12 days.
Moreover, use of the artificial kidney is
of no help in shock.

We can also exonerate the adrenals,

SPHINCTER

L\

because traumatic shock is not allevi-
ated by adrenalin, by adrenal extracts,
by cortisone or by ACTH, which can
correct or compensate for adrenal fail-
ure.

Efforts have been made to treat shock
by correcting the intermediary metabo-
lism, which is upset by shock in many
ways. Inhalation of pure oxygen, intra-
venous injections of glucose and of alka-
li, drugs to raise blood pressure, proce-
dures to restore the blood’s electrolyte
balance and to remove nitrogenous

waste products—all these have been
found ineffective. If a normal and sus-
tained flow of blood in the peripheral
circulation can be brought about by
transfusion, these procedures are un-
necessary. If transfusion cannot restore

, PREFERENTIAL CHANNEL

tomosis (A.V.A.), through which blood can by-pass
the capillary bed. The diagrams on this page are adapt-
ed from the publications of Ephraim Shorr and his
associates at the Cornell University Medical College.

normal flow, these procedures prove
useless, whether instituted before or
after the transfusion.

In 1940 there was a popular theory
that in those cases where transfusions
tailed, the trouble was that the walls of
all the capillaries became more than nor-
mally permeable, so that plasma and
other fluids escaped into the tissues as
fast as they were poured into the circu-
lation. The naivete with which this the-
ory was accepted is surprising. Since
only plasma, not whole blood, could es-
cape in excess from the circulation, the
theory required that the concentration
of red cells in the blood should rise. No
evidence that this happened (except in
special cases such as burns) was ever
produced, and eventually the theory

PATH OF BLOOD through the capillary bed is nor-
mally routed by muscular sphincters first through one
capillary, then through another (left). When the blood
pressure drops, the sphincters contract so that the hlood
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passes only through the muscular “preferential chan-
nel” (center). After prolonged low pressure, however,
the muscles lose their power to contract and relax, al-
lowing blood to stagnate in the capillary bed (right).



was definitely disproved, both by label-
ing the proteins in the plasma with ra-
dioactive tracer isotopes and by meas-
urements, with reliable new techniques,
of the blood volume, which showed that
almost all the transfused blood remains
in the circulation. When plasma leaves
the circulation at an excessive rate, it
does so only at a site of injury.

VENTUALLY it occurred to us that
one vital organ had not yet been
sufficiently investigated. This was the
liver. Several things made it an in-
triguing suspect. Its destruction or re-
moval means death within 24 hours. Un-
like other organs, which receive all of
their blood from arteries, the liver gets
three-quarters of its supply from the
portal vein. It was known that during
shock the oxygen content of the blood
in the portal vein drops almost to zero.
We proceeded to investigate how the
liver would respond if this deficiency
were corrected. We used a special ex-
perimental technique we had developed
for evaluation of various treatments.

A healthy dog, quieted with a dose of
morphine, is gently tied down on a ta-
ble, and after the skin of the groin has
been shaved and novocain injected,
an incision is made to expose the large
artery and vein in the groin. Into these
vessels are inserted glass tubes con-
nected by rubber tubes to an elevated
reservoir containing heparin, an anti-
clotting agent. The experiment begins
when blood from the artery is allowed
to run unimpeded into the reservoir. As
bleeding proceeds, the blood vessels of
the dog progressively constrict to take
up the slack caused by the decline in
blood volume. The height of the reser-
voir is adjusted so that bleeding will
stop when the blood pressure drops to
30 millimeters of mercury. The dog is
now in deep shock. The blood pressure
and the blood level in the reservoir re-
main constant for an hour or so. Then
the constricted muscles of the arterioles
begin to lose their strength. As the ves-
sels relax and the blood pressure falls,
blood flows back from the reservoir into
the artery until the pressure again rises
to 30 millimeters. The dog has per-
formed a self-transfusion. The blood
vessels may recover tone for a time and
stop taking up blood, but eventually
their capacity for recovering tone de-
clines. Then the self-transfusions become
larger and larger. When, in spite of the
return of more and more blood, the
vessels” tone is so exhausted that they
cannot sustain the pressure at 30 milli-
meters, the blood pressure begins to fall
steadily and rapidly. The dog soon dies,
even though all the blood has flowed
back into its system.

Experience in hundreds of experi-
ments has shown that if, at any time
before the dog has taken back 40 per
cent of the maximum bleeding volume,
the remainder is rapidly transfused into
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the vein, the blood pressure returns to
normal, or nearly to normal. The shock
promptly disappears and the dog re-
covers. If, however, the remainder is not
transfused until after more than 40 per
cent has been taken back, the dog does
not recover. The quantity of 40 per cent
is therefore the critical point. Beyond it
shock cannot be reversed by transfusion.
It is an artificial point, to be sure, since
it has meaning only in terms of this par-
ticular experimental setup.

The average duration of the period
of shock before irreversibility sets in is
4.8 hours, and the maximum volume
bled out averages 53 milliliters per kilo-
gram of body weight. These figures will
not hold if the experiment is modified in
any important respect. Thus, if the room
temperature and humidity are high, if
the dog has been sick or is malnour-
ished, if an anesthetic or a barbiturate
has been administered, the reversible
phase will be shorter and the bleeding
volume will be less.

With this controlled experiment es-
tablished, we were ready to begin
searching for the factor that produces
irreversibility, and to try out various
therapeutic agents for treating hereto-
fore irreversible shock.

WE SET about testing the possibility
that the liver is responsible for ir-
reversible shock. We supplied that or-
gan with a flow of fully oxygenated
blood, while the rest of the body was
kept in a state of shock. This was done
by connecting two large arteries of a
healthy donor dog to the shocked dog’s
portal vein. A volume of blood equal to
that delivered to the liver was simul-
taneously removed from the large vein
in the groin and returned to the donor
dog, which was none the worse for wear
at the end of the experiment. The
shocked dog so treated survived. But if
the donor’s blood was delivered to an
ordinary large systemic vein, say in the
groin or neck, instead of into the portal
vein, the shocked dog died just as
promptly as if it had received nothing
from a donor.

This experiment implicated the liver,
but we still did not know how the dam-
age was done. X-ray studies of the liver
during shock show that the vessels of
this organ, as of other organs, are in a
state of spasm. As a result, blood in the
portal system is partly blocked from
returning to the general -circulation
through the liver. The pressure in the
portal vein becomes much higher than
in the systemic veins, especially if re-
peated transfusions have raised the pa-
tient’s blood volume above normal.
However, we found that reducing the
pressure in the portal vein did not help;
hence the high pressure did not account
for the major features of the shock state.

We then considered anew Can-
non’s old toxin theory. Does shock pre-
vent the liver from manufacturing some
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substance essential to normal function-
ing of the peripheral vessels, or cause it
to produce a substance injurious to these
vessels? Ephraim Shorr and Abraham
Mazur at the Cornell University Medical
College have reported that the liver in
shock, deprived of oxygen, converts one
of its proteins into a substance which
depresses the peripheral circulation.
But they have also found a similar sub-
stance in muscle tissue deprived of its
circulation. Since bacteria may normally
be present in both muscle and liver tis-
sue, there is a possibility that the de-
pressor substance may be a bacterial
product. In any case, their work places
the theory of a toxic agent on firmer
ground than before.

E DECIDED to re-examine the

possibility that the irreversible
damage in hemorrhagic shock might be
caused by bacteria. Since the advent of
the antibiotics, it has been found that
these drugs often reverse shock due
to infection simply by attacking the in-
fecting agent. There is also the sugges-
tive fact that burns and wounds are as
a rule contaminated with bacteria.

We investigated in turn three possi-
ble sources of bacterial invasion in our
experiments on shock. The first was the
apparatus used and the non-sterile inci-
sions made for exposing the blood ves-
sels. We eliminated this possibility by
carrying out a series of experiments with
all the sterile precautions of a hospital
operating room, which did not change
the results.

The second possible source was the
bacteria in the tissues of the dog. Nearly
every tissue in a healthy dog harbors
the gas bacillus and sometimes other
bacteria. The liver is especially rich in
gas bacilli. It was conceivable that this
microbe, which flourishes in the absence
of oxygen, might begin to produce lethal
toxins during shock, when the oxygen
supply to the liver falls. But in a series of
experiments on more than 50 dogs we
found that intravenous administration
of penicillin and aureomycin, to which
most strains of gas bacilli and many
other bacteria are sensitive, failed to pre-
vent the development of irreversible
shock in a majority of animals.

The third possible source of bacterial
toxin is the intestinal flora. We knew that
prolonged irritation of the intestinal
wall by exposure to certain irrigating
fluids could make it permeable to in-
testinal bacteria so that they could in-
vade the peritoneal cavity. It seemed
possible that the intestinal wall might
also become permeable as a result of
damage due to lack of oxygen.

In the next series of shock experi-
ments, therefore, we treated the animals
beforehand with antibiotics that de-
stroy intestinal bacteria. These treated
dogs showed remarkable resistance to
irreversible shock. Only six out of 50
died, against the usual expectation of 40
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out of 50. Although the treated dogs
bled as much as the untreated ones,
their period of tolerance to the low
blood pressure rose from 4.8 hours to
over 7 hours, and even more striking
was the fact that after the dogs had
passed the 40 per cent critical point,
restoration of the full volume of blood
brought about a rapid recovery. The
next day the dogs were frisky, took food
and seemed none the worse for the ex-
perience.

We cannot be certain that the effec-
tiveness of the drugs was due exclusive-
ly to action on bacteria in the intestines.
However, one of the antibiotics we used
was neomycin, and only three per cent
of this drug, given by mouth, gets into
the bloodstream. Moreover, penicillin
was much more effective when put into
the intestine than when injected. Al-
together the experiments strongly im-
plicate intestinal bacteria as the chief
culprits in producing irreversible shock.
It is at present impossible to say whether
the bacteria’s effect on the blood vessels
is due to their own escape from the in-
testine into the bloodstream, to the
escape of toxins they manufacture or to
failure of the injured liver to perform its
normal function of neutralizing such
toxins. In an effort to account for the
beneficial effect of maintaining a normal
supply of arterial blood to the liver, we
compared the result of infusing aureo-
mycin into the portal vein (through
which bacteria from the intestine can
reach the liver) with that of infusing
aureomycin in a vein of the general
circulation. The results suggest that the
bacteria reaching the liver via the portal
vein from the intestine are the most im-
portant source of the substance which
damages the vessels; the liver in shock
apparently loses its capacity to destroy
this substance.

OF course the findings in these ex-
periments do not necessarily apply
to man. We do not know whether inva-
sion of intestinal bacteria occurs in man
during shock. The most significant re-
sult of the experiments in dogs, how-
ever, is the general observation that bac-
terial action appears to account for irre-
versibility to transfusion, even when
there is no evidence that bacterial action
is taking place. A shock-producing
wound, whether obviously infected or
not, is likely to harbor bacteria. The
most devastating wounds are those of
the buttocks and lower extremities, the
skin of which harbors intestinal bacte-
ria.

Tentatively it is our conclusion that
when traumatic shock does not yield
promptly to transfusion, infection should
be assumed, and antibiotic therapy
should be tried.

e —

Jacob Fine is professor of surgery
at the Harvard Medical School.
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Arroyos

A century ago the valleys of the Southwest were green; now they

are brown and cut by gullies. Man is blamed for the change, but

he has only added a factor to the geologic cycle that causes it

‘}i THEN the Spanish explorers of
America first came to the U. S.
Southwest some 400 years ago,

they found it a land of grassy meadows,

green valleys and clear running streams.

Today the once green valleys are arid

and deeply gashed by dry, ugly gul-

lies. What has caused this grim change
in the landscape? Most people lay the
blame upon man’s misuse of the land.

But recent investigations have given us

a new and somewhat surprising view of

the erosion story in the Southwest, and

this article will piece together that story.
If you drive through New Mexico and
Arizona on Highway 66, the Grapes of

ARROYO called Chaco Canyon cuts across a valley in
northwestern New Mexico. This photograph was made

by Sheldon Judson

Wrath road, you will cross one after
another of the destructive arroyos that
have withered the Southwest. You can
get a better view of these grim scars
on the country if you leave the main

. highway, which spans them smoothly,

and travel over the side roads. The
arroyos are sheer-walled trenches cut
20 to 70 feet deep into the soft sand and
silt of the terrain. Their blighting effects
are many and various. Not only do they
cut away grazing and farm land along
their own channels but they drain soil
moisture from the adjoining plain, so
that its grass withers and dwindles.
Furthermore, winds whip the loose sand
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from their dry beds and drift it over the
surrounding country, smothering the
vegetation. Nor are the effects merely
local. The cloudbursts that are so char-
acteristic of this region wash sand, silt
and clay from the arroyo bottoms into
the major rivers, which carry it to the
lakes impounded by the Southwest’s
great dams. Year by year this freight of
soil is slowly filling the lake basins, re-
ducing their water-storage capacity.
The present arroyos have developed
only within the last 65 years. Until
about 1885 the country was still much
as the Spanish settlers had found it:
broad, flat, uneroded valleys with ex-

? '.’ Y,
e Y

e e =

from the northern wall of the valley. At the lower right
are the ruins of an Indian village called Pueblo Bonito.
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River carves a shallow channel on the floor of a valley filled with alluvium (brown).

Floods caused by loss of vegetation cut a deep, steep-walled arroyo in the path of the river.

Arroyois filled with gray sediment when the vegetation returns and holds water on the slopes.

Nerw loss of vegetation leads to second arroyo which cuts across the path of the first.
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cellent grazing grass, flowing streams
and long narrow pools of water called
charcos. Then a wave of erosion swept
up the alluvial valleys of the South-
west. Within a few years the streams
had chewed out steep-walled channels
in the soft earth. As time passed, these
deep gullies widened.

What started this cycle of erosion was
a weakening of the vegetative cover. In
the Southwest the balance between pro-
tection and erosion of the soil is ex-
tremely delicate. When the vegetation
begins to thin and leave bare patches,
rains start stripping and washing the
soil from the bare spots. Gradually these
patches widen. The grass becomes too
sparse to soak up rain. The rains of the
Southwest are of a particularly de-
structive kind. Although the total an-
nual rainfall is low, averaging no more
than 10 inches in the least dry areas,
it usually comes in downpours. During
such cloudbursts the water collects in
the valley bottoms and there, rushing
along the lowest course, begins to cut
arroyos. It starts by chewing out a small
waterfall in the ground and then works
the cut toward the valley head, each
rain eating farther upstream. Many
arroyos grew at the rate of a mile or
more per year.

HE KEY question is: What started

the weakening of the protective
vegetative cover? The answer that first
springs to mind is overgrazing. During
the late 1800s optimistic herders ran
vast numbers of cattle and sheep into
the Scuthwest—far more than the vege-
tation could readily feed. And yet evi-
dence piled up during recent years,
beginning with the work of the late
Kirk Bryan of Harvard University, indi-
cates that this raid upon the vegetation
was only a trigger force, setting off a
process which had already been primed
by natural causes.

The major factor apparently was a
slight change in the pattern of rainfall
in the Southwest. Records of precipita-
tion in this region have been kept for
about 100 years. During that period
the total annual rainfall has not varied
much. But Luna B. Leopold of the
U. S. Geological Survey, after analyzing
the records, recently turned up the sig-
nificant fact that in the last half of the
19th century the Southwest’s rainfall
seems to have been made up of an un-
usually large proportion of heavy rains
(over one inch) and an unusually small
proportion of light ones. That is to
say, the average number of heavy rains
per year was larger in that half-century
than it has been since 1900, and the
number of light rains smaller. Now it
is heavy rain that causes the greatest
and most rapid erosion, while light rain
helps build up the vegetative cover.
Thus the rain pattern of the late 1800s
tended to weaken the vegetation, and
this situation, aggravated by overgraz-
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ing, seems to have been responsible for
initiating the cycle of erosion.

We have now found support for this
idea in the region’s geologic past. If
the theory is correct, we should expect
to find evidence of previous cycles of
erosion, associated with climatic fluc-
tuations. And the walls of the arroyos,
where old layers of deposits lie exposed,
do indeed show such evidence. At least
two and probably three cycles of erosion
swept across the Southwest in the past
and were later healed by fresh de-
posits washed over the valleys by re-
surgent streams.

In the vertical walls of the modern
arroyos the generally reddish brown de-
posits of old river muds, which built
up the valley floors, are laced here and
there with long, sinuous channels of
gray material. This is the alluvium that
filled old arroyos cut into the red valley
bottoms. Studies during the last 25 years
have shown that this channel-cutting
took place over a wide area, from
Arizona to Western Texas.

ET US examine the most recent of
these arroyos, which had been filled
not long before the conquistadors came.
From fragments of Indian pottery
found there we can estimate that
these arroyos were in existence A.D.
1300. This was about the time of large
migrations of Indians in the Southwest,
and their migrations may have been
caused by the erosion. The pottery frag-
ments suggest that the arroyos were
cut after 1200 and filled in again by
1400 or shortly afterward.

As to the initiating cause of this
erosion, several possibilities have been
suggested, but the only one that can
account for its wide extent is a climatic
change. The area was sparsely popu-
lated, and the early Southwestern In-
dians had no domesticated animals,
hence overgrazing or misuse of the land
cannot be blamed. On the other hand,
studies of tree rings by A. E. Douglass
of the University of Arizona show that
a great drought occurred in the Colo-
rado plateau between 1276 and 1299.
Furthermore, pottery has been found in
sand dunes formed about that time. It
is reasonable to suppose that the
drought climaxed a long period of in-
effective rainfall.

The “granddaddy” of all erosions in
the Southwest took place several thou-
sand years ago. It had been preceded by
a moist period during which elephants,
hickory trees and small lakes flourished
in places where it would be difficult in-
deed for an elephant to make a living
today. Then the streamways of the
Southwest began to erode, and the
erosion exceeded the gloomiest night-
mares of modern soil conservationists.
The arroyos were deeper and broader
than anything later recorded, and the
sand dune activity was much greater.
When this erosion began, or how long
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it lasted, we do not know. We do know
that this was a warm “post glacial”
period over the earth as a whole, and
in the Southwest the higher tempera-
tures must have spelled drought. The
few dates available for this warm, dry
period suggest that it climaxed about
6,000 years ago. The great erosion of
the Southwest probably straddled this
date and extended an unknown distance
on either side of it. The Folsom and con-
temporary cultures did not survive the
dry period, and the big game they
hunted—mammoth, giant buffalo—never
reappeared.

HUS the geological record estab-

lishes several facts. First, arroyo-
cutting has happened again and again
in the Southwest, and along the same
streamways that are now gullied by
deep channels. Second, all of the old
erosions were healed by later deposits.
Streams again flowed in the old channels
and eventually blotted out the arroyos
with their alluvium. And finally, there
is much evidence that shifts in the cli-
mate were the basic cause of the erosion
and alluviation cycle. These shifts in
climate could have been very slight. In
the Southwest it does not take much
change in rainfall to initiate erosion.
And as a corollary to this, very probably
it does not take much shift in climate
to start the recovery of vegetation and
the refilling of the arroyos.

What, then, can we do about the
modern erosion? We know that the old
arroyos were filled up by nature, prob-
ably by a return of more effective pre-
cipitation. From this we can postulate
that the present arroyos also will heal
when the proper climatic conditions
prevail. Must we wait for nature to do
the job? It is a discouraging thought.
Yet there seems no alternative. To date
no other methods have proved prac-
ticable. An enlightened land policy will,
of course, be important in preserving
any gains made by nature. But it is
extremely doubtful that even the
strictest control of grazing, combined
with “upstream engineering,” will bring
alluviation of the arroyos unless it is
accompanied by sufficiently effective
precipitation.

We seem, however, to be on the up-
swing of the climatic cycle, for accord-
ing to the weather records the rainfall
pattern has been improving during the
past 50 years. Apparently the cycle of
erosion and rehealing that occurred be-
fore the conquistadors came took about
200 years. Although recovery will be
slow, nature with human aid should
once more make the Southwest the green
grassland that the Spaniards found four
centuries ago.

e —— R —

Sheldon Judson is assistant
professor of geology at the
University of Wisconsin.
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by James R. Newman

HIS is my third annual roundup of
Tchildren’s science books, an exer-

tion which has understandably
given rise to some strong opinions about
this branch of literature. Of the hun-
dreds of books I have read, few have
impressed me as first-rate. The majority
range from mediocre to wretched; the
wretched examples are not rare. I should
like to set down a few general com-
ments as to why, in my opinion, so many
of them fail-not as an expert (I doubt
that anyone except a child can truly
claim authority in this field) but as a
reader and a parent.

The first point concerns the not in-
frequent confusion about the age group
to which a book is addressed. Educators
often divide reading-age levels into the
following four brackets: 5-7, 7-9, 9-12,
12-15. This is a loose grouping, but it
is not unreasonable. If you have a young
John Stuart Mill in your home, you may
disregard it, but in general a child’s
taste, curiosity and powers of compre-
hension change as markedly from one
age level to the next as his shoe size.
One might suppose this to be painfully
self-evident. Apparently it is not self-
evident to many authors and publishers.
Misleading blurbs by publishers are a
nuisance, but by now bookbuyers may
be assumed to have learned what horse-
buyers have always known. On the other
hand, a befuddled author is a menace.
It is a serious matter to disappoint or
frustrate the child who desires to know
and who is willing to read and find out.
The author who can’t decide for whom
he is writing should drop his pen; the
chances are he neither understands his
subject nor appreciates his responsi-
bility to the reader. Nothing is more
absurd, it seems to me, than to pretend
that a book is suited to children rang-
ing all the way from 10 to 15; yet at
least two dozen volumes piled on the
floor next to my desk claim to make this
remarkable stride. The only kind of
book that can span this age difference
is a stamp album.

The second point, not unrelated to
the first, is that many writers fail to
distinguish between teaching scientific
facts and scientific method. In general
the child under 10, uncritical and hun-
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gry for information, is receptive mainly
to facts—if they are stated clearly and
are related to himself and to his intimate
world. In an able paper on this subject
written for UNESCO (“The Populariza-
tion of Science through Books for Chil-
dren”), Amabel Williams-Ellis used the
word “concentric” to describe this ap-
proach. The aim is to tie new facts to
familiar things and thereby to enlarge
the child’s circle, to enrich his social as
well as his scientific environment. Physi-
ology is an example of a subject lending
itself effectively to the concentric
method of instruction; physics and chem-
istry are less adaptable to younger chil-
dren. The essential axiom in this field,
Mrs. Williams-Ellis points out, is that
“the child must have nothing to un-
learn.” It is no boon to a child of 8 or 9
to share with him your wisdom about
electricity, atomic energy or natural
selection; eventually almost everything
you teach him will have to be unlearned.

A child who has entered the stage
where curiosity is tempered by skep-
ticism is ready to be told about scientific
method. He is equipped to learn how
theories are put, how experiments are
conducted, what constitutes scientific
evidence and proof. At 12 to 15 years,
he can be safely exposed to the facts of
scientific life: the importance of doubt-
ing, the limits of scientific knowledge,
the frustrations and difficulties of re-
search, the fumbling, haphazard char-
acter of scientific advance.

This brings me to my third point. One
of the best ways of making palatable the
essentials of scientific method is to
embed them in a biography. This form
of exposition is unusually flexible; its
dramatic and dynamic elements, skill-
fully handled, can make the learning of
science vivid and memorable. However,
the biographies I have read are, with
occasional exceptions, the least satisfac-
tory of science popularizations. The
portrait of the hero is usually two-
dimensional: he is poor, virtuous, dedi-
cated, clever and kind to his parents.
His scientific career is a blend of good
fortune and brilliant inspiration. (“One
day he happened to be turning the
handle of the generator when he sud-
denly noticed . ..” “Suddenly the reason
for the strange behavior of the solution
in the beaker was revealed to him. . ..”)
This sort of thing is all very well for
motion pictures of the life of Pasteur
or Edison; it is not very well for the
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education of those who are still capable
of being educated.

Children’s books are handsomer, if
more expensive, than they were a few
years ago. Yet I observe that authors
now often transfer to the illustrator the
main responsibility for the story. This
is a mistake. Regardless of the excel-
lence of the pictures the burden of pres-
entation must be on the text. Science
books should be read, not merely gazed
at. Pictures can give invaluable support;
but they should not be called upon to
fill gaps in the story or to explain what
the author lacks the wit to explain.

Science popularization for children,
I am sorry to note, receives less regard
from educators than it deserves, less
effort from writers than it requires, less
attention from publisherys than its poten-
tialities justify. The 50-odd children’s
science books here reviewed represent
a substantial part of this year’s pub-
lications in the field; compare this with
the annual outpouring of perhaps 10
times as much children’s fiction and mis-
cellaneous juveniles—most of it third-
rate. A melancholy contrast.

Happily there are books on the
science list that can stand as models for
authors and publishers. I am glad to re-
port that at least half a dozen of the
items that follow have exceptional merit.

Physical Sciences

Tue ELEcTRIC CURRENT, by P. Duns-
heath. G. Bell and Sons, Ltd. ($2.60).
This collection of the Royal Institution
Christmas Lectures of 1949 traces the
history of ideas about electricity and
explains for boys and girls (12 and
older) the modern theories and applica-
tions of electric current. Mr. Dunsheath,
a leading British electrical engineer, is a
fluent and lucid lecturer and he has
taken into consideration that the reader
is not privileged, as was the lecture audi-
ence, to witness the many vivid demon-
strations that feature the talks in this
famous series. Clear diagrams and plates
help to make this an excellent book.

Tue SecreT oF LicHT, by Irving
Adler. International Publishers ($2.25).
This book, written for high school ages,
covers a lot of ground, some stretches
at a comfortable pace, some too fast.
Mr. Adler begins by explaining mirrors
and lenses and the essentials of light
behavior, and then carries the reader



forward . steadily through X-rays, other
forms of electromagnetism, the structure
of the atom, quantum mechanics and
relativity. The author, head of a high-
school mathematics department, has a
thorough grasp of the subject and a con-
siderable gift for popularization, espe-
cially of the more difficult branches of
the subject. His chapters on atomic
structure and on the Bohr model of the
atom, for example, are first rate. The
drawings by Ida Weisburd are adequate.

STEPPING STONES TO LiGHT, by Rich-
ard W, Bishop. Thomas Y. Crowell Com-
pany ($2.50). An anecdotal history for
children of 10 and older of the dis-
coveries and inventions culminating in
Edison’s electric light. Short chapters
describe the work of Gilbert, von
Guericke, Ohm, Coulomb, Ampére,
Oersted, Faraday, Davy, Galvani and
others. There is a brief bibliography.

ExpPERIMENTS IN OpTICAL ILLUSION,
by Nelson F. Beeler and Franklyn M.
Eranley. Thomas Y. Crowell Company
($2.00). Optical illusions have many
causes. They result from the peculiar
structure of the eye, from the color of
perceived objects or their motion, from
psychological patterns, from the cir-
cumstance that we use two eyes for see-
ing, from combinations of these and
other factors. In this book for 12 to 15s
the authors, who have collaborated on
similar primers, gather numerous exam-
ples of how our eyes may trick us. Many
of the illusions are amusing, though
familiar; some require setting up easy
apparatus. Mildly instructive.

Souxp: AN EXPERIMENT Book, by
Marian E. Baer. Holiday House ($2.50).
A large number of simple experiments
demonstrating that sound is vibration,
that it travels, can be amplified, is re-
flected, and so on. Children from 9 to
12 with an interest in general science
can profit from these basic exercises and
will have fun doing them.

LicHTNING aND THUNDER, by Her-
bert S. Zim. William Morrow & Com-
pany ($2.00). Perhaps this book was
written too fast even for the prolific Dr.
Zim; at any rate it is less informative
than other books he has published, and
manages to leave out facts which even
a primer ought not neglect. Thus 8 to 12s
will not learn from this book that a
lightning flash consists not only of a
downward thrust but also of a high-
voltage streamer from the earth rushing
up to meet it. The fact is one children
can live without, but not if they wish
to know about lightning.

Sun, Moox, axp PLaNETS, by Roy K.
Marshall. Henry Holt and Company
($2.50). A short, informal survey of
astronomy for high-school children, in-
tended to answer oft-repeated questions

about the sky. The author was formerly
director of the Fels Planetarium in
Philadelphia and the Morehead Plane-
tarium in Chapel Hill and has conducted
science programs over radio and tele-
vision. Dr. Marshall is a gummy ex-
positor.

THE AT OSPHERE, by Peter Hood.
Oxford University Press ($2.50). Sec-
ond of a series of annotated picture
books, for ages 12 to 15, dealing with
the physical and natural sciences. Ex-
cellent illustrations and a lucid text
convey considerable information on such
matters as the ionosphere, the reflection
of radio and sound waves, how clouds
are formed, the machinery of rainfall,
fog, snow, hail, measuring wind and
barometric pressure, the causes of cy-
clones, aurorae, rainbows, methods of
weather forecasting and so on.

EXPERIMENTS IN CHEMISTRY, by Nel-
son Beeler and Franklyn Branley.
Thomas Y. Crowell Company ($2.50).
A kitchen-and-cellar research manual
giving directions for experiments. It

" shows, among other things, how crystals

are formed, the use of salt as an elec-
trolyte, the manufacture of ink (with
tacks and tea), the making and testing
of starch, the causes and prevention of
corrosion, the action of detergents, the
chemical behavior of paints, fats, plaster
of Paris, enzymes, silicones. For ages
11 to 14.

Rocks, RivErs AND THE CHANGING
EartH, by Herman and Nina Schneider.
William R. Scott, Inc. ($3.00). A first
book about geology for 10-year-olds and
older, handled with skill and sensitivity.
The Schneiders tell in simple language
how the land is worn down by wind and
water, how rivers and lakes are made,
how the sea is filled in, how the land
is built up, how we and every particle
of matter from sand grain to mountain,
raindrop to glacier are part of this
never-ending cycle. Illustrations by
Edwin Herron.

Biological Sciences

ALL Asout Eccs axp How THEY
CHANGE INTO ANmMaLs, by Millicent
Selsam. William R. Scott, Inc. ($2.00).
Miss Selsam tackles familiar themes bet-
ter than anyone else around. Gentleness,
delicacy of understanding and excep-
tional clarity characterize all her primers
on plant and animal life. This little book
on the ABC of embryology, illustrated
by Helen Ludwig, is for 6 to 9s.

THeE WoxDERFUL EGG, by G. Warren
Schloat, Jr. Charles Scribner’s Sons
($2.25). Large, clear photographs tell
the child how a hen lays its eggs, how
they grow, how a chick eats its way out
of the egg, how incubators work, and—
a matter of no slight importance—how
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Food for Life

Edited by RALPH W. GERARD.  Are
you sure that what you eat is what you
need? Leading authorities on nutrition
and metabolism have pooled their spe-
cialized knowledge to construct a com-
prehensive and sound, yet comprehensi-
ble and vivid, account of what you eat
and why. More than 70 lively drawings.
$4.75

Archeology of the
Eastern United States

Edited by JAMES B. GRIFFIN. Twen-

ty-seven distinguished archeologists
have contributed chapters to this unique
survey of the archeology of the area
east of the Rocky Mountains. In this
single volume is concentrated a com-
parative presentation of modern inter-
pretations of America’s past.

174 pages of illustrations. $10.00

The Nature of Culture

By A. L. KROEBER. A group of essays
on various aspects of human culture, the
distillation of the lifework of the dean
of American anthropologists. Emerging
from his representative selection, com-
piled and edited by the author, is a com-
prehensive theory about the nature of

culture. $6.50

Handbook of

Diet Therapy
(Revised Edition)
By DOROTHEA F. TURNER. A revision
of a well-known handbook sponsored by
the AmericanDietetic Association. New
material includes information on the
sodium-restricted diet ; revised diets for
diabetics ; new tables on amino acid con-
tent and caloric values and nutrient

content of foods. $3.50

At your bookstore, or from
THE UNIVERSITY OF CHICAGO PRESS
5750 Ellis Avenue, Chicago 37, Ill.
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to make a “Gold Mine” egg sandwich.
This is a simple and effective book for
youngsters of 5 to 8 who are starting to
ask questions about the beginning of life.

Birps AND THEIR NEsTs, by Olive L.
Earle. William Morrow & Company
($2.00). The variety of birds’ nests is
astounding. Bald eagles build nests high
up, open to the sky and of enormous
size, sometimes 20 feet deep and 9
feet across. Flamingoes make compact
mounds of mud at the edge of a marsh
or swamp and place their eggs on the
top, which is hollowed to form a shal-
low cup. The horned owl makes a large
untidy nest, and the American redstart
makes a beautiful little bowl lined with
dandelion down, fine grass and hair,
lashed with spider’s webs. The ovenbird
makes a home shaped like an old-
fashioned oven. The magpie builds its
nursery entirely under cover. The South
African weaverbird builds a hanging
home which resembles an African na-
tive’s thatched hut. The red-eyed vireo
suspends what appears to be a cave
man’s club from the horizontal fork of
a tree. The elf owl lives in a tree hole
made by a Gila woodpecker, which it-
self lives in the trunk of the giant cactus.
A delightful, well-illustrated book for
children of 10 and up.

Trees oF THE COUNTRYSIDE, by Mar-
garet McKenny. Alfred A. Xnopf
($2.75). Descriptions of some 29 com-
mon American trees, with brief notes
about their leaves, blossoms, fruits, seeds
and the use made of their wood. Attrac-
tive four-color lithographs by Alice Bird.
A graceful little book for teen-agers.

LeT’s Go To THE Brook, by Harriet E.
Huntington. Doubleday & Company,
Inc. ($2.75). About the plants and small
animals—beetles, snails, crayfish, damsel
flies, nymphs, toads, worms and fish—
found in and around a country brook.
Miss Huntington supplements her brief
text, intended for 6 to 9s, with photo-
graphs, some of which are quite good
but are here indifferently reproduced by
offset lithography.

Tuae WonDER WORLD OF ANIMALS, by
Marie Neurath. Lothrop, Lee & Shepard
($1.50). How animals fight, feed, care
for their young, build homes, work to-
gether. A shopworn idea, but Miss
Neurath, with the help of gay pictures
and an unaffected text, carries it off
nicely. For 8-year-olds.

WHAT's IxsiDE OF PraxTts, by Her-
bert S. Zim. William Morrow & Co.
($1.75). Dr. Zim’s book about seeds,
flowers, fruits, roots is presented on three
levels. Vivid colored pictures by Her-
schel Wartik are meaningful for children
below reading age, and amplify the story
generally; there are large-type pages,
which can be read by children of 7 or
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8, and small-type pages, whose more
detailed text is intended “to be read
by an adult while a child looks at the
pictures.” The product is a little con-
fusing, but the information is accurate
and abounds in interesting facts: e.g., a
single rye-grass plant has 14 million
roots which, put end to end, would ex-
tend for hundreds of miles.

WHAT’s INsiDE oF ME, by Herbert S.
Zim. William Morrow & Co. ($1.75).
This book follows the method used in
Dr. Zim’s story of plants but comes off
better. It describes the principal organs
of the body and their functions. For
children of 5 to 8—with parents’ help.
A simple text and large colored illus-
trations by Herschel Wartik.

Tuanks To Trees, by Irma E. Web-
ber. William R. Scott, Inc. ($2.00).
For 9 to 12s a straightforward story of
how trees live, help store water in the
ground, enrich the soil and provide
valuable foods and other products that
serve men’s needs. It also stresses the
devastating effect of cutting too many
trees and the importance of forest con-
servation. Good pictures; a good book.

AvrrLicaTors AND CrocopiLEs, by Her-
bert S. Zim. William Morrow & Co.
($2.00). Alligators are rarely over 10
feet long, live about 20 years (some-
times 40 under the benign conditions
of the zoo), swim faster than two men
can paddle a canoe, hardly ever eat
people, are protected by conservation
laws, take good care of their young,
spend most of their time lying per-
fectly still and are able to bark, roar and
bellow. Crocodiles have narrower and
more pointed heads, are quicker, more
aggressive and do eat people when
given the chance. Dr. Zim gives the
tacts for ages 9 to 12. Illustrated by
James Gordon Irving.

Garpex SpipEr, by Mary Adrian.
Holiday House ($2.00). The life cycle
of a garden spider from the time she
lays her 500 eggs (in 10 minutes) to
the time when one of her daughters,
having grown up, spins her beautiful
nest, catches a few insects, mates, eats
her husband and, having thus passed
a pleasant summer, is about to repeat
her mother’s performance. For 6 to 9s.

Pray wiTH LEAVES AND FLOWERS, by
Millicent E. Selsam. William Morrow
& Co. ($2.00). About leaves, fruits and
seeds that move; leaves and plants that
sleep and catch insects; flowers that give
off a gas and others that are set on little
swivel joints (called “obedient plants™);
how to grow and observe these plants;
where their seeds can be bought or
found. A charming book for children
from 9 to 12, describing experiments
they can do themselves. Pictures by
Fred F. Scherer.
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Ho~EYBEE, by Mary Adrian. Holiday
House ($2.00). Biography of a worker
bee, describing how it was fed 1,000
times a day by a nurse bee; how it
learned to feed itself in the hive and to
gather nectar; how it made wax, cooled
the hive by beating its wings, learned
to communicate by means of the “round
dance” and the “wagging dance”; how
it burned itself out in six weeks working
harder than a child laborer in a 19th-
century British factory. For ages 6 to 9.

Go wiTH THE SUN, by Miriam Schlein.
William R. Scott, Inc. ($2.00). What
happens to various animals—birds, fish,
insects, mammals—during the winter
months, is explained for children 4 to
7. The text is half whimsy and half
treacle, but the illustrations by Symeon
Shimin are appealing.

Grass: Our Greatest Crop, by
Sarah R. Riedman. Thomas Nelson &
Sons ($3.00). Where and how grass
grows (there are 1,000 species in the
U. S. alone), its uses in soil and water
conservation, its enemies, its direct and
indirect contribution to the world’s food
supply. An informative book—not too
lively—for youngsters under 14. Illus-
trations.

PREHISTORIC AMERICA, by Anne Terry
White. Random House ($1.50). For
boys and girls of 10 and older the story
of the biological and geological evolu-
tion of the North American continent,.
Miss White tells of the growth of moun-
tains, lakes and rivers, the effects of the
ice ages, the animals that inhabited the
country during various epochs, the re-
construction of the past by paleonto-
logical and archaeological research. The
style is breathless but the narrative keeps
moving and is easy to follow; the one
serious defect is that Miss White couches
her explanation of evolution in such
naively purposive terms that children
who read her book will have a hard time
grasping the fact that biological adapta-
tion does not consist of conscious and
directed effort by the species to grow
long necks so as to reach bananas on
high trees or develop sharp teeth to
chew up the enemy.

Social Sciences

Water For PeopLE, by Sarah R.
Riedman; Praxer EarTH, by Rose
Wyler; THe City, by Rod and Lisa
Peattie. Henry Schuman ($2.50 each).
These three books introduce a new
series (“Man and His World”) ad-
dressed to ages 10 to 15. The age group-
ing is awkward for science primers, and
the authors appear at times to be un-
clear for whom they are writing. For
example, Dr. Riedman, giving direc-
tions on how to perform a certain ex-
periment, first uses the word “desiccator”
and then follows with: “Ask your moth-



er if you may use the oven. Be careful
not to burn yourself.” A child of 10, not
to mention 15, who needs these in-
structions shouldn’t be trusted with a
book, let alone an oven. Apart from the
sad consequences of trying to write for
elementary, junior and high school chil-
dren all at the same time, two of the
volumes are above average in conception
and execution. Miss Riedman’s book
is pedestrian and covers a subject which
has been more ably handled by other
writers, but a child can get reliable in-
formation from her story of the prop-
erties and uses of water. Miss Wyler
writes knowledgeably about weather,
food resources, discovery and explora-
tion, astronomy, population, water sup-
ply—a potpourri upon which the author
has nevertheless conferred a certain
plausible unity. The Peattie book is an
exceptional achievement. It deals with
the curious way that cities grow—spread-
ing in a rough circle from some impor-
tant place such as a bridge or a harbor,
“pushing out branches like feelers”—
and with the good and evil effects cities
have had, and continue to have, upon
men’s ways of thinking, upon their so-
cial, political and economic habits. The
theme is original, the writing superior
and the illustrations (by Bunji Tagawa)
are exemplary.

THE LeEwis axp CLARK EXPEDITION,
by Richard L. Neuberger. Random
House ($1.50). Mr. Neuberger is a stu-
dent of the Pacific Northwest and has
written prolifically on the history, poli-
tics, social and economic problems of
the region. This is a well-paced, exciting
and authoritative story of the great ad-
venture of Captain William Clark and
President Jefferson’s private secretary,
Captain Meriwether Lewis, in leading
33 men up the Missouri, across the
Rockies, down the Snake and Columbia
rivers to the Pacific. Pictures and map
by Winold Reiss. Recommended.

THE VIKINGS, by Elizabeth Janeway.

Random House ($1.50). One of the
praiseworthy “Landmark Series,” this is
a fictionalized account of Leif Ericson’s
voyage from Greenland to America, and
of his brother’s later visit to Cape Cod,
Connecticut, Rhode Island and other
points further south on the coast—places
not so well known in the 10th century,
or so heavily traveled, as they are today.
Unconvincing and slightly mechanical,
but harmless.

THE First Book or Eskiatos, by Ben-
jamin Brewster. Franklin Watts, Inc.
($1.75). The latest addition to a popular
series, this book offers an agreeable com-
bination of text and pictures (by Ursula
Koering) dealing with the Eskimos’
daily life. It describes their clothing,
home-building, cooking, hunting; how
they catch whales with weapons made
of only a few pieces of wood, bone and

hide; their invention of snow goggles
and of skin boots for their dogs; their
social habits; how contact with other
peoples has affected their lives. Children
will like this book well enough to want
more information on the subject—a de-
pendable test of merit. For ages 7 to 10.

PicTure Mar GEOGRAPHY OF AFRICA,
by Vernon Quinn. J. B. Lippincott Com-
pany ($2.75). A miscellany of facts
about the several countries and regions
of Africa, supported by maps with pic-
tures and symbols portraying animal life,
resources, living habits and other nota-
ble features. It is the seventh of these
books by Miss Quinn and neither better
nor worse than its predecessors—which
is to say, mediocre. For ages 9 to 12.

Tue GorpeEx GeoGrarHy, by Elsa
Jane Werner. Simon & Schuster, Inc.
($3.95). Youngsters of 10 and older
will find this an excellent introduction to
geography and will profit from it as from
few of their textbooks on the subject. It
is written with an intelligent apprecia-
tion both of the range of the child’s cu-
riosity and of his capacity to assimilate
new and strange information. The pic-
tures by Cornelius De Witt are as color-
ful as tin soldiers and richly instructive.
A delightful primer recommended for
school and home libraries; books of this
kind turn a fresh page in education.

THE STORY OF THE ToTEM POLE, by
Ruth Brindze. The Vanguard Press, Inc.
($2.75). A well told, superbly illustrated
story of the origin, meaning and uses of
the totem pole by an author who has
written two other excellent books for
boys and girls, The Gulf Stream and The
Story of Our Calendar. Miss Brindze
describes the remarkable art of carving
history and legends on giant red cedars
as practiced by the Indians of our North-
west Coast. A fascinating and beautiful
book for age 8 or older. Color pictures
by Yeffe Kimball.

THE First BoOk OF AIRPLANES, by
Jeanne Bendick. Franklin Watts, Inc.
($1.75). Snippets of information on how
planes fly, the kinds of aircraft and their
engines, the operation of commercial
and military planes, what pilots need to
know about weather, navigation, safety
rules and so on. Miss Bendick seems to
be on unfamiliar ground. The book is
below her standard, both as to text and
illustrations.

Tue Bic Book oF REAL AIRPLANES,
by Charles L. Black. Illustrated by
George J. Zaffo. Grosset & Dunlap
($1.00). Missiles, jets, rockets, helicop-
ters, warplanes. The text is thm and not
too plain, but the illustrations are almost
as satisfying as a fire engine.

RockeTs aND JETs, by Marie Neurath.
Lothrop, Lee & Shepard ($1.50).
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DR.WIRNMIR VON BRAUN

across the
space
frontier

CORNILIUS RYAN

“An authoritative,
clearly written and
superhly illustrated
preview of man’s first
space station.”

—N. Y. Times Book Review
This fascinating book is a scien-

tific blueprint of the space station
we can build in 10 to 15 years,

and of the problems involved. THE
Expert rocket scientists give v”('“s
a vivid description of the space
station itself, 1,075 miles from PRESS
earth, which will be a take-off 18 E. 48 St
point for outer space. Originally N ”
New York 17,

an article in Collier’s, the ma-
terial has been expanded into a N. Y.
big 8Y2” x 1034” book, written
by Dr. Wernher von Braun,
Willy Ley, Dr. Fred L. Whipple,
and others. Color illustrations by
Bonestell, Klep, etc. Edited by
Cornelius Ryan. $3.95

TO FRIENDS, YOURSELF and FAMILY
IT'S FUN TO LEARN

¢4 LINGUAPHONE

World's-Standard Conversational Method

A Linguaphone Language Set gives each member of
your family an invaluable asset for business, school,
armed forces, social life and travel. With nguammne
you learn anolhcr language AT HOME the same, easy,
natural way you learned your mother tongue long before
you went to school. You listen, you hear many men and
women speak in their native language—You understand.
YOU speak, correctly as they do. You read and write.

STOP WISHING—START TALKING

Treat your family, friends and yourself to a
Linguaphone Set in:—
FRENCH SPANISH NORWEGIAN
GERMAN RUSSIAN JAPANESE
any of 29 languages available

Used internationally by educators, governments
and over a million home-study students.
FREE BOOK gives FASCINATING FACTS—WRITE
TODAY or COME IN for FREE DEMONSTRATION

LINGUAPHONE INSTITUTE, 312 Radio City, N. Y. 20

LINGUAPHONE INSTITUTE
312 Radio City, N. Y. 20
Send me your FREE book. | am
interested in
Name
Address.
City .. e —
Zone ... State ... |

SEND FOR

FREE
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You heard a lot about
this subject in September

§
Now

the first book on

Automation

—the advent of

the automatic

factory -

BY JOHN DIEBOLD

What the new technology

of the automatic machine means
to science, industry and the
worker in terms of jobs,

cost of goods and services,
standards of living, and increased
leisure time. $3.00

at your local bookstore or

250
4th Ave.

VAN NOSTRAND Mg*\'or™

What you don’t
know about weather
can hurt you!

| READ |

Wand Staim ¢

® _ THE STORY
OF WEATHER
By DENNING MILLER

“In Wind, Storm and Rain
Denning Miller has presented
the basic, interesting facts
about weather, linking them
with other related scientific
pursuits so that anyone reading
it will enjoy the experience of
learning, easily and pleasantly.”
—ERNEST J. CHRISTIE,
Meteorologist in Charge, U.S.
Weather Bureau, New York.

Illustrated with photos, dia-
grams and weather maps.

At all bookstores $3.95
COWARD-McCANN, Inc.

210 Madison Avenue New York 16
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RockeTs, [ETS, GUIDED MISSILES AND
Space Smres, by Jack Coggins and
Fletcher Pratt. Random House ($1.00).
These two books are better than average
introductions to a fascinating subject.
Miss Neurath uses bright, simple illus-
trations to explain the rocket and jet en-
gine principle for children of 10 to 12.
Coggins and Pratt offer for a somewhat
older age group an interesting account of
the history and development of these
fateful gadgets. Their book describes the
tightly packed, powder-filled paper
tubes used in the 13th century by the
Chinese to frighten off the Mongolian
invaders, the Congreve rockets the Brit-
ish lobbed into Baltimore in 1814—
which made more of an impression on
Francis Scott Key than on the target—
the amazing advances in the military use
of rockets and other missiles during the
last war, recent research in jet and rocket
flight, the giant step-rockets now being
planned for a first assault on the moon.
An agreeable introductory survey for
anyone over 12.

MopeL JETS AxD ROCKETS FORr Bovs,
by Raymond F. Yates. Harper &
Brothers ($2.50). Mr. Yates gives a brief
history of rockets, and then devotes sev-
eral chapters to detailed instructions on
how to build jet propelled aircraft, rac-
ing cars and boats, using ordinary house-
hold items and a few gadgets that can
be purchased inexpensively. A complete
jet engine that will run a model plane at
200 miles per hour costs only $1.95; fuel
tanks can be made out of empty 35-milli-
meter film containers. The text is help-
ful, but some of the diagrams will be-
wilder the boy who isn’t an accom-
plished model maker.

Picture Book oF Rapio AND TELEVI-
sioN aNp How THEy WoRk by Jerome
S. Meyer. Lothrop, Lee & Shepard
($2.00). The elements of radio and
television, with an account of some of
the other inventions that led the way.
The exposition is uneven: clear in some
points, and incomprehensible, except
possibly for an expert, in others. Illus-
trations by Richard Floethe. For ages
11 to 14.

Grrts Fron THE FOresT, by Gertrude
Wallace Wall. Charles Scribner’s Sons
($2.50). How great trees are felled,
bucked, scaled, loaded on huge trucks,
carried to the mill, unloaded at the mill-
pond, washed, sawed by crosscut, con-
verted into boards, graded and distrib-
uted. A simple, accurate story. Large,
clear photographs by John Calvin Tows-
ley. For children over 8.

Younc PeorLE’s Book OF RaDaR, by
Lt. Commander David C. Holmes,
U.S.N. The McBride Company, Inc.
($2.95). An enlightening introduction
for teen-agers. Holmes tells how radar
works, its uses in peace and war, the in-
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ventions that gave rise to it and its pos-
sible future applications in research,
technology, transportation, industry, ex-
ploration of interplanetary space.

Your TeLEpPHONE: AxDp How It
Works, by Herman and Nina Schneider.
Whittlesey House, McGraw-Hill Book
Company, Inc. ($2.00). The working of
the telephone: how the manual and the
dial systems operate, the essentials ot
radiotelephony and radio. This is un-
questionably the best book of its kind.
laying a sound basis of understanding
for later school work in physics and ele-
mentary science. Ingenious illustrations
by Jeanne Bendick. Highly recommend-
ed for children of 10 and up and for
parents and teachers.

Oars, SatLs axp SteEaM, by Edwin
Tunis. The World Publishing Company
($3.50). A handsome picture book por-
traying the evolution of ships from
primitive man’s hollowed-out log to the
latest Guppy Type Snorkel Submarine—
representing a technical if not a cultural
advance. Mr. Tunis draws sharp, clean-
looking pictures of each leading type of
vessel and provides a running commen-
tary of historical and nautical detail. A
glossary is added, defining the principal
nautical terms.

ITs Fux To Know Way, by Julius
Schwartz. Whittlesey House, McGraw-
Hill Book Company, Inc. ($2.25).
Experiments for 9 to 12s with simple
things—iron, coal, glass, rubber, soap,
salt, bread, paper—to show how they are
made and used. Mr. Schwartz is an ex-
perienced science teacher and this is an
intelligently planned book which even
children without a knack for tinkering
can enjoy and learn from.

THE Panama Canar, by Bob Consi-
dine. Random House ($1.50). A history
of the Canal, of the men who failed and
of those who finally succeeded in cutting
the big ditch across the Isthmus. Mr.
Considine gives a lively journalistic ac-
count of the scandals and difficulties of
the great project, but his description of
the engineering and health problems, an
equally dramatic story, is skimpy.

Biography

Sicatunp Freup, by Rachel Baker.
Julian Messner, Inc. ($2.75). A devout
biography of the founder of psycho-
analysis, stereotyped in its portrait of
the man but interesting in its description
of the evolution of Freud’s ideas and of
the disputes among his early disciples.
Miss Baker is to be admired for attempt-
ing to make Freud’s theories accessible
to “young people.” Unfortunately she
seems not to have been able to make up
her mind for what age group her story
was intended; sometimes her book is for
12-year-olds but at other times it is only



for 12-year-olds who have entered medi-
cal school.

MODERN AMERICAN ENGINEERS, by
Edna Yost. J. B. Lippincott Company
($2.50). Sketches of 12 successful en-
gineers—mining, electrical, television,
automotive, civil, mechanical, agricul-
tural, petroleum. Miss Yost means well,
but it is hard to believe that even engi-
neers’ lives can be as dull as those here
described.

Faasous Menx orF Sciexce, by Wil-
liam Oliver Stevens. Dodd, Mead &
Company ($2.50). Seventeen short bi-
ographies of such leaders as Copernicus,
Galileo, Newton, Lamarck, Faraday,
Lyell, Darwin, Mendel. An uninspired
book, obviously written to formula, con-
veying the minimum scientific informa-
tion. Each sketch is like a Hollywood
version of a great inventor’s life.

Famous Naturarists, by Lorus J.
and Margery J. Milne. Dodd Mead &
Company ($2.50). A ploddlng series
of sketches of 14 naturalists, including
van Leeuwenhoek, Gilbert White, Dar-
win, Wallace, Thoreau, Audubon, Fabre
and Burroughs. This book is addressed
to children between 10 and 14 and is
bound to drive them out of doors for
some other form of entertainment.

MEN WHo CHANGED THE WORLD, by
Egon Larsen. Roy Publishers ($3.00).
Stories of invention and discovery for
young people of high-school age. Mr.
Larsen writes in a lively way about
Alexander Graham Bell, Thomas Edi-
son, Henry Ford, the Wright Brothers
and a few inventors less well known in
this country: John L. Baird (televi-
sion), Sir Frank Whittle (jet propul-
sion), Sir Robert Watson-Watt (radar),
William Friese-Greene (motion pic-
tures). The only pure scientist included
is Lord Rutherford. It is not a book from
which much can be learned about how
inventions or discoveries are made, or
how scientists pursue their researches,
but it is good entertainment and certain
to inspire the young, assuming the young
can be inspired this way.

Leonarpo Da Vixcy, by Elizabeth
Ripley. Oxford University Press ($3.00).
A short, simple, honest biography of
Leonardo, with 30 reproductions of his
drawings and paintings, one facing each
page of text. Among the illustrations are
Leonardo’s caricatures; his Adoration of
the Magi, sketches of military vehicles;
a design for underground streets in Mi-
lan; The Last Supper; sketches for an
oil lamp, a self-turning spit, a diver’s
mask and a breathing tube; wings of a
flying machine and helicopter; anatomi-
cal drawings; plant studies, and of
course the Mona Lisa. This is one of the
most beautiful books for children of 10
and up to appear in years.

SAVE 95%

ON PERIODICAL
STORAGE SPACE

cured.”

“SCIENTIFIC AMERICAN and over 750 other
leading periodicals
microfilm——cost aboutequal to library binding.
- Microfilms of issues from May 1948 (first issue
of new SCIENTIFIC AMERICAN) may be se-

Addressing inquiries to us on your organization’s
letterhead will help us be of better service to you.
Write for details to Department SA.

UNIVERSITY MICROFILMS
ANN ARBOR,

are now available on
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2 ""MUSTS"

FOR YOUR SCIENCE LIBRARY |

PICTORIAL
ASTRONOMY

By DINSMORE ALTER and CLARENCE H. CLEMINSHAW,
of the Griffith Observatory of Los Angeles

v A lavish and beautiful volume that
brings home to the layman the fascinat-
ing subject of astronomy. There are 56
chapters, 262 halftones, 120 drawings,
and 42 charts and tables. $4.50

A Cook’s Tour of the Heavens

THE UNIVERSE
WE LIVE IN

By JOHN ROBINSON

% From the tiniest known part of the
atom and the most infinitesimal quanti
ty of life, the photon, this book em-
braces the whole universe. Mass, light-
years, solar systems, gravitation, and
atoms are “pinned down” in clear, un-
derstandable terms. Illustrated with 44
photographs, 60 diagrams. $4.50

THOMAS Y. CROWELL Company

432 Fourth Ave., N. Y. 16
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SYLVANIA

believes in building men

The company now in its 51st year is
expanding rapidly. Net sales this
year exceed 1938 by 16 times. Ad-
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with training and experience in all
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mechanics.
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this picture.

JOHN WELD
Department E
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Conducted by Albert G. Ingalls

lan of Philadelphia, Pa., was 15

years old, a boy who knew she liked
animals gave her a pair of common
house mice. The joke backfired. Her
growing enthusiasm for the new pets
soon left little time for him. She started
haunting the public library and regis-
tered for special courses at the Univer-
sity of Pennsylvania, though she was too
young to receive credit. Within a little
more than two years she was invited to
address the scientific staff of the Jackson
Memorial Laboratory in Bar Harbor,
Me. With the help of her mice, Miss
Mullan had become an advanced ama-
teur geneticist.

Miss Mullan’s interest in genetics was
sparked by a chance observation. One
morning, when she went to the basement
to water her mice, she made a strange
and, as she learned later, rare discovery.
A few days earlier the mice had pro-
duced a litter of six young, all pink and
hairless. Now they were growing coats.
This morning she noticed that one of the
baby mice was not a mousy gray, like its
parents, but bright orange! In the course
of searching for the answer she bred
mice of many colors and learned why
the average householder is unlikely ever
to trap an orange one.

She began with a review of the work
of genetics’ most celebrated amateur:
the Austrian monk Gregor Johann Men-
del. Mendel also started with a question.
What factor, he wondered, relates true-
breeding varieties within a species? For
the answer he put the question directly
to nature. He had had no previous train-
ing in science and so was forced to dis-
cover its method for himself: he stated
his problem, experimented, observed,
theorized, validated his theory by fur-
ther experiment and finally expressed his
findings as a set of natural laws,

Although Mendel worked with peas,
his basic laws of heredity hold equally
for mice, oak trees or men—for any or-

I YOUR vyears ago, when Marita Mul-
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ganism that reproduces sexually. He cul-
tivated and crossbred two varieties of
peas—tall and dwarf. When the offspring
of these matured, he was surprised to
observe they had all grown tall, like one
of the parents, instead of medium-sized,
as he had expected. He then interbred
these tall hybrids. Again he was sur-
prised. This time the offspring were both
dwarf and tall—and in the precise ratio
of three tall plants to one dwarf.

What set of circumstances, Mendel
wondered, would produce the orderly
result he had observed? After much pon-
dering he finally hit upon a theory that
goes like this: Suppose the cells of the
parent plants each contain a pair of fac-
tors in the form, for instance, of minute
particles. One kind of particle can cause
a plant to grow tall and the other dwarf.
Suppose further that when the male
germ cell of one plantunites with the fe-
male germ cell of the other, each con-
tributes only one member of its pair of
particles to the seed. The factor from this
male parent, let us say, is invariably of
the type causing tallness, and from the
female, dwarfism. Then all members of
the first hybrid generation from this pair
of parents would get a tallness factor
from the “father” and a dwarfism from
the “mother.” Assume that the tallness
factor is dominant. Then all the off-
spring would grow tall.

But when these hybrids interbred in
turn, a different result would be ex-
pected. The inheritance could now be
mixed in four different combinations:
tallness plus tallness, tallness plus dwarf-
ism, dwarfism plus tallness, dwarfism
plus dwarfism. The first three of these
combinations would produce a tall plant,
the last a dwarf plant. So on the average
three out of four of the second genera-
tion should be tall.

It was a clever explanation—but did
it really describe nature? Mendel tested
it statistically on various hereditary
characteristics of peas—the shape and
color of the pods, the position of the
flowers, the length of the stems and the
texture of the seeds—and found that in
every experiment his theory accurately
predicted the results.

Today Mendel’s mysterious factors
are called genes. They are considered
“atoms” of heredity—minute bits which
may be studied only indirectly, by their
effects, because they are too small to be
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seen even under
scope.

Every organism begins life as a single
cell. The genes are found in the cell’s
nucleus, arranged in threads or filaments
like strings of beads. The threads are
called chromosomes, from the fact that
they can be stained with colored dyes
for observation under the microscope.
When a cell prepares to divide, the
barely visible chromosomes gradually
thicken and finally split down their
length, each of the many genes in each
new piece being duplicated in the other.
Thus each of the daughter cells inherits
a duplicate set of chromosomes and
genes.

In all of nature the gene is the only
known structure with the power to man-
ufacture an exact copy of itself. But this
does not mean that a gene cannot be
changed. Every now and again some
force acts on one gene or another and
alters it. X-rays will do this. So will cos-
mic rays, various chemicals, extremes of
temperature and other influences. Unless
the affected gene is destroyed in the
process, it will subsequently go right on
making copies of itself—in its new, al-
tered form. Such modified genes are
called mutants. They account not only
for the varieties within the species but
also provide the basis for the origin of
new species through natural selection.
Some mutations are beneficial to the or-
ganism’s chances of survival, but most
are harmful. Fortunately most of the de-
sirable ones are dominant and hence as-
sist the development of useful traits. In
contrast, recessive genes carrying a po-
tential of undesirable characteristics can
express themselves only when chance
happens to pair them with like recessives
in an offspring. In a large population the
chances of such a meeting are small.
Hence many generations may come and
go before the unfortunate trait appears.

Marita Mullan’s orange mouse repre-
sented such a rare event. The gene re-
sponsible for the trait is known as a “le-
thal yellow.” As the name -implies, this
gene carries other changes more serious
than the orange color. Lethal yellow
mice die before they are old enough to
mate. Miss Mullan’s orange mouse died
within a few weeks.

Such lethal mutants appear in all spe-
cies. Fox breeders, for example, cultivate
a highly prized variety of “platinum”

the electron micro-



fox. When platinum foxes mate, the hy-
brid is a snowy white. Like orange mice
they never survive. Several lethal genes
are carried by man, and science has
learned how to circumvent the effects of
some. Diabetes is genetic in origin; it is
due to a defect or absence of the gene
responsible for the manufacture of in-
sulin. This genetic failure must be offset
by administering insulin artificially.

The treatment of diabetes provides a
clue to the nature of the chemical mech-
anism through which genes express
themselves. The genes apparently gov-
ern the complex chemistry of cells, each
gene being responsible for the cell’s abil-
ity to manufacture a particular chemical
link. This means that a great number of
different kinds of chemicals must bathe
the center of the cell, because complex
organisms such as mice and men exhibit
thousands of different traits, each ac-
counted for by its own unique gene and
corresponding chemical substance. It
follows also that in this conglomerate
chemical stew all the genes must to some
extent modify one another’s effects. Few
genes, if any, act in complete independ-
ence.

In view of the interaction of the genes,
it is logical to suppose that their posi-
tion on the chromosomes could play a
major role in shaping inherited traits.
This is indeed the case, and it accounts
for another mechanism by means of
which varieties arise within a species.
Sometimes when the new cell makes its
initial division, the chromosomes break
and grow together again in a different
order, or several may break and ex-
change sections during reassembly.
Short lengths, together with their com-
plement of genes, may even be lost in
the process. Any of these and related
chance happenings may result in an off-
spring which carries a genetic structure
differing from that of the parents. Hence,
the offspring may possess a set of charac-
teristics strange to the lineage—some vis-
ible and others obscure.

After a time, particularly in large
populations where individuals mate out-
side the family line, the most dominant
traits emerge. All individuals within the
species bear marked superficial resem-
blance to one another, although the
genetic systems of the mating partners
may carry hundreds, even thousands, of
contrasting and hidden recessives. Many
of the recessives may be endowed with
potential control over some one trait,
such as hair color, but may never ex-
press themselves until they become
paired with others of like kind through
chance mating. Thus variation in many
traits is subject to the control of a whole
group of genes.

It was with such a group that Marita
Mullan worked. She writes:

“Little did I realize the storehouse of
potential beauty that my original pair of

mice were hiding in the form of reces-
sive mutants. Gradually, however, many
of these varieties appeared in the off-
spring. Most of them are well known.
Some were described long before the
time of Christ by the Chinese, who bred
these animals because of their singular
beauty. Several unlisted traits came to
light during my experiments.

“The most treasured of all fancy
genes, and the most beautiful, is the
pink-eye dilution. This gene somewhat
reduces the amount of pigment in the
skin and eyes. It also tends to produce a
smaller mouse. The maltese or blue dilu-
tion is another mutant that tends to re-
duce the amount of pigment, but less
drastically than the pink-eye gene. Black
and brown is another striking combina-
tion and produces a blue-grey coat and
a very beautiful chocolate color.

“The basic colors of the mouse’s fur
are produced by what is called the
agouti series. ‘Agouti’ means that the fur
has a characteristic variegated appear-
ance, caused by the fact that each hair
has a light and dark portion. It accounts
for the typical mousy appearance of the
wild mouse’s fur. The series also contains
the light-bellied agouti, the black-and-
tan and the so-called non-agouti or
black.”

The work of a geneticist differs from
that of a person who simply breeds ani-
mals or plants. In the first place, the
geneticist hopes to learn more about the
mechanism of heredity and, if possible,
about the scientific basis of life itself. In
the second place, the geneticist’s breed-
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ing technique is guided by tested and
proved laws, while the breeder generally
proceeds on the rule of thumb that “like
produces like.”

Breeding by this classical method has
gradually improved the stock of many
plants and animals. By selective mating
of individuals exhibiting the desired
traits, man has developed products rang-
ing from rust-resistant wheat to race
horses. But after a time this method
reaches a limit: no amount of careful
selection seems to make any additional
improvement. The quality of the stock
levels off.

Genetics can do much better. At the
turn of the present century Midwestern
farmers were content with a strain of
corn, for example, which yielded about
25 bushels per acre on the average. To-
day hybrid corn, developed by scientific
application of principles of genetics,
produces yields exceeding 200 bushels
per acre!

How does genetics achieve such sen-
sational improvement? Primarily by
close inbreeding to establish desired
traits and then the crossing of two un-
related inbred strains. Generally the
product of this cross shows amazing
qualities, far surpassing those of the im-
mediate parents and of the ancestors on
each side. Geneticists call the effect “hy-
brid vigor.”

These and related principles guided
the work of Marita Mullan. From her
original pair of wild mice she developed
dozens of independent strains. She kept
careful records of each individual and,

. Chromosomes

Arca of cell
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CELL DIVISION bhegins when chromosomes divide and are pulled apart by
filaments extending from the centrioles. The process ends when the cell splits
into two daughter cells, which then mature and repeat the whole cycle.
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SEX OF MOUSE is determined by one pair of chromosomes. The hooked
black chromosomes in this diagram bear dominant factors for maleness.
The straight white chromosomes bear recessive factors for femaleness.

following the example of Mendel, made
tables showing the number of individu-
als in each generation with like charac-
teristics. Her tables were far more com-
plex than those listing the two factors
of tallness and dwarfism in peas, how-
ever, because the several colors in mice
are determined not by two genes but by
a series. This vastly increases the num-
ber of possible combinations and adds
to the interest and challenge of the
game.

As Miss Mullan says, “The thrill of
breeding unusual offspring is not the
only appeal of genetics. Those who have
crossword-puzzle minds will find that
genetics on paper becomes a fascinating
and challenging form of mental gym-
nastics. A simple knowledge of the kinds
of genes and how they are distributed
on chromosomes is all that one needs to
commence dreaming up problems of in-
heritance and writing down the specifi-
cations for the new kind of individual
you wish to withdraw from nature’s res-
ervoir. The chance combinations in this
reservoir are not limited to color in mice.
The study of the structural abnormali-
ies of the skin and fur, for example, can
be exciting—and sometimes amusing.

“The most comical of all these mu-
tants is the hairless. The hairless mouse
spends the first two weeks of its life
growing a full normal coat of fur and at
this point cannot be distinguished from
its normal brothers and sisters. Soon,
however, the fur begins to drop out and
the hair line swiftly recedes to complete
baldness, so that in a few days the young
mouse resembles a professor in a fur
coat. Shortly the top of this coat is shed
and the mouse seems to be wearing
breeches. The final stage is perhaps the
most amusing of all, for in a few days
all trace of hair is gone except for a
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fringe about the haunches, and the
mouse looks for all the world like a
small, awkward ballerina. The entire
loss is comparatively rapid and is com-
pleted in about 14 days. Thus four weeks
after birth the creature has grown a coat
and lost it—is finally as naked as a new-
born baby. If there are no complicating
factors, the mouse will soon regenerate
a coarse fuzz which usually remains
throughout its life. The first mice of this
kind were caught in London in 1926.

“Some mice are not totally hairless,
and yet are not completely furred. These
have long fine fur which is much less
dense than that of the normal mouse. In
some the length of the fur is so re-
duced that it is necessary to use a mag-
nifying glass to examine the quality of
the fur.

“These strange characteristics are but
a few of the interesting mutants which
have appeared as the result of breeding
two apparently uninteresting mice.”

AS EARLY as 1814 Joseph von Fraun-
hofer, the father of astrophysics,
placed a prism before the 1.2-inch lens
of a theodolite and mapped the dark
lines of the solar spectrum he saw, de-
signating them with the now familiar
letters. These are the Fraunhofer lines
that give the stars the separate individu-
alities of different human faces—individ-
ualities that are but dimly realized by
those who observe only with a telescope.
Unlike the telescope, the spectroscope
reaches into a star and takes a sample
of it. Paul W. Merrill of the Mount Wil-
son and Palomar Observatories has said
thqt studying a star by telescope is like
“trying to guess the contents of a book
from its size, weight and general ap-
pearance; whxle a spect1 oscopic observa-



tion is opening the book and reading it
through line by line.”

Today astrophysics, which deals with
the physical and chemical characteristics
of the stars, is the largest branch of as-
tronomy; in fact, the astrophysical tail
now wags the astronomical dog. Yet not
one amateur astronomer in 100 attaches
even a simple spectroscope to his tele-
scope or seeks to become an amateur
astrophysicist. True, much of astrophys-
ics is abstruse, but not all of it. Getting
started has been the chief obstacle.

A simple way to get a start in astro-
physics is to build the little ocular spec-
troscope described by Roger Hayward’s
drawing on the next page. With it you
can study the spectra of the brightest
stars, including the sun, directly or as
reflected by the moon. This spectroscope
will show the more prominent lines of
the solar spectrum when held in the
hand and aimed at the sun. But when
you insert it in the telescope in place of
the eyepiece, take care not to look
through it directly at the sun, for that
can make you blind. Without the tele-
scope the spectroscope may also be
used on light sources such as neon
tubes, a salted gas flame or a welder’s
iron arc.

It is called an ocular spectroscope be-
cause its diameter is uniform with the
standard telescope ocular, or eyepiece.
It is kept with the set of oculars and adds
variety to their use. Its multicolored dif-
fraction-grating spectra will also serve
to satisfy the astronomically unsophisti-
cated visitors whom all telescope owners
occasionally have to entertain and who,
seeing only with their eyes and not with
their understanding, fail to be impressed.
The ocular spectroscope will make your
Aunt Emma say “Ah!” even though she
may never have heard of Kirchhoff’s
three laws of spectrum analysis.

The midget spectroscope was de-
signed and built by Ernst Keil, an ama-
teur astronomer and professional instru-
ment maker at the California Institute of
Technology in Pasadena, Calif. As an
avocation he has from time to time de-
signed and built little ocular spectro-
scopes, including one for James Fassero,
the author of Photographic Giants of
Palomar, who uses it in his lecture dem-
onstrations with the 100-inch tele-
scope at Mount Wilson,

The achromatic lens of about two
inches focal length may be obtained
from war surplus for a dollar or two,
or a plano-convex lens may be substi-
tuted with little optical loss. The only
working dimension is the 1%-inch out-
side diameter, a carefully machined
sliding fit for the telescope drawtube.
The other dimensions are those you
choose. There are no “blueprints.” Keil
supplies only the little round gratings,
which are replicas made by his own
process, developed years ago and dif-
ferent from others. “The replica film,”
he writes, “is an integral part of the
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A simple ocular spectroscope

glass backing on which it is cast and
is not a negative but a positive, giving
the same distribution of light as the
original.” For a simple spectroscope a
replica is as good as an original, and
costs much less. The only way today to
obtain a small original grating is to buy
the costly laboratory spectrograph of
which it is a part.

“The slit,” Keil writes, “consists of
two steel jaws made with care, their
razor-sharp edges perfectly straight; see
Amateur Telescope Making, page 248.
The better the jaws, the sharper and
more distinct will be the spectrum
lines. Their separation will depend upon
the brightness of the star observed, but
.01 inch should be suitable.

“The light from a star is gathered by
vour telescope and focused in the plane
of the slitjaws. Entering the slit, it passes
through the transmission grating, which
disperses it into its colors, then through
a lens that collimates the light (making
it parallel) and magnifies the spectrum.
In this spectroscope the grating is put
behind the collimator, instead of in front
of it, to protect the grating. Actual trial
will prove that in this simple spectro-
scope it makes no difference on which
side of the grating the collimator is
placed, for the spectroscope is not in-
tended for serious scientific research but
only for demonstrating the elementary
principles of spectroscopy.

“To put the instrument in operation,
first rotate the grating-lens unit, which
must have a sliding fit inside the outer
tube, until the grating lines are parallel
with the slit. Then slide it in or out
until the slit is in sharp focus. Insert it
in the telescope and move it in or out
until brilliant spectra appear.

“One available replica has 7,500 lines
per inch and makes a spectrum of great
intensity but comparatively small dis-
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persion. Another, with 15,000 lines per
inch, has about twice the dispersion of
the first but a less brilliant spectrum.

“The slot on the front of the spectro-
scope is at right angles to the slit and
of such a depth that a filter placed in
it will cover one half of the slit. Two
spectra, one above the other, will then
be seen simultaneously—one the original,
the other an absorption spectrum. Gela-
tin filters may be had from the Eastman
Kodak Company or you can use red or
blue cellophane, obtainable at photog-
raphy stores.”

A less serious addition to the amateur
telescope owner’s set of eyepieces was
made by Alan R. Kirkham. He built a
Tolles solid eyepiece lens of crystal
quartz which is doubly refracting and
produces two images. Thus he could
always reveal a “secret area” of the sky
where all the stars were double. An
“eyepiece” built by Leo J. Scanlon con-
sisted of a spinthariscope mounted inside
an eyepiece shell. This is a particle of
radium compound in front of a fluores-
cent screen of zinc sulfide, set behind the
magnifying eye lens. Thus he could al-
ways show “exploding universes”
through his telescope.

T IS believed that most of the secret

methods of making replicas of dif-
fraction gratings, about which amateur
telescope makers often inquire as if this
department knew the secrets, are minor
variations on basic methods long ago
made public in The Astrophysical Jour-
nal. In 1905 Robert James Wallace of
the Yerkes Observatory wrote in that
periodical that T. Thorp of England in
1900 was the first to describe a present-
able replica. Over the original grating he
flowed a thin film of oil and then a cellu-
loid solution which he left to dry. He
then peeled off the thin, tough film and
mounted it face up on glass with gela-
tin and glycerin, lowering the film gently
and gradually into place. In the same
volume of the same periodical Wallace
described his own method. He flowed
especially prepared collodion over the
grating, allowed it to dry, stripped off
the resulting film and mounted it on
gelatin-coated glass.

In The Astrophysical Journal for
March, 1910, J. A. Anderson described
his own method. In the collodion he dis-
solved certain unnamed gums, then
placed the finished replica face down on
glass and heated the glass. The solution
oozed into the grooves and hardened
as a negative cast of the replica and posi-
tive cast of the grating. He then dis-
solved the glass between the ridges with
hydrofluoric acid gas. These published
methods are believed to have been the
basis of the secret methods.

In 1937 the Perkin-Elmer Corpora-
tion developed the concave replica grat-
ing shown in the illustration on the op-
posite page. Its grating area is 2 by 2%k



inches. These gratings are superior to
the ordinary low-priced replica. They
are made as shown in the illustration at
the top of page 90. At the bottor is the
glass support for the original grating and
on it is the aluminum film in which the
actual grating was ruled. The grating is
greased and given an evaporated alumi-
num film. A liquid plastic fill of Laminac
is then added. The supporting mirror
for the future replica is placed on top of
this and the plastic is polymerized by
heat. The replica unit is then parted
from the original grating at the level of
the grease. Very high-grade replicas
have recently been developed by the
Bausch & Lomb Optical Company for
use in large spectrographs.

Interesting experiments have been
conducted in England by Sir Thomas
Merton and L. A. Sayce. A very fine
screw-thread is ruled on a steel cylinder
with a diamond. The cylinder is then
coated with cellulose acetate. When dry,
the resulting film is slit lengthwise of the
cylinder, peeled off like the bark of a
tree, flattened and used as a high-grade
replica. Details of this development are
reserved for future description.

The replica method has often been
suggested as an easy solution of the large
grating problem. Those who propose it
apparently overlook the fact that a large
replica calls for an equally large and
non-existent original grating. There is,
however, a way to make a large grating
from a small one. It is the composite
grating, an example of which is depicted
in the illustration at the bottom of the
next page. (Such a grating, com-
posed of four 5% by 7% inch units,
has been in use at Palomar Mountain.)
This beautiful apple, however, is full of
worms. While the spectrum from a com-
posite grating is brighter in proportion
to the number of units compounded, the
grating has no greater resolving power
than a single unit unless the demands of
eptics are met by a degree of mechanical
precision that has not yet been attain-
able. Just how would the proponent of
this method accomplish the following?
He must manipulate the flimsy films on
a backing of glass in such a way that the
grooves in the upper right-hand unit in
the illustration are in phase, or in step,
within one millionth of an inch with the

The Perkin-Elmer replica grating
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UNUSUAL

OPTICAL BARGAINS
MAKE YOUR OWN ASTRONOMICAL TELESCOPE

Build_a_telescope worth up to $600. Our kits include:
'REX MIRROR BLANK—PLATE GLASS TOOL—TEMPERED
SHING PITCH—8 ASSORTED EXTRA FINE ABRA-

A < NTAINERS

IN SHAK TOP C
)—FIRST
R 17

xUIlI‘A(‘E M
FO EYEPIE
it according Fe mirror dia.

Stock # Size

Pstpd. Price
70,003-S /% ..$ 7.00
70,004-S 11.00
70,005-S . 18.00
70,006-S 28.00
70,007-S ek 2V 49.00

Imporfed SOX Pockef M|croscope A $7.00 value.
Stock #30,013-S.... . $3.49 Postpaid

200 POWER 80X Baby Microscope
Imporfed Microscope [deal small instru-

ment, easily car-
Locular, 1objective lens, mi- Te nfing Venas
cromatic type adjustment. | definitiors Oonly 5"
Performance equals vastly high. Has excel-
moreexpensive instrument. {eenst Ofxgcalcl\;all

. i portec

Stock #70,000-S  $12.50 Stock  1150.600-5
postpaid $4.00 postpaid

IMPORTED 20X
TELESCOPE AND TRIPOD

Machined threaded fittings through-
out. Weighs 7 ounces; 634" closed
tength. 13157 open leneth. Atbra
matic ‘objective lens low reflection
coated on inside. Nlakes 2xcellent
spotting scope. Sviivelhead tripod

is collapsible. "o
Stock u|5°f°° S..... 512 95 Pstpd,
Pod

Wit
Stock #50,006-S...... S B 95 Pstpd.

SIMPLE LENS K|TS'—THE LENS CRAFTER'S DE-
HT! Fun for adults! Fun tor children! Kits include
pl’\ml) written, illustrated booklet showing how you can
build lots of optical items. Use these lenses In photography,
ful copying. ULTRA CLOSE-UP OTS, Microphotography,
or “Dummy Camera’’ 1\0(1')Chl(n’ne Viewer, Detachablé
lleﬂe\ View Finder for 35 mm. cameras, Stereoscopic
Viewer, ground glass ’\nd enlarging focusing aids. And
for dozens of other use experimental optics, building
* Micv oscopes, etc
..51.00 Postpaid
...$5.00 Postpaid
Stock #10-S—80 lenses .$10.00 Postpaid

Order by Stock No.—Send Check or M.O.
Satisfaction Guaranteed!
We have Literally Millions of WAR SURPLUS
LENSES AND PRISMS AT BARGAIN PRICES

Write for Catalog ''S"—SENT FREE!

EDMUND SCIENTIFIC CORP.

BARRINGTON, NEW JERSEY

WAR SURPLUS BARGAIN

ACHROMATIC TELESCOPE OBJECTIVES—DPerfect
Magnesium TFluoride’ Coated and cemented Gov't
Surplus lenses ma own and Flint op-
tical glass. Th ected and have tre-
mendous ' resolv ily

with 14" F.L.
Tor astionormie
Original Gov't

Guaranteed well suited
Telescopes, Spotting Scopes, etc.
ost approximately $100.00 each.

Dmmu 3 T'ocal Length Each
54m/m (214" 300m/m (11.811").......... 512 50
54m/m ("1x ) 330m/m (13”).. $12,

54m/m (2%%")
54m/m (2%")
54m/m (2%")
78m/m (31”)
81m/m (3+4"”)
83m/m (3%")
83m/m (3%")
83m/m (3%") 876m/m (34%2")
83m/m (3%") 1016m/m (40”)

SYMMETRICAL EYEPIECE LENS SET—These sets
consist of two Magnesium-Fluoride coated and ce-

exact Gov't spacing diagram.
Gives wide flat field.

'/g" E.F.L. (20X) Lens Set 13m/m Dia. ... $4.50
%” E.F.L. (13X) Lens Set 18m/m Dia......... 3.50
MOUNTED EYEPIECE has 2 perfect lenses 29mm
dia. Designed in order to ane ;,ood eye relief.
Cell fiis 174" tube. 174" E.F.L. (8%).. ~$4.50
RIGHT ANGI.E PRISNIS
8-mm face ea. § .7 -mm face ea. $1.75
12-mm face ea. ’18 -mm face ea. 2.00
23-mm face ea. 1. 2.) 47-mm face ea. 3.00
BINOCULARS, beauurul imported binoculars, pre-
cision made, at a 10w low price within the reach
of every man’s pud(e(hook Complete_wi th carrying
case and ps. lus 20%% Excise Tax
6x15 Individual Focus Coated..
Center Focus
0 Center Focus ..............
5 Center Tocus Coated .......
x30 Individual Focus Coated
7x50 Center Focus Coated...
10x50 Individual Focus Coated
16x30 Center TFocus Coated.... ......cccoeennnnns ]

390m/m (15 ’)6")
508m/m (20”)....
600m/m (23%")
381m/m (15”).
622m/m (24%
660m/m (26”)
711m/m (28”)

mented achromats,

=

<-<-(-(-<°-°<-<-—

Free Catalogue
‘““MILLIONS’ of Lenses, etc.

We pay the POSTAGE—C.0.D.’s you pay postage
—Satisfaction guaranteed or money refunded if
returned within 10 days—Due to military priori-
ties, delays of 6 to 8 weeks on some items.

691A W. Merrick Road
A. JAEGERS LYNBROOK, N.
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How the Perkin-Elmer replica grating is made

grooves in the unit at its left, regardless
of the separation between the replicas. If
he can accomplish this, his next job is
to position the lower units similarly and
make them colinear with all the upper
units. Unless this geometric perfection
of the whole is attained, the grating will
remain essentially only a one-unit bright
grating. The second complication is the
exceedingly stiff optical requirement.
For a 12-inch unit the glass backing
must be flat to within a millionth of an
inch, and for a 24-inch unit, to within
one two-millionth of an inch. The com-
posite is not a practical method of mak-
ing a large diffraction grating.

HE refracting telescope has so many
fine qualities that amateurs would
be just as keen to make it as the reflect-
ing type, if it did not require additional
equipment: a lathe, spherometer, opti-
cal flat, preferably iron tools. It also calls
for optical glass. High-grade, depend-
able optical glass has always been diffi-
cult for the individual small purchaser
to obtain. Most of the glass types in the
manufacturers’ catalogues are sold only
at wholesale or are monopohzed by the
manufacturers themselves. The amateur
could have fun if he could range all
through these attractive and expensively
produced lists and order a little of this
glass and a little of that and experiment
with uncommon types. Instead, only two
or three types are dealt out, sparingly
and in but a few sizes. This throws the
amateur’s nose out of joint. On the other
side of the ledger, the cost of paper work
and correspondence (especially with
amateurs!) renders these small retail
sales uneconomical. The brief lists of
glass are a compromise with the eco-
nomics, made because the manufac-
turers personally admire the amateur’s
enthusiasm.
Under an arrangement made by this

department, two additional types of
glass in five diameters are now added to
the amateur’s limited list. They are
manufactured by Chance Brothers, Ltd.,
of Birmingham, England. Chance
Brothers’ optical glass was used by
W. F. A. Ellison and is the basis of his
exposition of objective lens design in
Amateur Telescope Making. The U. S.
agency for Chance glass is no longer in
existence, but no import license or other
red tape complicates the purchase of a
small pair of telescope blanks from
abroad. The price is remitted by foreign
postal money order. When the parcel
arrives, the local letter carrier collects
the import duty and leaves the parcel.
The British prices have been adjusted
to the 50 per cent ad valorem duty.

The following are the prices of crown
and flint pairs: 3.3-inch postpaid at
$6.33, 3.8-inch at $9.33, 4.3-inch at $14,
5.4-inch at $23.33 and 6.4-inch at
$38.66, exclusive of import duty. The
stated diameters are nominal, the respec-
tive clear apertures being 3, 3%, 4, 5 and
6 inches. For each size there is a choice
of crown blanks: a hard crown with re-
fractive index 1.519, dispersion 60.4,
and a borosilicate crown with index
1.518, dispersion 64.1. The same dense
flint, with indices 1.620 and 36.1, ac-
companies either crown. The glasses are
“first quality,” meaning, guaranteed
completely free from striae. They are
accompanied by full optical measured
readings and melt number. The surfaces
are smooth-ground.

Colonel Alan E. Gee, a widely known
amateur and professional optician,
points out that the hard crown and dense
flint combination gives a secondary
spectrum f /3200, the other combination,
f/2500. Since the average criterion used
in professional work is about /2400, he
considered the first combination “mighty
good.”

o o]
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Ideal array of gratings

Misaligned array
(Ideal spacing dotted)

Geometric requirements for a compound replica grating
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What GENERAL ELECTRIC People Are Naying

. A, WINNE
Engineering

REsEarRcH AND INDUSTRIAL Proc-
RESS: The number of industrial
organizations that can support pro-
grams of fundamental research in
their own laboratories is not great,
but it is important that all industry
recognize the importance of this
tvpe of research and support it in
every way possible.

The extent to which industry
fosters the kind of intellectual
environment that is essential to
creative work will determine, in a
large measure, the dividends from
research that it may expect to
receive over the next 50 years.

The trick is to see around the
corner—or, failing that clairvoyant
sense, to make a fair guess as to
what may lie just around the corner
and to play the research program
accordingly.

A research program that is well
integrated with the business in-
terests of the company is as much a
part of the continuous operation of
the business as is the maintenance
of a plant that is well adapted to
company needs. Consequently the
research program must be protected
from interruptions that might follow
minor fluctuations in the business
cycle.

Centennial Conf. on Ind. Research
Chicago, Illinois

*
J. P. DITCHMAN

Lamp Division

APPLICATIONS OF LIGHT IN AGRI-
CULTURE: Many people are working
on the use of lamps and electrical
traps as a means of crop insect pest
control. Nothing is known of the
sensation that insects experience
when they see either colored or
white light. Therefore, any inti-
mation that insects have color per-
ception should be avoided.
Literature on the movements of
insects and other responses towards
or away from the light sources is
very fascinating because it shows
that every conceivable variation of
radiant energy, spectral distribu-

tion, orientation, quantity, dura-
tion, intensity, etc., may have some
action on the insects or animals. Just
to mention one of these with which
we are familiar, the effectiveness of
the light source in attracting noc-
turnal insects. Researchers in this
field have indicated that most noc-
turnal insects have receivers that
are sensitive to the blue and the
ultraviolet part of the spectrum.
This is being used to particular ad-
vantage in agricultural fields where
sources of ultraviolet and visible
blue are being used to attract the
cornborer moth, cotton ball worm,
and others to their destruction. The
fluorescent black-light lamp has
been so attractive in tests conducted
during the last few years that the
ordinary high-voltage traps being
used to electrocute the moths have
been clogged by the tremendous
flight of the insects. Work has not
progressed far enough to recommend
this use to farmers to stop the
scourge of these insects, but light
traps are being used as indicators to
give the farmer fair warning when
he should use control measures
against the flight of any particular
pest.

Am. Soc. of Agricultural Engrs.
Chicago, Illinois

*
W. R. G. BAKER

Electronics Division

MANAGEMENT OF RESEARCH AND
DEVELOPMENT: Just as the progress
of research and development cannot
be measured in monetary terms,
neither can it be measured in terms
of numbers of engineers, or phys-
icists, or chemists. It must be meas-
ured in the extension of human
knowledge, and in the application of
that knowledge. The trend today is
to shorten the time between the ex-
tension of knowledge and its appli-
cation, a task which becomes more

difficult as we bring more important
minutiae into our understanding.

There appears to be a growing
recognition of the fact that time is a
fourth dimension in scientific prog-
ress, and a dimension of increasing
importance. The interrelation today
of what were disassociated sciences
yesterday is a strong indication that
if the state of the art in one branch
of science moves too far ahead, the
expenditure of man-centuries of en-
gineering effort may not produce
marked further progress. A period
of “catching-up” may well be re-
quired.

In many fields the developmental
engineer is breathing down the neck
of the man who is engaged in funda-
mental research. The obvious answer
is to increase the number of qualified
persons engaged in pure research in
ratio to those engaged in applied
research. This will not be possible to
any great extent within the next
few years.

Principally because of three fac-
tors: the high cost of research; the
ever widening areas in which funda-
mental research can take place; and
the shortage of trained engineers,
several new operating procedures
have been offered research manage-
ment. The first has a variety of
names such as techno-economics, or
operations research. Basically this
procedure is nothing more than the
“task force” approach of studying
all related areas, determining the
extent of the new basic knowledge
required, the effort needed to con-
vert this knowledge to a usable
form, the total capital investment
and expected rate of recovery.

There is no reason why this ap-
proach should not be successful if
those from whom you can reason-
ably expect progress in fundamental
research, through reasons of ade-
quate training and possession of an
inquisitive mind, are available.

National Convention, IRE
New York City

GENERAL @D ELECTRIC
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This is the Boeing team’s jet heavyweight

Here is a flight shot of the giant
Bocing B-52 Stratofortress. An cight-jet
heavy bomber, the Stratofort is a fast,
husky tcammate to the B-47 Stratojet
medium bomber. It's 153 feet long,
measurcs 185 feet from wing-tip to
wing-tip, and is powercd by cight Pratt
& Whitney J-57 engines. Speed and
other performance dctails arc carcfully
guarded secrets.

This Bocing jet-bomber tcam is just
another example of the trail-blazing
that, over the past 35 ycars, has kept
Bocing engincers at the head of the
design parade.

If you mecasure up to Boeing stand-
ards, you can share this Bocing prestigc.
You'll work with men renowned in their

92

ficlds, on such challenging projects as
guided missiles, nuclear-powered air-
craft, and the exploration of supcrsonic
flight.

There are openings at Boeing right

now for experienced and junior engi-
neers in all fields, for aircraft

e DESIGN e DEVELOPMENT
e RESEARCH +« PRODUCTION
e TOOLING

also for servo-mechanism and electronics
designers and analysts, and for physi-
cists and mathematicians with advanced
degrees.

You can work in Scattle in the Pacific
Northwest or, if you prefer, at Wichita
mn the Midwest. Bocing provides a gen-
crous moving and travel allowance,

© 1952 SCIENTIFIC AMERICAN, INC

offers you special training, a salary that
grows with you—and a futurc of almost
limitless range.
You'll be proud when you say, “I'm
a Bocing engincer!”
Write today to the address below, or use
the convenient coupon

e |

I JoHNc. SANDERS, staff Engineer— Personnel |
| Dept. c12 I
1 Boeing Airplane Company, Seattle 14, Wash. |
l Engineering opportunities at Boeing inter- |
] est me. Please send me further information. |
1 Name____ 1
I Address !
1 |
1 I

City and State _

M ——

BOLSING



AN INDEX
OF ARTICLES
AND AUTHORS

The following index lists all the arti-
cles and authors that appeared in Sciex-
TIFIC AMERICAN during 1952. The index
also lists the principal book review in
each issue. Shorter book notes are not
indexed.

ETHER AND ELECTRICITY, HISTORY

OF THE THEORIES OF: THE CLAS-
SICAL THEORIES, by Sir Edmund W hit-
taker, and THE EXACT SCIENCES IN
ANTIQUITY, by O. Neugebauer. A review
by I. Bernard Cohen; May, pp. 80-81.

AIRPORT RADAR; June, pp. 64-65.

ALCHEMY AND ALCHEMISTS, by John
Read; October, pp. 72-76.

Alfvén, Hannes. ELECTRICITY IN SPACE;
May, pp. 26-29.

ALGAE, THE USEFUL, by Francis Joseph
Weiss; December, pp. 15-17.

ANIMALS OF THE BOTTOM, by Henry G.
Vevers; July, pp. 68-69.

ANTIBIOTICS, THE PROGRESS OF, by
Kenneth B. Raper; April, pp. 49-57.

ARROYOS, by Sheldon Judson; December,
pp. 71-76.

ART MUSEUM, SCIENCE IN THE, by
Rutherford J. Gettens; July, pp. 22-27.
ASTHMA, by William Kaufman; August.

pp. 28-30.

ATOMIC PILE CHEMISTRY, by John F.
Flagg and Edwin L. Zebroski; July, pp.
62-67.

AUDUBON, ANIMALS BY; January, pp.
64-65.

AUTOMATIC CHEMICAL PLANT, AN, by
Eugene Ayres; September, pp. 82-96.

AUTOMATIC CONTROL, by Ernest Nagel;
September, pp. 44-47.

AUTOMATIC MACHINE TOOL, AN, by
William Pease; September, pp. 101-115.
AVIATION MEDICINE, FATHER OF, by

J. M. D. Olmsted; January, pp. 66-72.

Ayres, Eugene. AN AUTOMATIC CHEM-

ICAL PLANT; September, pp. 82-96.

BABBAGE, CHARLES, by Philip and
Emily Morrison; April, pp. 66-73.

Bettelheim, Bruno. SCHIZOPHRENIC ART:
A CASE STUDY ; April, pp. 30-34.

BIRD AERODYNAMICS, by John H. Storer;
April, pp. 24-29.

Blum, H. F. TIME’S ARROW AND EVOLU-
TION. A hook review by Sir George Thom-
son; April, pp. 88-90.

Boehm, George A. W., and Teru Hayashi. AR-
TIFICIAL MUSCLE; December, pp. 18-21.

Bok, Bart J. THE SOUTHERN SKY; July,
pp. 46-57.

Bonner, John Tyler. D’ARCY THOMPSON;
August, pp. 60-66.

Braidwood, Robert J. FROM CAVE TO
VILLAGE; October, pp. 62-66.

Braun, Armin C. PLANT CANCER; June,
pp. 66-72.

BREEDER REACTOR, THE; December, pp.
58-60.

Bronowski. J. MODERN COSMOLOGY
AND THE CHRISTIAN IDEA OF GOD,
by E. A. Milne (a book review) ; Novem-
ber, pp. 87-89.

Brown, Gordon S., and Donald P. Campbell.
CONTROL SYSTEMS; September, pp.
56-64.

Campl)ell, Donald P., and Gordon S. Brown.

CONTROL SYSTEMS; September, pp.
56-64.

CARDIOGRAM,

WHALE; October, pp.

SCHOLARS: THE STORY OF ARCHAE.
OLOGY. A book review by James R. New-
man; January, pp. 74-78.

CHEMICAL AGRICULTURE, by Francis
Joseph Weiss; August, pp. 15-19.
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March, pp. 62-63. THE EXACT SCIENCES
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HISTORY OF THE THEORIES OF
AETHER AND ELECTRICITY: THE
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DOUBT AND CERTAINTY IN SCIENCE,
by J. Z. Young. A book review by James R.
Newman; March, pp. 75-78.

EARTH, THE ORIGIN OF THE, by Har-
old C. Urey; October, pp. 53-60.
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March, pp. 17-21.

Emerson, Ralph. MOLDS AND MEN; Janu-
ary, pp. 28-32.
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book review by J. Bronowski; November.
pp. 87-89.

MOLDS AND MEN, by Ralph Emerson;
January. pp. 28-32.

MONGOLISM, by Theodore H. Ingalls; Feb-
ruary, pp. 60-66.

Morrison. Philip and Emily.
BABBAGE: April. pp. 66-73.

Erwin W.

HOW ANI-
March, pp.

CHARLES

94

MOUND BUILDERS OF THE MISSISSIP-
PI, by James A. Ford; March, pp. 22-27.
Miiller, Erwin W. A NEW MICROSCOPE;
May, pp. 58-62.
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PHOTOGRAPHIC DEVELOPMENT, by
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BECKMAN MODEL B
SPECTROPHOTOMETER

A moderately priced precision in-
strument employing a glass-prism
monochromator. Its low cost per-
mits the application of accurate,
rapid spectrophotometric methods
to routine analyses formerly
accomplished by more tedious
procedures. High photoelectric
sensitivity is maintained over the
wide spectral range of 320 to
1000 millimicrons.

BECKMAN MODEL DU
SPECTROPHOTOMETER

Versatile quartz spectrophoto-
meter unsurpassed for accuracy,
resolution, range of wavelength,
and over-all performance. Meas-
uvrements may be made in the
vltraviolet, visible and near-infra-
red regions. More than a dozen
special accessories are available
for almost every type of photo-
metric analysis.

BECKMAN INSTRUMENTS

control modern industries

ew BIBLIOGRAPHY
OF APPLICATIONS FOR :

BECKMAN MODELS B AND DU

SPECTROPHOTOMETERS !

APPLICATIONS

T ’i

oA

Ovutlines more than 500 applications...

) Partial list of contents includes: [dentification,
Analysis and Color Measurements. . .
Techniques in General Organic and
Inorganic Chemistry . .. Metals. . .
Petroleum and Fuels . . . Glass, Plastics,
Resins and Rubber . .. Biologicals and
Medicine ... Pharmacecuticals...Vitamins
... Foods and Beverages . .. Oils, Fatty
Acids and Pigments ... Cosmetics . ..
Clays, Paints and Papers . .. Textiles ...
Dyes and Leather . .. Plant Materials,
Soils and Insecticides.

) Special Sections include listings on
Structural Identification . . . Rate and
Equilibria Studies...Emission (Including
Flame Spectrophotometry) . . . Special
Instrumentation and Standards . ..
Calibration Filters .. . Theory ... and
Miscellaneous References

A free copy of this valuable bibliography will
gladly be sent those supplying their job titles
and the type of product or process in which

they are working, together with name and address.
See your Beckman dealer or

write for Data File 14-48

BECKMAN INSTRUMENTS, INC.

SOUTH PASADENA, CALIFORNIA
Factory Service Branches: New York—Chicago —Los Angeles
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dependable instruments.

“etland.

The Heiland A-500 recorder embodies —
many features found only in much larger
instruments...easy loading; four quick
change paper speeds; precision time lines;
trace identification; paper movement in-
dicator; direct monitoring of galvanometer
light spots. Case dimensions 634” x 973" x
1234”. Weight 33 lbs. Paper width 4”-100"
long. Available for either 12 volt or 24
volt D.C. operation.

A-500 12 channels

An 8 volt battery pack provides self con-,
tained power source affording complete
portability and flexibility to the Heiland
A-401 Recorder. Other features are similar
to the A-500. Case dimensions with battery
pack 7”7 x 915" x 1214”, without 414” x
915" x 1214”; Weight with pack, 39 lbs.,
without, 22 lbs. Single speed. Paper width
2”-100" long. Available for 12 volt or 24
volt D.C. operation without battery pack.

Qomplerdd et

A-401 6 channels

Accurate oscillograph records provide data for better product
design and performance. Heiland recorders are being widely
used for numerous aircraft, laboratory and industrial applica-
tions. Write today for Heiland catalog of recorders, galva-
nometers and associate equipment.

HEILAND RESEARCH CORPORATION . 130 E. Fifth Avenue, Denver, Colorado
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Sought in Africa...discovered in Kalamazoo...

Following the discovery of the remarkable effectiveness of cortisone for
the treatment of certain joint, eye and skin diseases, the world was
searched for suitable raw material from which to make the drug.

Expeditions, including one in which The Upjohn Company participated,
were even sent to Africa because the seeds of a strophanthus plant were
thought to contain a starting material that would make a number of dif-
ficult chemical steps unnecessary. No suitable seeds were found, but
scientists in Kalamazoo discovered a mold that could be made to perform
the key step in the synthesis of cortisone. Utilizing this mold a new
method was perfected that makes cortisone available to more people.

Medicine... Produced with éare... Designed for health

© 7952 The Upjokn Company, Kalamazoo, Michigan
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FRatograph by fos Aarome

Isn’t the happiness we bring to those we love the best Christmas gift of all?
Of course it is. And how fortunate we are today in being able to give not only
many Christmas gifts but many new and more lasting “gifts” that contribute
so much more to happiness.
Better health for our children, for example...greater protection against
illness and suffering than any generation has ever enjoyed before. Better and .
more nourishing food to build sturdier bodies. Better shelter and clothing for AMERICAN W COMPANY
greater comfort. New and broader opportunities for work and employment

and achievement. 30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y.
Many of these new “gifts” spring from research in the field of chemistry.

American Cyanamid Company is proud to be a member of the great and growing

chemical industry that is doing so much to advance human welfare.
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