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How to make a brand weigh more

o THE MAN with a taste for thick,
Tjuicy steaks—or the rancher who
stakes his brand and reputation on the
beef he ships to market, here is news . ..

Beef cattle are growing bigger and
healthier now, with the help of Shell
Chemical's new fertilizers applied to
rangeland. Growth of grass and clover
is doubled because of this new concept
in beef production, developed by uni-
versity and government researchers.

Forage grows earlier, faster, richer. And
better grass naturally grows better
steers. More profitably, too. Shell’s
pioneering tests have already shown
that fertilizer costs can be repaid three-
fold when the fattened cattle reach
market.

Next time you sink your teeth into an
unusually tasty steak, remember that
this may have come about because Shell
helped Nature do her job better.

Shell Chemical Corporation

Chemical Partner of Industry and Agriculture
SAN FRANCISCO
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High speed photography helps Oldsmobile engi-
neers translate the theory of camshaft design into
practical reality.

Developing the “brains” of an engine—its camshaft—
demands engineering skill of a high order, both in
theory and practice. Advanced techniques of precision
measurement guide Oldsmobile engineers in creating a
profile design of optimum efficiency.

To determine exactly what happens in a valve train
system, movies are taken at speeds up to 15,000 frames
per second. The valve train under study is assembled in
an engine block and driven by an electric dynamometer
at precisely controlled speeds. A vernier scale, silver
soldered to the valve spring retainer, is photographed
as it moves with the valve’s opening and closing.

OLDSNMOBILE)

Essentially, these photographs act as an analog com-
puter. Analysis gives a plot of the actual “lift curve” of
the camshaft—the exact linear movement of the valve at
each degree of camshaft rotation. It tells at what points
the valve opens and closes and also whether the valve
lifter is following the cam as it should. This curve, com-
pared to the theoretical lift curve is a definite point for
refining to begin—to make sure that design theory will
be production practice. With this exact and rapid tech-
nique of analysis, as many as 50 experimental camshafts
may be tested before a final design is fixed.

The Inquiring Mind at Oldsmobile is never at rest in
its attempt to build the best engineered car in the indus-
try. Test drive the ’58 Oldsmobile and you’ll find it’s the
finest product in our 60-year history.

OLDSMOBILE DIVISION, GENERAL MOTORS CORP.

Pioneer in Progressive Engineering
...Famous for Quality Manufacturing
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Alfred North Whitehead...on the passion for discovery

“Disinterested scientific curiosity is a passion for
an ordered intellectual vision of the connection of
events. But the goal of such curiosity is the
marriage of action to thought. This essential inter-
vention of action even in abstract science is often
overlooked. No man of science wants merely to
know. He acquires knowledge to appease his

THE RAND CORPORATION,

passion for discovery. He does not discover in order
to know, he knows in order to discover. The pleas-
ure which art and science can give to toil is the
enjoyment which arises from successfully directed
intention. Also it is the same pleasure which is
yielded to the scientist and to the artist.”

~The Aims of Education, 1917

SANTA MONICA, CALIFORNIA

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

tube size or shape
Regardless of any differ-
ence in the size or shape of
U-Type manometer legs, the
difference between column
heights will always be a
true indication of the un-
known pressure. More de-
tails in Bulletin G-14.

2
N

MERIAM MANOMETERS

—>

GRAVITY

never fails

A manometer is operated by the force

of gravity. Its perfect reproducible
accuracy depends on nothing else.

That is why a manometer is always
accurate . . . today, tomorrow and forever.
Calibration is never required . . . never
subject to question.

This unfailing accuracy is the reason why
manometers are the primary standard

by which other instruments are judged,
calibrated and verified.

Accuracy and dependability go hand in
hand in the broad line of Meriam
Manometers. For this reason, they are
being specified for an ever increasing
number of industrial as well as laboratory
applications . . . wherever dependable,
low cost, low maintenance
instrumentation is desired.

NEW

. complete and informative guide to
manomefter theory and practice as well
as manometer models for plant, field and
laboratory use. Just ask for Bulletin G-14-
The Meriam Instrument Company, 10920
Madison Avenve, Cleveland 2, Ohio.

L ANAANA A
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THE COVER

The objects on the cover symbolize
the study of the juvenile hormone of
insects (see page 67). It is this hor-
mone which keeps an insect larva
from becoming a pupa until it is
full-grown. Beneath the syringe is a
vial containing a crude extract of
the hormone. The smaller vial con-
tains a purer extract. At bottom are
two Cecropia silkworm moths. Ad-
ministration of the hormone has
made one moth a giant and the oth-
er a dwarf. At upper right are three
test animals. The one at right re-
ceived an injection of inactive ex-
tract; it has turned into a moth with
its wings still unfurled. The one in
the middle received a small amount
of hormone; it is a mixture of pupa
and moth. The one at left received
a large amount; the old pupal skin
has been removed from one side,
revealing a second pupa beneath it.

—h— |
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Barden Precision SR3SSX8 bearings as used in a synchro transmitter/receiver.

BARDEN functional testing assures precision performance

The SmoothRator, an electronic
performance tester, was developed
by Barden to check vibration as a
measure of overall functional quality.
A standard quality control instru-
ment at Barden, the SmoothRator
is also used by many leading com-
ponent and systems manufacturers.

SPECIFY BARDEN PRECISION BALL BEARINGS FOR

Precision-built synchros require small, uni-
form air gaps and consistently low torque to
provide accurate response to a generated
signal.

Barden Precision low torque bearings assure
the required air gap by close control of radial
play and concentricity. The SR3SSX8 has an
extra large O.D. which eliminates the need
for end caps, increasing air gap accuracy and
reducing synchro complexity and cost.

From research and design, through quality
controlled production, functional testing and
applicationengineering each Barden Precision
bearing is planned for performance. Barden
Precision means not only dimensional ac-

curacy but performance to match the de-
mands of the application.

Barden Precision bearings must pass rigid
functional tests on the SmoothRator, the
Torkintegrator and other Barden-developed
or standard test devices. This functional test-
ing is your assurance of consistent precision
performance.

Your product needs Barden Precision if it
has critical requirements for accuracy, torque,
vibration, temperature or high speed. For less
difficult applications, Barden predictable per-
formance can cut your rejection rates and
teardown costs.

rve BARDEMN corporarion

43 East Franklin Street, Danbury, Connecticut
Western office: 3850 Wilshire Boulevard, Los Angeles 5, California
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he “triggers off’ the

The push of a button . . . a roar that shakes the
earth . . . and another giant missile rises smoothly on a cushion of flame to heights

beyond the range of human vision!

where

fits in this picture

AN ALMosT impregnable blockhouse at Cape Canaveral, Florida, protects one of the most
complex assemblies of electro-mechanical equipment ever assembled, and the men who
operate it. Their purpose—to launch and study in flight the missiles of the ICBM, IRBM, and
“Air-Breathing” Missile Programs.

Here, the greatest missile experts of the free world gather as the count down begins. The air
becomes electric and the tension builds to an almost unbearable pitch as the moments slip by.
Finally, firing time arrives. The weird iron skeleton surrounding the missile is wheeled back.
The missile itself, an enormous white pencil, is left standing alone. The blockhouse is sealed
... thearea cleared ... and the final seconds tick away as an impersonal voice calls off the count.
Within the blockhouse, a hundred eyes watch television screens and study the maze of instru-
ments which record invaluable data from every second of flight. Suddenly the first flames lick out,
and the earth trembles as the missile rises slowly from its firing pad.. . . streaks straight up and out
of sight with only the ponderous thunder of its engines to remind you that what you saw is real.

What is AC’s role?

AC’s part in this tremendous project is to produce an inertial guidance system capable of direct-
ing missiles on their course over tremendous distances and with fantastic accuracy. This system,
known as the AChiever, has proved its ability to withstand the tremendous shock of launching and
to operate within required limits under all the conditions to be found within a missile in flight.

AC engineers together with research groups in American universities, scientists in industry, and
in our armed forces, form a team whose responsibility it is to design, test and produce operational
missiles. Today, the AChiever stands ready—fully capable of directing a missile to a target
anywhere in the world—or far out into space. It is entirely self-contained and independent.
Nor can it be affected by man-made interference—electronic, radar or infra-red.

If you are an engineer with electronic or mechanical experience and feel you could contribute
to this program—and, if you are not now in the armed forces—write the personnel section of

AC in Milwaukee.
AC%THE ELECTRONICS OIVISION OF GENERAL MOTORS
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LETTERS

For many years I have been intrigued
by a largely unprovable hypothesis
about the coexistence of Homo sapiens
and Neanderthal man; J. E. Weckler’s
article in the December, 1957, Scientific
American has led to this letter.

My assumption is that these two spe-
cies met in Northern Europe and lived
together for many generations. It is
based upon the numerous folk tales and
myths involving a fairly easily recog-
nizable stereotype of Homo neander-
thalensis, who appears as a gnome, troll
or Nibelung. He is invariably small,
hairy, ugly, an underground or cave
dweller, a worker in metals, almost
human but not quite, in a state of armed
truce or cold war with Homo sapiens.

Why does such a creature literally
overrun the folklore of the Nordic and
Teutonic people, yet hardly, if at all,
appear in the Bible, in Greek or Roman
mythology? Nor am I familiar with his
like in the folklore of Asia, Africa or
the Amerindians.

Could this be coincidence? Certainly
that is a possibility which cannot com-
pletely be discarded. It seems quite un-
likely, however, that such a large num-
ber of stories of this character (brought
to the New World in Rip Van Winkle)
would pervade this region if no rea-
son other than chance were to be at-
tributed.

Sc)enhﬁc American, February, 1958; Vol. 198,

No. 2. Published monthly by sclenuﬁc American,
Inc., 415 Madison Avenue, New York 17, N. Y.;
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Subscription correspondence should be ad-
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o

It is well recognized that myths and
folk tales are often based on fact, al-
tered by numerous passages through the
minstrels and storytellers of the times.
I submit that Homo neanderthalensis
lives among us today in the stories of
Andersen and the Grimms and in the
Wagnerian Ring of the Nibelungs—im-
mortalized in legend, though no longer
in the flesh.

EmiL RorastEN, M.D.

West Newton, Mass.

Sirs:

The story of Robert Stroud in “The
Amateur Scientist” [SCIENTIFIC AMERI-
caN, December, 1957] cannot easily be
forgotten.

It is an outdated penal code that
will condemn a criminal to solitary con-
finement for life. Aside from any legal
aspect, a humane attitude would call
for rehabilitation for a man with such
unusual achievements as Stroud’s. To
maintain the vivid interests, to use the
imagination and skill described in the
face of total isolation, Stroud must pos-
sess an extraordinary will to live and to
make use of life. This is further shown
in his embarking on a new study when
transferred to Alcatraz and unjustifiably
deprived of that which he had lived
with and worked for over the years.

To come to realize that in this era,
in this country, authorities are entitled
to subject a human being to that much
frustration comes as a shock, at least
to this reader, and I am sure to many
more. It is true that single individuals
were not without understanding, but
the penal machine could only operate
coldly in the vacuum of abstract data.
Nothing much is related in the article
about the “very difficult individual,”
but, in fact, how many under similar
circumstances would have shown the
resourcefulness of Stroud? Would they
not have become more hardened crim-
inals, or, more probably, lost their
sanity?

If one recalls that society’s role in
dealing with antisocial behavior is not
primarily punitive, but one of protec-
tion for its members and rehabilitation
of the delinquent, one may well wonder
at the treatment accorded Stroud, and
at our potential gain and actual loss.
Still, over and above the waste of a
valuable mind, remains the useless and
extended suffering imposed upon a
human being. The laws of our country
are based upon the dignity of man.

© 1958 SCIENTIFIC AMERICAN, INC

To those who break them we owe an
opportunity to start a better life, or else
we ourselves lose that dignity which we
claim.

F. A. VELAY

Philadelphia, Pa.

Sirs:

The story of Robert Stroud told in
“The Amateur Scientist” filled me with
great horror and indignation. That a
human being should be treated as Rob-
ert Stroud has been is unbelievable.
What cruelties and indecencies lie hid-
den behind an Ice Curtain of official
silence?

One shudders when one remembers
how the German people protested that
they knew nothing of the atrocities com-
mitted by Hitler under their noses!
What goes on that we Americans do not
know about—injustices and horrors sanc-
tioned and encouraged by Government
officials?

Yet we are all our brothers’ keepers.
I have written to President Eisenhower
and to James V. Bennett, director of the
Federal Bureau of Prisons, expressing
my concern over the treatment of Rob-
ert Stroud and voicing my opinion that
such a medieval dungeon as Alcatraz has
no place in our society.

Thank you for the article on Robert
Stroud, about whom I had never heard
before. I should like to do whatever 1
can in my small way to help end such
inhumanity of man toward man as illus-
trated by his case.

HiLia ELan

Glen Oaks, N.Y.

Sirs:

I have just read the article in “The
Amateur Scientist” about Robert Stroud.
I am not an ornithologist, nor do I know
much about birds. I am, however, truly
disgusted with the actions and apparent
philosophy of certain bureaucrats in the
Bureau of Prisons. Assuming that Stroud
is not a troublemaker, there is no reason
why he should not be permitted to con-
tinue his studies. He apparently is not
even allowed the humane treatment that
a criminal deserves. . . .

CHARLES R. HAGENER

University of Illinois
Champaign, Il



BEARINGS

Torrington scientists and engineers are seeking to develop
anti-friction bearings that will perform at temperatures
that warp steel.

This involves processing and applying materials at
once sufficiently heat resistant and elastic to be practical
for high-temperature use. While a number of materials
remain rigid at 1200° F. and higher, many disintegrate
under load-bearing conditions. Conventional lubricants

INVADE THE THERMAL THICKET

vaporize. Unprecedented frictional problems develop.

Yet we are confident that these and related investiga-
tions at Torrington research laboratories will take
anti-friction bearings ever further into the thermal thicket
of high-temperature operation.

Joined with Torrington’s manufacturing skill, progress
in research will keep pace with demand for ever higher
levels of bearing design and performance.

THE TORRINGTON COMPANY

Torrington, Conn. « South Bend 21, Ind.

RESEARCH FOR PROGRESS

IN BEARING DESIGN AND PERFORMANCE
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Looking for solutions?
AMF has missile experience you can use

e Building a reliable missile system introduces problems at every step . . . the
kind AMF solves daily. From drawing board to target, AMF is constantly
bridging the gap between missile concept and performance. ® This wealth
of experience, gained as a leading contributor to numerous major missile
programs, can produce the solution to your particular problem. e For a full
description of AMF engineering and production facilities in the missile field,
as well as a review of their performance, contact the AMF Defense Products
Manager in any of the cities listed below.

® Armament
® Ballistics
® Radar Antennas

o Guided Missile [ ‘ﬂ Defense Products Group
e Eovener LI ANEISE  AMERICAN MACHINE & FOUNDRY COMPANY
¢ ’ ERODUCTS 1101 North Royal Street, Alexandria, Va.

® Control Systems
Asbury Park @ Atlanta ® Boston ® Brooklyn © Dallas ® Dayton ® Los Angeles ® Seattle ® Tucson ® Washington, D.C.
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Progress with TITANTUM

Giant autoclave is divided into six inner com-
partments, each with a turbine impeller for
agitating slurry, which contains cobalt, nickel,
copper arsenic, iron and sulfuric acid, and iron-
arsenic compounds. The reaction is carried out
at pressures of 550-600 psi, at temperatures
exceeding 400°F. The Calera Mining installa-
tion, at Garfield, Utah, was engineered by

Chemical Construction Corporation.

4™ BIRTHDAY FOR
TITANIUM TURBINE

in corrosive slurry that quickly kills other metals

HIS encrusted, scale-covered

turbine impeller made from
Mallory-Sharon titanium is a thing
of beauty to the cost-conscious Calera
Mining Company. It’s passing in-
spection after four years service in
as corrosive an environment as you
are likely to meet.

Calera oxidizes and leaches cobalt-
arsenic-sulfideconcentratesina giant
high-pressure, high-temperature
autoclave. The autoclave, or pres-
sure vessel itself is lined with acid
resisting brick. But the turbines, pip-
ing, thermowells, and flange linings
must be metal.

The piping, fabricated from
Mallory-Sharon titanium, has seen
continuous service—where alloy
steels and nickel alloys failed in a
matter of hours. Even on the hefty
turbines, thelongest service obtained
was a few weeks—before titanium
was fully specified for all turbine
partsincluding fasteners. With flange
linings and other parts the story is

thesame—titaniumistheonly choice
from an economic standpoint.

Have you a corrosion headache
that titanium can turn into a success
story? We can help you evaluate
this remarkable metal in your plant,
supply engineering assistance, and
deliver your sample or prototype
requirements from stock. Call or
write now for complete information.

MALLORY-SHARON

i -

METALS CORPORATION + NILES, OHIO

E\wd producer of Titanium e Zirconium e Special Metals
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with Honeywell’s new Data Handling System

SIMPLIFY DATA PROCESSING . . . eliminate the complexities you associate
with gathering and correlating data.

GAIN NEW DATA PROCESSING FLEXIBILITY . . . change logging sequence at
will. . . easily switch types or ranges of inputs. . . add inputs quickly . . . move
smoothly from one process to another. Here is a system that defies obsolescence.

GAIN GREATER ACCURACY . .. process data with accuracy of 1/10 of 19, of
reading—accuracy that’s barely approached by other data processing equipment.

GAIN DEPENDABILITY . . . all components of Honeywell’s new Data Handling
System are designed for remarkably long life and utmost operating efficiency
. . maintenance needs are pared to a minimum.

SIMPLIFY OPERATION . .. span, range, zero and alarm points are set to the
actual digital value by merely placing a few pins in a board.

CUT MAINTENANCE TIME . . . the Honeywell Data Handling System can be
serviced while in operation—an exclusive advantage.

Write or call for details.

MiINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Products Group, Brown
Instruments, Wayne and Windrim Avenues, Philadelphia 44, Pa.

Honeywell
Fout e Coatiols-
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BORON: gift of the Firebird

Comparable to the ancient Firebird
legend is the wonder-working energy of
Norton electric furnaces. Here, raw ma-
terials are transformed into new, high-
purity compounds of tremendous im-
portance to scientific and industrial
progress.

For example, Norton began develop-
ment of stable boron compounds a quar-
ter century ago and now provides boron
as the nitride, the carbide or as borides
and experimentally in its elemental
form.

Norton electrochemical engineering

§
§

B

may be a valuable aid to your own proc-
essing. It enables users to improve man-
ufacture with an increasing variety of
boron-rich compounds, including inter-
mediates for chemical processing and
additives for metal alloying. Technical
cooperation is available with all these
Gifts of the Firebird.

Gifts of the Firebird: compounds of
silicon ¢ zirconium « boron ¢ aluminum
+ magnesium . titanium ¢ chromium

. . including many
borides « carbides « nitrides . oxides.

© 1958 SCIENTIFIC AMERICAN, INC

The legendary Firebird, the Phoenix, rose young and strong again and again from flames . . . This is the new Norton Firebird
— symbol for the exciting new fused materials made in Norton’s electric furnaces.
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NEW

CATALOG AVAILABLE

Write to NorTON ComMPANY, Electro-
chemical Division, 541 New Bond
Street, Worcester 6, Massachusetts.

ELECTROCHEMICALS

MAKING BETTER PRODUCTS ... TO MAKE YOUR PRODUCTS BETTER

13



20 AND 100
YEARS AGO

FEBRUARY, 1908: “Signs are not
wanting that the time is ripe for just
such a rapid development of the art of
navigation of the air as was witnessed
in the development of the automobile,
when the French applied their great
mechanical genius to that end. And we
ask the question: Is the U. S. to take its
proper place as the leading nation in this
era of development, or are we to follow
along two or three years behind the rest
of the world and buy our dirigibles and
aeroplanes from abroad, just as we were
obliged to buy our first automobiles from
France and Germany? The Government
has asked for bids for aeroplanes; and
on the day of opening, February 1, no
less than 41 tenders were found to have
been submitted, of which three were ac-
cepted, namely, that of the Wright
brothers for a machine to cost $25,000,
of A. M. Herring for a $20,000 machine,
and that of J. F. Scott for one to cost
$1,000. Now that the War Department
has lent its great prestige to the promo-
tion of aeronautics, we feel that the time
is ripe for an appeal to Congress for a
sufficiently liberal appropriation to en-
courage the inventors, mechanics and
engineers of the U. S. to throw them-
selves into this promising field of en-
deavor.”

“Commander Robert E. Peary states
that he will leave New York on July 1
next on another Polar expedition. He
will winter at Cape Sheridan, and pre-
pare for a dash to the Pole during the
summer of 1909. At Cape Sheridan the
sun sets on October 12, and does not
rise again till the first of March.”

“Though Navy Department officials at
Washington have so far refused to de-
clare themselves, as have the naval au-
thorities in England and France, in favor
of the exclusive use of turbine propulsion
for warships in place of the reciprocating
engines, the U. S. Navy is by no means
backward in its use on ships now under
construction. The policy of the Depart-
ment has been against making a decision
toward adopting turbine engines until

14

actual tests have demonstrated their su-
periority. The Parsons type of turbine
has been adopted exclusively by the
English Admiralty and recently by the
French Ministry of Marine. A number
of English ships have been fitted with
them, the most important being the bat-
tleship Dreadnought.”

“After but three months of active ex-
perimentation, Henry Farman, an Eng-
lishman residing in Paris, succeeded in
winning, on January 13 last, the
Deutsch-Archdeacon prize of $10,000
for a circular flight of one kilometer
(.621 mile) by an aeroplane or other
heavier-than-air type of flying machine.
In attempting circular flight, Farman
found that it was necessary to ride the
aeroplane in much the same manner as
a bicyclist rides a bicycle. In making a
turn, one has to incline the body and
the machine toward the inside of the
circle. He points out that the aviator
not only has to steer to the right and to
the left, but that he also has to maintain
the fore-and-aft equilibrium of the ma-
chine and counteract its tendency to
dive downward at any angle while at
the same time tipping to one side. Be-
sides all this, he is obliged to control the
powerful 8-cylinder motor.”

“The committee of the French Acad-
emy of Sciences in control of geodetic
operations on the Equator announces
the completion of the second measure-
ment of the historic arc of Peru, a great
scientific work, perhaps the most impor-
tant completed thus far in the 20th cen-
tury. This arc is known as a part of an
astronomical circle traversed by the sun
or a star between its rising and setting
and was first measured by the French
savants to decide a question in regard
to the form of the earth which had arisen
over the result of Cassini’s surveys in
France. This work is a costly and gigan-
tic task, and, when it was first accom-
plished, the feat gave additional luster
to the scientific fame of France. When
the result was made known, the scien-
tific world accepted Newton’s theory of
our globe being an oblate spheroid.”

FEBRUARY,
fast-sailing clipper ships which were
called into popular existence by the dis-
covery of gold in California, in order to
make quick passages, have been some-

1858: “The class of
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what unpopular with their owners. It is
stated that very few of them pay ex-
penses. The great number of sailors re-
quired to work them, their great original
cost and small amount of room for cargo,
are bigger drawbacks in a pecuniary
way than all the advantages obtained
from making fast voyages. All the new
ships which have recently been built are
of greater carrying capacity than the
genuine clipper ships built four or five
years ago.”

“Mungo Park, James Bruce and Gor-
don Cumming have all told such marvel-
ous tales of rich plains and verdant hills,
rivers and inland seas, that people have
put them down as, at least, romancers;
but at last the time has come when all
their accounts of beauty and fertility are
corroborated and the idea of African
deserts has received, in a great measure,
its death blow from two gentlemen
whose travels are now before the world:
one of them, Dr. Livingstone, a mission-
ary, and the other, Dr. Barth, a medical
man who was sent out, we believe, by
the British Government to make an offi-
cial report of his discoveries and re-
searches. The former gentleman has
chiefly explored Western Africa, and has
discovered a vast inland sea (Lake
Ngami). Dr. Livingstone’s book con-
tains much valuable and interesting in-
formation and is full of exciting anec-
dotes and pleasant details of the manners
and customs of the tribes who enter-
tained him, but it is to Dr. Barth’s travels
in North and Central Africa that we
must turn for practical information. He
tells us that there is uninterrupted water
communication from the Bay of Biafra
to the great Lake Tsad (or, as it is spelt
on the maps, Tchad) by means of the
rivers Bi-nuwé and Kwara.”

“By the latest news from Europe, we
learn that the Leviathan—formerly called
the Great Eastern—was successfully
launched. The final floating of the great
iron ship was accomplished with ease
and without accident. The mode of
launching was the same from first to
last in all the trials, but more powerful
and more numerous agencies—hydraulic
rams, chains, beams, windlasses and
levers—had to be finally employed than
were at first calculated upon. Much has
been learned by this affair in regard to
moving large masses. It was the first
ship launched broadside in England,
and the greatest mass of overtowering
gravity ever attempted to be slid on
ways. She was towed to Deptford where
she is to remain until all her engines and
internal arrangements are completed.”



Model (simplified) illustrates basic structure of magnetic “Twistor” memory—magnetic and copper wires interwoven as in a window screen.
Twisted condition of the magnetic wire shifts preferred direction of magnetization from a longitudinal to a helical path. One inch of twisted
wire, thinner than a hair, can store as much information as ten ferrite rings. “Twistor” was invented at Bell Laboratories by Andrew Bobeck,
M.S. in E.E. from Purdue University.

New twist in memory devices

An ingenious new kind of magnetic memory has been
developed by Bell Laboratories scientists for the stor-
age of digital information. Known as the “Twistor,”
it consists basically of copper wires interwoven with
magnetic wires to form a grid.

“Twistor” gets its name from a characteristic of
wire made of magnetic material. Torsion applied to
such a wire shifts the preferred direction of magnetiza-
tion from a longitudinal to a helical path. This helical
magnetization has been applied to produce a magnetic
storage device of unprecedented capacity for its size.

In a magnetic memory, information is stored by

BELL TELEPHONE LABORATORIES
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

magnetizing a storage element. In conventional mem-
ories the storage elements consist of rings of ferrite.
In the “Twistor,” they consist of tiny segments of hair-
thin magnetic wire. At each intersection of the grid,
one such segment is capable of storing a binary digit.

The “Twistor” is simple and economical to fab-
ricate, and its minute energy requirements are easily
supplied by transistor circuits. Bell Laboratories engi-
neers see important uses for it in future telephone sys-
tems which demand the compact storage of much
information, as well as in digital computers for civilian
and military applications.

&

© 1958 SCIENTIFIC AMERICAN, INC



Who’s the old hand in inertial navigation?

you right now as well, if you’re seeking
guidance in problems that involve
electronic or electro-mechanical engi-
neering of the highest order.
Aanrma .. .Garden City, New York.
A Division of American Bosch Arma

Self-guided missiles are stage front
now. Missiles with their destiny and
destination sealed in at departure;
missiles that are unaffected by radio,
radar, sunspots, weather or any other
remote influence; missiles bearing
inertial navigation systems.
Developing, designing and manu-
facturing these rugged but incredibly
delicate systems are all .amsza spe-

cialties. Right now, amsza is devel-
oping one of the systems for the new
Air Force ICBM—Titan. Tomorrow,
an amsra system may be at the con-
trols of the space craft that whisks
you off to a lunar vacation.

anrma can be at the controls for

Corporation. 5602

There are challenging employment opportunities in inertial navigation at arsea

AMERICAN BOSCH ARMA CORPORATION
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A major advance in South American science is this recently
activated research reactor at Sdo Paulo University. Shown here
is the working floor level of the 5-Mw unit.

Model of B&W Swimming Pool Reactor. Operative units are
now supplying nuclear data at leading universities and re-
search centers.

First South American reactor
is dedicated at Brazil’s University of Sao Paulo

Designed to produce 5000 kw of power . . . the highest sult is an important step in President Eisenhower’s
capacity of any “swimming pool” type of reactor in exist- “Atoms For Peace” program, which was designed to
ence . . . this new research reactor will play animportant encourage and aid the development of nuclear energy for
role in Brazil’s contribution to the fields of medical, bio- peacetime uses throughout the world.

logical and industrial nuclear research. Operating success- In nuclear power development, B&W is a leading
fully at the University of Sdo Paulo, it has achieved source for power reactors, propulsion reactors, research
Latin America’s first sustained nuclear fission. The reactors, fuel elements, reactor components and experi-
“swimming pool” reactor’s name is derived from the mental reactor development. The Babcock & Wilcox
water-filled concrete pool in which the core is submerged. Company, Atomic Energy Division, 161 East 42nd Street,

The reactor and the fuel elements which make up the New York 17, N. Y.
reactor core were designed, fabricated and installed by AE-50

The Babcock & Wilcox Company. The fissionable ma-
terial in each fuel element is 20 percent enriched
uranium 235.

Typical of B&W thoroughness and sound engineering BABco CK

were the extensive tests and research that assured success-

ful operation. These included criticality experiments con- & w, ‘cox

ducted in a similar research reactor in the U. S. under ::‘g:ﬂés
conditions duplicating those expected in Brazil. The re- DIVISION
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THE AUTHORS

AMRAM SCHEINFELD (“The Mor-
tality of Men and Women”) is a well-
known writer on human genetics. At
high school in Milwaukee he took the
science curriculum and turned out arti-
cles, stories and cartoons for the school
magazine. But as there was then no rec-
ognized profession of science writing, he
found no way to combine his literary
and scientific interests. Instead he
plunged into general journalistic work,
serving as reporter, feature writer, col-
umnist, cartoonist and editor for many
periodicals and syndicates. But he also
found time to study science at the Uni-
versity of Wisconsin, New York Univer-
sity and the New School for Social Re-
search. You and Heredity, his first book,
was a Book-of-the-Month Club selec-
tion in 1939. This was followed by
Women and Men, Postscript to Wendy
(a novel) and The Human Heredity
Handbook.

HAROLD P. FURTH, MORTON A.
LEVINE and RALPH W. WANIEK
(“Strong Magnetic Fields”) worked to-
gether on high-powered magnets at the
synchrocyclotron laboratory of Harvard
University. Furth was born in Vienna,
came to the U. S. at the age of 11 and
attended Harvard University, where he
held a National Science Foundation Fel-
lowship. He is now a theoretical physi-
cist at the University of California Ra-
diation Laboratory in Livermore, Calif.
Levine was born in Boston, worked at
Los Alamos during World War II and
graduated from the University of Massa-
chusetts. After graduate study with
Winston H. Bostick at Tufts College he
became chief of the hydromagnetic sec-
tion of the Thermoradiation Laboratory
at the Cambridge Research Center of the
Air Force. Waniek was born in Milan.
After traveling widely as a student and
a journalist he received a Ph.D. from the
University of Vienna in 1950, then he
came to Harvard.

TERENCE A. ROGERS (“The Me-
tabolism of Ruminants”) teaches physi-
ology to medical students at the Univer-
sity of Rochester. His research there has
to do with the effect of acidosis on
metabolism. Rogers was born in Eng-
land and served during World War II
as a flight navigator in the Royal Navy.
There he met his wife: “She too is a
physiologist, and so, of course, was em-
ployed in the Navy as a radio mechanic.
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I met her while she was looking after
the radar on my airplane.” After the
war the Rogers family decided to try
the simple life. Rogers took a degree in
agriculture at the University of British
Columbia, and they settled down on a
Canadian dairy farm. Says Rogers:
“After four years I decided that cows
got up too early and that I was more
interested in animal physiology.” Sell-
ing the farm, the Rogerses moved to
the Davis campus of the University of
California, where Rogers studied the bio-
synthesis of milk-fat with Max Kleiber.

CESARE EMILIANI (“Ancient Tem-
peratures”) has been interested in the
Pleistocene period ever since, as a boy,
he discovered “an outcrop of marine
Pleistocene sediments with abundant
microfossils” in his own back yard in
Bologna. After studying at the Univer-
sity of Bologna he became a field geol-
ogist and micropaleontologist for the
National Hydrocarbon Company of
Florence. In 1948 a fellowship brought
him to the University of Chicago; there
he earned a Ph.D. in geology. In 1952
he took over the University of Chicago’s
project for the study of ancient tempera-
tures, which had been begun by Harold
C. Urey. Emiliani is now teaching ma-
rine geology at the University of Miami,
where he has received a grant from the
National Science Foundation to con-
tinue his research on paleotemperatures.
He created a stir with a recent article
in the American Scientist signed by six
fictitious co-authors (“to make the mys-
tical number seven”) in which he sug-
gested that technical journals should be
replaced by wandering minstrel troupes
who would chant accounts of scientific
discoveries at night-long banquets.

CARROLL M. WILLIAMS (“The
Juvenile Hormone”) was born in Rich-
mond, Va., and attended the University
of Richmond. (“Everybody immediately
recognizes that I am a Virginian,” he
says. “How they do this is a great mys-
tery: I almost never mention Patrick
Henry or Robert E. Lee.”) Appointed to
a fellowship at Harvard University, Wil-
liams earned a Ph.D. there in 1941 with
a dissertation on the flight physiology
of fruit flies. He then entered Harvard’s
Society of Fellows and began to study
part-time at the Harvard Medical
School. In 1946 he both received his
M.D. summa cum laude and was ap-
pointed assistant professor of zoology at
Harvard; he is now full professor.

OTTO HAHN (“The Discovery of
Fission”) won the Nobel chemistry prize
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in 1944 for the discovery described in
his article. Hahn was born in Frankfurt-
am-Main in 1879. He studied at the
universities of Marburg and Munich, at
University College London and at Mc-
Gill University. In 1907 he received his
privat-dozent (university teaching li-
cense), and in 1910 he became professor
of chemistry at the University of Berlin.
Shortly afterwards Hahn began his 33-
year-old association with the Kaiser
Wilhelm Institute of Chemistry (for 17
years he was its director). Hahn now
heads the Max Planck Society for the
Advancement of Science in Gottingen.

H. W. LEWIS (“Ballistocardiog-
raphy”) is professor of physics at the
University of Wisconsin. He graduated
from New York University in 1943,
served a stint in the U. S. Navy and
took a Ph.D. under ]. Robert Oppen-
heimer at the University of California.
After some time at the Institute for
Advanced Study in Princeton, Lewis re-
turned to the University of California
to teach. Later he took a job at Bell
Telephone Laboratories. “I have worked
in various fields of physics, both theoreti-
cal and experimental, including high-
energy physics, low-temperature phys-
ics, solid-state physics and relativity.
This catholicity of taste is what led me
into ballistocardiography. After our first
child my wife gave up her job as a flight
instructor and took a position at the bal-
listocardiographic laboratory of the New
Jersey Neuro-Psychiatric Institute. In-
evitably I too was drawn to work on this
fascinating problem.”

DOUGLAS W. SCHWARTZ (“Pre-
historic Man in the Grand Canyon”) is
assistant professor of anthropology and
director of the Museum of Anthropology
at the University of Kentucky. He has
been exploring the Grand Canyon since
1949. Grants from Yale University and
the Wenner-Gren Foundation enabled
him to live for six months with the
Havasupai Indians in their canyon
home. After receiving a Ph.D. from Yale,
Schwartz taught at the University of
Oklahoma and surveyed some previously
unexplored territory in the northwest
part of the Grand Canyon. He is now
doing archaeological work near Mam-
moth Cave, Ky.

M. BREWSTER SMITH, who re-
views The Fabric of Society in this issue,
is professor of psychology at New York
University and editor of The Journal of
Abnormal and Social Psychology. His
books include For a Science of Social
Man and Opinions and Personality.



NO GETTING AWAY FROM IT!

Here’s the Army’s answer to a major problem in U. S. defense.
Hawk, recently-revealed missile, hunts and destroys invading air-
craft even at tree-top altitudes!

Raytheon radars of unique design give Hawk its amazing low-level
ability in the blind zone of conventional radars.

This aptly named 16-foot missile can be launched from fixed installa-

tions for the defense of U. S. cities. Highly mobile, Hawk can also e “
travel with fast-moving land forces of the Army and Marine Corps, B

or be transported by helicopter or plane. p ,/:_/ 4
Raytheon, with more than a decade of pioneering in guided missiles, \.5& —

is prime contractor for the complete Hawk weapon system.

. . ~ wﬁu—/n “wer
Exce//ence mn Electromcs . i

RAYTHEON MANUFACTURING COMPANY, WALTHAM, MASS.

ENGINEERS and SCIENTISTS: for challenging opportunities with a growing company, please write E. H. Herlin, Professional Personnel Coordinator, at the above address.
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on the
Chemical
Newsfront

PLASTIC KEYS CONDUCT AN ORCHESTRA OF LIGHT.
The Lumitron Lighting Control System permits one
Eerator to play infinite variations in the stage-lighting
ects using handles and slide bars molded of BEETLE®
urea plastic. BEETLE, an excellent dielectric, requires
no insulation. Molded-in colors are permanent, permit
quick circuit identification for console operator. Devel-
oped by Metropolitan Electric Manufacturing Com-
pany, the Lumitron has an excellent record of depend-
able performance. (Plastics and Resins Division)

HOW MORE THAN 5000 CYANAMID CHEMICALS for industry,
farm, home and health contribute to everyday living is dramatized
in Cyanamid’s new exhibit hall at 30 Rockefeller Plaza in New
York. Product exhibits, dioramas, slide films and movies combine to
present an over-all picture of Cyanamid’s diversified chemical
activities. Commentaries on the several exhibit areas are provided
by pickup phones. Drop in when you are in New York...your
family will enjoy the exhibit, too!

w WAL EURT U
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CN NEW ACRYLIC-FIBER PAPERS are showing considerable promise. Their excellent
dimensional stability suggests their use in layout or lofting papers for mechanical
design work. In filter papers, high wet strength, chemical resistance and lack of
absorption lead to efficient filtration. Acrylic fibers, such as Cyanamid’s CREsLAN®

H. P are polymers or modified polymers of acrylonitrile. Increased demand for this reac-
y'd tive monomer is being met by expansion of Cyanamid’s acrylonitrile production
facilities at Fortier, La. (Organic Chemicals Division and Fibers Division)
Co0C. H 5
Ha
4 C\
—c CH,
H 1 C C H:
N
H

A ROUTE TO HETEROCYCLICS is just one of the
reaction possibilities of B-chloropropionitrile.
This double-ended molecule combines an ali-
phatic nitrile with an activated alkyl chloride,
and either group can be reacted separately.
Illustrated is the condensation with an arylaceto-
nitrile to form a glutaronitrile. Catalytic hydro-
genation yields the heterocyclic 3-phenyl-3-carb-
ethoxy piperidine. A technical bulletin on
B-chloropropionitrile is available on request.
(Market Development Department®)

IMPROVED STEROIDS are the goal of highly developed synthesis techniques at

Lederle Laboratories. By modifying the chemical structure, the remarkable curative
*NOTE THIS NEW NAME. .. for the New Prod- properties of a steroid drug can be maintained while minimizing or eliminating
ucts Development Department. The functions of undesirable side effects. A recent successful development of this work is
the group are unchanged — providing assistancein =~ ARISTOCORT® triamcinolone. Primary investigation has shown ARrisTocorr, avail-
developing practical applications for Cyanamid’s able only on prescription, to have considerable promise in a widening field of
new chemical products. steroid therapy. (Lederle Laboratories Division)

< CYANAMID >

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

For further information on these and other chemicals, call, write or wire American Cyanamid Company
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SCIENTIFIC
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The Mortality of Men and Women

The tendency of women to live longer than men s increasing.

The study of differences in the death rates of the sexes may

hold clues to the prevention and treatment of many diseases

ecently two social scientists—one a
Jesuit priest, Father Francis C.
Madigan, the other a sociologist,

Rupert B. Vance of the University of
North Carolina—made a study of the
comparative life expectancies of Ameri-
can Catholic nuns and Brothers in var-
ious teaching orders. They obtained
data on nearly 30,000 Catholic Sisters
and more than 10,000 Brothers. Aside
from the sex difference the two groups
were about as closely matched as one
could find: all white, native-born, un-
married, doing the same work (teach-
ing), living under the same conditions,
partaking of the same diet and medical
care, all abstaining from drinking and
smoking and all equally free from finan-
cial or family worries. Yet the investiga-
tors found that despite these great sim-
ilarities in background and environment,
nuns outlive Brothers by a wide margin.
At age 45 the Sisters have an average
remaining life expectancy of nearly 34
more years; the Brothers only a little
over 28 years—a difference of 5% years
in favor of the women.

Father Madigan and Professor Vance
had undertaken their study to find light
on a general question of growing inter-
est and importance: What accounts for
the wide longevity advantage of women
over men? It has been commonly sup-
posed that differences in their conditions
of life are responsible. But here, where
the conditions were as similar as could
be, the margin of the women over the
men was actually wider than in the
general population: among white men

22

by Amram Scheinfeld

and women in the U. S. as a whole the
women’s life expectancy at age 45 is 4.5
years longer than the men’s—31% more
years as against 27.

The two social scientists concluded
that the advantage enjoyed by women
is probably more biological than envi-
ronmental. This finding is in line with
that of other investigators (the writer
among them), who have observed that
in many other species of animals besides
the human the female seems to be in-
herently the hardier sex. There is now
much evidence that the human male
takes second place to the female in gen-
eral vitality: in susceptibility to most
diseases and defects his is the inferior
sex. Under modern conditions in the
U. S, for almost every gain in health and
longevity made by the male the female
has been able to say: “Anything you can
do, I can do better.”

et us start with prenatal life and early
infancy. In the womb deaths are 50

per cent higher, on the average, among
male fetuses than among female. In the
first four weeks after birth, among full-
term babies, male deaths exceed female
by more than 40 per cent; among pre-
mature babies, by more than 50 per cent.
Throughout the whole first year of life
male mortality is markedly higher than
female. Furthermore, as general infant
mortality in the U. S. has declined, the
difference between males and females
has widened. A half-century ago the
male death rate in the first year of life
exceeded the female by about 23 per

© 1958 SCIENTIFIC AMERICAN, INC

cent; by 1955 the male excess had risen
to 33 per cent.

Susceptibility to the various major
causes of death shows much the same
pattern in infancy as in later years. Car-
diovascular diseases and cancer claim
35 per cent more male than female in-
fants; ulcers of the stomach and intes-
tines (so often spoken of as “psycho-
somatic” among adults) claim 44 per
cent more male infants; birth injuries
kill 53 per cent more males than females
among full-term babies and 80 per cent
more among the premature; throughout
infancy accidents of all kinds consistent-
ly kill more males than females [see
chart on opposite page]. Among all the
important causes of death in infancy the
only exception is whooping cough: for
reasons unknown, this disease each year
claims more girl than boy infants, al-
though its absolute death rate has de-
clined.

Through childhood the disparity be-
tween male and female mortality be-
comes steadily more marked. From ages
5 to 9, male mortality exceeds female
by 44 per cent; from 10 to 14, by 70
per cent; from 15 to 19, by 145 per
cent. This indicates that differences in
the habits and activities of boys and
girls play a part. But the ground pattern
of biological difference evidently con-
tinues to operate. Our task is to disen-
tangle the inherent factors from the en-
vironmental factors.

First, this question: How different are
the sexes as they begin life? The one
great genetic difference between them is
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that a female has two X chromosomes
whereas a male has an. X and a Y—a
much smaller chromosome than the X. In
other words, the human male and female
differ by only a single chromosome out
of the 46 or 48 in the nucleus of the
cell (recent studies indicate the number
may be 46 rather than 48, as was long
thought). Yet this difference manages to
throw the development of the sexes
widely apart. How this is achieved is
still largely unknown, but presumably it
involves the relative influence of “fe-
maleness” genes, largely concentrated in
the X chromosome, and “maleness”
genes distributed among the other
chromosomes. The small Y, which has
very few genes and probably no “sex”
genes, may act as no more than a blank.

More specifically, a double quota of
“femaleness” genes (two Xs) may work
to create a female-slanted biochemical
environment within the cells; when
there is only one X, the “maleness” genes
take the upper hand to produce another
kind of biochemical environment. The
important point here is that the differ-
ence between males and females derives
not from distinctive genes but from the
way the genes work. For instance, in a
female cellular environment the genes
responsible for sexual organs produce
ovaries and female genitalia, whereas in
a male cellular environment the very
same genes work to produce testes and
male genitalia. Again, at successive
stages the “body-form” genes work to
produce heavier bones and bigger mus-
cles in the male; at puberty the “breast”
genes produce large breasts in the fe-
male and rudimentary breasts in the
male, and so on.

CATHOLIC
BROTHERS

In short, the surface differences be-
tween the male and the female (in body
form, genitalia, beard, voice, etc.) are,
like the top of an iceberg, only the ex-
ternal expressions of a more basic differ-
ence that lies beneath in every cell of
the body. This difference must extend to
every aspect of the body’s physiological
structure and functioning, so it is not
unreasonable to assume that the sexes
differ in their reactions to biological ad-
versities, such as diseases, and in their
capacities for survival. Biologists have
already identified many specific distinc-
tions in the biological reactions of men
and women.

\,lost clearly sex-slanted are the dis-
- orders attributable to defective
genes in the X chromosome. If an ab-
normal gene turns up in a male’s single
X, he is at its mercy, whereas a female
usually has a normal gene in her extra
X to counteract a defective one. A good
example of an X-linked defect is hemo-
philia, which almost never afflicts fe-
males. Other examples are color blind-
ness and a host of other defects or dis-
eases of the eyes, bones, muscles, skin
and inner organs.

A second biological disadvantage of
the male is his comparatively slow de-
velopment in the early years, from con-
ception onward. At every prenatal stage
the female leads the male in rate of
biological growth; at birth the male is
four to six weeks behind the female. In
that sense a full-term male baby can be
considered “premature,” compared with
a full-term female. (If a male is bigger
and heavier than the female at birth, it
is only because he is heading toward an

AND
SISTERS

| 3383

GENERAL
u.s.

POPULATION

20 30 40

YEARS

LIFE EXPECTANCIES of Catholic Brothers and Sisters, and of men and women in U.S.
white population, are compared. The black bars represent the average years remaining at
age 45 for the men; the white bars, for the women; the colored bars, the difference between
them. The data, for the years 1950-54, are from Francis C. Madigan, S. J.,and Rupert B. Vance.
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ultimately greater size.) Since a male
fetus or newborn infant is retarded with
respect to the female, it is obviously ex-
posed to greater hazard at any given
stage. This may be one of the reasons
why congenital abnormalities are much
more common among male babies.

The developmental lead of the female
grows as she moves on into childhood.
She achieves puberty a vear and a half
or two vears ahead of the male. She
reaches full physical maturity at about
21 vears, whereas a male usually does
not until 24, Thus until adulthood a
female is biologically more mature
than a male of the same chronologi-
cal age. Once both have arrived at ma-
turity, the situation may shift. There
is a possibility, though it is not yet
proved, that the female may age and
run down biologically at a slower rate
than the male.

In the realm of biochemical differ-
ences, the most readily recognizable are
in the sex hormones. The male and fe-
male production of these hormones dif-
fers not in kind but merely in amount.
Males produce more androgen than es-
trogen, while in females the proportions
are reversed. Aside from the sex hor-
mones, there may also be sex differences
in other parts of the endocrinal system,
including the thyroid and possibly the
pituitary.

The endocrinal diseases are the only
major class of ailments to which women
are more susceptible than men. Diabe-
tes, a disease of the pancreas, claims
almost 50 per cent more females than
males; the thvroid diseases, such as
goiter, are far more prevalent and seri-
ous among women; diseases of the gall-
bladder and biliary ducts also attack
more women than men. On the whole,
however, the female biochemical en-
vironment seems better adjusted to with-
stand bodily stresses. Perhaps this great-
er adaptability arises from the female’s
need to adjust to the great hormonal
and other biochemical changes that take
place during menstruation, childbear-
ing and the menopause. In any case
women usually manage to pull through
stresses such as infections or serious
accidents better than do men. For ex-
ample, syphilis produces milder symp-
toms in women and is less likely to in-
volve the heart or central nervous sys-
tem. Indeed, years ago a noted syphilol-
ogist, John H. Stokes, called syphilis
a “chivalric” disease because it shows
women such special consideration. He
remarked that it “manifests itself in the
female almost as if she were of another
animal species.”

When it comes to afflictions of the sex-
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DEATHS PER 100,000 OF EACH SEX

TWELVE COUNTRIES are compared for the difference in the
mortality of their men and women due to heart disease. The black
bars represent the deaths per 100,000 men aged 40 to 74; the

ual organs, women appear to be more
vulnerable than men. Cancers of the
uterus and breast produce a much higher
mortality than do male cancers of the
prostate and testes. Childbearing, of
course, has been a considerable hazard
to women in the past. But the maternal
mortality rate among U. S. women has
now dropped to less than one per 2,000
births—only about one seventh the rate
of 50 years ago.

That men have a much higher rate
of death from accidents and violence
than women is well known. The com-
mon impression is that this is due sim-
ply to greater exposure because of the
nature of male activities in our society.
But it can be shown that inherent bio-
logical influences are at work. From in-

fancy onward the male (not only in the
human but in other animal species) is
more accident-prone because he is bio-
logically more active, more aggressive,
more given to acts of violence (includ-
ing combat with other males). It is true
that the male is generally delegated to
more rigorous and more dangerous work
than the female, but this fact is not un-
related to natural sex differences.

The life-expectancy figures for vari-
ous countries support the conclusion that
environment is not the primary factor
behind the sex difference in mortality.
In a harsh frontier or backward environ-
ment, where all are exposed to severe
hazards and all have a short life ex-
pectancy (e.g., in India), the mortality
of men and women is about the same.
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DEATHS PER 100,000 OF EACH SEX

white bars, the deaths per 100,000 women of the same ages; the
colored bars, the difference between the two. The data, for the years
1951-53, were compiled by Metropolitan Life Insurance Company.

But in every highly civilized country
women’s life expectancy is better than
that of men. The female’s biological ad-
vantage asserts itself wherever the popu-
lation as a whole improves its security,
and particularly where women most
closely approach the same status and
activities as men, as in the U. S. With
the rise in life expectancy of both sexes
in the U. S., the margin of women over
men has increased from two years in
1890 to more than six years today: in
1955 their respective life expectancies at
birth were 73.6 and 67.3 years.

Of course the degree of the female ad-
vantage does not depend simply on a
country’s state of advancement. In the
Netherlands and the Scandinavian coun-
tries the margin of longevity between
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men and women is substantially smaller
than in the U. S. [see chart on opposite
page].

We may find some clues to explain
such variations in heart-disease statistics
compiled by the Metropolitan Life In-
surance Company (to which I am in-
debted also for some other information
used in this article).

In the crucial age range from 40 to
74, heart diseases kill twice as many
U. S. males as females: the rates are 872
per 100,000 males versus 437 for females
[see chart on page 25]. But among the
Dutch both the over-all rate and the
difference between the sexes are con-
siderably smaller: 315 male heart deaths
to 220 female—a ratio of less than 3
to 2. In other advanced countries, all
of which have a lower heart death-rate
than the U. S., the male-to-female ratio
varies greatly. Medical science has lately
been seeking the reasons for the national
differences in susceptibility to heart
disease. But it cannot lose sight of the
fact that in all countries heart diseases
kill off more males than females—from
infancy onward. Whatever factors of
diet or way of life may be involved,
there appear to be inherent elements
which discriminate against males, and
it is important to identify these elements.
Several leads have turned up.

For one thing, it has been shown that
the average normal blood pressure of fe-
males is higher than that of males:
156,84 for female adults against 145/82
for males. This suggests that women
may tolerate a high pressure more safely
than men. Perhaps the female hormones
act as diuretics, helping to remove or
dissolve cholesterol and to prevent
clogging of the arteries. Jessie Mar-
morston, a Los Angeles endocrinologist,
and others have reported “a great deal
of evidence” that estrogens may protect
against heart damage from blood clots:
women seem to become more susceptible
to clot formation when their production
of estrogen falls after menopause.

T reatment or prevention of sex-slanted

diseases by altering the biochemistry
of the body with hormones has already
shown interesting results. The National
Cancer Institute reports that in men
with cancers of the prostate or breast
promising effects have been produced
by shifting the sex-hormone balance
heavily toward the estrogen side; fe-
males with inoperable breast cancer
have been helped by androgens together
with treatment to reduce their produc-
tion of estrogen. A synthetic estrogen
has been used to minimize the effects of
mumps, a disease which threatens one

in five afflicted males with sterility.

Ordinary baldness appears to be as-
sociated with a masculine biochemical
environment. James B. Hamilton, an
anatomist at the New York State College
of Medicine, found that castrated men
do not become bald, even when they
have inherited the tendency to baldness.
But when treated with male hormone
such men do lose their hair. If the male
hormone treatment is stopped and estro-
gens are administered instead, their hair
begins to grow back.

Gout, a metabolic disorder producing
excessive uric acid in the blood, is main-
ly a masculine disease; although the
responsible gene may be inherited im-
partially by either sex, it is much more
likely to express itself in males than in
females. Hereditary muscular dystrophy,
which may be due to a metabolic defect,
afflicts twice as many males as females.
Lionel S. Penrose of England has point-
ed out that albinism, retinitis pigmentosa
(an eye disease), alkaptonuria (the
“black urine” disorder) and a certain
form of congenital idiocy afflict males
more often than females, although all
these conditions arise from recessive
genes and should therefore occur equally
in both sexes.

Diabetes, on the other hand, develops
in females much more often than in
males, although again the susceptibility
can be inherited equally by both sexes
(ordinarily through recessive genes, but
perhaps sometimes through a dominant
gene). Women also seem to be more
subject to two genetically influenced
mental diseases: manic-depression and
the rare, terrible Huntington’s chorea, a
convulsive disorder. Among other mys-
terious anti-female diseases are Syden-
ham’s chorea (three times as many girls
as boys) and the fatal anemic condition
called Niemann’s disease (six times
more common among females). In all of
these conditions, as in the diseases
slanted against males, we could profit
greatly by knowing just what biochemi-
cal elements cause the discriminations.

Is it possible to devise standards of

biological “masculinity” or “feminin-
ity” as measures of individual suscepti-
bility to sex-slanted diseases? Some years
ago George Draper, a New York City
physician, correlated “andric” and
“gynic” physical traits with various dis-
eases. He claimed that the more “andric”
types (among both males and females)
were more susceptible to ulcers, and
that women with gout tended to be of
the “andric” type. Contrariwise, men
who had gallstones, a female-slanted
condition, tended to be of the “gynic”
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type. Hence the relative proportions of
“andric” and “gynic” components in in-
dividuals of either sex might determine
their predispositions to given diseases.
If Draper’s idea is correct, we may
eventually have a scale for measuring
biological masculinity and femininity,
just as there is already the Terman scale
for measuring degrees of psychological
“masculinity” and “femininity.” The bio-
logical sex scale may be based on mus-
culature, bone structure, body form,
genitalia, facial hair, androgen-estrogen
output, blood chemistry and so on. Such
a scale might enable us to detect, in
time for preventive therapy, tendencies
to sex-slanted heart diseases, cancers of
the stomach, lungs, throat and breasts,
thyroid conditions, ulcers and many
other diseases.

If that day comes in medicine, people
may be faced with a choice between
health and sexuality. How far would an
individual wish to go in sacrificing traits
of his or her own sex to acquire biologi-
cal advantages of the opposite sex?
Would a man elect to buy several more
years of life at the cost of some of his
“masculinity”? Would a woman choose
athletic prowess or more drive toward
masculine-slanted forms of achievement
at some sacrifice of feminine beauty and
a shorter life span? Fortunately we may
not be confronted with so hard a choice.
It seems likely that the chemists will
be able to create synthetic hormones
and other chemicals whose effects will
be limited to attacking a given disease.
Already, it is reported, estrogen has been
modified to a form which can reduce
the cholesterol level but is robbed of
virtually all of the feminizing effects
of this hormone. Possibly the natural
estrogens and androgens can be brok-
en down to elements which can be used
separately to combat specific diseases
without disturbing the general biochem-
ical balance.

s medicine turns more and more to
chemistry for its answers and treat-
ments, there is every reason why it
should give particular attention to the
sex differences. The biochemist Roger
J. Williams, of the University of Texas,
emphasizes the role of what he calls
“biochemical individuality” in all sorts
of human traits and diseases. Certainly
the biochemical differences between the
male and the female are at least as sig-
nificant as those between individuals.
And if these basic divergences can lead
us to ways of combatting mankind’s
deadly ills, we may well echo the famed
exclamation of a French deputy: “Vive
la différence!”
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Strong Magnetic Fields

Physicists are building electromagnets whose fields compare
with T'NT in their concentration of energy. The resulting

orces can explode the massive metal coils which produce them
f 4 p

by Harold P. Furth, Morton A. Levine and Ralph W. Waniek

rings leap up and iron filings in the
brazen bowls seethe furiously when
underneath was the magnet stone.
—Lucretius
De Rerum Natura

Iwe seen those Samothracian iron

The demonstrations so beautifully de-
scribed by the Roman poet are still a

wonder and delight to students in
physics classes. Magnetism has always
seemed one of the most fantastic phe-
nomena of nature, and we can amuse
ourselves by speculating on what Lu-
cretius might have thought about some
of its modern manifestations. There are
magnets today which can make metals
harder than Samothracian iron run like

melted butter, or even explode like a
bomb. Superstrong magnetic fields have
lately become a matter of considerable
practical interest [see “Fusion Power,”
by Richard F. Post; SCIENTIFIC AMERI-
caN, December, 1957], and of basic ex-
periment in laboratories. Our article
deals with recent efforts to produce
fields of unprecedented strength.

SINGLE-TURN COILS of bronze used to produce very high mag-
netic fields are about an inch wide and have a central hole about
one eighth of an inch in diameter. The coil at the left remained

28

© 1958 SCIENTIFIC AMERICAN, INC

intact after a pulse of 700,000 gauss. The one in the center flowed
under a l.6-million-gauss field. The coil at the right broke into
two pieces when the field strength reached 1.3 million gauss.



Magnetism has been known to man-
kind for several thousand years. In China
as early as 2600 B.C., so the legend
goes, the emperor Huang-ti devised
south-pointing carriages to keep his
troops on the heels of the rebel Chi-yu,
who had managed to disappear behind
an artificial curtain of smog. While the
authenticity of this stunt is open to ques-
tion, records from only slightly more
recent times attest to the antiquity of
the use of magnets. In 500 B.C. a skill-
ful Indian surgeon named Susruta per-
formed eye operations with a magnet,
according to Indian literature. The com-
pass is at least as old as medieval times,
when it served Arab navigators. In the
13th century Peter Peregrinus, a con-
temporary of Roger Bacon, explained
some of the properties of magnets, and,
as is well known, William Gilbert, physi-
cian to Queen Elizabeth I, inaugurated
the modern investigation of magnetism
in 1600.

Until the 19th century the only known

source of magnetism was the lode-
stone—that is, the iron ore magnetite,
named after rich deposits at Magnesia
in Asia Minor. Around the turn of the
19th century the German physicist J. W.
Ritter, in a letter to his former pupil
Hans Christian Oersted, predicted that
the year 1820 would see a scientific
event of the first magnitude. Oersted
obliged by discovering electromagnetism
in 1819. Scientific research in those days
seems to have been carried on in much
the same busy and competitive spirit as
today. Barely three weeks after the an-
nouncement of Oersted’s experiment
showing that an electric current gener-
ated a magnetic field, André Marie
Ampeére went on to show that current-
carrying wires would repel or attract
each other like magnets. A few years
later the English inventor William
Sturgeon made the first electromagnet—
a coil of wire with a piece of soft iron
inserted inside the coil to intensify the
magnetic field.

Scientists and engineers alike were
vastly intrigued by this new form of en-
ergy. Experimenters naturally attempted
to make stronger and stronger magnets.
The strength of a magnetic field is meas-
ured in gauss (named for Karl Friedrich
Gauss, the great German mathemati-
cian). The field of an ordinary bar
magnet amounts to 2,000 or 3,000 gauss.
The best permanent magnets (i.e., mag-
nets made of ferromagnetic metal) are
no stronger than about 10,000 gauss. An
electromagnet, using a core of metal to
amplify the field generated by the elec-
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LARGE HELICAL MAGNET, made of alternating conducting and insulating disks, was
photographed at the University of California Radiation Laboratory in Livermore, Calif.
The magnet produces a field of 200,000 gauss in the central chamber, two and one-quarter
inches in diameter. It is pulsed three times per minute, each pulse lasting for 500 micro-
seconds. It was built by one of the authors (Furth) in collaboration with Dale Birdsall.

PRINCIPLE OF FORCE-FREE COIL can be seen in this early version of the device, made
at the Air Force Cambridge Research Center. Innermost winding runs almost parallel to
axis of coil. This is covered by a second winding at a much larger angle to the axis.
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MAGNETIC FIELDS around current-carry-
ing conductors are shown as colored arrows
in these drawings. Black arrows indicate
direction of current. At top two wires
carry current in opposite directions (out
of page at left, into page at right), pro-
ducing intense field (colored tone) between
them, which pushes wires apart. Two cur-
rents in same direction (second from top)
produce a weak field between them; wires
are pushed together. Lower drawings show
field around straight wire, loop and helix.
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tric current in the coil, can reach 60,000
gauss at most, because the magnetic
capacity of metals is limited. To go much
higher, therefore, one must abandon the
core and produce the magnetic field in
air or a vacuum.

With high electrical power one can
generate extremely strong magnetic
fields, but the difficulty is that such
fields place severe strains on the coil, or
solenoid, as it is called. A magnetic field
can produce both mechanical and heat-
ing effects. The mechanical effects are
illustrated by a clever gadget known
as Roguet’s spiral. It is a suspended coil
with its lower end dipping into a bowl
of mercury. When a current passes
through the coil, the magnetic field
around the loops causes the adjacent
turns of the coil to be attracted to each
other while the opposite sides of each
loop repel each other. As a result the
coil becomes fatter and shorter, so that
its lower end rises out of the mercury.
Since the current then stops flowing, the
magnetic fields disappear; the coil re-
laxes, dipping into the mercury again
and starting a new cycle. In the high-
field coils of modern research the same
basic mechanical effects occur as in
Roguet’s spiral.

In the 1920s the famous Russian
physicist Peter Kapitza, in a classic series
of experiments in the Cavendish Lab-
oratory at the University of Cambridge,
succeeded in operating at fields as high
as 300,000 gauss or more with pulsed
currents. But above that level his coils
gave way, in spite of all his ingenious
devices for reinforcing them. Under the
great forces exerted by these fields the
response of the coils was not like the
gentle movement of Roguet’s spiral but
more like an explosion.

Kupitza’s record magnetic fields were
not exceeded for more than two dec-
ades. But in recent years physicists have
returned to the challenge. Several years
ago we set up a high-field project at
the Cyclotron Laboratory of Harvard
University. Our immediate objective was
to create magnetic fields strong enough
to act on atomic particles tracked in
photographic emulsions. It would be ex-
tremely useful to be able to use a mag-
netic field in this medium as it is used
in the Wilson cloud chamber: to deter-
mine the charge and momentum of a
particle by the deflection of its track
by the magnetic field. Since it takes a
very powerful field (200,000 gauss or
more) to control the path of a particle in
the dense emulsions, we came to look for
new means of generating magnetic fields.
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This quest proved even more interesting
than the original problem, and we have
been able to produce transient fields of
well over a million gauss.

A useful analogy for understanding
(and working on) this subject is to think
of a magnetic field as a gas. When a
magnetic field is compressed—that is,
when the lines of magnetic force are
crowded together—the pressure of its
concentrated energy rises, just as the
pressure of a gas rises with compression.
The density and pressure of the stored
energy increase as the square of the
strength of the magnetic field: if you
double the strength of the field, the
pressure (energy density) increases
fourfold. Obviously with increases in
field strength this pressure can build up
to high values. Indeed, in 1917 a French
inventor proposed that the principle be
used to make a magnetic cannon, ob-
serving that such a gun could fire mis-
siles at much higher velocity than or-
dinary artillery. (Recent experiments
have proved his idea correct, though for
various practical reasons there is little
danger that future wars will be fought
with magnetic guns.)

To compress a gas you must confine
it in a container of some kind. In the
case of a magnetic field the container is
a sheet of current. This current can flow
in a wire coil or in any kind of conduct-
ing wall. If a piece of copper or any
other good conductor of electricity is
thrust into a magnetic field, the field
causes currents to flow on the surface of
the piece. These currents exclude the
magnetic field from the bulk of the metal
by exerting a momentary opposing pres-
sure. In a very short time, however, the
currents are pushed into the walls and
the field penetrates uniformly into the
metal. So we can speak of the magnetic
field as being confined transiently with-
in a conducting chamber on the surface
of which a current flows.

Our first problem is that the container
leaks like a sieve: it is much like trying
to hold a gas in a vessel with porous
walls. To extend the analogy a little,
trying to build up a magnetic field in the
container by pouring in electrical juice
is like attempting to fill a sieve from a
water faucet. It can be done by using
the limited flow from the faucet to fill
a bucket, and then dumping the con-
tents quickly into the sieve. In the elec-
trical case the bucket is a group or bank
of capacitors, which is charged slowly
at low power and then discharged very
quickly at enormous power. One of our
large capacitor banks discharges at the
rate of four billion watts for 10 micro-
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COMPRESSING MAGNETIC FIELDS increases their intensity. around chamber (black rectangular loop). In practice it is usually
This might be done mechanically with a conducting cylinder and done electrically (right) by discharging a condenser (top) into a
piston (left). Field (colored lines) is enclosed by current flowing massive coil. Field is again contained by current flowing around coil.

>
>
-<
ROGUET’S SPIRAL consists of a loose coil connected to a bat- netic loops shrink and contract coil lengthwise. When end of coil
tery through a cup of mercury. Current flows (left) and the field rises out of mercury (right), the circuit breaks and the field
created in the coil expands, increasing radius of the turns. Mag- disappears. Coil then returns to original shape and cycle repeats.
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THEORY OF FORCE-FREE WINDING is illustrated by a single coil wound so that the
wires make an angle of 45 degrees with the axis of the cylinder. When a current flows
through the coil, a magnetic field (colored lines) is set up. This field can be resolved
into two components: a straight field within the coil and a circular field surrounding
it. The internal field tends to expand while the external field tends to contract, so that
the forces offset each other. In practice, however, this simple scheme would not work
because the windings of the coil would be crushed between the interior and exterior forces.

FORCE-FREE WINDINGS IN PRACTICE are made of several layers, with the pitch of
the windings changing gradually from a direction nearly along the axis of the coil to one
which spirals almost perpendicularly to the axis. In this way the transition from the
straight internal field to the circular external field is achieved in small steps, with
the result that the compressional force on each layer of the winding is comparatively low.
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seconds. The sudden input of this en-
ergy sometimes sounds like a clap of

thunder.
x the flood of energy rushes into
the coil, it creates a'very high mag-
netic field which in turn exerts immense
mechanical pressure on the coil walls—
about 140,000 pounds per square inch
in the case of a field of 50,000 gauss. A
wire coil could hardly contain such
pressures. Our coil (in one version) is a
massive block of metal-made of a spe-
cial alloy of copper and tungsten—and it
is encased in a reinforcing shell of hard-
ened steel. The coil resembles a collar:
it has a small cylindrical hole in the
middle for the magnetic field and is slit
along its length so that it forms a “single-
turn” coil [see diagram at top of preced-
ing page].

This coil is strong enough to with-
stand pressures of magnetic fields up to
nearly a million gauss. At 900,000 gauss
the inner surface of the coil is damaged,
but it is sufficiently intact to be used
again. Under higher fields the metal be-
gins to give way, but thanks to inertia
it holds together long enough (some 15
microseconds) to contain a considerable
field. We have reached fields up to more
than a million and a half gauss while the
coil was exploding.

There is a good deal of talk these
days about using a “magnetic bottle” to
hold a hot “plasma” of electrically
charged particles, but bottling a mag-
netic field itself can be a formidable
problem. The problem is twofold. First,
there is the mechanical effect of the
pressure, which can push tough metal
about as if it were soft plastic. Sec-
ondly, diffusion of the magnetic field
into the metal heats it up, and at the
surface of the coil the heat may be suf-
ficient to cause melting. The heating
effect can damage the coil even before
an extremely high field is reached. If
there is a small flaw or pit on the sur-
face of the metal, the surrounding sur-
face area becomes hot and melts. This
melting expands the size of the flaw
so that it grows with increasing speed.
The resulting notches resemble cuts
made in the coil with a saw. Thus we
speak of the “magnetic saw effect.”

Single-turn coils are best able to
withstand  disruption by mechanical
pressure and the saw effect, and the
very highest fields have been achieved
through their use. When working at
somewhat lower field strengths, how-
ever, it is often convenient to use a coil
in which the current makes more than
one circuit around the magnetic cham-



ber. Each turn of current around the
chamber produces a magnetic field, and
the total field is the sum of those from
all the turns. Therefore a given field can
be achieved with a smaller current than
in a single-turn coil.

A multi-turn coil that has considerable
mechanical strength has been invented
by Francis Bitter of the Massachusetts
Institute of Technology. It consists of
a stack of alternating conducting and
insulating disks [see photograph at top
of page 29]. The conductors are con-
nected through appropriately placed
notches in the insulators so that when
current has flowed around one of them
it passes to the next lower disk and
travels down the stack as down a spiral
staircase.

Bitter, incidentally, has been success-
ful in producing fairly high magnetic
fields (about 100,000 gauss) with con-
tinuous current instead of pulses. To
accomplish this he must keep filling
his coil with magnetic field as fast as
it leaks out—a procedure involving a
million-watt generator for power and
part of the Charles River for coolant.

Facing stern mundane limits upon
our magnetic fields, we have turned to
astrophysics for ideas about how we
might get to higher fields. Our some-
what noisy and destructive experiments
may seem to have little common ground
with the placid contemplations of the
astronomer. But we find a meeting place
in the field of plasma physics. It is well
known that there are substantial mag-
netic fields in outer space (amounting in
strength to only a small fraction of a
gauss). How they can be contained
in the extremely tenuous, almost pres-
sureless clouds of gas in space is a puz-
zle. The German astrophysicists A.
Schliiter and R. Liist have suggested that
the fields maintain their form through
a balance of purely magnetic forces; in
other words, that there are certain spe-
cial field configurations which are
“force-free” in the sense that they do
not tend to expand or alter their shape.
We have tried to design some force-free
systems in the laboratory, and have
found the problem less labyrinthine than
we expected.

Imagine a set of wires wound into a
helical coil in such a manner as to pro-
duce three-dimensional magnetic fields
[see diagram at top of opposite page].
This coil will have a longitudinal field
inside it, seeking to expand, and a cir-
cular field running around it, seeking to
contract. In short, these fields balance
so that there is no inward or outward
force. The main trouble comes at the
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watt power source in one second). Magnetic field strengths are read along the bottom line.
The metals are located to show approximately how strong a field each can withstand before
melting or deforming. Horizontal arrows indicate the range of field strengths produced
by various types of magnets. The maximum field for force-free magnets is still unknown.

ends of the system: the compensation
breaks down there and consequently the
force-free configuration is disturbed. A
way out is suggested by the torus, or
doughnut, a system without ends. One
of the authors of this article (Levine),
who produced the first stabilized pinch
effect on a low-pressure plasma at Tufts
University in 1954, proved thereby that
a force-free magnetic field is possible
in a toroidal shape. We have begun to
experiment with this and various other
shapes suitable for practical force-free
coils. It seems reasonable to hope that
fields as high as 10 million gauss may
be achieved in these devices.

Meanwhile there are plenty of uses

for the high fields already attained.
The original objective—to make fields
strong enough to control particles mov-
ing in emulsions—has been realized and
is being applied in some laboratories.
The same ability of high magnetic fields
to deflect charged particles sharply can
be useful in many other ways. High
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magnetic fields may make it possible to
reduce the huge size of our super-cyclo-
trons. The gigantic University of Cali-
fornia Bevatron, if rebuilt to operate
with 300,000 gauss instead of around
16,000, would shrink to something that
could be put on a dining-room table.
And of course strong magnetic fields will
be very helpful in producing thermonu-
clear reactors of relatively small size.

At the level of basic physics, high
magnetic fields should bring us new
knowledge about the nature and be-
havior of matter. Fields of the magni-
tude we have been discussing are strong
enough to dominate the motions of
charged particles within atoms. They
can cause some crystals to contract, can
make a conducting metal extremely re-
sistant to electrical current or opaque
to infrared radiation and can produce
other profound changes in matter. We
can expect research in high magnetic
fields to yield many new insights, just
as there will doubtless continue to be
startling explosions.
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The Metabolism of Ruminants

How is a cow able to digest the tough cellulose of plants?

It does so with the help of four stomachs and microorganisms

which both break down its food and provide it with vitamins

turies about whether man’s best

friend is the dog or the horse. But
a biologist would not cast his vote for
either of these animals. In value to man-
kind the animal that wins hands down
is the cow. Aside from the fact that cows
usually have attractive and gentle dis-
positions and are far more intelligent
than popular fancy supposes, they pro-
vide us with the bulk of our animal pro-
teins. They do this without competing
with man for their own food, since they
feed mainly on plants inedible by man—
namely, grass. Indeed, beef cattle can
be raised on pasture land which is un-
suited for growing other crops. And
whereas the only plant materials that
man can convert to energy are grains,
fruits and roots, the cow can extract
energy for us from cellulose—the main
constituent of plants.

Our topic is the remarkable machin-
ery by which the cow accomplishes this.
As everyone knows, the cow is a rumi-
nant, meaning literally that it chews the
cud. It can fill its stomach rapidly with
grass and spend the rest of the day
quietly working over the meal in some
peaceful retreat—an advantage that
must have been of great survival value
for this type of animal in the wild state.
The machinery that makes possible the
extraordinary metabolic feats of the cow
(and of other ruminants such as goats,
sheep, camels and deer) consists of the
animal’s multiple stomach and a group
of microorganisms, with which the cow
lives in happy and mutually profitable
association.

The cow has four stomachs. The first
two, known as the rumen and reticulum,
are connected by an opening so large
that they can be considered one com-
partment. This serves as a fermenting
vat. In a large cow its capacity is as high

: ;entimentalists have argued for cen-
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as 40 or 50 gallons. Here the animal
deposits the mass of plant material that
it has chewed and rechewed. An enor-
mous population of microorganisms
breaks down this indigestible stuff into
simpler compounds. The walls of the
rumen slowly knead the semiliquid mass
back and forth and gradually push it
toward the third stomach, called the
omasum. The function of that compart-
ment seems to be to squeeze the water
out of the pulp. The material then passes
to the fourth stomach, the abomasum,
where it is digested in the ordinary way
which is common to the stomachs of
other animals.

[Tntil recently it was believed that the

 only function of the microorgan-
isms in the rumen was to break down
cellulose. Studies in the past few years,
however, have shown that they also syn-
thesize substances which are used di-
rectly by the cow as food. For example,
they synthesize B vitamins, so that the
cow does not need to have these vita-
mins supplied in its diet, as man does.
What is even more important, the bac-
teria and protozoa in the rumen make
amino acids and proteins from simple
materials and so supply them to the cow.
In other words, the cow does not require
amino acids in its food.

It is this great gift that makes cattle
so valuable as producers of human food.
They can convert low-grade plant mate-
rial, with biologically inferior protein
and much indigestible roughage, into
meat and milk. To be sure, milk cows
produce more if their diet is enriched
with high-protein feeds, but their basic
usefulness rests on their ability to make
proteins from simple substances. Recent
studies have shown that cows can even
produce proteins from urea, ordinarily
a waste product. Some microbes in the
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cow’s rumen can split urea to ammonia,
and others then fix the nitrogen of the
ammonia to make it available for synthe-
sizing amino acids. Many dairy feeds
now contain a small percentage of urea—
which must be the cheapest “protein”
feedstuff on record. Only a small amount
of urea can be fed, because if there is
too much ammonia, the organisms will
produce nitrites, which are toxic both to
the microbes and the cow.

The microbes’ synthesis of foods is
one side of their role; their breakdown
of substances to provide the cow with
energy is the other. Fermenting the
plant material in the rumen, they de-
compose its complex carbohydrates into
large quantities of short-chain fatty
acids, principally acetic acid. The salts
of these acids go directly into the blood-
stream through the wall of the rumen,
in much the same way that other mam-
mals take up alcohol and similar simple
foods through their stomach wall. A
ruminant’s metabolism of carbohydrates
is quite different from that of a non-
ruminant such as man. We digest carbo-
hydrates to form simple sugar, mainly
glucose, and produce short-chain fatty
acids later in the tissues. Consequently
our blood contains substantial amounts
of glucose but almost no short-chain
fatty acids. The cow’s blood exhibits the
opposite—a low level of glucose (only
half as much as in man) and a compara-
tively high level of fatty acids. It has
been calculated that 90 per cent of the
cow’s energy requirements are supplied
by the acetic acid produced in the ru-
men. Apparently the cow’s body tissues
are exceptionally efficient in utilizing
acetate directly for energy.

A ruminant animal does not begin
using this digestive system from birth
but rather develops it as an adjustment
to the progress of its feeding habits. A
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young calf, as long as it feeds on its
mother’s milk, metabolizes its food in
much the same way as other animals.
Its rumen is undeveloped and compara-
tively free of the digestive microbes. At
this stage of life the addition of small
amounts of antibiotics to its food will
accelerate its growth, as it does that of
swine and poultry. But when the calf
reaches the age of four months, the feed-
ing of antibiotics becomes harmful, be-
cause it kills the helpful microbes in the
rumen. As soon as the calf starts to eat
grass and hay its rumen enlarges, the
population of microbes grows and its
pattern of metabolism changes. The su-
gar level in its blood falls, and acetate
becomes more and more important. Ap-
parently the animal responds to its
changed diet by manufacturing enzymes
which facilitate the metabolic produc-
tion of energy from acetate by its tissues.
This is not to say that the cow can get
along without glucose. Like most other
animals it stores energy in the form of
liver glycogen, and of course this must
be synthesized from glucose. In addi-
tion it needs glucose for the nerve tis-
sues. Above all, it must have glucose to
make milk, for the milk sugar, lactose,
is produced from glucose. A lactating
cow requires a large and continuous sup-
ply of sugar. Since sugars formed in its
rumen are fermented before they reach

the digestive gut, the animal must syn-
thesize sugar in its tissues from other
materials. Recent work has shown that
the main source of the cow’s glucose is
the short-chain fatty acids.

With the help of radioactive carbon

as a tracer a good deal has been
learned about how a cow makes milk
[see “the Synthesis of Milk,” by J. M.
Barry; SciEnTIFic AMERICAN, October,
1957]. A team of workers under Max
Kleiber at the University of California
demonstrated that the cow synthesizes
glucose from all the short-chain fatty
acids. The California group and workers
in England have also shown that the cow
uses the same fatty acid units—acetate,
propionate and butyrate—to make milk
fat. The fatty acids also provide mate-
rial for the synthesis of the proteins in
the milk, according to an analysis by the
California workers. All this points up the
sharp contrast between the metabolism
of ruminants and that of other mam-
mals. The ruminants’ energy and sub-
stance are derived largely from the fatty
acids produced in the rumen, whereas
man depends on glucose and amino
acids supplied by his food.

Tracer studies of this kind have
opened up a large field for study of bio-
synthetic processes in a living animal.
By investigating the cow’s manufacture
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of milk we can examine its synthesis of
substances without disturbing the ani-
mal in any way.

The ruminant digestive system gives

the animal great advantages by sim-
plifying its food-seeking problem, but it
also has disadvantages. One of them is
that the fermentation in the rumen gen-
erates large quantities of gas—carbon
dioxide and methane. Normally the ani-
mal discharges the gas by frequent
belching. But if something interferes
with this release of gas, the rumen swells
and the animal is afflicted with the spec-
tacular calamity known as bloat. Cattle
die of this condition unless it is relieved
by an operation puncturing the body
wall. An accumulation of carbon dioxide
in the rumen not only distends the
stomach but also acts as a drug on the
nervous system, preventing the animal
from belching. Bloat usually attacks cat-
tle that have been feeding on rich legu-
minous pastures. Studies in California
and New Zealand have shown that the
plants responsible for bloating contain
foaming agents (saponins). The froth
traps the gases so that belching cannot
release them. The New Zealand workers
found that they could prevent bloat by
dosing the animals with an antifoaming
agent. Dairymen have long followed the
practice of feeding cows some hay, to
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SYNTHESIS IN TISSUES
TO LACTOSE, FAT, ETC.

AMINO ACID
RESIDUES

DIGESTION AND SYNTHESIS both take place in the rumen and
reticulum. Cellulose and sugars are broken down to fatty acids and
carbon dioxide (CO2) and methane (CHi), which are

the gases
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dull their appetites, before turning them
into leguminous pastures.

Another serious ailment of cattle is
ketosis, or excessive formation of ketones
in the body, which gives the urine and
exhalations a fruity smell. The disease
is somewhat like diabetes in man. Al-
though the cow’s blood shows a defi-
ciency rather than an excess of sugar, the
metabolic disorder in each case has the
same net result: a shortage of glucose in
the cells. In the cow the deficiency of
sugar in the blood seems to be the cause
of the ailment. Modern, high-producing
dairy cows are particularly susceptible
to the disease because they must have
large ‘amounts of glucose for the milk.
Sheep in the late stages of pregnancy
also commonly suffer from ketosis. In
both cows and ewes the symptoms can
be cleared up rapidly by injecting glu-
cose into the blood, but the response is
only transitory. By the time the disease
is recognized, the animal has usually
stopped eating and seems unable to
“catch up” with its need for sugar. It
should be noted that glucose or molasses
fed by mouth are quite valueless, for
the microbes in the rumen immediately
ferment the sugar to short-chain fatty
acids. Recently the condition has been
treated with the hormone ACTH, which
promotes production of glucose from
protein in the body, but some workers
argue that this is a rather expensive way
of providing sugar.

The biochemical facts suggest that the
primary cause of the disease may be
either a defect in the metabolism of cer-
tain fatty acids or some shortcoming in
the diet or the microbial population that
results in reduced production of these
substances in the rumen. The latter spec-
ulation might explain the curiously epi-
demic nature of ketosis outbreaks on
certain farms.

It is in the underdeveloped countries of

the world that better knowledge of
the metabolism of cows (and goats) will
pay the greatest dividends. In the highly
developed Western countries breeding
and an abundance of feed have raised
cattle to high productivity. But the back-
ward countries, most of which lie in the
tropical belt, are under two great handi-
caps in animal husbandry—heat and a
shortage of good feeds. The high-quality
cattle stocks developed in the temperate
regions do not thrive in hot climates.
Since the cow cannot sweat, it is vul-
nerable to overheating. The European
breeds go off their feed and may suffer
heat strokes. However, the Brahman and
Zebu cattle of India and some cattle of
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LABELED BUTYRATE, a fatty acid, was injected into the vein of a cow, and then milk
and respired air were analyzed for radioactive carbon to indicate how butyrate is utilized.
The chart above is based on data obtained by Max Kleiber of the University of California.
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Africa are considerably more tolerant of
heat than our breeds, and the King
Ranch of Texas has developed a new
breed based on a Brahman-Hereford
cross which is adapted to warm tempera-
tures and at the same time retains the
beefiness of the Hereford. It is to be
hoped that this experience will help cat-
tle breeders in India to improve the
productivity of their native cattle.

The feed problem will be more diffi-
cult to solve. In the tropical countries
the arable land is already almost fully

occupied to produce rice and other sta-
ples for human consumption. But ways
to enlarge the supplies of cattle fodder
may be found by research. One possi-
bility under study is lignin, which, with
cellulose, forms the main bulk of plants
and often imprisons digestible material.
The microbes in a ruminant’s stomach
make no impression on lignin. Plant ma-
terial can be made more digestible, how-
ever, by grinding it to break down the
lignin walls of the plant cells. If a cheap
chemical method for doing this can be

found, it will be possible to feed cows
in the tropics on pineapple foliage, su-
gar-cane waste and other coarse mate-
rials. During World War II sawdust was
fed to cows in Sweden, but it yielded
little nutrition. The problem is to make
the lignin itself digestible by rumen mi-
crobes. If we could do this, we could
envision an animal husbandry based on
sawdust and urea. However appalling
this may seem to pastoral romanticists, it
would have a decisive impact on the

world’s food supply.

RUMEN MICROORGANISMS were photographed by workers
of the U. S. Agricultural Research Service. Jose Gutierrez made
the picture of the protozoon Isotricha intestinalis (top left). Bac-

teria photographed by Marvin P. Bryant
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include Borrelia
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spirochaetales (top right) ; Selenomonas ruminantium (center
left), which ferments carbohydrate; a starch-fermenting coccus
(center right); two that digest cellulose, Ruminococcus flave-
faciens (bottom left) and Bacteroides succinogenes (bottom right).



Kodak reports on:

keeping your fingers dry . . . why they still use cellulosics in lacquer... what every
practical-minded photomicrographer should know

The polymer that steers easily

Brute force

Photographic paper which requires
no processing is of itself no news.*
There may be a little news in that
at least two major manufacturers
of moving-mirror oscillographs now
offer recording instruments based
on what we call Kodak Linagraph
Direct Print Paper. If they want to
call it something else, we love them
none the less.

In giving up photographic de-
velopment, one gives up for the
sake of dry fingers an energy ampli-
fication factor of enormous power.
Nevertheless, we agree that dry
fingers are nicer than wet fingers.
We bow low to the optical design
ingenuity that has contrived cool
and quiet little boxes in which most
satisfactory traces are put down
through brute force of u-v radia-
tion. One company claims fre-
quencies to 2,000; the other, to
“above 3,000, with trace velocities
“above 30,000 inches per second.”

At low recording and writing
speeds, focused energy from a high-
intensity Hg-vapor ultraviolet point
source is sufficient for a legible
record. Where it isn’t, use is made
of a post-exposure to some 60 foot-
candles from a fluorescent lamp.
For all practical purposes the post-
exposure raises the speed several
hundred times. The trace comes out
blue on a buff background. As with
most miracles, the miracle of Kodak
Linagraph Direct Print Paper be-
comes a little less miraculous upon
quantitative study. The total energy
delivered to the paper in the writing
and the post-exposure is about the
same as the radiant energy required
by a conventional photographic en-
larging paper. It’s just that the
energy requirement can be supplied
in two separate doses.

If interested in this type of oscillog-
raphy, watch for pertinent ads in the
technical press and alert your purchas-
ing agent to send in the next man who
comes around with one of these instru-
ments. If you have other ideas for this
type of paper, Eastman Kodak Com-
pany, Graphic Reproduction Division,
Rochester 4, N. Y., will try to be helpful

by arranging with a local dealer to sell
you some of it for experimentation.

*For better than 60 years we have made studio
proof paper. On it many portrait photographers
submit those brownish-purple proofs from
which the customers select the poses they like.
The proofs are to be returned. People who in-
stead stick them up on their boudoir mirrors
find they don’t last very long in the light of day.
That’s the idea with studio proof paper—no
developing and no fixing.

Know what looks good for the base
of the lacquer to protect these
things? Cellulose acetate butyrate.

Twenty-seven years of our life
we have given to cellulose acetate
butyrate. If you care to devote the
next two or three minutes of yours
to the subject, you will learn as
much as a mildly interested out-
sider can take.

From each of the anhydroglucose
units that constitute the links of the
long chains of cellulose, three hy-
droxyl groups protrude. Hydroxyls
of adjacent chains attract each
other. The affinity keeps the chains
packed together and thus maintains
the structure of the plant tissue.
This doesn’t serve man’s whims as
well as it used to. The hydrogen
bonds can be broken and the un-
changed chains put into new shapes
such as cellophane sheet and con-
tinuous rayon filaments. Such re-
generated cellulose, however, has
few parameters to play with. It does
not melt. There are no volatile sol-
vents from which it can be recov-
ered undamaged.

To provide more room for ma-
neuver, the next step (conceptually,
if not historically) is to replace the
protruding hydrogens with acetyl
and butyryl groups. After drying,
the product looks rather like the
original wood pulp or cotton lint-
ers before the treatment with acetic
and butyric acids or anhydrides.
Now, however, the chains no longer
cling together so. Heat them and
they mobilize to a viscous liquid
long before a destructive tempera-
ture is reached. They are likewise
free to be separated and whirled off
into liquid mobility by a grand va-
riety of organic solvents useful in
lacquers. Because of the random-
ness with which acetyls and butyryls
have replaced the hydrogens, the
lockstep is broken. Chain molecules

move in small aggregates, governed
by statistics. The statistics are read-
ily adjustable in the manufacturing
process. An acetyl is larger and less
attractive than a hydroxyl, and a
butyryl is larger and less attractive
than an acetyl. Their relative pro-
portions and the length of the
molecule are subject to fine control.

Longer molecules mean higher
viscosity at a given concentration;
with this goes toughness of the
film left after evaporation of the
solvents. If you want higher solu-
bility, lower specific gravity, better
tolerance for lower-cost solvent ex-
tenders, better compatibility with
resins and plasticizers, more flexibil-
ity and moisture resistance in the
films, you increase the ratio of bu-
tyryl to acetyl groups. If you want
more resistance to grease and as-
sorted chemical agents, better tensile
strength and hardness of the films,
and higher melting point, you de-
crease the ratio of butyryl to acetyl.
To control embrittlement during
weathering, you back off and re-
store about one in twelve of the
replaced—

Does any of this really matter to you?
If so, we shall be overjoyed to send with-
out charge a new 75-page data book,
“Cellulose Acetate Butyrate.” Address
Eastman Chemical Products, Inc.,
Kingsport, Tenn. (Subsidiary of East-
man Kodak Company). The book even
tells what we have for sale in this line.

Up two bits

Whoever wants to learn how to do
photography through the micro-
scope should read ‘Photography
through the Microscope.” Kodak
dealers stock it or can order it from
us, the publishers.

The main difference between the
75¢ Second Edition and the 50¢
First Edition is that the didacticism
on the theory of the photographic
process has been eased off. In its
place there is a tour under escort
of a practical-minded photomicrog-
rapher along the shelves of new
photographic materials uncorked
in the last few years.

Price quoted is subject to
change without notice.

This is another advertisement where Eastman Kodak Company
probes at random for mutual interests and occasionally a little
revenue from those whose work has something to do with science
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Matehed

for exciting sound and
style by ALTEC LANSING

The puzzle of matching your component
home hi fidelity system both for flawless
tonal balance and perfectly integrated styl-
ing is solved for you, by ALTEC LANSING.

This is possible because ALTEC manu-
factures a complete line of home hi fidelity
components — all designed and engineered
for perfect match and balance for the utmost
in listening pleasure. And all ALTEC prod-
ucts are guaranteed to meet or exceed their
published performance specifications.

Complete systems priced from $300 to
$1600.

For complete information write

ALTEC LANSING CORPORATION, Dept. 25A
1515 S. Manchester Avenue, Anaheim, Calif., or
161 Sixth Avenue, New York 13, N.Y.

For pure sound enjoyment insist on ALTEC, for years
the leader in precision engineered tuners ¢ pre-
amplifiers « amplifiers ¢ speakers * speaker
components ¢ speaker systems ¢ enclosures ¢
scientific audio instrumentation 12-20
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leceleration

he U. S. Atomic Energy Commis-
I sion has authorized the building of
the world’s most powerful particle
accelerator at the Argonne National
Laboratory in Illinois. The machine,
which will accelerate protons to energies
of 12.5 billion electron volts, will be
designed to produce a beam more in-
tense than that of “any other of the
multibillion-electron-volt  accelerators
now in operation or under construction
anywhere in the world.”

Meanwhile the National Science
Foundation also announced last month
that plans are going forward for the first
national astronomical observatory in
the U. S. The site is to be in Arizona,
“one of the few remaining areas in the
U. S. where an observatory can be locat-
ed sufficiently distant from light and
dust generated by cities.”

Task Force for Physics

rl‘o stimulate interest in science among
- U. S. students, the American Insti-
tute of Physics will sponsor lectures at
colleges and high schools in the coming
year. Sixty-two physicists, including
Nobel prize winners, will visit 100 col-
leges and 60 high schools. Besides
lecturing, they will discuss research and
teaching problems with physics faculty
members and seek to acquaint other
members of the academic community
with recent developments in physics.
The program, according to Elmer
Hutchisson, director of the Institute,
seeks to “develop an informed citizenry
‘ who will appreciate the role of science
| in a technological society.” The project
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SCIENCE AND

will be financed by the National Science
Foundation and the Ford Foundation.
William C. Kelly, on leave from the Uni-
versity of Pittsburgh, is administering it.
Among the participating scientists are
Nobel prize winners Polykarp Kusch,
C. N. Yang, William Shockley and Wal-
ter H. Brattain. Other prominent par-
ticipants include R. E. Marshak, Hans
A. Bethe and Luis W. Alvarez.

Pay Raises

he U. S. Government has announced

- a general pay increase for engineers
and physical scientists in Federal Gov-
ernment employment. It raised all em-
ployees in these categories to the maxi-
mum for their grade, regardless of length
of service. The increases, applying to
everyone except scientists already at the
$16,000 maximum, ranged up to $1,080
per year. They affect some 48,000 physi-
cists, chemists, mathematicians and en-
gineers, and will add $22 million to the
annual payroll. An additional $3.5 mil-
lion will be spent to hire 4,000 more
physical scientists in the coming year.
Most of the cost will be borne by the
Department of Defense, the largest Gov-
ernment employer of scientists and en-
gineers.

Biologists protested their exclusion
from the raise. Hiden T. Cox, head of
the American Institute of Biological Sci-
ences, said that the 28,000 biologists on
the Federal payroll were being treated
as “second-class scientists.” He declared
that superior students need to be at-
tracted to biology, because there are
“qualitative shortages in almost all fields
of biology and many are in areas critical
to the national defense effort.”

Harris Ellsworth, chairman of the
Civil Service Commission, said that the
Commission was studying shortages in
the biological and other sciences. Under
existing law the starting pay for Federal
employees can be raised only if it is
clearly necessary for the recruitment of
personnel.

Academic Disorder

\that U. S. universities need most is

“some peace and quiet and order,”
according to J. C. Warner, president of
Carnegie Institute of Technology In an
article published last month he said that
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Government emphasis on applied re-
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search has so disorganized university |

work that many scientists are “living a
life of intellectual chaos.” Their energies
have been channeled away from teach-
ing and creative research and often are
dissipated in administrative work.

Writing in Chemical and Engineering
News, Warner observed that Govern-
ment money, which has multiplied re-
search work in universities about 10-
fold during the past 15 years, is seldom
usable at the discretion of the university
and its scholars. Most of it is given for
contract research which must restrict it-
self to a fairly circumscribed area. “I do
not believe,” he said, “that any board,
committee, agency, administrator, or the
scholar himself can predict ahead of
time the most fruitful direction a schol-
arly study will take. . . . I would rather
have $10,000 in unrestricted funds . . .
than $30,000 a year in Government con-
tracts.”

Warner asserted that Government
support of research has had undesirable
effects on scientists. Some have “yielded
to the temptation of building research
empires. . . . They cease being scientists
and become administrators and promo-
ters of team research.” Team research,
he said, does not produce the new gen-
eralizations, ideas and comprehensive
theories which “constitute the essence of
new science.”

Many scientists, he added, have be-
come restless, as shown by mounting re-
quests for leaves of absence “to spend
a semester or a year abroad, or in an-
other institution . . . or on a glamorous
missile or satellite project.” Some “run
from committee meeting and symposium
to committee meeting and symposium.”
Warner concluded with the complaint
that fewer leading scientists and engi-
neers than formerly “have a real interest
in good teaching, especially at the un-
dergraduate level.”

Basic Research inthe U.S.S.R.

he U.S.S.R. has not yet caught up

with the U. S. in basic science, two
leading Soviet scientists stated last
month. Interviewed at an international
meeting of physicists at Stanford Uni-
versity, D. I. Blokhintsev said: “We hope
to achieve the same level as America.”

In Moscow Alexander N. Nesmeyanov, |

SIGMA
TYPE 42RO
RELAY

LATEST JAZZ
ON THEM DEMAND METERS

New General Electric demand meters present a neat case for the
Sigma 42RO relay. Demand meters record average power in a given
time interval. With more kilowatt hours being consumed every year,
the new GE meters record more impulses per unit time so that the

utility can know more accurately (and charge for) peak demand.

GE pulses their new demand meters at the necessary rate using the

COMMUTATOR

commutator pictured, and a pair of Sigma 42RO relays
in an ingenious relay amplifier circuit. This is the
point where the pianist above comes in, in his other role
as a laboratory standard. He may look like an ordinary

fly to you, but it happens that the force he can exert

(after a good night’s sleep) on a piano key %" long
very nearly equals the maximum torque required to
drive the SPST commutator contact device. With a torque limitation
like this, the brushes are small and as a result the impulse current
has to be kept to a minimum. It is: the 42’s need only 5 milliamperes
AC to switch the burden of the demand meter.

This virtue of the 42 is commendable in itself. But life tests
also show that 100,000,000 impulses (50 million operations)
can be transmitted, with an arc-suppressed % ampere, 120VAC
inductive load. The 42’s are DPDT and another 100 million

; impulses of operation can be obtained by swapping them and

using the other set of contacts to carry the D.M. load. In service, this

boosts life expectancy to somewhere between 5 and 25 years, de-

pending on the application.

Although flies as precise as GE’s are not easy to obtain®, standard
Series 42 relays are available on order. Price range $4.60 to $12.80
list. Bulletin sheets giving pertinent 42 data come simply on request.

* Sigma once had one on the payroll, but an avaricious cricket did him in.

SIGMA

SIGMA INSTRUMENTS, INC.
40 Pearl Street, South Braintree 85, Mass.
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We've piloted BORONS since World War 11

...our technology in new
compounds may give you
better product ideas

Long before boron chemistry gained its present significance,
Callery’s task force was already at work, tracing the properties of
boron compounds through pilot investigations.

The AMINE BORANES are one of several groups of new
boron compounds, by-products of our research and development in
high energy fuels. We are just beginning to determine the scope
of their applications. For instance, we have found they are poly-
merization catalysts and inhibitors for acrylates and vinyl com-
pounds. Trimethylamine borane (CH3)sN:BH3—pyridine borane,
CsHsN:BH3z—dimethylamine borane, (CH3)o:NH:BHg3 are water
and organic soluble hydridic reducing agents, effective even in
glacial acetic acid. They are being tested as antioxidants, catalysts,
stabilizing and biological agents. Available now in laboratory
quantities—production quantities soon.

Write for Bulletin C-200 for more information on the properties
of amine boranes.

Phone: FOrest 4-1130 TWX: Perrysville, Pa. 117

BOROHYDRIDES ¢« ALKYL BORATES ¢« BORON HYDRIDES ¢« AMINE BORANES
ALKALI METAL HYDRIDES ¢ BOROXINES « HICAL® HIGH ENERGY FUEL

LLERY

CHEMICAL COMPANY

PITTSBURGH 37. PENNSYLVANIA
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president of the Soviet Academy of
Sciences, told the Soviet parliament that
“great efforts” were needed to overtake
the U. S. in all branches of science.

A U. S. physicist who lectured in the
U.S.S.R. last summer doubts the ability
of the Soviet system to close the gap in
| fundamental science. In an article in
Physics Today Donald J. Hughes of the
Brookhaven National Laboratory said
that the Soviet Academy’s “absolute con-
trol over scientific activities” and the
concentration of effort on isolated large
projects produce spectacular successes
in applied fields such as rocketry and
the building of large accelerators, but
they do “not work at all in basic re-
search.”

Even in high-energy physics, “where
the Russians have pushed so hard . . .
the actual discoveries in basic science
are not impressive,” Hughes said. At the
time of his visit, the Soviet 10-billion-
volt accelerator, though operating, was
not yet usable for experiments. “In other
fields of basic science the activity is al-
most zero. . . . In neutron physics I could
find no activity to compare with that in
the U. S.”

Hughes, disagreeing with the im-
pressions of other visitors to the
U.S.S.R., said that Soviet scientists are
not highly paid: except for Academy
members the pay scale is only about
half that in the U. S. He found that few
scientists own cars and most live in small
apartments.

A.4.A.S.

The annual meeting of the American
Association for the Advancement of
Science in Indianapolis last month re-
flected the increasingly strong interac-
tion between science and everyday af-
fairs. In view of the current ferment of
political activity affecting science and
science education, the Council of the
A.AA.S. passed a resolution calling for
“a widely representative meeting of
scientists” to discuss current issues and
make recommendations to the appro-

| priate agencies. The meeting, which is

being arranged by a committee headed
by Warren Weaver, vice president of
the Rockefeller Foundation, will be held
in Washington in the next few weeks,
during the early part of the present ses-
sion of Congress.

The A. A.A.S. Committee on the Social
Aspects of Science, set up at the 1956
meeting, held its first symposium, de-
voted to the fallout problem as an ex-
ample of the social impact of science.
The chief paper, by Barry Commoner of
Washington University in St. Louis,




The Road Ahead: Silicones

® Increase Efficiency

% Reduce Upkeep Costs

WHAT'S AHEAD IN AUTOMOBILES?—

With ’58 models newly sparkling in

the nation’s showrooms, auto men are turning their attention to future car
designs. Whether the °59 and 60 editions will be fatter, finnier, or fuel-
injected is anyone’s guess . . . Detroit doesn’t tell. But one thing certain is the
increasing importance of Dow Corning Silicones in automobile performance.
Silicones began appearing in cars only in recent years, but their application
by designers has constantly increased: the future holds much more.

NEW EFFICIENCY — In an unex-
pected place (the cooling fan) auto
engineers have found a new source
of usable horsepower. Ten or more
horsepower per engine! And the dis-
covery hinges on silicones.

This latest power booster is really a
power saver known as the Thermo-
Modulated Drive. It works on a fluid
drive principle . . . the fan revolves
only as fast as required for cooling.
The fan is connected to the engine
via an adjustable coupling, containing
silicone fluid, rather than direct drive.
A thermostat determines how hot the
engine cooling water is, and adjusts
the fluid coupling — therefore fan
speed — accordingly.

Only silicone fluids are able to keep
a constant enough consistency for this
drive mechanism. They don’t thin out
in heat or become “heavy” when cold,
as petroleum oils do. Auto men
already knew this from using silicone
damping fluids to prevent jiggling of
dash instrument needles. Dow Corn-
ing silicone fluids for new “air rides”
have similar features.

MORE MILES BETWEEN “PIT
STOPS” — Silicones help reduce auto
maintenance too. Here are some cur-
rent examples . . . future ones are
almost limitless!

Item: SEALS MADE OF SILASTIC¥,
the Dow Corning silicone rubber,
prevent oil leakage in automatic
transmissions. Despite the fact that
transmission oil temperatures now
average 250 F and may reach 325 F,
Silastic defies heat, provides a positive
seal, assures long, trouble-free service.

Item: Dow CORNING 4 X is
specified by all auto manufacturers
to protect and keep weather stripping

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

and rubber mounts from “squeaking.”
Widely used by auto repair shops too
. . . in spray or greaselike form.

Item: JACKETS MOLDED OF
SiLasTIC protect spark plugs from
moisture . . . keep them firing when
humidity’s high. Unlike ordinary
rubber, Silastic is not harmed by
engine heat, always maintains a
flexible, effective moisture guard.

Item: SILICONE BASED POLISHES,
everyone’s favorite for protecting a
car . . . give the finest, durable gloss
with the least effort!

NEXT YEAR’S GUIDE— to silicones
is the 1958 catalog of Dow Corning

products, just published. 16 pages,
fully illustrated, and conveniently
indexed, the 58 guide is a practical
one-source reference to the fascinat-
ing new world of silicones. Send for
your free copy today.

FOR MORE INFORMATION on any of these silicone products

or applications, write Dept. 982

Dow Corning CORPORATION

MIDLAND. MICHIGAN

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

CANADA: COW CORNING SILICONES LTD., TORONTO GREAT BRITAIN: MIDLAND SILICONES LTD., LONDON FRANCE: ST. GOBAIN, PARIS
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The Bettis Atomic Power Division of Westinghouse
is located in the rolling hills of Pennsylvania, just |~
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dealt with the triple responsibilitv of
scientists: to inform themselves on the
| technical problems involved; to see to
it that this information is made avail-
able to the public; and to participate,
as citizens, in the making of political de-
cisions.

Chosen as president-elect of the Asso-
ciation, to serve in 1959, was Paul E.
Klopsteg, associate director for research
of the National Science Foundation.
The 1958 president is Wallace R. Brode,
associate director of the National Bureau
of Standards. The retiring president,
who becomes chairman of the board of
directors, is Laurence H. Snvder of the
University of Oklahoma.

The number of A.A.A.S. prizes was in-
creased this vear. Some are awarded for
papers delivered at the meeting and
some in recognition of work extending
over several years.

! The Newcomb Cleveland Prize went
| to Martin Schwarzschild and J. B. Rog-
| erson, Jr., of Princeton University and

J. W. Evans of the Sacramento Peak Ob-
‘ servatory, who reported on the photo-

graphs of the sun made last summer
from a balloon at an altitude of 80,000
feet. These pictures, the clearest ever
made, showed new details of the sun’s
atmosphere, including eddies as small as
120 miles in diameter.

A new prize—the A.A.A.S.-Campbell
Award for Vegetable Research—was
given to S. H. Wittwer and F. G. Teub-
ner of Michigan State University for
work in increasing the yield of tomato
plants. Exposure to low temperatures
(50 to 55 degrees Fahrenheit) at the
beginning of the flowering period pro-
duced a large increase in the number
of flowers in the first cluster.

Irvine H. Page of the Cleveland
Clinic won the Ida B. Gould Award for
cardiovascular research. He discovered
the substances angiotensin, which con-
trols the caliber of blood vessels, and
serotonin, which has proved to have a
wide variety of physiological effects [see
“Serotonin,” by Irvine H. Page; Scie~-
TIFIC AMERICAN, December, 1957].

The annual prize for a socio-psycho-
logical essay was given to Irving A. Tay-
lor of the Pratt Institute for a study
showing that extreme “authoritarian”
and “equalitarian” personalities are bas-
ically the same.

For work on the biochemistry of
steroid hormones Paul Talalay of the
University of Chicago won the Theobald
Smith Award in Medical Sciences. Tala-
lay studied soil bacteria which can satis-
fy their entire nutritional requirements
with a single steroid. He was able to
| isolate the enzyme systems by which the




Powenbaip tivine BELTS

Wire-drawing machines in a large Indiana
factory work 24 hours a day, 7 days a week
...drawing 1,650 feet of wire per minute.
The chain drives on these machines caused
a deafening noise.

A deafening noise, until a “U.S.” power
transmission engineer suggested a change-
over to PowerGrip “Timing”® Belts. Com-
parative quiet now prevails: there is no more
nerve-racking, unmerciful din. Workers now
enjoy radio music throughout the plant.
Moreover, cost savings resulted; the belts
required no maintenance, whereas the metal
belts required taking up twice a year and
replacement once a year. The PowerGrip

Mechanical Goods Division

. “Put the HUSH

on wire-drawing machines,”

says Plant Engineer "GR'P” FUWEHS
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“Timing” Belts have been operat-
ing for well over a year, yet there’s
no sign of wear, no foreseeable need
for replacement,

U.S. PowerGrip “Timing” Belts have
an efficiency of close to 100%, because
they have a positive, non-slip grip. They
handle speeds up to 16,000 f.p.m., or so slow
astobeimperceptible tothe eye. Thesebelts,
plus on-the-spot engineering counsel from
industrially-famed “U.S.” power transmission
experts are available at any of the 28 “U.S.” Dis-
trict Sales Offices, or from selected distributors,
or write us at Rockefeller Center, New York 20, N. Y.
In Canada: Dominion Rubber Co., Ltd.

See things you never saw before. Visit U. S. Rubber’s new Exhibit Hall, Rockefeller Center, N.Y.
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THE
ELEMENT
OF
FREEDOM

Freedom is doing what you like. Some system-oriented engineers
like best to match their wits and skills against difficult problems,
This characteristic (or idiosyncrasy) of liking complicated technical
problems is one of the chief qualifications of the engineer we need.
He will be required to study the multitude of interactions possible
among advanced aircraft, missiles, and electronic devices with each
other and with human elements in the nation’s most extensive man-
machine-computer system.

To qualify, substantial prior experience with air-to-air or
ground-to-air missiles systems is required together with demon-
strated aptitude in the field of system planning. Write for more
information or call collect. Address. System Development Corpora-

tion, 2420 Colorado Ave., Santa Monica, California, £EXbrook 3-9411.

bacteria digest the steroid and to iden-
tify the active chemical groups involved
in the reactions. Using purified enzymes,

| Talalay devised highly sensitive bio-
chemical tests to measure steroid hor-
mones in body fluids.

The Anne Frankel Rosenthal Memo-
rial Award for Cancer Research went to
Roy Hertz of the National Institutes of
Health. Investigating the relation be-
tween hormones and cancer, Hertz dis-
covered that the breast and the uterus
require certain specific chemicals such
as folic acid for their growth. By admin-
istering folic acid antagonists he has
been able to stop the growth of tumors
in these organs.

The William Procter Prize for Scien-
tific Achievement, awarded by the Sci-
entific Research Society of America,
went to Crawford H. Greenewalt, presi-
dent of E. I. du Pont de Nemours &
Company.

Shippingport

r]*he pressurized-water reactor at

Shippingport, Pa., the first full-scale
nuclear power plant in the U. S., “went
critical” on December 2, 1957—15 years
to the day after the original nuclear
chain reaction was achieved in Chicago.
By December 23 the plant was feeding
its full capacity of 60,000 kilowatts into
the power grid of the Duquesne Light
Company.

The plant, built by Westinghouse
Electric Corporation, cost $72.5 million
plus another $50 million for research
and development work. Duquesne con-
tributed $5 million in cash and provided
the site and the turbine-generator. The
remaining cost was defrayed by the U. S.
Government. According to preliminary
estimates, electricity from the reactor
will cost about 62 mills per kilowatt-
hour. Duquesne will buy the power at
the going rate of about eight mills.

Officials of the Atomic Energy Com-
mission said that a large part of the cost
was consumed by experimental features,
and that a similar reactor, delivering
higher power, could now be built for
substantially less. Operating costs also
could be lowered, particularly through
improvements in fuel design.

' Fireina Nuclear Reactor

On October 10, 1957, some of the fuel

rods in a British experimental re-
actor at Windscale caught fire and
burned for more than a day, releasing

SYSTEM DEVELOPMENT CORPORATION measurable amounts of radioactivity

formerly a division of The Rand Corporation | OVET the surrounding countryside. The
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It’s easy to tell which are the TEFLON TFE-fluorocarbon resins. .. as other wire insulations (Fig. A) soften, (Fig. B) melt, and (above) finally char.

TEFLON

fluorine-saturated molecule
is resistant to heat

It’s the unique structure of the molecule that gives TEFLON TFE-fluorocarbon resins their
amazing physical properties. The long carbon chain is totally saturated at every bond
with a fluorine atom. This fluorine-to-carbon bond is very powerful. The large atoms of
fluorine, spiraled about the chain of smaller carbon atoms, blanket this bond still
further against external conditions.

That’s why the TEFLON resins are so resistant to heat and corrosives. It takes a lot of
thermal energy to shake these strongly bonded atoms apart. The soldering-iron photos
demonstrate this heat resistance. TEFLON resins are rated for use to 500°F. The sheath
of fluorine atoms also serves as an impenetrable shield, protecting the carbon chain from
attacking reagents. So, TEFLON resins display practically universal chemical inertness.

Learn how this same molecular structure also gives these resins unsurpassed electrical
properties, unique non-adhesiveness, low coefficient of friction, usefulness at cryogenic
temperatures. Investigate their many applications and methods of fabrication. TEFLON
resins may provide the opening wedge to expanded operations in your scientific or busi-
ness future.

For the technical facts and product ideas, write to: E. I. du Pont de Nemours & Co.
(Inc.), Polychemicals Department, Room 382, Du Pont Building, Wilmington 98, Del.
In Canada: Du Pont Company of Canada (1956) Ltd., P.O. Box 660, Montreal, Quebec.

TerLon  QUP(ND
TFE-fluorocarbon resins
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your copies
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AMERICAN

(@ A handsome and durable library file or binder in which to kesp
your copies of SCIENTIFIC AMERICAN.

(@ Both styles bound in dark green library fabric and stamped in

gold leaf.

FILE (shown at right): Holds 12 issues. Single copies easily acces-

sible. Price: $2.35 (U.S.A. only).

BINDER (shown at left): Holds 6 issues. Copies open flat. Price:
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Address your order, :
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IN THAT YEAR, Curtiss flew farther than
1 kilometer to win the SCIENTIFIC !
AMERICAN award—America’s first/
competitive aviation trophy.
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Anniversary...and is still making
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Write Mueller Electric fac-|
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and FREE CATALOG of the world’sl
most complete line of electric test clips. |
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accident produced something approach-
ing panic among the local population.
Last month a committee of inquiry of
the Atomic Energy Authority published
a White Paper detailing the causes of
the accident and the measures taken to
cope with it.

The fire started during a maintenance
operation known as “Wigner release.”
This involves heating the graphite mod-
erator to anneal out certain atomic dis-

locations in its crystals, caused by neu-
tron bombardment. (The name derives
from the physicist Eugene Wigner, who
first predicted the dislocations.) To let
the graphite heat up, the flow of cooling
air through the pile is reduced. Because
the reactor was designed before the

| Wigner effect was well understood, its

temperature-monitoring devices were

not placed at the points that get hottest
during the annealing process. Hence the
operator did not know that some of these
points had overheated enough to start
the neighboring fuel rods burning.

By the time the fire was discovered,
the affected rods had swollen so much
that they could not be pulled out of the

reactor. The rods surrounding them had
to be removed to prevent the fire from
spreading, and an unsuccessful attempt
was made to quench it with carbon di-
oxide. Eventually the physicists in
charge decided to use water, and the
| reactor was doused for more than 24
| hours.
During the fire, fission products from
! the burst fuel elements poured out of the
reactor’s chimney. The surrounding air
became 10 times as radioactive as nor-
mally. But measurements on people who
were cycling near the reactor showed
that they had not been exposed to dan-
gerous levels of radiation. Apparently
through oversight, milk from cows graz-
ing in the area was not checked until 34
hours after the accident. Then it was
found to contain a level of radioactivity
considered slightly too high for safety,
| and distribution of the milk from these
cows was suspended for several days.
The investigators found that none of
the workers in the plant was over-ex-
posed to radiation and that no damage
was done to people in the neighborhood.

| Neutron Mystery

he neutron has no electric charge,
yet it produces a magnetic field.
Physicists have tried to explain this puz-
zle by supposing that the neutron is elec-
trified internally, with a positively
charged core and negatively charged cir-

culating mesons that balance the core
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Versatile BzL Research
Microscopes keep pace
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;charge and so give the neutron a net
charge of zero. The charged, moving
mesons presumably would account for
the neutron’s magnetism. But a group of
Stanford University physicists last
month threw some doubt on this idea.

Robert Hofstadter and his colleagues
reported to the international gathering
of physicists at Stanford some recent ex-
periments they have performed on neu-
trons. Bombarding atomic nuclei with
high-speed electrons, they found that
| the diameter of the neutron’s magnetic
| field is about seven tenths of a fermi—
Iapproximately the same as that of a
proton. But the electrical diameter of
the neutron (the range of its supposed
| electric charges) is practically zero. In
short, they found no electric charges cir-
culating around the core—at least not far
enough from the center to produce mag-
netism. So the neutron’s magnetism is
more mysterious than ever, and at the
moment it appears that the theory of
the neutron’s structure will have to be
revised.

More and More People
A runaway increase in world popula-
tion has added about 172 million—
the equivalent of the population of the
U. S.—to the total in the last four years.
The rate of increase has jumped to 1.7
per cent a year, double the rate in 1950.
In the last seven years there has been
a greater rise in the rate of increase than
had taken place in the full century be-
fore 1950.

These facts from a United Nations re-
port on the world social situation are
discussed by Robert C. Cook in Popu-
lation Bulletin. He attributes the present
| spurt to a spectacular drop in death
rates rather than to a rise in birth rates.
In economically underdeveloped areas
mortality is being sharply reduced by
improved health facilities, but the birth
rates remain high. Some countries in
Latin America, for instance, are increas-
ing their population at the unprecedent-
ed rate of 3 per cent a year.

“The fertility obsession—once so nec-
essary and now so dangerous,” says
Cook, “threatens world peace and se-
curity” by hindering economic improve-
ment of the people in the underdevel-
oped areas.

A few areas with population problems
have reduced their birth rate significant-
ly—notably Italy, Japan and Puerto Rico.
Japan has achieved a remarkable decline
in births since it legalized abortion and
sterilization in 1948. Its birth rate now
has fallen to the traditionally low rate
of France.
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How’s this ‘“‘fur’’ ingenuity ?

Man-made mink is now a reality and just one of a
number of minor miracles being wrought by today’s
textile manufacturers.

Their sorcery stems from two recent developments.
First is a knitted fabric with a long, luxurious, cut pile
of soft, but sturdy, synthetic fibers. And second is its
back-size, based on a combination of CHEMIGUM LATEX
and Priovic LATEX.

The latex backing is important as it provides essential
body, pile lock, dimensional stability, flexibility and

resistance to raveling. CHEMIGUM LATEX is used
because it imparts these properties on a long-term
basis, thanks to its excellent resistance to dry cleaning
and aging. Priovic LATEX—a vinyl latex—is used, pri-
marily, to control the “hand” of the fabric.

If you are interested in making a pile fabric of out-
standing quality, be sure you have the full story on
both CHEMIGUM LATEX and Priovic LATEX in back-
sizes. It’s yours for the asking. Just write to Goodyear,
Chemical Division, N-9457, Akron 16, Ohio.
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Break-throug...

ADVANCED MATERIALS HELP LICK
INDUSTRY'S HEAT BARRIERS

In the blinding flash of an atomic explosion, in the searing blast of
a rocket motor and in the intense heat of many industrial processes,
much of today’s progress goes hand in hand with tremendously
high temperatures. “Hot as the sun itself” is no longer a mere figure
of speech: it is already within the realms of scientific accomplishment.

Breaking through the heat barrier —finding materials that
will stand up under higher and higher temperatures—is now a
problem that concerns practically all industry. More and more of
the answers are being found in the growing family of advanced
materials produced by the Carborundum Company.

New forms of silicon carbide, for example, that can be pressed
or molded into tough, highly accurate and intricate shapes are
already taking over many of the jobs of metals in applications
where even the toughest alloys melt or lose their strength. Nozzles
made of similar materials withstand the heat and shock of rocket
motors that travel at Mach 11 speeds. The variety of Carborundum
materials makes possible a solution for almost every problem involv-
ing intense heat or resistance to unusual conditions of abrasion

4700° F TEMPERATURE reflected in the mirror above
an induction furnace forms the subject of the dra- .
matic artist’s rendering at left. Mirror is employed in Or corrosion.

conjunction with an optical pyrometer to measure If you have a challenge in finding new ways and materials to
extreme temperature inside test furnace o K K
at Carborundum’s Research & Development Labora- meet problems beyond the capabilities of conventional materials,
tories. Actual equipment is shown in photo above. .

perhaps Carborundum can help you. Write Carborundum,

Research & Development Division, Dept. SA, Niagara Falls, N.Y.

AM-2

Get your free subscription to industry’s newest publication
ADVANCED MATERIALS TECHNOLOGY

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

- Where conventional materials fail...call on

CARBORUNDUM

REGISTERED TRADEMARK
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ANCIENT TEMPERATURES

The ratio of the oxygen isotopes m a fossil shell reflects

the temperature of the water imn which the shell grew. This

“thermometer” 1s now used to study the climate of the past

rom a piece of uranium-bearing
Frock we can estimate the age of

the earth; from a sliver of bone we
can date a prehistoric camp site. The
clocks that make such dating possible
are radioactive isotopes of the elements.
Within the last few years isotopes have
provided us with another tool for look-
ing into the distant past—a thermometer
which tells the temperatures of ancient
seas. The measurements so far made
with it have already deepened and re-
vised our understanding of the history
of the earth and of mankind. They have
staked out the broad climatic trends of
the last 100 million years and plotted
significant details of the glaciation cy-
cles of the Ice Epoch in which we are liv-
ing even now. As a result, we can begin
to get a better insight into the causes
of this epoch and even attempt to project
its future course. The new findings also
seem to have considerably shortened the
hitherto accepted chronology of human
evolution.

As with so many fruitful advances in
science, paleotemperature research orig-
inated in an almost casual remark. In
December, 1946, the University of Chi-
cago chemist Harold C. Urey gave a
lecture on his work with isotopes to a
gathering of faculty and students of the
famed Technische Hochschule of Zurich,
Switzerland. Urey’s theme in this lec-
ture was that the isotopes of an element,
although supposedly identical with one
another chemically, did not actually be-
have exactly the same, even in chemical
processes. For instance, he said, when
a glass of water evaporates, the three
isotopes of oxygen (oxygen 16, 17 and
18) do not go off at the same rate. The
vapor will carry off a slightly higher
proportion of the lightest isotope (com-
mon oxygen 16) than of the heavier
ones. As a result, after a time the water
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by Cesare Emiliani

in the glass will become slightly en-
riched in the rare heavy isotopes, 17
and 18. Urey concluded that the water
in the oceans, long subjected to this
process, should be a little richer in
the heavier isotopes of oxygen than fresh
water.

In the colloquy that followed, Paul
Niggli, a distinguished Swiss crystallog-
rapher, drew a crystallographer’s de-
duction from what Urey had reported.
He pointed out that if sea water and
fresh water had different oxygen isotope
ratios, oxygen-bearing substances pre-
cipitated from these waters also should
show the difference. Niggli suggested
that isotopic analysis of carbonate de-
posits—limestone, coral or the limey
skeletons of aquatic animals—would
show whether the deposits had origi-
nated in fresh or marine water.

The Thermometer

Back in his Chicago laboratory Urey
pondered this spur-of-the-moment re-
mark and proceeded to calculate what
the difference in isotope ratios between
fresh water and marine carbonate would
be. He found that the relative abundance
of the oxygen isotopes in the carbonate
would depend partly on the tempera-
ture of the water at the time the carbon-
ate was deposited. As Urey later told
the story: “I suddenly found myself with
a geologic thermometer in my hands.”

Actually in 1947 the thermometer was
not yet in Urey’s hands; it was still large-
ly in his head. It took four more years
to make isotopic temperature-measure-
ment a practicable technique. One dif-
ficulty was that the temperature effect
was too small to be measured by instru-
ments then available. According to
Urey’s calculations, a difference of one
degree centigrade in water temperature
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would produce a difference of only two
hundredths of 1 per cent in the ratio of
oxygen 18 to oxygen 16 in the carbonate.
The smallest such difference measur-
able by the best mass spectrometer at
the time was one fifth of 1 per cent. This
meant that Urey’s thermometer could
not detect temperature differences small-
er than 10 degrees C.—and a 10-degree
difference in ocean temperatures can
represent the difference between a tem-
perate and an arctic climate! Urey’s
first task, therefore, was to improve the
sensitivity of the mass spectrometer ten-
fold, and with the aid of a team of work-
ers he was able to do this.

Second, it was necessary to establish
an empirical temperature scale, in order
to check and supplement the theoretical
calculations. For this purpose the
Scripps Institution of Oceanography
supplied marine mollusks grown in the
laboratory at known temperatures. The
preparation of their shells for analysis,
however, presented what Urey later de-
scribed as “the toughest chemical prob-
lem I ever faced.” Live mollusk shells
contain not only carbonate but also small
amounts of protein. The oxygen in the
protein confused the first efforts to get a
reading on the oxygen in the carbonate.
But Urey and his collaborator Samuel
Epstein found a way to remove this con-
taminating oxygen, and were able, by an-
alyzing pure carbonates deposited at dif-
ferent temperatures, to show that Urey’s
calculations were essentially correct.

In the fall of 1950 Urey’s laboratory
at Chicago was ready to attempt the
measurement of a fossil temperature.
Urey selected the cigar-shaped skeleton
of a belemnite, an ancestor of the mod-
ern squid which lived some 150 million
years ago in the warm, shallow sea cov-
ering what is now Scotland. In cross
section this fossil shows growth rings



resembling those in a tree trunk [see
photograph at top of next page]. But no
one had yet determined how many sea-
sons or years each ring represented. The
concentric layers of the fossil were
shaved off and analyzed one by one. The
resulting measurements showed clearly
the seasonal changes in temperature
during the growth of the animal’s skele-
ton [see chart at bottom of next page].

SKELETONS OF FORAMINIFERA from sea-bottom oozes are
magnified 180 times. These species inhabited the ocean’s upper

From these variations one could tell that
the belemnite was born in the summer,
lived almost four years and died in the
spring. Clearly the geologic thermom-
eter was usable.

Before it could be put to work, how-
ever, an inherent limitation of the
thermometer had to be faced. Its read-
ings depend not only on the isotope
ratio in a carbonate but also on the dif-
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ference between this ratio and that in
the water in which the carbonate was
formed. The ups and downs in the ratio
found in the belemnite fossil could be
taken as accurate indications of relative
temperature; to place these variations
on an absolute scale, however, required
an assumption as to the isotope ratio in
the ocean in which the creature lived.

Up to this point Urey and his asso-

layers from two to three thousand years ago. Analysis of their skele-
tons indicates the temperature of the water in which they lived.
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FIRST MEASUREMENT of ancient temperatures was made from a belemnite 150 million
years old. In cross section (top) the cigar-shaped skeleton shows growth rings. Graph
(bottom) gives temperatures obtained by analyzing concentric layers. These show seasonal
changes indicating animal was born in the summer and died in the spring four years later.
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ciates had assumed that all oceans would
show the same ratio of oxygen 18 to 16.
A check of various waters, made by Ep-
stein and Toshiko Mayeda, now dis-
closed that the ratio varied. Tropical
surface water proved to be about .2 per
cent richer in oxygen 18 than arctic;
mid-ocean waters may differ consider-
ably from those near shore, for excessive
local evaporation or an influx of river
water makes the sea water either richer
or leaner in oxygen 18 than the average.
Such variations must introduce error and
uncertainty into the measurement of
paleotemperatures. For the present,
error is minimized by analyzing only
fossils of animals that lived in the open
ocean. Uncertainty remains, however,
because the conversion of isotope ratios
to temperatures must be based on es-
timates of the isotope ratio of the ancient
ocean.

Eventually we hope to obtain absolute
measurements with the help of another
thermometer based upon the isotope ra-
tios in the silicas or the phosphates
sometimes associated with carbonates.
These ratios also vary with temperature
but on a different scale. With a little
algebra, two such readings will yield
an absolute temperature. We are reason-
ably confident, however, that our pres-
ent measurements are close enough N
that any future corrections we apply to
them will not significantly alter the re-
sults.

Climatic Trends

The first systematic paleotemperature
study was addressed to a question that
has attracted much investigation by
other means: Why did the great dino-
saurs die? It had long been thought
that the 150-million-year reign of these
reptiles on the earth was brought to an
end by cooling of the earth’s climate
about 65 million years ago. This idea
was supported by geology, but the evi-
dence was incomplete. At Urey’s sugges-
tion, Epstein and Heinz Lowenstam set
out to survey the climate of the latter
portion of the Age of Reptiles, formally
designated as the Upper Cretaceous.
They analyzed a large number of fossils
from Europe and North America, and
their results showed that temperatures
rose during the first half of the period
and declined during the second half [see
chart on page 58]. Unfortunately they
could not measure temperatures at the
very end of the period, because they
could not obtain suitable fossils. The
study nonetheless supports the conclu-
sion that a decline in temperature might



well have played an important part in
the extinction of the dinosaurs.

With the method now fully demon-
strated, I undertook a study, in collabo-
ration with Mrs. Mayeda and Harmon
Craig, of temperatures during the last
65 million years. This long period of
time—the Cenozoic Era, or Age of Mam-
mals—has seen the emergence of many
land areas, the building of many moun-
tain ranges, the inception of the Ice
Epoch and the evolution of man. Clearly
a picture of its climatic trends would
illuminate and clarify the record.

As our fossil subjects we chose the
tiny one-celled marine animals called
foraminifera. Our interest was sparked
by a visit to Chicago in 1951 of Hans
Pettersson, leader of the Swedish Deep-
Sea Expedition of 1947-48 [see “Explor-
ing the Ocean Floor,” by Hans Petters-
son; SCIENTIFIC AMERICAN, August,
19507. Most species of foraminifera live
on the deep ocean bottom, but some of
them float in the upper sunlit strata of
the ocean, where they feed on micro-
scopic plants. When they die, their
skeletons—minute snail-like shells or
clusters of crystalline bubbles of calcium
carbonate—rain down upon the ocean
bottom. There, mixed with fine silt and
clay, they form the foraminiferal oozes
that carpet much of the deep-sea floor.
These oozes accumulate very slowly, at
rates averaging an inch in 1,000 years.
Yet in some places they have built up
to thicknesses of hundreds and even
thousands of feet.

Thanks to the Swedish expedition and
the many expeditions of the Lamont
Geological Observatory of Columbia
University, we had excellent samples of
these sediments. The Swedish expedi-
tion had used a “piston-corer” developed
by B. Kullenberg. This instrument can
bring up cylindrical samples (cores) of
the bottom more than 60 feet long; the
expedition had collected more than 300
such cores in both the Atlantic and the
Pacific, some of them reaching from the
present down into sediments a million
years old and more. The Lamont Ob-
servatory, using similar equipment, had
assembled a collection of more than
1,000 deep-sea cores.

The Ancient Antarctic

To develop the general outline of
the climatic history of the Cenozoic
Era we decided first to survey the bot-
tom temperatures. These, we thought,
would not be influenced by short-term
fluctuations, and would therefore give
us a better idea of long-term trends. The

DEEP-SEA CORES can yield a continuous temperature record covering a million years
or more. This photograph shows the upper 11 feet of a core from the equatorial Atlantic.
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ISOTOPIC TEMPERATURE (DEGREES C.)

TEMPERATURES FLUCTUATED toward the end of the Age of
Reptiles. A maximum was reached about 80 million years ago; the

bottom water originates from the oceans’
coldest surfaces; the cold water of the
Antarctic Ocean, for example, sinks and
flows into the deepest regions of the
other oceans, because of its compara-
tively high density. Measurement of bot-
tom temperatures would thus give us a
picture of the climatic trend of the polar
regions.

For this investigation we used three
cores brought up from depths of more
than 10,000 feet in the equatorial Pa-
cific. Two of these cores were extraor-
dinary because they contained sediments
much older than expected. Evidently the
piston-corer had hit an area of ocean
bottom from which the more recent sedi-
ments had been removed (possibly by
bottom currents). In order to measure
the ancient bottom temperatures we had
to sort out the fossils of bottom-dwelling
foraminifera, which constituted only 1
per cent of the total. Several hundred
shells were required to make up each
five-milligram sample. Our analysis
showed that 32 million years ago the
bottom temperature of that part of the
Pacific was about 51 degrees Fahrenheit;
by 22 million years ago it had fallen to
about 44 degrees; a million years ago the
temperature was close to its present
level—three degrees above freezing
[see chart on opposite page]. During
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the last half million years the tempera-
ture has oscillated around an average
somewhat colder than that of today.

Our measurements show, then, that
32 million years ago the water of the
Antarctic Ocean was as warm as that off
Rhode Island today. The waters of the
Arctic must have been equally warm.
Indeed, we know from fossils that parts
of Greenland, now treeless, were then
covered by pine and spruce forests.
The low temperatures a million years
ago indicate that by that time Antarctica
had become ice-covered, and the stage
was set for the beginning of the Ice
Epoch. The oscillations during the last
half-million years reflect the relatively
rapid climatic shifts accompanying the
advance and retreat of the glaciers.

We next turned our attention to these
glacial climates. From geological evi-
dence we know that at least four times
during the last half-million years or so
great ice sheets, thousands of feet thick,
pushed down from the north, reaching
points south of present-day Chicago and
Berlin. As they ground southward, they
planed off the tops of hills. When they
retreated north, they left behind mo-
raines of boulders, sand and gravel and
thousands of lakes, of which our Great
Lakes are the largest. South of their
shifting margins cold, dry winds.laid
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subsequent decline may have brought about the extinction of the
dinosaurs. Above graph are two dinosaurs and a primitive mammal.

down thick layers of silty soil called
loess. From these and other geological
features we can map the course of the
ice sheets and estimate their duration,
as well as that of the temperate inter-
glacial periods. But unfortunately no-
where on land is there a complete se-
quence of deposits representing the
entire glacial epoch. Geologists have had
to reconstruct the Ice Epoch piecemeal,
often resorting to dubious correlations
between landscapes of widely separated
regions.

A New Calendar

The deep-sea cores, we Dbelieved,
could help considerably to straighten
out the confusion and discontinuity of
the land evidence. The record contained
in the oozes is continuous and their most
accessible upper layers embrace much
or all of the Ice Epoch. By tracing out
the variations in ocean temperatures
over this period, we could reconstruct
the changes in the earth’s climate during
the ice ages.

The reconstruction of climatic his-
tory in such detail called for study of
the variations in the surface tempera-
tures of the ocean, rather than the
long-term variations at the bottom. We
therefore had to restrict this study to



/’/
Fq é
| ../
. _— \
7
- -
“h‘h
L
‘e
o 10 “'\.h
[
'y
)
(oW
O
=
Q 5
) Fa
I\
10 30

TEMPERATURES DECLINED during the Age of Mammals. Pa-
cific bottom water originating around Antarctica dropped from 51

foraminifera of the floating species liv-
ing within the top few hundred feet
from the surface. Our first task was
to establish the relative temperature
level (i.e., depth) at which each of
these species lived; this we did by a
preliminary analysis of present-day sam-
ples of the various species. We then
examined a number of cores taken from
the Atlantic, the Caribbean and the
Mediterranean. We made an isotopic
analysis of the foraminifera of each
species at various levels down the core—
each level representing a progressively
older time. When we finally plotted the
temperature curve for the successive
times, it showed a series of climatic fluc-
tuations. The peaks and valleys of these
temperature cycles were quite consistent
over the oceans, even in cores from sites
several thousand miles apart [see chart
on next page].

With the temperature cycles thus es-
tablished, the next step was to date
them by radiocarbon analysis. This was
done by Hans Suess and Meyer Rubin
at the Radiocarbon Laboratory of the
U. S. Geological Survey. The most
recent low point in ocean surface tem-
perature, it turned out, came about
18,000 years ago, which coincides with
the peak of the last ice age glaciers in
North America. The low points in the
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MILLIONS OF YEARS AGO

earlier cycles cannot be dated by the
radiocarbon method, because they oc-
curred too long ago, but by extrapola-
tion and by comparing our cores with
others dated by different methods we
have worked out a tentative time scale
for the full depth of our cores [see chart
on page 61]. We then correlated the
temperature oscillations shown by the
cores with the advances and retreats of
the ice sheets on the continents. This cor-
relation is certain for the last 100,000
years, but is less certain for older times.
The analysis of still longer cores, which
are not yet available, may require some
revision of this correlation. If this dating
scheme is correct, the first great ice
sheet began its advance only 300,000
years ago, rather than 500,000 or more
years ago, as geologists have hitherto
estimated.

Causes of the Ice Ages

These results may be applied to the
much-debated question of what caused
the ice ages. Many theories have been
proposed, ascribing the glaciations vari-
ously to changes in the earth’s motions,
to blanketing of the atmosphere by
dust from volcanic eruptions, to moun-
tain building, and so on [see “Origin of
the Ice,” by George Gamow, SCIENTIFIC
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degrees F. to 36 degrees as a result of the change from temperate to
frigid climate in polar regions. At top are three extinet mammals.

AnERICAN, October, 1948; “Volcanoes
and World Climate,” by Harry Wexler,
April, 1952; and “On the Origin of
Glaciers,” by Charles R. Warren,
August, 1952]. Our findings seem to
give support to the theory worked out
in the 1920s by the Serbian physicist
Milutin Milankovitch. According to the
Milankovitch hypothesis, fluctuations in
the earth’s orbit and in its axis of rotation
periodically change the pattern of re-
ception of heat from the sun, so that
there are long periods when the sum-
mers are cool and the winters mild, al-
ternating with periods of hot summers
and cold winters. In a period of cool
summers which fails to melt much of the
winter snow, ice will cover a much larg-
er part of the earth than it does now.
Milankovitch calculated that the cool-
est summers would come at intervals
about 40,000 years apart. Our analysis
of the fossils in the cores indicates that
the low points in ocean temperatures
did indeed occur at 40,000-year in-
tervals.

The main difficulty with the Milan-
kovitch theory is that it fails to ex-
plain why the Ice Epoch developed only
recently—within the last million years—
after 200 million years during which the
earth had no ice ages. Looking back over
the climatic changes of the last 100 mil-
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lion years, we can now see a possible
explanation of how the current Ice
Epoch originated.

The Lowenstam-Epstein analysis of
Cretaceous fossils shows that tempera-
tures reached a high point about 85 mil-
lion years ago. At that time shallow seas
occupied vast areas which are now land,
and there were only a few low chains of
mountains on the continents [see maps
on page 62]. Toward the end of the
Cretaceous Period a large part of the
Pacific bottom southwest of the Hawai-
ian Islands began to sink, and similar
founderings may have occurred else-
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TEMPERATURE CURVES from cores originating in widely sep-
arated spots show strong similarities. The curves, covering some
200,000 years, are (top to bottom) from Mediterranean, Caribbean,
equatorial Atlantic and North Atlantic cores. The land-locked Medi-
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where in the Pacific. Simultaneously
there opened a great epoch of mountain
building which ultimately produced the
Rockies, Andes, Alps and Himalayas.
These processes put millions of square
miles of previously immersed land above
water. Since dry land absorbs less solar
radiation than water does, the world
climate became steadily colder. Perhaps
two million years ago permanent caps of
snow and ice began to form in Antarctica
and Greenland. This highly reflecting
ground cover absorbed still less of the
sun’s rays. Some 300,000 years ago the
climate had become so cold that one of
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Milankovitch’s cool-summer cycles could
have extended the northern ice south to
northeastern North America and Scan-
dinavia—both regions of heavy snowfall.
Back-radiation of solar energy was still
further increased, and the first great
wave of ice was under way. The enor-
mous mass of ice that overran the North-
ern Hemisphere must have influenced
the climate of the entire earth. We know
that glaciers formed over most of the
great mountain chains of both hemi-
spheres.

During this period, as our studies
show, the oceans’ surface temperature
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terranean shows the greatest range of temperature variations:
from 8 to 33 degrees C. (46 to 92 degrees F.) Differences in core
length, shown by the varying horizontal scales, indicate that ma-
rine sediments accumulated at different rates in these four areas.



dropped sharply. This started a reverse
process, for cooler oceans mean less
evaporation, drier air and less snowfall.
Eventually winter snowfall decreased to
a point where the summer shrinking
of the glaciers was greater than their
winter growth. A period of hot summers
accelerated this process and pushed
back the ice sheets until only those of
Antarctica and Greenland remained.
When the cool-summer part of the
Milankovitch cycle returned, the gla-
ciers began to grow again, and the whole
process was repeated: advance of the
ice sheets, cooling of the seas and even-
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tually a new shrinking of the glaciers.
If the theory is correct, about 10,000
years from now there will be another
advance of the glaciers, burving Chica-
go, Berlin and Moscow under thousands
of feet of ice. Indeed, we can expect
periodic glaciations to continue until the
earth’s great mountain chains have been
weathered down to hills.

Dates of Man
One of the most important products

of the isotope thermometer is that it
has given us a definite time scale, not

SWANSCOMBE

only for the ice ages but also for the
evolution of life. We can now date
fossils of man and his ancestors and
estimate the rates of human evolution
with some confidence. In the past most
of the human and manlike fossils have
been dated, after a fashion, by the de-
posits in which they were found but
the age of the deposits was often un-
certain. With the fairly accurate new
calendar of glaciation cycles obtained
through Urey’s thermometer, we can put
the chronology of human evolution in
order, for the migrations of early man
and the rise of new types are often

FONTECHEVADE —
HOMO SAPIENS SAPIENS

\_W NEANDERTHAL

COMPOSITE CURVE from six deep-sea cores (bottom) shows the
climatic fluctuations during the Glacial Epoch. The similar curve
above it shows variations in summer solar radiation at latitude 65
degrees North, where the great ice sheets were centered. These are

200 150
THOUSANDS OF YEARS AGO

expressed as apparent shifts in latitude; thus 25,000 years ago
latitude 65 received no more solar heat in summer than latitude 75
does today. The human and prehuman skulls (top) are associated
with the glacial events suggested by the colored area below them.
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LAND EMERGENCE, roughly reconstruct.
ed in maps at left, helped bring the Ice
Epoch. Eighty million years ago shallow
seas covered vast areas (top); climate was
tropical almost to the poles. Ten million
years ago less land was submerged (center) ;
climate was coolor, though warmer than
now. Maximum emergence was less than
500,000 years ago (bottom) ; hatching shows
ice sheets. Present coastlines are in black;
animals and plants of each period are at side.

connected with glacial periods. We
know, for example, that the man-apes
of South Africa originated some time
before the first glaciation and died out
during the first interglacial period. Ac-
cording to the paleotemperature chro-
nology, this means that they lived be-
tween about 400,000 and 200,000 years
ago. Similarly we know that Pithe-
canthropus, Sinanthropus and Atlan-
thropus—men of a very primitive type
which I prefer to assign to the single
species Homo erectus—originated dur-
ing the first interglacial, which we date
at 200,000 to 250,000 years ago.

The Swanscombe skull bones, prob-
ably belonging to an ancestral sub-
species of modern man, date from the

second interglacial, about 125,000 years |

ago. The Fontéchevade remains, the old-
est known fossils certainly belonging
to modern man, are from the third in-
terglacial, and are thus only about 100,-
000 years old. Since Neanderthal man
also originated during the same inter-
glacial period, he must be considered a
separate offshoot parallel to modern
man. Neanderthal, an unsuccessful ex-
periment in humanity, became extinct
during the last glaciation, about 50,000
years ago. Thus he lasted only about
2,000 generations. Evolution from Homo
erectus to Swanscombe man took about
3,000 generations, and from Swans-
combe to modern man, only about 1,000.

This is evolution at a rapid rate. Equally |

rapid rates of evolution would obtain for
other advanced animals.

So the reconstruction of the tempera-
tures of ancient seas is only the be-
ginning of the grand-scale prospects
opened by our new thermometer. It
enlightens us about the long-range
climatic cycles of our planet. It will
tell us much about how sediments are
deposited in the oceans, about many
animals of the sea (at what depths they
live and how fast they grow), about the
wandering of the geographic poles,
about the history of man and about many
other things. A number of scientists in
the U. S, in Italy and in the U.S.S.R.
are already busy exploiting this wonder-
ful tool.

GUIDANCE and CONTROL |
in SPACE TECHNOLOGY i

It is becoming increasingly apparent that many of the techniques and analyses,
and much of the equipment, developed for the present Air Force ICBM-IRBM
programs will have a wide future application in space technology. For instance,
many of the guidance and control techniques for ICBM’s are applicable to the
space vehicles of the near future.

An important element of these applications is precision. The precision required
of the guidance and control system for vehicles aimed at the moon or one of the
planets is not substantially greater than that required for the Air Force ICBM-
IRBM programs. And, the precision needed to guide a vehicle into a near-circular
orbit of Earth is even less than that required for ICBM’s.

The problem of communication with lunar and planetary vehicles is, of course,
made more difficult by the much greater distances involved. This, however, is not
an insurmountable difficulty if today’s trends continue in the use of higher trans-
mitted power, narrower communication bandwidths and amplifiers with very low
noise-figures.

The problems of operating electronic equipment in the space beyond our atmos-
phere are already encountered on present ballistic missile trajectories. The principal
difference in the case of space vehicle applications is the requirement for longer
equipment lifetimes. Electronic equipment and power supplies will have to last
for several hours or days or weeks, instead of a few minutes, under conditions of
vacuum pressure, zero “g” fields, and bombardment by micrometeorites, high-
energy particles, and radiation.

The preceding examples serve to illustrate some of the ways in which the
ICBM-IRBM programs are advancing the basic techniques of space technology.

Since 1954, Space Technology Laboratories has been providing over-all systems
engineering for these programs. Both in support of this responsibility and in antici-
pation of future system requirements, the Laboratories are presently engaged in
a wide variety of advanced analytical and experimental work directed toward the
exploration of new approaches in space vehicle electronics, propulsion, and
structures.

The scope of STL’s work requires a staff of unusual technical breadth and com-
petence. Engineers and scientists who are interested in advanced experimental
development projects (as distinct from development for manufacturing, in which
STL is not engaged) are invited ta investigate the many opportunities on the
Laboratories’ Technical Staff.

Sprace TecHnOLOGY LABORATORIES

A Division of The Ramo-Wooldridge Corporation

8730 ARBOR VITAE STREET ¢ LOS ANGELES 45, CALIFORNIA
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How to win friends and influence profits
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Today, electronic data processing sys-
tems are a vital tool of modern manage-
ment for gaining new customers and
boosting profits. Take this IBM Model
705, for example. It’s capable of adding
10,000 five digit figures per second!
While you may not need this order of
capacity, there is a profit producing sys-
tem for almost every size of business.

Now greater efficiency can be added to
such functions as costaccounting, inven-
tory control, payroll, record keeping, and
many others. To illustrate: in inventory
control, electronic data processing sys-
tems can reduce lost sales due to ‘““out-
of-stock’ mix-ups and unfreeze vital
dollars tied up in excess inventory.

Creating a new world with ELECTRONICS
]

Basic to high-speed data processing machines is the tiny diode.
Acting as lightning fast traffic controls, diodes direct computations by the
million to secure the right answers.

Data processing system manufacturers like IBM, utilizing thousands of
diodes per machine, use Hughes diodes because of their unexcelled reliability.
This is the same reliability demanded in diodes for vital electronics systems
designed and built by Hughes for U.S. air defense.

To assure top performance every Hughes diode is rigidly

inspected with special visual, mechanical and electrical tests.

We at Hughes manufacture not only semiconductors such as diodes but a
wide range of electronics components and systems. This electronics equipment
is currently being used for both military and commercial applications. With

our wide experience we may be able to help you with some of your problems.

HUGHES PRODUCTS

International Airport Station, Los Angeles 45, California

@ 1958, HUGHES AIRCRAFT COMPANY
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Lycoming

kept a copter
going nowhere...
fast!

Rarin’ to go—after 750 hours—Lycoming’s
0-435-23B engine went on to power the
new Hiller H23D Raven to a new record
for helicopter tie-down performance. The
Raven became the first Army copter to run
1000 hours without an overhaul. During
this time, its 250-hp Lycoming engine
encountered the most severe conditions
which can be imposed, including use of full
power in overspeed for ten per cent

of the test time.

After the rigorous endurance run, Hiller
engineers reported the Lycoming engine
“‘could have run much longer’’—one more
tribute to the versatility and dependability
of Lycoming,.

Avco today . . . Its products are integral
parts of the American scene—at home,
in industry, and for defense. Its divisions are:

Lycoming—aviation, marine, industrial
power plants . . . Crosley—electronics
systems and aircraft structures . . .

AX Division—kitchen equipment and
architectural porcelain . .. New Idea and
Ezee Flow—specialized farm equipment. ..
Research and Advanced Development—
missile and allied research . . . Crosley
Broadcasting Corporation—the WLW
Radio and TV Group . .. Moffats, Limited
(Canada)—commercial gas and

heating equipment.

4 :
. _ e e =
Avco makes things better for America...

Avco Manufacturing Corporation
420 Lexington Avenue, New York, N. Y.

© 1958 SCIENTIFIC AMERICAN, INC
-



THE JUVENILE HORMONE

The larva of an insect makes a hormone which keeps it from changing

into a pupa until it has reached its full growth. Recent experiments

with this substance have pl'oduced both dwarf and giant adult insects

wenty-five years ago the British

I biologist V. B. Wigglesworth per-
formed an experiment which has
given fascinating employment to a num-
ber of biologists ever since. The experi-

ment in question was an operation on
larvae of his favorite experimental ani-

FIVE PUPAE of the Polyphemus silkworm in this photograph re-
ceived graded doses of juvenile hormone from the Cecropia silk-
worm. In each pupa the old pupal case has been shed. The pupa at

by Carroll M. Williams

mal, a blood-sucking bug known as
Rhodnius. All he did was to chop off
their heads (evidently it is not for noth-
ing that Wigglesworth is known as the
“Quick Professor of Biology” at the Uni-
versity of Cambridge). The results of
the experiment were remarkable. A con-

© 1958 SCIENTIFIC AMERICAN, INC

siderable number of the beheaded, im-
mature larvae promptly metamorphosed
into miniature adult Rhodniuses!

With little more to go on, Wiggles-
worth decided that he had discovered a
“juvenile hormone” which blocks the
metamorphosis of a larva until it has

far left received the largest dose; it has entered a second pupal stage.
The pupa at far right received the smallest dose; it has turned into
an adult moth, except for an island of pupal tissue at the bottom.
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achieved its full growth. Since the hor-
mone had been removed by decapita-
tion of the insect, its source must be
somewhere in the head. After a micro-
scopic study of the heads of his bugs,
Wigglesworth concluded that the hor-
mone came from a tiny cluster of cells
just behind the brain—a pair of glands
called the “corpora allata.”

The test of scientific genius is the
ability to reason to correct conclusions
from inadequate evidence. Each and
every one of Wigglesworth’s conclusions
proved to be correct. There is a juvenile
hormone, it does prevent metamorpho-
sis, and it is secreted by the corpora
allata. Furthermore, the corpora allata
and the juvenile hormone have become
fruitful subjects of investigation in many
laboratories—in the U. S., France, Brit-
ain, Germany and Japan. Investigators
have found corpora allata in the heads
of all species of insects except a few
ancient forms that do not metamor-
phose. The organs are so tiny that even
in the largest insects they are scarcely
visible without the aid of a microscope.
But a Frenchman, Jean Bounhiol, devel-
oped a delicate operation which permit-
ted him to remove the corpora allata
from the head. He excised these organs
from silkworms and got a clear-cut re-
sult: the little silkworms cut short their
growth as caterpillars, spun miniature
cocoons, changed into tiny pupae and
finally emerged as midget adult moths.
In short, the removal of the corpora
allata caused the insect to abbreviate its
childhood and play its life history as an
end game.

VF he juvenile hormone itself remained

a will-o’-the-wisp. Chemists tried to
extract it from the corpora allata, mash-
ing up glands dissected from hundreds
of insects to get enough material, but
their extracts uniformly failed to show
any activity, Notwithstanding this fail-
ure, biologists were able to learn a great
deal about the hormone by using the
living factory that makes it—the corpora
allata. They transplanted these glands
from one insect to another and studied
the effects.

Among other things, they learned
that, just as removal of the corpora allata
from a young larva would produce a
dwarfed adult, so addition of these ac-
tive organs to an older larva would pro-
duce a giant. As a larva (i.e., caterpillar)
reaches mature size, the corpora allata
cease to make the juvenile hormone. The
caterpillar then stops growing and meta-
morphoses. But experimenters found
that if they implanted active corpora
allata from a younger larva into a ma-

68
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DWARF AND GIANT MOTHS were made by removing and implanting the corpora allata,
a pair of glands in the head of an insect. The column at left outlines the normal develop-
ment of the commercial silkworm Bombyx mori. At the top of the column is the egg of the
insect and its newly hatched larva. Below them are five stages in the growth of the larva.
Below these is the pupa in its cocoon, and below this is the adult moth. The second column
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shows what happens when the corpora allata are removed at the fourth larval stage: the
larva immediately changes into a dwarf pupa, and then into a dwarf moth. In the third
column the corpora allata are removed at the third stage, resulting in an even smaller pupa
and moth. In the fourth column the corpora allata of a younglarva are implanted in a larva
of the fifth stage. This larva continues to grow and then changes into a giant pupa and moth.

© 1958 SCIENTIFIC AMERICAN, INC
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Statham transducers gathered
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Corporation's program o
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turing one, the rejuvenated caterpillar
would postpone its metamorphosis and
eventually grow into a giant insect. Inci-
dentally, this seems to be the only way
thatnature can make a very large insect,
and we can begin to understand how it
produced the enormous insect species,
with three-foot wingspread, that lived
in the Carboniferous Period some 200
million years ago. In those days the
corpora allata must have continued to
pour out juvenile hormone for a much
longer period than is now fashionable
among insects.

The whole idea of a juvenile hormone

- —a substance that can delay maturity
or aging without interfering with growth
as such—has haunted some of us for
many years. It is such a powerful tool
for biological experiments, and offers so
many fascinating possibilities, that we
have scarcely been able to put it out of
our minds for more than a few minutes
at a time. In our laboratory at Harvard
University we turned our attention to
the process of metamorphosis itself—the
stage when the insect, having advanced
from a larva to a pupa, is finally trans-
formed into an adult. The juvenile hor-
mone, we found, plays no part in this
transformation: the corpora allata have
stopped supplying it. Suppose we sup-
plied the hormone to the pupa artificial-
ly. What would happen? We implanted
active corpora allata from young silk-
worms in pupal insects, inserting the
glands through a hole in the skin and
sealing the hole with melted wax. The
pupa turned into a monstrosity. We got
a creature which was a mixture of pupa
and adult moth, possessing parts or tis-
sues of each. The higher the concentra-
tion of juvenile hormone, the more com-

/ /I

-'__ﬂ I _ N s 4 plete was the suppression of adult de-
7/ \_/ g D \ ‘lll 1-\:‘ . f -_:?J’.I".I{ "./,'5:’4,/-/’}_' ,_:/’_./-“_; 7 x’ 74 I//'(; . velopment,

A A Nl 7 7 This finding suggested a practical
g / YIN L ) s DR method for assaying the activity of the
’."/ v, corpora allata at various stages of an

insect’s development. We found, indeed,
that the glands™ activity declined just
before pupation and disappeared imme-
diately afterward. During almost the
whole period of the insect’s develop-
ment into a full-fledged moth, the glands
remained totally inactive. But, curiously
enough, just before it emerged as a moth
the corpora allata became even more
active than they had been in the young
larva!

Here indeed is a puzzle. What possible

BRAIN AND CORPORA ALLATA of the Cecropia silkworm are shown in cutaway views function can the juvenile hormone
of the head of the larva (top), the pupa (middle) and adult moth (bottom). The corpora  perform in the adult moth? We have not
allata are the two small bodies which project backward from the hemispheres of the brain.  yet found the answer. But the pamdox
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HIGH PURITY RARE EARTHS

Available in quantities at surprisingly low cost

A few months ago, in one of these re-
ports, we presented this table of high
purity rare earth and yttrium oxides.
We anticipated inquiries, of course, but
the flood of letters requesting detailed
information really startled us.

What interests us particularly, and
will you, is the fact that so many re-
search people are intrigued with the
practical possibilities of these unique
materials. The large amount of research
now being done on high purity rare
earth oxides in a wide variety of indus-
tries encourages us to suggest the
likelihood that they may offer you op-
portunities for potentially profitable in-
vestigation.

Already, in a little more than two
years since rare earths in purities up to
99.99% became available in commer-
cial quantities, they are being used as
basic production materials in many
chemical and industrial operations.

Production Up—Costs Down

We have expanded our production fa-
cilities to keep up with demand and
now have more than 100 ion exchange
columns in continuous operation.
Quantities are large enough to assure
you a dependable source of supply.
Prices are low enough to make their
use on a production basis economically
sound.

Most of the high purity rare earth
and yttrium oxides are available for
prompt deliveries in quantities of an
ounce to hundreds of pounds.

We can’t tell you how to use high
purity rare earths in your production
operations, nor can we promise that one
of them may be the missing element in
new process or product developments
on which you are working. We can,
however, supply you with data which
you will find interesting, revealing and
quite possibly of immediate impor-
tance to you.

a report by LINDSAY

TYPICAL MAXIMUM IMPURITIES IN LINDSAY PURIFIED RARE EARTH AND YTTRIUM OXIDES

ATOMIC % RARE EARTH MAXIMUM
No. OXIDE CODE '} RURITY, IMPURITIES AS OXIDES
528 99.99 0.01 Pr, 0.001 Ce.
SN LRLa:C SRR NTEAHUREORIDE 529 | 99.997 | 0.0025 Pr, 0.0005 others
215 99.8 0.2 (largely La 4+ Pr + Nd).
58 |||" CeQz." CERICIOXIDE 216 | 99.9 | 0.1 (largely La + Pr + Nd).
726 99 1la + Nd + smaller amounts of
59 Prs0,,. PRASEODYMIUM OXIDE Ce and Sm.
729.9 | 99.9 0.1 Ce + Nd.
628 95 1-4 Pr, 1-4 Sm, 0.5-1 others.
60 Nd203. NEODYMIUM OXIQE 629 | 99 0.1-0.4 Pr + 0.1-0.4 Sm + 0.5 others.
629.9 | 99.9 0.1 (largely Pr + Sm).
822 99 0.2-0.7 Gd, 0.2-0.6 Eu, and
62 Sm,03. SAMARIUM OXIDE smaller amounts of others.
823 99.9 0.1 (largely Nd + Gd + Eu).
1012 98-99 1-2 Sm 4 smaller amounts of Nd 4
63 Euz03. EUROPIUM OXIDE Gd +-others.
1011 99.8 0.2 (largely Sm + Gd + Nd).
928.9 | 99 1 Sm + Eu + trace Tb.
L | [ B L L AL 9299 | 989 | 0.1Sm + Eu + trace Tb.
1803 99 1Gd + Dy + Y.
65 Tb407. TERBIUM OXIDE 1805 99.9 0.1Gd + Dy + Y.
1703 99 1 (largely Ho + Y + Tb + small
66 Dy,03;. DYSPROSIUM OXIDE amounts of others).
1705 99.9 0.1 Ho + Y + traces of others.
1603 99 1 (largely Er 4 Dy + small amounts
67 Ho203. HOLMIUM OXIDE of others).
1605 99.9 0.1 Er + Dy + traces of others.
1303 99 .
68 | Er0;. ERBIUM OXIDE 1205 ligoe | 3io+ Dy + traces Yo andy.
1405 99.9 0.1 Er + Yb + trace Lu.
Gl (RULAERLLLLL L 8L 1403 | 99 1 Er + Yb + trace Lu
1201 99 1 Er + Tm + trace Lu.
O RLERESRLAL L 0 S00 1202 | 999 | 0.1 Tm + trace Lu + Er.
1503 99 1 Yb 4 Tm 4 traces of others.
74 s, Lua0s. LUTETIUMI OXIDE 1505 | 99.9 | 0.1Yb + Tm + traces of others.
1112 99 1 Dy + Gd 4 traces Tb and others.
39 Y203.  YTTRIUM OXIDE 1115 99.9 0.1 Dy + Gd + traces Tb
1116 99.9+ Approx. 0.05 Dy + Gd.

For detailed information

PLEASE ADDRESS INQUIRIES TO:

] iINDsAY (HEMICAL (OMPANY
Urtts Lonpess Frtoduconof i and Fiane Canth Clemicats

and prices, write for our bulletin
“Purified Rare Earth and Yttrium Oxides”

264 ANN STREET e WEST CHICAGO, ILLINOIS
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A

JUVENILE HORMONE IS STORED in the abdomen of the adult insect after it has been
secreted by the corpora allata. In the drawing of the Cecropia moth at top the corpora allata
are the small colored bodies; the stored hormone is represented by the colored stippling.
In the drawing at bottom the corpora allata have been removed and no hormone is stored.

A
Y

—_—
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did help us to run down and isolate the
elusive juvenile hormone.

In other experiments, being pursued
for reasons having nothing to do with
juvenile hormone, we were grafting a
pupa to a beheaded adult moth (of the
well-known Cecropia species, our favor-
ite experimental animal). When we per-
formed the experiment with a male
moth, we got a remarkable result. The
headless male graft caused the pupa to
go into a second pupal stage instead of
metamorphosing into a moth, as it was
supposed to do. That is to say, the pupa
behaved as if it had received a rich dose
of juvenile hormone. Where had the
hormone come from? To make a long
story short, we finally located the source
in the abdomen of the headless adult
moth. The abdomen proved to be full of
juvenile hormone.

It was from this confusing state of
affairs that we finally wrung forth the
hormone itself. The abdomen cannot
manufacture the hormone: it is secreted
only by the corpora allata in the head.
But the adult abdomen acts as a depot.
When the corpora allata resume their
production of the hormone in the adult
moth, the abdomen receives and stores
this output. Over a period of several
weeks it caches away an enormous
amount of the hormone. For some un-
known reason only the male possesses
this ability to take up the hormone in its
abdominal tissues; the female abdomen
has only a trace of it.

By a happy coincidence we succeeded

in isolating our first extracts of juve-
nile hormone while visiting Wiggles-
worth’s laboratory at Cambridge. We
cut up the abdomens of adult male Ce-
cropia moths and put them in ether to
dissolve the soluble substances in the tis-
sues. After evaporating the solvent, we
had a beautiful golden oil, which proved
to be extremely rich in juvenile hor-
mone. A single insect’s abdomen yields
enough hormone to block the metamor-
phosis of 10 pupae. The extract from the
Cecropia moth can act upon a great va-
riety of other species and orders of in-
sects. In each case it opposes metamor-
phosis and thus tends to preserve the
status quo.

In collaboration, Howard Schneider-
man and Lawrence Gilbert of Cornell
University and I have now reduced the
extract to a highly purified form of the
hormone. Our best preparations are ac-
tive at one part of hormone per million
parts of insect. If all goes well, we hope
we shall soon be able to write a chemical
formula for the juvenile hormone. It ap-
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of greater service for industry. For instance:
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grades of flame-resistant Tricresyl Phos-
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in commercial volume to assure supply and
economical cost . . . this is another example
of Celanese filling the critical job require-
ments of industry.

Celanese Corporation of America,
Chemical Division, Dept. 582-B, 180
Madison Avenue, New York 16, N. Y.

Celanese® Celluflex®
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ANATOMY OF THE CECROPIA SILKWORM is shown in de-
tail by these cutaway drawings. At top is the full-grown larva.

pears to be an extremely stable mole-
cule—resistant to heat, dilute acids and
bases. In fact, we have extracted active
hormone from museum specimens of in-
sects that have been dead as long as
eight vears.

One of our findings is that the hor-
mone is effective even when it is merely
applied to the surface of an insect’s skin.
Enough hormone gets into the body to
foul up its metamorphosis. The animal
soon dies, without completing its devel-
opment. This suggests that we may be
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able to use insect hormones as an insec-
ticide—a truly perfect insecticide, for the
insects could hardly evolve a resistance
to their own hormones.

Cosmetic chemists apparently have
sensed another use for the juvenile hor-
mone. They want to put the hormone
into their lotions, adding it to the “royal
jelly” already incorporated in some of
these preparations. We may look for-
ward to a whole generation of non-aging
queen bees.

From the standpoint of pure science
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At right center is the pupa. At bottom is the adult moth. The three
stages are drawn to the same scale, but are about twice life size.

there seems little room to doubt that
the juvenile hormone has much to tell us
about the chemical engineering of
growth. Here is an agent which some-
how imposes a biochemical restraint on
growing up without interfering with
growth as such. It represents, at the in-
sect level, a “Peter Pan hormone.” Can
there be such a thing in higher forms?
Can we look forward to a chemotherapy
for aging and senescence? Perhaps the
juvenile hormone of insects may encour-
age a fresh look at this possibility.



Lithium ions get around

The lithium ion really puts small size . . . high
charge density . ..and directional properties
to work. Unlike the ions of other alkali metals,
it’s trim enough and active enough to replace
many other metals in a variety of crystals.

The small ionic radius of lithium, 0.60A,
immediately suggests lithium’s use in systems
containing metals with ionic radii ranging from
.5 to 1.0A. The resultant balance or unbalance
created by such lithium substitutions may be
used to produce significant stabilizing or cata-
lytic effects. Ionic radius also makes lithium an
excellent addition for increasing conductivity,

LITHUM CHEMICALS, MINERALS, METAL

MINERAL COMPANY

STRONTIUM CHEMICALS e
FERRO ALLOYS e STEEL ADDITIVES e COMMERCIAL MINERALS AND ORES e ZIRCONIUM, TITANIUM, HAFNIUM (IODIDE PROCESS)

Visual concept of the behavior of lithium ions in a fused salt bath
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. .. in the tightest places!

and its high charge density can effectively
decrease viscosity.

Small ionic radius, high charge density, and
directional properties are just a few of the
many unique characteristics that make lithium
well worth investigation. Bring your knowl-
edge of the subject up-to-date by requesting a
copy of “Chemical and Physical Properties of
Lithium Compounds’—a down to earth col-
lection of facts, figures, and ideas on some 23
lithium compounds. Write the Technical Lit-
erature Dept., Foote Mineral Co., 454 Eighteen
West Chelten Building, Philadelphia 44, Pa.

ELECTROLYTIC MANGANESE METAL e
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The Discovery of Fission

In 1939 Otto Hahn and Fritz Strassmann announced that uranium

nuclei “burst” when they are bombarded with neutrons. How they

came to this conclusion is a classic example of the nature of science

he editors of SCIENTIFIC AMERI-

I cAN have asked me to set down

my personal recollections of the

discovery of uranium fission. This I am
very pleased to do.

The story must go back to the year
1904, for that was the year in which I
was “transmuted” from an organic
chemist into a radiochemist and thus
began to learn about radioactive ele-
ments. Armed with a letter of recom-
mendation from the professor with
whom I had taken my doctor’s degree
in Germany, I went to London in 1904
with two objectives in mind: namely, to
learn English and to study with Sir Wil-
liam Ramsay, the discoverer of the inert
gases. Sir William, who had just become
interested in radium, gave me a dish
with a barium salt which he said con-
tained approximately 10 milligrams of
radium, and he asked me if I would
purify the radium by the method of
Marie Curie. The barium salt, as it hap-
pened, came from a mineral which con-
tained not only radium but also a good
deal of thorium, and while working with
the material I discovered a previously
unknown radioactive substance. I called
it radiothorium, “a new element.” (Actu-
ally it was an isotope of thorium, but the
existence of isotopes of elements was not
yet known.)

Ramsay urged me to give up organic
chemistry and devote myself to the
study of radium. Accordingly, with a
view to learning more about the field,
in the fall of 1905 I went to Montreal
to study with the then already famous
Professor Ernest Rutherford. There an
amicable argument about the stability
of radiothorium with Rutherford’s well-
known associate, B. B. Boltwood of Yale
University, led me to the hypothesis
that another radioactive element, rather
long-lived, must exist in the periodic
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by Otto Hahn

table between thorium and radiothori-
um. And in fact, after returning to Ger-
many to work at the University of Ber-
lin, I found this substance, which I
called mesothorium.

When I attempted to separate meso-
thorium from radium, however, it be-
came obvious that this new “element”
was practically indistinguishable chem-
ically from radium. I first tried the sepa-
ration method that Madame Curie had
worked out for the purification of
radium. In this method, after radium has
been precipitated from the mineral with
barium as the carrier substance, the ra-
dium is separated from the barium by
fractional crystallization of the chlorides
or bromides of the two elements: the
radium is concentrated in the first frac-
tion of crystals that comes out. I applied
this crystallization treatment to the mix-
ture of mesothorium and radium I had
obtained from a thorium-uranium min-
eral. But mesothorium and radium re-
fused to crystallize in separate fractions.
And try as I would, with every conceiv-
able method of separation, my efforts to
segregate mesothorium from radium
came to naught. I decided that the two
substances were remarkably alike, but I
did not have the courage to label them
chemically identical.

With the discovery of “isotopy” a few
years later by Frederick Soddy, also a
former student of Rutherford and Ram-
say, everything became clear. Meso-
thorium was now identifiable as an iso-
tope of radium, and radiothorium as an
isotope of thorium. By this time I had
learned also that radiothorium was a
decay product from mesothorium. The
long-lived mesothorium slowly changes,
without detectable emission of radia-
tion, to a shorter-lived form which I
called mesothorium 2; the latter is an
isotope of the radioactive element ac-
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tinium. In turn, mesothorium 2, with a
half-life of 6.2 hours, decays by beta-
particle emission to radiothorium.

Some of this information, as we shall
see, is directly relevant to the subject of
uranium fission. And in the course of
these studies I was acquiring what was
to be of the greatest help to Fritz Strass-
mann and myself later in discovering the
fission process: namely, a thorough fa-
miliarity with methods of separating ra-
dioactive substances.

In the fall of 1907 an important event
in my chronicle took place: Lise Meit-
ner, the Austrian physicist, joined me at

FOUR WORKERS most closely associated
with the discovery of fission are depicted



Berlin. She had come from Vienna to
attend Max Planck’s lectures in theo-
retical physics, and, having free time to
spare, she visited my laboratory to work
with me. What had been intended as a
temporary stay in Berlin developed into
a collaboration of more than 30 years—
an association which was only termi-
nated in the summer of 1938 through the
actions of the Nazi regime. It is perhaps
needless to say that the friendship has
continued.

The working facilities in the over-
crowded Chemical Institute of the Uni-
versity of Berlin were then very modest.
Our laboratory was an unoccupied
woodworking shop. But when, in 1911,
Kaiser Wilhelm II inaugurated his So-
ciety for the Advancement of Science,
we were given a radiochemical depart-
ment in the first institute set up by the
Society—the Kaiser Wilhelm Institute of
Chemistry. Over the years this depart-
ment developed into two large depart-
ments, one for radiochemistry under my
direction and one for nuclear physics
under Dr. Meitner.

In 1917 we discovered element 91,
which we named protactinium. It was
our work on the chemical properties of
this substance that gave rise later to our
keen interest in investigating the irra-
diation of uranium with neutrons. This
part of the story, which leads directly to

in these drawings by Bernarda Bryson. At left is Otto Hahn. Second
from left is Fritz Strassmann. Third from left is Lise Meitner.

the discovery of fission, begins in the
year 1932 in Rutherford’s laboratory at
the University of Cambridge.

James Chadwick’s discovery of the neu-
tron in that year not only explained
the phenomenon of isotopy but also
gave physicists a new and extraordinar-
ily effective means of producing artificial
transmutation of elements. Since neu-
trons carry no electric charge, they easily
enter the nucleus of an atom. The first
to point out the great value of neutrons
for initiating nuclear reactions was En-
rico Fermi in Italy. He and his co-work-
ers—Edoardo Amaldi, Oscar D’Agostino,
Franco Rasetti and Emilio Segré—bom-
barded practically all the elements of
the periodic table with neutrons and
produced a great number of artificial,
radioactive isotopes.

Extending their experiments all the
way up to uranium, the heaviest natural
element (atomic number 92), Fermi’s
group found that uranium, too, gave rise
to new substances, some of which de-
cayed very rapidly. Usually the capture
of a neutron by a nucleus produces an
unstable isotope which emits a beta par-
ticle and is thus transformed into the
next higher element. Since Fermi’s prod-
ucts from uranium emitted beta parti-
cles, he and his colleagues made the
plausible assumption that the transmu-
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tation produced short-lived isotopes of
uranium which then, by beta-decay,
gave rise to elements beyond uranium—
element 93 and possibly even 94.

Since no such elements occur in na-
ture, Fermi’s conclusion was widely dis-
puted. Some physicists suggested that
his best-identified new substance—a ma-
terial with a half-life of 13 minutes—was
actually an isotope of protactinium,
rather than a “transuranic” element.
Naturally Dr. Meitner and I were keen-
ly interested, for we knew a good deal
about the chemical properties of pro-
tactinium, our discovery. We decided to
repeat Fermi’s experiments to try to de-
termine whether his substance was or
was not protactinium.

Fermi’s products were of course much
too small in amount to be detected in
any way except with a Geiger-Miiller
counter. But fortunately we had a con-
venient means of making a chemical
test. I had myself discovered a beta-
emitting isotope of protactinium, de-
rived from uranium. This isotope, with
a half-life of 6.7 hours, gave us a definite
marker, or indicator, of the presence of
protactinium in small amounts. Accord-
ingly we added a certain amount of our
protactinium isotope to the “transuranic”
products obtained by Fermi’s procedure,
and then applied chemical precipita-
tions to the mixture. Very little of the

Fourth from left is O. R. Frisch. Three other figures in the his-
tory of the discovery are depicted in the drawings on the next page.
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protactinium (less than one thousandth)
came out with Fermi’s newly discovered
substances. This proved unequivocally
that his substances could not be protac-
tinium. We were also able to show with
equal certainty that they were not iso-
topes of thorium or actinium. That they
might be lighter elements seemed en-
tirely out of the question. Ida Noddack
did suggest, to be sure, that we could
not be certain they were transuranic ele-
ments unless we excluded all the other
elements of the periodic table as possi-
bilities, but this thought was considered
to be wholly incompatible with the laws
of atomic physics. To split heavy atomic
nuclei into lighter ones was then consid-
ered impossible. Thus our experiments
appeared to establish the correctness of
Fermi’s assertion that he had detected
“transuranic elements.” Actually, as we
were to learn later, all of the radioactive
substances detected in these early exper-
iments were fission products, not trans-
uranic elements.

Over the course of years of work Lise
Meitner and I, subsequently joined
by Strassmann, found a great number of
radioactive transmutation products, all
of which we had to regard as elements
beyond uranium. They could be ar-
ranged in a regular series, for in chemi-
cal properties they corresponded to

known elements lower in the periodic
table: namely, rhenium, osmium, iridi-
um and platinum.

There was one product which, unlike
Fermi’s extremely short-lived “uranium
isotopes,” had a half-life of 23 minutes.
Its life was sufficiently long for us to
establish chemically that it was in fact
an isotope of uranium. Since it emitted
a beta particle, it was evident that this
isotope must become an isotope of ele-
ment 93, which we called eka-rhenium.
We looked for the new element, but
were unable to detect it. If we had not
been convinced that we had already
identified two other isotopes of element
93—an erroneous assumption, as it
turned out—we would have prepared
stronger samples of the material and
made a determined effort to find the
disintegration product of our 23-minute
uranium isotope. We should then have
had the pleasure of discovering element
93. Later Edwin M. McMillan and
Philip H. Abelson in the U. S. identified
an isotope of element 93 with a half-life
of 2.3 days, and they named the element
neptunium. Subsequently, when we
ourselves obtained a stronger neutron
beam for irradiating uranium, we had no
trouble in detecting neptunium.

On the main road toward the discov-
ery of fission, the next step in this
curious chronicle of near-discovery was

taken by Iréne Joliot-Curie and P.
Savitch in France. They were greatly
puzzled by an artificially produced sub-
stance of 3.5 hours” half-life which they
first took for an isotope of thorium, later
for actinium, and finally for a “trans-
uranic element” strongly resembling lan-
thanum. They believed that they had
succeeded in separating the substance
from lanthanum by fractional crystalli-
zation, but apparently they were misled
by irrelevant separations in their mix-
ture. Actually their substance was un-
doubtedly lanthanum itself: had Mad-
ame Joliot-Curie and Savitch recognized
this, they would have been on the verge
of discovering fission.

In a paper published by the French
Academy of Sciences in 1938, Madame
Joliot-Curie and Savitch concluded: “It
appears, therefore, that this substance
can only be a transuranic element, with
properties very different from those of
the other known transuranic elements.”
They considered various ways of fitting
the element into a transuranic series, but
the possibilities they discussed seemed
to us highly unlikely. Strassmann and I
decided to look further into their results.
(Professor Meitner had gone to Stock-
holm, having been forced by the Hitler
regime to leave Germany in July, 1938.)

We found that after the “transuranic
elements” had been precipitated and re-

THREE FIGURES in the history of the discovery are William
Ramsay (left), Ernest Rutherford (center) and Enrico Fermi
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(right) . Hahn studied with Ramsay and Rutherford. Fermi thought
neutron bombardment of uranium gave rise to transuranic elements.
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KENNAMETAL"
components help valve
a 646-mph flow!

Builders of chemical equipment must
frequently find components with un-
usual service properties.

When the Manton-Gaulin Mfg. Co.,
Inc., of Everett, Mass., designed and
built this Sub-Micron Disperser Valve,
they encountered a problem.

The solid-fluid dispersion materials
must move through the valve at almost
supersonic speeds. Components in the
path of the flow are exposed to severe
erosion and abrasion . . . plus corrosive
action in some applications.

The company found that Kennametal
tungsten carbides provide the necessary
properties to stand up against such
destructive forces. Vulnerable parts are
being made of Kennametal as they have
proven to be the most economical solu-
tion to the service-maintenance problem.

If at any time you need materials
with unusual resistance to erosion,
abrasion, or corrosion . . . materials
that can retain normal properties under
prolonged exposures at 2200°F and
above;
times greater than the-hardest steel, it
will pay you to investigate the con-
tribution Kennametal compositions are
making in scores of varied applications.
Just write: KENNAMETAL INc., Dept.
SA, Latrobe, Pennsylvania.
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materials with rigidity three |

moved, the solution still contained some
radioactive products. Experiments in
chemical separation of these substances
now gave a remarkable result. When we
used barium as the carrier, three radio-
active isotopes, with different half-lives,
came down with the barium. We were
certain that these could not be accidental
impurities, because our barium precipi-
tates were extraordinarily pure. At
Strassmann’s suggestion, the carrier we
used was barium chloride, which is de-
posited from strong hydrochloric acid in
beautiful small crystals that are free of
any trace of adsorbed impurities.

Now the precipitates had to be either
barium or radium, which is chemically
similar to barium. There was nothing in
the knowledge of nuclear physics at the
time to suggest that barium could pos-
sibly be produced as a result of the irra-
diation of uranium with neutrons. There-
fore we could only conclude that the
products must be isotopes of radium.

Still, it was a strange affair to be pro-
ducing radium from uranium under the

conditions of our experiments. In order
to reach radium (element 88) from
uranium (92) we had to assume that the
parent element decayed by emitting two
alpha particles. But we had irradiated
the uranium with low-energy (thermal)
neutrons, and slow neutrons had never
before been observed to produce alpha-
particle transmutations, nor was it pos-
sible to understand how they could do
so. In this case irradiation with slow
neutrons was apparently yielding more
intense nuclear reactions than had ever
been produced by bombardment of a
substance with fast neutrons.

We continued with our experiments
and were able to distinguish no fewer
than four isotopes of “radium” produced
artificially from uranium. We called
them radium I, II, III and IV. Their
half-lives were less than one minute (an
estimate), 14 minutes, 86 minutes and
approximately 300 hours, respectively.

Now since we were dealing with vervy
weak preparations, we undertook to sep-
arate the radium isotopes from the car-

HAHN AND LISE MEITNER were photographed in the Kaiser Wilhelm Institute of
| Chemistry in 1925. Meitner left Germany in 1938, a few months before the discovery.
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in materials without any investment in
engineering time. Write, on company
letterhead, outlining your problem . . . or
request specific technical data about any
of the Felt uses mentioned above.

) —~
American FeltL"
Com

TRADE MARK

General Offices and
Engineering and Research Laboratories
58 Glenville Road, Glenville, Connecticut
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rier substance, barium, to obtain thinner
layers of material, so that their radio-
activity could be more easily measured.
We used the method of fractional crys-
tallization with which, 30 years earlier,
I had separated the radium isotope
mesothorium from barium.

Our attempts to concentrate our arti-
ficial radium isotopes by this method
came to nothing. We then tried a more
effective process that we had developed,
using chromates of the substances in-
stead of their chlorides or bromides. All
in vain,

It next occurred to us that the “ra-
dium” might conceivably be failing to
separate from the barium because it was
present only in extremely small amounts
—so few atoms that they could be de-
tected only with the Geiger-Miiller
counter. To test this possibility, we put
some natural, definitely identified ra-
dium through the same experiments. We
meticulously purified this radium and
diluted it to intensities as weak as those
of the artificial “radium” isotopes in the
aforementioned experiments. But this
time the definitely known radium, in
spite of its small amount, separated from
barium upon crystallization as one
should expect.

Finally we turned to “indicator” ex-
periments such as I had used to check
whether Fermi’s product was protac-
tinium. We mixed one of our supposed
artificial radium isotopes with a known
natural isotope of radium and then tried
to separate the mixture from barium by
fractionation as before. The experiments

and their results were rather involved,

and I shall not attempt to describe them
here in detail. But the findings were
quite clear: in each case most of the

| natural radium in the mixture separated

out, but the artificial “radium” (e.g., Ra
III or Ra IV) stayed with the barium in

toto, according to the radioactivity
measurements. In short, our artificial
“radium” could not be separated from
barium for the simple reason that it was
barium!

n January, 1939, we published an ac-

count of these “experiments that are
at variance with all previous experiences
in nuclear physics.” In interpreting the
experiments we expressed ourselves very
cautiously, partly because the series of
tests had not yet been quite finished—
they took several weeks. But our caution
was not due to any mistrust of our re-
sults. Indeed, we already had a strong
check of our conclusion, for we had
identified a decay product of one of our
“radium” isotopes as lanthanum, which
meant that the parent had to be not ra-
dium but barium.

Our overcautiousness stemmed pri-
marily from the fact that as chemists
we hesitated to announce a revolution-
ary discovery in physics. Nevertheless
we did speak of the “bursting” of urani-
um, as we called the surprising process
that had yielded barium, far down in the
periodic table. In this first paper we also
speculated on what the other partner of
the splitting of the uranium atom might
be. Not being physicists, we thought of
uranium’s atomic weight (238) rather
than the number of its protons (92).
Subtracting the atomic weight of barium
(137) from that of uranium, we guessed
at 101 as the atomic weight of the other
fragment. This could be an isotope of
technetium or of one of the medium-
heavy metals.

Immediately after our paper ap-
peared, Meitner and Otto R. Frisch
came out independently with their his-
toric publication showing how Niels
Bohr’s model of the atom could explain
the cleavage of a heavy nucleus into two

FISSION OF URANIUM WAS DISCOVERED with this simple apparatus on the top of a
table. The apparatus and the table are now preserved in the Deutsches Museum of Munich.
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Stopped . . . because automatic control circuits and operating
elements were not designed on the modular basis, with Cannon
quick-disconnect electrical connectors at vital points.

But it could have been rolling in seconds or minutes! If only the
circuitry had been arranged on the modular basis so that essential
elements of the automatic control and operating system could be
disconnected quickly ... and complete, operable spare components
inserted at a moment’s notice. The units in trouble could have been
repaired properly, too, at leisure...by trained personnel, at the
right place, with the right facilities. Production could have gone on
...thousands of man-hours and thousands of dollars saved...
merely by the use of quick-disconnect components.

Are the controls in your electrical or electronic product designed
on the modular basis? How about your production line? Will minor

and your high-paid help talks TV

failure cause breakdown? Or do you need Cannon Connectors?
Cannon makes over 27,000 different electrical connectors. If one
of these does not meet your requirements, we’ll design and make
the electrical connector you need. Write today! Cannon Eiectric Co.,
3208 Humboldt St., Los Angeles 31, Calif. Please refer to Dept. 413.

Send for explanatory material on how modular designs can save dollars.

CANNONRRINUGS

Where Reliability for Your Product is Our Constant Goal
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REERASI, RENFORGED PLASTIC

<. "Tor high temperatures to

and higher! -

ASTROLITE...a remarkable
new high temperature material
for Rocket & Missile insulation!

Out of HITCO’s laboratories comes
ASTROLITE . . . a Refrasil-reinforced plastic
with impressive resistance to extremely
high temperatures. The excellent thermal
shock characteristics and other physical
properties of ASTROLITE make it an ideal
insulation material to aid in Man’s conquest
of space.

ASTROLITE is already proposed for rocket
engine liners, ICBM nose cones and critical
component heat shields.

Write for complete technical data and
dramatic proof of ASTROLITE's remarkable
resistance to extremely high temperatures
to 5000°F. and higher!

[

FREE NEW CHART! |

Covers important points |
to consider in selecting |
high temperature insulation |

—-

H.1. THOMPSON FIBER GLASS C0.
1733 Cordova St., Los Angeles 7, Calif.
Phone REpublic 3-9161

@ REFRASIL BLANKETS @ THERMO-COUST!
@ REINFORCED PLASTICS
. @ THOMPSOglas @ HITCORE HONEYCOMB

WRITE OR CALL YOUR NEAREST HITCO MAN:

EASTERN: Tom Kimberly, 38 Crescent Circle,
| Cheshire, Conn., BRowning 2-6544
Burnie L. Weddle, 1347 Pennsyl-
vania Street, Indianapolis 2, Ind.,
MElrose 5-5607
Marshall Morris, 2850 A West Berry,
Room 14, Fort Worth, Texas,
WAInut 4-8679
J. L. Larsen, 5757 Oaklawn Plcce,
Seattle, Wash., MOhawk 9311
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FISSION YIELD (PER CENT)

nuclei of medium size. Meitner and
Frisch named the process “fission.” Sub-
tracting the nuclear charge of barium
(56) from that of uranium (92), they
identified the other fission product as
element 36, the inert gas krypton. And
indeed, Strassmann and I had actually
detected this element, or rather, its de-
cay product, strontium, among the prod-
ucts of the neutron irradiation of urani-
um. Now in quick succession we discov-
ered other fission products, determined
their chemical properties and traced
their subsequent transformations. We
also found that thorium, like uranium,
underwent fission when bombarded by
fast neutrons.

This, in broad outline, is the story of

the discovery of fission. The fact that
the process is accompanied by the re-
lease of enormous amounts of energy
was soon ascertained by Meitner and
Frisch, and, independently, by John R.

| Dunning, Fermi and co-workers in the

U. S. and by Frédéric Joliot-Curie in
|0; [—--—-—— —

102

100

France. Strassmann and I conjectured,
but did not prove experimentally, that
neutrons were liberated in the process.
This was later proved by Joliot-Curie,
H. von Halban and L. Kowarski. The
liberation of neutrons of course made it
possible to harness the vast amount of
energy released by the fission of uranium
in the form of a “chain reaction,” and
this possibility was pointed out as early
as mid-1939 by, among other workers,
S. Fligge of the Kaiser Wilhelm Insti-
tute of Chemistry.

Strassmann and I did not concern our-
selves with the harnessing of the energy
of fission. During the war we continued,
together with two or three co-workers,
to investigate the complex fission proc-
esses and to publish our findings. By
the beginning of 1945 we had made up
a table containing approximately 100
fission products and their transforma-
tions. But the science of fission was then
a classified subject in the U. S., and our
results were not published there unt
November, 1946.

120
ATOMIC  WEIGHT

140 160 180

URANIUM FISSION PRODUCTS are distributed over much of the periodic table. This
curve shows the abundance of the various products with atomic weight. One peak of the
curve is in the vicinity of the element molybdenumj the other, in the vicinity of lanthanum.
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THE VARIAN M-49

operating on revolutionary nuclear-free-precession
principle detects variations in the earth’s magnetic
field associated with magnetic ore bodies, subsurface
faults and structural anomalies. Sensitivity of plus or
minus 10 gammas is more than ample for the purpose.
An extremely short (6 second) automatic reading in-
terval permits rapid reconnaissance of large areas.
Welght Is only 16 pounds.

The Varian M-49 needs no leveling, calibration or ori-
entation in azimuth. Its readings are precise even when
the magnetometer is in motion — carried by a man on
foot— mounted on horseback —or embarked in a boat.
The sensing head is connected by cable and can be
separated from the instrument body by several hun-
dred feet—suspended by balloon—lowered over vertical
cliffs.

To achieve these unique properties, Varian uses the
proton free-precession principle which relies on an im-
mutable nuclear constant(of the hydrogen atom).Other
Varian magnetometers operating on this same princi-
ple are in use in magnetic observatories, airborne sur-
veys, underwater surveys and in space vehicles.

FEATURES...

@ Range 19,000 to 100,000 gammas.

@ Direct reading meter in gammas; sensitivity of + 10
gammas; no calibration required.

@ Weighs only 16 pounds; all-transistor design; com-
pact and rugged.

@® Reading interval manually controlled or six-second
automatic; usable stationary or in motion.

@® Cable-connected sensing head separable by several
hundred feet for multilevel surveys.

@ Polarizing cells rechargeable by simple connection
to automobile battery.

Write today for a full explanation of the Varian Mag-
netometer’'s principles, applications and equipment
details.

% VARIAN ussocwies
—

INSTRUMENT DIVISION

611 Hansen Way, Palo Alto 7 , California
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Correct Lubrication in Action...in the

Maintenance cost cut
& - W

o Complete Engineering Program
Mobil i g diies
Proved Petroleum Products

SOCONY MOBIL OIL CO., INC,, and Affiliates: MAGNOLIA PETROLEUM CO., GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL CO., INC,
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Heavy Equipment Industry!

*58,500 in one year!

One of the many maintenance and production savings achieved by
Fairbanks, Morse & Company with the help of Socony Mobil

In 1949, Fairbanks, Morse & Co. installed a
Mobil Program of Correct Lubrication. This de-
cision has continually paid off, as it can for you,
by directly contributing to company profits.

To illustrate: First year after installation of a
Mobil Program in the company’s Beloit, Wiscon-
sin plant figures showed machine repair mainte-
nance costs were reduced 26.3 percent . . . $58,500.
In fact, plant supervisors and Mobil engineers
have co-operated so effectively under this service

that today . . . nine years later . . . the Program
shows continuing benefits, with the result that
machine repair maintenance costs are now 49 per-
cent lower than when the Program was inaugurated.

In dollars, this saving yearly is in excess of
twice the cost of plant lubricating oil requirements.
Here is another example of how Correct Lubrica-
tion in action can reduce maintenance costs and
increase profits. It proved effective for this leading
builder of heavy equipment. Why not for you?

In-plant training conducted by Mobil specialists
demonstrates proper lubricant application and
maintenance procedures . . . teaches Fairbanks,
Morse personnel to recognize and prevent trouble
before it results in downtime, repair costs.

Control system cuts downtime:—Mobil lubrication
charts cover plant’s 2,300 machines . . . specify cor-
rect lubricants, lubrication periods . . . assure follow-
through on application and maintenance.

Disposal of thousands of gallons of water-soluble
cutting oils posed serious, expensive problem. Mobil
recommendation of chemical separation process
allowed disposal through plant sewage system . . .
avoided stream pollution, saved substantial sum.

High temperatures of Boring Mill way lubricant
lowered viscosity . . . resulted in pressure drop,
causing machine to stop. Mobil recommendation
solved problem, allowed continuous operation.

GCorrect Lubrication

Another reason Youre Miles Ahead with Mobil ¥
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Your business is in the Age of Electronics

more engineers? or

Wouldn't better use of your engineer’s
time be a more practical solution to your
technical problems than simply hiring
more and more engineers?

Electronic measuring equipment saves hours
and days of time by making common—and
uncommon—engineering measurements more
swiftly and accurately. These proven electronic
tools free your “pioneering’” people for the
truly creative work that so directly affects your
Company'’s progress. One Hewlett-Packard
instrument saves time for many men; yet
most -hp- instruments cost far less than just
the recruiting of one new engineer.

Over 130 Hewlett-Packard field engineers
and 300 different -hp- instruments are

helping company after company achieve
faster, more efficient engineering. A letter
from you will assure an -hp- engineer in touch
with your technical people—right now!

Oscilloscopes, which present engineering informa-
tion visually, are among the most basic laboratory
instruments. ~-hp- oscilloscopes, based on com-
pletely new design concepts, give your engineers
greater measuring speed, convenience and de-
pendability than any comparable instrument ever
developed. $650 to $1,100. Make sure your next
instrument requisition specifies -hp- equipment.

88

modern engineering?

instruments

.

mvusurlng

electronic

in

world leader

HEWLETT-PACKARD COMPANY
PALO ALTO, CALIFORNIA
Field application engineers throughout the world

© 1958 SCIENTIFIC AMERICAN, INC



BALLISTOCARDIOGRAPHY

When the heart ejects blood, it recoils and shakes the whole body.

Similar vibrations are caused ])y the impact of the blood. Records

of these vibrations may have experimental and clinical usefulness

ighty years ago a Britisher named

J. W. Gordon, standing quietly

on his bathroom scale, noticed an

odd phenomenon. The needle seemed to
be vibrating regularly at about the same
rate as his heartbeat. Many of us have
noticed the same vibration and have not
thought twice about it. But Gordon did
think twice. In a report to a scientific

by H. W. Lewis

journal describing his discovery, he
wrote:

“A person standing erect in a perfectly
easy posture on the bed of an ordinary
spring weighing-machine, and maintain-
ing, as far as possible, perfect stillness,
will be found, if the instrument is deli-
cately adjusted, to impart a rhythmic
motion to the index, synchronous with

OSCILLOSCOPE |

the pulse and according to the following
rule: At each occurrence of systole in
the heart, the needle will be vigorously
deflected toward the zero point of the
dial, and in the intervals of systolic ac-
tion will return by a slower movement
to the starting point. ... The return of
the needle is effected by a series of sec-
ondary vibrations which appear to bear

Y
| | CORRECTING
| CIRCUIT
n !
. ,m—| |
\
_ SENSOR

BALLISTOCARDIOGRAMS are made with this apparatus. Body
movements picked up electrically by the sensor are filtered through

2
o |
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KYMOGRAPH

a correcting circuit to eliminate resonant oscillations. The correct-
ed signal is visible on oscilloscope and is recorded on kymograph.

89



BODY MOTIONS produced by blood circulation are outlined. downward. Impact of blood on the aortic arch (J) then causes up-
Blood forced upward from the heart (I) produces body recoil ward motion; impact on lower arteries (K), a downward motion.
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an appreciable but imperfect analogy to
corresponding features in the sphygmo-
graph [pulse-recording machine}.”

Gordon reasoned correctly that the
vibrations of the scale must be due to
vibrations of the body caused by the
beating of the heart. He likened the
process to the recoil of a gun, recoil aris-
ing not only from the firing of the blood
from the heart but also from the impact
of the blood on the walls of the great
arteries into which it is fired. Gordon
went on to propose that valuable infor-
mation about the heart and the circula-
tory system might be obtained by re-
cording and analyzing these bodily
vibrations.

Beyond the existence of his paper, we
know nothing about Gordon. He never
published any other work, and so far as
science is concerned he simply vanished
after this one publication in The Journal
of Anatomy and Physiology. But his
alert and thoughtful report inaugurated
the study known as ballistocardiography
(from the gun analogy). The body vi-
brations turned out to be complicated
and very difficult to interpret. As Gordon
wrote: “The process, which, though in-
direct, yields results of astonishing deli-
cacy, is capable of being most extensive-
ly and instructively varied.” It cannot be
said that we have learned a great deal
more about the process than Gordon
deduced in 1877. However, there has
been some rapid progress recently, and
ballistocardiography now promises to
become a useful tool in medicine.

he ballistocardiograph is related in a

way to the electrocardiograph. The
latter measures the electrical nerve im-
pulses that cause the heart muscle to
contract; the ballistocardiograph meas-
ures the body’s mechanical responses to
those contractions. One might say that
the electrocardiograph is a wiretapper
listening to the messages, while the bal-
listocardiograph is a machine that re-
cords the impact, or shock effects, of
the messages.

In order. to develop ballistocardiog-
raphy as a tool we must solve three
problems: (1) measuring the body vi-
brations arising from the heartbeat, (2)
learning just how the vibrations are pro-
duced, and (3) interpreting this infor-
mation to diagnose how well the heart
and circulatory system are functioning.
The first problem has been solved rea-
sonably well; on the other two we can
only report progress.

On the face of it, measuring the vi-
brations of the body seems a simple
matter. You lay the subject on a table
and record his bodily oscillations with

some mechanical sensing device. Most
of the ballistocardiograms in the past
have been made in this way. (The first
known use of the instrument was during
the 1911 Pikes Peak expedition, when
measurements were taken on members
of the climbing party to try to find out
whether the pumping rate of the heart
increased in the rarefied higher air.)
Unfortunately muscular vibrations due
to gravity stresses on the body produce
distortions of the vibrations stemming
from the heartbeat. Gordon was acute
enough to realize this, and he suggested
a solution which is now used in some
laboratories. The subject lies on a very
light platform suspended from the ceil-
ing by long wires, so that the platform
“gives” with the natural body vibrations
and does not stress the tissues as much
as when it lies on an immovable table.
Recently we have developed an elec-
tronic device for eliminating the distor-
tions; packed in a small box, it can be
carried about and so is not confined to
the laboratory but can be used to take
ballistocardiograms in a hospital or al-
most anywhere.

An undistorted ballistocardiogram is
very different from one contaminated
by extraneous vibrations [see illustra-
tions on next page]. This is important
when we come to analyze the heart-
induced vibrations for their meaning.

We do not yet really understand these

pictures, but there are a few things
we can say. The heart, as everyone
knows, consists of two halves—the right
half pumping blood to the lungs, the
left half to the rest of the body. Natu-
rally the left heart, serving the whole
body, is considerably larger and strong-
er than the right. Its firing therefore
accounts for most of the force respon-
sible for the body vibrations. Let us
consider the geometry of the left heart
and the aorta, the artery into which it
shoots its blood.

When the heart beats, driving blood
upward into the aorta with great speed,
it recoils as if it were a rifle firing a
high-speed cartridge. The recoil is taken
up by the body (as the shoulder takes
the recoil of a rifle), and this recoil is
transmitted toward the feet. So in the
ballistocardiogram we have a dip to
start with, recording the heart’s recoil.
While all this is going on, the ejected
jet of blood is shooting up through the
aorta to the bend known as the aortic
arch [see illustration on opposite page].
When it hits the arch, it bounces down-
ward into the descending arm of the
arch. There is, then, a second recoil of
the body, this time toward the head, and

© 1958 SCIENTIFIC AMERICAN, INC

it is recorded as a peak in the ballisto-
cardiogram. Next, the blood, rushing
down the aorta and into its branches,
gives up its momentum as it is slowed
by these vessels; as a result we have a
new footward recoil of the body, which
is signaled by another dip in the bal-
listocardiogram. In short, the record has
three separate major waves which we
can account for satisfactorily by these
three recoils.

A good analogy to this system would
be a man with a rifle (the heart) stand-
ing at one end of a sled (the body) and
shooting at a target (the aortic arch)
mounted at the head end of the sled
which moves easily because it is on ice.
When the rifle fires, the sled recoils foot-
ward. When the bullet (the blood) hits
the target (aortic arch), the sled recoils
headward. The ricocheting bullet now
comes back and hits the rifleman, pro-
ducing the last of the three ballistocar-
diogram waves (and, we hope, very lit-
tle damage to the rifleman). To obtain
the ballistocardiogram of the sequence
of recoils, we have only to put a motion-
measuring device on the sled.

_\rmed with this interpretation of the
4+ X ballistocardiogram, a number of
laboratories have pursued the problem
of turning it into a useful diagnostic tool
by studying normal and abnormal pat-
terns. Unfortunately progress has been
slow, for various reasons, but the pace is
quickening nowadays. There have been
several fairly clear-cut developments,
both positive and negative, which I shall
mention briefly.

In the first place, a great deal of
work has gone into sampling ballisto-
cardiograms of normal persons and of
patients with heart disease of various
types. We have learned to recognize
what is a normal and what is an ab-
normal ballistocardiogram. Usually an
abnormal ballistocardiogram goes with
an abnormal electrocardiogram and
other signs of illness. Although we do
not know its meaning in detail, it seems
that an abnormal ballistocardiogram is
generally a bad sign.

Some specific disorders seem to show
specific effects on the ballistocardiogram.
For example, high blood pressure tends
to give a deep third wave, probably be-
cause the arteries slow down the rushing
blood more abruptly than usual. This
interpretation is supported by the fact
that treatments which lower the blood
pressure also tend to reduce the size
of the dip in the ballistocardiogram. On
the other hand, a constriction of the
aorta, reducing the momentum of the
downrushing blood, tends to be reflected
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Accessibility to
major markets
in New York State

Greatest Market in the nation is New
York State . . . and it is within
hours of other foremost Seaboard
and Central States markets . . .
for every conceivable consumer
and industrial product.

Unequalled Transportation is avail-
able in New York State . . . the
world’s most extensive network
of modern highway, rail, water
and air facilities.

*

Before you decide on a new plant
site, what marketing and transporta-
tion data do you need?

o Size and composition of consumer
or industrial markets?

® Present and potential consump-
tion of specific products?

o Cost of assembling your compo-
nents or raw materials . . . and of
delivering your products to dis-
tribution points throughout the
U. S. and overseas?

The New York State Department of
Commerce stands ready with a pro-
fessional, long-experienced staff to
give you a tailor-made analysis of any
market within competitive reach of
any given New York State location
.. . plus complete transportation costs
and schedules.
*

But you’ll want many other facts,
too. What about

...labor...components and raw
materials...sites and buildings
...power...water...fuel...financing?

Let us answer your questions. Write
for “Industrial Location Services,” a
free booklet that tells what we can do
for you. Send your request to me at
Room 673, 112 State Street, Albany 7.

EDWARD T. DICKINSON
C issi of C ce
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by a reduced dip on the graph. Again,
treatment relieving this condition seems
to restore the curve to normal.

The upward peak in the curve, repre-
senting the impact of blood on the aortic
arch, has been used to estimate the
volume of blood pumped by the heart
in one stroke. There are ambiguities
here, but the measurements do seem to
give an indication of the heart’s output.

The foregoing may suggest that re-

search in this field is making steady
headway. Unhappily this is not true:
there are dark spots and contradictions.
The problem of measurement seems to

be well in hand, but interpretation of the
ballistocardiogram has run into snags.

The most troublesome enigmas have
emerged in experiments with dogs, per-
formed in several laboratories. The dog’s
heart is very similar to man’s, and so,
on the whole, is its ballistocardiogram.
Some very surprising things have turned
up, however, in the experiments. For
example, the experimenters have looked
into the effects of stopping blood flow
by blocking the aorta, or, more dramati-
cally, of draining out all the dog’s blood
for a brief moment. One would have
supposed that, with no blood flowing,
the recoils and ballistocardiogram waves

SECONDS

BALLISTOCARDIOGRAPH CURVES reflect I, J and K motions. Top curve is not cor-
rected for resonant body oscillations. Middle curve is corrected electronically. In similar
bottom curve oscillations were damped by suspending the measuring table by long wires.
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Weather links

Flying has been made safer and flights more regular by the weather information
service which the Civil Aeronautics Administration is continually expanding
and improving to keep pace with the growth of aviation.

An area of great meteorological importance is Alaska. Detailed observations there
are of incalculable value in helping predict weather in much of the United States.
To link its weather stations throughout Alaska, the CAA has commissioned REL
to develop an ultra-reliable VHF communication system. It is to connect with
White Alice, the giant military and civil Alaska communication system, whose
tropo scatter radio equipment was also designed and manufactured by REL.

To meet—and exceed—the special requirements, REL has drawn upon its
unparalleled experience in developing tropo scatter equipment. Improvements
newly devised by REL for White Alice and other scatter systems are now being
applied for the first time to line-of-sight communication.

The same imagination and resources which are setting new standards in this field
are also available for the solution of your specialized radio problems.

Radio Engineering Laboratories-Inc.

A subsidiary of Dynamics Corporation of America

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

Canadian representative: AHEARN & SOPER CO + 384 BANK ST+ OTTAWA
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|l}|I[| — fechnological bumbershoot

Covering the advanced needs of
industry and defense is today’s big-
gest technological job.

GPE has brought together, under
one umbrella, broad physical
resources plus a remarkably creative
group of scientists, engineers and
technicians. Its co-ordinated skills,

knowledge, experience and produc-
ing facilities cover more than a dozen
industries.

Each company in General Preci-
sion Equipment Corporation works
close to the frontiers of science in its
specific fields. Working together, they
have rolled up an impressive record

of achievement in new and often
uncharted technological areas.

If your needs are in controls, sys-
tems engineering or automation,
you’ll find some eye-opening answers
in this highly integrated research,
design, engineering and manufactur-
ing group.

GENERAL PRECISION EQUIPMENT CORPORATION
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The principal GPE companies
cover needs of defense and industry in
these areas: Audio-Visual, Automatic
Controls and Automation, Aviation,
Chemical Processing, Electronic and
Electrical, Graphic Arts, Instrumenta-
tion, Marine, Motion Picture, Packag-
ing, Paper, Petroleum, Photo Tech-
nology, Power Generation and Conver-
sion, Printing, Steel, Television, Textile.

asxania | [
GPLI.
GRAFLEX

Griscom-fussell
Hertner
&ag/i)a

g
ks IBRASCOPE

Linx

NATIONAL

SHAND AND JURS

o

Address inquiries to:

General Precision Equipment Corporation
92 GOLD STREET, NEW YORK 38 N. Y.

should practically disappear. But the
fact is that these experiments produce
much less effect on the dog’s ballistocar-
diogram than was expected. It seems
that the animal’s bodily vibrations are
associated mainly with movements of
| the heart, rather than with blood flow.
|  Does this mean that the dog’s system
behaves differently from man’s? Or that
we have been misled by the apparent
confirmations of the rifle-and-bullet anal-

/
MECHANICAL
COUPLING

/

ogy found in the ballistocardiograms of
human subjects? We simply aren’t sure
at this time. We clearly need more work
directed to unraveling the relatton of the
various events in the heart cycle to the
ballistocardiogram. We can echo discov-
erer Gordon’s sentiment that ballistocar-
diography “yields results of astonishing
delicacy.” At the same time we could
also wish that they were not so bewilder-
ingly “varied.”

\
HYDRODYNAMIC
COUPLING

\
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TABLE
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|

————— G

TABLE
SUSPENSION

MECHANICAL RELATIONSHIP between heart, body, table and earth is shown in fanciful
schematic representation. These varying elastic linkages complicate ballistocardiography.
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ONE BEARING

— if it’s an MPB bearing — is exactly like any
other of its kind, minted with magnificent, min-
iature precision.

ONE COIN

is just like another of its kind — min-
iature precision on a magnificent scale.
U. S. A. money is beautiful, durable.

If your money comes from making
precision equipment, you’ll want to
know more about the profit-produc-
ing powers of Miniature Precision
Bearings. These bearings improve
instrument sensitivity and reliability
— heighten values and often cut
costs.

Now possibility and perfection can
replace impossibility and imperfec-
tion. There are MPB bearings from
3%” 0.D. down — precise within
limits one-third the thickness of a
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postage stamp! Despite its minute-
ness every ball in an MPB retainer-
type bearing rolls in its own coined
pocket. Even under extreme temper-
ature changes MPB bearings run
smoothly, helping your product
deliver continuous precision and top
performance.

If miniaturization can help you, so
can MPB. Over 500 kinds of bearings
— specials if you need them. And we
are ready with the world’s broadest
miniature bearing experience (we
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own the mint!) to solve your prob-
lems and help you mint ideas. Write
to Miniature Precision Bearings, Inc.,
1202 Precision Park, Keene, N. H.
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Prehistoric Man
in the Grand Canyon

In an oasis at the bottom of the Canyon live the Havasupai

Indians, who have now been linked to a vanished people «who

settled the surrounding plateau in the seventh century A.D.

he Grand Canyon in Arizona was

I discovered by Spanish explorers
in 1540, but so far as is known no
white man entered the Canyon itself un-
til two and a half centuries later. In
July of 1776 a Franciscan priest, Fran-
cisco Thomés Garcés, was traveling on
a mission toward the Hopi country, and

by Douglas W. Schwartz

en route along the Colorado River he
heard of an Indian tribe living deep in
the Canyon. Since his mission was to
convert Indians wherever he found

them, Father Garcés asked to be led
to the tribe so that he might take them
the word of God. With the help of a
guide the padre descended by steep

trails to a valley almost a mile below
the Colorado Plateau, in a small branch
of the Colorado River called Cataract
Creek. There he found a verdant oasis
offering the pleasantest possible contrast
to the desert country above. On the
canyon bottom, between the bare, brown
cliffs, ran a beautiful spring-fed stream,

CATARACT CREEK CANYON is a fork of the Grand Canyon.
It is now the home of the Havasupai Indians. On the high
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ledges of the canyon wall, and atop the sloping rock debris
at its base, are the granaries and shelters of an ancient people.
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GRAND CANYON of the Colorado River cuts through the Colorado Plateau in northern
Arizona. The relation of the Havasupai territory to the Grand Canyon is shown on the map at
top. The map at bottom shows the exact location of the Havasupai Reservation in a widening
of Cataract Creek Canyon. To the west, on the Coconino Plateau, are the ruins of houses
built by the Cohonina people. The author believes they were ancestors of the Havasupai.

98

© 1958 SCIENTIFIC AMERICAN, INC

creating a green paradise of trees, flow-
ers and luxuriant grass. It was occupied
by a village of Indians called the Hava-
supai—“people of the blue-green water.”
Garcés noted that the Havasupai
made good use of the life-giving stream.
They had developed a system of irriga-
tion ditches to water their hundred or so
arable acres, and in their small fields
they were growing corn, beans, squash
and a few European crop plants—apri-
cots, figs, peaches, alfalfa—which they
had obtained from other Indian tribes,
who in turn had received them from the
Spaniards. Father Garcés also observed
a number of other things about the
Havasupai’s culture during his short stay
of several days in the village. At dawn
each family went out to work in the
fields with digging sticks, hatchets and
hoes. But as soon as the sun rose high
enough to beat down in the Canyon,
generating oven-like heat, everyone re-
treated from the fields to the huts and
shades of the village. The men gos-
siped at the “sweatlodge,” a counter-
part of the village drugstore. The women
indulged in their favorite sport—gam-
bling with dice made of sticks. The chil-
dren spent most of their afternoon hours
swimming in the fast-flowing stream.

fl“he peripatetic padre moved on, tak-
* ing away only a momentary picture
of these people and knowing little (since
he had no interpreter) about their fasci-
nating history and way of life. Not for
well over a century was much more
heard about the Havasupai. The waves
of trappers, prospectors, soldiers, rail-
road scouting parties and scientific ex-
peditions that overran the Southwest
through the 19th century saw little of
this shy tribe, which ventured less and
less from its canyon retreat. But about
30 years ago Harold S. Colton, director
of the Museum of Northern Arizona at
Flagstaff, became interested in the his-
tory of Indians of the area, for remains
going back some 1,200 years had been
found on the plateau above the Canyon.
He unearthed many old camp sites and
houses of a people on the plateau who
seemed to have disappeared around
1100 A.D. The mystery of their dis-
appearance, as well as the peculiar iso-
lation of the Havasupai, excited my
curiosity when I began to work in the
Grand Canyon area eight years ago. I
became convinced that the key to the
prehistory of the Colorado Plateau and
Canyon Indians lay in the Havasupai
home at the bottom of the Canyon.

In the winter of 1953-54 I lived with
the Havasupai for six months in their



canyon village. It was apparent that
there was no hope of finding any ancient
Havasupai remains in the village area.
In early spring and in late summer floods
as high as 40 feet often rush down the
narrow canyon of Cataract Creek. The
Havasupai villages have repeatedly been
washed away by these floods. But at
such times the Indians have taken ref-
uge, as far back as they can remember,
in rock shelters at the base of the cliff
walls. We therefore excavated these
shelter sites, hoping to find cultural re-
mains of the Indians going back to the
beginning of their occupation of the
Canyon. The excavations were so suc-
cessful that, combining information from
the diggings in the Canyon and on the
Plateau with our knowledge of the pres-
ent descendants, and injecting a dash
of poetic license (if my professional col-
leagues will not object), it is now pos-
sible to reconstruct the general history
of the Havasupai for some 13 centuries.

Some time around 600 A.D. a few
small family groups of Indians be-
gan to settle in the Colorado Plateau
area above the Canyon [see map on
opposite page]. They came from the
west, possibly leaving an overcrowded
region. (Colton named them the Coho-
nina, a Hopi word meaning “those who
live to the west.”) For a century they
lived a frontier life, depending heavily
on game and berries for food, searching
for water sources, trying out the land
for farming and settlement possibilities.
After about 100 years they had learned
to live off their new land so well that
the population began to increase and
settlements spread to all parts of the
plateau. In the winter months they sup-
plemented their farm crops by hunting
near their plateau homes and in the
great canyons that bordered them on
two sides. It is possible that the Cataract
Creek Canyon oasis was discovered dur-
ing one of these early expeditions and
thereafter served as a hunting base.

By 700 or 800 A.D. the plateau settlers
had developed an efficient agriculture,
were building some stone houses, and
were making pottery with designs and
decorations borrowed from their Indian
neighbors in the Little Colorado and San
Juan country to the north and east. In
another century or so they had pro-
gressed to constructing granaries for
their crops and were adopting a new
style of house with what looks like a
patio at one end. They also built a large,
thick-walled structure which may have
been a fort or a ceremonial building.

Meanwhile the population had over-

flowed into Cataract Creek Canyon. The
canyon pioneers developed their own
way of life, clearing the heavy brush,
using the creek to irrigate their patches
of land, and developing trails to the
plateau a mile above. Possibly the tribe
might eventually have split into two
groups, one living primarily in the
canyon, the other on the plateau. But
as Colton observed, around 1100 A.D.
the plateau population began to disap-
pear, and within 100 years its settle-
ments were deserted. Our excavations
suggested a likely explanation. It seems
that the plateau dwellers, as well as
some Indians from other areas, were
driven into the canyons by wandering
tribes of raiders. The archaeological re-
mains show that the Cataract Creek

Canyon population increased greatly at
this time. The valley floor became so
overcrowded that people took up resi-
dence in the rock shelters at the base
of the cliffs. Furthermore, they began
to build cliff dwellings in the face of
the cliffs, no doubt to defend them-
selves against the raiders. Every avail-
able ledge became a home, and on the
large ledges the canyon people erected
elaborate structures.

Apparently by the middle of the 13th
century the raiding of the area by out-
side bands had subsided. The Canyon
people abandoned their cliff dwellings.
By this time they had evolved a new
way of life. To find enough food for
the large valley population they had
had to organize frequent hunting parties

CLIFF SHELTER on a high ledge of the canyon wall is shown according to the author’s
reconstruction. Now a ruin, it was used as a refuge from floods or enemy raiding parties.
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Magnetic Circuit Design:
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of
Leakage flux
computation
is simplified
Dimensions and only

two constants needed

Computing even approximate
values for leakage flux in mag-
netic circuits is a time-consum-
ing job. Indiana Steel recently
undertook to simplify these
computations in a study sup-
ported by the U.S. Air Force.
Dr. R. K. Tenzer has reported
the results of this work.

The new method requires only
the physical dimensions of the
soft steel and permanent magnet
parts in the circuit, and two
rules for using two constants,
1 and .67. Result: Savings in
time of computation up to 90%,;
accuracy + 109,.

Simplifying permeance and
magnetomotive force computa-
tions resulted in the general
equation shown above that can
easily be modified to fit each of
the three types of generalized
magnetic circuits.

A more complete discussion
of the general equation and its
applications is available in the
full report to be found in the
April-June issue of Applied
Magnetics. Write to Dept. J-2.

THE INDIANA

STEEL PRODUCTS COMPANY
VALPARAISO, INDIANA

INDIANA

PERMANENT
MAGNETS

World's largest manufacturer
of permanent magnets
IN CANADA:

The Indiana Steel Products Company
of Canada Limited, Kitchener, Ontario

to go up on the plateau. Now these
hunting and food-gathering expeditions
to the top, particularly in winter, be-
came a fixed feature of Havasupai life.
The canyon refugees could not go back
to living on the plateau again, even if
they had wanted to. Conditions on the
old plateau had changed, as the old
men may have remarked. The annual
rainfall had diminished. The vegetation
was no longer as lush; the flowers were
not as bright. Farming on the plateau
had become impossible.

So the Havasupai developed a double
life: summer in the canyon, winter on

the plateau. All summer they led a
sedentary existence in the valley, watch-
ing the crops grow. After the harvest,
when the days grew cool, they moved
up to the plateau and pitched camp in
the cedar thickets. But they could not
stay long in any one place: the winter
life of hunting and gathering wild fruits
and nuts kept them on the move over
the great expanses of the plateau. Their
rather precarious winter existence
gained some security, however, from the
crop reserves they were able to bring
with them from the canyon. In the spring
the Havasupai went back to the canyon

SHELTERS AND GRANARIES on high ledges illustrate the near-inaccessibility of the
sites in which the author excavated early Havasupai remains. A stone house with a window
can be seen (upper right) and, below it, a row of granaries on a narrow ledge (bottom).
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ZIRCONIA

(ZrO2)
ceramic ware

cco-

Now available in standard tube,
crucible and combustion boat shapes

For temperatures to 4600°F. (2538°C).
Possesses one of the highest melting points
of all commercial refractories.

Great chemical inertness. Won't erode
when melting steel or high temperature al-
loys ...or react when firing titanates or
sintering metals ... or embrittle platinum,
Leco zirconia ware . . . crucibles for
melting special alloys, tubes for high-
temperature combustion or gas synthc-
sis, heat treating and sintering furnaces,
and kiln furniture. We will be happy

to quote on custom ware.
Leco also specializes in Zircon (ZrSiO4) Ware
Write Today for TECHNICAL DATA CATALOG

LABORATORY EQUIPMENT CORP.
4200 Hilltop Road, St. Joseph, Michigan

CALCULATIONS

Easily Solved on the
BINARY CIRCULAR SLIDE RULE

In Arithmetic, Algebra and Trigonometry. Any number
of factors can be handled in long and difficult calcula-
tions. The ““C’” scale of the BINARY rule is 25 inches
long, with graduations 25% further apart than those
of a -inch slide rule. The CI, A, K and Log scales
are divided as closely as a 20” slrught rule. The Log-
Log scale extends from 1.0015 to 1.000,000. Gives trig
functions from 0 to 90 degrees on back, with indicator
reading. Engine divided scales in hla(k overlaid with
yellow, on alternate scales on white coated aluminuni.
I’ermanently accurate. Dia. 81 inches. Price—$10.25
in case. Approved at leading Univ. Used by largest
firms in U.S.

ATLAS SLIDE RULE—Precision MADE

The ‘‘Atlas’’ slide rule solves prohlems in Multiplica-
lwn, Division and Proportion. Gives results mlh a
maximum error of less than 1 in 35,000. Has two *'C"
scales. ne is 25” long and the ulhu is a spiral of
25 coils. Equivalent to a straight rule 50 ft. long.
Reads answers to 5 places. ACCURATELY CEN-
TERED. Used in largest U.S. Laboratories. Chemists,
Physicists and Engineers have found this rule in-

valuable for its great accuracy. Dia. 8%", same con-
struction as “‘Binary’’. Trig functions from 0 to 90
degrees on hack. I'Y‘l((:‘fsﬂd 50 in case.

CIRCULAR SLIDE RULE

ar to Binary. Ha
p ong.

Z nnll\nn sold. Price—:

uction as “Above  rates (no! )ello“)
5.

guaran-

Descriptive literature—free. Satisfaction
d & Engineering

teed. Sold at leading Book Stores
Equipment Stores.

GILSON SLIDE RULE CO.
Box 1237 SA, Stuart, Fla,
Slide Rule Makers since 1915
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CHANGES OF POPULATION on the Coconino Plateau (gray line) and in Cataract Creek
Canyon (black line) are shown schematically. The plateau population began to decrease
in the 12th century, probably because of enemy raids followed by climatic change.
The raids filled the canyon with refugees. When the raiders left, canyon population fell.

village to take up their sedentary farm-
ing life again.

For 300 years, until early in the 17th

century, the Canyon Indians passed
a tranquil existence. They had friendly
relations with the Navaho, Hopi, Wala-
pai and other neighboring tribes. Each
August the Havasupai invited their
neighbors to their annual harvest dance
—a five-day feast of eating, dancing,
trading and gambling which is still the
highlight of Havasupai life today. The
Havasupai culture changed little in the
three centuries.

But this stability began to break down
in the early 1700s. Long before Father
Garcés arrived, the coming of the white
man was heralded in Cataract Creek
Canyon by new goods which filtered to
the Havasupai from other tribes. The
Spanish settlers themselves did not come

| near the canyon; the land of the Hava-

supai was of no use to them. The fact

| that the little canyon was well hidden

from the plundering hands of the con-
quistadors saved the Havasupai from the
fate that overtook many other South-
western Indian tribes. They retained
most of their aboriginal culture: their
pottery, clay pipes, stone knives, fire
drills, bone tools, bows and arrows,
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basketry and skin clothing. But through
the Hopi they began to receive crockery,
metal pans, guns, plants and cloth.
When the first white man, Father
Garcés, laid eyes on them, they already
had horses, cattle and some Old World
plants.

Although they have continued to have
less contact with white people than al-
most any other Indian tribe, their cul-
ture has gone on adapting itself to the
white man’s ways. In the middle of
the 19th century the unaggressive Hava-
supai accepted a reservation of only
about 500 acres in the bottom of the
Canyon. Secluded in their deep valley,
the “people of the blue-green water”
have nevertheless, by diffusion from the
Hopi and other Indian neighbors and by
deliberate education through Federal
Government workers, moved rapidly to-
ward immersion in American culture in
recent decades. Each year several hun-
dred tourists descend the Canyon to see
their blue oasis, with beautiful waterfalls
that tumble down the creek bed, and to
see the gentle, cheerful Havasupai, now
a small group of some 35 families. Their
village, Supai, has a post office and a
schoolhouse, and on occasion the vil-
lagers are treated to Hollywood movies
of the “Wild West.”



Can you find &
the fabric
in these pictures?

Concrete storaoge houses built on pneumatic forms, fabri-
cated by Goodyeoar Tire ond Rubber Company, using a

Compressed blocks of Wellington Sears duck are used in
Divine Bros. Canvas Cushion Tired Wheels on this factory
truck.

Wellington Sears nylon base fabric.

ing and Manufacturing Co.

Flaps of Wellington Sears fabric, coated with abrasive, form
the “spokes’” of the PG’ Wheel made by Minnesota Min-

Polishing off a tough grinding job ... moving tons
indoors without noise or damage . . . putting up a
concrete building in 24 hours . . . these are some of
the jobs turned over to fabric! And the lengthening
list of specially engineered textiles indicates that
every day more and more industries are making
available to themselves the variety and versatility
of modern-day fabrics. Which means that more and

more industrial planners are turning to Wellington
Sears—as their first source of dependable help,
backed by over a century of experience in indus-
trial fabrics. If you have any problem related to
fabrics, call us.

And for an informative booklet illustrating many

other industrial uses of fabric, write Department
F-2 for “Fabrics Plus”.

@
P
Wellingfon Sears ..
FIRST In Fabrics For Industry Texrne”
L)
For the Rubber, Plastics, Chemical, Metallurgical, e

Avutomotive, Marine and Many Other Industries

MANUFACTURING CO

© 1958 SCIENTIFIC AMERICAN, INC

Wellington Sears Co., 65 Worth St.,, New York 13, N.Y.« Atlanta « Boston « Chicago « Dallas « Detroit « Los Angeles « Philadelphia « San Francisco « St. Louis

103



AN INVITATION
TO JOIN ORO

Pioneer In
Operations Research

Operations Research is a young
science, earning recognition rapidly
as a significant aid to decision-mak-
ing. It employs the services of
mathematicians, physicists, econo-
mists, engineers, political scientists,
psychologists, and others working
on teams to synthesize all phases of
a problem.

At ORO, a civilian and non-
governmental organization, you
will become one of a team assigned
to vital military problems in the
area of tactics, strategy, logistics,
weapons systems analysis and
communications.

No other Operations Research
organization has the broad expe-
rience of ORO. Founded in 1948 by
Dr. Ellis A. Johnson, pioneer of
U. S. Opsearch, ORO’s research
findings have influenced decision-
making on the highest military
levels.

ORO’s professional atmosphere
encourages those with initiative and
imagination to broaden their scien-
tific capabilities. For example, staff
members are taught to “program”
their own material for the Univac
computer so that they can use its
services at any time they so desire.

ORO starting salaries are com-
petitive with those of industry and
other private research organiza-
tions. Promotions are based solely
on merit. The ‘“fringe” benefits
offered are ahead of those given
by many companies.

The cultural and historical fea-
tures which attract visitors to
Washington, D. C. are but a short
drive from the pleasant Chevy
Chase suburb in which ORO is
located. Attractive homes and
apartments are within walking dis-
tance and readily available in all
price ranges. Schools are excellent.

For further information write:

Profoceci ! A P "
Prof pp

OPERATIONS RESEARGH
OFFIGE [o=°]

The Johns Hopkins University

7100 CONNECTICUT AVENUE
CHEVY CHASE, MARYLAND
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MATHEMATICAL GAMES

Concerning the game of nim

and its mathematical analysis

by Martin Gardner

ne of the oldest and most engag-
O ing of all two-person mathemati-

cal games is known today as nim.
Possibly Chinese in origin, it is some-
times played by children with bits of
paper, and by adults with pennies on
the counter of a bar. In the most popu-
lar version of the game 12 pennies are
arranged in three horizontal rows as
shown in the illustration at the bottom
of this page.

The rules are simple. The players al-
ternate in removing one or more coins
from any one of the three rows. Who-
ever takes the last penny wins. The
game can also be played in reverse:
whoever takes the last penny loses. A
good gamester soon discovers that in
either form of the game he can always
win if one of his moves leaves two rows
with more than one penny in a row and
the same number in each; or if the move
leaves one penny in one row, two pen-
nies in a second row and three in a third.
The first player has a certain win if on
his first move he takes two pennies from
the top row and thereafter plays “ra-
tionally.”

There is nothing startling about the
foregoing analysis, but around the turn
of the century an astonishing discovery
was made about the game. It was found
that it could be generalized to any num-
ber of rows with any number of counters
in each, and that an absurdly simple
strategy, using binary numbers, would
enable anyone to play a perfect game.
A full analysis and proof was first pub-
lished in 1901 by Charles Leonard Bou-
ton, associate professor of mathematics
at Harvard University. It was Bouton,
incidentally, who named the game nim,
presumably after the archaic English
verb meaning to take away or steal.

In Bouton’s terminology every combi-
nation of counters in the generalized
game is either “safe” or “unsafe.” If the
position left by a player after his move
guarantees a win for that player, the po-
sition is called safe. Otherwise it is un-
safe. Thus in the “3, 4, 5”7 game pre-
viously described the first player leaves
a safe position by taking two pennies
from the top row. Every unsafe position
can be made safe by a proper move.
Every safe position is made unsafe by
any move. To play rationally, therefore,
a player must move so that every unsafe
position left to him is changed to a safe
position.

To determine whether a position is

Twelve counters are arranged for a “3, 4, 5 game of nim
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Mechanivm Diseovered in the Brain Which Unlocks Stream of Consclotsness Record
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YORKTOWN

MECHANISM DISCOVERED IN THE BRAIN WHICH UNLOCKS STREAM OF
CONSCIOUSNESS RECORD

SOURCE,

NEW YORK TIMES, NOVEMBER 24, 1957 AUTHOR: WILLIAM L. LAURENCE

AUTO-ABSTRACT: AT THE ANNUAL AUTUMN MEETING OF THE NATIONAL ACADEMY OF

SCIENCES, DR. WILDER PENFIELD, DIRECTOR OF THE MONTREAL NEUROLOGICAL
INSTITUTE AND ONE OF THE WORLDS LEADING AUTHORITIES ON BRAIN FUNCTION,
TOLD A FASCINATED AUDIENCE OF LEADING SCIENTISTS IN ALL FIELDS ABOUT HIS
DISCOVERY, BY STIMULATING THE BRAIN OF HUMAN PATIENTS WITH TINY
ELECTRICAL CURRENTS, OF A NEW AREA IN THE CEREBRAL CORTEX TO WHICH UNTIL
NOW NO FUNCTION HAD- BEEN ASSIGNED.

ONE MAY ASSUME THAT AT THE TIME OF THE ORIGINAL EXPERIENCE,

ELECTRICAL POTENTIALS PASSED THROUGH THE NERVE CELLS AND NERVE
CONNECTIONS OF A RECORDING MECHANISM IN A SPECIFIC PATTERNED SEQUENCE,
AND THAT SOME FORM OF PERMANENT FACILITATION PRESERVES THAT SEQUENCE SO
THAT THE RECORD CAN BE PLAYED AT A LATER TIME IN A MANNER ANALOGOUS TO

THE REPLAYING OF A WIRE OR TAPE RECORDER.

Scientific articles—electronically abstracted

The significant meaning or “auto-abstract” of the news
article illustrated above was achieved by a successful
experiment in scoring key sentences in the original article
to produce the abstract—all electronically. The project
was originated and managed by H. P. Luhn at the IBM
Yorktown Research Center.

First, the article must be in machine-readable form,
using either punched cards or tape. The data processing
machine then computes the relative significance first of
the words and then of the sentences contained in the
article. It does this on the basis of statistically derived

Investigate the many career opportunities available in exciting new fields at IBM.

criteria involving both word frequency and distribution.
The sentence or sentences scoring highest in significance
become the “auto-abstract.”

This research experiment demonstrated the feasibility
of automatic abstracting. By extending the current tech-
niques, it may be possible to scan the whole of printed
knowledge on a given subject and to make “auto-abstracts”
of articles in an incredibly short time. This new explora-
tion may assist in breaking down the barriers imposed by
the current mass of printed material between the re-
searcher and the further development of his ideas.

RESHARCH

International Business Machines Corporation, 590 Madison Avenue, New York 22, New York.
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Big-time brain

keeps thinking straight
with W/ L resistors

Remington Rand’s Univac,® above, is
probably the most famous of all digital
computers.

It’s taken on such diverse jobs as ex-
trapolating preliminary election results,
matching up lonely hearts for compati-
bility on a TV show and working through
the detailed equations of atomic energy.
Every time it has turned in an outstand-
ing record for reliability in action.

The Univac’s outstanding reliability
results from the proper functioning of
literally myriads of component parts . . .
so many that even a tiny failure rate
would be intolerable.

Naturally, we’re happy that Ward
Leonard Axiohm resistors were selected
in large numbers for this critical and
complex equipment. It’s a new tribute to
the kind of reliability we’ve been build-
ing into Ward Leonard resistors for the
past 68 years...and other Ward Leonard
products such as relays, rheostats, motor
controls and dimmers.

Whether your equipment is large or
small, Ward Leonard products can help
you achieve outstanding reliability. And
our engineers will be glad to help you
with your tough application problems.
Write Ward Leonard Electric Co., 12
South Street, Mount Vernon, New York.
(In Canada: Ward Leonard of
Canada, Ltd., Toronto.)
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safe or unsafe, the numbers for each row
are written in binary notation. If each
column adds up to zero or an even num-
ber, then the position is safe. Otherwise
it is not.

There is nothing mysterious about the
binary notation. It is merely a way of
writing numbers by sums of the powers
of two. The chart on this page shows the
binary equivalents of the numbers 1
through 20. You will note that each
column, as you move from right to left,
is headed by a successively higher power
of two. Thus the binary number 10101
tells usto add 16 to 4 to 1, giving us 21
as its equivalent in the decimal system,
based on the powers of 10. To apply the
binary analysis to the 3, 4, 5 starting po-
sition of nim, we first record the rows in
binary notation as follows:

421
3 11
4 100
5 101

Totals 21

[89]

The middle column adds up to 1, an
odd number, telling us that the combi-
nation is unsafe. It can therefore be
made safe by the first player. He does
so, as explained, by taking two pennies
from the top row. This changes the top
binary number to 1, thereby eliminating
the odd number from the column totals.
The reader will discover by trying other
first moves that this is the only one
which makes the position safe.

An easy way to analyze any position,
provided there are no more than 31
counters in one row, is to use the fingers
of your left hand as a binary computer.
Suppose the game begins with rows of
7, 13, 24 and 30 counters. You are the
first player. Is the position safe or un-
safe? Extend all five fingers of your left
hand, palm toward you. The thumb
registers units in the 16 column; the in-
dex finger, those in the 8 column; the
middle finger, the 4 column; the ring
finger, the 2 column; the little finger, the
1 column. To feed 7 to your computer,
first bend down the finger representing
the largest power of 2 that will go into
7.1t is 4, so you bend your middle finger.
Continue adding powers of two, moving
to the right across your hand, until the
total is 7. This is of course reached by
bending the middle, ring and little fin-
gers. The remaining three numbers—13,
24 and 30—are fed to your computer in
exactly the same way except that any
bent finger involved in a number is
raised instead of lowered.

Regardless of how many rows there
are in the game, if you finish this pro-
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16 8 4 2 1

a R

—1 -

2 !| 1|10
3 | B 1 1
4 | 1 0 0
5 1 0 7
6 ' 1 1 0
7 1 1 1
8 1 0 0 0
9 1 0 0 1
10 ___ 1 __Oh_ 1 0]
11 1 0 1 1

1—2 _ l_ _ 1 0 0 _
._1_3_1 1 1 0 1
14 1 1 1 0
15 __l 1 1 _1
16 1 0 0 0 0

17 1 0 0 0 1 :
18 1 0 0 1 0
19 1 0 0 1 1
20 1 0 1 ; 0 0

Table of binary numbers to analyze nim

cedure with all your fingers raised, then
the position is safe. This means that
your move is sure to make it unsafe, and
that you are certain to lose against any
player who knows as much about nim
as you do. In this example, however, you
finish with first and second fingers bent,
telling you that the position is unsafe,
and that you can win if you make a
proper move. Because there are many
more unsafe combinations than safe
ones, the odds greatly favor the first
player when the starting position is de-
termined at random.

Now that you know that 7, 13, 24, 30
is unsafe, how do you find a move that
will make it safe? This is difficult to do
on your fingers, so it is best to write



... and now

SAFE BY THE SEA. Although New York’s famous Coney Island
boardwalk has undergone many changes in the last 34 years,

N. Y. Daily News photo

its old-time lampposts are still there. Corrosion-resisting
Monel fastenings have held them securely for a generation.

What keeps Coney Island lampposts
standing up to 34 years of storm, salt and sea?

One of the lampposts on Coney Is-
land’s popular boardwalk was taken
down a few years ago ...

Inside its base, the work crew
found a thirty-year accumulation of
soggy rust flakes.

And under that? Four Monel*
nickel-copper alloy nuts and bolts
holding the post tightly tothe boards.
Threads as clean and sharp as new.
An easy twist with a wrench and out
came each Monel alloy fastening —

as fit and fine as the day it had been
put in!

Anchoring lampposts to stand
firm through 30 years or more of
seaside duty may be a far cry from
your metal problem. But whatever
that problem is — corrosion, stress,
fatigue, high or low temperature —
its solution may very well be found
in an Inco Nickel Alloy.

The International Nickel Company, Inc.
67 Wall Street New York 5, N. Y.

Remember, when you buy

INCO NICKEL - you also get
INCO+SERVICES

Whenever you are looking for answers to
your metal problems, all the information
and help we can give you are yours for the
asking. For instance...

A T Corrosion Service

MO, 4 High Temperature Service
« Fabrication Help
-+ Foundry Service
= Field Information Centers
< Convenient Sales & Service
+ Technical Publications

*Registered trademark

INCO NICKEL ALLOYS

NICKEL ALLOYS PERFORM BETTER LONGER
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Mathematical brain-twisters
to stimulate and entertain

Two of America’s eminent men of science had
fun collecting these paradoxical brain-teasers
and the mathematically-minded will have fun
solving them. With a delightful storytelling
facility, the authors present their twisters not
just as puzzles to be solved, but as stories of
human situations in which a seemingly baffling
problem is untangled by mathematic thinking.
The answers are unfolded along with the story,
and the reader’s enjoyment, as in a good who-
dunit, comes from watching the authors apply
logic to a set of given facts. Some of the stories
are old puzzlers with a new twist. Others will
come as a surprise to almost any reader.

Illustrated $2.50
PUZZLE-MATH

by George Gamow and Marvin Stern
THE VIKING PRESS, N. Y. 22
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H1-QUALITY REPRODUCTION! S29-95
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plus $1.25
pp. & hdlg.
PRECISION ENGINEERED—Amazing, new,
battery operated, portable, fully transistorized
recorder, imported from West Germany, pre-
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: FOR HOME, STUDENTS, BUSINESS—It will
M be the center of attraction at home for record-
' ing family get-togethers, capturing the magic
p of speech and song of family and friends—
§ records radio, record and TV shows! Educa-
§ tors agree that students benefit greatly from
# studying with a tape recorder. Business men
# can pack it in brief case and take on trips
! to record letters, speeches, instructions,
! jdeas: faithfully records verbal agreements,
: discussions. Perfect for recording interviews !
g PENNIES TO OPERATE—The ingenious Tel-
# Tape records, plays back, erases—has vari-
I able speed controls! Operates on 4 small
1 flashlight batteries available at any store for
® pennies. Simply press button and record.
: Unconditionally guaranteed for 90 days
s against mechanical defects. Comes complete
g with sensitive microphone, head set and tape
§ —-$29.95 plus $1.25 pp. & hdlg.
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Send check or M.O. COD fees extra.
10 DAY MONEY BACK GUARANTEE!

FILNOR PRODUCTS, INC.

Dept. 193, 101 West 31st Street
New York 1, N. Y.
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down the four binary numbers as fol-
lows:

16 8 4 21

7 111
13 1101
24 11000
30 11110
Totals 23322

Note the column farthest to the left
that adds up to an odd number. Any row
with a unit in this column can be altered
| to make the position safe. Suppose you

wish to remove a counter or counters
from the second row. Change the first
unit to 0, then adjust the remaining fig-
ures on the right so that no column will
add up to an odd number. The only way
| to do this is to change the second binary
number to 1. In other words, you re-
move all counters except one from the
second row. The other two winning
| moves would be to take four from the
third row or 12 from the last row.

It is helpful to remember that you
can always win if you leave two rows
with the same number of counters in
each. From then on, simply move each
time to keep the rows equal. This rule,
as well as the preceding binary analysis,
is for the normal game in which you win
by taking the last counter. Happily only
a trivial alteration is required to adapt
this strategy to the reverse game. When
the reverse game reaches a point (as it
must) at which only one row has more
than one counter, you must take either
| all or all but one counter from that row
so as to leave an odd number of one-unit
rows. Thus if the board shows 1,1, 1, 3,
you take all of the last row. If it shows
1, 1, 1, 1, 8, you take seven from the
last row. This modification of strategy
occurs only on your final move, when it
is easy to see how to win.

Since digital computers operate on
the binary system, it is not difficult to
program such a computer to play a per-
fect game of nim, or to build a special
machine for this purpose. Edward U.
Condon, the former director of the Na-
tional Bureau of Standards who is now
at Washington University of St. Louis,
was a co-inventor of the first such ma-
chine. Patented in 1940 as the Nima-
tron, it was built by the Westinghouse
Electric Corporation and exhibited in
the Westinghouse building at the New
York World’s Fair. It played 100,000
games and won 90,000. Most of its de-
feats were administered by attendants
demonstrating to skeptical spectators
that the machine could be beaten.

In 1941 a vastly improved nim-play-
ing machine was designed by Raymond
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A variation of nim called Tac Tix

M. Redheffer, now assistant professor of
mathematics at the University of Cali-
fornia at Los Angeles. Redheffer’s ma-
chine has the same capacity as Condon’s
(four rows with as many as seven coun-
ters in each), but where Nimatron
weighed a ton and required costly re-
lays, Redheffer’s machine weighs five
pounds and uses only four rotary
switches. More recently a nim-playing
robot called Nimrod was exhibited at
the Festival of Britain in 1951 and later
at the Berlin Trade Fair. According to
one newspaper account, the machine
was so popular in Berlin that visitors
“entirely ignored a bar at the far end
of the room where free drinks were
available, and it was necessary to call
out special police to control the crowds.
The machine became even more popular
after it had defeated the economics min-
ister, Dr. Erhard, in three games.”

Several interesting variations of nim
have been fully analyzed. To my mind
the most exciting variation, and one that
has not yet been analyzed, was invented
about 10 years ago by Piet Hein of
Copenhagen. Hein is the inventor ot
Hex, a topological game discussed in
this department for July, 1957.

In Hein’s version, called Tac Tix in
English-speaking countries and Bulo in
Denmark, the counters are arranged in
square formation as shown at the top
of this page. Players alternately take
counters, but they may be removed from
any horizontal or vertical row. They
must always be adjoining counters with
no gaps between them. For example, if
the first player took the two middle
counters in the top row, his opponent
could not take the remaining counters
in one move.

Tac Tix must be played in reverse
form (the player who takes the last
counter loses) because of a simple strat-
egy which renders the normal game



MISSILE COMPONENTS Bulova’'s infra-red seeker cell—the Sidewinder’s
eye — locks this missile on target; Bulova fuzing systems do the rest.
Powder-driven gyros, timers, safety-and-arming systems and other elec-
tronic and electro-mechanical devices, designed and made by Bulova,
play vital roles in the Dart, Talos, Sparrow...in all, 18 key missiles.

AUTOMATION Bulova R&D designed mechanized plant and equipment
for Signal Corps goal of 10,000 perfect quartz crystals per 8 hour shift
—with 1/10th the manpower. From systems analysis through equipment
development, Bulova engineers devise industrial and military facilities
for automatic production of electronic components and ordnance items,

Bulova precision helps to solve
today’s most challenging problems

Time, mass, length...the age-old concepts
man relies on as he enters the Age of Space.

Time alone is unique. Its accurate mea-
surement demands the highest order of
precision in the design and manufacture of
electro-mechanical devices.

Bulova, leader in measurement of time, has
become master.of the very combination of
abilities that holds practical solutions to

BULOVA PARK e

PRECISION MANUFACTURING Bulova-built servo muscles steer our
nation’s first ballistic guided missile — the Corporal. When critical toler-
ances demanded uncompromising accuracy, Bulova solved tooling and
assembly problems on a crash basis. Bulova experience and facilities
are unexcelled where precision, reliability and capacity are vital,

the growing challenges of miniaturization.

Miniaturized systems and components by
Bulova are now working for our nation’s
defense and automated industry. The same
vision and experience that developed them
are available to assist you...from concept
to reliable mass production.

U L OV A For further information, write Department

watch

BULOVA RESEARCH AND DEVELOPMENT LABORATORIES,
JACKSON HEIGHTS o

compuny

INC.
NEW YORK

AIRCRAFT

INSTRUMENTS Bulova’s new Servo Altimeter combines
unsurpassed sensitivity and accuracy with direct-reading tape: presenta-
tion. Special pressure devices created by Bulova include transducers for
air data computers...remote pressure sensors for weather stations and
airports...climb and dive indicators...and autopilot altitude controls.
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Routine Flight...

THE WORLD’S AGE-OLD DREAM of exploring the  the physiological and psychological effects upon
universe is nearing reality. Daily we are gaining ~ Man. Placing Man himself within the atmos-
new knowledge —knowledge of the physical  phere of outer space is now routine procedure
effects of outer space upon equipments, and of  in Litton Industries’ Space Research Laboratory.

LITTON INDUSTRIES BEVERLY HILLS, CALIFORNIA

Plants, Laboratories & Offices in the U.S., Canada, Europe, and South America
DIGITAL COMPUTERS & CONTROLS RADAR & COUNTERMEASURES INERTIAL GUIDANCE MICROWAVE POWER TUBES AUTOMATIC DATA PROCESSING
AIR NAVIGATION & COMMUNICATION ~ MONROE OFFICE & BUSINESS MACHINES ~ SPACE RESEARCH PRECISION COMPONENTS & TRANSFORMERS
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trivial. On squares with an odd number |
of counters on each side the first player
wins by taking the center counter and
then playing symmetrically opposite his
opponent. On squares with an even num-
ber of counters on each side the second
player wins by playing symmetrically
from the outset. No comparable strategy
is known for playing the reverse game,
although it is not difficult to show that
on a 3 X 3 board the first player can
win by taking the center counter or a
corner counter, or all of a central row
or column.

The clever principle behind Tac Tix,
that of intersecting sets of counters, has
been applied by Hein to many other
two- and three-dimensional configura-
tions. The game can be played, for ex-
ample, on triangular and hexagonal
boards, or by placing the counters on the
vertices and intersections of a penta-
gram or hexagram. Intersections of
closed curves may also be used; here all
counters lying on the same curve are
regarded as being in the same “row.”
The square form, however, combines the
simplest configuration with maximum
strategic complexity. It is difficult
enough to analyze even in the elemen-
tary 4 X 4 form, and of course as the
squares increase in size the game’s com-
plexity rapidly accelerates. Perhaps
some industrious reader can answer the
tantalizing question: Who has a win on
the 4 X 4 reverse game, the first or sec-
ond player?

Among analyzed variations of nim one '
proposed in 1910 by the American
mathematician Eliakim H. Moore is of
special interest. The rules are the same
as they are for regular nim except that
players are permitted to take from any
number of rows not exceeding a desig-
nated number k. Surprisingly the same
binary analysis holds, provided a safe
position is defined as one in which every
column of the binary numbers totals a
number evenly divisible by k plus 1.

Many readers have improved upon the
+ answers, given in this department
for December, to the problems pub-
lished here in November. It develops
that not only six but also seven cigarettes
can be so placed that each touches all
the others; that there are a large number
of equally simple solutions to the match
problem; and that there are procedures
by which the efficient electrician can
label any number of wires (except two)
in one round trip between top floor and
basement. In the drawing for the sphere
problem, the six-inch hole was incor-
rectly labeled, but the text should make
the solution clear.

A 66-inch Slide-rule
for your pocket

The GENIAC® Calculator car-
ries 66-inch spiral scales yet
measures only ten inches fully
extended and six inches when
closed. Four to five figure ac-
curacy can be relied on. It is
indispensable to the scientist,
research worker and student.
Administrative staff and busi-
ness men will find it of tre-
mendous value for a host of
estimating and checking cal-
culations, and quite simple to
use. Of non-warping metal con-
struction, with plastic coated
scales, it will give years of
service.

The GENIAC® Slide Rule
solves multiplication, division,
percentage calculations and
gives 5 placelogarithms as well.

Slide Rule Open

You may use it for 30 days and if you are not
satisfied repack and mail it back.

What our users say:

‘“May I congratulate you on such an instrument at so
modest a price, combining engineering and mathematical
skill, simplicity of operation in such a small space. It does
all you claim—four or five fig-
ure accuracy without eyestrain
or magnifiers. Half an hour’s
study is ample for its use.”
A.E.B. ... MSc
‘I have tested the GENIAC®

Slide Rule in my office and
find it much superior in clear-
ness and accuracy to_ordinary
slide rules.” F.H.G.B.

‘T use the GENIAC® Calcu-
lator for all my slide rule work
and need the extra digit which
normal slide rules cannot mve
I had to get one of m
tomers a GENIAC® Shde Rule
last mnnth after usmg mine in
his office.” . Textile
Manufacturers.

k1 |
Slide Rule Closed

Send for yours now only $19.95 postpaid.

ATOMOTRON

o MINIATURE ATOM
SMASHER
o PRODUCES

75,000 VOLTS

o ABSOLUTELY
SAFE

The
is a scientific instrument capable

In no sense of the word a toy or gadget.
ATOMOTRON
of producing 75,000 volts—makes sparks up to
2” long—yet it is absolutely safe because the
current is infinitesimal. The science teacher—
science lover—or hobbyist can perform experi-
ments to astound students—friends—family. Makes
smoke disappear—defy gravity—turns propellers
at a distance—transforms atomic energy into
light—makes artificial lightning—smashes atoms—
demonstrates ionic space ship drive—and many
other experiments. Constructed of the finest mate-
rials. Will do exactly—for instruction purposes—
what generators that cost 3 to 10 times more will
do. The perfect device to teach the secrets of
atomic physics and electricity. Will hold an audi-
ence spellbound as it performs trick after amazing
trick. Includes an experiment kit and illustrated
experiment manual. Manual explains the ‘“how”
and “why.” You will invent many new experiments
of your own. A fine research tool that will give
years of beneficial service to the institution or
individual who owns one. Available in kit form
or assembled.

Kit form ......cecvcvvuneennnenns reeerenes Net 14.95

Assembled ..., Net 19.95
Add 80c¢ for postage and handling U.S. $1.50 abroad

TEENAGER DESIGNS
A NEW COMPUTER!

Using his Geniac® Electric Brain Construction

Kit young John S., 16 years old, of Pittsburgh,
Pennsylvania designed and built a machine that
composes music, a circuit that is now included
with every kit.

An exception? Not at all—

Ronald W. of Denver, Colorado used his
Geniac® to design machines giving geometric
area formulas, position of the planets in the
solar system, control system in an atomic re-
actor, comparative weights on Mars and Earth
and seems to find new uses each week in addi-
tion to those in the experimental manual.

Peter H. of River Edge, N.J. created an
averaging machine.

Thousands of other people have used Geniac®,
the Electrical Brain Construction Kit, to explore
the fascinating new world of computing ma-
chinery. Schools colleges, industrial training
programs, engineering scientists and executives
who have to keep abreast of new developments
find in Geniac® the answer to their search for
information and material to advance their
knowledge of computers.

WHICH GROUP ARE YOU IN?

[ Engineer or Research Scientist, who wants to
learn more about the application of com-
puters to his problems.

[ Executive, with an interest in computing
machinery.

[ Teacher, in high school or college who needs
laboratory or demonstration material on
computers,

[ Student, impatient for teachers to hegin.

[ Scientific Amateur, who wants to learn about
computers but doesn’t know how to begin.

O Parent of a scientific-minded youngster, who
is looking for a present that will provide
hours of entertainment and instructive value.

Thousands of people from these groups have

bought and enjoyed Geniac®, the Electrical

Brain Construction Kit.

Every Geniac® Kit contains 7 books and man-
uals including a Beginner's Manual and Study
Guide to help the teenager whose knowledge of
electrical circuitry may be limited. From these
you can go step by step into more advanced
circuit designs and finally through the theory
needed to design your own machines.

This is why we don't think the designs we re-
ceive are exceptional. We planned it that way.

So if you have a boy—from 11 years up, who
is an electrical bug, or if you yourself want to
understand more of the theory behind circuit
designs, order your complete kit now.

Geniacs are fun too. Exciting puzzle-solving cir-
cuits—the Uranium Shipment and the Space-
Pilots, code-making machines, game-playing
machines for Tic-Tac-Toe, Nim, intelligence-
testing devices will give you and your children
hours of amusement. Over forty machines can
be built from your Geniac® Kit with more than
400 pieces and parts, seven books and manuals.
GENIAC® KIT with special discs, 7 manuals and
texts, parts tray, tool kit and display rack........ 9.9
(xdd 80¢ west of Mississippi, $2.00 outside U.S. )
Seven day return guarantee.
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City.. ...Zone. .. ... State

Send check cash or money order to:
DEPT. SA-28

OLIVER GARFIELD COMPANY
126 Lexington Avenue, New York 16, N. Y.
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Conducted by C. L. Stong

in Springfield, Ill., has demonstrated

once again that neither inexperience
nor limited facilities can discourage the
determined amateur experimenter. Two
years ago Armstrong’s physics teacher at
Cathedral Boys” High School came across
an old gas-discharge tube in the school
storeroom. When the tube was tested it
did not work too well, and the teacher
challenged Armstrong to find the trou-
ble. Armstrong promptly broke the tube,
but this only stimulated him to make a
new one. Within a few months he not
only wound up with a successful gas-
discharge tube but also made a set of
unusually good photographs of gas-dis-
charge effects, learned that electron
bombardment has peculiar effects on the
germination of seeds, and walked off
with first prize in the annual science
competition conducted by the Illinois
Junior Academy of Science.

Armstrong’s tube does not differ es-
sentially from the one invented in 1752
by the English physician William Wat-
son, who pumped air out of a glass bulb
containing a pair of electrodes in an
attempt to learn whether air is a con-
ductor of electricity. As the air was
pumped out of the tube, the amount of
electricity conducted between the elec-
trodes increased. After a time Watson
was astonished to observe that the tube
was filled with a pink light. Experimen-
ters have been pumping the tube ever
since, and it has still not been emptied
either of gas or strange effects. From it
have come a large number of advances
in modern electronics and experimental
physics.

The amateur can easily join in this
kind of experimentation. A gas-discharge
tube is about as simple to make as a
piece of electrical apparatus can be.

John Armstrong, a high-school student
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How a gas-discharge tube was made

and applied in diverting experiments

With a little ingenious scrounging it can
be set up for less than $10.

“The glass for my tube,” writes Arm-
strong, “came from the scrap pile of a
nearby college. It is 14 inches long, an
inch in diameter, and has a wall thick-
ness of an eighth of an inch. The ends
of the tube are closed by rubber stop-
pers. Sixpenny nails pushed through the
stoppers serve as electrical connections.
The point of one nail is the cathode; a
cup-shaped copper disk, soldered to the
head of the other nail, is the anode.

“One stopper was perforated to take
a short length of quarter-inch glass tub-
ing. This serves as an exhaust port. It
is connected by flexible plastic tubing
to a piston-type vacuum pump. Inciden-
tally, a dealer in second-hand electric
refrigerators is a good source of such a
pump. The compressor of an old refrig-
erator can be converted into a vacuum
pump simply by hooking it up back-
ward. A good compressor (converted, of
course, into a vacuum pump) can evacu-
ate an air-tight vessel until the pressure
inside is only 25 microns of mercury, or
one 30,000th the pressure of the atmos-
phere at sea level.

“Experiments  with  gas-discharge
tubes require a vacuum gauge of some
sort. A simple gauge made of plastic
tubing and mounted on a board as shown
in the illustration [see page 114] is ade-
quate. Although it is not shown in the
drawing, a metric ruler is mounted be-
side one arm of the U-shaped tube of
the gauge. The tube is filled with mer-
cury to the 38-centimeter mark and con-
nected to the vacuum system by means
of a T-shaped fitting. Both the tubing
and the mercury can be ordered through
most drugstores. The price of mercury
is about 30 cents an ounce; a pound will
more than fill a gauge made of eighth-
inch tubing.

“All joints in the vacuum system, in-
cluding those between the nails and the
stoppers, must be sealed. A good wax
for this purpose can be made by melt-
ing together equal parts by weight of
vaseline and paraffin. The compound is
easy to apply at room temperature and
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its vapor pressure is not high enough
to contaminate the system.

“My tube is energized by an induction
coil of the vibrator type, capable of
producing a spark about an inch and a
half long in air. Ideally one should use
a source of pure direct current. How-
ever, the output of the coil is adequate
for this work, because the voltage pulse
induced in the secondary winding of
the coil when the vibrator contacts open
is always of the same polarity, and it
is much stronger than the pulse of op-
posite polarity induced when the con-
tacts close. Hence the output may be
regarded as pulsating direct current.
Coils of this type were used in Model-T
Fords, and some are still around. Those
from modern automobiles will work just
as well if they are equipped with an
external vibrator. The power for my
coil is derived from a transformer which
steps the 110-volt alternating house cur-
rent down to 12 volts. This output is
then converted to direct current by a
selenium rectifier. High-voltage connec-
tions between the coil and the tube are
made by high-tension cable of the type
used for connecting automobile spark-
plugs.

“The apparatus should be set up in a
dimly lighted room. Allow a few min-
utes for your eyes to become adapted
to the darkness; then start the coil and
the pump. A faint glow will appear at
the point of the cathode nail and at the
edge of the anode. The glow will spread
appreciably by the time the pressure
has dropped to 2.5 centimeters of mer-
cury. The electrical field in the vicinity
of the electrodes has become so intense
that electrons are knocked from mole-
cules colliding with the metal parts. In
the process energy is absorbed by the
fragments. Some dismembered mole-
cules then recombine and emit the ab-
sorbed energy as light. Few of the ex-
cited particles migrate far before col-
liding with other molecules of gas.
Hence the glow is largely confined to
the surface of the electrodes [top photo-
graph on opposite page].

“When the pressure has dropped to



An amateur’s photograph of the corona discharge in a gas-discharge tube at atmospheric pressure

Erratic spark discharge at a pressure of 1.5 centimeters of mercury

Steady spark discharge at a pressure of 1 centimeter of mercury

Full glow discharge at a pressure of .75 centimeter of mercury

Faraday dark space at a pressure of .2 centimeter of mercury

Thick disks at a pressure of .1 centimeter of mercury

Disks are distorted (center) by the application of a magnetic field
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about 1.5 centimeters, electrons and
ionized molecules or atoms can occasion-
ally travel the full length of the tube.
Some of these charged particles collide
with other molecules and ionize them.
As the molecules recombine, they emit
light and trace the path of the charged
particles. These intermittent discharges
can be photographed by time exposure
[second photograph on preceding page].
When the pressure is reduced to 1 centi-
meter, the discharge is continuous [third
photograph].

“At a pressure equivalent to about .75
centimeter of mercury the tube abrupt-
ly fills with Watson’s pink glow. The
space has been emptied to the point
where many particles reach high speed
before colliding with gas molecules.
However, the tube still contains so many
gas molecules that ionizing collisions oc-
cur with great frequency; recombination
takes place throughout the space. Hence
the tube emits a uniform glow similar
to the aurora polaris, commonly known

Angle
Measuring

Interferometers

An Interferometer which mea-
sures accurately the divisions

of a circle to a precision of
one-tenth second of arc with-
out cumulative or periodic
errors has been satisfactorily
produced by Ferson in collab-
oration with Eichner. Pictures

and a description of the func-

tioning of the instrument are
available upon request.

E}RSON

OFTICAL COMPAMY 1NE | T

Ovawn Basings, Woisiinpp |

MAKE TINY GENIUS COMPUTERS WITH

BRAINIAC

a new and better

ELECTRIC BRAIN CONSTRUCTION KIT |
Makes 106 computing, reasoning, arithmetical, logical,
puzzle-solving and game-playing machines . . . all 33
GENIACS, 13 TYNIACS and 60 All New BRAINIACS®

Scientific

Fun

Instructive
Safe

with reusable
solderless parts \
and ?
complete plans ‘
THIS IS BRAINIAC! With our Brainiac Kit (K 15), you ‘

can build over 100 small electric brain machines and toys
which ‘‘think’’, compute, reason and display intelligent be- |
havior. Each one works on a single flashlight battery . \
is FUN to make, FUN to use and play with, and '1LA(‘HLS '.1
you Qomethmg new about electrical computing and reason- I\

ing circuits. Originated and produced exclusively by Berke- \ |
1 u\[
L) R

ley Enterprises, Brainiac is the result of 7 years’ develop-
dischavge tube /
/4

ment work with miniature mechanical brains, mcludmg
Geniac, Tyniac, Tit-Tat-Toe Machine mctured in LIF
Magazine, Simon, Squee, etc.
“ o
1 x 14
lettuce
seed

mercury
manometer

WHAT CAN YOU MAKE WITH BRAINIAC KIT K 157
106 small machines including—Logic Machines: Logical
Truth Calculator, Syllogism Prover, Intelligence Test,
Boolean Algebra Circuits . . . Game-Playing Machines:
Tit-Tat-Toe, Nim, Black Match, Wheeled Bandit, etc. .
Computers: To add, subtract, multiply or dl\lde usmg
decimal or binary numbers; Forty-Year Calendar, etc. . .
Cryptographic Machines: Coders, Decoders, Combination
Lock with 15,000,000 combinations, etc. . . . Puzele- |
Solving Machi and Quiz M Over 30 intriguing
puzzles and quizzes—with fascinating variations.

WHAT COMES WITH YOUR BRAINIAC? Complete
plans and instructions ® Manual by E. C. Berkeley on small
electric brain machines. ® Over 120 circuit diagrams in-
cluding 46 exact wiring templates @ Introduction to
Boolean Algebra for designing circuits. ® Every part
needed to build Geniacs, Tyniacs, Brainiacs—over 400
pieces including control panel, multiple switch dlSCS.
jumpers, 1mpro\'ed \npers, Iyulbs sockets, \\’ashere, wire,
battery, $17.95.
(For shipment West of \Ilssnslpm, add 80¢, outside U.S.,
add $1.80.)

7-DAY FULL REFUND GUARANTEE IF NOT SATISFACTORY

— ———=-MAIL THIS COUPON— — — — —

Berkeley Enterprises, Inc., Dept. R119
815 Washington St., Newtonvnlle 60, Mass. I
D Please send

.

me Brainiac Kit X 15, (Returnable

n 7 days for full refund if not satisfactory—if in good

"—_—"I

conditio I
O I enclose S.ueeivviriiinnnnnnnnns in full payment.
My name and address are attached. 1
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as the Northern or Southern lights
[fourth photograph].

“With a further reduction of pressure
to about .2 centimeter of mercury a
number of subtle effects appear in the
discharge, although only a few show in
my picture [fifth photograph]. The
broad dark region near the cathode end
of the tube is called the Faraday dark
space’ because Michael Faraday first ob-
served it in 1753. An intense blue glow
now surrounds the cathode. With a
slight further reduction in pressure the
color of the tube changes from pink to
white and, although the glow appears
solid, it actually consists of a series of
fine disks of light somewhat like a stack
of coins. The disks are so thin and
closely packed that one must study them
a while before they can be seen. I have
not yet succeeded in photographing
them. Nor have I found a clear explana-
tion of the effect in any reference text.
As F. H. Frantz pointed out in his dis-
cussion of electrical discharges [“The

/

s

"';/trdnaformer

// and rectifier
(

tiov. AC to 12v Ij(f)

induction)
coil

A gas-discharge tube with high-voltage supply and vacuum system



UNUSUAL OPTICAL BARGAINS

SATELLITE
TELESCOPE

Especially made for members of
MOONWATCH. Gives you the great-
est possible field with the ability to
observe faint objects with only slight
magnification. Wide (51 mm) diam-
eter, low reflection, coated objective
lens. 6 element extremely wide
field, coated Erfle eyepiece, which in
combmauon with the objective, gives
5.5 power with a big 12° field and
over 7 mm exit pupil. This scope also makes a perfect wide
field finder—a wonderful comet seeker; see complete aster-
isms.

Stock No. 70,074-S. .............

.$49.50 Postpaid

See thrilling sights with our amazing
power—wide 12° Use of high quality war surplus

.
See the Satellites
Get ready for a terrific sky show as
Satellite Scope at unheard of low cost. Also view comets—
optics makes posslhle this bargain.

NEW, LOW PRICE "SATELLITER"

more Satellites are vaulted into space.
use as a Rich- hcld Scope for viewing star clusters. 5
Stock No. 70,150.S................ .$9.95 Postpaid

Take Telephoto
Shots Thru

7 x S0
MONOCULAR

This is fine quality, American made instrument—war
surplus! Actually % of U.S. Govt. 7 x 50 Binocular. Used
for general observation both day and night and to take
fascinating telephoto shots with your camera. Brand new.
$95 value. Due to Japanese competition we close these out
at a bargain price. Directions and mounting hints included.

Stock No. 50,003-S..........................$15.00 Pstpd.

REFRACTOR TELESCOPE
240-POWER

Complete with Finder, Equa-
torial Mounting, Tripod, Eye-
piece Extension, Star Diagonal,
and Three Lyemeces giving you
48X, 120X and 240X. Special
Barlow lens also gives up to
500X. Big 4” objective is an
air-spaced achromat, each ele-
ment coated on both sides for
low reflection. Rack-and-pinion
focusing. A $400 value.

Stock No. 85,038-S ............ccccoeev i $247.00 f.o.b.

(Shipping wt. 55 1bs.) Barrington, N. J.

NEW! STATIC ELECTRICITY
GENERATOR

See a thrilling spark display as you
set off a miniature bolt of lightning.
Absolutelysafeandharmless Sturdi-
ly made—stands 14" high. Turn the
handle and two 9” plastic discs ro-
tate in opposite directions. Metal
collector brushes pick up the static
electrlcxt), store it in the Leyden
jar type condenser until discharged
by the jumping spark. Countless
tricks and experiments. 24 page
instruction booklet included.

BUILD A SOLAR
ENERGY FURNACE

Good Geophysical Year Project
A fascinating new field. You can
build your own Solar Furnace for
experimentation—many practical
uses. It’s easy—inexpensive—use
your scrap wood. We furnish in-
struction sheet. This sun powered
furnace will generate terrific heat 2000° to 3000°.
Fuses enamel to metal—produces many unusual
fusing effects. Sets paper aflame in seconds. Use
our Fresnel Lens—143,” diameter . . . f.1. 14”

Stock No. 70,130-S package of 1........ $ 6.00 Postpaid
Stock No. 70,131-S package of 2........ 11.00 Postpaid

ORDER BY STOCK NUMBER

Photographers'
of thé moon taken through
Telescope by a 17-year-old student.

Kellner,

ASSEMBLED
AND
READY TO USE!

This_is an actual photograph
our Astronomical

A REAL REFLECTOR TELESCOPE
Complete with Equatorial Mount, Tripod

With this scope you can see the craters on the moon, rings of Saturn,
double stars,
give theoretical limit of resolution. 6X Finder. Rack and pin focusing,
removable mirror mount, real equatorial mounting—only one adjustment
follows stars! Aluminum tube—takes standard eyepieces.
12" F. L. eyepiece, one Barlow lens to give you up to 270 Power.
F/11 mirror corrected to better than 14" wavelength.

Stock #85,006-S........................ $74.50 f.o.b. Barrington, N. J.

You’ll
huge craters on the
detail,
Aluminized and ove
Telescope comea
Barlow Le

Telescope, d W
wood,

Stock No. 85,050-S
(Shipping wt. 10 Ibs.)

" ASTRONOMICAL TELESCOPE
MT. PALOMAR TYPE ONLY
UP TO 270 POWER 57450

COMPLETE

or a newspaper headline at a mile! Mirror guaranteed to

You get 40X

See the Stars, Moon, Planets Close Up!
37 ASTRONOMICAL REFLECTING TELESCOPE
60 & 120 Power—An Unusual Buy!

Famous Mt. Palomar Type

see the Rings of Saturn, the fascinating planet Mars,
Moon, Star Clusters, Moons of Jupiter in
l‘qudt()llal mount with lock on both
oated 37 diameter high-speed f/10 mirror.
ulpped with a 60X eyepiece and a _mounted
mrr you 6 wer. An Optical Finder
so essential, Sturdy, hard-
bortable. tripod.

Frede with scope Valuable STAR CNART

an 272 ‘“‘Astronomy Boo
529.50 f.o.b.
Barrington, N. J.

Galaxies!

is also included.

Fine, American-Made Instrument at Over 50% Saving

MAKE YOUR OWN POWERFUL ETTET «
ASTRONOMICAL TELESCOPE 4

GRIND YOUR OWN ASTRONOMICAL MIRROR
Complete Kits Including Blank, Tool and Abrasives

checking,

All over America amateurs are grinding their

own mirrors

and making expensive Telescopes

cheaply. You can do the same using our Kits.
These contain mirror blank, tool, abrasives,

diagonal mirror and eyepiece lenses.

You

build instruments ranging in value from $245
to thousands of dollars.

New! 2 in 1 Combination! Pocket-Size

Stock No. 85,053-S

assembling, dissecting—speeding up and improving quality control.
objectives on rotating turret. Standard pair of wide field 10X Kellner Eyepieces give you
23 power and 40 power. Additional eyepieces available for greater or lesser magnification.
Helical rack and pinion focusing. Precision,
10-DAY FREE TRIAL . . .

Order Stock No. 85,056-S..
(Shipping wt. approx. Il Ibs.)

STEREO MICROSCOPE
For Industrial or Hobby Use

Up to 3” Working Distance—Erect Image—Wide 3 Dimensional Field
Now, ready after years in development—this instrument answers the long standing need
for a sturdy, efficient STEREO MICROSCOPE at low cost. Used in production—in re-
search—in the lab, shop,

factory, or at home; for inspections, examinations, counting,

2 sets of

American-made! WE WILL SHIP
complete satisfaction or your money back.

$99.50 f.o.b. Barrington, N. J.
Send check or M.O.

ON

= o

Price
$ 7.50 postpaid
11.95 postpaid
19.50 postpaid
30.75 postpaid
54.75 postpaid

70.007-S 12"

INFRARED SNIPERSCOPE TELESCOPE & PARTS

See in the dark—without being observed. War surplus Sniperscope M-2.
Gov’t cost about $1200. Used for industrial plant security; research lab
experiments ; infrared photography ; spectroscopy, etc. Instrument complete,
ready to use. Includes Power
from 6V auto battery. Battery or transformer available.

Pack, infrared light source. Will operate

will furnish
1P25A image

$150.00 f.0.b.
Barrington, N. J.
Shpg. wt. approx. 12 lIbs.

Save still more money! Build your own Sniperscope! We

instructions—parts, including: Power Packs,

quest FREE catalog “S”’.

50 POWER MICROSCOPE

and 10

.SEND CHECK OR MONEY ORDER.

EDMUND SCIENTIFIC €O..BARRINGTON, NEW JERSEY

POWER TELESCOPE
A [T

ONLY Useful Telescope and Mi-
croscope comblned in one

§$A.50 amazing, precision instru-
4- ment. Imported! No larger
opd, than a fountain pen. Tele-

scope is_10 Power. Micro-
scope magnifies 50 Times. Shar
focus at any range. Handy for sports,
looking. ot small objects, just plain
snooping.

Order Stock #30,059- S SA 50 ppd.
Send Check o

Satinfaction Guarnnlrcdl
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SATISFACTION GUARANTEED!

tubes, light units, filters, etc. For details—re-
WRITE

ror. FREE CATALOG-S

Huge selection of lenses, prisms, war surplus op-

tical instruments, parts and accessories. Tele-
scopes, microscopes, satellite telescopes, binocu-
lars. Infrared Sniperscopes &

parts, reticles, mirrors, Ron-

chi rulings, dozens of other
hard-to-get optical items.
America's No. 1 source of
supply for Photogra-
phers, Hobbyists, Tele-
scope Makers, etc. Ask
for catalog S.
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Now you can read shaft positions

to one second of arc...directly...

with Gurley’s new Umn ﬁ See’

an optical Coincidence
Reading System
complete with a
precision glass

circle

A bulletin
illustrating
the how and
why of UNISEC
is yours for
the asking.

W. & L. E. GURLEY

562 Fulton Street
TROY, NEW YORK

New “Mechanical Educator’’ to

IMPROVE MEMORY

Inability to recall names, places, facts quickly is a
common, often costly, shortcoming that can now be
easily overcome with the aid of a new device for
self-instruction, memory and concentration train-
ing. This versatile new educational tool can also be
used effectively in language learning, speech cor-
rection and improvement, in mastering tables, for-
mulae—anything to be memorized—faster than ever.

DORMIPHONE Memory Trainer

o Speeds up learning processes
* Aids Concentration

Using a new recording
principle, the Memory
Trainer records, in-
stantly plays back, and
automatically repeats
speech, music, or any
spoken or broadcast
material through a
built-in speaker. No
reels of tape to wind
and rewind. Complete-

RECORDING
CARTRIDGE

ly portable—13"x7%"
x 6” and weighs only

Easily
removed. Can be stored
or ‘‘erased’’ instantly

9 1bs. Ideal for home,
school, industrial safe-
ty training use. So
simple, children bene-
fit—so helpful and
practical, it is used

and re-used repeated-
ly. Just record, flip a
switch — listen — and
fearn!

Write TODAY for FREE folder

with complete information.
Modernophone, Inc.
220-028 Radio City
New York 20, N. Y.

————————————————— 1
| MODERNOPHONE, INC. Circle 7-0830 |
220-028 Radio City, New York 20, N. Y.
Gentlemen: Please send me your FREE Booklet. T am I
| interested in learning more about the Dormiphone I
Memory Trainer and what it can do for me. No obliga-
| tion—no salesman will call.

by educators, psychol-
ogists, people of all
ages and professions.

I Name ...

......... Zone....... State.
{y main interest in the Memory Trainer is for:

|

|

Address :
|

Language Learning I

O [ Speech Improvement
O Memorization

[ School or College Work

P—————
2

Amateur Scientist,” February, 1956], a
number of phenomena associated with
electrical discharges through gas at low
pressure are not understood. The appar-
ent narrowing of the glow toward the
middle of the tube in my photographs is
an optical distortion caused by the glass.
The tube I used had been heated to the
softening point during a previous chemi-
cal experiment and the glass in the mid-
dle of the tube had become thicker.

“At still lower pressures the Faraday
dark space expands toward the anode at
the expense of the disks, which become
thicker and less numerous. A second
dark region, the Crookes dark space, ap-
pears between the Faraday dark space
and the cathode. Like the Faraday
space, the Crookes dark space also ex-
pands toward the anode with the de-
crease of pressure. When the pressure
drops to about a millionth of its initial
value, the Crookes dark space expands
to the anode and the glow vanishes. Col-
lisions between the relatively few re-
maining gas molecules and electrons,
now rushing to the anode at speeds
measured in thousands of miles per sec-
ond, are so infrequent that no percepti-
ble light is emitted. At about this point,
however, the walls of the tube begin to
glow a pale green. The glow is due to
X-rays generated when high-energy

| electrons crash into the nuclei of silicon

atoms in the glass. My pump does not
exhaust the tube to this pressure. The
thicker disks, Faraday dark space and
bright cathode glow are evident in my
sixth photograph [page 113].

“Photographing these effects is an in-
teresting project. I have been unable to
locate pictures of them in any reference
text. The work is not easy, particularly
at the lower pressures, because the glow
tends to flicker and blur the image unless
the voltage and pressure are held con-
stant. I used Eastman Kodak Royal Pan
sheet film, which has an A.S.A. speed
rating of 400. My first five pictures
[page 113] were made with a lens open-
ing of f/16. The first was made at a
shutter speed of 1/200 second. The next
three were time exposures of 15 seconds.
The fifth was made at 1/200 second.
The sixth picture was made at /3.5 and
17400 second. Many of the effects are
rich in color. So far as I can learn they
have never been reproduced in color,
although color photographs of them
have doubtless been made.

“Because electrons are charged they
can be deflected by a magnetic field. If
you know the polarity of the field, you
can determine whether the charge is
positive or negative. Everybody knows
that the charge of ordinary electrons is

© 1958 SCIENTIFIC AMERICAN, INC

direction of magnetic field

direction of %
clectron flow

direction
of electvon
deflection

The “left-hand rule”

negative, but the experiment is inter-
esting nonetheless. You can identify the
north pole of a magnet simply by sus-
pending it at the middle with a piece of
heavy thread. The magnet will doubt-
less spin until the thread untwists, but
finally it will come to rest in a north-
south direction. The north pole is then
marked. During this procedure the mag-
net should not be hung near a large mass
of iron, which may cause it to give a
false indication. The magnet (one of
the Alnico semicircular type works best)
is now put across the discharge tube so
that the lines of magnetic force cut
through the electron stream at a right
angle. Electron flow obeys the so-called
‘left-hand rule.” Hold the left hand so
that the index finger points away from
the body, the thumb points up and the
middle finger points to the right [see
illustration above]. Without changing
the relative position of the fingers turn
the hand until the thumb points in the
direction of the current flow (current is
assumed to flow from anode to cathode
although the electrons flow in the oppo-
site direction) and the index finger
points in the direction of the magnetic
field (north to south). The middle finger
will then point in the direction toward
which the electron beam is deflected, if
the electrons are negatively charged.
The upward distortion of the striations
in the middle of my seventh picture
[page 113] shows the effect.

“Having built the tube and photo-
graphed some of its effects, I looked into
the possibility of using it for other ex-



Pictured above is our new Research and Development Center now
under construction in Wilmington, Massachusetts. Scheduled for
completion in early 1958, this ultramodern laboratory will house
the scientific and technical staff of the Avco Research and
Advanced Development Division.

Avco’s new research division now offers unusual and exciting
career opportunities for exceptionally qualified and forward-
looking scientists and engineers in such fields as:

Science:

Aerodynamics » Electronics «+ Mathematics «+ Metallurgy
Physical Chemistry * Physics « Thermodynamics
Engineering:

Aeronavutical ¢« Applied Mechanics » Chemical « Electrical
Heat Transfer « Mechanical « Reliability » Flight Test

Write to Dr. R. W, Johnston, Scientific and Technical Relations,
Awvco Research and Advanced Development Division,
20 South Union Street, Lawrence, M assachusetts.

CREATIVITY

If there is a single word that can best describe the aim and
purpose of AVCO’s Research and Advanced Development
Division, it is creativity. We at AVCO have assembled those
elements and that atmosphere which we believe are most
conducive to true creative effort.

Our future progress depends on an early recognition of the dif-
ference between an important new idea and just a new idea. It
is mere quibbling with words whether we call these things new
discoveries, breakthroughs, or basic research. They are, in fact,
merely the signposts of our future. The world in 1980 and the
year 2000 will, in its technological aspects, be vastly different
from what we know today. Yet locked somewhere on our present
scientific frontiers is the knowledge that will spell out this
difference. It is our purpose to help in the unlocking of that
knowledge and to contribute our part to the over-all progress.

The most important ingredients of creativity are curiosity and
a real will to work hard. Of only slightly lesser importance is
the feedback, or close working relationship between theore-
tician and observing experimentalist. We at AVCO also realize
that a single creative effort is the o‘utput of a man, or, at the
most, of a small group of men at any one time. It is, therefore,
continuously subject to the criticism of other men and some
even more stultifying forces. Some of these are economic or
organizational and others are of a more subtle variety. We of
the AVCO management consider it our responsibility to be
alert to both positive and negative factors affecting creativity.
We consider the ability of our men to create for the future,
the most important function of the AVCO Research and
Advanced Development Division.

J. W. Marchetti,
Director, Avco Electronics Research Laboratory

Hesearch & Advanced Jevelopment
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When you own the famous Exakta...

you own the best!

The New Automatic

FXAKTA nin
35-MM SINGLE LENS
REFLEX CAMERA

The Exakta |la is acclaimed to be the most versa-
tile camera in the Id. With the Exakta you can
ph ph not only such subjects as children,
pets, wildlife, flowers, landscapes and industrial
enes, but also microbes under a microscope—
even the moon if you wish, You can use it in
) work for making slides and to copy docu-
ments, pages from books, stamps, etc. The Exakta
always gives you the perfect assurance of posi
tive accuracy, because the same lens that is used
for viewing also takes the picture! The picture
you sge on the ground glass is precisely the pic-
r Exakta lla records on film! The Exakta
markable instrument that liberates you
ery picture-taking limitation. You can
pes of piclures w this very same
S from microscope to telescope
thing which is in b»r en, including
¢! Your dealer will be gla
¢ new Automatic Exakta |la Camera to you

Dept.
&0 for . 1Mus-
trated and descrin-
tive Brochure an

Neow nut“nnr
Exaktn Tls tamers.

EN AT € AW L € iy vy
705-5 Bronx River Road, Bronzville, New York

40 POWER postpaid $57.50

HIGH POWER SPOTTING SCOPE—American Made
Big 3” diameter Achromatic Coated Objective will give
bright crystal clear images. Micrometer Spiral Focusing
Draw Tube. Lightweight aluminum construction throughout,
black crackle finish, length open 22", closed 15%"”. Upright
image. Guaranteed to give superb performance.

MOUNTED AIR SPACED OBJECTIVES

We offer the finest hand-corrected air
spaced American made astronomical objectives.
Mounted in Black Anodized Aluminum Cells.

DIA. F.L. PRICE PRICE
3Va" 48" Coated $32.00 Not Coated $28.00
4" 62” Coated $69.00 Not Coated $60.00

We can supply ALUMINUM TUBING for the above lenses.

MOUNTED 114~ 0.D. EYEPIECES

12.5 mm F.L. Symmetrical .. .$6.00
16 mm Erfle (Wide Angle). I% 58

16 mm IF.L. ‘I'riplet
18 mm F.L. Symmetrical
22 mm F.L. Kellner ...
32 mm F.L. Orthoscopic . )
35 mm F.L. Symmetrical
55 mm F.L. Kellner ...

COATING 75¢ ‘extra

bé 11/ Our selection of diame-
Bl LE ters and focal lengths is
the largest in the United

States available for immediate delivery. Perfect magnesium
fluoride coated and cemented achromatic telescope objectives.
Aluminum tubing and cells available for lenses listed below.
Send for complete list of other diameters and focal lengths.

Dia. F.L. EACH Dia. F.L. C

215" 10”7 $12.50 3" 15" $21.00
2%" 15" $ 9.75 34" 241," $22.50
21" 2415”7 $12.50 33" 40” $30.00
215" " $12.50 435" 24" $67.00
21" 50" $12.50 575" 241" $85.00

ASTRONOMICAL TELESCOPE MIRRORS

Polished to %4 Wave and Aluminized

Dia, F.L. Postpaid
3% 42" $ 9.75
Pyrex g 45" $13.50
Pyrex 6 a 60" $25.00
I Free Catalogue ‘““MILLIONS’’ of Lenses, etc. I

We pay the POSTAGE—C.0.D.’s you pay postage—Satisfaction
guaranteed -or money refunded If returned within 10 days.

EGERS

EOIA Merrick Road
LYNBROOK, N.Y
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perimental work. I had read somewhere
that the rate at which seeds germinate
is influenced by electron bombardment
at the business end of a linear accelera-
tor. My tube scarcely qualified as a
linear accelemtm on the other hand,
it seemed to me that if seeds were put
inside the tube, where they would re-
ceive the full impact of the electron
beam, some effect might be observed.

“Lettuce seeds were selected for the
test because they are large enough for
easy counting. The seeds were divided
into five groups of 100 each. One of the
groups was set aside to serve as a con-
trol. The remaining four were put into
the tube, one group at a time. The
cathode stopper was simply pulled out
and the seeds poured into the tube. The
electric field tends to concentrate at the
edge of the cup-shaped anode; since I
wanted bombardment of maximum in-
tensity, the tube was operated in an
inclined position so that the seeds would
collect at this edge.

“In the case of three test samples the
tube was exhausted to the pump’s limit
and the vibrator of the coil was adjusted
to produce maximum secondary voltage.
One sample was exposed to maximum
bombardment for five minutes, another
for 10 minutes and the third for 15 min-
utes. In the case of the fourth sample
the tube was pumped to lower pressure
(about .75 centimeter of mercury); con-
sequently this sample was subject to less
intense bombardment. The time of ex-
posure was five minutes.

“The seeds were made to germinate
by placing them on a disk of blotting
paper kept moist with a wick. Each

group of seeds was labeled and exposed
to light from a north window in a room
where the temperature was a reasonably
constant 70 degrees. The results are
shown in the accompanying graph [be-
low]. Note the remarkable contrast be-
tween the germination rate of seeds in
the control group and that of seeds ex-
posed to high-intensity bombardment
for 10 and 15 minutes. At the end of 24
hours, 40 seeds of the 100 exposed for
10 minutes had germinated. Six hours
later the figure was 94; ultimately it
reached 99.

“No seeds of the control group had
germinated at the end of 30 hours and
only 62 had germinated at the end of
36 hours. At the end of 60 hours 97 had
sprouted. This was two less than the
group irradiated for 10 minutes. Even
the sample exposed at high intensity for
five minutes showed a marked gain over
the control group. It is interesting that a
few seeds from the group irradiated for
the same time at low intensity germi-
nated early but only half showed signs
of life at the end of 60 hours.

“Following the germination experi-
ment a few of the sprouted seeds from
each group were kept under extremely
moist conditions. Mold promptly at-
tacked the control group. But seeds
which had been irradiated showed no
evidence of mold or bacterial growth
even at the end of several days.”

I? P. Hughes of Wausau, Wis., sub-

* mits a tip for those about to embark
on the making of their first telescope
mirror.

“When you start to build a telescope,”
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Snow-melting by Copper tubing was so successful around the New Haven,
Connecticut, office building of the New York, New Haven & Hartford
Railroad that a second installation was made at the Station entrance!

A [

F

Add COPPFPER

...and stop shoveling snow!

In New Haven at the railroad station, snow is re-
moved by melting. Hot water, circulating through
Copper tubes embedded in the pedestrian pave-
ment, keeps the whole area clear!

Installing a snow-melting system . ..in front
of a store or bank or office building or along resi-
dential sidewalks and driveways...is easiest
with Copper. For Copper tube comes in 60 and
100 foot lengths, minimizing the number of joints
needed. These joints are quickly made too. .. by
soldering or brazing. Also, the flexibility of Cop-
per tube makes most of the bending something a

mechanic can do with his two hands and a knee!

And the life of the completed, continuous
heating coil? Just about unlimited. For Copper
means virtual absence of corrosion and conse-
quently a smooth, free flow of the heating medium
at all times. No clogging with rust or other matter.

For other applications, Copper offers other
superior properties, too. It’s the best conductor
of electricity commercially available. It is easy
to machine, draw, form, stamp, polish, plate. And
you can count on an ample supply of Copper to
meet all your future needs.

COPPER ‘- BRASS - BRONZE

in over 40 Standard Alloys!

For other examples of Copper tube’s lower cost of installation, write the Copper & Brass Research Association, 420 Lexington Avenue, New York 17, N.Y.
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Get UNITRON's FREE
Observer's Guide and Catalogon

ASTRONOMICAL TELESCOPES

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

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

Contents include—

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

Constellation map

Hints for observers
Glessary of telescope terms
How to chooss a telescope
Amateor clubs snd research
programs

INSTRUMENT DIVISION of UNITED SCIENTIFIC €O,
204-206 MILK STREET « BOSTON 9, MASS.

Please rush to me, free of charge, UNITRON's new Observer’s
Guide and Telescope Catalog.

Name I
Street.
|

City State
SA-2

SCIENTIFIC ENCLOSURES
QUICKLY ASSEMBLED!

Cabinet Component
System

of pre-tabricated dural

die-cast corners, extruded
sections and parts

assembles into modern
fully-radiused
cabinets to any
dimensions, with

ND SPECIAL

n TOOLS, DIES

OR_JIGS.

il I

Used in
Electronic
applications,
such as Control
and Analysis,
Computers, Mining,
Spra‘v,lnﬁ_ Refining,
Food Processing, etc, |
Also in many Government.
approved installations.

British Industries Corporation
Port Washington, New York
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Hughes writes, “do not make a mirror.
Make two. Buy two mirror blanks and
one blank for a tool. For the first ‘wet’
and all odd wets thereafter grind the
first mirror blank on the tool. For the
second wet and all even wets thereafter
grind the second mirror blank on the
tool. Continue alternating this way
through polishing. Submit both polished
mirrors to the knife-edge and other con-
ventional tests. Take the better-looking
mirror of the two and figure it by the
method described in Albert G. Ingalls’
book, Amateur Telescope Making. By
definition this is your first mirror and it
will not be very good.

“Never mind the quality. Silver it, slip
it into a mounting and have a look.
When your curiosity has been satisfied,
set to and figure the other mirror. This
time you will be under no overpowering
compulsion to look through your new
telescope (the principal reason why first
mirrors are bad) because you already
have one in use. The second mirror will
accordingly show a much better figure.
You have been through the mill once.
When the second mirror is as good as
you can get it, silver and swap.

“Now refigure the first mirror (re-
grinding it if pits show). It will doubt-
less come through the process in excel-
lent shape. Silver, swap and continue in
this way until you have two perfect mir-
rors. Leave one mirror unsilvered for so-
lar work, use both mirrors to make a bin-
ocular telescope or sell one of them. The
beauty of this procedure is that there is
always a mirror in usable condition on
hand, so the novice does not hesitate to
touch a fault for fear of making things
worse.

“I do not claim credit for this idea or
take responsibility for its unaccountable
omission from Ingalls’ celebrated books
on telescope making. It was dreamed up
a couple of centuries ago by a fellow

named William Herschel.”
C A. Rambow, a graduate student at

* the California Institute of Tech-
nology, submits the following sugges-
tion for an inexpensive source of the
voltage required for the production of
high-energy sparks described in this de-
partment last November.

“A much cheaper power supply for
charging the capacitors than those you
described,” Rambow writes, “can be
made from an old Model-T Ford spark
coil. Experimenters will have just cause
for sorrow when the last of these won-
derful devices has passed, but fortu-
nately they can still be got in junk yards
and even in a few auto-parts stores. To
charge capacitors, connect the high-
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voltage terminal of the coil to the fila-
ment circuit of a 1B3 tube, and the
anode of the tube to the ungrounded
side of the capacitor. The rectifier fila-
ment will, of course, be at high voltage,
but the required current is small enough
so that a single flashlight cell will last
for several hours of experimentation. A
small amount of resistance is needed in
the filament circuit to drop the battery
voltage of 1.25, and this is most easily
obtained by cutting a little nichrome
wire from a replacement coffee-pot ele-
ment. If you put a switch in this circuit,
be sure it can be operated by a long and
well-insulated extension to the handle.

“Since the output wave-form from the
coil is not a pure sine wave (or for that
matter pure anything), the polarity of
the battery supplying the coil will in-
fluence the delivered voltage. However,
if a transformer is used to supply the
coil, the peak voltages will be of both
polarities. In most cases this is also
cheaper and easier than providing a bat-
tery. It is also important to keep the
vibrator points on the coil bright and
well-adjusted; failure to do so can cost
you half the maximum voltage available.

“The voltage to which a condenser
can be charged can be measured by a
pair of needle points. These can be
mounted on metal brackets attached to
standoff insulators. One of the needles
should be fastened to a long bolt which
runs in a nut mounted atop the insula-
tor, so the spacing between the two can
be varied. A table of voltages for various
spacings will be found in most hand-
books. Spheres may be used in place of
needles if available.

“Using this system of charging and
measuring, I found I could charge a war-
surplus Pyranol capacitor of .1 micro-
farad capacity to its 16,000-volt rated
voltage in a few seconds. I don’t know
how high the power supply would go,
but I do know that it will go up to 40,000
volts, which was enough to ruin the
capacitor. However, the capacitor had
served for many discharges of 30,000 to
35,000 volts prior to this.

“I would like to include a final word
of warning in regard to these high-
voltage capacitors. If they remain
charged for any length of time, the
dielectric becomes polarized. A quick
discharge of the capacitor doesn’t allow
the dielectric to return completely to its
former state, and although you throw a
dead short across the capacitor, you can
come back in an hour or two and find
enough voltage to knock you flat. This
is best avoided by leaving the short
across the capacitor terminals after the
capacitor has been used.”
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New positions in
MISSILE SYSTEMS THERMODYNAMICS

Expanding missiles programs at Lockheed create thermodynamic
problems of a most advanced nature. Projects at the Palo Alto, Sunnyvale
and Van Nuys organizations present unusual opportunities for
achievement in thermodynamics areas including: Boundary layer and
heat transfer analyses in hypersonic flow fields such as pressure

gradient and real-gas effects; analysis of thermodynamic performance

of missiles in continuum flow, slip flow and free-molecular flow;
calculation of transient structural and equipment temperatures resulting
from aerodynamics heating and radiation; specification of ground

tests and flight tests required to verify and improve thermodynamic design
of missile and weapon systems; analysis and interpretation of
thermodynamic ground test and flight test data. Inquiries are invited.
Please address the Research and Development Staff, Sunnyvale 4, Calif.

Research and Development Staff members discuss heat flux during reentry of
ahypersonic vehicle with Dr. C. H. Wilson, Manager Reentry Body Department
(right). Others left toright:J.1. Osborne, R. G. Wilson, W. E. Brandt.

MISSILE SYSTEMS

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

PALO ALTO ¢ SUNNYVALE ¢ VAN NUYS
CALIFORNIA
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by M. Brewster Smith

THE FaBric oF SoCIETY: AN INTRODUC-
TION TO THE SOCIAL SCIENCES, by
Ralph Ross and Ernest van den Haag.
Harcourt, Brace and Company ($10).

he title and subtitle of this com-
I pendious but readable textbook
reflect a conflict between two con-
ceptions of how to acquaint the interest-
ed layman with the study of man in
society. One approach examines the so-
cial fabric with a focus on the social
problems and alternatives of policy
about which a well-educated person
should be informed. The other takes
more seriously the novelty of scientific
inquiry into human social conduct. In
the latter view an introduction to the
social sciences should convey the spirit
of this audacious study: its hopes and
pretensions, its limitations and disap-
pointments, its working methods and
disciplines.

A really satisfactory book of either
kind is hard to find—or to write. Both
must cope with the extraordinary variety
of fact and method over the range from
psychology and anthropology to sociol-
ogy, economics and political science;
from problems of child-rearing to those
of mass culture, depression, war and
peace. Both must somehow steer a
course between superficiality and over-
specialization. Either kind of book has
its own distinctive choices and di-
lemmas. The fact-and-problem-oriented
book must reckon with our sketchy un-
derstanding of man in society. Thus it
must blend knowledge with wisdom and
judgment, which may obscure the dis-
tinction between thoughtful speculation
and knowledge that stands up to scien-
tific scrutiny.

A book that gives priority to intro-
ducing the reader to the social sci-
ences, on the other hand, must take into
account the fact that as academic dis-
ciplines the several social sciences re-

BOOKS

A new introduction to the social sciences

which stresses social facts and problems

flect in different degree the scientific
spirit, and that within any particular
social science traditionally important
bodies of theory may be only tenuously
rooted—if at all—in procedures of scien-
tific verification. Should such a book in-
troduce the reader to social science as
the disciplined inquiries in which con-
temporary social scientists are engaged
—or to the characteristics, root notions
and conclusions of the several social
sciences as fields of knowledge?

The present authors have written a
fact-and-problem-oriented book. They
say: “In this book we have tried to
avoid both shallow survey and unduly
specialized elaboration by discussing
rather fully a number of topics selected
for their importance in contemporary
society. Some of these topics are keen-
ly felt to be important. These are
‘social’ problems (for instance, discord,
‘abnormal’ behavior such as crime, or
change). Other topics do not directly
impinge as ‘problems’ on people’s con-
sciousness but are of equal scientific
significance  (for instance, concord,
‘normal’ or law-abiding behavior, or
stability). Though each topic conven-
tionally lies in a field worked by one
of the several social sciences, the meth-
ods of all the social sciences are brought
to bear whenever they are relevant. . ..
There are no economic or sociological
subjects, we maintain, but there are
economic or sociological aspects of most
subjects—and the concepts of economics
or sociology with which to tackle them.
The methods and main concepts of
each of the several social sciences are
outlined, and we hope that philosophi-
cal and humanistic awareness has tem-
pered our writing.”

The Fabric of Society is properly the
title of the book. Yet the subtitle be-
longs, too: a serious, though subsidiary,
attempt is made to introduce the reader
to the nature and leading concepts of the
various social sciences. How compati-
ble are these dual objectives? How much
faith can the interested reader place
in this book as an orientation to con-
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temporary society and as an introduc-
tion to social science? Interested read-
ers there will be, for the authors avoid
the musty aroma of the textbook and
write with a verve that heightens the
fascination of their material.

Betore we can answer these (uestions,
we must consider the organization of
the book. The first of the four parts
into which it is divided is called “Per-
sons, Groups and Culture.” For reasons
that are not sufficiently apparent, the
authors begin the book with an account
of personality and its development under
social influences. They seem to be say-
ing: “People are the starting point for
any account of the social fabric”; but
they make little reference thereafter
to the psychological hypotheses intro-
duced at the outset. The psychologist
may wonder at the authors’ decision
to select for exclusive attention the
Freudian version of personality develop-
ment. By and large their simplified ren-
dition of psychoanalytic doctrine is ac-
curate. But to grant Freud’s clinical
hypotheses such easy acceptance is to
disregard the current strenuous efforts
of psychologists and others to bring
these potent but undisciplined insights
into the domain of scientific knowledge.

The ensuing chapters of Part I pro-
vide an array of concepts and facts
(drawn primarily from sociology) for
the description and analysis of society,
and apply them to the American scene.
Particularly capable and provocative is
the discussion of social mobility—the
extent to which persons move up or
down in the hierarchy of class and priv-
ilege. To replace the Horatio Alger myth,
which identified rags-to-riches as a pe-
culiarly American trajectory, the au-
thors lead the reader through a close
consideration of the conditions under
which upward or downward movement
is theoretically possible. The final chap-
ter of the first part—on popular culture
in an era of mass communication—like
most current writing on the topic strikes
a note of social criticism rather than of
science. The authors deplore the shal-

123



“] AM GOING TO
BE A TEACHER"

Six-year-old Yoo Song Kim en-
tered the first grade last April. He
gets good marks and his wish to
become a teacher is natural, for in
Korea, a scholar is greatly revered
and respected. Yoo Song, who was
born after his father was killed in
a bombing raid, is today supported
by a widowed mother. Despite a
crippled left hand, Mrs. Kim is a
bread peddler and works late into
the night to support two boys.

If determination and ambition |

are all that is needed, both boys
will be educated even though free
education stops at the 6th grade.
From then on it will cost Mrs.
Kim from $80 to $100 a year to
send each child to school. Won’t
you help Yoo Song or others like
him?
What $10 a month can do for a child like Yoo Song
There are 5,000 overseas children
like Yoo Song who are sponsored
through Save the Children Feder-
ation and receive a variety of food
benefits, clothing and many other
essentials. You can have a child
of your own for only $10 a month
—$120 a year. Won’t you please
help?

SCF National Sponsors include: Mrs.
DwightD.Eisenhower, Herbert Hoover,
Henry R. Luce, Rabbi Edgar F. Magnin,

Norman Rockwell, Dr. Ralph W. Sock-
man.

FOUNDED 1932 SA 2-58
SAVE THE CHILDREN

FEDERATION
345 East 46th Street, New York, N. Y.
Please send me my child’s name, story and picture.

| want to sponsor a child in Greece . . . Korea
... Finland ... West Germany . . . France . . .
Austria . . . or where the need is greatest . . .
Enclosed is $10 for 1 month . .. $30 for 1st quarter
... %120 for 1 year . . . | cannot be a sponsor
but enclosed is a gift of § . . .

Name...
Address...

City State

CONTRIBUTIONS ARE DEDUCTIBLE FROM INCOME TAX
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lowness of the popular arts, and have
many perceptive things to say about the
loss of values in an industrial society.

The second major part, “Science and
Symbols,” begins with a highly abstract
introduction to the nature of logic and
of science. This part of the book is
notable for an unusually lucid vyet
sophisticated discussion of the relations
of science and moral values, and the
compatibility of science with free will.
Those who find in the physicist’s prin-
ciple of indeterminacy a refuge for be-
lief in arbitrary free will (as if chance
could provide a suitable basis for
moral responsibility) will be disabused
by an apt interpolation from Bertrand
Russell, one of many selections from
relevant writings that are interspersed
to good effect throughout the text. The
groundwork is laid, if not fully de-
veloped, for a view in which relative
freedom (as opposed to constraint and
not to determinism) finds a place in
the sort of world known to science.

In what is probably the most success-
| ful section of the book, Part III on
“Economic Aspects of Society,” the au-
thors give a clear and interesting ac-
count of the operation of our economic
system, with thoughtful attention to such
problem areas as depression, the farm
surplus, labor unions, foreign aid and
monopoly. The Soviet system and its
Marxist ideology is subjected to in-
formed scrutiny. One nine-page selec-
tion from R. A. Radford stands out as
a gem of enlightening exposition. It is
a description by a participant of the
development and operation of a ciga-
rette-based price system in a German
prisoner-of-war camp. As the fish would
be the last creature to discover the
water, our very familiarity with ordinary
economic practices handicaps our under-
standing of the economics of price,
which are suddenly projected in bold
relief by this description of a wartime
microcosm.

If Part III fairly represents the con-
cerns of economics, the final part (“The
Organization of Power”) does less
justice to the newer, more scientific
trends in political science. Here, as in
most introductory courses in govern-
[ ment, the emphasis is on political
philosophy and the analysis of political
institutions, rather than on the recent
empirical interest in political process
|and behavior that gives promise of a
| study of politics that is scientific in more
| than name or claim. Among the topics
| considered are international politics and
foreign policy, democracy, civil liber-
|ties, political parties and bureaucracy.
For the most part the discussion, while
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thoughtful, does not involve the scien-
tific enterprise of putting questions to
natu.re.

In"sketching the scope of The Fabric
of Society 1 have rather freely inter-
spersed my own evaluations. Fairness to
the authors requires a more explicit look
at what they set out to do. In introduc-
ing a series of chapters on controversial
economic problems, they write:

“Few of us look upon these matters
dispassionately. There are three ways
of dealing with them. The first is to
confine oneself to pure description. . ..
Such information is useful because it
furnishes the factual materials necessary
for an analysis of policy. But it is not
itself an analysis. A second way is to
adopt the ‘adversary’ procedure familiar
to the courtroom. Readers, like a jury,
are asked to consider the pleas present-
ed by employer and union spokesmen,
then to make up their own minds. ...
Yet the analogy between a courtroom
and a book—particularly one addressed
to nonprofessional readers—is feeble. . . .
Were we to present just the pleas of
spokesmen for contending interests, the
reader would have to act as a jury un-
assisted by a judge and bereft of law.
The authors feel that their task is to
analyze the issues. ... In choosing this
third way—analysis—the authors do not
claim for themselves greater detachment
or objectivity than is given to other
mortals. Their only claim is that they
have presented their views candidly.
The reasons that led to these views
are given in the hope that the readers
will be stimulated to reasoned assent or
dissent.”

This reasonable statement throws us
back to the choice of emphasis noted at
the beginning of this review. For the
enlightenment of the citizen the authors
have elected to emphasize the analysis
of policy. To do so goes beyond the
conditional attitude of science, as the
authors are well aware. But, as the au-
thors are also correct in holding, there
is no necessary incompatibility between
propositions in the scientific framework
(given such-and-such conditions, such
a consequence will ensue) and evalu-
ative analysis of policy (given the de-
sirability of certain social ends, and also
given such-and-such conditions, a par-
ticular policy should be followed which
has these advantages that outweigh
those disadvantages). So long as mat-
ters of descriptive fact, of contingent
relationship and of evaluative standards
are kept distinct, science need not lose
its purity in being put to service in the
criticism of policy.

While one cannot gainsay the authors’
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objections to an uninterpreted descrip-
tion or to a forensic contest as approach-
es to the intelligent consideration of
policy, their own approach of candid
advocacy has drawbacks that may not
appear at first reading. Underlying their
position on a number of issues is an
ideological preference that is not explic-
it: a stance that can best be identified
as neo-conservatism, since its urbane,
sophisticated defense of the established
order betrays roots in disillusionment
with the left-liberalism of the 1930s.
Witness the following, which form a
pattern that the authors share with other
writers in journals of opinion and social
criticism. They are positively enthusias-
tic about American capitalism, devoting
to it what amounts to an extended apolo-
gia. They tend to be critical of labor
unions and collective bargaining. They
are dubious about the wisdom of the
Supreme Court decrees requiring de-
segregation. They are cynical about the
accomplishments and potentialities of
the UN, measuring it against the ideal
requirements of a world government.
They pooh-pooh the nationalist indict-
ment of colonialism, making an impres-
sive but selective case on economic
grounds in neglect of its psychological
and social consequences. They are skep-
tical about the potentialities of foreign
aid to underdeveloped countries, and
generally favor a course of hardheaded
Realpolitik. They make a point of limit-
ing their definition of democracy to the
strictly political sphere, excluding the
social and economic. In all these cases
their reasoning is explicit, and the reader
cannot help but find it stimulating to
follow their argument.

But for the “nonprofessional reader”
whom they have in mind is not “rea-
soned assent” more likely than dissent?
How indeed is he to dissent except
through prejudice and wrongheaded-
ness? The authors stand as judge and
jury, and marshal their own witnesses.
The reasoning is good; the authors are
not easily to be exposed in simple falla-
cies of the sort they lay bare for the
benefit of the reader. And the facts,
where they are available, are usually
summarized with accuracy and clarity.

But must we not agree with the au-
thors if they are right? Of course it isn’t
that simple. The large issues with which
they are concerned involve judgments
too far removed from the realm of ac-
cepted fact and confirmed hypothesis
for certainty—or what is next best but
attainable on some matters, provisional
scientific acceptance. Necessarily the
authors select their ground. Their con-
clusions follow. We admire their forth-
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rightness, and we learn from the rea-
soned discourse by which they reach
their conclusions; but we are hardly
freed to arrive at different conclusions
of our own. The very candor of the au-
thors disarms us, not them.

Their candor is genuine, all the same.
The authors are honest with the reader,
and the book can therefore be recom-
mended as an introduction to social
thought—most heartily recommended to
readers whose biases run counter to
those of the authors. Social criticism and
philosophy have always been tenden-
tious; wisdom, if not knowledge, has ad-
vanced by the free interplay of divergent
attitudes. But as an account of social
science the book is hardly satisfactory.
One wants more sensitivity to the criteria
by which scientific hypotheses are ac-
cepted or rejected; a firmer sense of
standards as to what is admitted as evi-
dence. One wants more examples of the
process of discovery in the social sci-
ences, so that the reader can envision
the direction in which firmer answers
can be sought to questions where con-
jecture must presently suffice. One
wants, in other words, more of the kind
of book suggested by the subtitle An
Introduction to the Social Sciences.

The danger is that the reader of a
book like this may identify able criticism
and advocacy of social policy with so-
cial science, even though the authors
themselves may be clear about the dis-
tinction. Such a confusion is fostered
when the reader senses, as he will, that
the real enthusiasm of the authors is for
a rational approach to the human pre-
dicament (they are humanists at heart,
and good ones) and to social problems;
they give little evidence of familiarity
with the patient, often disappointing
process by which modest conjecture
about relationships among social facts
are confirmed or rejected, or qualified
and refined. The confusion is regrettable
on two counts. Some may attribute un-
warranted weight to the authors’ more
speculative conclusions, thinking them
to be legitimized in the name of science.
Others, and I find this more to be re-
gretted, will reject social science out of
hand as being little different from the
old speculative social philosophy. One
is reminded of the old confusion of social
science with socialism, to which it must
be said that some social scientists of an
earlier day contributed. Their ideology
was opposed to that of the present au-
thors, but the parallel is striking.

The Fabric of Society is a good book
for stimulating thought about the prob-
lems of society in the light of current
knowledge, but it would be a better one
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if it said more about the process of so-
cial science. For the person who may
later develop a specialized interest in
the social sciences, a different sort of
introduction might be preferable. A
book that led the reader himself to dis-
cover the nature of discovery in the so-
cial sciences, and to appreciate the diffi-
culties that hamper .it, would perhaps
attract to social science some of the
hardheaded souls who in an age of sput-
niks may flock too unanimously in the
direction of the physical sciences. Lack-
ing this book (unless one counts Stuart
Chase’s The Proper Study of Mankind,
which is too enthusiastic to attract the
really critical reader), the person who
suspects he harbors a serious interest in
such matters might do better to turn
to any of several good popular introduc-
tions to the separate disciplines of social
science. An example is Clyde Kluck-
hohn’s introduction to modern anthro-
pology: Mirror for Man.

Short Reviews

SCIENTIFIC INFERENCE, by Sir Harold

Jeflreys. Cambridge University Press
($4.75). This well-known book, which
first appeared in 1931, has been substan-
| tially rewritten and a new chapter added
on statistical mechanics and quantum
theory. But the general standpoint, as
the author states it, remains unaltered:
namely, that a theory of epistemological
probability must be provided to explain
how it is ever possible to make inferences
and predictions which go beyond the
actual data of experience. This process
is of course not confined to science. It
occurs in ordinary affairs, as for exam-
ple when we expect day to follow night,
or count upon a can labeled tomato juice
not to contain pickled eels or cyanide.
All predictions, whether scientific or
everyday, rest upon confidence which
derives from repeated observations. To
be sure, this confidence is sooner or
later betrayed, and the “laws” of science,
which embody it, require periodic reno-
vation. Yet, as Jeffreys maintains, this
patchwork of successive approximations,
[of confidence placed, betrayed and re-
born, is the only possible method of sci-
entific progress. In his book he discusses
such topics as logic and scientific infer-
ence, Godel’s proof, the pretensions of
science, probability, sampling, measure-
ment, Newtonian dynamics, light and
relativity. Few scientists or philosophers
are likely to agree with him in all his
opinions (he is, for example, strongly
opposed to the frequency theory of prob-
ability, and regards probability as an «
priori notion of partial proof not belong-
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ing to deductive logic); but he is a
sharp, saucily elegant thinker whose
views, whether or not one accepts them,
are as stimulating as they are cogently
expressed.

FORD. ExpPANSION AND CHALLENGE,

1915-1933, by Allan Nevins and
Frank Ernest Hill. Charles Scribner’s
Sons ($8.95). The second volume of this
massive work carries to 1933 the story
of one of the most unlikable and influen-
tial men of modern times. The opening
scene is of the crowd filling the Palace
of Transportation at the Panama-Pacific
Exposition in San Francisco one after-
noon in 1915. The chief attraction was
the unveiling of mass production in a
Ford Motor Company exhibit—a replica
of the assembly line for Model-T cars at
Highland Park near Detroit. As the au-
thors remind us, the world in 1915 was
the world of the Curies, Ernest Ruther-
ford and Einstein; of Benedetto Croce
and Henri Bergson; of Henri Matisse,
Paul Klee and Picasso; of Gerhart
Hauptmann, Bernard Shaw and Maxim
Gorki; of Maurice Ravel, Igor Stravin-
sky, Jan Sibelius and Puccini. But it was
also the world of wireless, the airplane,
the automobile, the suspension bridge,
the electric light and the skyscraper; a
world of technology and large-scale pro-
duction in which Americans had taken
leadership. With its vast reserves of raw
materials, great plants, ingenious in-
ventors, energetic venturers and huge
labor force, the country “was the hap-
piest of all environments for the growth
of mechanistic enterprises.” And in this
environment no single man shot up so
quickly and flourished so wildly as Hen-
ry Ford. His personal ualities and his
insights made a formidable amalgam for
success. He was single-minded, tireless,
bold, sometimes gentle, sometimes ill-
tempered, ambitious and without scru-
ple. He was stubborn, weak, unedu-
cated, suspicious, disloyal and cunning.
He was cynical, sentimental, senten-
tious, inward and self-anointed. He was
also extraordinarily skilled as an engi-
neer. He “read” engines; “he combined
some of da Vinci’s creative quality in
mechanics with James Watt’s superb
practicality”; he had designed in the
Model T an incomparably useful and
durable vehicle, which he recognized
millions of people needed and would
buy if it was cheap. During the 18 years
recorded in this book Ford engaged in
bitter struggles, committed enough
blunders to bring him to the edge of
ruin, surmounted serious crises and
transformed the ways of our society. The
well-intentioned peace ship; the unsuc-
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construction. The midsole, Dutchman heel pieces, and heel
base shown above, for example, illustrate new uses of
Tenite Polyethylene by Endicott-Johnson Corporation, a
leading name in the shoe industry.

Tenite Polyethylene is a plastic with properties useful to
shoe manufacturers. It is light in weight and resists chemi-
cal attack, aging and moisture. It is easy to form; parts can
be molded, or cut from extruded sheet. It can be supplied in
colors.

Endicott-Johnson cite numerous benefits from their use of
Tenite Polyethylene. Dutchman heel pieces, they report,
formerly were made of fibre and leather. By using Tenite
Polyethylene, they now have a material more adaptable to
rounding and skiving, which permits production of better-
fitting shoes. The new heel pieces also have greater flexi-
bility and moisture resistance—two important considera-
tions for any heel piece.

Their heel bases formerly were made of rubbker. By
switching to plastic; Endicott-Johrison feel that their new
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cessful campaign to be senator; the
shameful Dearborn Independent cru-
sade for anti-Semitism; the Chicago
Tribune libel suit (in which Ford on the
witness stand ventured the date 1812
for the American Revolution and identi-
fied Benedict Arnold as a man “who
used to write for us”); the buying out
of the other stockholders (the Dodge
brothers, for example, in addition to
millions in dividends already received,
got $25 million for stock that had cost
them $10,000) and the acquisition of
sole control of a $500 million industrial
corporation; the building of the vast
River Rouge plant; the Muscle Shoals
affair; the Brazilian rubber plantation;
the experiment in aircraft manufacture;
the brilliant exploitation of the D. T. & .
Railroad; the imagination and the tyran-
ny of the company’s labor relations (it
was the introduction of Stakhanovite
methods, as one reviewer has observed,
which probably accounts for Ford’s pop-
ularity in the U.S.S.R.); Ford’s ruthless
method of meeting the economic depres-
sion of the early 1920s; his relations with
the higher-ups in his organization and
the cruel treatment of his son; the final
scrapping of the Model T: these are
among the highlights of an engrossing
story. This could not have been an easy
book to write; to be fair to Henry Ford
calls for nothing less than divine charity
and understanding.

er HE BUiLDINGS OF ENGLAND. LONDON,
Vor. I: Tae CiTiEs OF LONDON AND
WesTMINSTER, by Nikolaus Pevsner.
Penguin Books, Inc. ($3). A volume in
a splendid series by a noted historian of
art and architecture. When Pevsner,
head of the department of the history of
art at Birkbeck College, University of
London, completes his extraordinary
survey, there will be available a detailed
description of the architectural features
of “all ecclesiastical, public and domestic
buildings of interest” in each town and
village of every county of England. This
work (like others in the series) is based
upon the author’s own “perambulations”;
he walks, when engaged in his research-
es, a dozen miles a day, looking at every-
thing and making careful notes. Besides
skillful word pictures of the various
buildings, inside and out, information on
structural points, materials, decorations
and a mass of interesting historical data,
there are included in the present volume
96 pages of plates. Even at $3 this paper-
back is a bargain.

History oF MEcHANICS, by René

Dugas. Central Book Company, Inc.
($15). The writing of a history of me-
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chanics is a very difficult task. Mechan-
ics is one of the oldest of the sciences.
It engrossed the ancients; for more than
two millennia it was cultivated by the
foremost scientific thinkers, who suc-
ceeded in erecting an amazing struc-
ture from a mere handful of principles;
it was brought to seeming perfection in
the 19th century. Then within a few
years two remarkable and wholly unan-
ticipated developments—relativity and
quantum theory—which did not arise
out of classical mechanics itself but
rather from the study of electromagnetic
and atomic phenomena, showed that the
subject was neither perfect nor closed.
Now we have quantum and wave and
relativity mechanics, and no physicist
would dream of asserting that these are
the last word. Mechanics is not finished
like chess. Obviously the historian of
mechanics must be many-sided. He must
be a versatile scholar, at home both in
the ancient and the modern texts, and
he must possess a wide and thorough
knowledge of physics. Also, if his ac-
count is to be more than a chronology
yet less than an encyclopedia, he must
be guided by principles of selection
which, while keeping his work within
reasonable bounds, will help him give
a fair and full picture of the major
themes and their interconnections. René
Dugas, of the Ecole Polytechnique in
Paris, has in earlier writings demon-
strated his considerable capacity as a
historian of science. One of his studies
in the history of dynamics was reviewed
two years ago in these columns; it ex-
hibits his learning and his critical facul-
ties. The present survey runs from Aris-
totle to Dirac, from levers to tensors.
Thus in a single book are collected “the
stammerings of the early students, the
creation and organization of the classical
science and the rudiments of the new
mechanics.” This is a large order; in-
deed, it was necessary in reviewing 19th-
and 20th-century mechanics to limit the
discussion to certain questions of spe-
cial importance. Dugas acknowledges
his indebtedness to the labors of Pierre
Duhem, Emile Jouguet, Paul Painlevé;
and of course to Ernst Mach, whose
famous Mechanics, for all its bias and
special pleading on behalf of positivism,
was a deep and original work that gave
a light to all later critics, philosophers
and historians of science. Dugas has his
own opinions and does not hesitate to
depart from the views of others on the
basis of his sifting of the evidence. It is
not possible in a short notice properly to
appraise his achievement. Louis de
Broglie in an interesting foreword de-
scribes the book as a “document of the
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first rank for the historian of mechanics.”
A clear style stands out (this despite
clumsy translation), a remarkable sweep
| and a sureness of touch. The work de-
| serves and will undoubtedly draw the
absorbed attention of specialists.

L\UBREY’S Brier Lives, edited by Oliver
| 7\ Lawson Dick. The University of
| Michigan Press ($5.95). This enchant-
ing book, which scholars have known
and looted for centuries, consists of a su-
perb collection of biographical portraits
of 16th- and 17th-century English ce-
lebrities. Poets, philosophers, soldiers,
statesmen, clerics, whores, merchants,
great ladies, scientists are sketched in
their appearance, their actions, their say-
ings, their humors. Aubrey was a hanger-
on but not invariably a respecter of per-
sonages. Nothing pleased him more than
to record foibles and scandals; he was a
brilliant observer of intimate details and
an avid collector of gossipy trinkets. Two
specimens from Dick’s ably edited se-
lection: Robert Hooke is “of midling
stature, something crooked, pale faced,
and his face but little belowe, but his
head is large, his eie full and popping,
and not quick; a grey eie. . . . [The letter
| he sent Newton giving the inverse
square principle of gravitational action]
is the greatest discovery in Nature that
ever was since the World’s Creation. It
never was so much as hinted by any
man before. I wish he had writt plainer,
and afforded a little more paper.” Wil-
liam Harvey “wrote a very bad hand”;
“did delight to be in the dark, and told
me he could then best contemplate”;
| “was far from Bigotry”; “was wont to
say that man was but a great, mischiev-
ous Baboon”; said of Bacon to Aubrey
“He writes Philosophy like a Lord
Chancellor”; observed “that the Turks
were the only people [who] used
[women] wisely”; “was very Cholerique
and in his young days wore a dagger
[which he was] apt to draw-out upon
every slight occasion”; and once said
that “after his Booke of the Circulation
of the Blood came-out, that he fell
mightily in his Practize. .. .”

Fl’ HE Tropics, by E. Aubert de la Riie,

Francois Bourliére and Jean-Paul
Harroy. Alfred A. Knopf ($12.50). This
richly illustrated, rewarding book deals
mainly with the plant life of the tropics.
Tropical flora are as varied as the land
and climate of the hot countries. The
conventional notion is that the land-
scape is made up entirely of great rain
forests and of “exuberant vegetation.”
But this describes only the regions ruled
by heavv, humid heat and abundant
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rains. Besides such scenes there are the
parklike savannahs with their scattered
trees, the grassy savannahs and great
open areas, the deciduous forests, the
thorny scrubs, the desert steppes, the
quaint mangrove forests of the muddy
coasts, the “alpine meadows of the high
equatorial summits,” the “misty moss-
grown mountain forests.” Each region
nurtures its own vegetation, each breeds
strange and beautiful and fantastic
forms of plant and animal life. De la
Riie, a geologist with extensive expe-
rience in the tropics, ably describes the
plants; Bourliére, known for his excel-
lent popular books on mammals, adds a
succinct chapter on tropical animals. A
final section by Jean-Paul Harroy dis-
cusses the devastation of these natural
wonders: the cutting of the forests, the
erosion of the soil, the destruction of big
game. Some important scientific ad-
vances have accidentally injured the
land: for example, as a result of the
control of epidemic diseases, herds of
domestic animals have increased to the
point where they threaten the cover of
vegetation. And in most instances the
technological blessings of civilization—
from power saws to firearms—are respon-
sible for the gradual ruin of the tropics.

Notes

NEw LIGHT ON THE MOST ANCIENT
East, by V. Gordon Childe. Grove Press,
Inc. ($1.75). A reprint of one of the
best books for the general reader on the
archaeological discoveries which have
afforded us an understanding of the
birth of civilization in the Near East.

DIRECTORY OF AMERICAN SCHOLARS,
edited by Jaques Cattell. R. R. Bowker
Company ($20). Third edition of a
standard compilation of reference data
about those working in philosophy, his-
tory, literature, the languages and re-
lated disciplines.

ARCHAEOLOGY AND ITs PROBLEMS, by
Siegfried ]J. De Laet. The Macmillan
Company ($4.50). A succinct, clear
presentation by a noted teacher and field
worker of the methods, techniques,
problems and purposes of archaeology.

Simpson’s HISTORY OF ARCHITECTUR-
AL DEVELOPMENT. VOL. I: ANCIENT AND
CLASSICAL ARCHITECTURE, by Hugh
Plommer. Longmans Green and Co.
($6.75). A thoroughgoing revision, in-
corporating the results of the many ar-
chaeological discoveries of the present
century, of the first volume of a noted
work originally published in 1905.
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H.B.M.
Civil Service Commission

and

The United Kingdom
Atomic Energy Authority |

will be holding joint selection boards in |

Washington, D.C. |

and Ottawa
in March and April 1958,

to interview candidates
for

JUNIOR AND SENIOR
RESEARCH FELLOWSHIPS

‘ in British Government Research and
Development Establishments and in
the Establishments of the United
Kingdom Atomic Energy Authority.
The Boards will also give advice
about permanent appointments for
Scientists and Professional Engineers.
British scientists resident in North
America are invited to apply for fur-
ther details to:

The Group Recruitment Officer,
Atomic Energy Research
Establishment,
Harwell, Nr. Didcot,
Berks, England.

FREE from |B:l

an informative
booklet on

“WHAT CLOSED CIRCUIT

TV MEANS TO YOU”

There are many applications with-
in your organization that can be
benefited by the use of closed cir-
cuit (industrial) TV. This free
informative booklet gives you the
complete facts on closed circuit
TV —what it is—how it works —
the equipment necessary —a
checklist of areas that can be
benefited — how industry, educa-
tion, etc. use closed circuit TV.

Learn all about it today by writing:

Blonder-Tongue Labs., Inc. Dept. SA-2
9 Alling Street, Newark 2, N. J.

Please send free booklet “What Closed
Circuit TV Means To You.”

Company name
Name
Address

City. Zone——State

manufacturer of B-T Observer TV camera, DVM
Vides Monltors, Automatic Light Compenasator
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Exploring the Universe: The 4th State of Matter.... Earth is composed of three states of matter,

liquid, solid, gaseous. Yet most of the universe exists as the fourth state of matter,

the plasma state. The bright suns and stars are plasmas — roving, unattached, electrified particles

of matter that fuse into new particles on collision, releasing enormous energy. A hydrogen bomb explosion

is an uncontrolled fusion of plasma particles. We seek now to control fusion — to create here on earth

the plasmas of suns and stars—to light for all men and all nations fires of boundless energy and endless age.

In a unique scientist-engineer-industry enterprise, General Atomic Division and the Texas Atomic

Energy Research Foundation are carrying out the world’s first large-scale private industry program
leading to utilization of the fourth state of matter—controlled nuclear fusion.

GENERAL DYNAMICS CORPORATION ¢ 445 PARK AVENUE NEW YORK 22 N. Y.
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