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m g F.A&n. ALCOA Aluminas can take it!

Walking through searing flames—such was the test of
innocence or guilt in the crue! ““trial by fire.”” Practiced in
Western Europe during the early Middle Ages, the trials
were decided by a judge, based upon the theory that only
the innocent would survive without severe injuries.

When it comes to surviving industry’s “trial by fire,”
there’s nothing quite like ALCOA Aluminas—they can
take it! In process after process—where the fire is the
hottest—you’ll find refractories made with ALcoA
Aluminas are the strongest . . . withstand the heat and
last the longest!

These commercially pure, highly inert aluminum oxides
offer unmatched characteristics to makers of high-
temperature ceramics. Super-duty refractories for fur-
naces and glass tanks, spark-plug porcelains, special
cements, heat-exchanger pebbles, laboratory ware, cat-
alyst-bed supports, and other products still in the experi-

mental stage—all perform better, longer, when they
contain ALCOA Aluminas. And performance improves
as the alumina content increases!

Let us tell you about the exceptional high-temperature
performance record of ALCOA Aluminas. Their out-
standing thermal, physical, chemical and electrical prop-
erties may have profitable applications in your business.

Write to ALUMINUM COMPANY OF AMERICA, CHEMICALS
DivisioN, 729-k Alcoa Building, Pittsburgh 19, Pa.

ALUMINUM COMPANY OF AMERICA
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Installation of Stokes Rotary Vacuum Dryers
used by Metals Disintegrating Co., Berke-
ley, California, for drying of aluminum
powder. Highly oxidizable materials can be
handled without any danger of combustion

or explosion when processed in vacuum.

Operator removes boxes of tubular paper ca-
pacitors from Stokes Vacuum Impregnator at
Pyramid Electric Co., North Bergen, N. J.
Capacitors have been impregnated with mineral

Operator transfers evacuated retort from
heating to cooling station of Stokes Vacuum

Annealing Furnace, built for processing,

oil to improve stability and lengthen service life. annealing and other heat treatment of

titanium, zirconium, hafnium and copper.

There is no romancing about Vacuum at Stokes!

Vacuum processing starts with a vacuum-tight system and
pumps to exhaust the air.

These are simple truths, the significance of which is never forgotten
among men who have worked for many years in vacuum engineering.

Stokes men have many years of engineering experience,
shop experience, operating experience in the design, construction
and installation of vacuum processing systems.

But the absence of romancing in Stokes’ thinking implies no want of
imagination! Indeed, the practical application of vacuum processing —
which gives us blood plasma, the “wonder drugs”, costume jewelry,
diesel locomotive motors, radio and electronic communication—

had much of its inception in Stokes laboratories; takes practical shape
in Stokes vacuum processing equipment for industry.

Stokes is FIRST in Vacuum . . . in great and small industrial plants,
in schools, hospitals, and laboratories throughout the world.

Operator loads shell-frozen human blood plasma

info one of the Stokes drying chambers of the F. J. StokeEs MACHINE CoMPANY, PHILADELPHIA 20, PA.

lyophilizing plant at the Sharp & Dohme, Inc.
biological laboratories, Glenolden, Pennsylvania.

STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages,/lndustrial Tabletting, Powder Metal and Plastics Molding Presses/Pharmaceutical Equipment
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IS A KEY WORD

CHELATION — KEY TO CHEMICAL CONTROL

When the control of cations is part of your chemical problem,
Chelation provides a solution. These troublesome metallic

ions cause the contamination that frustrates chemists and
spoils formulas, processes and products. They exist in

liquids and fluids of all kinds. So far, the chemistry of chelation
is the only key to their control.

VERSENES®— KEY TO CHELATION

The Versenes, stable at high temperatures throughout the

pH range, are powerful chelating agents. They give mole-for-mole
control over contaminating cations in solution. By grasping and
binding these troublesome metallic ions into strong chelate
(claw-like) ring structures, Versene renders them harmless.

It makes them lose their ionic identity and cease all interference
with their environment. Thus do Versenes provide the

key to chelation.

VERSENES®—YOUR DOOR TO DISCOVERY

As we now stand on the threshold of tomorrow, we hold these
“keys’’ out to you. Through them has already come the stabilization
of whole blood, the decontamination of radioactive surface
substances, the metallic detoxification of live blood, bone and
tissue and the reduction or elimination of chemical spoilage

in industry, agriculture and medicine. Can you afford to ignore
them? Write Dept. J  for Technical Data and Samples.

Chemical Counsel on request.

{ Wiy] modl phecife so chomicaly”

BERSWORTH CHEM]CAL (1.

FRAMINGHAM, MASSACHUSETTS

Copyright 1953 — Bersworth Chemical Co.

© 1953 SCIENTIFIC AMERICAN, INC

LETTERS

In their very interesting article on
“The Desert Rat” in your July issue, the
Schmidt-Nielsens remark that “so far as
is known, no other mammal can drink
sea water with impunity.”

It occurs to me that numerous excep-
tions to this statement could be found
among whales and porpoises, seals,
manatees and, possibly, sea otters. I
write, therefore, not to bring up a rela-
tively harmless oversight, but to raise
the question of what sort of kidneys and
other such gear these pelagic mammals
use, and how they managed to acquire
them.

Assuming that the ancestors of these
animals lived on dry land, where fresh
water was available, and that they sub-
sequently abandoned the land for the
sea, some rather drastic internal rear-
rangements must have been made some-
where along the line, or we should
be faced with the anomaly of dehy-
drated sea dwellers—rather like the
Ancient Mariner of Coleridge! Either
that, or proclaim them voluntary teeto-
talers!

For my part, though I have eaten por-
poise kidney—and it’s quite good—I have
never examined or studied it in any other

way.
JOSEPH B. TUCKER

Clarksville, Tennessee

Scientific American. October, 1953; Vol. 189,
No. 4. Published monthly by Suennhc Amenum,
Inc., 2 West 45th Street, New York 36, N. Y.
Gerard Piel, president; Dennis Flanagan, vu,e
president; Donald H. Miller, Jr., vice president
and treasurer. Entered at the New York, N. Y.,
Post Oflice as second-class matter June 28, 1879,
under act of March 3, 1879. Additional entry at
Greenwich, Conn.

Editorial correspondence should be addressed to
The Editors, SciENTIFIC AMERICAN, 2 West 45th
Street, New York 36, N. Y. Manuscripts are sub-
mitted at the author’s risk and will not be returned
unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,
SciENTIFIC AMERICAN, 2 West 45th Street, New
York 36, N. Y.

Subscription correspondence should be ad-
dressed to Circulation Manager, SCIENTIFIC AMERI-
cAN, 2 West 45th Street, New York 36, N. Y.

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

Subscription rates for U.S.A. and possessions: 1
year, $5; 2 years, $9; 3 years, $12.50. Canada and

Latin America: 1 year, $6; 2 years, $10; 3 years,
$14. All other countries: 1 year, $8; 2 years, §12;
3 years, $16.




THE MOST IMPORTANT BOOKS

The Best in Literature

at only$1.89

The Book Find Club was started about eleven years ago “to select
the very best in literature and to realize substantial savings for its
members.” The Club has now grown to over 70,000 families.

In making our selections. not only do we attempt to choose those
books that will give immediate satisfaction and pleasure to the reader.,
but also to select books that will have permanent value as well. All are
books that will live not only for the sheer reading enjoyment they
prqvide, but also for their enduring quality.

When you look at the list of selections pictured and listed on this
page—priced at $1.89 each regardless of higher publisher’s edition
list price—we feel certain you will want to take advantage of our

special introductory offer—now.

THE WORLDLY PHILOSOPHERS
Robert L. Heilbroner

Here is a profound and stimulating
presentation of the lives, times~and
ideas of the great economic thinkers
from the 18th century to the present.

Orig. Pub. Ed. $5.00

TOULOUSE-LAUTREC Gerstle Mack
An admirable and definitive portrait
of a great painter. The plates from a
splendid Lautrec gallery of paintings

and prints.  orig. pub. Ed. $7.50

THE PRACTICAL COGITATOR *
Edited by Charles P. Curtis, Jr.
and Ferris Greenslet

A stimulating compilation of the best
that man has written. The selections
cover a wide range of world literature
from Confucius to Gertrude Stein,
from the Old Testament to James
Joyce. Orig. Pub. Ed. $3.75

DEAD MAN IN THE SILVER MARKET
Aubrey Menen .
“A treasure for those who know him
and a discovery for those who don’t.”
—Chicago Tribune. A memorable auto-
biographical work containing the story
of both the British and the Indian cul-
tures which shaped the author’s Phi-
losophy. Orig. Pub. Ed. $3.00

ZORBA THE GREEK
Nikos Kazantzakis
“Live life and enjoy it!" is the theme
of this vital, sweeping novel.

Orig. Pub. Ed. $3.75
GROWTH OF SCIENTIFIC IDEAS
W. P. D. Wightman
More than a history of science, this
large work is a study of scientific
thought from its earliest origins
through the present time.

Orig. Pub. Ed. $5.00

|_l'\| NG
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THE CREATION OF THE UNIVERSE
George Gamow

Startling, interesting facts about the
universe, vividly presented for the lay-
man. Illustrated.

Orig. Pub. Ed. $3.75
THE UNDERSEA ADVENTURE
Philippe Diole
The thrilling discovery of an unex-
plored part of our planet, the world
beneath the sea. (With 24 photo-
graphs.) Orig. Pub. Ed. $4.50
THE AGE OF JACKSON’
Arthur M. Schlesinger, Jr.

Democracy’s future seen through a
study of its strident past, A Pulitzer
Prize winner. o, pyb. Ed. $5.00
MAIN STREAM OF MATHEMATICS
Edna E. Kramer .

A scholarly yet lively history of this
significant science, with a wealth of
biographical and anecdotal material.
) Orig. Pub. Ed. $5.00
THE EVOLUTION OF PHYSICS |
Albert Einstein and Leopold Infeld
This highly absorbing book traces the
growth of ideas in physics through
Relativity. Orig. Pub. Ed. $3.50
A GRAMMAR OF MOTIVES
Kenneth Burke

An eminent critic re-examines seman-
tics with lucidity and vigor.

Orig. Pub. Ed. $6.00
WHITE COLLAR C. Wright Mills

An astute, fearless and profound anal-
ysis of the new 20th Century middle

class. Orig. Pub. Ed. $6.00

GENETICS AND THE RACES OF MAN
William C. Boyd
Physical anthropology is here studied,
for the first time, in the light of mod-
ern science. “The best book on race
ever to be published.”

—Bernard Mishkin

Orig. Pub. Ed. $6.00

MALE AND FEMALE

Margaret Mead

In this illuminating study, one of
America’s outstanding anthropologists
focuses her attention on the relation-
ship of the sexes in our changing
world. Orig. Pub. Ed. $5.00

MAN AND HIS GODS

Homer W. Smith

Man’s religious beliefs brilliantly ex-
amined. This encyclopedic study has
been ranked with Frazer's Golden

Bough. Orig. Pub. Ed. $5.00

THE THURBER ALBUM
James Thurber
Nostalgic recollections produce a hu-
morous profile of the American scene
by the man whose name is now part
of our language.

Orig. Pub. Ed. $3.50

LISTENING WITH THE THIRD EAR
Theodor Reik

Subtitled *“The Inner Experience of a
Psychoanalyst,”” Dr. Reik’s book has-
been favorably compared with Freud's
Interpretation of Dreams.

Orig. Pub. Ed. $6.00
PATTERNS OF SEXUAL BEHAVIOR
Clellan S. Ford and Frank A. Beach

The most comprehensive study ever
made of the sexual behavior of human
beings and animals, based on a de-
tailed analysis of the sexual patterns
of 190 contemporary societies.

Orig. Pub. Ed. $4.50

GIANT

other as your first selecrion.

You can thus

RETAIL VALUE OF BOOKS FOR ONLY $1.89.

regardless of higher publishers’list prices

l:\' |||1IT|"”
of Physic

.\'\f'”“

. Races

Man

OEDIPUS—MYTH AND COMPLEX
Patrick Mullahy

From Freud to Fromm — the major
psychoanalytical theories set forth in
a new and unifying way. Complete
with the "great Oedipus trilogy of

Sophocles.  Qrig. Pub. Ed. $5.00

THE STORY OF ENGLISH Mario Pei
The whole tremendous panorama of
the English language . . . its past rise,
present progress and probable future

projections.  Qrig. Pub. Ed. $5.00

BALLAD OF THE SAD CAFE
Carson McCullers

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

Orig. Pub. Ed. $5.00

DON'T BE AFRAID OF YOUR CHILD
Hilde Bruch, M.D.

An eminent psychiatrist and pediatri-
cian in a down-to-earth fashion gives
parents new faith in their own good
judgment.  Qrig. Pub. Ed. $3.75

LIVING IDEAS IN AMERICA

Edited by Henry Steele Commager

Nearly 800 pages of selections from

the writings of statesmen, philoso-

phers, educators, and literary men.
Orig. Pub. Ed. $6.00

USES OF THE PAST H.J. Muller
Historian and philosopher, the author
surveys such societies as the Grecian,
the Roman, and the *‘Holy Russian®’
in search for a pattern for our times.
Orig. Pub. Ed. $5.50
HOW THE GREAT
RELIGIONS BEGAN Joseph Gaer
The basic beliefs of each great reli-
gious system, and the lives of the
Kt Orig. Pub. Ed. $3.00

INTRODUCTORY OFFER

As an introduction. to the Book Find Club you may now select any two books
from those pictured or listed on this page, one as your BONUS BOOK and the

receive UP TO $13.50

THE BOOK FIND CLUB

Your name and address in the coupon below will enroll you as a member

(Prices alightly

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

Please send me the two books | have indicated or written

higher in Canoda)

(] WHITE COLLAR

_Ple.ase_prinl

——— | [T

THE UNDERSEA ADVENTURE
THE AGE OF JACKSON

[] TOULOUSE-LAUTREC

[J THE PRACTICAL COGITATOR

[J Z0RBA THE GREEK

{] THE THURBER ALBUM

[ PATTERNS OF SEXUAL BEHAVIOR

] BALLAD OF THE SAD CAFE

(] MAN AND HIS GODS
[] MALE AND FEMALE
[J] OEDIPUS—-MYTH and COMPLEX

O

IONE ____STATE________

p21-21
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St

AND CGOMPONENTS

Systms

MOTOR-DRIVEN
INDUCTION GENERATOR,
GEAR TRAIN & SYNCHRO
COMBINATIONS

SERVO AMPLIFIERS

- . . .
Transicoil servo systems feature integrated
- . design—every component is made to match
all the others . . . coordinated to insure
maximum efficiency and top performance.
MOTOR-DRIVEN ) L.
INDUCTION GENERATORS For systems of your own design, Transicoil

PLUG-IN ASSEMBLIES OF
CONTROL MOTOR, GEAR

can supply precision components de-
signed to meet your requirements . . . their
effectiveness limited only by the restrictions

TRAIN, POTENTIOMETER & you impose.

SYNCHRO

Complete data will be sent on request.

MINIATURE CONTROL
MOTORS

TRANSICOIL

CORPORATION %555 v.
Engineering-Sales Representatives in:

Boston, Mass. * Buffalo, N. Y. ¢ Chicago, lll. * Cleveland, Ohio * Dallas, Tex.

Kansas City, Mo. * Los Angeles, Calif. ®* Minneapolis, Minn. ® Netcong, N. J.

Philadelphia, Pa. * Phoenix, Ariz. * San Francisco, Calif. * Seattle, Wash.
Syracuse, N. Y. ®* Washington, D. C.
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Sirs:

Mzr. Tucker raises an interesting physi-
ological question. It is quite true that
oceanic mammals may drink sea water,
but it is not known whether they really
do.

An investigator once calculated that a
seal living on fish would obtain, from
this source alone, enough water to ex-
crete the salts and the urea formed, as
well as to cover that evaporated from the
respiratory tract. According to these cal-
culations, the seal should never have to
resort to drinking the surrounding sea
water. The situation may be somewhat
more difficult for whales eating plank-
tonic crustaceans, which have a higher
salt content than fish, but it still seems
possible that they could get along with-
out resorting to the drinking of sea water.

Our remark, as quoted by Mr. Tucker,
is probably too rash a statement; and al-
though it could be didactically defended,
it should be modified.

The kidney of cetaceans has been
studied by the outstanding Swedish
scientist, Dr. Ivar Sperber. It shows some
deviations from other mammalian kid-
neys, but it is at this time difficult to sav
whether these are connected with an ex-
ceptional water and salt metabolism, or
with the unusual circulation of diving
animals. During a dive the pulse rate of
seals and whales is reduced to a few
beats per minute, and blood pressure de-
parts radically from normal. It must be
expected that such unusual circulatory
features could have profound influence
on the structure of the kidney.

Though we have eaten cetacean
steaks, we must concede that Mr. Tucker
is ‘way ahead of us in his investigation of
the culinary qualities of porpoise kidney.

KNUT AND BODIL
SCHMIDT-NIELSEN

Durham, North Carolina

Sirs:

In his article on underwater television
in your June issue, W. R. Stamp suggests
that red filters or red lights be used to
eliminate the “Rayleigh Blue” scattered
light. Actually, this is not generally pos-
sible in water due to the strong selective
absorption of red by all water, both dis-
tilled and natural.

Underwater  photographers, using
black and white film, have for years used
yellow filters (i.e., a Wratten K) to elimi-
nate the scattered, blue background
light. Photometric experiments by vari-
ous investigators in inshore water have
amply justified this choice, showing that
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Already Being Secretly Built?

SUPPOSE YOU were Mike Novik, engineer.
You're HIRED by some amateur rocket
“crackpots,” who are constructing a “dummy’
rocket. All they lack is a practical rocket fuel.
YOUR job is to design and construct a ce-

Is Man's First Space Ship

longer be stifled. This rocket ship is no dum-
my—and neither is the master brain behind
it!

You'll thrill to every page of this daring
Science-Fiction novel, “TAKEOFF.” It is just

ramic exhaust throat-liner . . . for an atomic
fuel that doesn’t exist! Or DOES it? Then
why such perfect blueprints? Why are mil-
¥ lions being spent on the project—and by
\ whom? Why is the project’s chief engineer
= suddenly MURDERED?
Your suspicions can no

ONE of the exciting books offered to new
members of the SCIENCE-FICTION BOOK
CLUB. Read about the others below . . . then
PICK ANY THREE FOR ONLY $1 on this
great offer!

A ™ N\ N

of these Complete New Masterpieces of

SCIENCE-FICTION

LES |

THE .
MARTIAN CHRQ
NIE
= i TAKEOFF, by C. M. Korn- :

biluth ‘]l

H
- i |
—=See description above -

THE ASTOUNDING SCIENCE-
FICTION ANTHOLOGY—A
story about the first A-Bomb . . .

written before it was invented! A w"h
story of the movie camera that shows

“‘newsreels’’ of any past event. Plus trate Earth’s society to prepare the Adventure in Dimension. .
more than a score of other best tales way for invasion. 562 thrill-packed pages. memberslllp

from a dozen years of Astounding
Science-Fiction Magazine by its

editor, John W. Camobell, Jr. THIS ISLAND EARTH

PLAYER PIANO, by

Kurt Vonnegut, Jr.—In

THE MARTIAN

CHRONICLES

by Ray Bradbury
The brave Earth men triumphed
over the atom . . . mastered the
rocket . . . conquered space and
reached Mars. But they were de-
fenseless against the Martian weap-
on that made them slaves!

WORLD OUT OF MIND, &y
1. T. M Intosh—¥iN el

cteatures from Ouler Space

by Raymond F. Jones

You’re an engineer working on a
secret project. Your mysterious em-
ployers possess lighter, stronger
metals and faster engines than any
known on earth. When you try to
fly away, your plane is suddenly
swallowed up in mid-air by a
GIANT FLYING SAUCER!

OMNIBUS OF SCIENCE FIC-
TION—43 top stories of Startling
Inventions . . . of visitors from Out-
er Space . . . of Far Traveling . . .

the coming age of Elec-
tronics, machines run ev-
erything. When one man
rebels, his trial is con-
ducted by—a machine!

THE CURRENTS OF SPACE
by Isaac Asimoyv—500 million
people on the planet Florina will
DIE . unless they are warned in
time. Only one man can save them
. . . but he must first grow a new
memory !

THE PUPPET MASTERS
by Robert A. Heinlein

ancer lnnds o Jows, From

oy
frdnilie:
then
real

invaslon

THE BOOK CLUB OF TOMORROW IS HERE TODAY!

MAGINE—ANY THREE of these full-

size, brand-new SCIENCE-FICTION

books—a $7.50 to $9.00 value—yours for
only $1.00 on this amazing offer!

The founding of this SCIENCE-FIC-
TION BOOK CLUB is a recognition of
the fact that Science-Fiction has won a
place as an important new kind of literature.
It has grown so fast it’s hard to keep up
with it! How is one to read the BEST new
Science-Fiction books—without wasting
time and money wading through good and
bad alike ?

Now—The Cream of New Science-
Fiction Books—For Only $1 Each!

The SCIENCE-FICTION BOOK CLUB
selects each month the best new Science-
Fiction book. It brings you the brand-new,
full-length books FOR ONLY $1 EACH
(plus a few cents shipping charge)—even
though they cost $2.50, $2.75 and up in
publishers’ editions!

PLAYER

B i —

s passarristy

INEY . A

NO Dues or Complicated Rules

Each Selection is described IN AD-
VANCE, in the Club’s free bulletin,
“Things to Come.” You take ONLY those
books you want—as few as four a year. If
you don’t want the current selection, you
simply notify the Club. There are no other
rules, no dues, no fees.

SEND NO MONEY—
JUST MAIL COUPON

You KNOW you will enjoy membership
in this new book club. To PROVE it, we are
making this amazing offer! Your choice of
ANY 3 of the new Science-Fiction master-
pieces—at ONLY $1 FOR ALL THREE.
Two are your gift books for joining; the
other is your first selection. This liberal
offer may have to be withdrawn at any time.
So mail coupon RIGHT NOW to:

SCIENCE-FICTION BOOK CLUB,
Dept. SA-10, Garden City, N. Y.

© 1953 SCIENTIFIC AMERICAN, INC

WHICH 3 *°oronmr $1.00?

SCIENCE-FICTION BOOK CLUB
Dept. SA-10, Garden City, New York

Please rush me the 3 books checked below, as my gift
books and first selection. Bill me only §1 for all three (plus
few cents shipping charges), and enroll me as a member of
the Science-Fiction Book Club. Every month send me the
Club’s free bulletin, ‘“Things to Come,”” so that I may decide
whether or not I wish to receive the coming monthly selection
described therein. For each book I accept, I will pay only $1
plus shipping. I do not have to take a book every month (only
four during each year I am a member)—and I may resign at
any time after accepting four selections.

SPECIAL NO-RISK GUARANTEE: If not delighted, T may
return all books in 7 days, pay nothing and this membership
will be cancelled!

(7] Astounding Anthology

Currents of Space
[C] Martian Chronicles

[ Player Piano
(] Puppet Masters
(] Takeoff

] Omnibus (] This Island Earth
{3 World Out of Mind
Name .
Address
CLtY comrpremrreaserrmerne s essrr0s000e Zone ........ State .

Selection price in Canada: $1.10 plus shipping. Address: 105
Bond St., Toronto 2. Offer good in U.S.A. and Canada only.
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this coastal water is most transparent to
yellow or green-yellow light.

The whole problem of underwater
photometry is almost infinitely complex,
involving multiple scattering by all sizes
of suspended particles, surface light loss
involving the state of the sea, wind,
fetch, etc., clouds, sun, and sky combi-
nations over the sea, variable selective
absorption by different waters, etc., etc.

Here is a problem that your Amateur

Scientist Department might introduce to

MAG“ ETIC the lung divers featured in the depart-
ment in your August issue. Data from

DR“M SToRAGE many localities are needed and the pro-
fessional oceanographers have too many

other problems to give this one the time
it deserves.

HILBERT SCHENCK, ]JR.

East Hartford, Conn.

Sirs:
I have never encountered quicksand
| —except in the pages of fiction—and
probably never will. The article on the
subject by Gerard Matthes in your June
issue was, nonetheless, extremely inter-
esting to me.
On one point I am still confused! It is
stated several times that the density of
| the quicksand is greater than that of
water alone. (“How fast it sinks will de-
pend on its weight and the extent of its
surface area . ..” and “. .. and even at
its worst will support a great deal more

o

AUTOMATIC PROCESS
o CONTROL SYSTEMS

o | weight than water alone.”)

N ] In quicksand, as in water, it would
) Investigate seem that a body would be buoyed ac-
\t::?\ or other these 52',{ cor.di}?tg tfo“i/}1'cl.15{?eilqeslPrigciple.ldT}l;e
2 - £ weight of “liqui isplaced wou e
é‘ HIGH-SPEED Magnetic Drum Storage equal to the weight of sand and water in
) DATA HANDLING advantages whatever proportions they happen to be
o REQUIREMENT * Proven dependability present. If the proportions happen to be
- * Large storage capacity equal, the specific gravity of the com-

2 "‘"‘"\-aﬁ_-_- . * Alterable yet non-volatile storage bination would be around 1.6.

* High speed With such a high specific gravity, a

man or animal would be expected to float
rather high. Drowning under such cir-
L‘" e cumstances would seem impossible. Yet,
escriptive .
brochure I gather from your article, and the wide-
spread fear of quicksand, that rather
many men and animals have achieved
this feat, impossible or not.
Would you kindly indicate the fallacy
in the above line of reasoning?
I am also curious about the origin of
the pressure which causesanimals to sink

Uhite today

/ \\
‘01011011 101110110"°

/ f NGINEERING asmcu/ssocm:s tlo their necks, “tlllleﬁrlfyjé bulging from
B e R o ,5,,, 2 n ! the pressure on their bodies.
1902 West Minnehaha Avenue, Dept. S-10, St. Paul W4, Minnesota DONALD E. WILLIAMSON

DIGITAL COMPUTERS . . . DATA-HANDLING SYSTEMS ... MAGNETIC STORAGE SYSTEMS. ..

INSTRUMENTS . . . ANALOG MAGNETIC RECORDING SYSTEMS . .. COMPUTING SERVICE Lexington, Massachusetts
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FOOTE advances its “Leadership in Lithium” with
THE WORLD'S LARGEST LITHIUM CHEMICAL PLANT

THIS MODEL of the Foote Mineral Company’s
project at Sunbright, Va. was used as a visual
aid in planning the functional arrangement of
buildings, material flow, accessibility and utility
service distribution. .. Visual aid early in the
planning saves the customer many engineer-
ing dollars.

The productive capacity of the entire lithium chemical
industry will be doxbled when this new plant at
Sunbright, Va. goes “on stream.” Its output will enable
Foote Mineral Company to satisfy the unprecedented
demand for lithium chemicals as basic ingredients in
multi-purpose greases, welding rod coatings, ceramics,
air conditioning, TV glass, porcelain enamels and many
other industrial products. From original plans,

through layout, engineering, procurement and construction
of this unique plant, Blaw-Knox worked in close harmony
with Foote personnel. Every phase of the work proceeded
according to plan, effecting numerous economies.

This Blaw-Knox project is but one of the many different
chemical and process plants engineered and constructed
by Chemical Plants Division—behind each of which go
years of background experience applied to today’s
competitive situations and technological advances.

If you are thinking of new or improved facilities, a
discussion may prove profitable to you.
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DUROID 900

IS A GASKET MATERIAL YOU
SHOULD TEST AT ONCE

HIGH STRENGTH

IN HOT 0IL \
NO CREEP ON

NARROW FLANGE

WON'T BLISTER
OR DELAMINATE

If you put machined surfaces together,
you will want to check the improved
sealing possible with DUROID 900.
Here’s a material that gives you com-
pressibility throughout its structure . . .
excellent recovery with little torque loss
. .. high tensile strength in hot oil. And
DUROID 900 won’t weaken or harden
under pressure in hot oil. It won’t blister,
delaminate or develop pinholes. In fact,
DUROID 900 will do everything you
want a gasket to do.

ROGERS

CORPORATION

Check these facts yourself. We invite
rigorous testing. Write now for test data
and samples to Dept. S, Rogers Corpo-
ration, Goodyear, Connecticut, Creators and fabricators of Fiberloys —
unique fibrous and plastic materials

YOU NAME IT — WE'LL MAKE IT — AND FABRICATE IT, TOO!

DUROIDS

for Gaskets, Filters,
Electronics

ELECTRICAL INSULATION

for Motors, Transformers,
Generators

PLASTICS

Molding Compounds
and Laminates

SHOE MATERIALS

far Counlers,
Midsoles, Liners

YOU SAVE WHEN ROGERS FABRICATES YOUR PARTS
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Sirs:

The points raised in Mr. Williamson’s
letter regarding the buoyancy of human
and animal bodies in quicksand are well
taken. The difficulty in most cases of
miring is that people are not aware of
the fact that their bodies could not sink
if they would only lie down instead of
struggling in an upright position. The
weight of that part of the body which is
not supported by the quicksand operates
to push the legs in deeper. Worse than
that, any effort that is made to pull one
foot up and out only serves to sink the
other foot deeper. Since quicksand con-
tains no air—all spaces between sand
grains being filled with water—the pull-
ing up of a foot creates a strong suction
for lack of air to take its place. This pow-
erful suction is responsible for the com-
mon saying that quicksand sucks a person
down, which of course is wrong. Lying
down backward is recommended as the
quickest, easiest and safest course for im-
mediate action. This is, of course, the
only way that one can lie down when
sunk in quicksand up to the knees. Engi-
neers and geologists, who are accus-
tomed to stepping into quicksand, do not
wait until they mire knee-deep, but at
once throw themselves forward and
crawl with body flat down, “alligator
fashion,” as one noted geologist terms it.
In that position the quicksand holds up
a man’s weight together with his ac-
couterment.

To answer Mr. Williamson’s question
about cattle “sunk up to their necks with
eyes bulging,” it was not intended to
convey the idea that their bodies sink
entirely. They do not; they continue to
sink to a depth where equilibrium with
buoyancy is established. However, un-
like a horse with head set on a long neck,
a cow’s head is no higher than her back.
When her body sinks to equilibrium
depth, her head is barely out, the skull
being very heavy. The pressure of the
quicksand on heart and lungs then is
considerable and causes the tongue to
hang out of the mouth and the eyes to
bulge. On the basis of Mr. Williamson’s
computation for specific gravity of
quicksand at about 1.6 (with which I am
in agreement), the pressure on heart,
lungs and stomach should be over 200
pounds per square foot of belly surface.
Unlike a mule, a cow keeps her legs ver-
tically downward, and as long as she has
the strength to move them she promotes
her own sinking.

GERARD H. MATTHES

New York, N. Y.



Sanborn Recorders
Help Speed
Flight Design

SPERRY GYROSCOPE COMPANY
uses a two-channel Sanborn Recording
System for basic research on their

Zero Reader* Flight Director, a device
which simplifies the manual

control of aircraft. The Sanborn System
shown above is recording the output

of a flight simulator that solves Zero
Reader equations.

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

At McDONNELL AIRCRAFT CORPORATION the movements of a Four
guided missile are simulated by high-precision analog computers which CHANNEL
1n turn send eight different resurtant electric signals into two Sanborn four-

channel Recording Systems (left) for the graphic recording of the hypo-
thetical results of the guided missile problem.

How can Sanborn help you? =751 S

CHANNEL
. At DOUGLAS AIRCRAFT
Sanbom one-, two-, and four-channel Recording Systems can 4 COMPANY’S Flight Test Section, a

provide an accurate and permanent graphic registration of Sanborn two-channel Recording System
(shown removed from case for field opera-
tion) is used in conjunction with a tele-
meter radio link to record surface motion
vibration in a flying aircraft while it is per-
forming tests re(éuiring continual moni-
toring. Recorded tracings provide the
necessary permanentvisua%time history for
comparison of the two events recorded and

almost any electrical phenomena whose frequency spectrum falls
within the range of zero to 100 cycles per second. The avail-
ability and ready ¢nterchangeability of amplifiers and preamplifiers
offer a wide range of use.

Records are traced by heated stylus on plastic coated strip-chart

paper, and are in true rectangular coordinates. Other Sanborn CHANNEL a study of their individual characteristics.

advantages include: a high torque movement (200,000 dyne cms

per cm deflection ); built-in code and time markers; and a wide Ak for a copy of our " Applicability Folder " which presents a
. table of uses, complete performance data and specifications,

choice of paper Speeds and channels. brief descriptions of Sanborn Recording Systems and explana-

Sanborn engineers will be pleased to make recommendations tions of how their amplifiers may be readily interchanged.

as to what type of equipment will best solve your recording prob-

lem. When writing, include the lower and upper limits and the SAN BOR“ co- INDDII‘;ISSTII;INAL

frequency range of the phenomena to be recorded, and the type CAMBRIDGE 39, MASSACHUSETTS

of transducer.
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ENGINEERING processes are undergoing a revolu-
tion, thanks to GEDA — Goodyear Electronic
Differential Analyzer — which enables engineers to
tackle studies which otherwise would be too time-
consuming to carry out.

Reduce Design Effort—Cut
Time-Consuming Experimentation

These compact analog computers accelerate the

design of complicated equipment—particularly when.

the problems deal with dynamic systems where
analytic solutions seem impossible.

As a result, engineers can now “play their hunches”
—try out new ideas on this equipment which encour-
ages invention and stimulates creative thinking.

Minimize Costly Overdesign—
Detect Unsatisfactory Underdesign

The versatility of GEDA constantly suggests new
avenues of approach to problems. A new idea can be
tried out, the components of a system changed so
easily—profitably explored at last—because of

© 1953 SCIENTIFIC AMERICAN, INC

Best way #o give your hunch a

GEDA’s tremendous savings in engineering man
hours.

Each section of a system can be separately simulated
if desired, and the effect on the system of changing
the characteristics of any section can be readily
determined.

Easy To Use

A big advantage of GEDA is the fact that engineers
do not have to learn specialized mathematics in order
to use this computer. Once the block diagram is laid
out, it is a simple matter to set it up on a GEDA’s
problem board. The results are shown through volt-
ages and wave forms — can be readily translated.
Consequently, GEDA provides the engineer with a
better understanding of the system under study
because the solutions are produced in forms already
familiar to him.

Equipment To Fit Your Needs

The GEDA line of equipment includes both linear
and nonlinear analyzers, six-channel console



SOLVE:

> Analysis and synthesis of instrument servos
including such unavoidable nonlinearities as
static friction, gear backlash and saturation.

» Design of process controls (as in paper mills
and chemical plants).

+ Synthesis of automatic controls (as in auto-
pilots, atomic-reactors and jet engines).

« Designs of suspension systems (as in bridges,
auvtomobiles, railway cars).

+ Diffusion problems—and countless other
complex problems.

ANSWER:

+ Should loaded gears be used?

» How much backlash can be tolerated?
« What is optimum ratio?

« Is selected motor adequate?

* Must friction load be decreased?

« Effect of noise on performance of the servo?

ch a nce * What are the tolerances on the various com-

ponents?
recorders, and curve-followers. Each is a self- * What characteristics should the shock ab-
contained unit with its own power supply, each is sorbers have 2

extremely easy to service, and engineered to elimi-
nate obsolescence.

Write For Brochure SAVE TIM E W’TH

The flexibility and scope of GEDA equipment can G E D A
serve you well. We invite you to write for brochure

and complete details: Goodyear Aircraft Corpora-

tion, Dept. 65C, Akron 15, Ohio—for over five years BUILT ONLY BY

a major supplier of computing equipment, operator

of one of the world’s largest computer application
laboratories. -
! \(,oon,'-vum “‘

\ o
OPPORTUNITIES UNLIMITED Z
for engineers! Goon)/' i EAR
Goodyear Aircraft has many opportunities in research, design,

development and production of ELECTRONIC COMPUTERS o AIRPLANES AI R C RA FT
o AIRSHIPS ¢ HELICOPTERS ¢ GUIDED MISSILES ¢ AIRCRAFT COMPONENTS

o TRANSPARENT ENCLOSURES ¢ RADOMES ¢ BONDED SANDWICH STRUCTURES
* RADAR ¢ WHEELS AND BRAKES — and in many other allied fields.

Submit brief resumé of your qualifications and experience, or write today for
application blank and further information. Address: Dr. K. Arnstein, Vice President
of Engineering, Goodyear Aircraft Corporation, Akron 15, Ohio.

GEDA~T. M. Goodyear Aircraft Corporation, Akron 15, Ohio

Il
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CALIDYNE DOES

ZOl  From time to time vacuum tube manufac-

turers and users have asked us if we make a
7 standard shaker system or could build one for
vibration testing vacuum tubes. The answer
/ is that we do make one and can build others to
THE // suit your particular requirements. The value
/ of such a system is obvious from both sales

and use points of view.

/ VIBRATION IS OUR BUSINESS

Calidyne’s business is to build shaker systems
to meet individual needs. Wide frequency
ranges are available. We build shakers to do
frequency cycled tests varying from 10 to
1000 cycles per second. These give actual
physical vibration in a linear plane. Accel-
eration levels go up to 15 g’s on table loads
of about 2 pounds. It is possible to develop a
o shaker that operates at frequencies up to
10,000 C.P.S.

CALL ON CALIDYNE

If you make or use vacuum tubes for computers, guided missiles, radar,
sonar or mobile applications, you must recognize the importance of de-
pendable tubes proved by pretesting. Outline your problem in detail
and let us see what we can do with it. You may then be able to pretest
your vacuum tubes for vibration before putting them in the field.

SALES REPRESENTATIVES IN NEW YORK, LONG ISLAND, NEW JERSEY
G. C. Engel — Rector 2-0091 (N. Y.) » Ridgewood 6-7878 (N. J.)
| CLEVELAND, OHIO HOLLYWOOD, CALIFORNIA
M. P. Odell Co. G. B. Miller Co.

THE Prospect 1-6171 Hollywood 9-6305
DAYTON, OHIO  ALBUQUERQUE, NEW MEXICO
M. P. Odell Co, . B. Miller Co.
Oregon 4441 Albuquerque 3-1998
COMPANY 751 MAIN STREET, WINCHESTER, MASSACHUSETTS
WASHINGTON, D. C. FLORIDA CHICAGO, ILLINOIS MINNEAPOLIS, MINN. DALLAS, TEXAS

F.R.Jodon A.H.lynch and Assoc.  Hugh Marsland Co. H. M. Richardson and Co. John A. Green Co.
Wocdley 6-2615 Fort Myers 5-6762  Ambassador 2-1555 Geneva 4078 Dixon 9918

ARNPRIOR, ONTARIO, CANADA, Measurement Engineering Limited, Arnprior 400
WALTHAM, MASS., Robert A. Waters, Inc,, Waltham 5-6900
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0 AND 100

YEARS AGO

OCTOBER, 1903: “At a meeting of
the science branch of the British Associa-
tion, Lord Kelvin made an interesting
suggestion in connection with the per-
petual emission of heat by radioactive
substances. He said that if the emission
of heat went on for 10,000 hours, there
would be as much heat as would raise
the temperature of 900,000 grammes of
water 1 degree Centigrade. It seemed
utterly impossible to Lord Kelvin that
this would come from the store of energy
lost out of a gramme of radium in 10,000
hours. It seemed, therefore, absolutely
certain that the energy must somehow
be supplied from without. He suggested
that ethereal waves might in some way
supply energy to radium while it was
emitting heat to matter around it. Lord
Kelvin illustrated his theory by the fol-
lowing comparison: Suppose a piece of
white and a piece of black cloth, hermeti-
cally sealed in similar glass cases, were
submerged in similar glass vessels of
water and exposed to the sun. The water
in the vessel containing the black cloth
would be kept very sensibly warmer than
that containing the white cloth. Here the
thermal energy was communicated to
the black cloth by waves of sunlight, and
was given out as thermometric heat to
the water in the glass around it.”

“The constant existence of some elec-
trical condition in the atmosphere lends
interest to inquiries as to the extent of
the earth’s electric field. Investigations
at the highest altitudes it is at present
possible to reach seem to show that the
upper limit is in the area between 10,000
feet and 15,000 feet above sea level.
Above this area the electric potential
may be regarded as constant. The cause
of this phenomenon has not yet been
satisfactorily elucidated, and various
theories have been brought forward to
account for it. These all agree in regard-
ing friction between particles of the same
or different materials, such as water and
air or water and ice, as the initial cause.
These researches seem to indicate that
the impact of rain on the surface of a
lake or sea, or even the wind blowing on



IN

TELEPHONY

For years the accepted way to connect wires to telephone appa-
ratus was with solder. Now, Bell Laboratories engineers have discov-
ered how to make connections faster and better —without solder.

Solder, they reasoned, wouldn’t be needed if wire and terminal
could be kept tightly pressed together. But, for economy, this had to
be done with the wire alone —without complicating screws and springs.

They found the answer in using a properly dimensioned terminal
with sharp edges. .. whipping the wire around it under high tension.
The terminal bites into the wire, locking it securely into position. There-
after the squeezed edges maintain a contact pressure of at least 15,000
pounds per square inch—even under vibration that cracks soldered joints.

The new connections can be made in half the time—a big money-
saver in the billion connections that Western Electric makes each year
for the Bell System. It’s another example of the way Bell Telephone
Laboratories works continually to keep costs low.

BELL TELEPHONE
LABORATORIES '

IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES
CAREERS FOR CREATIVE MEN IN MECHANICAL ENGINEERING

© 1953 SCIENTIFIC AMERICAN, INC
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A solderless connection, enlarged 15 times.
Connections are more uniform than soldered
ones and only half as bulky.

Cross section of solderless connection. Note
terminal biting into wire. In a six-turn con-
nection there are at least 20 clean contact
areas impervious to moisture and corrosive
gases, offering current a low resistance path.

Power tool whips wire on terminal in fraction
of a second. There is no heat which could
damage miniature components . . . no dropped
solder or wire clippings to cause trouble later.

13



these surfaces, produces electricity,
which may be the initial cause of thun-
| derstorms.”

“Sir Edmund Antrobus has, through
Lord Edmund Fitzmaurice, chairman of
the County Council of Wiltshire, made a
definite offer to sell Stonehenge and
eight acres of land occupied by these
magnificent Druidic ruins to the English
government for $250,000, on the under-
standing that they will be preserved for
the nation. Some years ago Sir Edmund
made an offer to dispose of Stonehenge
and 20 acres of the land on which the

great stones stand for $750,000 to any-
| one who was willing to pay that price,
| and great alarm was expressed lest some
| American multimillionaire might pur-
chase the celebrated megalithic monu-
ments and carry them off to the United
States. But this fear has not been real-
ized.”

“Amid the intense excitement of a vast
crowd, consisting largely of experts, the
Siemens electric train on October 23
achieved the record speed of 207 kilo-
meters, or about 129% miles per hour,
beating the record of the last previous
trial by six kilometers. After the recent
trial on the experimental \arienfelde-
Zossen line, near Berlin, when a speed
of 125 miles an hour was attained, the
engineers declared that this would be
exceeded, and that a speed of even 140
miles an hour was practicable.”

New “ounce-of-prevention” meth- methods. Perkin-Elmer has saved time
od keeps your water supply pure. and money for scores of manufacturers

Excessive chemical wastes from your  throughout the industry. At your dis-
plant can destroy your industry’s water ~ posal are the modern infrared labora-
supply, despoil your drinking water, tories of this largest manufacturer of
kill stream life, create toxic and turbid  analytical infrared equipment.

water conditions. This could cost you—
as it has already cost so many other
companies—millions of dollars for fresh
water supplies.

But a new Perkin-Elmer Infrared
Spectrometer analytic method can help
you wipe out these costs before they ] -
start. This method, developed by The [ - g b
Atlantic Reﬁnm.g Company, has helped Atlantic Refining Co. d;velt'zped new tech-
petroleum refiners detect and thus  nigues with the Perkin-Elmer Spectrometer.

eliminate water-polluting hydrocarbon . ) OCTOBER, 1853: “There are in
oils and phenols fast and accurately. It Lea.m how 6 chemical companies solv.ed vogue two theories by which the phe-
can detect 0.1 parts per million of oils their Product.Con.tro{ Problems by in- nomena of light are explained, the one
and 0.01 parts, or less, per million of frared anal?’-ﬂs- Fill ln.the coupon be- that of Descartes, Huygens and Euler,
phenols in waste waters. This problem low. You will also receive I_NST.RUMENT commonly called the undulatory theory,
could not be adequately handled by NEews, a quarterly publication that the other that of Newton and Brewster,
conventional analytic methods. kee{’S you UP-t.O-date on modern electro- known as the theory of emanations. Both
If you have a problem in chemical optical analytical methods. are unsatisfactory in Qertain respects.

analysis of either raw materials or fin- THE PERKIN-ELMER CORPORATION “The advocates of the undulatory
ished products, it will pay you to in- 875 Main Avenue, Norwalk, Conn. theory maintain that light is in all re-
vestigate Perkin-Elmer’s infrared  southern Regional Ofice: New Orleans, La. spects similar to sound, ancl the colors

are compared to the notes of an octave.
______________ —_———— - ——_— - — — — |~ But, carrying out the parallel with

) sound, what would be the result if an
PER B I \ W ELM ER — “vvs | immense multitude assembled together
were each at the same time to shout with

a5 a different cry? Would a listener be able

. iy to hear distinctly the voice of any one?
i Most certain]y not; yet gazin among

the myriad orbs which spangie the starry
Company Name _ - vault, the eye can readily s ngle out thg
smallest, whose light is sufficient to af-

875 MAIN AVENUE, NORWALK, CONNECTICUT
Please send Product Control Brochure and Instrument News.

Name e Title oo PR

Address ......City
14"
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to New

Chemical Wonderlands

e Twenty-four hours a day, these giant steel pipes
; carry a rich cargo of chemical-laden gases from
coke ovens to chemical plants of the Pittsburgh
Coke & Chemical Company. Final destination?
. Your new crease-proof summer suit, the drug
that takes the sneeze out of your hay fever, the
herbicide that kills your weeds but not your
grass . . . and perhaps 100,000 other coal
chemical-made products that are, or soon will
be, an important part of your life.

- But there’s an important “line” going the other
A, way from our coke ovens, too. It carries coke
to our blast furnaces for pig iron production.
5 And slag from these furnaces is made into

2 q = cement for highways and homes.
&\ ’ 2 Diversified production? Yes, but com-
it : : . pletelyintegrated,too.Fortheoperations
o T p of Pittsburgh’stendivisionsare welded
into a single, basic production pat-
\*% . tern. The manufacturing efficien-
cies and coal-to-product quality
: control that result have made
3 > the Pittsburgh Coke &
Chemical Company trade-
mark a hallmark of de-

pendability.

b

T ] - - — N
COAL m- PG BOM | L

- M:ﬂr P
¢ . » . »
CEMENT C (c »
® O AL C€C
ACTIVATED AGRICULTURAL PLASTICIZERS FINE PROTECTIVE
CARBON CHEMICALS CHEMICALS COATINGS
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NOW WE ARE CROWING
\\AID WITH GOOD CAWS...
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The relay on the right may be
recognized as a Sigma Type
5F. In 1943 we regarded it
as quite an achievement. Over
the intervening years it has done us yeoman service and kept a
charmingly large segment of our customers in a state of dithers.
(Sometimes because they couldn’t get Type 5’s, other times be-
cause they wished they hadn’t!)

But we had come to feel it was, if not obsolete, at least no
longer newsworthy, so we don’t often speak of it in our adver-
tising. Perhaps we were wrong, because we now observe the very
creditable effort of an esteemed competitor (left above) to which
he is devoting prominent attention in publicity. His specifications
are good, too. 60,000 ohms winding resistance is offered publicly.
(We do that sort of thing only on special request. We hate to
encourage the philosophy leading to such a requirement.) Maxi-
mum sensitivity is given as 1 to 2 milliwatts. We assume they are
being conservative because we feel the design is appropriate for
Y2 milliwatt sensitivity when well executed and well applied (not
when used on an airplane!).

The competitor is to be complimented, too, for desighing
around our patent, a feat he has probably achieved at little or
no sacrifice in most applications. We are flattered that he should
think our patent strong enough to worry about.

Maybe our venerable workhorse has more glamour than we
thought.

SIGMA INSTRUMENTS, INC.
40 PEARL ST., SO. BRAINTREE, BOSTON 85, MASS.
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| fect it, and contemplate it, untroubled

by the light of the more powerful lumi-
naries shining in other parts of the heav-
ens.

“In explaining color, Euler supposes
that opaque bodies have each a tone of
their own, and that when their vibrations
are excited by a luminary, they are con-
sequently uniform. According to this, a
rough steel plate vibrates in harmony
with the color called grey, but when
polished it vibrates in harmony with all
the colors of the spectrum!

“Further, there is no reason why, if
light be propagated by undulations, it
should always be transmitted in straight
lines. Sound can move as readily in a
bent tube as in any other. It has been
said that light could not pass through
an orifice and expand its undulations
like sound, on account of the great size
of the orifice compared with the extreme
minuteness of the rays of light, but this is
very unsatisfactory.

“The failure of the advocates of the
undulatory system to explain satisfac-
torily the refraction of light might also
be urged against it, as well as the unsatis-
factory explanation of polarization.

“On the other hand, against the theory
of emanations, as taught by Newton,
there is one objection which, though it
has been oftenurged, has never, and can
never be answered. Newton taught that
light consisted of particles of the matter
of the luminous body; if so, the sun must
be decreasing in mass, slowly indeed,
yet nevertheless constantly, and this
process must in time result in utter ex-
tinction. Priestley, casting the concen-
trated light of the sun upon a delicate
balance, attempted to weigh it,—he even
fancied he had succeeded, and from the
data thus obtained, he proceeded to
compute the total diminution of the
sun’s bulk for a period of six thousand
years. But we are satisfied that our in-
telligent readers will, with us, reject his
experiment in toto, as the smallest par-
ticle of dust floating in the air would
weigh more than the pretended weight
of the sun’s rays as indicated by his bal-
ance. And from the most carefully con-
ducted experiments, as well as from
theoretical considerations, it is highly
improbable that the rays of light are in

| the smallest degree ponderable. We re-

gard this argument as an unanswerable
one against the Newtonian system—it
cannot be evaded, and is of itself, we
think, sufficient to overthrow it. We are
not surprised that from these considera-
tions so many philosophers of eminence
have of late been disposed to reject the
Newtonian theory and adopt the only
other—that of undulations.”



*duPont’s tetrafluoro-
ethylene resin

For wrapping wire and cables...
€-D-F unsupported and supported

TAPES of UE T U:-.“

C-D-F tapes of Teflon offer many advantages and
end-use benefits. Insulated wires and cables, with
multi-layer wrappings of both unsupported and sup-
ported Teflon tapes, have increased conductor efh-
ciency at high temperatures . . . and last longer.

Inherent characteristics of Teflon include high
dielectric strength (1000 VPM or greater), low
dielectric losses and high heat resistance. Teflon’s
effective temperature range—from —80 degrees F. to
500 degrees F.—gives permanent, trouble-free pro-
tection to all types of aircraft cables. C-D-F Teflon
tapes are chemically inert, and have practically zero
water absorption. Even under extremely humid con-
ditions, Teflon tapes retain their unusually high
dielectric properties.

Teflon has the required mechanical and electrical
properties for heavy duty motor, generator, and con-
ductor insulation. Unsupported Teflon tapes have a
high elongation value, and a plastic memory that
causes shrinkage as the conductor temperature rises.

i

This contraction effects a tighter fit over sharp bends,
corners, and other hard-to-insulate surfaces.

Supported Teflon has greater mechanical strength
due to its glass fabric base . . . and is available in a
greater range of widths than unsupported film. Either
form may be wused with mechanical wrapping
machines. For complete details about this material,
write for 8-page Teflon Folder T-52. Or, call in a
C-D-F sales engineer for technical or engineering
help . . . and learn of many new Teflon applica-
tions that are being developed daily in the C-D-F
laboratories.

SPECIFICATIONS

Unsupported C-D-F Teflon tapes are available in widths from V4" to
12, and in thicknesses ranging from .002" to .060".

Glass fabric base Teflon tapes are available in widths from V4" to
38", and in thicknesses from .003" to .010"”. C-D-F can also supply
Teflon in sheets, unsupported or fiberglas cloth supported; and
either copper- or aluminum-clad stock for printed circuits. Special
diaphragm and gasket materials are also available.

NEWARK 24, DELAWARE
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Telecomputing announces:

the first low-cost
data reduction system

The Contact Telereader $2195
measures oscillograms and other graphic records '
It handles single sheet or roll records —any length, any width
/ up to 18”; performs linear and non-linear calibrations;
provides accuracy to .01” per count; permits up to
40 measurements per minute by means of X-Y crosswires.

Operates Alone

The Contact Telereader also can be used independently of the
data reduction system to perform rapid, accurate measurements.
Readout, however, must then be made by manual methods.

P

Engineers —Telecomputing offers youafture in
fields of the future — data reduction, computing, and the
solution of mass record-handling problems for Business.

&y
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Everyone concedes the value of modern data reduction instruments;

but not every organization feels it can “afford” them —just yet.

A pioneer in the field of data reduction, Telecomputing has long sought

a solution to this problem. It now presents the first low-cost

data reduction system which offers speed, accuracy and flexibility

at a price most organizations can afford: $5,555.

The Teleducer $1690

electronically converts Contact Telereader
measurements into digital form.

Other Teleducer Applications

The Teleducer can be used by itself as a laboratory digital
voltmeter with an accuracy of 0.1%. It also can be

used independently to digitize output of strain gauges and
thermocouples without B. C. amplification. It provides

for minimum full-scale input of 10 millivolts (10 microvolts
per count) and maximum full scale input of 1.0 volt
without external attenuation.

The Teleducer and accompanying Program Unit are housed
in the same cabinet.

TELECOMPUTING corroration [BEi

BURBANK, CALIFORNIA WASHINGTON, D. C.

Electric Typewriter $920
The Program Unit $750

prepares parallel digital data for serial
readout to the electric typewriter shown on
top of the Teleducer-Program Unit cabinet.

Readout also can be in punched cards
or punched tape.

Computing Service

Your computing and data reduction
problems, large or small, can be processed
quickly, efficiently by Telecomputing’s
staff of engineers, physicists and
mathematicians. They are fully equipped
with Telecomputing and other electronic
instruments to provide round-the-clock
service. Representatives in Telecomputing’s
Burbank and Washington, D.C. offices

are available to discuss your

problem and prepare proposals.

Specifications on the new data reduction system, as well
as detailed information showing how the Contact Telereader
and Teleducer can be used independently, will be mailed
you upon request. Coupon below is for your convenience.

Mr. Preston W. Simms, SA-10
Telecomputing Corporation, Burbank, California

[0 Please send me specifications on the data reduction system.

[0 Please send me specifications showing how the
Contact Telereader can be used alone.

1 Please send me specifications showing how the
Teleducer can be used alone.

My Company

My Street Address
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A Spectrograph
for only $1495!

BAUSCH & l?"“’

For
Teaching

For Industri al
\_qborctories

%" 172 Meter

Model

Now, at the lowest price in the
spectrograph field . . . the
Bausch & Lomb 1), Meter
Stigmatic Grating Spectro-
graph!" Concave 40x80mm

3700.7400A
(First order)
1850-3700A

{second order)

2250-6250A
{First order)

SPECTRUM
COVERAGE

mm . . .
\-SA/ der) 16A[mm Certified-Precision Grating
(First or (Firet o der) i ‘
7.5A/mm gives you unbelievably fine

der) . . .
(Second orce line quality on a wide range

of non-ferrous metals and

RESOLVING alloys, lubricants, pig-

POWER ments, pharmaceutical
products, and many other
Takes 10”
. short exposures. Sturdily
built for stability and years of daily, practical use. Compact design:
length, 5’; width, 1%5’; height, 1’. Complete with 3'x4” optical bed
to accommodate all current B&L accessories.

materials.
length of 35mm film; extremely fast . .

WRITE FOR SAMPLE SPECTROGRAM

AND COMPLETE INFORMATION
Find out how this low-cost instrument can efficiently
fill your spectrographic needs. Write to Bausch &
Lomb Optical Co., 78124 St. Paul St.,
Rochester 2, N. Y.

BAUSCH ¢ LOMB CENTENNIAL

STIGMATIC GRATING

Bausch & Lomb ﬁ/wﬁ”? Spectrographs
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THE AUTHORS

HAROLD W. MILNER (“Algae as
Food”) has been a staff member of the
Department of Plant Biology of the Car-
negie Institution of Washington since
1928. He is one of the pioneers in the
studies described in his article. The in-
terest of the Carnegie Institution in the
Chlorella alga began with its use as an
experimental subject for the study of
photosynthesis. When it was learned
how easily the growth and chemical
composition of the algae could be in-
fluenced by changes in environment, the
possibilities of large-scale culture be-
came apparent. Milner and a colleague
in 1948 wrote a preliminary report sug-
gesting engineering researches which
later were carried out at the Stanford Re-
search Institute and at Arthur D. Little,
Inc. Milner was born in Denver in 1903
and educated at Colorado College. After
graduation he worked for two years as
chemist in a zinc smelter before joining
the Carnegie Institution. In addition to
his algae investigations he has worked on
the spectra of plant pigments and on the
formation of starch in leaves. In his spare
time he is an amateur astronomer.

WALTER T. BONNEY (“High-
Speed Research Airplanes”) is assistant
to the executive secretary of the National
Advisory Committee for Aeronautics.
Born in Ludlow, Vt., in 1909, he gradu-

| ated from the University of Massachu-

setts in 1931 and began a career as a
newspaperman. For 10 years he covered
politics and industry for the Springfield
(Mass.) Republican, and wrote about
aviation as a hobby. Then he was a pub-
lic relations man for Bell Aircraft Cor-

| poration for eight years, except for two

years of military service. In 1949 he
joined the N.A.C.A. His hobbies are
home repairs (at which he describes
himself as “an enthusiastic incompetent™)
and reading and writing about aviation
history. He is now at work on a book to
be called Prelude to Kitty Hawk.

BRYCE CRAWFORD, JR. (“Chemi-
cal Analysis by Infrared”) is professor of
physical chemistry at the University of
Minnesota. He was born in New Orleans
in 1914 and was educated at Stanford
University, where he took his Ph.D. in
1937. He spent two years at Harvard
University as a National Research Fel-
low and then taught chemistry at Yale
University for a year. He has been at
Minnesota since 1940. During the war



Flying “taxis” that open up new roads

Miraculous rescue flights over Korean
combat zones put helicopters in the
spotlight. Soon, ’copters like these
three leaders will open up more and
more new ‘“‘roads” in America’s skies.

Powered by always dependable, air-
cooled engines built by Lycoming, " ———

these helicopters are already used by -
industry as flying “taxis” to transport
executives from plant to plant. Soon,
major cities will get aerocab service
from midtown terminals to airport flight
lines. Later, every state in the union
will get super “taxi” service between
cities . . . and even commuter service
from suburbs to hearts of business
sections. {a .

DOMAN LZ-5. Powered by a
Lycoming 400-h p. engine. Speed,
10 m.p.h. Range, 220 miles

Dependable Lycomingpower has helped i
these leading helicopters achieve out-
standing safety records. This is another
Lycoming contribution to America’s
progress in the air; another reason why
we say: “For efficient, dependable, air-
cooled power . . . look to Lycoming!”

Air-Cooled Engines for Aircraft and Industrial Uses /
Precisi d-Volume Machine Parts
Gray-lron Castings « Steel-Plate Fabrication

KAMAN K-240. Powered by a
250-h.p. Lycoming engine. Speed,
90 m.p.h. Range, 210 miles.

FOR RESEARCH « FOR PRECISION PRODUCTION

wLYCOMING

Lycoming-Spencer Division f Voo Bridgeport-Lycoming Division
Williamsport, Pa. .4 L =zns Stratford, Conn. PIASECKI H-21. Powered bya1425-h p,
Lycoming-built engine.* Speed, over

115 m.p.h. Range, over 200 miles.

*Wright-Cyclone engine, built by Lycoming under license from Curtiss-Wright Corporation,
Wright Aeronautical Division. L 3
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® The new Leitz Wall Chart
shows cross-section construc-
tion of the Leitz Medical
Microscope; demonstrates in
detail the precise mechanism
of this delicate instrument.

Hung on your classroomor
laboratory wall, it affords
you and your students an
indispensable reference.
Printed on permanent stock

in 5 colors. Size: 25”” x 38”.

plus free
pamphlet

rd?

5-color,

e medical
mICroscope

Wall Chart

Q

Q

E.LEITZ INC. NEW YORK

| Tl Daghenps.

2 T Lo

3. The Side

4 Tie Syt Linker vttt
S The Conr Ghun

& The Objectivr

T The e

A Bt Pugid

£ Objectios;, back foend phase
B Eyepiece, back focal plane  *
P0.Real fosage of the Dbject

T, 1o TaMechasionl tobe bmgth

MEDICAL MICROSCOPE

E. LEITZ, Inc., 468 Fourth Ave., N. Y. 16, N. Y.

Gentlemen: Please send me FREE of charge your
5-color detailed Wall Chart of the Leitz Medical
Microscope, plus a FREE copy of “The Microscope—
Its Application, Use and Care.”

Mail them to

(SCHOOL OR FIRM)
o (SCHOOL OR FIRM ADDRESS)

(CITY, ZONE, AND STATE)
Attn. of

(NAME, TITLE)

(SIGNED)

———————— MAIL THIS COUPON TODAY—————--—4

25" x 38"

® “The Microscope—Its Appli-
cation, Use and Care’’—a new
pamphlet that tells you how to
get best results with your Leitz
Microscope is also yours for
the asking.

Send for both Wall Chart and
pamphlet, now!
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| Crawford did research on rocket propel-
lants for the National Defense Research
Committee and was awarded the Presi-
dential Certificate of Merit. He has held
a Guggenheim fellowship and a Ful-
bright grant. His research specialty is
molecular structure, which he studies
largely by means of the techniques de-
scribed in his article. In leisure hours he
devotes himself to a scholarly interest in
the treatises of Dr. Watson (but has
been too busy to contribute to the Baker
Street Journal), to model railroading
and to the care and feeding of two sons.

GEORGE W. GRAY (“Human
Growth™), a member of the staff of the
Rockefeller Foundation and a veteran
science journalist, has written many ar-
ticles for SciexTtiFic AnEericanx. His
most recent, “A Larger and Older Uni-
verse,” appeared in the June, 1953, issue,
which contained a biographical note
about his career.

FRANCIS J. RYAN (“Evolution Ob-
served”) has spent almost all of his aca-
demic career at Columbia University,
where he is now professor of zoology.
Born in Brooklyn in 1916, he was a stu-
dent at Columbia from 1933 to 1941,
when he earned his Ph.D. After a year as
a National Research Fellow at Stanford
University he returned to Columbia to
teach and has remained there since, with
a year out for research, on a Guggen-
heim fellowship, at the Pasteur Institute
in Paris. During the war he did research
on gas gangrene for the Office of Scien-
tific Research and Development. Ryan’s
chief work has been in the field of the
genetics, growth and metabolism of
microorganisms, especially bacteria. He
has traveled a good deal, spending sum-
mers in Alaska and in South America.
This summer he attended the sixth In-
ternational Congress on Microbiology in
Rome as his university’s representative.
He plays a first rate game of tennis and
is said to be the best handball player at
Columbia.

THOMAS G. BIBBY (“History in a
Peat Bog”) is assistant keeper of the Pre-
historic Museum in Aarhus, Denmark. A
British citizen, born the son of a small-
town grocer in England in 1917, he got
through Cambridge University on
scholarships, was graduated just in time
for World War II and later left the Brit-
ish Army “with no money and an un-
| quenched conviction that I should really
enjoy myself only as an archaeologist.”
He worked for an oil company in the
Middle East for three years to earn
enough money to obtain digging experi-



Will the product you

plan to make...

an alloy so tough you may not
yet have heard of it?

o e

a forged finish like plate glass?

You may even have a twist or two of your own to add
to the problem the Jet Division helped solve for jet
aircraft engine builders . . .

The “buckets” (paddles) on the turbine rotor at the
rear of a jet engine whirl around about 10,000 times a
minute, pulsed by a white-hot blowtorch of flame. To
withstand this roaring inferno, the bucket surfaces
and curves must be forged even smoother than glass.
They must be made of an alloy tougher than the tough-
est steel. They must “take” this red-hot ride for hours
without stretching out, or “creeping”, from centrifugal
force and heat.

The Jet Division makes more buckets for America’s
engine builders than any other manufacturer. We forge
super-strength alloys into finished parts so smooth and
accurate that they need no costly, lengthy finish-
machining or polishing.

If your product or product-to-come must meet one of these
conditions . . . two . . . three, or, even a brand new one, it
can pay you to get in touch with us now.

JET DIVISION

Thompson Products, Inc.

Department JS-10, CLEVELAND 17, OHIO
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First in created-metals for better products

““Carboloy’’ is the trademark for the products of the Carboloy Department of General Electric Company

24

oz

A small, but powerful Carboloy® perma-
nent magnet enabled Thomas A. Edison,
Inc. to eliminate a large stationary magnet
in their aircraft fire-detection relay. A sensi-
tive thermocouple is connected to the relay’s
magnetic field which closes the alarm circuit
the moment fire is detected in the engines.

How tiny magnets warn
pilots of engine fires

A tiny Carboloy permanent magnet instantly turns in the fire alarm
when aircraft engine temperatures begin to rise rapidly.

This magnet is the circuit actuator in a sensitive fire-detection relay.
Because the magnet is stable—even under the extreme conditions en-
countered in aircraft engines—it always operates perfectly. Because its
power is self-contained, it eliminates a potential fire hazard from wiring
to the relay itself. Because it is compact, it permits a smaller, lighter relay.
In countless other applications in many fields, Carboloy permanent magnets
help ‘manufacturers to market a better product at less cost. In controls,
switches, motors, instruments—wherever there’s a need for independent,
self-contained, never-failing sources of energy—there’s a place for Carboloy
permanent magnets.

MEN AND METALS TO SERVE YOU

Permanent magnets are but one of
the Carboloy created-metals that
will help you create better products.

Maybe you canuse Grade 608 Chrome
Carbide to combat corrosion, along
with abrasion and erosion in equip-
ment parts. Or Carboloy Cemented
Carbide for cutting tools, dies or
wear resistance. Or Hevimet to pro-
vide a better balance weight, or for
radioactive screening.

Get in touch with a Carboloy engi-
neer for all practical knowledge and
help available on these created-
metals. Look to Carboloy labora-
tories, too, for new uses for these
created-metals and for exciting new
created-metals to come.

Write us about any of your mag-
net design or application problems.
Send for free design manual PM-101.

CARBOLOY

DEPARTMENT OF GENERAL ELECTRIC COMPANY
11199 E. 8 Mile Ave., Detroit 32, Michigan
Plants at Detroit and Edmore, Michigan

ALNICO PERMANENT MAGNETS

for lasting magnetic energy

CEMENTED CHROME CARBIDES

for exceptional resistance to corrosion, along with
erosion and abrasion

CEMENTED TUNGSTEN CARBIDES

for phenomenal cutting, forming, wear resistance

HEVIMET

for maximum weight in minimum space, and for
radioactive screening
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ence. Then, attracted to Denmark by a
young Danish girl whom he married, he
joined the staff of the Aarhus Museum.
He will soon lead an expedition to Bah-
rein on the Persian Gulf “to try to solve
the riddle of the mound-builders there.”

HERBERT KONDO (“Michael Fara-
day”) is a member of the research staff
of The American Peoples Encyclopedia
and a student of the history of physics.
He was born in New York City in 1924,
attended the University of Florida and
received an M.A. in cultural history in
1951 at the University of Chicago. A
radar technician during the war, he has
also studied physics and mathematics at
the Illinois Institute of Technology, and
works in electronics as a hobby. He has
picked up a reading knowledge of
French, Spanish, German and Sanskrit.
His study of Faraday grew out of an in-
vestigation of the history of the theory of
relativity.

WALKER VAN RIPER (“How a
Rattlesnake Strikes™) is a retired invest-
ment banker, now serving as curator of
spiders at the Denver Museum of Na-
tural History at $1 a year. He ap-
proached the rattlesnake problem as a
photographer rather than as a student of
reptiles. Since 1939 Van Riper has been
building high-speed electronic flash sets
for various nature studies. His high-
speed flash pictures of spiders, hum-
mingbirds and other animals have ap-
peared in many journals in the U. S. and
abroad. He was born in 1887 and holds
an A.B. from Yale University and an
LL.B. from St. Louis University. He
went to Colorado for his health, taught
banking at Colorado College for a year,
and was an investment analyst and bank-
er in Denver from 1916 to 1943. Along
the way he developed a strong interest in
science. In 1943 he retired from business
and joined the Denver museum.

ERNEST NAGEL, who reviews the
new edition of Galileo’s Dialogue on the
Great World Systems in this issue, is pro-
fessor of philosophy at Columbia Uni-
versity. He was born in Czechoslovakia
in 1901 and came to the U. S. at the age
of 10. After graduating from the College
of the City of New York, he taught in the
New York City public schools and at
City College while doing graduate work
at Columbia. He took his doctorate in
1931 and joined the Columbia faculty.
Nagel has specialized in mathematical
philosophy and is president of the Asso-
ciation for Symbolic Logic. He is the au-

| thor, with Morris R. Cohen, of An Intro-
| duction to Logic and Scientific Method.



To MOV

WEVE DISCOVERED HOW TO

Shwirk yowr matoru

=by Floating a screw on a stream of balls?

We eliminate the need for the excess power that
was added to overcome friction in the old-fashioned
screw-type drives.

Ball-screw actuators made by Cleveland Pneumatic
have an efficiency as high as 90 % on most types
of drives for machines. This lets you use a %-horse-
power motor instead of a 1-horse...a 5-horse in-
stead of a 10...with power to spare.

It’s done by replacing the famous old high-friction
Acme thread principle with a spiral ball-bearing
thread that does wonders for e?ﬁciency. Sliding
friction is replaced by the rolling action of the
screw and nut over the steel balls 1n the threads.

These “AEROL” Ball-Screw Actuators are at
work now...in the air at scores of spots on air-

Cleveland Pneumatic

Department D-10

BALL-SCREW ACTUATORS ® AUTOMOTIVE SHOP EQUIPMENT
AIR-OIL IMPACT ABSORBERS

World’s Largest Manufacturer of Aircraft Landing Gears

craft; on the ground in machine tools, in research
equipment, on trucks and cars; at secret locations
on difficult defense projects.

We can also cut down friction in your designs
and products . .. by shrinking the size of motors,
easing the effort it takes to hand-actuate a device,
making equipment move faster yet come to a more
precise stopping point under any condition. Our
Actuators operate smoothly under the greatest

extremes of heat and cold.

When can we discuss with you the
application of our AEROL Ball-
Screw Actuators in your business?
If you wish to know more about
Cleveland PneumaticActuatorsand
their uses. ..write for our booklet.

To CUSHION SHOCKR

CPT’s shock absorber principle combines
pneumatic and hydraulic cushioning. It can
control minute vibrations or tons of impact.
It is the shock absorber for the largest aircraft
landinggears(CPT is the world’sbiggestmanu-
facturer of landing gears),and the same princi-
ples are often adapted to finger-sized units. May
we discuss with you how to take the shock
out of stopping or the motion outof vibration?
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THE COVER

The photograph on the cover, made
by David E. Scherman for Sciex-
| TIFIC AMERICAN, shows the tools
for the study of evolution in bacte-
ria as described in the article begin-
ning on page 78. They include
plates of special indicator agar-gel
growing beadlike colonies of the
common colon bacteria, Escheri-
chia coli, a pipette for transferring
samples of a culture to fresh me-
dium, and a color chart for identify-
ing various strains of the bacteria.

THE ILLUSTRATIONS

Photo courtesy Sperry Gyroscope Company

Cover photograph by

‘ ‘ ‘ David E. Scher
BOMBING RUN IN THE LABORATORY w cherman
R Page Source
charted by Brush Oscillograph . Arthur D Little, Tne,
33 Bunji Tagawa
On the analog computer, this engineer has duplicated flight g; ﬁr;li‘f(rl Dﬁolféttlfgolnf' A
conditions for a new jet plane making a bombing run on thur D. Littlz, " Inec.
automatic pilot. Then he checks the performance of the (bottom)
system as charted by the six-channel Brush Oscillograph. gg ls)a()rSng;s\/eAircraft Compa-
Mission accomplished! ny, Inc.
38-39 N.A.C.A,, except upper
In many such exacting studies, immediate recording of right; Douglas Aircraft
electrical or mechanical phenomena by Brush Oscillographs Company, Inc.
. . . . . . . 40 Douglas Aircraft Compa-
saves engineering time and simplifies tests. These precision ny, Inc.
instruments give you answers in writing —of stress, strain, 41 Bell Aircraft Corp.
torque, vibration, pressure and other variables. They are 42 Ent%meermg Societies Li-
. . . . rary
available to suit your needs...from the single channel unit 43-45  James Egleson
up to the six-channel size shown above. 46 Bernard Hoffman (top),
Bunji Tagawa (bot-
Brush representatives are located throughout the U.S. In ' tom)
Canada: A. C. Wick 4. T For bulleti . 47-48  Bernard Hoffman
anada: A. C.Wickman, Ltd., Toronto. For bulletin, write 65-70 Eric Mose
Brush Electronics Company, Dept. B-10, 3405 Perkins | | 70-74  Child Research Council
: 78 E. R. Squibb & Sons
Avenue, Cleveland 14, Ohio. 7982 Trving Ceis
84 T. G. Bibby
85 John Tremblay

86-88  T.G. Bibby

BRUSH ELECTRONICS COMPANY 90-99 Burndy Library

former;y 101-102 Walker Van Riper

INDUSTRIAL AND RESEARCH INSTRUMENTS The Brush Development Co.

PIEZO-ELECTRIC MATERIALS o ACOUSTIC DEVICES Brush Electronics Company 115 ]ohn Tremblay
MAGNETIC RECORDING EQUIPMENT is an operating unit of 116-117 Roger Hayward

ULTRASONIC EQUIPMENT Clevite Corporation
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When you're really “in the soup”...

In weather like this, flying is no fun.

Visibility is zero. Your storm-
lashed plane rocks and shakes as it
beats into the blackness.

You rely on the pilot. And he re-
lies on instruments — delicate mech-
anisms, every one of them — to bring
you in to a safe landing.

How high? How low? How fast?
How slow? The answers are all on
the dials. The answers are accurate,
too, because modern instruments are
well protected from damaging vibra-
tion by devices called ““shock
mounts.”

Shock mounts fashioned of con-
ventional cushioning materials are
satisfactory up to a point, but they
were never perfect in every way.

Under constant vibration, some
have a tendency to pack down and
lose resiliency. Others are at the
mercy of heat and cold . . . pick up
dust, oil and moisture... or are at-
tacked by bacteria and fungi. Obvi-

ously, something better had to be
found.

A kitchen pot cleaner of knit
Monel® mesh finally put searchers
on the right track. The Metal Textile
Corporation knitted it with differ-
ent types and thicknesses of Inco
Nickel Alloy wire . .. stretched it...
compressed it . .. subjected it to test
after test.

Knit metal mesh had none of the
faults of its forerunners. Even when
compressed, it retained a high de-
gree of resiliency, for the knitted
loops acted like thousands of tiny
springs. Here at last was the answer!

Today, knit metal mesh that
traces its origin to a pot cleaner,
serves on many jobs once handled
not nearly so well. In addition to
shock mounts, knit metal mesh is

Inco Nickel Alloys

© 1953 SCIENTIFIC AMERICAN, INC

found in air filters on carburetors,
and as padding on pressing ma-
chines. It’s used for straining and
filtering fluids and gases —and RF,
Shielding of electronic components.

Just let your own imagination
run. With Monel wire you have a
strong, non-rusting mesh structure
that resists shock and impact, heat
and cold, wear and corrosion. With
other Inco Nickel Alloys, you can
add extra strength, if that is needed,
or electrical or thermal conductivity,
or other desired properties.

Have you a metal problem that’s
really got you “in the soup”? Then
bring it to us. We’re always glad to
help you find a solution. All you
need do is write: The International
Nickel Company, Inc., 67 Wall St.,
New York 5, N. Y.

Monel® ¢ “R”® Monel ¢ “K”® Monel
“KR”® Monel ¢ “S”® Monel ¢ Inconel®
Inconel “X”® ¢ Inconel “W”®

Incoloy® ¢ Nimonic® Alloys ¢ Nickel
Low Carbon Nickel ¢ Duranickel®
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Moving mountains—

with an assist from ESYNTHANEI

Have you a mountain to move? This big
bucket, aided by parts machined from
Synthane laminated plastics, does the job
easily and quickly.

You can’t see these parts in the picture
but earth movers use Synthane for its
electrical insulating properties, wear re-
sistance, and mechanical strength. These
and other properties in combination make
Synthane an essential in industry.

Electronic manufacturers “print’’ cir-
cuits on foil-clad Synthane sheets; air-
craft designers approve Synthane’s light-
weight and strength; chemical people like

its resistance to moisture, corrosives,
solvents.

Synthane’s combination of properties
may give it a place in your product.
Synthane is a light-weight material that
holds its shape. It’s tough, resilient—yet
easily machined. It has good tensile, com-
pressive, flexural, and impact strengths.

Are you planning a new product or
ways to improve your present one? Con-
sider Synthane. Write today for the
Synthane Catalog. Synthane Corpora-
tion, 2 River Road, Oaks, Pa.

There are many kinds of plastics.
Synthane belongs to a group called
thermosetting, that is, stable over o
wide temperature range. Synthane
is sometimes called the “workhorse
of plastics” since its combination of
properties is especially valuable in
H Talt eroduet :

dustri , equip t or
processes. The three principal forms
—sheets, rods and tubes—are

shown above.

Synthane in Earth Movers

"%

Insulator and insulating
bolts for power shovel
Pivot bearing of

a motor grader,
11.434" O.D. x

22" long

Name plate for tractor
and bulldozer generator

Syithane-one of induwiliuge wiseen wsseritials l:SYNﬂlANEj

OAKS s PENNA.
LAMINATED PLASTICS
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What's Happening at CRUCIBLE

about Alnico Permanent Magnets

You will find Crucible Alnico Permanent Magnets in
products ranging all the way from cuff links to mag-
natrons. Here are just a few unusual applications in
which these magnets were used to simplify or improve
a product.

This is Warren, age 4, a cerebral palsied youngster, using magnetic
toys in therapy-play.

Mag"etic Tﬂys Cerebral palsied youngsters at the
Children’s Rehabilitation Institute, Cockeysville, Mary-
land, are unable to play with normal toys. Their lack of
muscular coordination and control, causes ordinary blocks
or toys to slip through their grasp and fall to the floor.
Crucible helped overcome this problem by imbedding

small permanent magnets in the toys. By using these
magnet-equipped toys on metal topped tables, the children
are able to control them much more easily.

58 years of | Fone | sthetimaking

The Children’s Rehabilitation Institute has pioneered
techniques to help these handicapped children gain
maximum muscular control and coordination. Expe-
rience at the Institute has shown that the use of mag-
netized toys helps develop coordination in hand and
arm use, and in grasping and releasing.

Cllff I_iﬂhs One manufacturer of cuff links had
a happy idea. He replaced the stem with

H a magnet assembly designed by Crucible
magnet engineers. The tiny, powerful

e aspirin-sized magnets used, gave the fin-
‘@ . I » ished product a holding force at the pole
@ plate as high as 80 ounces troy.
e
L

Enlar ged cross section view of one cuff link.

TE’ESCI‘IBBP HELOl'del‘ In one application,
for this instrument that transmits
written messages over wire, two
permanent magnets were being
used to match the electromagnetic
fields. Assembly time and unit
costs were high. Crucible magnet

Top bar Crucible specialists designed one perma-
Alnico; lower bar
(replacing former
2nd magnet) pro- two. Magnet costs were cut 50%
vides return path.

nent Alnico magnet to replace the

.and efficiency of the unit was
increased.

Engineering Service Available
Perhaps your magnet problems are entirely different
from these. Whatever they may be, our staff of mag-
net and electronic engineers will be glad to tackle
them, and to work with you in meeting your magnet
requirements. Don’t hesitate to call us when you have
an application for permanent magnets.

GHUﬂBLE first name in special purpose steels

CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA.

Midland Works, Midland, Pa. . Spaulding Works, Harrison, N. J. .

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

National Drawn Works, East Liverpool, Ohio e« Sanderson-Halcomb Works, Syracuse, N. Y. « Trent Tube Company, East Troy, Wisconsin
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Algae as Food

The one-celled plant Chlorella mav become an important

part of the world’s food supplyv. An account of the first,

promising attempts to grow it economically on a mass scale

Every bite of food that man eats
can be traced back to plants. The
chlorophyll-containing plant is
the only form of life that can live on a
strictly inorganic diet. It manufactures
the organic food on which animals de-
pend from carbon dioxide, water and
mineral salts. The plant accomplishes
this by using the power of sunlight. Thus
the primary source of man’s food really
is solar energy, and whether the expand-
ing human race will be able to feed itself
will depend in the last analysis on how
efficiently we can use that energy.

Our present system of agriculture is
grossly inefficient in this respect. First
of all, the best crop plants use barely
two per cent of the sunlight that falls
on them; most utilize only half of 1 per
cent. Secondly, farm crops cover only
part of the ground and generally for only
part of the year. Thirdly, half or more of
a crop plant is not edible but consists of
cellulose or other indigestible material.
So we have three opportunities for im-
provement. What we would like is a food
plant that would (1) nse a higher per-
centage of the solar energy falling on it,
(2) catch more sunlight by covering all
of the growing area throughout the year,
and (3) produce a minimum of inedible
material and a maximum of food sub-
stance—proteins, carbohydrates and fats.

This outline of the problem explains
why so many scientists all over the world
are interested in the food possibilities
of the water plants called algae. Here

by Harold W. Milner

is a kind of plant that promises to com-
bine all three of the improvements we
want. Algae can be grown under con-
trolled conditions to catch all the sun-
light falling on an area and to use it far
more efficiently than the ordinary crop
plant can. A single-celled alga has rela-
tively little purely structural material:
most of its substance can be converted
into food. In fact, under controlled con-
ditions single-celled algae can be grown
to yield almost any desired percentages
of protein and fat.

The most promising alga found so far
is the genus called Chlorella. It is the
fastest growing of the single-celled green
algae. And it responds with remarkable
versatility to variations in culture con-
ditions. H. A. Spoehr and I, experiment-
ing with a species of Chlorella at the
Department of Plant Biology of the
Carnegie Institution of Washington,
found that by varying the conditions we
could grow batches of the organism con-
sisting of anywhere from 7 to 88 per
cent protein (dry weight), 6 to 38 per
cent carbohydrate, or 1 to 75 per cent
true fat.

On the basis of laboratory experi-
ments it is estimated that each acre
given to cultivation of Chlorella could
produce 40 tons (dry weight) per year.
Under the conditions favoring this rapid
growth the composition of the plant is
about 50 per cent protein and 7 per cent
fat. Hence the annual yield of these
scarce and highly valued foods would be
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20 tons of protein and three tons of fat
per acre—astronomical figures compared
with present rates of production in con-
ventional agriculture.

r[‘he palatability and nutritional value
of Chlorella as human food have not
yet been extensively tested, but there is
no reason to suppose that it would fail
in these respects. A demonstration of
what can be done with this food was
given at our laboratory recently by Mrs.
H. Tamiya, the wife of a Japanese ex-
perimenter in growing algae, who was
visiting the laboratory with her husband.
Mrs. Tamiya prepared palatable breads,
noodles, soups and even ice cream con-
taining substantial proportions of Chlo-
rella. Chlorella is rich in vitamins, seems
to have all the essential amino acids and
contains fats not very different from
those in common use. Chlorella protein
compares very favorably with other
plant proteins in feeding experiments on
rats and chicks. In Venezuela patients in
a leprosarium were fed an algal soup for
a considerable time, and it was both
palatable and nutritious.

Whether algae can be an important
contribution to the world food supply
will depend on the cost and the yield of
large-scale culture. Algal farming is
water farming. The plant will have to
be grown in huge tanks or tubes or other
containers exposed to sunlight. The cul-
tivation problems can be considered un-
der two headings: first, light and tem-
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PILOT PLANT for the mass culture of Chlorella was set up by
Arthur D. Little, Inc., of Cambridge, Mass., on the roof of one of its

perature conditions; second, the raw
materials.

The question of efficient utilization
of light is of paramount importance. Ef-
ficiency demands that all the light be
absorbed. However, the plant uses only
part of the absorbed sunlight for growth;
since the rest is converted into heat,
provision must be made for cooling the
culture. The culture must also be so
arranged that its cells will receive the
optimum intensity of sunlight. This is
_ not a simple problem, because the algal
cell responds to different intensities of
light in conflicting fashion, from our
point of view. Its use of light for manu-
facturing organic material is most effi-
cient when the light is dim; at low in-
tensities the cell can convert as much
as 25 per cent of the light energy into
chemical energy stored as organic mat-
ter. But in dim light the growth of the
plant is relatively slow. It grows fastest
in brighter light; yet here the efficiency
of energy conversion diminishes. At
around 500 to 1,000 foot-candles there
is a saturation point beyond which more
light will not increase growth and will
still further reduce the efficiency of en-
ergy utilization. Hence we want the
cells within the culture illuminated at
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some compromise intensitv. The maxi-
mum yield is produced by a culture
which is dense enough to grow efficient-
ly and rapidly but not so dense or deep
that it shuts off light from many cells.

Key factors in the mass culture of
Chlorella were studied in the labora-
tories of Tamiya and his co-workers at
the University of Tokyo, of J. E. Myers
and associates at the University of Texas,
of the Stanford Research Institute and
elsewhere. This background of informa-
tion was used in the design of outdoor
units to test the feasibility of large-scale
culture of algae. Such tests are being
made not only in the U. S. but also in
England, Germany, the Netherlands,
Israel, Japan and Venezuela.

One of the main problems in the engi-

neering of these units is the critical
relation between the densitv and the
depth of the culture. We can maintain
the density at any desired level by con-
tinuously harvesting the grown algae.
For a good vield the densitv should be
kept fairly high. But this means that
cells deep in the culture get too little
light while those near the surface get
too much. This state of affairs can be
improved by stirring the culture. Stir-
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buildings. Two 160-foot polyethylene tubes (see opposite), which
were employed in experimental test, are shown, one in operation.

ring not only gives the cells more uni-
form illumination but also makes the
nutrient materials in the culture more ac-
cessible to them. At our laboratory in
the Carnegie Institution Department of
Plant Biology we have experimented
with various devices. E. A. Davis and
C. S. French were able to increase the
yield of Chlorella 70 per cent by using
a stirring apparatus. As for the (uestion
of density v. depth, our experiments
showed that a dense, shallow culture
gave a better yield, per liter, than a
sparse, deep one. Davis pumped a dense
culture through coils of plastic and glass
tubing with a 7.5-millimeter bore. I ex-
perimented with a dense culture 17 mil-
limeters deep in a shallow, rocking tray.
These devices yielded more growth of
Chlorella per liter of culture than did
low-density cultures 30 centimeters deep
in five-gallon bottles.

In these experiments the temperature
control was poor. With more accurate
temperature control I was later able to
increase the yield threefold. The best
results were obtained when the temper-
ature was kept at 86 degrees Fahrenheit
by day and 68 degrees at night.

The cooling problem would be serious
in a hot climate or where water is scarce.
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SCHEMATIC DRAWING of pilot plant shows the complete cul-
ture system. Polyethylene tubing, through which the algae were

But it may be overcome by cultivating
strains of Chlorella that thrive on heat.
Myers and his Texas colleagues have
found a strain which grows best at a tem-
perature of 102 degrees.

Incidentally, this suggests a means for
solving other problems. By producing
mutations of algae artificially, it may be
possible to create forms of algae to fit
various cultural conditions.

Bt us turn now to the question of raw

materials. The three chief require-
ments are water, carbon dioxide and
fixed nitrogen. Among the great attrac-
tions of algal farming is that it requires
no soil, no rain, no spraying with insecti-
cides, no laborious cultivation. No great
amount of water is needed, because the
water can be used again and again. Thus
algae can be farmed in semi-arid regions
and other places where conventional
farming is impossible. Moreover, this is
a crop that can be harvested continu-
ously all year round.

The culture of algae will require a
concentrated source of carbon dioxide.
About two tons of carbon dioxide are
needed to produce each ton of dried
algae. It seems impracticable to try to
get the carbon dioxide from the air, be-
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PRODUCT

cause the atmosphere contains so little
(.03 per cent) that enormous volumes
of air would have to be pumped through
the culture. F. Gummert in Germany has
studied the possibility of culturing algae
in open ditches charged with carbon
dioxide from the waste gases of the in-
dustrial Ruhr. But there was some
trouble from bacterial contamination of
the product, and both the efficiency of
light absorption and the yields were
low. While these disadvantages might
be more than offset by the low invest-
ment required, closed systems for the
culture of algae seem more promising.
In most of the experiments I have de-
scribed, a supply of air containing
about 5 per cent carbon dioxide was
bubbled through the culture. M. J.
Geoghegan in England has experi-
mented with concentrations of carbon
dioxide as high as 20 per cent. This con-
centration, and perhaps even higher
ones, can be used with good results
provided the carbon dioxide is supplied
no faster than the algae consume it.
Fixed nitrogen would be supplied to
the algae in a form such as is used in
fertilizers. The production of each ton
of algal protein requires about 1.1 tons
of potassium nitrate, .75 ton of am-
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exposed to sunlight, held 1,200 gallons of solution in a layer three
inches thick. Carbon dioxide and nitrates are food for the plants.

monium sulfate or .2 ton of ammonia.
There is a voluminous literature on the
mineral requirements of algae, and the
proper “diet” for each type of alga
would have to be carefully worked out.
To conserve minerals, as well as water,
the culture medium should be recycled
after the algae are harvested from it.

Of the several trials of large-scale
cultivation of algae made so far, the
simplest was carried out by J. Jorgensen
and J. Convit in Venezuela. They grew
a mixture of algae in a solution of com-
mercial fertilizer in open, unglazed clay
bowls, each holding about 15 quarts.
Evaporation of water from the porous
bowls kept the culture temperature be-
low 80 degrees F., even under the tropi-
cal sun. Every day the evaporated water
was replaced and the cultures were
stirred. The harvest was a “soup” con-
taining about 10 per cent by volume of
algae.

In the U. S. the most extensive inves-

tigation of algal mass culture was
made in a pilot plant operated by Arthur
D. Little, Inc. at Cambridge, Mass., for
the Carnegie Institution of Washington.
Chlorella was grown outdoors in types of
equipment suitable for expansion to
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STEPS IN PREPARING ALGAE for pilot plant are shown above. Original culture in agar
(top) was transferred to rocking flasks (center) and then outdoors to pyrex tubes (bottom).
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large-scale commercial methods. The
first culture unit was a broad, flat, thin-
walled tube made of polyethylene. It was
four feet wide and a few inches high. A
160-foot length of the tubing held 1,200
gallons of culture in a layer two to three
inches deep. This arrangement exposed
about 600 square feet of surface to the
sun. Air containing 5 per cent carbon
dioxide was pumped through the tube
over the culture. A centrifugal pump
circulated the culture through the tube
and by-passed part of it through a heat
exchanger to control the temperature.
The Chlorella was harvested in a centri-
fuge. During the three months of opera-
tion of this unit the yield averaged about
one third of an ounce per square yard
per day—roughly equivalent to 16 tons
per acre per year.

Thus the best large-scale yields so
far are about half the estimated poten-
tial of 40 tons per acre per year. Even
so, the production of protein and fat
and the efficiency of light utilization are
well above those of conventional crops.
Current estimates are that algae could
be mass-produced at 25 to 30 cents a
pound. On the basis of cost per pound
of protein, this is not far out of line
with the cost of present high-protein
feeds. If the yield could be doubled and
the cost cut in half, algae would immedi-
ately become highly competitive with
farm produce in a free-economy market.
Even at 25 to 30 cents a pound, they
could have tremendous survival value to
people in those areas of the world where
the specter of famine is ever present.

It seems unlikely that algae farming

will ever be a back-yard enterprise.
The technical skill and the equipment
required seem to put it in the mass-pro-
duction class. Tests on a larger scale are
needed to work out improvements in the
mass-culture process. If they are success-
ful, within a few years algae may begin
to be an important supplement to man-
kind’s food supply. As experience brings
further improvements, algal culture may
take over an ever larger part of the task
of feeding the world. The algae offer
possibilities not only as food but as in-
dustrial raw materials. Moreover, we
must bear in mind that almost all the
energy man uses is solar energy, con-
verted into chemical energy by plants.
In a century or two our planet’s supply
of fossil sunshine stored as oil and coal
will be nearing exhaustion. Perhaps by
that time man will be able to turn to
algae to convert the sun’s energy into
the food and materials he needs to keep
his civilization running.



CHLORELLA COLONY is shown magnified about 800 diameters. which contains “autospores,” or daughter cells. This photograph
A little to the left of the center of the picture can be seen a cell was made by Professor Harold C. Bold, of Vanderbilt University.

POLYETHYLENE TUBE in pilot plant is pictured in close-up. mixture of air and carbon dioxide. The culture is about three
The space above the foaming culture is filled with a circulating inches deep and flows at the rate of three-tenths of a foot per second.
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HIGH-SPEED
RESEARCH AIRPLANES

An account of what can be told in public about the investigation

of ﬂight at speeds beyond “the sound barrier” now beinb

o conducted

by NACA 1n pal'tnel‘ship with the milital‘y services and industry

n 1936 a British aerodynamicist
I named W. F. Hilton gave a paper in
which he discussed, among other
things, the enormous power that would
be needed to propel an airplane at su-
personic speeds. He showed a graph
plotting plane speed against the horse-
power required. The curve rose very
sharply at the speed of sound: to push
a plane faster than this, it showed,
20,000 horsepower or more would be
needed. Hilton observed that the power

by Walter T. Bonney

the press, may have been the origin of
the phrase “the sound barrier.” Test
pilots, and fighter pilots in the early
years of World War II, were soon to
learn that there were other barriers,
more frightening than the power re-
quirement, near the speed of sound. Ap-
proaching this speed in dives, pilots
found themselves buffeted by disastrous
shock waves that sometimes tore the
plane apart or froze the controls so that
they could not pull out of the dive. The

requirement looked “like a barrier compressibility effects were at that time,
against future progress” in the speed of  hardly 10 vears ago, very little under-
flight. stood.
This remark of Hilton, picked up by Since then a whole series of fast re-
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“THE SOUND BARRIER,” represented by dotted line, is the enormous increase in horse-
power (see scale at left) required to drive airplanes above the speed of sound (Mach 1.0).
Heating of airplanes at still higher speeds (scale at right) presents a barrier beyond.
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search airplanes has been built, and at
least two have flown faster than sound.
Already aircraft manufacturers of the
U. S. are busy constructing prototypes
of the “hundred series” of fighter air-
craft, At least one of this series, North
American Aviation’s F-100, has repeat-
edly attained supersonic speeds. The
story of how man has broken through
the sound barrier in the past 10 years is
a story not only of daring pilots but of
long, intensive laboratory research, car-
ried on by U. S. industry, the military
services and the National Advisory Com-
mittee for Aeronautics. Much of the
story is still a military secret, but this
article will give a brief account of the
facts which are not secret. It will con-
centrate mainly on the high-speed ex-
perimental airplanes, the “research”
planes, that have tested the power and
aerodynamic devices by which science
and technology have overcome the
sound barrier.

rl1 he speed of sound varies with tem-
perature, but it is usually given in
terms of altitude because temperature
varies with altitude. At sea level (39 de-
grees Fahrenheit) sound travels at about
760 miles per hour; at 40,000 feet (70 de-
grees below zero F.) its speed is about
660 m.p.h. An airplane flving at less than
the speed of sound sends tiny signals
ahead which in effect warn the air mole-
cules of the oncoming object. But the
signals travel only at the speed of sound,
and an airplane which flies at this or
greater speed piles up the unprepared air
into shock waves and other disturbances.
The most troublesome speed zone is the
transonic—the range between 600 and
800 m.p.h.—where part of the airflow



around the plane is slower than sound,
part faster.

The problem of supersonic flight was
twofold: power and aerodynamics. As
everyone knows, the power problem was
solved by turbojet and rocket engines.
The best piston engine produces less
than 5,000 horsepower, and the fastest
piston-engine, propeller-driven plane
can do little better than 450 m.p.h. The
turbojet and rocket engines, in contrast,
not only can produce more power but
become more effective as the plane
speed increases. The output of such an
engine is rated in pounds of thrust: viz.,
at 375 m.p.h. one pound of thrust is the
equivalent of one horsepower, at 750
m.p.h. a pound of thrust equals two
horsepower, at 1,025 m.p.h. it equals
three horsepower.

The working out of the aerodynamic
problem has been in many ways more
difficult. For one thing, there were at
first no adequate laboratory techniques
for studying the effects of motion faster
than sound. Wind tunnels suffered a
“choking effect” at speeds approaching
that of sound. Fighter planes were sent
up with small airplane models mounted
near the leading edge of the wing to
record turbulence effects during a dive,
but the information was only small-scale
and the flights were dangerous. Falling
bodies and rocket-propelled bodies were
studied, but the electronic equipment
required to obtain information during
their flight was not then available. (Re-
cording instruments developed in recent
vears have now made rocket-propelled
models a valuable research tool.)

The wartime development of jet-pro-
pulsion and rocket engines suggested a
new approach. During 1943 and 1944
representatives of the Navy, the Air
Force and the N.A.C.A. discussed and
finally decided upon a daring project:
the building of full-scale research air-
planes to study transonic and supersonic
effects by flying at those speeds. The
planes would be built as strong as neces-
sary to resist shock waves, would go
through the transonic range in level or
climbing flightinstead of in a dangerous
dive and would fly at very high altitudes.

The Air Force awarded a contract to
the Bell Aircraft Corporation to build a
plane, originally designated XS-1, which
became famous as the X-1. Its fuselage
was shaped like a .50-caliber bullet, and
it had very thin, straight wings to mini-
mize compressibility effects. To power
this craft the Navy made available a
rocket engine designed and built by Re-
action Motors, Inc. It burned liquid
oxygen and an alcohol-water mixture,

SKYROCKET holds announced speed and altitude records in N.A.C.A. research program.
Note vertical fins, “fences,” on wings, added to cure plane’s tendency to roll at high speeds.
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MODEL OF SKYROCKET is here being instrumented for flight. Such models, powered by
rocket or dropped from airplanes, provided data for speeds beyond range of wind tunnels.

and produced 6,000 pounds of thrust.
The Air Force announced two versions
of the X-1—-one, with a design speed of
1,000 m.p.h., used a heavy-nitrogen
pressure fuel system; the other, to be
equipped with a turbopump enabling
carriage of more fuel, was designed to
reach 1,700 m.p.h. at 80,000 feet.

At the same time the Douglas Aircraft
Company received an assignment to
build two aircraft. The first was the Sky-
streak, or D-558-1. Powered by a General
Electric turbojet engine, it was designed
to fly a little short of the speed of sound

—in 1947 it reached 650 m.p.h. Its wings
were straight and of conventional thick-
ness. The second airplane was the Sky-
rocket, D-558-II, powered both by a
Reaction Motors rocket engine similar to
that used in the X-1 and by a Westing-
house turbojet. It had swept-back wings,
testing this design as an alternate solu-
tion of compressibility troubles.

The series of high-speed research air-
craft was later expanded to include the
Bell X-2, the Douglas X-3, the Northrop
X-4, the Bell X-5 and the Consolidated
XF-92-A. Recently a Boeing B-47

WIND TUNNEL MODEL of Skyrocket is
fitted with “slats” on leading edge of wing.

bomber has been specially instrumented
for similar use.

Some of the design and construction

problems were difficult indeed. For
example, the X-1 was required to with-
stand forces 18 times that of gravity,
compared to the 12 G required of con-
ventional fighter craft. Its wings were
fabricated out of plates about half an
inch thick at the wing root. A power-
operated, “all-movable” stabilizer was
specified for use in the event that eleva-
tor forces became too great for the pilot

AMES WIND TUNNEL at Moffett Field, California, is big enough
at throat to handle a full-size airplane for low-speed performance
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tests. This is the delta-wing Convair XF-92-A. Motion of plane in
air stream is transmitted via tripod mount to instruments outside.



These were tested and added to airplane,
after it had been flown, to improve stability.

to handle. Because the first version car-
ried so little fuel that it flew for less than
three minutes, a Boeing-29 “mother
ship” took it aloft and launched it at
30,000 feet or so. This procedure of air
launching was later adopted for the Sky-
rocket.

The Northrop X-4 tested a tailless de-
sign, especially with respect to stability
and control troubles encountered by
high-speed fighters. The Convair XF-92-
A was a delta wing design, originally
conceived for Air Force use but trans-
ferred to the research airplane program

TEST FLIGHT of Skyrocket at low altitude over Muroc desert is monitored by battery of
instruments (right). Airplane is formally designated D-558 II, and was built by Douglas.

when the Air Force decided to wait a
little before putting so radical a plane
into service. Fitted with an Allison turbo-
jet engine, it has been used to explore
the possible aerodynamic as well as

structural advantages of a triangular- -

shaped wing.

The Bell X-5 was fitted with an adjust-
able wing whose sweep could be varied
in flight from 20 to 60 degrees. The idea
of changing wing-sweep in flight isn’t,
by itself, especially new. The theory is
that a straight-edge wing is desirable
during the slow speeds of take-off and

landing and at very high speeds beyond
Mach 2 (twice the speed of sound).
Relatively little may be said about the
Bell X-2 and the Douglas X-3. The
former, financed by the Air Force, is of
stainless steel construction, with sharp-
edge swept wings. It is powered by a
rocket engine constructed by Curtiss-
Wright. Last spring an X-2 was taken
over Lake Ontario by its mother ship for
fuel-system tests. There was an ex-
plosion. The pilot, “Skip” Ziegler, and a
member of the B-29 crew were killed.
Construction of a second X-2 is continu-

N.A.C.A. RESEARCH AIRPLANES are assembled at Moffett Field
for a family portrait. From left to right, they are the Douglas
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Skyrocket, D-558-I1, and Skystreak, D-558-; Convair XF-92-A (cen-
ter, rear) ; Northrop X-4 (center, forward) ; and Bell X-1 and X-5.
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MOTHER SHIP, a modified B-29 bomber, is lifted high on jacks and the Skyrocket is
wheeled underneath for pickup preparatory to a high altitude launching on a research flight.

ALOFT, the Skyrocket is carried in belly of mother ship. Skyrocket’s gas turbine, with jet
assistance, can get it off ground; rocket engine then takes over to attain maximum speed.

SKY LAUNCHING permits maximum utilization of Skyrocket’s brief flight range in re-
search flying. With fuel exhausted the airplane can come down at reasonable landing speed.
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ing. The X-3, financed jointly by the Air
Force and Navy, has made initial flights
at Edwards Air Force Base, Muroc, Cali-
fornia.

The Boeing B-47 Stratojet, which
joined the research airplane group only
this year, is being used to investigate the
interrelated aerodynamic and structural
problems associated with high-speed
flight of large aircraft.

Use of the research airplanes has fol-
lowed a definite pattern. First the new
craft is put through a series of flights by
its builder to satisfy minimum perform-
ance guarantees. In the case of the X-1,
Bell Aircraft had only to demonstrate it
could be flown at eight tenths of the
speed of sound (Mach .8). Next come
maximum performance flights, with
either service or company pilots at the
controls. Finally the aircraft is turned
over to the N.A.C.A. for methodical, un-
spectacular investigation of the specific
aerodynamic problems for which the
airplane was principally intended.

On October 14, 1947, Captain Charles

Yeager of the Air Force flew the X-1
supersonically. This was the first time
such speed had been reached. Later the
Air Force said that the X-1 had flown
“hundreds of miles” faster than the speed
of sound, but its top speed has never
been divulged. In August, 1951, the Sky-
rocket, with Douglas Aircraft’s William
Bridgeman as pilot, reached a speed of
1,238 miles per hour, according to a
Navy announcement. Bridgeman was
also credited with having flown higher
than man had ever gone—almost 80,000
feet. This summer Marine Colonel Ma-
rion E. Carl reached 83,235 feet in the
1>-558-11. These are the maximum per-
formances of the research airplanes an-
nounced to date.

Yeager’s historic flight was of immense
psychological value: he demonstrated
not only that the “sonic barrier” could be
hurdled but that there was no special
trick or danger involved in attaining su-
personic flight.

But it is as information collectors that
the research airplanes are most useful.
Each research plane carries a quarter of
a ton or more of instruments. Much of
this equipment was specially devised by
the N.A.C.A.’s instrument-makers over
the years. It includes telemeters to radio
back data to ground receiving stations,
pressure-measuring devices and load-
recording machines. The raw statistical
information gained during a flight is later
reduced to useful form for interpretation
by aerodynamicists.

Paradoxically some of the ground-



laboratory facilities which could not
themselves provide the needed data on
transonic problems proved useful in
suggesting answers to questions arising
during the design of the research air-
planes. At the N.A.C.A.’s Langley Lab-
oratory, for example, small models of the
X-1 were studied in wind tunnels and in
a spin tunnel. A wing-flow model was
used, and still another model was built
and instrumented for dropping. From
such studies as these came valuable, if
tentative, answers to design and con-
struction problems.

At the Ames Aeronautical Laboratory
a model of the XF-92-A was mounted in
the world’s largest wind tunnel, with a
test section measuring 40 by 80 feet, for
study of its landing and take-off charac-
teristics. The X-3 was studied in a su-
personic tunnel there. The Lewis Flight
Propulsion Laboratory has investigated
new power-plant problems, such as how
to handle the great quantities of air re-
quired by a turbojet engine flying at
supersonic speeds. The air must be
taken into the induction system with
minimum shock disturbance and must
pass through the engine and out of the
tail pipe in such fashion as to be used
most efficiently.

The research planes of course are used
to flight-test improvements designed to
overcome faults demonstrated by their
own performance. For example, when
the Skyrocket reached its highest speeds
it became laterally unstable. Bridgeman
has graphically reported some of these
control problems, mentioning violent
rolls with the wings dipping as much as
75 degrees on a side at a rate of 86 de-
grees per second. These were difficulties
which had been anticipated from theo-
retical and wind-tunnel research, but
they could be thoroughly evaluated only
in flight. Devices to alleviate these
troubles are now being tried on the Sky-
rocket. One such modification is the
“fence,” a metal strip, attached to the

upper side of the wing, which retards -

the tendency of air moving close to the
wing surface to flow outward.

Another such design modification, on
a different aerodynamic principle, is ex-
tension of the wings’ leading edge.
Wind-tunnel tests indicate that such ex-
tensions will improve stability, and the
idea is being flight-tested by the Sky-
rocket. The same ship is trying out a
third device for improving stability: a
long slat mounted over the leading edge
of the wing, permitting air to flow freely
through the space between.

In recent years the N.A.C.A. has de-
veloped new wind tunnels with “venti-

FOG OF LIQUID OXYGEN surrounds Bell X-1 during fueling. Oxidizers needed in rocket

airplanes, added to explosive fuels, multiply the accustomed ground hazards of aviation.

lated throats” which permit transonic re-
search under precise laboratory condi-
tions. Despite improvements in the ac-
curacy and versatility of this and other
laboratory techniques, however, the in-
formation gained can be verified ulti-
mately only by the actual flight of full-
scale airplanes. Moreover, many prob-
lems related to loads, dynamics and op-
eration are best investigated in flight.

"I 'he research-plane program has cost
millions of dollars and years of work

by some of the nation’s best aeronautical.

brains. Has it been worth the cost? The
answer, without qualification, is yes. Un-
fortunately security prevents even the
most casual outline of the valuable aero-
nautical information obtained. About a
year ago Rear Admiral Theodore C.
Lonnquest, then deputy and assistant
chief of the Navy’s Bureau of Aeronau-
tics, disclosed that design information
from the program had “already been
used in Navy fighter models now flying,
and will increasingly affect the design of
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newer and more advanced models. . . .
The Navy, in partnership with other
members of the National Defense team,
is convinced of the value, indeed the ab-
solute necessity, of a vigorous program
in the development and exploration of
research aircraft as minimum insurance
to keep the U. S. in the forefront of avia-
tion progress.” Similar comments have
been forthcoming from the Air Force
and from the aircraft industry.
Although the barrier of which Hilton
spoke 17 years ago has been destroyed,
a critical new problem has now arisen.
Airplanes are flying at speeds which
raise the danger of cooking their occu-
pants because of the heat of friction. At
Mach 4, the speed of some of the rocket
missiles today, the skin temperature of a
craft in sustained flight at 40,000 feet
can rise to 900 degrees F. It gets serious-
ly hot at speeds much slower than that—
speeds at which planes have already
flown for brief periods. Here may be a
problem much more serious than that of
breaking through the sound “barrier.”
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Chemical Analysis
by Infrared

Electromagnetic «waves make the atoms in a compound cibrate.

The frequencies to «which a substance responds can tell much

about its structure and about the nature of chemical bonds

a mushroom in the past 10 years.

Before the war it was employed by
only a few chemists and physicists, using
home-built or custom-built infrared
spectrometers. Now the instrument is a
standard commercial item supplied by
a competitive industry to chemical and
medical researchers all over the country.

Infmred spectroscopy has grown like

by Brvee Crawford, Jr.

More than 1,300 commercial infrared
spectrometers, each representing an in-
vestment of two to six Cadillacs, are
earning their way in scientific laborato-
ries and industrial plants.

To an old-timer in the field—“old-
timer” by virtue of having studied infra-
red as long as, say, 15 years—this
burgeoning use of infrared by his col-

FIRST INFRARED SPECTROMETER, improvised by Sir William Herschel in 1800, was
the means by which he discovered infrared radiation. Thermometers placed in successive
bands of solar spectrum registered more heat outside and beyond red region than within.
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leagues is most gratifying, but hardly
surprising. The power of infrared as a
tool for chemical characterization and
analysis has been known for some 20
years. The infrared spectrum of a sub-
stance is related to its chemical structure
in a unique]y convenient way, and or-
ganic chemists have been heard to say
that the infrared spectrum of an organic
compound is its most important physical
property.

Infrared radiation itself was discov-
ered more than 150 years ago, long
before scientists had any clear under-
standing of radiation. Sir William Her-
schel, who started life as an organist at
Bath and became an astronomer, made
the discovery. In 1800 he reported to
the Royal Society certain experiments in
heat radiation. He resolved sunlight
into its spectrum with a glass prism and
placed a thermometer at successive po-
sitions in the spectrum. He found heat
radiation not only in the visible spectrum
but in the longer wavelengths beyond
the red. Herschel even crudely measured
the absorption of this radiation by vari-
ous substances, including tap water, dis-
tilled water, sea water, gin and brandy.
He could not know, could not even sus-
pect, how revealing the absorption could
be about chemical structure. Before
anyone could appreciate the significance
of infrared absorption, light radiation it-
self had to be understood. A century
passed before the theory of the nature of
light was worked out and the necessary
techniques and instruments for infrared
analysis were developed.

Sir William had found that the most
intense heat radiations were outside the
visible part of the spectrum. Conse-



quently for many years it was believed
that heat and light were two quite dif-
ferent radiations. But some 35 years
later Sir William’s son, Sir John Her-
schel, and other investigators advanced
the idea that heat and light might
merely be different manifestations of the
same radiation—that is, light waves of
different wavelengths. Before the end of
the century James Clerk Maxwell had
shown theoretically and Heinrich Hertz
had proved experimentally the essential
identity of light, heat and other electro-
magnetic radiation.

rThe infrared region, as spectroscop-
ists usually define it, lies between the
visible and the radio portions of the spec-
trum—that is, the wavelengths between
one thousandth of a millimeter and one
millimeter. (Infrared of course is not
synonymous with the common meaning
of the word “heat,” for, as we have seen,
there are heat radiations in the visible
part of the spectrum.) The region most
useful to the chemist is the range of
wavelengths from 2 to 20 microns (thou-
sandths of a millimeter). This is some-
times called the vibrational region.

We shall confine ourselves to this re-
gion and to considering how absorption
spectra in it give information about mat-
ter. The other infrared regions, and the
physics of the radiation itself, are just
as interesting: it was in the near infrared
that Max Planck, by instinct and gentle
nature one of the most classical of physi-
cists, was led to the disturbing idea of
the quantum, which upset the whole
beautiful pattern of 19th-century phys-
ics. But we cannot cover the whole
subject of infrared in one article.

The chemically useful study of infra-
red absorption spectra was really begun
in 1903 at Cornell University. A grad-
uate student named William W. Cob-
lentz, under the physics professor
Edward Nichols, had undertaken re-
search on infrared absorption. After im-
proving the available experimental tech-
niques, he received an appointment as a
research associate of the Carnegie Insti-
tution of Washington, which enabled
him to set about measuring absorption
spectra of pure substances. He mapped
spectra for two years and in 1905 pub-
lished a collection of accurate infrared
absorption spectra for 131 substances.
Even today, after 48 years of improve-
ments in infrared technique (to which
Coblentz himself contributed much until
his retirement from the National Bureau
of Standards in 1945) the monumental
work that he did at Cornell still stands
worthy of study. Subsequent studies
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VIBRATION OF MOLECULAR BONDS accounts for selective absorption of infrared
energy by various compounds. Each of three modes of vibration of carbon dioxide bonds
shown here is resonant to infrared at wavelength indicated. Energy is absorbed, however,
only by modes at top and bottom, which disturb geometric and electric symmetry of atom.

have confirmed more than they have cor-
rected Coblentz’s observations.

When sunlight falls upon a green leaf
of a tree, the leaf absorbs the red wave-
lengths of the light and reflects the green
wavelengths: this is what gives the leaf
its color. The absorption tells something
about the leaf’s molecular composition.
Essentially the same principle is in-
volved in studying infrared absorption,
except that the radiation is not visible;
if our eyes were attuned to the infrared,
we could recognize a compound by its
characteristic color. Instead we measure
its absorption of heat. Infrared radiation
is passed through a solution of a com-
pound, and the compound characterizes
itself by the wavelengths it absorbs and
those it transmits. Each compound has
its own absorption spectrum.

The absorption of infrared is due to
some disturbance within the molecule;
this Coblentz established by observing
that he got different spectra from iso-
mers—molecules which are composed of
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the same atoms but in different arrange-
ments. Coblentz found further that cer-
tain subgroupings of atoms within
molecules identified themselves by ab-
sorbing characteristic wavelengths: for
example, phenyl compounds, containing
the benzene ring, absorbed at 3.25 and
6.75 microns, while mustard oils, con-
taining the thiocyanate group, absorbed
at 4.78 microns. These absorptions were
additive: in phenyl mustard oil Coblentz
found “the characteristic vibration of the
mustard oils superposed upon the vibra-
tion of the benzene nucleus.” He con-
cluded that “there is a something—call it
‘particle,” ‘group of atoms,” ‘ion’ or ‘nucle-
us’—in common, with many of the com-
pounds studied, which causes absorption
bands that are characteristic of the great
groups of organic compounds, but we do
not know what that ‘something’ is.”

\ 7ith half a century’s progress since

" Coblentz, we now have a clear idea
of the “something.” It lies in the bonds
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between the atoms in a molecule. These
bonds are written in chemical formulas
as single, double and triple lines con-
necting the atoms. As the Danish chemist
Niels Bjerrum once said, they “summar-
ize, in a very compact form, chemistry’s
knowledge of the creation and destruc-
tion of compounds. Nowhere in science
has a shorthand notation been developed
which summarizes such an abundance of
exact knowledge in so small a space.”
In 1914 Bjerrum showed that, if we
think of the atoms as small masses and
the bonds as springs holding the atoms
together, we can account correctly for
the vibrational behavior of molecules, as
observed in their infrared spectra and
in their heat capacities.

The bonds hold the atoms in position
fairly tightly, but not rigidly. The re-
sponse of the atoms to a light wave is
much like the response of cork balls,
floating on a lake, to waves on the lake.
As waves move past the ball, they push

the ball alternately up and down. So a
light wave moving past an atom sweeps
an oscillating electric field over it, and
if the atom carries an electrical charge
it will be pushed first one way and then
the other. Atoms in general do carry a
charge, greater or lesser according to
the molecule; thus in the hydrogen chlo-
ride molecule the hydrogen atom carries
a small positive charge, the chlorine
atom a corresponding negative one. Be-
cause of these opposite charges, the elec-
tric field of the light wave will push the
two atoms in opposite directions, and
will tend to set them into vibration,
stretching and compressing the H-CI
bond alternately.

The bond has a natural frequency of
vibration, determined by the masses of
the two atoms and the restoring force
of the bonds. A light wave with this
frequency of oscillation will have most
effect on the bond: its energy will great-
ly increase the natural vibrations of the
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atoms. The molecule will absorb part
of the energy of the light at this reso-
nant frequency, and an absorption de-
tector will show an absorption peak for
that wavelength.

To obtain the infrared spectrum of a
sample, we illuminate the sample with
infrared radiation of successive wave-
lengths from 2.5 to 25 microns and meas-
ure with the spectrometer the amount of
light transmitted by the sample at each
wavelength. A modern spectrometer
automatically computes the percentage
of the light transmitted at each wave-
length and in 10 or 15 minutes produces
a curve of transmittance against wave-
length, or, more commonly nowadays,
transmittance against frequency. Fre-
quency, meaning the number of waves
that sweep past per second, is easily
computed from the wavelength and the
speed of light. The measure of fre-
quency is called the “wave number”—it
is actually the number of waves in one
centimeter of light beam. In the range
of infrared that we are considering the
wave numbers run from 400 to 4,000 per
centimeter.

Modern atomic theory at once shows

the chemical importance of the
frequency of absorption. Atoms and
molecules absorb light in quanta, the
energy in each quantum being propor-
tional to the frequency of the light. The
absorbed energy is in fact Planck’s con-
stant h times the frequency, or hc times
the wave number. Einstein enunciated
the principle that, when molecules ab-
sorb light, each quantum is wholly
absorbed by one molecule.

Now a molecule can safely absorb
only so much energy: chemical bonds
are not unbreakable—and a good thing,
or there’d be no chemistry! The energy
required to break the bonds is known
fairly accurately; it is comparable to the
energy of a quantum of ultraviolet or
visible light. When a molecule absorbs
such light, the bonds are either broken
or profoundly altered, and the “excited”
molecule is a very different entity from
the original. The deduction of atomic
structure from ultraviolet spectra has
been compared to deducing the struc-
ture of a piano from the sounds emitted
as it falls down a flight of stairs.

The absorption of a quantum in the
infrared, on the other hand, is not so
rough a process. At these wavelengths a
quantum of energy is only about one
twentieth that in the ultraviolet. Hence
the radiation merely sets the bond into
vibration. In infrared spectroscopy we
don’t push the piano down the stairs,
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and a different atom. Hydrogen wagging, twisting and rocking
cover the 500 to 1,300 region jointly. Plus and minus signs for
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tions causing dips are indicated for comparison with chart above.

45

© 1953 SCIENTIFIC AMERICAN, INC



INFRARED SPECTROPHOTOMETER made by the Perkin-Elmer
Corporation is shown on opposite page. Above are a photograph
and diagram of its optical system. Infrared rays from a heated car-
bide rod (A) are split into two beams, one passing through the

we just plunk the keyboard a bit, and
the sounds are a bit easier to relate to
the piano.

We can carry this image further. The
infrared spectrum of a two-atom mole-
cule such as HCI shows absorption not
only at the single natural frequency of
the bond, but also at the overtones of that
frequency. A molecule containing sev-
eral atoms has several bonds and several
natural frequencies. Here we cannot
match up the frequencies with the indi-
vidual bonds. We may think of such a
molecule as a mechanical system of sev-
eral masses connected by springs, and
the resonant frequencies will be those of
such a set of coupled oscillators. When
one bond is set into vibration, the rest
of the molecule also is involved through
the interconnecting bonds. Hence the
resonant frequencies are characteristic
of the whole molecule. They are de-
termined by (1) the masses, which
means the specific atoms involved, (2)
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the spring forces, which means the
bonds in the molecule, and (3) the way
in which these are coupled, which means
the specific geometrical arrangement of
the bonds. If any of these changes, the
set of resonant frequencies will change.

The infrared spectrum is simply a dis-
play of the resonant frequencies of the
sample. Actually not all resonant fre-
quencies give rise to absorption. Only
those which, like the simple H-CI vibra-
tion, cause some net change in the sepa-
ration between positive and negative
charges will interact with the oscillating
electric field. Thus a molecule like Cl,,
which can have no charge separation no
matter how the bond length changes
(one Cl is like another!), does not ab-
sorb anywhere in the infrared. One of
the resonant frequencies of CO,, in
which the two oxygen atoms move sym-
metrically, causes no charge displace-
ment and hence does not appear in the
infrared spectrum. But in general there
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sample to be analyzed (B) and the other through a wedge whose
transparency can be adjusted. A rotating mirror and diaphragm
(C) alternately passes the two beams, by way of a pair of mirrors,
to the curved mirror (D). This reflects the beams through a prism

are enough active resonant frequencies
in a molecule so that the infrared spec-
trum is characteristic of the atoms, the
bonds and the geometrical arrangement.

And here we see one reason for the
great value of infrared: its specificity.
The infrared spectrum is the most nearly
unique property of a substance. Even
geometrical isomers, which have the
same atoms and the same bonds but
differ in arrangement, can be distin-
guished by infrared. Such isomers are
very hard to distinguish by ordinary
chemical methods, yet their “slight”
structural differences can give rise to
profound differences in biological activ-
ity. Many, perhaps most, biological
phenomena are highly sensitive to such
differences in compounds. Consequently
medical investigators need a sensitive
analytical method. The infrared spec-
trometer was a key tool for the late can-
cer researcher Konrad Dobriner at Me-
morial Hospital in New York City in his



which separates their wavelengths. A rocking mirror (E) sweeps
the dispersed beams across the detector, by way of (D), the small
plane mirror, (F), and (G). The strengths of the alternately re-
ceived beams are compared at successive wavelengths. When the

work of unraveling the metabolism of
steroids in the body.

Inanimate objects—if internal-com-
bustion engines can be so classified—also
are sometimes sensitive to isomeric
differences. The difference between
“knock” and “anti-knock” gasoline com-
ponents is a problem nicely suited to the
infrared spectrometer. Indeed, the need
in the petroleum industry for a fast, re-
liable and convenient method of dis-
tinguishing isomeric hydrocarbons and
analyzing mixtures of them has played
a large part in the recent upsurge of in-
frared. The war gave rise to pressing
demands for high-test gasoline and for
synthetic-rubber intermediates; both of
these involved analysis of isomeric hy-
drocarbons. Infrared had been used in
a few industrial laboratories in the late
1930s. Under the wartime challenge it
was soon shown that infrared spectra of-
fered the rapid and accurate analytical
method so badly needed. And to meet

the need for instruments the first com-
mercial infrared spectrometer appeared
in 1943.

The infrared also has unusual sensi-
tivity to atomic mass; it can distinguish
not only isomers but also isotopes. Prac-
tically the only methods for analyzing
the stable isotopes used in tracer work
are infrared and mass spectroscopy.
Which is the better method in a given
case will depend on many factors; in
cases calling for a fast, nondestructive
analytical method applicable in situ, the
specificity of infrared can be very useful.

Yet all this is not the whole story. The

greatest advantage of infrared as a
research tool is that an infrared spectrum
can be interpreted in terms of the same
concepts chemists use in studying chem-
ical properties—bonds and bond group-
ings. In classifying compounds and
thinking about them and working with
them, chemists have long spoken of
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detector senses a difference between the sample and the reference
beams, an alternating current is generated which adjusts the mov-
able wedge to equalize the signals. The motion of the wedge in turn
is transmitted to pen that traces the absorption curve on drum.

“functional groups”—of olefins, of acid
chlorides and so on. The functional
groups provide a broad chemical de-
scription and a clue to the specific chemi-
cal properties of a compound—and they
can be related to its infrared spectrum.

Let us consider for a moment the
mechanical model. When two or more
high-frequency springs are coupled to-
gether tightly, the vibrations of the re-
sulting system form a new pattern in
general quite distinct from that of the
uncoupled springs; but when two high-
frequency springs are coupled by means
of a low-frequency spring, the resulting
vibration pattern will include the fre-
quencies of the high-frequency springs
with only small shifts. Now chemical
bonds fall approximately into two
classes: (1) “high-frequency,” which in-
cludes all multiple bonds and the single
bonds involving hydrogen, and (2) “low-
frequency,” which includes all other
single bonds, such as C-C, C-O, C-N. In
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DETECTOR for
shown in front view (top) and side view
(bottom) about 16 times actual size. Beam
of radiation is focused on thermocouple, the
fine gold ribbon mounted on the contacts.

spectrophotometer is
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studving infrared spectra we may there-
fore try out the idea of a “vibrational
functional group”—any set of high-fre-
quency bonds directly connected. Ac-
cording to this, all molecules with the
group —N=C=S§, for example, should
have some frequencies in common, but
they should differ from those with the
—N=C— or C=S groups. Here indeed
we find the “something” for which Cob-
lentz was groping!

Now we find a piece of good fortune—
one of the rare presents Nature bestows
on investigators. Chemical functional
groups and vibrational functional groups
run parallel. Therefore certain charac-
teristic absorption bands in an infrared
spectrum give direct and strong evi-
dence on the chemical nature of the
sample. It is not really conclusive evi-
dence, for the functional group idea is
an approximation, and the parallelism
of chemical and vibrational functional
groups is not too strict. The infrared
spectrum is not a magic crystal ball in
which one reads the structural formula
of an unknown sample. But its clues,
when wisely used, can shorten by weeks
the time required to complete the job.
And the direct applicability of the chem-
ical-bond concept and the functional-
group concept means that the chemist
can understand infrared spectra without
having to learn a new language. He does
have to learn a new dialect of his chemi-
cal language—and incautious chemists
who have overlooked this have made
some serious blunders. But the dialect
can be picked up relatively quickly.

rljhe knowledge of molecular structure

required to make use of infrared
spectroscopy had been achieved by
about 1930 or 1935. Why, then, did the
blossoming of chemical infrared start
only in 19437 Some pioneer applica-
tions of infrared had been made in the
chemical industry as early as 1936. But
the technique is difficult. The cost of
the modern commercial instruments and
their need of maintenance still remind
the user that the infrared spectrometer is
doing a basically harder job than its
ultraviolet counterpart. It has been well
said that “no other spectrometric region
of the electromagnetic range is so beset
with experimental difficulties.” Basically
these arise from the very fact that infra-
red radiation is resonant with atomic vi-
brations. We have seen the advantages
stemming from this; let us glance at the
price we must pay.

As a source of infrared, we must use
vibrating atoms, and the only practical
way to set atoms vibrating is through
heat. To get a reasonable intensity of
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infrared, we must heat our source to a
high temperature; a common source is
an electrically heated rod of carborun-
dum at 2,200 degrees Fahrenheit. Re-
fractory materials able to withstand such
temperatures are brittle, which can be a
nuisance! Moreover, the laws of physics
worked out by Planck show that most of
the energy goes into the near-infrared
and even the visible region, wasting our
power and filling our instruments with
a lot of unwanted wavelengths which
must be filtered out or shunted off.

The same basic trouble arises in the
measurement of infrared intensity—de-
tection, as it is appropriately called. The
infrared quanta do not disturb molecules
enough even to affect a photographic
plate! All we can measure is a slight rise
in the temperature of the absorber, and
we measure it today as Herschel did—by
the effect on a blackened thermometer.
The “thermometer,” however, is a very
sensitive thermocouple.

We must find prisms to disperse the
infrared spectrum and optics to focus it,
windows to let the radiation through
the cells holding our samples and sol-
vents in which to dissolve materials we
want to study. Since all atoms can vi-
brate, it is not easy to find substances
transparent to the infrared. Glass and
water are completely opaque to it; ordi-
nary organic solvents have so many ab-
sorption bands themselves that they
obscure the spectrum of the substance
dissolved in them. So we use mirrors in-
stead of lenses, make our prisms and
cell windows of rock salt, and think hard
about the choice of solvents.

For infrared, the wartime need was a
blessing in disguise—a very perfect dis-
guise, to quote Mark Twain—because
urgent necessity stimulated great im-
provements in instrumentation. The
availability of better instruments today
is a great blessing not only to analytical
chemists and workers in the chemical in-
dustry but also to infrared spectrosco-
pists interested in fundamental chemis-
try. Infrared spectroscopy has helped us
win our present understanding of molec-
ular structure, notably the geometry
and dynamics summarized in the ball-
and-spring model. Nowadays more peo-
ple than ever before are at work on this
fundamental use of infrared, studying
the nature of those springs and the dis-
tribution of electronic charges in the
bonds. Without depreciating the more
widespread use of infrared for the analy-
sis of compounds, we may well feel that
in the long run the fundamental use will
be more exciting. For the nature of the
chemical bond is the problem at the
heart of all chemistry.



Kodak reports to laboratories on:

how to learn the fundamentals of radiography . . . why and how we produced a phos-
phor for scintillation counters...a laboratory instrument you can have fun with

Radiography

Suppose you desire to find out a
little more about the practical as-
pects of working with x-rays than
what you have been able to observe
as a medical or dental patient and
rank layman. One way to inform
yourself painlessly and withcut
nuisance to acquaintances who are
professional in the field is through
our 100-page book, “The Funda-
mentals of Radiography.” Just is-
sued is the rewritten eighth edition
of this work, which has introduced
many thousands of practicing x-ray
technicians to their careers.

in mind is an intelligent and earnest
young person who has never pre-
viously given much thought to the
difference between an anode and a
cathode but is willing to learn. Cer-
tain of the earlier pages you can
probably afford to pass over rather
quickly to get to the parts where we
review the geometry of x-ray image
formation, the effect of kilovoltage
on what is shown, scattered radia-
tion and its control, intensifying
screens and how to use them, the
selection of film and processing
procedures, calculation of expo-
sures, how to get more contrast,
how to get more detail, how in gen-
eral to run a radiographic operation
for consistently good results and
maximum personal safety. The
viewpoint is essentially that of the
medical x-ray clinic, but the con-
tent can be useful elsewhere—to
you yourself or to a newcomer
you’d like to interest in the topic.
To get a copy of “The Fundamentals
of Radiography,” one simply drops a
note to Eastman Kodak Company,
X-ray Division, Rochester 4, N. Y. If,
however indirectly, it results in an incre-

ment to the ranks of the radiographers,
we shall feel amply rewarded.

To scintillate

“If it’s conjugation you want, then
conjugation you shall have,” we
synthetic organic chemists said to
the physicists, who seem to be set
these days on finding new and better
scintillation phosphors for their
counters. One very highly conju-
gated molecule we could see a
chance of producing and isolating
with reasonable success was p-Qua-
terphenyl. We didn’t worry too
much about its ability to form siz-
able crystals because the physicists
have been telling us lately that they
can work with solutions instead of
single crystals, if need be. To the
future we left the problem of find-
ing a suitable solvent for p-Quater-
phenyl.

First we had to capture our p-
Quaterphenyl. We knew there was
some present in the residue from
the manufacture of biphenyl, but in
that coal-like conglomerate it was
bound to prove elusive. Instead, we
put our heads together with a friend
who teaches chemistry at a college
an hour’s drive away, and is always
looking for worthy projects to
throw at his students. From our
discussion, two routes to purified
p-Quaterphenyl emerged. We se-

lected one, and two young men then
embarked on an instructive experi-
ence that began with an Ullmann
reaction of iodobiphenyl with cop-
per powder and concluded as 600
grams of Eastman 6866. With scin-
tillation so warm a topic, we expect
the initial batch will not dwell long

This is one of a series of reports on the many products

and services with which the Easiman Kodak Company and
its divisions are .. . serving laboratories everywhere
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on our shelves, but we wouldn’t
want to bet one way or the other.

In addition to p-Quaterphenyl, there
are over 3500 other Eastman Organic
Chemicals we can ship from stock.
They’re all in our List No. 38, a copy of
which you may have by writing to Dis-
tillation Products Industries, Eastman
Organic Chemicals Department, Roch-
ester 3, N. Y. (Division of

Eastman Kodak Company). % " '

The Signet

We are betting—heavily—on the
Kodak Signet 35 Camera and the
job it can do wherever picture tak-
ing is required in the world of scien-
tific investigation. The day is some
time past when a fine hand camera

like the Signet could be placed in
the economic classification of lux-
ury goods. From the geologist who
captures an interesting stratified
formation on film, to the physical
chemist recording a laboratory test
set-up soon to be torn down, a
camera that makes pictures with a
minimum of fuss and a maximum
of quality is no luxury—it’s a
necessity.

But, since neither man nor cam-
era can work all the time, we’d like
to point out that the Signer also
makes an all-remembering com-
panion when it’s time to enjoy your-
self with family and friends. There’s
no extra charge, and what you
spend on film you’ll never miss.

Drop in at your Kodak dealer’s for a
look at the Signet. Takes 35mm film,
color or black-and-white, of course.
Kodak Ektar f/3.5 Lens, Lumenized,
finest kind of lens we know how to make.
Kodak Synchro 300 Shutter. Lens
mount rides on 50 ball bearings as the
focusing ring is turned under direction
});_f the superimposed-image-type range-

nder. Exquisitely integrated mechani-
cal design. Lists at $92.50.

Price includes Federal Tax
and is subject to change
without notice.



Now...a new and

STRONGER
MOLDING
MATERIAL

...highest ever in high-impact
phenolic!

Durez now offers you a phenolic plastic
molding material having an impact or
shock strength in foot-pounds per inch
(Izod) ranging up to 27.

This compares favorably with some
metals. It is several times as great as the
impact strength of molding compounds
in general use, the highest impact com-
mercially practical in phenolic to date.
Fiberglas®, the strengthening agent, is
used in a manner that conserves the in-
dustrially valuable properties of Durez
molding phenolics.

Known as Durez 16221, the new materi-
al invites consideration for a large variety
of applications. It has excellent dimen-
sional stability, a high modulus of elas-
tcity, good electrical properties and re-
sistance to water, heat, and chemicals.
It will withstand far higher service tem-
peratures than cellulose-filled materials.
Fiberglas*- filled Durez 16221 is natural
in color, comes in dry form, and is read-
ily molded by standard compression
methods. It produces parts or compo-
nents having dependably uniform char-
acteristics.

As specialists in phenolics for 32 years,
we offer you the counsel of our field tech-
nical staff in investigating the profitable
application of Durez 16221, which is
now in commercial use.
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*Owens-Corning Fiberglas

=7 Want more Facts
~ and Figures?

Send for folder
DUREZ ‘16221 Natural”’

DUREZ PLASTICS & CHEMICALS, INC.
810 Waick Road, North Tonawanda, N.Y.

PHENOLIC PLASTICS THAT FIT THE JOB
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On Hydrogen Explosions

hat both the U. S. and the U.S.S.R.
I have now produced hydrogen
fusion explosions was officially
confirmed last month. On August 8 Pre-
mier Georgi M. Malenkov told the Su-
preme Soviet that “the U. S. no longer
has a monopoly of the hydrogen bomb”;
four days later Russian scientists ex-
ploded a thermonuclear device. Al-
though the explosion was detected in the
U. S. and Great Britain, no announce-
ment was made until the Soviet Union
broadcast the news nearly two weeks
later. Lewis L. Strauss, chairman of the
Atomic Energy Commission, then con-
firmed the explosion, saying it “involved
both fission and thermonuclear reac-
tions.” He said that the U. S. had
achieved “similar reactions” in tests at
Eniwetok in 1951 and 1952.

Pravda described the Russian ex-
plosion as “one of a variety of hydrogen
bombs.” It said “the test showed that the
power of the hydrogen bomb is many
times greater than the power of the
atomic bomb.” But whether the thermo-
nuclear reactions have as yet actually
been incorporated in a deliverable bomb
is not clear. W. Sterling Cole, chairman
of the Joint Congressional Committee on
Atomic Energy, pointed out that A.E.C.
announcements have not used the word
“weapon” or “bomb” in connection with
the U. S. thermonuclear experiments.

The Russians followed up their
thermonuclear test with an unannounced
fission explosion 11 days later. The
AE.C. said that this explosion was “in
the same range of energy release as our
recent Nevada tests,” and it added that
the Russians seemed to be embarked
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upon a new series of atomic weapon
tests. The A.E.C. said it would make no
further announcements of nuclear ex-
plosions that took place in the Soviet
Union “unless intelligence indicates in-
formation of greater interest.”

Alexander Wiley, chairman of the
Senate Foreign Relations Committee,
called for a new attempt in Washington
and Moscow to reach an agreement on
international control of atomic energy.
Commissioner Strauss remarked that “it
is a fallacy to assume that a stockpile of
atomic weapons in our hands is in itself
any longer a complete deterrent to ag-
gressive action.” The United Nations
Disarmament Commission, which has
been inactive since October, 1952, is ex-
pected to take up the problem of inter-
national control again this fall.

New Probe of the Nucleus
A new picture of the nucleus of the
atom is coming out of experiments
with the big linear accelerator at Stan-
ford University. It appears that nuclei
are not uniformly packed with matter, as
had been generally supposed, but are
dense in the center and grow diffuse to-
ward the edges. This is the conclusion of
Robert Hofstadter, who has penetrated
the nucleus to a record depth with a 135-
million-volt beam of electrons.

The electrons pass through a thin
sheet of the material being studied and
are scattered by the particles in its nu-
clei. A magnetic spectrometer measures
the number scattered at various angles,
thus showing the disposition of the nu-
clear particles. Two unique advantages
of the apparatus are that it can analyze
the nuclear properties of chemical com-
pounds without separating them into
their elements and can distinguish be-
tween unseparated isotopes.

Electrons are better suited to probing
intact nuclei than are heavier particles
such as protons. The latter interact with
the components of the nucleus in a very
complex way, whereas electrons are in-
fluenced by comparatively simple elec-
tric forces. At the energy now being
used, the electron wavelength is about
half the diameter of a nucleus. This is
just about short enough to “see” into it.
At higher energies the wavelength will
be shorter and the detail corresponding-
ly finer. The Stanford accelerator is de-
signed for an eventual energy of a bil-
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lion electron volts. Hofstadter is now
building a magnetic analvzer to operate
with 500-million-volt electrons and is de-
signing one for the billion-volt beam.

W ho Owns Atomic Energy?

r]‘he Atomic Energy Commission is by

law the owner of all patents in its
field. But recently it had to buy one—a
basic invention which has been in use
ever since the first atomic pile went into
operation. The method of making radio-
active isotopes by bombarding elements
with neutrons slowed by a moderator
was patented by a group of Italian scien-
tists in 1940, and they have now claimed
their rights. The A.E.C. paid them
$300,000 for infringement and for par-
tial revocation of their patent. (The
Atomic Energy Act of 1946 revoked all
patents on processes used in making fis-
sionable material. )

The patentees are Enrico Fermi, now
of the University of Chicago; Bruno
Pontecorvo, who disappeared from Eng-
land in 1950, presumably into the
U.S.S.R.; Franco Rasetti, now at The
Johns Hopkins University; Emilio Segre,
now at the University of California, and
Edoardo Amaldi, Oscar D’Agostino and
Guilio Trabacchi, who are still in Italy.
Pontecorvo’s share was deposited in the
U. S. Treasury according to a regulation
which “governs the payment of funds to
individuals in certain countries.”

A California company, to which the
scientists had assigned the patent, had
filed two claims for compensation with
the Commission, one of $1.9 million and
another for $2.1 million. It had also filed
a court action for $10 million, which it
withdrew before the settlement.

The A.E.C. has paid off another pri-
vate atomic inventor—Nicholas Christo-
filos. He received an undisclosed sum
for his patent on the strong-focusing
synchrotron, whose principle he discov-
ered three years before it was announced
by physicists at the Brookhaven Na-
tional Laboratory (see “Science and the
Citizen,” SCIENTIFIC AMERICAN, [une,
1953). Christofilos is now working at
Brookhaven.

Astin Wins His A
|

Secretary of Commerce Sinclair Weeks
last month asked Allen V. Astin to |
stay on indefinitely as director of the Na- |

SILICONE NEWS
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Our dependence upon electricity has grown fast since 1837 when Tom Davenport

used his wife's petticoat to insulate the first electric motor. Now electricity cooks
and freezes for us; turns night to day. It carries sights and sounds through the
air; drives the machines that make mass production possible.

But improvements in the insulating materials that harness electricity have lagged
behind. The greatest single improvement came less than ten years ago when
Dow Corning introduced the first silicone resins. Chemical cousins of glass, these
resins complement glass cloth, mica and asbestos. They double the power per
pound ratio in electric machines; multiply their life expectancy by ten. Here's a
typical example of what that means. To increase output of chemicals, engineers

rewound 31 motors with Silicone (Class H) Insulation;
increased pumping capacity by 30%; saved $50,000.

Rated at 50 and 60 hp, those motors were rebuilt with Class H insulation to deliver
75 to 90 hp. It would have cost $68,200 to install new, conventional 75 hp motors.
Rewinding cost only $19,000. And failure rate on the old 50 and 60 hp motors was
one a month, 48 failures in 4 years. Rewound with Class H insulation, those same
motors have delivered at least 50% more power for 4 years with only 6 failures.
Equally useful in the form of ftuids, lubricants, protective coatings, water repellents

and rubbery solids it will pay you to find out how

Dow Corning Sillizones Save Money, Increase Sales

mail this coupon today

DOW CORNING CORPORATION
Dept. W-10, Midland, Michigan

First Atlanta
a Chicago

Sificone

Cleveland
Please send me ‘;;"_ " Dalias
[] Performance Data on Class H . Detroit
[] Tall Tales to Fabulous Facts * . DOW CORNING
' CORPORATION Midland, Michigan
(Name) I Los Angeles
(Company) I New ka
Washington, D. C.
{Addres] | (Silver Spring, Md.)
iyl (Zone] (Srate] : C da: Fiberglas Canada Ltd., Toronto
| England: Midland Silicones Ltd., London
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CinemaScope Epic
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INEMASCcOP
witd
BAUSCH & LOMB LENSES

“Most significant movie development since
sound!” That’s the verdict on CinemaScope,
20th Century-Fox’s wide screen process that
offers today’s greatest entertainment thrill.
It’s only natural that 20th Century-Fox
looked to Bausch & Lomb for the optical

Bousch & Lomb know-how to achieve this new advancement

foncmorphic Adepter . . uses B&L Baltar Lenses with B&L ana-

CinemaScope morphic adapter for filming CinemaScope

productions. . . recommends the new, ultra-

fast B&L f[1.8 Super Cinephor projection
lens with B&L anamorphic adapter exclusive-
ly for clearest, sharpest, brightest Cinema-

Scope screen images. Because today, just as

when it pioneered America’s first ciné lenses,

Bausch & Lomb sets the industry’s standard

for cinematography and projection. .. in

CinemaScope, 2-D, expanded 2-D, and 3-D.

Bausch & Lomb
BALTAR Cine-
matography Lenses

Bausch & Lomb
Super Cinephor
Projection Lenses

WRITE for complete information on B&L motion
picture lenses. Bausch & Lomb Optical Co., 78123
St. Paul St., Rochester 2, N. Y.

BAUSCH & LOMB

OPTICAL COMPANY ROCHESTER 2, N.Y.

Bausch & Lomb
Anamorphic Adapter
for screening
CinemaScope

BAUSCH ¢ LOMB CENTENNIAL
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tional Bureau of Standards “in the best
interests of the Bureau and the public.”
Weeks had fired Astin in March in the
AD-X2 Dbattery additive controversy.
When the Bureau staff threatened to re-
sign, Astinwas reinstated on a temporary
basis pending a review of the Bureau’s
work. Now, Weeks announced, “no fur-
ther need exists to seek a successor, as
Dr. Astin has expressed his willingness
and desire to continue as a key official of
this Administration and as such he is
from here on a member of my team.”

Weeks indicated that there will be
changes in the Bureau’s procedures, es-
pecially in regard to the testing of com-
mercial products. From now on the Sec-
retary of Commerce, and not the director
of the Bureau, will decide whether such
products shall be tested and whether ad-
verse reports are to be published. Weeks
said that the new procedure is in line
with recommendations of the evaluating
committee, headed by Mervin J. Kelly.
The committee’s report has not yet been
made public.

Out of the Fog

Ntronomers at the Greenwich Observa-

tory, who tell the world how to set
its clocks, often have to consult their
watches to find the time. The pall of
smoke and fog that hangs over London
obscures the night sky and prevents the
Astronomer Royal and his colleagues
from watching the stars cross the prime
meridian. Early next year they will be
looking through the clearer air of a Sus-
sex village 60 miles southwest of their
old location. After 278 years at its
present location, the venerable observa-
tory is moving to the ancient Hurstmon-
ceux castle, built in 1440.

Though it will still be called the Royal
Greenwich Observatory, the prime
meridian will no longer pass through it.
The famous Airy transit will be left in
Greenwich as a public exhibit. All ob-
servations will be made at Hurstmon-
ceux, and the time will be corrected to
Greenwich Time by subtracting about a
minute and a quarter.

Hunger Atlas

Athough the world produces enough
food to nourish all its inhabitants,
two-thirds of the human race is starving.
These are conclusions of the American
Geographical Society, which has just
completed a “Study in Human Starva-
tion.”
The Society’s maps show that in the
Western Hemisphere only the U. S,
Canada, Uruguay and Paraguay have



ALTEC COMPLETES THE PICTURE...

Most of the nation’s theatres using the new
projection and sound are equipped with Altec
products. When you view the new develop-
ments in motion pictures, chances are that
Altec speakers project the sound and that the
sound was recorded with Altec microphones
—in most of the better theatres Altec field
engineers regularly service the sound equip-

ment to assure peak performance.

Working closely with the motion picture
industry, the Altec Companies pioneered the
perfection of stereophonic sound, a system of
multiple microphone pick up, multiple track
recording and multiple loudspeaker system

reproduction that provides sound that moves.

ALTEL

L ANSNE CORPORATION

ALTEC

BERVIC ] (ORPORATION

The field of sound is the special field of the
Altec Companies. Years of specialization in
audio problems have brought the Altec Com-
panies to the position of leadership in the
industry. From the study and use of sub-
audible sounds to the charting and analysis
of overwhelming sounds, to the achievement
of the highest fidelity in recorded sound repro-

duction, sound is the province of Altec.

If you have ANY problems relating to sound
call on the Altec Companies for help ... in
research, development, manufacture and
maintenance. The high quality of Altec per-

formance means complete satisfaction to you.

9356 Santa Monica Blvd.
Beverly Hills, Calif.

161 Sixth Avenue, New York 13, N.Y.

Dealers everywhere

© 1953 SCIENTIFIC AMERICAN, INC

THE ALTEC COMPANIES

@ PEERLESS

ELECTRICAL PRODUCTS

53



LABRITECTURE

laboratory problems.

250 DUFFY AVENUE, HICKSVILLE, L.

-

A New Technique of Laboratory Planning

METALAB offers a basic method in laboratory planning '/

.called, “LABRITECTURE.” This technique will assist +.%
and direct you in the modernization and expansion of your
laboratory or in planning a new one. Our new 4B Catalog
and Manual will give you the sound basis for solving these

For complete “/LABRITECTURE" details request our new 180-page Catalog 4B. :

METALAB Spupment Core

L, N. Y.

METALAB EQUIPMENT CORP., 250 Duffy Ave., Hicksville, L. I, N. Y.
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1 Gentlemen: Please send a copy of your new 180-page Catalog 48 to: :
: Name. Title. I
] Company. :
" Address K
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LARGE SIZE DICHROIC MIRRORS
AND FILTERS

Liberty Hi-efficiency dichroic mirrors and filters can now
be supplied in an even wider range of sizes. Standard
production sizes are up to 20"’ x 30”. To special order,
we now make beam splitters containing over 12 sq. ft.
and we often aluminize parabolic reflectors over four
feet in diameter.

Early in 1954, we will have completed installation of
equipment to meet the demand for even larger sized,
vacuum coated products. We invite your inquiries now
for special requirements.

Liberty Hi-efficiency dichroic mirrors and filters are
specially produced to satisfy to a maximum degree the
specific reflection and transmission qualities required for
an application. They can be produced to peak reflection
at approximately any part of the spectrum. They are
extremely durable—highly resistant to salt water, other
corrosive agents and to deterioration by solvents.

Send us your inquiries on orders of one of a kind or
thousands. Each will receive our prompt and experienced
attention. Liberty Mirror Division, Libbey-Owens-Ford
Glass Co., LM-5103 Nicholas Bldg., Toledo 3, Ohio.

Eﬂﬁ
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REFLECTANCE TRANSMITTANCE

WHITE UGHT
BLUE
’DICHRO\C
REFLECTOR

BLUE

‘ RED AND
YEULOW GREEN

BLUE DICHROIC
MIRROR

READILY VISIBLE
L uont ranci—e!

WAVELENGTH IN MILLIMICRONS

lIBERTY vacuum-deposited COATINGS

LIBERTY MIRROR DIVISION
LIBBEY -OWENS+«FORD GLASS CO.
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adequate diets as a national average. In
Europe four nations—Portugal, Spain,
Italy and East Germany—are below the
subsistence level. In the rest of the world
the only countries whose average in-
habitant gets enough to eat are Turkey,
Kashmir, Nepal, Tibet, Thailand, Cam-
bodia, Formosa, Somaliland, Portuguese
Guinea, Australia and New Zealand.
Jacques M. May, who directed the
study, discusses some of the reasons for
world-wide malnutrition in The Geo-
graphical Review. The chief difficulty of
course is low income, or inability to buy
enough food. But malnutrition is com-
mon in rural areas. Farmers are chronic
borrowers (paying interest as high as
200 per cent in some parts of the world)
and are forced into unsound agricultural
practices to support their burden of
debt. Exhaustion of the soil in certain
areas contributes to local starvation.
May hopes that his sad and dramatic
maps will inspire an increased “determi-
nation to do something about” starvation
in the hunger-ridden areas of the world.

The Calculus of ESP

Extra-sensory perception is a subject

that makes many scientists uncom-
fortable: they are sure there must be
something wrong about the experiments,
but the fallacy is tantalizingly elusive.
In a recent issue of Nature an Oxford
University scientist named G. Spencer
Brown supplies the skeptics with some
apparently well-reasoned ammunition.
He finds “little evidence for telepathy,
clairvoyance, precognition, psychoki-
nesis, etc.” and thinks he has found the
basic flaw in the interpretation of the ex-
periments.

Brown attacks the heart of the matter:
“statistical significance.” The main argu-
ment for ESP is that the experimental
results would be extremely unlikely to
occur by chance. Brown points out that
psychic research, unlike other statisti-
cally-based investigations, suffers from
two important limitations. First, its
“significant” results are not highly re-
producible. Identical experiments often
come out differently. Second, there are
no satisfactory controls, because control
series “cannot be relied upon to give re-
sults which are any the less curious and
‘significant’ than those of the main
series.”

Brown cites a famous card-guessing
experiment which was conducted to test
telepathy. Half the cards were known to
the experimenter; the rest, serving as
controls, were unknown. Since there was
no appreciable difference between the
results for the two groups, the experi-
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New AiResearch transducer-computer package feeds facts to any

Whats New at AiResearc
LR

or all aircraft electronic systems!

A new electronic air intelligence
system, completely engineered and
manufactured by AiResearch, pro-
vides better flight information and
fire control for American jets!
Extremely sensitive transducers
measure angle of yaw, angle of
attack, acceleration, free air tem-
perature, total temperature, static

AiResearch |

pressure, total pressure and pres-
sure ratio. The ingenious computer
combines this information and trans-
lates it into voltage commands for
direct use or as correction factors in
fire control and navigation systems.
This operation is continuous and
instantaneous.

The AiResearch system obsoletes

many of the sensing circuits now
used in military aircraft. Composed
of elements which are small, light
and highly efficient, this system is
reliable and easy to maintain.

Thus AiResearch pioneers another
advance in avionics to further accel-
erate the progress of high-altitude,
high-speed flight!

¢ Company

A DIVISION OF THE GARRETT CORPORATION

LOS ANGELES 45, CALIFORNIA « PHOENIX, ARIZONA

DESIGNER AND MANUFACTURER OF AIRCRAFT EQUIPMENT IN THESE MAJOR CATEGORIES

Air Turbine Refrigeration Heat Transfer Equipment

Electric Actuators
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Gas Turbines  Cabin Superchargers ~ Pneumatic Power Units  Electronic Controls

Cabin Pressure Controls

" Temperature Controls
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For Responsible Positions in

DESIGN ¢ DEVELOPMENT « RESEARCH

3 10 5 years experience in one or more of the following fields required:

Radar — Sonar — Fire Control Systems — Micro-Wave Techniques —
Pulse Circuits — Servo Mechanisms — Electro - Mechanical Design —
Speech Compression — Small Mechanisms — Heat Transfer —
Thermo-dynamics—Packaging—Compressors
Turbines—Internal Combustion Engines.

melpar, inc.

The Research Laboratory
of Westinghouse Air Brake Co. and its subsidiaries
DIVERSIFICATION OF ASSIGNMENT fotels
INDIVIDUAL RECOGNITION

RAPID ADVANCEMENT
SECURITY & STABILITY

Offers to Qualified Men

Werite to Personnel Director

ME LPAR, lN CQ’ Dept-D-4

452 Swann Avenve
Alexandria, Virginia
or 10 Potter St., Cambridge, Mass.
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to produce precision, fine pitch instrument gears to
A.G.M.A. Classes 1, 2 and 3 (A.G.M.A. No. 236.03 and/or
A.S.A. B6.11-1951).

Types of work include external spur and helical gears;
internal spur gears; external and internal involute spur
splines; worms and worm gears.

We have hobs, shaper cutters, shaving cutters, master
gears and master worm sections to produce gears up to
1.5" PD in the following pitches and pressure angles.

10 {
The solutio Q o’ will be
d“hcu\! pro
urms‘c‘s"c

e
We would ¥
of wor

24 N. D P., 14‘/1 and 20 degree N.P.A., Up to 42 Rc
48
72,20 degree N.P.A., up to 42 Rc
120 ! " o 1
Let us quote on your forthcoming requirements. ERSON
6562 OFNICAL COMPANY, iNC
Cuaun Spring opd

CHELSEA, MICHIGAN, Bax 328

|
Dcxter MACHINE PRODUCTS, INC. ‘
Phanes: Detroit WE 3-1494 — Chalsan 2-1791 |

56

© 1953 SCIENTIFIC AMERICAN, INC

menter “rightly concluded that he had
found no evidence for telepathy.” Later
other students, noting that the cards,
both known and unknown, had been
guessed much more frequently than
would be expected from chance, con-
| cluded that the experiment demon-
strated clairvoyance.

Thus an unsatisfactory control, Brown
observes, becomes a new psychic phe-
nomenon. This progression has culmi-
nated in “psychokinesis”—the idea that
an experimenter can influence the fall of
a die or the turn of a card by thinking
about it. Here, he says, we have come to
the end of the line. Any test of statistical
significance depends on the “randomiza-
tion of the set of observations.” The
cards must be truly “randomized” by
shuffling beforehand if the results of an
experiment are to be significant. But if
the shufflers affect the cards through
psychokinesis, then they have destroyed
their experiments before they start. They
are left to “depend solely on a test of
significance which is valid only if the re-
sults they claim do not in fact occur. . . .
The claim for psychokinesis has thus
made nonsense of the claims for tele-
pathy, besides being itself, on the evi-
dence, a nonsensical claim.”

How, then, is one to explain the “curi-
ous” results? “The simplest explanation
left open to us is that the calculus which
leads us to interpret these results as
significant is itself misleading. . . . It is
incumbent on us to try the hypothesis

. that the concept of chance can cover
a wider natural field than we previously
suspected.” Brown matched digits be-
tween arbitrarily-chosen columns of a
random number table, scoring each suc-
cessful match as if it were a guess of a
card. The “pure chance” results “differed
from the mean expectation by more than
three standard deviations”!

Brown expects to prove that statistical
significance has been “systematically
misleading in certain zoological experi-
ments in much the same way as . . . in
psychical research.” The problem, he
concludes, lies in our “extremely arbi-
trary” and “necessarily vague” concept
of what physical randomness is. Perhaps
it should be “a matter of some surprise”
that present probability theory works in
science as well as it does. “If we could
discover how it is that it does work so
well, we might . . . see how it is that it
does not . . . work quite well enough.”

More Oil

r l “wo new developments in petroleum
processing, which promise to extend

! oil reserves substantially, were an-



The stainless steel screen is so fine (50 x 50 mesh from 18-8 wire 0.003” diameter)

it had to be emphasized by photographic technique for this picture,

Inside Her Tummy is a
Mesh of Stainless

This photo of an X-ray shows a fine screen
of stainless steel permanently imbedded in
abdominal muscles. Surgeons insert this mesh
toreinforce hernia or other persistentopenings.

Stainless is used because it doesn’t corrode, nor
set up electrolysis with the body chemistry.

Stainless steel is certainly one of the most
versatile, if not the most versatile of metals.

Probably more tons of stainless go for trim-
ming automobiles than for anything else.
Here the beauty of its gleaming all-the-way-
through surface is the valued feature. But as
atomic energy and radioactive materials
become more widely used, an unmeasured,
tremendous new frontier is opening before
stainless. It’s vital to the production of atomic
energy. It has become the standard material
used for “hot labs.” Even a small laboratory
for a private company, using radioactive
materials, takes several hundred square feet
of stainless.

Republic is the largest manufacturer of stain-

less and alloy steels. It makes so many types
of ENDURO Stainless because stainless is so
versatile. You may need stainless that is mag-
netic or non-magnetic. Republic has it for you.
Perhaps you want ductility. Or machinability;
corrosion resistance; heat resistance; or high
strength-to-weight ratio. Republic can pro-
vide you with an ENDURO Stainless Steel
emphasizing whichever quality you need.

This unexcelled range is part of Republic’s

3-Fold Service for Steel Users:

1. to produce the greatest variety of steels.
So that it can . . .

2. recommend from this range the exactly right
steel for your job.

Then . ..
3. put trained men in the field who can help
you use your steel to the utmost advantage.

When your product needs stainless steel,
think of ENDURO—the stainless backed by
Republic’s 3-Fold Service.

REPUBLIC STEEL

GENERAL OFFICES < CLEVELAND 1, OHIO

WORLD'S WIDEST RANGE OF STEELS AND STEEL PRODUCTS
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.« « Which
MPB hall bearing *.. = -
do you need?
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new MPB catalog 53-54

Most complete information ever
offered on miniature ball bearings

includes:

Complete specifications and descriptions of more than
140 different types and sizes of miniature ball bearings

Bearings from 1/10” to 3/8" o.d. shown in actual sizes

Speed-load charts with factor for easy conversion to any
desired speed or load

Lubrication — what and how — including government
specifications and commercial sources

Recommended shaft and housing fits and shaft and
shoulder data

Radial and axial clearance graphs

Typical methods of using miniature ball bearings

For the designer of precision mechanisms this new 20 page
MPB catalog offers practical solutions of problems involving
miniaturization. As suggested by the partial list of contents above,
MPB, originator and pioneer manufacturer of miniature ball
bearings, has compiled for you the most complete and detailed
information ever offered on this subject.

Request the new MPB catalog 53-54 on your letterhead . . .
it may help develop a new product idea for you. Also request
data sheet SA 10.

HOW DO THEY MAKE
MINIATURE PRECISION BEARINGS?

If you've ever wondered about it — you’ll find the
answer in “MIGHTY MINIATURES” — 15 minute, full-color,
sound film. MM’ is the story of Miniature Precision
Bearings — with the accent on manufacturing processes
and uses of MPB bearings. It’s available to qualified
groups. Write Engineering Dept., MPB, Inc., Keene, N. H.

Incorporated Keene, New Hampshire
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nounced last month. The Socony-
Vacuum Oil Company has worked out a
means of recovering very heavy crude
oil which is too thick to be pumped out
of the ground by present methods. The
oil sands are ignited, a blast of air is
forced through them, and the air drives
the unburned oil, made less viscous by
the heat of combustion, into a well from
which it can be pumped. “In-situ com-
bustion,” as the process is called, has
been tried successfully in an Oklahoma
oil field. Laboratory tests have shown
that 60 to 90 per cent of a deposit could
be recovered, and that less than 15 per
cent is lost through burning. About four
billion barrels of heavy, “unrecoverable
crude” are estimated to underlie U. S.
fields.

The Standard Oil Development Com-
pany has invented a process called fluid
coking which will get gasoline and light
fuel oil out of the heavy residue left from
conventional crude-oil treatment. The
low-grade crude stock is mixed with hot,
finely divided coke particles. On the hot
surfaces of the particles the heavy oil
molecules break down into lighter frac-
tions. In the process, part of the oil turns
into more coke.

Better Cotton

A chemical treatment of cotton that
+ X produces an improved fiber has
been announced by the Institute of Tex-
tile Technology, a cooperative research
center of the textile industry. Called T-7,
the fiber is said to be permanently re-
sistant to mildew and bacteria, to resist
heat better and to be easier to dve than
ordinary cotton. It is made by treating
cotton fiber, yarn or cloth with acryloni-
trile in a process known as cyanoethyla-
tion. The new fiber can be further al-
tered to be made stronger and more re-
sistant to stretching and abrasion than
either the original cotton or T-7.

The process has been tested in com-
mercial-scale runs at a Tennessee mill.
Other firms are setting up pilot plants to
produce the fiber. The Institute points
out that it can be handled on the same
machinery used for spinning and weav-
ing cotton, while vielding “many product
qualities attainable to date only with
synthetics.”

Deep Sleep for Epilepsy

drastic new treatment in which pa-

+ X tients are kept in a deep coma for

several days helps many epileptics for
Y

whom standard therapy is ineffective,

according to the neurologists Tracy J.

| Putnam and Sanford F. Rothenberg. At

MiniatureP,...;.o. Bearings |



b ENGINEERS

with a pioneer spirit...

Openings with a challenge, a future, and exceptional
working conditions. The Engineering Department of our
Air Arm Division is expanding its operations in the growing
field of aviation electronics. The work is stimulating,
exciting and rewarding. The men we want will build for
themselves key positions in an organization that has pro-
duced many of the country’s leading fire control systems,
in addition to the world’s first fighter-type rate autopilot.
Salaries are open, depending upon training, experience
and ability. In addition to a highly respected patent award
plan, opportunities for advanced degrees, and relocation
expenses, Westinghouse offers all the usual employee
benefits, plus!

ONE OPENING
POSIT;OQ: Systems Analysis Special-
ist.

LOCATION: Analytical Section of
Development Engineering.

DUTIES: Specialist in operations
research. Analysis of aircraft
tactical attack problems.
Evaluation of detection, ac-
quisition and destruction
probabilities of aircraft
armament systems.

REQUIREMENTS: Capable of applying
probability theory and statis-
tics. With or without Ph.D.
No previous experience neces-
sary if Ph.D.

ONE OPENING

POSITION: Autopilot Engineer
LOCATION: Autopilot Section of
Electro-Mechanical Engineering
DUTIES: Supervise field installa-
tion and flight testing ac-
tivities of auto pilot devel-
opment field work. Also, cus-
tomer liaison with design
engineering staff.
REQUIREMENTS: Ten years autopilot
or allied industrial aircraft
experience in design and/or
field service activities. Some
background in servomechanisms
desired. BS in Engineering.
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THREE OPENINGS

POSITION: Systems Analysis Engineer
LOCATION: Analytical section of
Development Engineering.
DUTIES: (a) Automatic aircraft and
missile control systems
analyses.
(b) Determination of armament
systems configurations and
equipment characteristics.
(c) Analytical development of
autopilot, radar, fire control
and turret systems.
REQUIREMENTS: BS or MS in EE or ME
or physics. Experience in the
same field or allied field.

ONE OPENING

POSITION: Hydraulics Engineer

LOCATION: Special Systems Section
of Development Engineering.

DUTIES: Analysis and design of hy-
draulic valves, pistons,
actuators and servomechanisms.

REQUIREMENTS: Six or more years
experience in allied fields.
Engineering degree —--— BS or MS
in Engineering.

00 00 0000000000000 0000000000000

We are prepared to pay interviewing and relocation ex-
penses to qualified men. To apply, send resume to

R. M. Swisher, Jr.

Employment Supervisor, Dept. 0A

Westinghouse Electric Corporation

109 W. Lombard Street

Baltimore 1, Maryland

S -

W stinghouse

Al R AR M D VIisloN
BALTIMORE, MARYLAND

0 0000000000000 00000000000000000000000000000000000000000000000
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FELT problems

welcom

ed

and golved

THERE are hundreds of different
types of felt, and it is important to
select the right one for each application.
Felt is an engineering material, which
can be, and should be, specified as closely
as any other. We have a vast knowledge
of all types of natural and synthetic
fibres, and will be glad to collaborate with
you in working out specifications. In
many instances we have been able to solve
such problems as premature breakdowns,
leakage of lubricants, fast filtration, vi-

bration absorption, and many others, by
recommending exactly the right felt. Come
to American with your felt problems.

AmericanFelt
Company

TRADE MARK

58 GLENVILLE ROAD, GLENVILLE, CONN.

Electrically
Conductive Clot

A New Engineering Material for
Many Applications in Electronics

RF SHIELDING
RADAR REFLECTION
SU%‘;@TED MICROWAVE GASKETIN

WARNING SYSTEMS
ATTENUATORS

Buy it by the yard and sew it to shape on any

sewing machine. Or, have us sew it for you.

Swift

INDUSTRIES,
10 Love Lane, Hartford 1, Conn.
Hartford 2-1181

60

h

G

© 1953 SCIENTIFIC AMERICAN, INC

| the Cedars of Lebanon Hospital in Los

Angeles they treated a series of 25 cases,
and 64 per cent were completely re-
lieved of seizures (for periods of from
one to several years), while the others
showed substantial improvement. There
were no serious reactions or deaths from
the treatment, although Putnam and
Rothenberg concede that it involves
“some potential risk.”

To induce the coma the physicians
use large doses of the anti-convulsant
drug diphenylhydantoin. If necessary
they also give other soporifics. During
the sleep, which usually lasts four days,
the patient may be starved, given inhala-
tions of carbon dioxide and injected with
glutamic acid—all measures effective in
reducing seizures or suppressing ab-
normal brain waves. Sometimes stimulat-
ing drugs are necessary to arouse the
patient from his sleep. The entire treat-
ment lasts about two weeks.

The chief danger is from pneumonia.
Daily injections of penicillin are given to
ward off infection, and a nurse is in con-
stant attendance during the sleep.

Describing their treatment in The
Journal of the American Medical Asso-
ciation, Putnam and Rothenberg point
out that the need for hospitalization and
continuous nursing makes it expensive.
They suggest that its cost could be re-
duced if one or two nurses took care of
a group of patients simultaneously.

No Brain-Cutting

Prefrontal lobotomy is outlawed in

the U.S.S.R., the Soviet psychiatrist
N. I. Oserezki told the World Federation
for Mental Health at a recent meeting in
Vienna. Oserezki, a member of the Pav-
lov Institute of Medicine in Leningrad,
described the operation as “an anti-
physiological method that violates the
principles of humanity,” makes the pa-
tient an “intellectual invalid” and de-
prives him forever of any hope from fu-
ture discoveries or from proper use of
less drastic available methods. He
quoted a Soviet colleague as saying that,
through lobotomy, “an insane person is
changed into an idiot.” Oserezki ac-
cused psychiatrists of using the opera-
tion because it offers a quick and simple
way to get mental patients out of hos-
pitals.

The New York Times reported that
many of the psychiatrists at the meeting
agreed with the Russian. H. C. Ruemke
of the Netherlands, president of the
World Federation, said the operation
was advisable only in rare instances and
was being performed much too fre-
quently in the U. S.



After molding, the Tenite 2(MH Grade) reflector shells are given a

lacquer undercoat and placed in a CVC 48 inch horizontal coater
(Model LC1-48A). In less than half an hour, they are metallized
and ready for another coating of lacquer. (Reliance Varnish Com-

pany supplied the undercoat and topcoat lacquers used).

As with all CYC vacuum coating units, this one comes equipped
with all necessary controls, is easy to operate, requires little

maintenance.

formerly

10

Vacuum Equipment Dept.

Most plastics are easy to vacuum metallize. But not all
grades of butyrate.

Yet, just recently Eastman Kodak Company set up
production of a vacuum metallized butyrate flash reflector
using CV'C equipment. This new development was made
possible by using CV'C’s technical knowledge and prac-
tical experience in the development program by Eastman
Kodak Company.

The result is a reflector with higher reflectivity and
better appearance than previous metal models. And, the
coating is tough enough to withstand all normal handling.

vacuum coater

puts the gleam on a
butyrate flash reflector

CVC’s experience in high vacuum metallizing and
associated lacquering operations is available to help
solve your problems. And CV'C is ready to help you get
started in this rapidly growing business with the most
efficient vacuum metallization equipment available. For
information on this or any other application of high
vacuum, write to Consolidated Vacuum Corporation,
Rochester 3, N. Y. (A subsidiary of Consolidated En-
gineering Corporation, Pasadena, Calif.) Sales offices:
Menlo Park, Calif. ¢ Chicago, Ill. « Camden, N. J.
New York, N. Y.

Consolidated Vacuum Corporation

2

Rochester 3, N. Y.

high vacuum research and engineering
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In the early 1930’s a manufacturer in Atlanta had
a problem. The Warren Refrigerator Company
wanted to assemble aluminum fins to aluminum
evaporator tubes. To utilize the high heat
transfer of aluminum, they wanted a tight fit.
They called Alcoa.

Help came in the form of an engineer

from our Development Division. He knew the
refrigeration industry and the importance

of what Warren was trying to do. Solving their
problem was a matter of adapting a technique he
had learned from other such projects. The answer:
To make a tight fit between aluminum fins and
aluminum tubes, the tube was inserted through
holes in the fins and expanded with a mandrel.

The aluminum-finned tubes worked so efficiently
that Warren looked for other places to use
aluminum. A special extrusion was made to replace
a casting of another metal. A special fastener

was designed to space the walls of a light fixture.

A new welding technique was suggested to solve a
difficult joining problem. There were many others.

In each case, Warren drew from experience
of men in our Development Division. And

in each case, aluminum gave their commercial
coolers a little boost above competition.

This, then, is the moral of the story. You may
wish, like The Warren Company, to institute a
regular program of step-by-step product
improvement with the help of our development
people who can show you short cuts. Or you
may have in mind a use of aluminum so different,
so radical, that it can revolutionize your

industry. We can provide basic research, testing,
even pilot models to prove its practicality.

Our Development Division is ready to help.

ineeri

The newest member of the Warren line is this apartment-size freezer.
It takes full advantage of aluminum’s fast cooling in the liner,
the shelves, the coils, even the freezer doors.
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Giving the inside of the freezer a hard,
easy-to-clean finish required special ano-
dizing techniques. Alcoa technical men
suggested methods—Alcoa mills supplied
aluminum sheet with a special pattern
rolled on it.

Fastening the cooling coils to the shelves
required special joining techniques. Alcoa
technical men suggested resin bonding and
assisted in finding a suitable resin. Alcoa
mills supplied tubing in 1,000-foot lengths
to reduce scrap.

oUr rext step ...

is to write for the free booklet,
$Road Map to a Better Product.” It describes in detail
the facilities available to you for immediate
application to your problems. ALUMINUM COMPANY OF AMERICA,
2182-K Alcoa Building, Pittsburgh 19, Pa.

Aiumin

Ll M

ALUMINUM COMPANY OF AMERICA
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Joining the shelves to the sidewalls was a
problem until Alcoa technical men sug-
gested metal stitching. Now the shelves are
assembled with staples—saving greatly in
production time and capital investment.




“Give this shingle

1,000 rainstorms in three hours.”

ounDs like a tall order. But it’s

being accomplished at the Johns-
Manville Research Laboratories
with the help of NoreLco X-ray Dif-
fraction equipment.

As one phase in their continual
search for improved building ma-
terials, Johns-Manville research
technicians are constantly exper-
imenting with various new combi-
nations of material that might
produce even better shingles. Those
formulations that are selected are
exposed for many months to field
and weathering tests designed to de-
termine their resistance to rain,
heat, cold and wear.

NoreLco X-ray Diffraction
helps eliminate the “misfits’’
The durability of many materials
can often be accurately determined
by atomic structure analysis. At

Serving Science
and Industry

Johns-Manville, NoreLco X-ray Dif-
fraction equipment aids immeasur-
ably in establishing the wearing
characteristics of various combina-
tions of materials and in eliminating
those formulations which are un-
desirable long before final outdoor
weathering tests.

Since analysis by X-ray Diffrac-
tion requires only three or four
hours, a great saving in time and
money is effected.

NoRELcO serves science and industry

This example of ingenious applica-
tion by Johns-Manville is typical of
the many uses found for products of
North American Philips throughout
science and industry. It character-
izes the imaginative research, crea-
tive engineering and extreme pre-
cision in manufacture behind every
product that bears the NorRELCO
name. Non-destructive NORELCO
X-ray Diffraction can provide in-
valuable aid to your organization.

The Technical Staff of North Ameri-
can Philips Application Laboratories
is available for free consultation.
Write also for booklet“Three Power-
ful X-ray Tools.”

Other NoreLco products include:
Industrial Radiographic Equip-
ment— Electron Microscopes—Re-
search and Control Instruments —
Metallurgical Products and Dia-
mond Dies — Electronic Tubes —
Precision Timing Motors and Relays.

® Many Users, Many Uses

American Cyanamid Company
American Enka Corporation
Diamond Alkali Company
The Firestone Tire & Rubber Company
General Printing Ink Company
A division of Sun Chemical Corporation
The Glidden Company
International Harvester Company
Jones and Laughlin Steel Corporation
Merck and Company, Inc.
National Carbon Company, A division of
Union Carbide and Carbon Corporation
National Lead Company
The New Jersey Zinc Company
Norton Company
Shell Oil Company
A. O. Smith Corporation

NORTH AMERICAN

@ EFEI I:I D:l[l @@ COMPANY, INC.

e Dept. IH-10 —100 East 42nd Street, New York 17, N. Y.

In Canada: Rogers Majestic Electronics Ltd., 11-19 Brentcliffe Road, Leaside, Toronto 17, Ontario
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Human Growth

The complete physical, physiological and psychological histories of
160 boys and girls recorded bv the Denver Child Research Council

are yielding a clear picture of how a normal individual grows up

mong the 160 children of various
Aages whose development is being
followed in the remarkable study
of human growth by the Child Research
Council in Denver, Col,, is a boy whom
we shall call Tommy Smith. In nursery
school he was a top member of his class—
a happy, normal, healthy, highly intelli-
gent youngster. But as he approached
the age of five, the records began to show
a flattening of his growth curve: he lost
weight and stopped gaining in height.
The staff nutritionist, calling at his home
for a check-up, found that the boy’s ap-
petite had fallen off sharply. He was not
eating enough, particularly not enough
milk, and the result was a shortage in his
intake of proteins and minerals. Actual-
ly, the whole staff for some time had
been noticing symptoms of retardation
in this apparently healthy boy. The psy-
chologists had reported that Tommy had
regressed in mind as well as in body. His
I.Q. rating had dropped. He seemed
tense, anxious, uncertain. His inner
strains were reflected in his responses to
the Rorschach inkspot test, the thematic
apperception test and other psychologi-
cal techniques.

A clue to his trouble was disclosed by
one of these techniques: doll play. Three
dolls, representing a man, a woman and
a small boy, were placed on the floor, to-
gether with an assortment of doll furni-
ture and other household accessories.
Tommy proceeded to “play house,” and
in his play he sent the mother doll off “to
the office,” put the father doll in the
kitchen getting the next meal and won-
dered aloud whether the little boy doll
would grow up into a man. Maybe, he
speculated, the boy would become a
woman and go off to the office “like
mamma.”

Here was the anxiety that underlay
Tommy’s loss of interest in food, his in-
terrupted growth and his lapses in 1.Q.
It turned out that the doll drama re-

by George W. Gray

enacted his actual home situation. Tom-
my’s mother had a job which kept her
away from home from early morning un-
til late afternoon. The father, whose busi-
ness hours were not exacting, did many
of the housekeeping chores, fed and
dressed the boy and took him to and
from school. Because the mother fre-
quently came home exhausted, the
father often put the child to bed. It was
all very confusing to Tommy. He was at
the stage in which a normal boy wants to
identify himself with a male figure, but
his family setup was such that he was
not certain what the figure stood for—
and anyway, he was not sure that he
wanted to be that kind of man.

The Child Research Council is not a
clinic: it does not treat diseases or dis-
orders. But when symptoms come to
light in the course of its research, it calls
them to the attention of the parents and
their family physician. In this case the

parents finally recognized that their son’s
disturbance stemmed from themselves,
and they immediately made adjustments
to correct the situation. The mother went
on half time at her business and made it
her main job to love and care for Tom-
my. The father relinquished many of his
mothering services. Within a few months
after this realignment of the parental
roles, Tommy was a much happier and
better adjusted boy. He was eating so
voraciously that the family doctor had to
advise cutting down on his carbohy-
drates; his height and weight resumed
their growth, and again he stood head
and shoulders above his classmates in in-
telligence tests.

“This is not an unusual case,” says Al-
fred H. Washburn, director of the Child
Research Council. “I'm quite sure that
other people working in guidance cen-
ters with play techniques could tell simi-
lar stories. But the episode does illustrate

YEARS 9 0 11 12 13

4 15 16 17 18 19 20

RATES OF GROWTH of a boy (solid line) and a girl (broken line) are contrasted by these

curves. Girls enter and complete the adolescent phase of rapid growth earlier than boys.
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18 YEARS

CHANGES IN PROPORTIONS OF THE BODY that come with
growth are illustrated by profiles of changing figures of four boys

the three-fold nature of growth, and the
interdependence of the growth factors.
Human growth is a sensitively balanced
complex of processes in which body
structure, physiological function and
emotion each plays its indispensable
part—and a disturbance or deficiency of
one factor can seriously affect the others.
Here in Denver we are endeavoring to
follow the course of each of these factors
through the entire life spans of our chil-
dren. We are keeping records of each in-
dividual from infancy into childhood and
from childhood into adulthood. We in-
tend to continue the study of each life
until accident or old age eventually
writes its finis.”

Washburn, a tall, rangy man now in
his late fifties, is a native of Boston who
was graduated from Amherst College in

66

1916 and from the Harvard Medical
School in 1921. Classmates recall that as
a student he was not bashful about chal-
lenging medical dogma. During his in-
ternship something that he read in a
book prompted Washburn to scribble
this query in the margin: Why hasn’t
medicine been more concerned with the
problem of understanding the whole life
cycle of a human being during healthy
growth?

Why not, indeed? There was a vast
file of assorted information on the anato-
my, physiology, psychology, behavior
and diseases of the human system. There
were multitudinous tomes on man-in-
the-abstract. But never had a satisfactory
study been made of the life cycle of even
one human individual. “We know more
about how a garden pea or a hog or a
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and four girls. The drawings are based upon photographic records
kept by Child Research Council. In each panel, four figures are pic-

laboratory rat grows and adapts to vary-
ing environmental conditions,” reflected
Washburn, “than we do about how a per-
son grows up and becomes the kind of
adult he is.”

With such ideas stewing in his brain,
the young medical graduate went West
to start the private practice of pediatrics
in Portland, Ore. While there he held an
instructorship at the University of Ore-
gon. The following year the University
of California called him to Berkeley, and
soon Washburn was the gadfly of its
faculty with his persistent questions
about the life cycle, about what is normal
in human growth and about the impor-
tance of making a beginning toward a
science of man.

Meanwhile an interest in these same
questions was fermenting among physi-



5 YEARS

10 YEARS

15 YEARS

tured at relative actual height at left and, at right, all of the fig-
ures are blown up to the same arbitrary height to bring out con-

cians and public-spirited citizens in
Colorado. In the early 1920s a group in
Denver had set up a project in preven-
tive medicine to examine children peri-
odically for early signs of tuberculosis
and respiratory disease. But after five
years of operation its financial support
had failed, and the project would have
lapsed but for the intervention of a few
local physicians and scientists. They had
caught the vision of a larger objective.
Instead of limiting the examinations to
tests for disease, they asked, why not
consider the child as a whole, study each
as an individual and follow his pattern
of growth and adaptation continuously?

The proponents of this idea enlisted
the interest of the president of the Uni-
versity of Colorado, and the project had
a new birth. It was incorporated by the

State as the Child Research Council.
The University of Colorado School of
Medicine offered laboratory and admin-
istrative quarters in its building, and the
Council agreed to make its findings
available to the school. But a leader was
needed, and at this stage the Council
discovered Washburn, then an associate
professor at California. It invited the
transplanted New Englander to Denver,
bombarded him with questions on his
favorite theme, and hired him on the
spot to become director of its research.
That was in 1930. Washburn gathered
an extraordinary team of investigators
which has now been working together
closely for more than two decades.

The oldest of the 160 persons whose
life cycles are being followed by Dr.
Washburn and his 26 associates is now
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trasts in proportion. Major change in both sexes is relative
increase of height to breadth of body as long bones achieve growth.

32 years of age, and the youngest was
born last month. Occasionally the group
loses a subject: a family moves to an-
other city, a girl grows up and marries
an outsider, a boy goes away to a distant
job. But such losses are kept at a min-
imum by selecting the subjects from
stable families. By adding three to five
new babies annually, the Council has
steadily increased its roster. The current
enrollment is about as large as the pres-
ent staff can keep track of, but the staff
may eventually be increased to where it
can enroll a maximum of 200 subjects.

“We have to realize that most of the
children we are studying now will out-
live every member of our present staff,”
Washburn observes. “Other investiga-
tors will complete the observations that
we begin, and reap the harvest of what
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HOW BOY AND GIRL CHANGE in build between the age of five
and completion of growth (boy at 18, girl at 15) is shown here.

In each panel the figures are paired at the same relative age.
The figures at right in each panel are blown up to same height.

we have sown. All the more important,
then, is our obligation to plan the pro-
gram on an adequate scale, to start each
study with a full realization of what it
may mean for the future and to record
the findings with thoroughness and a
scrupulous care for accuracy and rele-
vance.

“Our effort is based on the theory that
the adult is what he is, and behaves as
he does, as a result of his total trans-
actions of living—and that means the
sum of his experiences from conception
on to his present age. We proceed on the

hypothesis that this continual interplay
between the individual and his environ-
ment is susceptible of observation, meas-
urement and interpretation at three
levels of organization—physical, physio-
logical and psychological. Those three
categories define our study: physical
growth and adaptation as shown by
structure, physiological growth and
adaptation as shown by functioning, and
psychological growth and adaptation as
shown by mental ability, emotional atti-
tudes, social behavior and other ingre-
dients of personality.

FEET

“We have tackled this many-sided,
long-range and difficult research on the
assumption that, from learning how peo-
ple succeed or fail in adjusting to their
world, we can obtain information which
will guide children toward becoming
happier, healthier and more useful mem-
bers of society.”

Physical Growth

Photography is an indispensable tool
for studying growth. With X-ray pho-
tography the Council measures the
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shown in charts which compare the curves of these individuals
(beaded lines) with maximum, minimum and median curves for



HOW BOY AND GIRL CONTRAST at the same stages of growth
is shown in these two panels. In panel at left their figures are com-

growth of leg bones, arm bones, the
head, chest, spine, heart, lungs, teeth
and other internal organs and tissues;
with direct photography it records the
shape of bodily development. Nothing
shows so plainly where and at what rate
physical growth is taking place as a se-
ries of photographs of the same indi-
vidual, taken at regular intervals over a
period of years.

Edith Boyd, a pediatrician who spe-
cializes in anatomy, devised a simple
technique which has enormously in-
creased the value of the photographic

records. “I took an enlarger,” explained
Dr. Boyd, “and projected all the photo-
graphs of a subject at various ages to
the same height; for example, using the
height of the subject at his current age,
say 16, the images of the child at one
year, at five years, at 10 and at 12 were
all blown up to this height. Then I could
see at a glance what changes had taken
place in his body form.

“One of the biggest differences among
people is their distribution of mass—
whether they are long-legged or short-
legged, how wide they are for their

pared at the age of five; at right, at the completion of growth,
with the figures blown up to same height at right in each panel.

height, whether the hips or the shoulders
are wider. In the series of pictures blown
up to the same height, I found that I
could measure how much of the child’s
mass was made up of his foot, how much
of his leg, his thigh and so on up the
body. I could follow and trace changes
in the relative masses of these structural
features. In a baby or small child, the
shoulders may be wide compared to the
hips; as a boy approaches school age, his
shoulders and hips may come about
even; as he goes into his puberty growth,
his hips broaden out. While the boy’s
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growth. The girl is shown to be relatively heavy for her height, the
boy relatively light. Girl’s rate of growth peaks

earlier than boy’s.
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BASAL METABOLISM is a sensitive indicator of the demands of growth. X-ray pictures
at the bottom of spread explain why this boy’s metabolism ascends so sharply at 15 years.

hip mass is growing, the shoulder mass
is standing still, so the ratio changes.”

Dr. Boyd showed a series of photo-
graphs of a girl from infancy to her elev-
enth year. “Her shoulders will broaden,
but her hips will grow still wider,” she
commented. “For a boy the probability
is that as he grows into adolescence, his
hips will not grow proportionately wider,
but his shoulders will—and that, of
course, is one of the major sex differences
in physique.

“When a person reaches adulthood,
growth is completed only in the sense
that the body has reached its maximum
stature. There will be further changes in
the structure, but they will be more
gradual, and a photograph every five
years instead of every year should be
sufficient. The oldest photograph in our
present file was taken at age 28. I don’t
see why we shouldn’t attempt to trace
the structural changes of aging just as
we trace the structural changes of grow-
ing up. Every period of life is significant
in a life-cycle study. And so I hope my
successor will follow these subjects
through to the end.”

Another pediatrician on the staff,
Jean Deming, specializes in biometrics.
Dr. Deming has subjected the growth
data collected by Dr. Boyd to mathe-
matical analysis and plotted the results
in a curve foreeach individual. Actually
two curves are necessary: one, known
as the Rachel Jens curve, represents
growth from birth to the beginning of
adolescence; the other, an elongated S
called the Gompertz curve, covers the
period of adolescence. The Rachel Jens
curve is fairly uniform for both boys and
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girls. But the Gompertz curve of adoles-
cent growth is markedly different for the
two sexes. In girls, the curve begins to
bend upward into the first arm of the S
at an earlier age and at a more rapid
rate of ascent than in boys. But while
the typical boy’s curve starts later, and
turns upward more slowly, it keeps as-
cending long after the typical girl’s
curve has leveled off.

“Plotting the growth of children
brings out at a glance facts which,
though obvious and well known, are apt
to be ignored until they are shown
graphically,” said Dr. Deming. “One of
these differences is the earlier maturing
of the girl. You can see it dramatized in
these two curves,” and she picked up a
sheet comparing a boy’s and a girl’s
growth in height. “Note how almost
parallel the two curves are up to the
start of the girl’s adolescence, which in
this case occurred at 8% years. The boy’s
adolescent growth spurt did not begin
until he was 10%, when the girl’s height
was far above his, and she kept above
him until about 13. Thereafter the boy
kept on growing at a rapid rate, while
the girl leveled off.

“We are all familiar with the fact that
in junior high school the typical girl is
much larger and more grown up than
the typical boy of the same age. She’s
not interested in dates with these small
boys; she wants to go with older boys.
It is interesting also to see how the curve
follows the personality pattern. The
growth curve of a feminine type of boy—
with a soft rounded body and a greater
interest in dolls than in baseball, for ex-
ample—usually follows the typical girl’s
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pattern. Similarly girls of the tomboy
type usually have a growth pattern con-
forming to that of boys.”

Internal Structure

The staff member primarily responsi-
ble for measuring the growth of the in-
ternal structure of the body is Marian
Maresh. She also is a pediatrician with
a specialty: X-ray. Some of the most ex-
citing discoveries of physical growth
have come through roentgenology. Dr.
Maresh works in close collaboration with
Dr. Deming and Dr. Boyd in interpret-
ing the X-ray pictures. The Council’s
collection of X-ray photographs of the
chest is the largest on healthy children
in the world.

“This collection of films,” said Dr.
Maresh, “has helped us to define the
range of normality and to understand
the variations that an individual child
may have and still remain healthy. We
had been taught in medical school that
a child’s chest film must look a certain
way. Now we know that each child has
his own standard and carries it through
life, as far as we have gone. As he grows
up, he may have a severe pneumonia or
any of a number of other acute infec-
tions, but as soon as he has recovered,
he will swing back to his own pattern of
normality. He will not carry with him
the so-called scars of repeated infections,
unless he is chronically ill.

“As for sinuses, we have found that
their appearance in a child has very little
relation to his health. He may have small

ELBOW JOINT is site of one of the principal mile-
stones in the process of growth. This is the fusion of



sinuses or large sinuses, occasionally
cloudy sinuses, and still be a healthy
child. This, of course, is quite contrary
to what one finds in grown-ups. An adult
with a cloudy sinus is apt to be sick.”

The Council’s chest X-rays have
shown that the range of variability in
the size and shape of the normal heart
is greater than anatomists had believed.
“Heart size is related to body size,” de-
clared Dr. Maresh. “A child who has
been growing fast and is overweight is
going to have a large heart. A child of
medium body build, whose height-
weight relationship is about average,
will usually have a heart of average size.
He will seldom have a small heart such
as we find in the thin child. When it
comes to shape, the hearts of healthy
children have differences so great that
some of them suggest textbook pictures
of congenital heart disease—and yet
nothing is wrong. The shape of a child’s
heart is his own business. After he gets
that shape, he is going to keep it, barring
affliction with a serious disease.”

The growth spurt that marks the en-
trance to adolescence is revealed with a
wealth of minutiae by the X-ray photo-
graphs. Within a few months the bones,
lungs, heart and other organs may grow
at a speed double or even treble the pre-
vious rate. As the general growth of the
body slows down after adolescence, the
heart actually decreases in size. This is
not strange when you remember that
the heart is a muscle. Muscles grow with
use and diminish as the use grows less—
and the heart is no exception.

Every child is an individual. Each has
a unique structural pattern, which may
or may not conform to what has been
regarded as normal. In her X-ray study
of the growth of bones, for example, Dr.
Maresh has found a wide variation in
the age at which the junctions between
the long bones mature. Most boys are
born with no wrist bones, only a soft
cartilage, and girls rarely have more than
one bone in the wrist at birth. The car-
tilage progressively calcifies into eight
small bones. The rate at which they form
has been taken as an index to bone de-
velopment. But the Denver records show
that at the age of five a healthy child
may have anywhere from two to seven
bony centers in the wrist; only 20 per
cent of the children have the number
heretofore regarded as normal for that
age.

“The bone studies are my absorbing
interest just now,” went on Dr. Maresh.
“We X-ray the left arm and leg at two-
month intervals during the first six
months of life, at six-month intervals
from then on through adolescence and
yearly thereafter. So I build up a serial
picture of the growth of the upper arm,
lower arm, upper leg, lower leg, and the
relation of each to the growth of the
body as a whole. The major difference
between boys and girls is in the relative
length of the forearm, which is longer in
boys. That partly explains why women
can’t wear men’s coats. My shoulders are
as broad as my husband’s, but his coat
sleeves come down to the middle of my
hand. This is a sex difference I did not

expect to find. There is no difference be-
tween the male and female in the rela-
tive length of the upper arm bone or in
the length of the legs in relation to body
height.

Five of the children in the Denver
study group are cousins; their five
fathers are all brothers. These children
present a wide range in size; one, a boy,
is among the smallest for his age in the
entire group, and another, a girl, is one
of the largest girls of her age. Despite
the size variation, all five children have
the same structural pattern. Their pat-
tern of relative bone length is somewhat
unusual—yet it is the same for all. “We
believe,” remarked Dr. Maresh, “that
eventually we're going to learn how peo-
ple are put together, and where they in-
herit the bits that make up the differ-
ences. It seems clear that what a child
inherits is not his body as a whole, but
segments of it, or functions of it, or per-
haps patterns of development.”

Physiological Growth

As the body grows toward its adult
form, new functions are developed and
old ones are extended. The production
of blood, the input of food, the output
of energy, the reaction of nerve and
muscle to stimuli—each plays a part in
this business of growing up. And so the
Child Research Council has a team of
biochemists, nutritionists, hematologists
and others who concentrate their talents
on the physiological aspects of growth,
under the general supervision of Robert

the little bony center at the end of the long
bone in the upper arm with that bone. These

two pairs of pictures show a boy’s elbow (left) and a girl’s before and after fusion. The boy’s
metabolism (see chart on opposite page) showed steep increase when this fusion was occurring.
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McCammon, the assistant director of the
council.

Fundamental to life is metabolism—
the two-way process by which nutrients
are built into new tissue and, inversely,
broken down to release energy. Basal
metabolism, the minimum expenditure
of energy required by the body at rest,
is a base-line for the study of all physio-
logical phenomena. One of the first rou-
tines established by the Council was the
periodic measurement of the basal me-
tabolism of its children. As data from
these studies accumulated, staff mem-
bers were appalled to discover how little
was available in the way of standards
for comparison. Actually the Council’s
own measurements of metabolic rates,
published in 1940, were the first reliable
tables for the ages from infancy to
adolescence. Today those rates recorded
in Denver are the norms for medical
practice in many parts of the world.

In the same way the Council insti-
tuted studies to determine the level of
red cells, white cells and other cellular
components of the blood at various
stages of growth. A similar inquiry
measured the proportions of albumin,
globulins and other proteins in the blood.
Many of these blood determinations
have been widely accepted by pediatri-
cians as the most comprehensive data
on blood-cell and blood-protein levels in
early life.

An infant’s blood differs from that of
older children in its proportions of both
cells and proteins, and differs still more
from that of adults. There are also strik-
ing sex differences. For example, girls
tend to have fewer white cells than boys,
but a larger proportion of their white
cells are of the specialized infection-
fighting kind known as lymphocytes. At
certain age levels the girls have fewer
red cells per unit of blood than the boys
have. Carotene, a substance the body
uses to make vitamin A, is found in
greater abundance in infant girls than
in infant boys. But when the children
reach 12 or thereabouts, the situation
reverses: then the boy’s blood has the
greater proportion of carotene. “This
finding has fascinating implications,”
said Dr. Washburn, “for it indicates an
inverse relationship between growth and
a food factor. In infancy males tend to
grow more rapidly than females, but at
age 12 most girls are moving into their
adolescent growth spurt, while the boys’
growth is still on the slow side. And
note that in each sex it is only at the
CHANGES IN HEART SIZE in response to the demands of growth found in this study PenOd of accelerated gl’OWth that the

. N
have upset accepted notions of what “normal” heart size is in children. Here the heart of a  carotene level falls to a low point. I don’t
boy (left) and a girl are shown at comparable stages of growth from infancy to adolescence. know what it means yet, but here we
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have what seems to be a relationship be-
tween the intake of a food substance, the
sex of the individual and the pattern ot
growth.”

The record of each child’s food intake
begins even before the baby is born. In
the third month of the mother’s preg-
nancy, Virginia Beal, the nutritionist,
visits the home, examines the menus and
checks on the variety and quantities of
food consumed. After the infant’s arrival,
these periodic check-ups record exactly
what the child is eating. In several cases
Miss Beal has been able to spot deficien-
cies and predict nutritional disorders.

“On one occasion,” related Washburn,
“Miss Beal came in and said: ‘This baby
is not getting enough protein, minerals or
vitamin D—she’s headed for rickets.” The
other staff members were highly skep-
tical. We had never seen a case of rickets
in our entire series of children and we
couldn’t believe that any nutritional
measurement could be so accurate. But
three months later Dr. Maresh brought
me an X-ray film of that child, and there
it unmistakably was in the photograph.
The case was mild, to be sure, but the
bone structure showed evidence of
rickets.”

The primary purpose of these nutri-
tional studies is to see how the child’s
growth correlates with its food intake.
“Quantitative, as well as qualitative,
changes in the blood, bones and teeth
have long been recognized as related to
the composition of the diet,” said Wash-
burn. “But no one yet has done a good
job of determining exactly how they are
related. We have found evidence that
the dietary standards recommended by
the National Research Council may need
correcting. Our data show that the NRC
stated requirements for certain nutrients
during the first five years of life are too
high. Not even our healthiest children
are living up to them. For certain other
nutrients the NRC standards are prob-
ably too low. We have found that some
of our children are getting more vitamins
than they need or can use. In the case of
vitamins A and D, an overdose can be
damaging, and this whole field of acces-
sory food factors needs appraising to
determine how much of each vitamin is
the optimum ration for a growing child.”

It is fascinating to watch the correla-
tions between physical and physiological
growth. One of the milestones in physi-
cal growth is the joining of the first little
bony center in the elbow with the long
bone of the upper arm. While this fusion
is taking place, the basal metabolic rate
rapidly rises to a higher level. It is as
though the two processes had to be syn-

chronized as the body’s whole system
poises for the tremendous adolescent
growth spurt.

Dr. McCammon and the group of bio-
chemists and physiologists recently dis-
covered a correlation between the levels
of the blood proteins beta and gamma
globulin and the development of lymph
tissue in the body. When a child’s blood
contains high levels of these globulins,
he is apt to have larger tonsils, larger
adenoids and more lymph nodes of every
kind. The observations suggest that such
children are more resistant to colds and
other respiratory diseases than children
with a smaller endowment of globulins.

The protein content of the blood is re-
lated to the functioning of the heart.
Over the years the Child Research Coun-
cil has accumulated thousands of electro-
cardiograms of its children, and these
are now in process of being analyzed.
The results so far indicate that the dif-
ference in timing between the peaks and
valleys of a child’s electrically-recorded
heart waves are correlated in some way
with the levels of globulins and other
plasma proteins in its blood.

“We might theorize,” said Washburn,
“that the same circumstance which leads
the child to build up resistance to in-
fections—mamely, his stock of plasma
proteins—is also concerned with keeping
his heart functioning efficiently. This
opens an interesting possibility. It sug-
gests that here we may have a means of
evaluating a child’s ability to adapt to
environmental handicaps.”

Globulin relationships seem to pop up
everywhere. Recently Washburn, in col-
laboration with the staff biochemist, Vir-
ginia Trevorrow, and the staff hematolo-
gist, Adula Meyers, completed a study of
red cell sedimentation. Physicians have
long used this test to diagnose certain
diseases: they take a sample of blood
from the patient and record the time it
takes for the red cells to settle in a test
tube. Fast sedimentation is taken to be a
sign of an active infection, such as acute
rheumatic fever or active tuberculosis.
But Washburn and his associates have
found that the blood of perfectly healthy
children sometimes has a fast sedimenta-
tion rate, while that of rheumatic fever
patients sometimes is slow. From many
vears of study thev have concluded that
there is no necessary relationship be-
tween an infection and the speed of sedi-
mentation. They believe the sedimenta-
tion rate is influenced in part by the
relative amount of certain proteins in the
blood. And one of these proteins is gam-
ma globulin! Some of the proteins are
found in connection with infections,
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BONES OF WRIST are index of growth.
Calcification of seven bones in child’s wrist
is shown at two, four and eight years.
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INFANT SUBJECT of study is here in midst of one of her first complete physical examina-
tions at Denver Child Research Council which may record growth throughout her entire life.

others not; some increases in a protein
represent good resistance, others not—
and so the speed of sedimentation alone
can no longer be accepted as a signal or
measure of disease.

Psychological Growth

The Denver children vary widely in
Intelligence Quotient. Moreover, the
L.Q. is not constant; not only do individu-
als fluctuate but the group as a whole
goes down at certain age levels. Studies
conducted by Arnold Hilden indicate
that a majority of the children are unable
to function at their best in intelligence
tests in the period from about age five
to eight, and there is another dip at
adolescence, when many youngsters fall
back from 5 to 15 points.

There is a close correlation between a
child’s anxiety level and his performance
in an intelligence test. It was found, for
example, that a boy who suddenly drop-
ped from a consistently high 1.Q. to a
low one was seething with resentment
against his new step-mother—although
she doted on him and never dreamed
that the “honey-sweet” boy was other
than an obedient, loving son. In instance
after instance, when the 1.Q. took a sud-
den tumble examination revealed that
there was some home conflict or other
development, real or imaginary, which
was a source of emotional strain. It is
significant that the drop in I.Q. between
the fifth and eighth years coincides with
the period when the child is preparing
for or just entering school—a time of trial,
uneasiness and uncertainty for most chil-
dren. Similarly the slowing down at
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adolescence synchronizes with a char-
acteristically unsettled period in the
teen-ager’s emotional life.

Recognizing the critical role of the
emotions, the Council gives particular
attention to the dynamic aspects of psy-
chology. John Benjamin, an M.D. who
has had broad experience in psychiatry,
is in charge of these studies. They begin
before the child is born, when Dr. Ben-
jamin or one of his associates calls at the
home to get acquainted with the parents.
This prenatal visit affords an opportunity
to appraise the home, the attitude of the
parents toward the expected baby and
the emotional and cultural climate in
which it will receive its first impressions
of the world—the initial environmental
stimuli to growth and adaptation.

The child’s early impressions are im-
portant and at about six months they be-
come enormously so. The second half of
its first year is a period of acute sensi-
tivity. Any attitude on the part of the
mother that suggests withdrawal or
denial of her love, any prolonged separa-
tion of the baby from the mother, any
quarreling or other chronic conflicts in
the home, can have serious repercus-
sions. The anxieties which result from
such situations can adversely affect the
baby’s intake of food, retard its growth
and build up an emotional pattern which
is reflected years later in its attitudes
and behavior. Just how long the effect
persists is not yet known, for the Coun-
cil’s studies of anxiety in infants extend
back less than a decade. The Council has
cases in which emotional traumas in-
flicted in the first year or two of life have
shown specific outcroppings in the per-
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sonalities of children four or five years
later. Some of the resulting symptoms
are enough to send the shivers down
your back.

There are mothers to whom breast
feeding is repugnant but who dutifully
nurse their babies because they have
been told, or have the impression, that it
is best for the baby. No matter how con-
scientious such a mother may be, it is
very difficult for her to give the breast
feedings with the full sense of pleasure
and satisfaction that the child craves.
Actually a mother who feeds her infant
from a bottle and at the same time lov-
ingly cuddles it against her will do a bet-
ter job of child raising. She will be rear-
ing hers with much less of the uncer-
tainty, doubt and anxiety that inevitably
beset an infant whose mother dislikes the
nursing process heartily and goes about
it with a coldness and matter-of-factness
that cannot be disguised.

The baby’s reaction may express itself
in the rejection of food or in bowel dis-
turbances such as minor diarrhea and
minor constipation. The Council psy-
chologists have observed many cases in
which an emotional upset was followed
by disturbances in intake of food, in
handling of food and in growth.

An experiment with animals made by
a graduate student of the University of
Colorado last year under Dr. Benjamin’s
supervision brings at least a suggestion
of corroborative evidence. Twenty labo-
ratory rats were divided into two groups.
Each group was supplied with exactly
the same kinds and amounts of food and
was provided with the same living con-
ditions. But the rats of one group were
caressed and cuddled by the investiga-
tor, while the other group was treated
coldly. “It sounds silly,” said Washburn,
“but the petted rats learned faster and
grew faster.” The experiment is now
being repeated, with biochemical ex-
tensions, to find out if possible how the
cuddled group could grow faster on the
same food intake.

Besides the usual psychological and
personality tests, the Council psycholo-
gists make use of many informal tech-
niques to study their children from the
second year on. These include doll play,
free play, painting, drawing and clay
modeling.

In free play all the toys are displayed,
and the child is free to pick up anything
and play with whatever strikes its fancy.
Sometimes the child will take out the
toys indiscriminately, scatter them
around the room, and do nothing con-
structive. “This is harder to interpret
than direct play,” said Washburn, “but

the child who merely throws things
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about is usually disturbed, though he
doesn’t know how to express his anxiety.”

I was given an opportunity to listen in
on a free play experience of a 4!-year-
old boy observed by Katherine Tennes,
one of the psychologists. The child ran
quickly to the open cupboard of toys and
took out two pistols. “I want a gun,” he
said. Handing a gun to Mrs. Tennes, he
added: “Here’s one for you.” Then he
said: “I'm Roy Rogers, and you're an In-
dian.” He told her to sit in a chair,
climbed to the top of the cupboard and
shouted: “I'm going to shoot you!” After
shooting, he remarked: “My father’s
name is Roy Rogers.” Then, noticing a
dish of candy on the cupboard, he asked:
“Can I have a piece of candy?” When
Mrs. Tennes nodded, he took a piece and
ate it.

“Now that is a very simple episode,”
explained Mrs. Tennes, “but it conveyed
a lot of meaning. This boy has aggressive
feelings toward people, but he is usually
quiet and polite. He expresses in play the
feelings which in the ordinary circum-
stances of his life he is not permitted to
show directly. He identified himself with
Roy Rogers because Roy Rogers is some-
one who can’t be hurt. The fact that he
then called his father Roy Rogers
showed that he has made a very positive
identification with his father. That is one
of the things we are interested in finding
out about a child—whether he identifies
more with his father or with his mother.
It will make a difference in the smooth-
ness of his adjustments as he grows up.
The candy incident illustrated the usual
polite, subdued behavior to which he re-
turns when he is confronted with a
reality situation.”

Sometimes the free play becomes
highly dramatic, and even violent, with
the starkest sort of symbolism reminis-
cent of Freudian theory. What comes out
in the play is checked by other pro-
cedures. In the finger painting, for ex-
ample, an aggressive child will almost in-
variably select violent colors, such as red
or purple, and lay them on in vertical
strokes with broad lines, whereas one
who is mild-mannered and placid usual-
ly paints with horizontal lines and soft
colors.

These techniques are useful not only
for unmasking the anxieties which are
troubling the growing child, but also as
instruments for testing, validating, and
expanding personality theory. After all,
the subject of the process of growing up
is a person, and the final objective of all
these studies—physical, physiological
and psychological—is to understand how
an infant person, starting at scratch, be-
comes the kind of adult that he does.
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EVOLUTION OBSERVED

The study of bacteria through as many as 7,000 generations shows

that the strain goes on improving indeﬁnitely even in a

constant

environment, as mutation and selection produce ever fitter types

ur ideas about evolution today,
O nearly 100 vears after Charles
Darwin launched his immensely
fruitful concept, are still based largely on
observation and deduction rather than
on experiment. There is plenty of evi-
dence for evolution, but it has been ex-
tremely difficult to study the process in
the laboratory or to settle with finality
some of the main issues, such as, for in-
stance, the Lamarckian idea of the in-
heritance of acquired characteristics.
The reason is that evolution is exasperat-
ingly slow. Man today differs little bi-
ologically from the man of Ur 5,000
years ago. Almost nowhere in nature can
we see evolution in action.

We are now beginning, however, to
realize this objective in the laboratory.
With bacteria as subjects we have actu-
ally been able to observe evolution in
progress. A human generation spans
some 20 years; for bacteria a generation
takes only 20 minutes. In two years bac-
teria can grow through more generations
than man has in the million years or so

by Francis J. Ryan

of his evolutionary history on the earth.
For this and many other reasons bac-
teria are eminently fitted for the experi-
mental study of evolution. They can be
isolated and kept in pure culture. Many,
for instance the ordinary colon bacillus,
will multiply in a medium consisting
only of sugar, inorganic salts and water.
From these elementary components the
bacteria synthesize all the vitamins,
amino acids and other compounds that
make up their substance. Thus the con-
ditions of their growth can be strictly
controlled. Furthermore, as many as a
billion organisms can be produced in
a single test-tube culture. We can take a
census of the population at any time
simply by removing a sample from the
test tube, spreading an appropriate dilu-
tion of it on agar-gel and counting the
colonies that grow there. Each colony
represents one bacterium in the original
sample. From the number of colonies,
the size of the sample and the dilution
used, the number of bacteria in the
whole culture can be determined.

COLON BACILLUS, E. coli, subject of the experiments described here, is shown under
the electron microscope. Because they multiply every 20 minutes, evolution can be traced.
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We study evolution among the bac-
teria by submitting them to some drastic
treatment that selects for survival only
the resistant forms. Suppose we add
penicillin to the nutrients in the agar-
gel. The antibiotic will kill most of the
bacteria and leave only a few survivors.
If we then place the colonies produced
by these survivors on a fresh penicillin
medium, all the bacteria will thrive and
multiply. The resistance to penicillin is
inherited, and the descendants will go
on reproducing indefinitely, either in the
presence or the absence of penicillin.

I_Iow do the resistant individuals ac-

quire their resistance to penicillin
in the first place? In any culture started
from a bacterium that is sensitive to
penicillin, a few resistant offspring will
turn up—on the average about one in 100
million. Is exposure to the drug what
makes them resistant? This possibility
has been investigated in various ways,
and the answer is definitely No.

An ingenious experiment developed
by the University of Wisconsin geneti-
cist Joshua Lederberg provides the most
direct evidence. He first grew colonies
of bacteria on a drug-free agar plate.
Then he gently pressed the surface of
the plate on a piece of sterile velvet.
Some of the bacteria of each colony
clung to the nap of the velvet; thus the
colonies were imprinted on it. Now the
agar plate was removed and a second
plate containing a drug but no bacteria
was pressed on the same area of velvet.
The colonies were transferred from the
velvet to this second plate in exactly the
same positions they had occupied on
the first plate. On the second plate only
the colonies resistant to the drug grew.
This showed the position of the resistant
colonies on the original plate. Those col-
onies were then isolated, and they
proved to be uniformly resistant to the



drug, although they had not previously
been in contact with it. The experiment
demonstrated conclusively that the re-
sistance to the drug was not produced
by the drug but was already present in
some of the bacteria before they were
exposed to it. In other words, the ability
to grow on the drug had arisen as a
natural mutation among a few of the
bacteria.

Bacterial mutations are usually ran-
dom, not only in the adaptive but also
in the statistical sense. However, the
mutation rate cannot be calculated sim-
ply by counting the number of mutants
that appear in a given population. Con-
sider the situation in a growing bacterial
culture. One organism divides into two,
the two into four, and so on. In some
cultures a mutation may occur in the
first bacterium, and all subsequent bac-
teria in the culture will then inherit the
mutant character. In others the muta-
tion may not occur until later, in which
event there will be fewer mutants.

To estimate the mutation rate we may
employ a method based on the proba-
bility function known as the Poisson
formulation. Suppose a piece of paper
is ruled into one-inch squares and ex-
posed to rain long enough to allow as
many raindrops to hit the paper as there
are squares. The raindrops fall not uni-
formly over the paper but at random:
some of the squares will have no drops,
some one drop, some two, a few three,
four or more. With the Poisson formula
one can calculate the proportion of
squares that has received each number
of drops from the mean number of hits
per square. Conversely, one can estimate
the mean number of hits if he knows
only the frequency of one class of events,
say the proportion of squares with no
hits. In the case of bacterial mutations,
we can calculate the average number of
mutations in a large series of cultures
from the proportion of cultures in which
we find no mutations at all. We can then
compute the mutation rate by dividing
the average number of mutations by the
average number of bacterial generations.
This is the method by which we arrived
at the estimate that the chance of mu-
tation is about one in 100 million per
generation. Although bacteria mutate,
they are really remarkably stable!

The estimate assumes, of course, that
mutations are randomly distributed
among the cultures. Actually this is the
only hypothesis so far suggested that
predicts the unusual distribution ob-
served. The English geneticists D. E.
Lea and C. A. Coulson have made some
sophisticated calculations based on the

AGAR PLATE WITH COLONIES
GROWN IN THE ABSENCE OF DRUG

STERILE AGAR PLATE

CONTAINING PENICILLIN (\/{x" \\_\\ !

PENICILLIN-RESISTANT BACTERIA are shown to be products not of environmental
contact with the drug but of chance mutation in this experiment by Joshua Lederberg of
the University of Wisconsin. Top: colonies grown on drug-free agar are lightly pressed on
sterile velvet. Center: some bacteria from each colony cling to the nap. Bottom: the velvet
is then pressed to drug-containing agar, revealing the location of a single drug-resistant
colony already growing on the original plate which had never come in contact with the drug.
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MUTATION RATE is based on a probability spectrum ranging from (a) no mutations to
(e) the occurrence of a mutation in first cell, all offspring inheriting the mutant character.

assumption of randomness, and their
theoretical predictions of the mutation
distributions to be expected agree re-
markably well with those actually found
in cultures.

Evolution is a matter of change and
selection. The environment, of
course, does the selecting. The mutants
arising among bacteria may be of all
sorts: penicillin-resistant, bacteriophage-
resistant, able or unable to synthesize
certain vitamins or amino acids, and so
on. Different mutations occur independ-
ently of one another, and so rarely that
the likelihood of any two occurring in
the same bacterium is extremely small.
If the environment contains penicillin,
the penicillin-resistant bacteria will be
the ones that survive and grow. The
original population will then be changed;
it will have evolved. If a penicillin-re-
sistant population is exposed to strepto-
mycin, it will become streptomycin-re-
sistant as well. In this fashion a host of

A FITTER TYPE of bacteria develops in this experiment, using two color-labeled strains
in equal parts. After some 200 generations the fitter strain suddenly overwhelms the other.
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new characters can be imposed on a
population. By drastic environmental
changes and by selection an investigator
can make bacteria evolve in the direction
he wishes, despite the randomness of the
primary mutation.

What happens when the environment
remains constant? Here we are presented
with a puzzle. Because bacterial muta-
tions are reversible (e.g., a drug-resistant
bacterium can mutate back to sensitiv-
ity), we should expect that, in an en-
vironment in which both types can live,
the proportion of mutants will reach an
equilibrium equal to the ratio of the for-
ward and backward mutation rates. But
this would make a stable culture impos-
sible. Worse than that, the culture would
become so heterogeneous as to be un-
recognizable. Since there are thousands
of possible mutant types, the parent type
from which a culture originally started
would in time be all but lost in the
population. Yet this is contrary to the
usual experience in the laboratory; with
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rare exceptions bacterial cultures do re-
main the same.

The solution to this paradox came
when it was discovered that even in a
constant environment growing bacteria
are continually evolving in the direction
of becoming better adjusted to that en-
vironment. The experiments involved a
culture in which were mixed two “la-
beled” strains, one a mutant of the other.
The first strain could ferment the sugar
lactose and formed purple colonies on a
special indicator agar; the second was
not able to ferment lactose and formed
white colonies on this agar. The use of
these genetic markers made it possible to
take a census of the relative proportions
of the two types in a culture at any time.

The mixed culture was grown for a
long time in a medium containing the
sugar glucose. At the start the propor-
tions of the two types were half and half.
This ratio remained constant for more
than 100 generations. But after about
200 generations one type abruptly over-
grew and eliminated the other. When the
dominant new type was mixed with the
original types in a fresh culture, it again
took over, this time without delay. We
called the dominant bacteria, which evi-
dently had a superior adjustment to the
medium, a fitter type. In further experi-
ments we mixed together two such fitter
types and after the same delay of about
200 generations one suddenly overgrew
the other. It had become an even fitter
type. And so the process continued: we
obtained successively fitter and fitter
types through 7,000 generations. All this
time the medium, i.e., the environment,
was kept constant.

In the 50-50 mixture there seemed to
be no preference as to which of the two
types would overgrow the other. When
the proportion of one was smaller than
that of the other, however, it was in-
variably overgrown by the preponderant
member. This is to be expected if the fit-
ter types arise by mutation. The greater
the number of bacteria of one type, the
greater the probability that the mutation
will occur among them rather than
among the rarer bacteria.

We can now see a likely explanation
of the stability of bacterial cultures. Al-
though mutants keep coming along, one
fitter type, which always arises among
the preponderant parental bacteria,
overgrows and eliminates all the other
mutants. New mutants then occur
among the fitter type, only to be elimi-
nated when an even fitter one arises. The
continued appearance of fitter and fitter
types constantly depresses the number
of mutants and stabilizes the parental
stock. The only change allowed in a con-



®* MORE UNIFORM CURRENT CONTROL
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Rheostats are sometimes taper-wound to make
possible the use of a smaller rheostat, provide
more uniform control, permit special resistance-
versus-rotation curves, or make possible the wind-
ing of higher resistance on a given size rheostat.

When rheostat windings are tapered, they are
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or ribbon sizes. Since only the first turn of a rheo-
stat carries the maximum current, succeeding turns can
be wound with wire or ribbon of a smaller size. The
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Hence, the current changes more slowly as the resistance
is increased (Curve A). A tapered winding (Curves B
and C), by increasing the number of ohms per degree of
rotation as the total ohms in the circuit increase, makes
the current curve more nearly linear.

Ohmite will design special tapered units to meet your
requirements.

OHMITE MANUFACTURING CO., 3609 w. Howard St., Skokie, lil. (Suburb of Chicago)
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DUST DEADLY AS BACTERIA. Certain types
of dust are extremely harmful to human
beings. Quartz dust, for example, can some-
times lead to diseases such as silicosis, cancer
and tuberculosis.

TRAPS DUST! Air-Maze air filter panels keep
troublesome dust out of hotels, railroad cars,
commercial and industrial buildings. Clean-
ing bills are cut, employees and customers
are happier. Air-Maze filter panels are easily
cleaned, have high dirt-holding capacity.
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STOPS DUST WITH OlIL! Air-Maze oil bath
filters literally “scrub” intake air in a pool
of oil. Used on large diesel engines and air
compressors, they keep damaging dust and
dirt from moving parts.

WHETHER YOU BUILD OR USE engines, com-
pressors, air-conditioning or ventilating
equipment, or any device using air or liquids
—the chances are there is an Air-Maze
filter engineered to serve you better. Repre-
sentatives in all principal cities. For
condensed product catalog write Air-Maze
Corporation, Dept. D, Cleveland 28, Ohio.
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stant environment is progressive and in
the direction of adaptation of the par-
ental type to that environment.

he real enigma is that the develop-

ment of fitter types seems to go on in-
definitely, so far as we have observed. It
seems incredible that there is no end to
improvement. Be that as it may, the
demonstration of this phenomenon may
tell us much about the evolution not only
of bacteria but also of other organisms.
We can see this kind of straight-line evo-
lution in a constant direction in such a
phenomenon as the mammoths’ tusks,
which steadily became larger and larger.

Note that the mutations so far de-
scribed all conferred an advantageous
character upon the bacteria. It is some-
times contended that mutations cannot
provide the raw material for evolution
because they are usually deleterious. But
these experiments prove that selection is
a powerful force for fixing and per-
petuating those rare mutations that do
give an advantage.

The most important aspect of such se-
lection is its role as a stabilizing agent.
It prevents the destruction of an adap-
tive hereditary constitution while at the
same time gradually improving it. Yet a
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RANDOM DISTRIBUTION of mutation is elegantly calculated by a

new method and it agrees closely with the numbers actually observed.

safe residuum of all types of other mu-
tants is maintained in the population so
that when the environment changes
there is a good chance that some of the
population will be ready for it. In nature
the environment of bacteria is in a con-
stant state of flux. There must be a con-
tinual change in selection pressures in an
infection, in the soil and in the digestive
tracts of animals. It is only a few years
since penicillin came into general use,
yet already resistance to this antibiotic
has become of real concern to physi-
cians. Resistant bacteria are taking the
place of the sensitive ones. This illus-
trates the unceasing combat man must
accept in attempting to control the world
about him.

It must not be forgotten that the evo-
lution of microorganisms can be used in
many ways to our advantage, even in the
production of new antibiotics to control
resistant organisms. During the last war
genetic techniques bred new strains of
Penicillium notatum which made thou-
sands of times more penicillin available
than did Sir Alexander Fleming’s orig-
inal strain. Beyond such practical con-
siderations the study of bacterial evolu-
tion sheds light on questions basic to
an understanding of all organic change.
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Low cost, low powered and porta-

: 30 1.0 ”
:’5'8 lb ' S’;ze 154 xl A /]21 5x ‘5"‘ Typical of the Marion developments that have helped make Marion stand for “advancement in
s. Fower supply: volts instrument design’” is the Marion Model PM1 Induction Soldering Unit. Originally designed and

60 cycles. Draws 775 watts full A N . . A
presently used by Marion for true glass-to-metal hermetic sealing of Marion meters, it also has
load, 100 watts standby. . .
proven to be a valuable production tool for many purposes. Illustrated above, for example, is

Marion’s use of the PM1in the soldering of magnet assemblies where quality and uniformity result.
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Other manufacturers use Marion PM1 units in the production of magnet
assemblies, relay armatures, connectors, capacitors, transformer cans,
etc., as well as in other fields such as jewelry, waiches, toys, and
automotive parts. Shown here is a battery of Marion PM1 units at the
Clyde, N. Y. plant of the General Electric Company where, on the
whisker diode line, a small pellet of germanium metal is soldered to
the end of a nickel pin.

The Marion Model PM1 speeds up production, reduces costs and improves quality. Heat is
generated within the work itself — even in parts otherwise inaccessible. Oxidation, scaling and
damage to surface finish are minimized. Soldering of an entire seam or several jig-located
parts at one time is readily accomplished.

This is an example of how Marion’s belief in “Advancement in Instrument Design’’ has produced a pro-
duction tool which not only improves Marion instruments but also provides other manufacturers with better
soldering equipment. Marion Electrical Instrument Company, 416 Canal Street, Manchester, N. H.

-y ) marion meters

MANUFACTURERS OF RUGGEDIZED AND "“REGULAR’” METERS AND RELATED PRODUCTS
Copyright 1953 Marion Elec. Instr. Co.
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History in a Peat Bog

The floor of an ancient Danish lake yields relics
of Dark Age tribal conflicts that are remembered
today in the legends of Beowulf and King Arthur

he period of British history—and

I indeed of the history of Europe—
from the withdrawal of the Ro-

man legions from Britain in 407 A.D. to
the Norman Conquest in 1066 is not
without reason known as the Dark Ages.
During those six and a half centuries
warrior tribes roamed and fought over
the length and breadth of Europe, but
their movements are only dimly lit here
and there by monks’ writings, and we
know little about the people and the

by Thomas G. Bibby

course of events until Charlemagne and
William the Conqueror emerged into the
full spotlight of history.

Legend and scattered writings tell us
something. The collection of fragmen-
tary manuscripts known as the Anglo-
Saxon Chronicle says baldly that Angles,
Saxons and Jutes invaded and conquered
England soon after the Roman with-
drawal. The Saxons without much doubt
came from the Rhineland, the Angles
from the district of Angel at the root of

the Danish peninsula of Jutland, and
the Jutes probably from the Jutland
peninsula itself. About the invasions
themselves history is almost completely
silent; we have only the romantic legend
of King Arthur, apparently a native
chieftain who organized the resistance of
Britain’s inhabitants to the foreign in-
vaders. Of the events that led up to the
invasions we know somewhat more. Ac-
cording to scattered references by Ro-
man writers it appears that in the two

EXCAVATED WEAPONS were left carefully undisturbed for this
documentary photograph. In this cluster were found 80 objects,
including spearheads, as in right foreground, arrowheads, buckles
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and knives. The white object atop the peat pedestal in center of
the cluster is a quartzite firestone, the Dark Age equivalent of the
modern matchbox, placed on floor of excavation to suggest scale.



centuries preceding the invasions the
Danes gradually pushed westward from
southern Sweden and the island of Zea-
land, occupying first the island of Fiinen
and then the Jutland peninsula. Prob-
ably it was this conquest that drove the
tribes of Angel and Jutland to leave their
homeland in large numbers and invade
England. Danish legends recount these
tribal wars, and presumably the same
wars are the ones immortalized in the
early English epic Beowulf.

Where history is silent, and legend
ambiguous, archaeology steps in to con-
firm the dimly remembered stories with
the spade. The peat bogs of Denmark
have yielded in our time dramatic evi-
dence of the pre-invasion struggle. Great
deposits of weapons, of the same time as
the wars described in Beowulf, have
been discovered in the territories where
major battles of those wars may have
taken place. The latest of these finds,
and the first to be investigated with
scientific care, has been unearthed dur-
ing the past three years. It promises to
tell us a great dealabout a dim period in
the twilight of European history.

he Danish archaeological treasure

first came to light during the latter
half of the 19th century. In peat bogs at
four sites in Denmark—Torsbjerg in
Angel, Nydam in South Jutland and Vi-
mose and Kragehul on the island of
Fiinen—there were found literally thou-
sands of weapons and items of military
equipment, beautifully preserved by the
tannic acid of the peat. In each site, at a
depth of from three to 10 feet in the peat,
lay the arms and equipment of a con-
siderable army. The weapons were
swords, lances, throwing-spears, axes,
bows and arrows, shields, chain-mail,
helmets, scabbards and belts. With the
weapons were many other items:
buckles, knives, combs, flints and steels,
parts of wagons, wooden buckets, har-
ness, iron-working tools and pottery. Al-
most all the weapons were of the types
used by the 4th- and 5Sth-century Ger-
manic tribes that broke the might of
Rome, though a few of the swords were
Roman—evidence of booty, or perhaps of
trading with the enemy!

The finds were the archaeological sen-
sation of their day. Unfortunately they
were excavated with the treasure-hunt-
ing techniques of the time, without re-
gard for records or position; often the
diggers were paid on the basis of the
number of objects produced! Conse-
quently, although the museums of Den-
mark and North Germany are full of ex-
quisitely fashioned and perfectly pre-
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WEAPON DEPOSITS were discovered at Illerup, Kragehul, Vimose and two other sites
not indicated on this map. The deposits are believed associated with the conflict between
invaders from Zealand and Sweden and the native Jutes and Angles, who fled to Britain.

served objects from these discoveries,
not a single plan exists to show where
and in what order the weapons lay when
they were unearthed by their enthusi-
astic and hasty hunters.

Three years ago, however, an oppor-
tunity came to rectify this state of affairs.
At Illerup in Central East Jutland, not
far from the “invasion coast” facing Swe-
den and the Fiinen and Zealand islands,
was found a fifth weapon hoard. The
Prehistoric Museum in Aarhus and its
energetic young director, Peter Glob,
took charge of the excavation, and for
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the last three years a team from the Mu-
seum has been working on the site. It has
been my good fortune to have taken part
in all three seasons” work.

That these hoards are the relics of
battles fought by the Jutes against Dan-
ishinvaders from the east is by now fairly
well established by a chain of evidence.
One of the links in the chain was sup-
plied by the young Danish archaeologist
Jorgen Meldgaard, known in America
for his work on the earliest Eskimo cul-
tures in Alaska. He pointed out that the
pottery found in one of the Jutland sites
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TWISTED SWORDS and battered bosses from shields are mounted atop peat pedestals in
this view of the excavation. The slope of floor on which pedestals stand, brought out by
surface of water in the bottom of the excavation at left, is the slope of ancient lake bottom.

is of a type found elsewhere only in the
Danish islands to the east.

All the weapons in the five sites have
one thing in common: every one was ren-
dered useless before it was dropped in
the bog. The degree of destruction is far
greater than could be explained by the
vicissitudes of battle. Swords are bent
double or in S-shapes, spear and arrow-
shafts are broken into pieces, shields and
shield bosses are hacked into unrecog-
nizable forms. At Illerup the weapons
and equipment were burned before de-
position, and of the weapons scarcely
anything but the metal remains. De-
struction was not confined to inanimate
objects: there are skeletons of horses
which show signs of barbarous slaughter-
ing, with spears thrust through the ribs
and with many sword-cuts in the skulls.

It appears that in most of the sites the
weapons found were not all deposited on
one occasion but over a period stretch-
ing from the latter half of the 3rd cen-
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tury to the first half of the 5th century.
It has been impossible to confirm this
theory of multiple deposits in the first
four sites, owing to the helter-skelter
methods of their excavation, but we hope
that at Illerup the finds can be dated ac-
curately.

During the last 30 years the technique
of dating objects found embedded

in peat has been developed to a fine art,
particularly in Denmark, where the
methods now used originated. At the
Danish National Museum in Copen-
hagen a laboratory of peat geology has
carried out detailed examinations of a
large number of Danish peat bogs and
succeeded in amassing an accurate pic-
ture of the vicissitudes of climate
throughout Danish prehistory and of
their influence on the formation of peat.
Peat is usually formed by the accumu-
lation of vegetable matter at the bottom
of a lake. It includes a considerable
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IDEAS HAVE PROPELLED THE DETERGENT INDUSTRY through a period

of soaring growth. Until recently, chemists were limited to a small
group of basic materials around which to build their formulae. Now the
detergent industry, with a wide range of “building blocks” at its disposal,
can construct a variety of products to do specific cleaning jobs. That vast
new markets have been tapped is evidenced by the estimated 1952 syn-
thetic detergent production—over 1.7 billion pounds, or a 4-fold growth

Delicate fabrics . . . hard water
...acidic wash solutions—
these are problems facing com-
mercial laundries, problems that
demand maximum versatility in
the detergents used as washing
powders.

That’s one reason why the de-
tergent industry is turning with
increasing interest to an Idea-
Chemical from Du Pont—Lorol*
5 Fatty Alcohol —a mixture of
saturated higher fatty alcohols
ranging from Cio to Cis. One
manufacturer, for example, uses
this Idea-Chemical as a basic
raw material in the manufacture
of a washing powder reported to
be “‘ideally suited to the vary-
ing conditions encountered in

Write for our new booklet on Polychemicals
products for industry

These products for the detergentindustry are typical. Polychemicals pro-
ducts for industry include amides, alcohols, esters, organic acids, sol-
vents, resins and plastics. For more information about products which
may be useful in your industry, send for our new booklet, “Products of
the Polychemicals Department.” You’ll find descriptions, properties,
uses, possible applications and other data. Write on your business let-
terhead for your copy. We will gladly cooperate with you on any appli-
cations for Polychemicals products you would like to investigate.

E. 1. DU PONT DE NEMOURS & CO. (INC.) - POLYCHEMICALS DEPT. 5910 - WILMINGTON 98, DEL.
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IDEA-CHEMICAL

produces a versatile detergent that
makes a laundry’s washday simpler

commercial laundries.” Pro-
duced as the sodium salt of the
sulfated fatty alcohols, this de-
tergent is not affected by hard
water and retains its cleaning
power in acidic washing solu-
tions. In addition, it thoroughly
—yet safely—cleans nylon, ray-
ons, silks and other fine fabrics.

But “Lorol” 5 Fatty Alcohol is
only one of the Idea-Chemicals
from Du Pont helping the deter-
gent industry do a better job.
Hydroxyacetic Acid—used in the
formulation of mild but effective
acid detergents for cleaning dairy
equipment—is another example
of how the industry is finding
ever-increasing applications for
these versatilechemical products.

*REG. U. 5. PAT. OFF,

BETTER THINGS FOR BETTER LIVING
+ss THROUGH CHEMISTRY

Polychemicals

DEPARTMENT

CHEMICALS « PLASTICS
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BONE COMB, decorated with geometric de-
sign, was found with weapons, excellently
preserved by the tannic acids in the peat.

quantity of pollen, and this, like the re-
mainder of the vegetation, is perfectly
preserved by the acids of the peat water.
Every kind of plant is uniquely marked
by its pollen grains, and a microscopic
examination of any sample of peat there-
fore gives a picture of the type of vege-
tation that grew near the lake. By statis-
tical methods it is possible to construct a
detailed picture of the relative propor-
tions of the various plants growing in the
region around the lake at the time when
the sample was laid down.

Such analyses, made on samples taken
at various levels down through a series
of peat bogs all over Denmark, have pro-
duced a chronological scale of variations
in tree populations in ancient times—a
scale which has proved applicable not
only to the whole of Denmark but also
with local variations to all of Northern
Europe from Ireland to Esthonia.

The shifts in tree populations were
due first and foremost to changes in cli-
mate. As the climate after the last Icc
Age fluctuated from warm and dry to
cold and damp, one tree gave way to an-
other as the dominant species: arctic
birch was replaced by pine, pine by oak
and oak in turn by beech. Almost any
sample of peat can be placed in the se-
quence by a microscopic count of the
relative proportions of pollen from these
four trees.

The sequence is of inestimable value
in dating objects found in peat bogs. As
the age of many of the artifacts found in
peat is already known, the tree variations
have been transformed into a chrono-
logical scale, against which in turn, ob-
jects of unknown age can be dated. Ex-
periments are also now in progress to
date peat samples independently by
means of the radioactive-carbon method
developed in the U. S.

By these means, as well as by an ac-
curate mapping of the position and level
of all objects found, it is hoped that the
Ilerup hoard will give a more precise
dating to the Danish weapon deposits
and a definite confirmation of whether

© 1953 SCIENTIFIC AMERICAN, INC

the deposits were made at one time or
over a period.

But the question of why these weapons
lie, destroyed and abandoned, in the
peat bogs of Denmark cannot be an-
swered by the methods of modern
science. That the bogs were not the sites
of the actual battlefields is certain. There
are no human remains in them, and be-
sides most of them were lakes at the time.
Historical accounts suggest the an-
swer. Julius Caesar, describing his cam-
paigns in Gaul in the 1st century B.C,,
related that the Gauls always offered the
booty of their defeated enemies to the
gods, and piled heaps of weapons in cer-
tain consecrated areas. Paulus Orosius, a
Spanish historian of the 5th century,
gave a vivid description of an orgy of de-
struction—of weapons, animals and cap-
tives—which followed a victory over the
Romans by the Cimbri, a Germanic tribe
which probably came from Jutland.

These accounts, in conjunction with
the well-established fact that the early
inhabitants of Denmark were in the
habit of making offerings to their gods in
streams, lakes and peat bogs, leave little
room for doubt that the immense (uanli-
ties of war material found in the Danish
bogs were captured weapons, deliberate-
ly destroyed and thrown into lakes and
marshes as offerings to the gods of battle.

It is a remarkable fact, though, that
the legends of Denmark relating to this
period make no mention of the practice.
Possibly this is due to the circumstance,
passingly suggested in the Anglo-Saxon
Chronicle, that the Angles and Jutes en-
tirely abandoned their original home
country and emigrated to England in a
body; there may have been no one left
in the mother country to hand down to
future generations the story of the weap-
on offerings.

Perhaps there is significance in the
fact that the only legend which may
refer to such a practice comes from a
British source. It is told that King Ar-
thur, after a long life spent fighting the
Anglo-Saxon invaders, was finally de-
feated by a coalition of renegade Britons
and invaders. As he lay dying, he or-
dered his sword, Excalibur, which in his
youth he had received from a lake god-
dess—the Lady of the Lake—to be
thrown out again into the nearest mere.
One is tempted to ask whether the in-
vading warrior-priests, who had often
made similar offerings in the mist-
wreathed lakes of their native Denmark,
also saw there a supernatural hand—
“clothed in white samite, mystic, won-
derful”’—reaching upwards to receive the
weapons that we dig up today.
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or at treetop level
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—the new Douglas B-66B

A versatile new Air Force bomber now
moves from Douglas drawing boards
toward service. Construction of the first
B-66B is under way.

Twin jets, slung outboard on the wing
will put B-66B in the 600 to 700 mph

class, while special design will permit

wide selection of bomb combinations for
varied missions. Even with full bomb
load, B-66B’s efficient power-to-weight
ratio will give ample range to travel far
over enemy territory, and return. In
speed, range and capacity it will be built
to meet tactical requirements for de-

livering the most potent weapons in the
nation’s defense arsenal.

The design of B-66B is another ex-
ample of Douglas leadership. Planes that
can be produced in quantity to fly faster
and farther with a bigger pavload are a
basic conzept at Douglas.

5
W
*
Enlist to fly in the U. S. Air Force /
Wi
Depend on DOUGLAS t—\NL First in Aviation
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Michael Faraday (1791-1867) made advances in both chemistry and physics. In this late portrait he holds a bar of heavy glass.
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Michael Faraday

His great series of discoveries in electromagnetism founded

the electrical industry, but his greatest achievcement was the

field concept. In this he was a bold precursor of LEinstein

ichael Faraday is celebrated as
M an experimenter who discovered

the induction of electricity. His-
tory has more or less overlooked the fact
that he was also one of the great found-
ers of modern physics. Indeed, he can
be said to be the man who started the
revolution which upset the long reign of
Newton and rebuilt physics on new theo-
retical foundations. For Faraday was the
first scientist to suggest the modern idea
of the field—that concept which was to
become a keystone of James Clerk Max-
well’s electromagnetic theory, Albert
Einstein’s General Theory of Relativity
and the 20th century’s progress toward
understanding physical reality.

Not the least remarkable thing about
all this is that Faraday had little mathe-
matics and no formal schooling beyond
the primary grades. To present-day
physicists his achievement may well
seem incredible. Actually Faraday’s ig-
norance of mathematics contributed to
his inspiration. It compelled him, when
he looked for an explanation of his elec-
trical and magnetic phenomena, to de-
velop a simple, non-mathematical con-
cept. His deduction of the field theory
illustrates two qualities that more than
made up for his lack of education: his
fantastic intuition and his independence
and originality of mind.

Faraday’s biographers have empha-
sized his great intellectual energy and
his obsession with his experimental re-
searches. Fortunately for his biogra-
phers, he wrote everything down; his
notes and jottings were eventually pub-
lished as a seven-volume diary. Physics
and chemistry were the great passion of
his life; he cared little for women (al-
though he eventually married) and less
for money. He could have made a for-
tune from his discoveries, but he de-
liberately dropped every scientific proj-

by Herbert Kondo

ect when it reached the stage of com-
mercial value. Faraday was born in pov-
erty and died in poverty—to him his con-
suming work was sufficient reward.

A blacksmith’s son, Faraday was born
near London on September 22, 1791.
His family was too poor to keep him in
school. “My education,” he scribbled in
his diary, “was of the most ordinary de-
scription, consisting of little more than
the rudiments of reading, writing and
arithmetic at a common day school. My
hours out of school were passed at home
and in the streets.” At the age of 13 he
took a job as errand boy in a bookshop
run by a man named Riebau. A year
later Riebau apprenticed him as a book-
binder for a term of seven years. Faraday
developed a passionate interest in Rie-
bau’s books. “Whilst an apprentice,” he
wrote in his diary, “T loved to read the
scientific books which were under my
hands, and amongst them Marcet’s Con-
versations in Chemistry, and the elec-
trical treatises in the Encyclopaedia
Britannica.” Faraday went to hear some
lectures on chemistry by the world-re-
nowned scientist Sir Humphry Davy,
and took neat and copious notes on
them. He promptly applied for a job
with the Royal Society and was as
promptly rejected.

When Faraday’s apprenticeship ex-
pired in 1812, he took a position as jour-
neyman bookbinder with a M. de la
Roche. But he was unhappy in the job
and soon applied to Davy for employ-
ment, submitting his lecture notes as
proof of his earnestness. Davy, a vain
man, was impressed and hired Faraday
as a secretary, but after a few months he
dismissed the young man and advised
him to go back to bookbinding. Not long
afterward Davy, reconsidering, hired
Faraday as his laboratory assistant.

Henceforth Faraday was to devote
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nearly all his working hours to research
in pure science. After a two-year tour of
Europe with Sir Humphry, he settled
down to work in Davy’s laboratory. He
did experiments in chemistry, electro-
chemistry and metallurgy which alone
would have been sufficient to establish
his reputation as a scientist: he dis-
covered benzene, produced the first
“stainless steel,” was the first to liquefy
many gases, discovered the laws of elec-
trolysis and the magnetic rotation of the
plane of polarized light. But we are in-
terested here in his main work—electro-
magnetism.

n 1820 the Danish physicist Hans
Christian Oersted had announced his
discovery of a relation between mag-
netism and electricity. He had found that
a continuous current in a wire caused a
deflection of a magnetic needle placed
close to it. Oersted suggested that a mag-
netic field surrounded the wire conduc-
tor, acting in circles around the wire and
perpendicular to it. In the following year
the Frenchman André Marie Ampere
substituted another current-carryingwire
for the magnetic needle and found a
magnetic force of attraction or repulsion
in the two wires, depending on the di-
rection of current flow.

Davy and Faraday, though absorbed
in chemical researches, promptly became
interested in the new electromagnetic
discoveries. They repeated the experi-
ments for their own satisfaction. At the
same time the noted English scientist
William Hyde Wollaston suggested to
Davy the possibility that-the magnetic
field might produce rotation. Faraday
interpreted this to mean the rotation of a
wire about its own axis. He failed to find
such a result, but he soon established for
himself—whether independently or after
hearing of Oersted’s theory—the circular

9l
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SKETCHES FROM FARADAY’S DIARY show the progression of
his electromagnetic experiments. (1) He repeats Oersted’s discovery
of 1820 that a magnetic needle placed near a conductor is displaced
with a motion circular and perpendicular to it. (2) He bends a wire
conductor into a curve, floating one end on a cork in mercury,
then puts a bar magnet in the curve, causing the wire to swivel
around it in the first demonstration of electromagnetic rotation.
(3) In a modification of 2, he fixes the magnet upright in a bowl of
mercury to allow the floating conductor to revolve completely
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around it—the principle of the electric motor. (4) In 1831, winding
two coils of wire A and B on an iron ring and connecting A with
a battery, he causes an intermittent current to flow in B, thus
discovering electrical induction. (5) Plunging a magnet in and
out of a hollow cylinder and coil connected to a galvanometer,
he shows that induction is caused by the relative motion—the
principle of the electric generator. (6) Rotating a copper disc
between the opposite poles of the Royal Society’s compound mag-
net, he induces a continuous current—the birth of the dynamo.

and perpendicular action of a magnetic
field about a conductor. He therefore
reasoned that if a magnetic pole were
free to move, it should rotate about the
conductor, and that the opposite also
should be true; the conductor itself
should be able to revolve about a mag-
netic pole.

Faraday at once undertook the famous
experiments which were to lead to dis-
covery of the basic principle of the elec-
tric motor. In his first experiment he bent
a copper wire into the curved shape of a
carpenter’s brace; one end of the wire
was stuck through a cork and floated in a
basin of mercury, and the other end was
connected to a battery by way of an in-
verted silver cup. Then he placed a bar
magnet within the curved part of the
wire. When current passed through the
wire-mercury circuit, the curved wire
swept around until it hit the fixed mag-
net. Faraday next modified the experi-
ment so that the wire could revolve with-
out obstruction around the magnet. He
used a straight piece of wire with one
end sticking into a cork floating in the
mercury container. The passing of a cur-
rent through the wire made it revolve
continuously around the magnet. When
the direction of the current was reversed,
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the wire revolved in the opposite direc-
tion. Faraday’s own rough, simplified
sketches of these two experiments are
shown above (drawings 2 and 3). The
straight, upright wire and the looped
wire dipping into the mercury in draw-
ing No. 3 were connected to a battery.
He now went on to perform the op-
posite experiment to see whether a mag-
net would turn around a fixed conductor.
This time the bar magnet (loaded at the
bottom end with platinum) floated free
in the mercury and the wire was fixed. As
he had expected, the magnet did revolve
around the current-carrying wire.

hen Faraday published the results
of these experiments, he was at
once charged with having used Wol-
laston’s idea without credit. Actually
Faraday had misinterpreted Wollaston’s
suggestion to mean rotation of a wire
about its own axis; his experiments and
findings were his own. In time the mis-
understanding cleared up, and Faraday
was nominated for membership in the
Royal Society. Wollaston supported his
candidacy, but Davy voted against him,
possibly from jealousy. Nonetheless, he
was elected in 1824,
Faraday now dropped his electromag-
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netic experiments and returned to chem-
istry. But an irrepressible idea remained
on his mind. If an electric current could
yield magnetism, could not a magnet
produce electricity? In 1824 and again
in 1825 he tried to induce current in a
wire by placing a magnet near it, but
these attempts failed. He did not yet ap-
preciate the central importance of mo-
tion in the phenomena that Oersted had
demonstrated. It was the motion of the
electric current in the wire that pro-
duced magnetism. To obtain the reverse
effect the magnet had to be moved in re-
lation to the conductor.

In 1831 Faraday suddenly ended his
chemical researches and gave himself
fully to the problem that was preying on
his mind. Within a single day—August
29, 1831—he found an answer that put
him on the right track. His reasoning this
time started from the analogy of electro-
static induction. It was known that a
charged body could induce an electric
charge on another body placed near it.
Perhaps a current-carrying wire could
induce a current in another wire placed
close to it. To test this Faraday set up an
astonishingly crude apparatus, illus-
trated here by his own sketch (drawing
No. 4 above). Here, from his diary, is



his own account of the famous experi-
ment:

“I have had an iron ring made (soft
iron), iron round and 7/8ths of an inch
thick, and ring six inches in external
diameter. Wound many coils of copper
round, one half of the coils being sepa-
rated by twine and calico; there were
three lengths of wire, each about 24 feet
long, and they could be connected as one
length, or used as separate lengths. By
trials with a trough each was insulated
from the other. Will call this side of the
ring A. On the other side, but separated
by an interval, was wound wire in two
pieces, together amounting to about 60
feet in length, the direction being as with
former coils. This side call B.

“Charged a battery of ten pairs of
plates four inches square. Made the coil
on B side one coil, and connected its ex-
tremities by a copper wire passing to a
distance, and just over a magnetic needle
(three feet from a wire ring), then con-
nected the ends of one of the pieces on A
side with battery: immediately a sensible
effect on needle. It oscillated and settled
at last in original position. On breaking
connection of A side with battery, again
a disturbance of the needle.”

Faraday noted that when the circuit
was closed, the needle deflected in one
direction; when it was broken, the
needle moved in the opposite direction.
But there was no deflection while elec-
tricity was flowing in the first coil.

N last he had obtained electricity from

magnetism. But he was disap-
pointed. He had expected the current in
the primary coil to induce a continuous
current in the secondary coil; instead, it
produced only momentary impulses at
the instant when the primary circuit was
closed or broken. Nonetheless, he felt
intuitively that he was near success. He
wrote to a friend: “I am busy just now
again on electromagnetism, and I think
I have got hold of a good thing, but can’t
say. It may be a weed instead of a fish
that, after all my labor, I may at last
have pulled up.”

Faraday continued his experiments,
and on October 17, 1831, he performed
one which showed that he had caught a
very big fish indeed. In this, his simplest
and most famous experiment, he wound
a coil, the ends of which were connected
to a galvanometer, around a hollow
paper cylinder (drawing No. 5 on op-
posite page). When he thrust a bar mag-
net quickly into the cylinder, the galva-
nometer needle was deflected. It moved
again, but in the opposite direction,
when he withdrew the magnet. Actually
it made no difference whether he moved

the magnet or the coil, in either case he
got an induced current in the wire. It
was now clear beyond doubt that what
produced the current was the relative
motion of the conductor and the mag-
netic field.

Thus Faraday discovered the basic
principle of the electric generator. From
this experiment it was but a step to the
induction of a continuous electric cur-
rent. Eleven days later Faraday achieved
it with the arrangement shown in draw-
ing No. 6 on the opposite page. Using
the compound magnet of the Royal So-
ciety, he concentrated the polar strength
by placing two small six-inch magnets
at the ends of the large poles. Between
these poles he rotated a copper disc on
a brass axle. On the edge of the disc he
spaced two copper contacts at different
distances from the poles, connected by
wires to a galvanometer. Rotating the
disc, he obtained a more or less steady
deflection of the needle—“more or less”
because he had a hard time holding the
contacts.

Faraday performed many other ex-
periments in electromagnetic induction,
but for the most part they were varia-
tions of these basic ones. His first experi-
ment, with the iron ring, had given the
world the first electric transformer; the
one just described produced the first
dynamo.

Faraday reported his results to the
Royal Society within a month and later
published these papers as the first part
of his Experimental Researches in Elec-
tricity, rearranging the order of many of
his experiments in a way that has con-
fused historians.

As soon as the results were published,
the question of priority was again raised.
The U. S. physicist Joseph Henry had al-
ready discovered self-induction, and
Leopoldo Nobili and Cavaliére Antinori
of Italy had claimed credit for the dis-
covery of electromagnetic induction even
before Faraday published his results. But
they had performed their experiments
after hearing of Faraday’s, and Faraday
was able to prove his priority.

Faraday was not satisfied with having

discovered electromagnetic induc-
tion; he wanted to know why it occurred.
Unable to approach the subject mathe-
matically, he resorted to a physical
model: the familiar phenomenon of the
way that iron filings on a sheet of paper
arrange themselves in a pattern of lines
about a magnet. Why in lines? Faraday
proposed the idea that the space sur-
rounding the magnet was filled with lines
of force. The magnetic force was mani-
fest as invisible lines in a state of tension
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THE ROYAL INSTITUTION for diffusing knowledge was Faraday’s home for half a cen-
tury. It is not connected with the Royal Society, to which he was elected at age 33 in 1824.

—like stretched rubber bands—and the

| iron filings arranged themselves by mag-

netic attraction along these lines.
Faraday did not stop there. He filled
all space with lines of force, and outlined
the revolutionary concept that space was
pervaded by various kinds of force: mag-
netic, electric, radiant, thermal and
gravitational. The lines indicate every-
where both the direction and the
strength of the force under considera-
tion. For example, on a bar magnet the
direction of the lines of force is from
positive to negative or from north to
south pole, and the number of lines of

force proceeding from a magnetic pole
indicates its strength at any given place.
They are more dense near the magnet
than they are farther away in space.
Similarly the amount of electricity a
body possesses is determined, according
to Faraday, by the number of lines of
force proceeding from it. The lines of
force all terminate some place, either on
another body close by, or on the walls of
a room, or on the planets in space. At
each terminal point there is a quantity of
electricity equal in amount but opposite
in charge to that on the original body.

Faraday reasoned that the lines-of-

FARADAY’S LECTURES at the Institution were attended by scientists and royalty. At the

left, the Prince Consort and princes; right, Faraday’s faithful assistant, Sergeant Anderson.
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THE FIRST DYNAMO, sketched by Faraday in diagram 6 on page 92, is preserved in this
model by the Royal Society in London. This apparatus founded the electric power industry.

force theory explained how a current is
induced in a conductor: it is induced
whenever the conductor cuts across
magnetic lines of force. He discovered
that the velocity of the movement was
important. “If a wire move slowly,” he
wrote, “a feeble current is produced in
it, continuing for the time of motion; if
it move across the same lines quickly, a
stronger current is produced for a shorter
time.” Strictly speaking, it is not a cur-
rent which is induced but a voltage. The
current merely results from this voltage.

From the idea that there are lines of
force of various kinds in space, Faraday
went on to suggest that these forces fill
all of space. He wrote in his diary in
1846: “All I can say is, that I do not per-
ceive in any part of space, whether (to
use the common phrase) vacant or filled
with matter, anything but forces and the
lines in which they are exerted.”

Here we have the historic origin of the
field theory (see “Field Theory,” by
Freeman J. Dyson; SCIENTIFIC AMERI-
can, April, 1953). Faraday himself
never referred to his system as a “field
theory” or a “field concept.” In fact he
held these ideas tentatively and was
ready to discard them if experimental
evidence could disprove them.
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What is so revolutionary about the
field concept? Just this. Up to Faraday
physicists had concentrated on the mate-
rial particle. From the particle concept
they attempted to derive all phenomena.
Physical processes were explained by
laws of Newtonian motion and forces of
mutual interaction working upon the
particle. Faraday relegated the particle
to the background and enthroned in its
stead lines of force throughout space. To
Faraday what was of critical importance
was not the electric or magnetic particles
but the space in which they operated.
And this is the whole basis of the field
concept. In field theory it is the geo-
metric and physical condition of space
itself that is fundamental.

Faraday was very clear on this point.
In the Experimental Researches he
wrote: “In this view of the magnet, the
medium or space around it is as essential
as the magnet itself, being a part of the
true and complete magnetic system.”

Here we see that Faraday actually
held what is today called a dual field
theory, one in which both particle and
field are fundamental, but in which the
field plays the basic and leading role.
Thus Faraday was the forerunner of the
modern relativistic revolution in physics,
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FARADAY was about 35 and doing his most

important work at the time of this portrait.

and the construction of the field concept
must rank as one of the greatest creations
of the scientific mind.

Faraday himself did not regard the
field idea as a theory distinct frofn the
Newtonian system, but rather as one
supplementing it. He did not intend to
dethrone the particle concept; that came
as a later consequence of his suggestion.
He also started the downfall of another
important concept—the idea of “action-
at-a-distance.” Newton assumed, and
philosophers long before him had be-
lieved, that forces could act over large
distances—instantaneously and without
the need for any intervening medium.
Only in this way, they felt, could the
gravitational force between planets and
stars be explained.

In the 19th century action-at-a-dis-
tance had a strong foothold in physics.
But Faraday felt that this concept was
unsatisfactory and that the assumptions
of Newtonian mechanics were inconsis-
tent with electrodynamic phenomena.
He did not hesitate to rule out action-at-
a-distance or to formulate his own con-
cept. Force requires time for transmis-
sion, he said, and the means of convey-
ance are the lines of force. Wherever
possible Faraday performed experiments
to prove that the force in question re-
quired time. In the case of gravitational
force he failed, but he did not waver
from his belief that he was correct. Fara-
day himself did not destroy the action-
at-a-distance concept; that was accom-
plished by Maxwell, who eliminated it
from electrodynamics, and by Hendrik
Lorentz, whose transformation equations
banished it altogether from physics.

In May, 1846, Faraday published an
interesting paper on some further specu-
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lations, entitled “Thoughts on Ray-Vi-
brations.” In it he foreshadowed the elec-
tromagnetic theory of light. “The view
which I am so bold as to put forth,” he
wrote, “considers . . . radiation as a high
species of vibrations in the lines of force
which are known to connect particles
and also masses of matter together. It
endeavors to dismiss the ether, but not
the vibrations.” Shortly thereafter Max-
well developed this “bold” view mathe-
matically and announced his electro-
magnetic theory. Faraday himself had
empirically established a relation be-
tween light and magnetism. In a series of
brilliant experiments he had demon-
strated that a magnetic field could rotate
the plane of polarized light.

Faraday had a profound and pro-
phetic belief in the underlying unity of
nature and of the laws of physics. He be-
lieved that gravitational and electromag-
netic forces were somehow related, and
that some law or principle must govern
this relationship. In 1849 he scribbled in
his laboratory book: “Gravity. Surely this
force must be capable of an experimental
relation to electricity, magnetism, and
the other forces, so as to bind it up with
them in reciprocal action and equivalent
effect. Consider for a moment how to set
about touching this matter by facts and
trial.” But the numerous experiments he
undertook to show such a relationship all
ended in failure. In a sad yet optimistic
note, he concluded: “Here end my trials
for the present. The results are negative.
They do not shake my strong feeling of
the existence of a relation between grav-
ity and electricity, though they give no
proof that such a relation exists.”

}Ie was still at work on this problem 10

years later when he wrote his last
paper. He was then in broken health, but
had not given up experimenting and
musing. He suffered prolonged lapses of
memory, and would forgetfully repeat
an experiment which he had successfully
completed only a short time before. The
born-to-poverty, unschooled scientist
was now a life professor of the Royal In-
stitution, living at Hampton Court. In
1867 his niece, Miss Reid, wrote to Fara-
day’s close friend Bence Jones: “Dear
uncle kept up rather better than some-
times, but oh! there was always a pain in
seeing afresh how far the mind had faded
away . . . This year we came with a
melancholy thought of dear uncle’s de-
clining, half-paralyzed state.” On August
25, 1867, Michael Faraday died peace-
fully in his study chair, little realizing
the turmoil that was to come over
whether the field or the particle is su-
preme.
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HOW A RATTLESNAKE STRIKES

An nvestigation with hlgh-speed photography probes a (uestion

of some 1nterest to herpetologists as well as potential victims:

Does i1t stab you with 1ts fangs or close its jaws 1n a true bite?

hen a rattlesnake strikes, do its
fangs bite the victim or stab it?
This rather minor but not unin-

teresting problem has intrigued many
herpetologists, partly because opinions
differ sharply and partly because the
question is not easy to investigate.

Harmless snakes, most experts agree,
do bite: observers have often seen bite
marks from their upper and lower teeth.
But about the chief poisonous snakes in
the U. S., the pit vipers (rattlesnakes,
copperheads and water moccasins), the
evidence is ambiguous. According to
some medical writers, the only marks
these snakes leave on a victim are two
punctures made by the two fangs in the
upper jaw, indicating that they do not
bite but stab into the flesh with the force
of the strike alone. On the other hand, a
number of experimenters and keepers of
snakes insist that they have observed pit
vipers biting just as harmless snakes do.

The question is hard to settle because
the strike of a pit viper is extremely fast
—much too fast for the human eye to
analyze. Several years ago it occurred to
me that the issue might be resolved by
catching the action with high-speed
photography by means of the electronic
flash (strobe light) invented by H. E.
Edgerton of the Massachusetts Institute
of Technology. The investigation turned
out to be less simple than it seemed.
After a number of experiments and
changes in tactics to deal with new prob-
lems that kept coming to light as the in-
vestigation developed, I was able to get
some clear-cut results, which are illus-
trated by photographs accompanying
this article.

The pit vipers are so called because
they have two facial pits above the nos-
trils; the pits look like a second pair of
nostrils. They are heat-detecting organs,
and they apparently stimulate the snake
to strike at a warm target. A pit viper’s
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by Walker Van Riper

fangs are two long, hollow teeth, like
hypodermic needles, connected with
venom glands which lie behind the eyes.
At rest the fangs are folded back against
the roof of the mouth. When the viper
strikes, it opens its jaws wide and the
fangs point almost directly forward.

The subjects of my experiments were
Prairie Rattlesnakes, the only species
found around Denver. In photographing
them I found that some of the folklore
about rattlesnakes is wrong. For instance,
there is a notion that a rattlesnake cannot
strike upward; actually some of mine hit
a target held directly overhead. The rat-
tlesnake is conventionally pictured fully
coiled for nearly its whole length. From
this position it would have a hard time
striking, for its head would roll round
and round as it untwisted. As a matter of
fact the snake coils only the hind part of
its body, in one or two coils, and its fore
end strikes from a weaving posture. This
set-up limits the snake’s striking range to
about half its own total length.

Now to the main issue. The first prob-

lem was to get the rattlers to strike
for the camera. I found that I had to
work with freshly caught wild snakes,
because the Prairie Rattlesnake grows
tame rather quickly in captivity and then
can scarcely be made to strike at any-
thing. This limited the experiments to
short periods in the early summer and
late fall, when the snakes emerge from
and return to their winter dens. In mid-
summer one rarely sees a rattlesnake in
the open, for the hot sun would quickly
kill it and it tends to go abroad only at
night.

I started by trying to photograph the
strike by the snapshot method, but this
was futile; human reaction time is much
too slow to hit a movement as fast as the
rattlesnake’s on the nose. So to improve
the timing of the flash I rigged up two
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electric circuits which would shock the
snake into striking and set off the camera
and flash immediately afterward. The
two switches for the circuits could be
closed in rapid succession by a quick
sweep of the hand. One switch admin-
istered the shock, by way of two elec-
trodes near the snake’s tail; the other
triggered the camera. The target was an
electric light bulb (for warmth) covered
with cotton padding. I moved the target
about in front of the snake until it ap-
peared ready to strike, then threw the
switches and jerked the target away.

This system worked very well. I got
some excellent pictures of the rattler in
the midst of its strike, with its jaws wide
open. But the exposure of about 1/20,-
000 of a second caught only an extreme-
ly thin slice of the total action; it was
impossible to tell from the individual
pictures exactly what stage of the strike
was shown or whether the snake ever
closed its jaws in a bite.

A naturalist friend, R. J. Niedrach,
then suggested that I use as a target a
rubber balloon, with which the snake
could make contact and which would get
out of the way of the camera as soon as
the rattler struck it. This time I set up a
circuit which made the snake trigger its
own picture. One lead of the flash circuit
was attached to a conducting bed on
which the snake lay, the other to the
surface of the balloon, made conductive
by dipping it in a warm salt solution con-
taining detergent as a wetting agent.
When the snake hit the balloon, it closed
the circuit and set off the flash. Inci-
dentally, this illustrates a great virtue
of Edgerton’s trigger circuit for experi-
mental work. The circuit carries a high
voltage with practically no current, so
that a great deal of resistance can be
penetrated with no appreciable shock or
burning at the contacts. The applica-
tions of the device are limited only by



STABBING STRIKE of the rattlesnake is shown in these three  of biting action. Top two pictures freeze the action just before
photographs. In all three, its jaws are fully extended, with no sign  and just after the bursting of a balloon; target at bottom is solid.
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human ingenuity. Anything that moves
can be made to take its own picture at
a precisely predetermined instant.

Nl the pictures taken by this means
showed the same thing: the snake
hitting the balloon with its jaws spread
wide and its fangs pointed forward.
Even when a delayed-timing arrange-
ment snapped the picture an instant
after the hit, there was no evidence of
any biting action. This was not, however,
conclusive proof. I had been working
on the assumption that the strike was a
reflex action which would be completed
whether or not the snake had something
to bite on. But one of my friends ob-
jected that the disappearance of the
punctured balloon might stop the snake’s
bite. The next step, therefore, was to
provide the rattler with a bitable target.
The target that finally evolved was a
3-inch bulb with a latex cover and a
stuffing of aluminum wool. The circuit
could be closed only if the snake’s fangs
penetrated the cover and made contact
| with the aluminum wool inside. The tar-
| get was mounted on an insulated brass
| rod to give the rattler something rigid
| to bite against.
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Now, using a number of snakes as sub-
jects, I made a long series of pictures,
with instantaneous, delayed and double
and triple exposures. In not one of these
pictures did the snakes show any biting
action. All of them simply stabbed the
target.

When I circulated these results among
my herpetological friends, some of them
were still skeptical. They had often seen
rattlers grab and hold small prey. Per-
haps, they suggested, my target was
too big. Accordingly, the following sum-
mer I tried smaller targets of various
sizes. I found that by holding a snake
down with a loop a few inches behind
its head I could make it bite into a target.
Thus I got a picture of what a true bite
looks like. I then made a free test of my
subjects, of which, unfortunately, at this
time I had only two available. One of
them turned out to be a biter! It bit not
only small targets but the large one as
well. I can only conclude that rattle-
snakes exhibit individual differences,
and that the experiment gives a very
good demonstration of the validity of the
Harvard Law of Animal Behavior: “Un-
der carefully controlled conditions, ani-
mals behave as they damn please.”

RATTLESNAKE BITES the target in bottom picture here. In contrast to stabbing strike,
shown at top, the lower jaw is firmly clamped in the target. Whether a rattlesnake stabs or
bites appears to be a question of individual idiosyncrasy. But in this study few snakes bit.
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by Ernest Nagel

GALILEO’S DIALOGUE ON THE GREAT
WorLp Systens, edited by Giorgio
de Santillana. The University of Chi-
cago Press ($12.50).

alileo Galilei’s Dialogo dei Mas-

‘ simi Sistemi was first published
in 1632. The only English trans-

lation is one made by Thomas Salusbury
in 1661. Most of that edition was de-
stroyed in the Great Fire of London, and
for three centuries the historically fateful
masterpiece has been practically un-
available to English readers. The need
for an adequate English rendering of this
work, which marked a turning point in
modern  scientific and  philosophic
thought, is amply satisfied by the present
handsomely printed volume. It contains
a painstaking revision by Dr. de San-
tillana of the Salusbury version, aug-
mented by an illuminating historical in-
troduction and several hundred valuable
annotations of the text. Moreover, an ap-
pendix by William D. Stahlman gives a
clear exposition of the Ptolemaic-Coper-
nican techniques for analyzing planetary
motions, thereby throwing additional
light on some issues raised in the Dia-
logue. This splendid edition thus pro-
vides the modern reader with the op-
portunity to understand, through the
medium of Salusbury’s vibrant Jacobean
prose, the substance and significance of
Galileo’s scientific achievements, the
power and reach of his mind and the pas-
sion and tragedy of his personal history.
Galileo wrote the Dialogue not for
specialists but, in Salusbury’s words,
“chiefly for gentlemen.” He wished to
give his generation a coherent picture of
the rapidly developing new concept of
the universe that was undermining the
ancient cosmology. He also wanted to
exhibit the lineaments of the true method
for the rational investigation of the na-
ture of things, contrasting this rational-
ism with the legalistic verbalism cor-
rupted from Aristotle and the number
mysticism derived from Plato. He hoped
thereby to generate a climate of edu-
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A new edition of Galileo’s dialogue

brings his greatness vividly to life

cated opinion which would promote and
sustain the growth of science in Italy.

In this last respect Galileo failed com-
pletely. The repressive machinery of the
Counter-Reformation was unequal to the
task of wedding the new scientific con-
ceptions to the essentials of Catholic
faith and obedience, and Galileo’s forth-
right advocacy of the new philosophy
and his unconcealed contempt for those
who opposed it did not ease the way for
the authorities to deal judiciously with
him and his ideas. Despite the fact that
the Dialogue had received the official
imprimatur, the book was condemned
and banned, Galileo was imprisoned by
the Inquisition and compelled to abjure
his alleged errors, and free scientific
thought in Italy was effectively throttled.
The Dialogue nevertheless became a
seminal influence in the rest of Europe,
and it continues to say things pertinent
to the intellectual concerns of our age.

Nominally the Dialogue is an evalua-
tion of the comparative merits of the
Ptolemaic and Copernican theories of
celestial motion. But Galileo’s discussion
is not focused primarily on purely astro-
nomical questions; it is directed chiefly
to the new physical and dynamicalideas
that made credible the Copernican theo-
ry of a Sun-centered universe. Coper-
nicus himself had offered no fresh ob-
servational data to support his theory,
and for some 70 years after he proposed
the theory in De Revolutionibus it had
been regarded as a convenient mathe-
matical device for calculating celestial
orbits rather than as a rival to the Aristo-
telian scheme of a cosmos with an im-
movable Earth at its center. Copernicus’
book had encountered little philosophic
or ecclesiastical opposition, for it was not
felt to be a challenge to the established
system of belief.

But the situation was radically altered
when in 1610 Galileo invented the tele-
scope and discovered a number of facts
which seemed clearly to give physical
support to the Copernican hypothesis.
The phases of Venus, the lunar moun-
tains, the moons of Jupiter, sunspots, the
stars so distant that their diameters could
not be measured—these and other facts
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explored by Galileo required for their
explanation a system of ideas totally in-
compatible with a physics based on the
assumption of a fundamental difference
between celestial and terrestrial matter.
In the Dialogue Galileo presented a new
dynamics attempting to treat in a unified
manner all motions, whether they occur
on the Earth or in the heavens. The
Copernican theory, which construed the
Earth as one celestial body among
others, was of interest to Galileo in large
measure because it served to illustrate in
an impressive way the scope of his own
physical system.

In the nature of the case Galileo could
not be completely successful in the am-
bitious undertaking he had set for him-
self. The Dialogue reveals him grappling
masterfully with principles that entered
into the foundations of Newtonian phys-
ics, suggesting breathlessly ingenious ex-
periments for confirming his conjectures
and disposing effectively and with biting
irony of objections to the new ideas. But
it also shows him falling into hopeless
errors, ignoring important discoveries
and concepts and filling gaps in his argu-
ment with improvised explanationswhich
are sometimes little short of being spuri-
ous. Galileo subscribed to the classic,
and also modern, conception of the task
of science as that of “saving the phe-
nomena”—that is, of finding a system of
principles which make the observed facts
understandable and, granted the prin-
ciples, inevitable. But he apparently
never quite freed himself from a central
assumption of ancient Greek thought:
namely, that the fundamental motions
of the cosmos must be perfectly circular.
Thus, despite the fact that he broke fresh
ground in his analysis of inertial motion,
he argued that such motion must be cir-
cular, because if it were rectilinear it
would carry all bodies into limitless
space and make impossible the estab-
lished cycles of cosmic change. He never
mentioned the Keplerian laws, though
Kepler had sent him presentation copies
of his publications; it seems likely that
Galileo never read these works. Galileo
also argued at length that the tides are
the effect of the combined diurnal and



annual circular motions of our planet; he
failed to recognize the merit of the no-
tion, advanced by some of his contempo-
raries, that tidal phenomena were asso-
ciated with the moon.

Galileo’s extended discussion of his
theory of the tides doubtless was a source
of special irritation to the Pope. Prior to
his elevation to the papacy, Urban VIII
had encouraged Galileo to undertake the
writing of the Dialogue, with the explicit
proviso that no attempt would be made
to decide between the Copernican and
Ptolemaic systems on the basis of physi-
cal questions. Galileo disregarded this
instruction, though he did conclude his
work with a dutiful echoing of the papal
dicta on the subject. He has Simplicius,
the representative of the Peripatetic
philosophy, declare that God can bring
about things in many ways, some of them
being above the reach of our intellect. To
which Salviatus, Galileo’s spokesman,
responds: “An admirable and truly an-
gelic doctrine, which is answered with
perfect agreement by that other one, in
like manner divine, which giveé us leave
to dispute touching the constitution of
the Universe, but adds, withal (perhaps
to the end that the exercise of the minds
of men might not cease or become re-
miss), that we are not to find out the
works made by Hishands. . . . Let, there-
fore, the disquisition permitted and or-
dained us by God assist us in the know-
ing, and so much more admiring, His
greatness by how much less we find our-
selves capable of penetrating the pro-
found abysses of His infinite wisdom.”
However, not even a casual reader could
misunderstand Galileo’s own convic-
tions, nor mistake the import of his
physical theory for a rational decision
between the Copernican and Ptolemaic
systems.

The flaws in Galileo’s execution of his
undertaking diminish neither the gran-
deur of his task nor the glory of what he
actually did achieve. Despite his sur-
render to authority in order to avoid
physical martyrdom, despite even his oc-
casional use of the tricks of the theater
to carry a point, the Dialogue is a monu-
ment to a passionate intellectual integrity
and to an almost childlike faith in the
power of cogent argument to dispel er-
ror. Galileo had the robust conviction
that human reason is capable of discov-
ering the definitive truth in some matters,
even if it cannot comprehend the infinite
complexity of all existence. His apparent
flouting of established authority was a
consequence of a deep-rooted belief that
the new view of nature could win over
even its most obdurate opponents if only
the evidence for it was clearly presented.

He maintained that in pure arithmetic
and geometry the certitude and perfec-
tion of man’s knowledge were indis-
tinguishable in kind from the knowledge
possessed by God. He also believed that
the bodies and processes found in nature
possess precise mathematical properties.
When suitable allowance is made for the
grossness of our senses and the approxi-
mateness of our measurements, he held,
what is true in abstract mathematical
theory holds also in the concrete. The
discrepancies between theoretical calcu-
lation and observation, Salviatus in-
structs Simplicius, “lie neither in abstract
nor in concrete, nor in geometry, nor in
physics, but the calculator, who does not
know how to adjust his accounts.”

Galileo was certainly not the first to
attempt a mathematical formulation of
natural occurrences. But after his work
was done, it was no longer possible to
dismiss mathematical analysis as inher-
ently irrelevant to the study of the dy-
namics of nature, inanimate or living.
Galileo’s mathematical method forced
fundamental revisions not only of cos-
mology but also of other tenaciously held
beliefs. Galileo did not trust to logic
alone; he also saw clearly the necessity
for testing by experience. This fusion of
mathematical analysis with controlled
experimentation dominates the discus-
sion throughout the Dialogue, and it was
his vigorous espousal of this method
which distinguished Galileo from other
intellectual rebels of his day. The Dia-
logue contributed not only to a new
vision of nature but also to reconstruc-
tion of the logic of inquiry.

It is a gross mistake to assume, as so
much popular history does, that Galileo’s
conception of scientific method was the
same as that of his contemporary Francis
Bacon. Galileo was much too good a
pupil of Archimedes to suppose that
theoretical knowledge can be achieved
simply by multiplying miscellaneous
“facts” and comparing random observa-
tions on the basis of a few rules of classi-
fication. He was skeptical of casual sen-
sory experience, and urged that one
should learn “to be more circumspect
and less confident about that which at
first blush is represented by the senses,
which may easily deceive us.” Indeed,
part of his standing quarrel with the
Peripatetics was over their readiness to
accept crude experience at face value
and to give unhesitating credence to
what customarily passes as observation.
He saw clearly that the data of experi-
ence must be analyzed and interpreted
if they are to count as significant evi-
dence, and he recognized that theoretical
ideas may be suggested by but cannot be
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deduced from what is observed. Experi-
ments are important as tests of theoretical
conjectures, but their results are signifi-
cant only insofar as the circumstances
under which the experiment is con-
ducted approximate a “pure case,” in
which the relevant factors are reasonably
well insulated against uncontrolled dis-
turbances. Moreover, Galileo shrewdly
realized that experimental results must
be qualified by the limitations in the
sensitivity and precision of available ex-
perimental techniues.

Galileo freqjuently fell back upon ra-
tionalistic principles and “mental experi-
ment,” to establish a point; like Archi-
medes, he sometimes permitted a priori
considerations of symmetry to decide an
empirical issue. For example, his argu-
ment for the principle of inertia is essen-
tially as follows: A ball rolling down a
frictionless inclined plane will move in-
definitely with increasing velocity; when
it is shunted to an upward inclined
plane, its speed will decrease. Hence, if
an initial impulse is given a ball on a
level surface, it must continue to move
indefinitely with constant speed, for “if
there be no cause of retardation, even
less should there be any cause of rest.”
Galileo here employed a principle which
was subsecuently baptized by Leibnitz
as the Principle of Sufficient Reason, and
later still was given the more appropriate
label of the Principle of the Equal Dis-
tribution of Ignorance. However great
may be the heuristic value of such men-
tal experiments and the principle of sym-
metry, Ernst Mach thoroughly exploded
their merits as ways of demonstrating
factual truth. Nevertheless, Galileo was
indubitably a master of the hypothetico-
deductive method. For example, in an
arresting passage in the Dialogue he con-
siders the objection that though the
heliocentric theory suffices to explain the
observed facts, the argument is incon-
clusive because there is no proof that
those facts necessitate the theory. Galileo
argues in effect that this demand is spuri-
ous because it is logically impossible to
fulfill it. He makes evident that every-
thing has been done in physics that can
be done when it is shown that the given
facts are explained by no known alterna-
tive theory.

Galileo was fully aware of the thor-
oughgoing intellectual revolution the
new science was creating, and he under-
stood the dismay which filled many men
at the prospect that answers to all ques-
tions could not be resolved by consulting
the writings of Aristotle. “To whom then
should we repair for the decision of our
controversies,” the worldly Sagredus
asks, “if Aristotle were removed from
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the choir? What other author should we
follow in the schools, academies and
studies? What philosopher has written
all the divisions of Natural Philosophy,
and so methodically, without omitting
so much as one single conclusion? Shall
we then overthrow that building under
which so many voyagers find shelter?”
To such queries Galileo had no reply
which could satisfy the vested interests
in the intellectual status quo. His ulti-
mate rejoinder to those who sought to
stem the rising tide of the new science
was to reject entirely the facile gnosti-
cism which assumes the universe to be a
finished, tidy affair, and which hopes to
find or eventually to construct a com-
plete repository of all genuine knowl-
edge. And so he declares:

“I always accounted as extraordinarily
foolish those who would make human
comprehension the measure of what Na-
ture has a power or knowledge to effect,
whereas on the contrary there is not any
least effect in Nature which can be fully
understood by the most speculative
minds in the world. Their vain presump-
tion of knowing all can take beginning
solely from their never having known
anything; for if one has but once experi-
enced the perfect knowledge of one
thing, and truly tasted what it is to know,
he shall perceive that of infinite other
conclusions he understands not so much
as one.”

This is clearly not an expression of
skepticism concerning the possibility of
knowledge, but a vigorous protest
against intellectual provincialism. And it
is the provincialism as well as the futil-
ity of explanations in terms of final
causes that roused Galileo’s ire, and pro-
voked from him some of his most mem-
orable utterances. A reader steeped in
the outlook of post-Darwinian science
may find it difficult to take seriously such
arguments as that the stars could not be
at immense astronomical distances from
the earth, because if they were the “vast
vacancy” between the outermost planet
of the solar system and the stellar bodies
would be “superfluous and to no pur-
pose.” But such arguments carried con-

| viction to Galileo’s generation, and in

variant forms they continue to impress
even eminent men of our own times.
Galileo felt it necessary to blunt the force
of teleological explanations without
hurting religious sensibilities or violating
his own Catholic convictions. This was
not an easy task. His way of handling the
issue is as effective in argument as it is
majestic in manner. He makes Salviatus
declare:

“If this grape receives all that it is pos-
sible for it to receive from the Sun, not
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suffering the least injury by the Sun’s
production of a thousand other effects at
the same time, well might we accuse that
grape of envy or folly if it should think or
wish that the Sun would appropriate all
of its rays to its advantage. I am con-
fident that nothing is omitted by the Di-
vine Providence of what concerns the
government of human affairs; but that
there may not be other things in the Uni-
verse that depend upon the same infinite
wisdom, I cannot, of myself, by what my
reason holds forth to me, bring myself to
believe. Surely, I should not forbear to
believe any reason to the contrary laid
before me by some higher intellect. But,
as I stand, if one should tell me that an
immense space interposed between the
orbs of the planets and the starry sphere,
deprived of stars and idle, would be vain
and useless, as likewise that so great an
immensity for receipt of the fixed stars as
exceeds our utmost comprehension
would be superfluous, I would reply that
it is rashness to go about to make our
shallow reason judge of the works of
God, and to call vain and superfluous
whatever thing in the Universe is not of
use to us.”

Contrary to a fashionable interpreta-
tion of the 17th century, Galileo’s in-
surgence against the verbal physics of
scholastic philosophy was not an insur-
gence against reason itself. It is un-
doubtedly true, however, that the dis-
ciplined reason to which Galileo ap-
pealed was not the reason of the scholas-
tics. Perhaps the chief excitement that
the Dialogue provides a modern reader
comes from its vivid portrayal of the
forging of a conception of reason and ra-
tionality which has already radically al-
tered man’s ancient view of the universe
and transformed the human scene, and
which promises even more than it has
yet achieved.

Short Reviews

"T'HE CHEMICAL REVOLUTION, by Ar-

chibald Clow and Nan L. Clow. The
Batchworth Press ($10.00). In this ex-
ceptional achievement of scholarship the
Clows give an account of one of the most
important phases of the Industrial Revo-
lution: the emergence of the chemical in-
dustry in Scotland and England from
1750 through the first few decades of the
19th century. Drawing on a wide variety
of primary reference sources, the authors
are able to present detailed histories of
the principal chemical manufactures
during the successive periods of this de-
velopment. They also deal with the more
general economic consequences of in-
dustrialization, the melancholy influence



of chemistry on social conditions and the
appearance of embryonic trade union
groups to resist the more extreme at-
tempts to exploit industrial workers
(e.g., a 16 or 18 hour day in the mills
was not uncommon). Among the more
than two dozen chemical industries cov-
ered are the manufacture of soap, hydro-
chloric and sulfuric acid, bleaches, dyes,
calico printing, rubber and waterproof-
ing, paper, glass, pottery, iron, lead
products, tar, matches, coke and gas,
beer, artificial preservatives. It is impos-
sible in a short review to describe the
vividness and sustained interest achieved
by the Clows in their skillful blending of
a vast array of technical, economic and
social data. They enliven the story with
absorbing sidelights: on Sir George Cole-
brook who tried to create a world corner
in alum; on Charles MacIntosh, who in-
curred the wrath of the “members of the
medical faculty” because his excellent
waterproofs were a “decided enemy” to
the doctors” “best friends, colds and ca-
tarrhs”; on the new paper-making ma-
chines which already by the end of the
18th century had reduced the time of
making a given amount of paper from
three weeks to three minutes; on food
adulterants which maintained their
popularity despite the fact that the least
obnoxious of their effects was instantane-
ous death. The Clows bring out the point
that the science of chemistry learned as
much from industrial practices as indus-
try learned from the theoreticians and
chemical philosophers.

INFINITY, by Lillian R. Lieber, with

drawings by Hugh Gray Lieber. Rine-
hart & Company, Inc. ($5.00). Lillian
Lieber, head of the Department of
Mathematics at Long Island University,
and her husband, who heads the Fine
Arts Department, have become known
as original and gifted popularizers of
mathematics. They have written books
on non-Euclidean geometry, group theo-
ry, symbolic logic, relativity and kindred
topics; in this volume they escort the
reader through the edifice of Georg
Cantor’s Alephs. The German mathema-
tician David Hilbert described Cantor’s
work as “the most wonderful flowering of
the spirit of mathematics and indeed one
of the greatest achievements of human
reason.” Mrs. Lieber leads up to her dif-
ficult subject gradually. She explains,
among other things, the role of infinity in
ordinary geometry and in the non-Eu-
clidean offshoots, the structure of the
number system, the arithmetic of the
alephs, the theory of transfinite ordinal
numbers and Cantor’s hierarchy of in-
finities, the paradoxes of Zeno, the
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I Will receive the Society’s publication which will
I give me advance notice of each new monthly Society |
Long-Playing selection, which I may purchase at
I the special Membership price of $4.95 for 12” rec- I
ords, $4.35 for 10” records, plus a few cents for
I U.S. tax and shipping. However, I need not pur- I
chase any Society records—but with each two I do

l purchase, you will send me an additional record I
absolutely free.

] [ Bill me only $1.00, plus shipping H

[J 1 enclose $1.00. You pay shipping

Address. .....ooiniuiniiiiiiiiiiiiiiiiieieaa, l

City. ..o Zone. ...State...... '

Canadian Add.: 1184 CASTLEFIELD AVE. '
TORONTO 10, ONTARIO

&—————————_-———_
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LINGUAPHONE

for LANGUAGES
World's Standard Conversational Method

FRENGH - SPANISH - ITALIAN
NORWEGIAN - PORTUGUESE
GERMAN - RUSSIAN - JAPANESE

Any of 29 languages available
°

LANGUAGE No Textbook Can Teach You To Speak

TEég:EH LEARN AT HOME

30 YEARS % i"Converational Method ou bring a

PRAISES foreign A right into your own home—
LINGUAPHONE ;{(\]l\‘(:,',’c Ii'][‘hl?;v m:gvnl;}i[v};nlfs?: ;:?h’:ﬁ 1\?:3.'
,;‘gtf hagld ghe {‘0(}:“ }%ﬂ:l(.lﬁgM.hll}{lhll long before you
know, the AT HOME you hear native men and

nguanhune
Course best
fulfills the re-
quirements of

women speak about everyday matters,
listen—you understand—YOU §
correctly, easily, naturally. You read and
write. You can learn in 20 minutes a day.

you
EAK

real everyday
speech.’

Used internationally Dby scientists,
Dr. Venzleff

schools, colleges, Armed Services and
business firms for personnel training.
Over a million home-study students of all ages.

STOP WISHING START TALKING
SAVE TIME—WORK—MONEY

WRITE TODAY for fascinating FREE book, *
a New World of Opportunity.””
310 Mezz., Rockefeller P’laza, N

Passport to
Linguaphone Institute, |
20, N. Y.

CLCCLTTP T sRrERaR RN ERERRRRENE

F’:..; LINGUAPHONE INSTITUTE
310 Mezz., Rockefeller Plaza, N. Y. 20, N. Y,
Send me your FREE book. LANGUAGE

PERRRR R RERRRRRR R

INTENESTED

NAME

ADDRESS ..cociiviinninnns

Srnarssn R

( ITY

BERRT R R AR

r.-_-.---—--uow' TO READ
77 NEWSPAPERS
=N 30 MINUTES!

FACTS ON Fll.E

F the news is important to you or your
organization; if you want it unbiased,
stripped of sensationalism . . . In short,
if you want just the FACTS of what's
happening in every field of human activ-
ity, you need FACTS ON FILE! Eight
812" x 11” pages weekly containing over
100 hours of news reading boiled down to
25-35 minutes . . . 1,100,000 words re-
duced to only 10,000!
THE CURRENT COPY OF FACTS ON
FILE ... yours for just 3¢. Now—see for
yourself why author John Gunther calls
FOF ‘valuable beyond words”. Simply
send a 3¢ stamp for the current issue to

FACTS ON FILE |
Dept. 86-10, 516 Fifth Ave., N. Y. 36, N. Y.
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| Whitehead and Russell Theory of Types. |

Some of this is very difficult stuff, and
not all of it is well explained for the ordi-
nary person. Mrs. Lieber writes fairly
simply and, in a further attempt to make
mathematics at least look easy, she has
her books chopped up typographically so
that there are rarely more than five or
six words to a line. It is not obvious that
this device makes things clearer; never-
theless it must be said that Mrs. Lieber
handles it with virtuosity. Mr. Lieber’s
drawings are sentimental and have a
studied weirdness. They are not of much
help in explaining mathematics, but the
text is on the whole up to the job, and
for a popular account of infinity you will
certainly find no better book.

A)vENTUREs IN ARTIFICIAL RESPIRA-

TION, by Peter V. Karpovich. Asso-
ciation Press (3$7.50). There are 117
known methods of artificial respiration
and resuscitation. This curious volume,
based on research undertaken for the Of-
fice of the Surgeon General, gives the de-
scriptions and histories of all of them.
Early methods included placing live
coals or animal excreta on the victim’s
abdomen, blowing air or tobacco smoke
into his mouth, hanging him upside
down from a tree, laying him on the back
of an ox or rolling him over a barrel.
These were only moderately effective.
The many and various procedures tried
in modern times, though often of indif-
ferent value, have at least had the laud-
able aim of getting the victim’s lungs
working without splintering his bones.
Dr. Leroy-d’Etiolles suggested pressure
on the abdomen and chest; Dr. Howard
thought the limp wretch should be
turned over after every push; Dr. Brosch
contended he should be laid across a
chair; Dr. Baker argued for dropping
him on his face and Dr. Schaefer advo-
cated “prone pressure,” to which Dr. Syl-
vester objected that, at least as regards
female patients, it was manifestly im-
proper for the operator to place himself
“athwart the patient.” The Schaefer
method prevailed for many years, but re-
cently the experts have come to the sup-
port of a process first suggested by Dr.
Sylvester, namely, lifting the patient’s
arms to make his own muscles do the
work. The technique now officially ad-
vocated by most lifesaving authorities,
developed by Holger Nielsen of Den-
mark, places the patient on his back and
combines rhythmic pressure on the lower
ribs with raising of the arms above the
head to restore natural breathing. But an
ounce of prevention is obviously prefer-
able to 150 pounds of cure seated on
one’s chest.
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with a PUL
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PAUSE
The r

...to help you speak

French, Spanish, or any
oneof 21 Languages in HOLT'S
Spoken Language Series

All Holt Spoken Language rec-
ords feature carefully-timed
pauses after phrases and senten-
ces. These pauses distinguish the
Holt method. They are there for
a purpose. They permit you to re-
peat and learn . . . automatically
and easily . . . by “Guided Imita-
tion”. With them you can practice
and practice makes you fluent.

Top-flight linguistic scientists
originally devised this speedy
and effective way of learning a
foreign language for the U. S.
Armed Forces.

SEND FOR FREE BOOKLET

For complete information about the
Holt Spoken Language courses, simply
fill out and return the coupon below.
Or if you want to get started imme-
diately, just check one of the conven-
ient methods of payment. With a Holt
Spoken Language course you can learn
to speak a foreign language faster and
more economically than you ever
dreamed possible . . . you can learn to
speak fluently with the authentic pro-
nunciation of the native.

HOLT COURSES

On Long-Playing records (33 ,rpm)
French, Spanish, Russian, German, Italian,

On Standard records (78 rpm)
French, Spanish, Russian, German, Italian,
Arabic, Burmese, Chinese, Danish, Dutch,
Greek, Hindustani, Hungarian, Japanese,
Korean, Malay, Norwegian, Portuguese,
Serbo-Croatian, Thai, Turkish.

HENRY HOLT & coO.

Dept. PS
383 Madison Ave., New York 17, N. Y.

Please send me complete information on
the HOLT Spoken Language Course in
This obligates me in

no.way whatever.

Please send me the HOLT Spoken Language
Course in
[] Standard [ Long-playing
[0 Enclosed is $50.00 check or money order

in full payment.
[0 Enclosed is $5.00 check or money order.
| agree to send you $5.00 a month for

the next ten months until | have paid
a total of $55.00. (Add 3% Sales Tax in
N. Y. City.)

GUARANTEE: | understand that | may test
my HOLT Spoken Language Course for ten
days, and that if for any reason | am not
completely satisfied, | can return it and
you will refund my money in full.

.Zone..... State ... b



fl‘}u«: PapErs oF THOMAS JEFFERSON
(Volume 6), edited by Julian P.
Boyd. Princeton  University Press
($10.00). The period covered by this
volume (May, 1781—March, 1784) was
one of personal humiliation and tragedy
for Jefferson. The Virginia Legislature
conducted an inquiry into his conduct
as Governor; he was fully vindicated, but
the events left a scar and provided his
enemies with material for renewed at-
tacks in later years. The death of his wife
was a much heavier blow. But Jefferson’s
immense energy and prolific interests
soon restored him to his usual tempo of
activity. He prepares legal opinions,
drafts and reports on the constitution of
Virginia and the disposition of the
Northwest territories. He writes letters
of introduction for James Monroe, code
letters and long communications of poli-
tical and personal content to James
Madison. He asks George Rogers Clark
for the “teeth of the great animal whose
remains are found on the Ohio” and for
other fossil specimens. He sets down a
detailed description, for his friend Isaac
Zane, of an ingenious new way to con-
struct a water wheel. Colonel Archibald
Cary, a wonderful observer and a no less
wonderful speller, provides Jefferson with
zoological information about the “ana-
mals” of Virginia: “Dears,” “Possams,”
Rabbets,” “Hedg Hogs,” “Ratts” and
“Bers.” Jefferson is impressed by the pos-
sibilities of balloons. “This discovery
seems to threaten the prostration of forti-
fied works unless they can be closed
above, the destruction of fleets and what
not.” As the successive installments of
this great edition appear, one becomes
convinced that Jefferson is the only man
of history who deserves to be celebrated
in 50 volumes, and that all of them, if
you can afford it, are worth owning.

CEREBRAL MECHANISMS IN BEHAVIOR,

edited by Lloyd A. Jeffress. John
Wiley & Sons, Inc. ($6.50). This is the
record of the Hixon symposium on the
brain, held in September, 1948, at the
California Institute of Technology. John
von Neumann presents a challenging
analysis of the theory of automata, in the
course of which he extends a principle
outlined about 15 years ago by the noted
English logician A. S. Turing. He con-
cludes that it is theoretically possible to
construct automata—these need not be
purely computing machines—capable of
self-reproduction, and indeed of making
other automata of greater complexity
than themselves. Warren S. McCulloch’s
paper, “Why the Mind Is in the Head,” is
as provocative as its title. He is inclined
to doubt the possibility of electronic

CONCERT HALL SOCIETY

INVITES YOU TO ACCEPT THIS

5/50/@/ latroductay Qfer

...ANY ONE OF THESE LONG-PLAYING RECORDS

Only 190

MOZART Piano Concerto in D, K. 537 (“Coronation Concerto™)
OR
SCHUBERT Symphony No. 8 (“The Unfinished”)
OR

BEETHOVEN {

HERE is an extraordinary opportunity for music
lovers! We will send you your choice of one
of these delightful recordings—the Mozart con-
certo brilliantly performed by the celebrated
pianist Frank Pelleg; the Schubert Symphony by
the Zurich Tonhalle Orchestra, and the Beethoven
sonatas by the noted Beethoven interpreter, Grant
Johannesson. These recordings represent the ulti-
mate result of the latest high-fidelity recording
techniques—yet you may have any one of them
for only one dollar!

We make this special offer to demonstrate the
remarkable quality of Concert Hall high-fidelity
recordings. We will also send our free brochure
telling how you can obtain our new series of
recordings available nowhere else at any price!

Membership Limited to 3000

Only 3,000 members can own these limited-
edition recordmgs and right now only 275 sub-
scriptions are still available. The whole interest-

Sonata 1rﬁ] Minor, op. 13 (“Pathetique”) zﬂ
Piano Sonata A-Flat, op. 110

ing story is told in our free brochure, which we
will send with the LONG-PLAYING record
described above. Enclose dollar with coupon. If not
delighted with record, return it in 5 days; your
dollar will be cheerfully refunded.

4610

Concert Hall Society, Inc

507 West 56th St., New York 19, N. Y.

I enclose $1. Please send me the high fidelity
LONG-PLAYING record checked below. If not de-
lighted, I may return it in 5 days for refund of my
dollar. Also send free, your brochure describing the
new 1953-54 series of Limited Edition recordings.

["] Mozart [ Schubert [ Beethoven

(This special offer good only in U.S.A. and Canada)

Name.

(Please Print Plainly)

Addre:

_—________i

L City. .....

A Library Binder

f SCIENTIFIC
Ol | AMERICAN

€ A handsome and durable library
binder in which to keep your copies
of SCIENTIFIC AMERICAN.

€ Bound indark green library fabric,
gold leaf stamped, holds 12 issues.
€ Copies in binder open flat, may
be inserted or removed separately.

Address your order, enclosing check or
money order for$2.50for each binder, to:
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CALCULATIONS

of all kinds can be easily solved on the

BINARY CIRCULAR SLIDE RULE

This rule will quickly solve the simplest as well as the
more difficult problems involving calculations in Arith-
metic, Algebra and Trigonometry. Any number of fac-
tors can be handled in long and difficult calculations.
The C scale of the Binary is 25 inches long with gradu-
ations 259% further apart than those of a "0 m(h slide
rule. The CI A, K, & Log scales are divided as_closely
as a 20-inch slide rule. Log-Log scale extends from
1.0015 to 1,000,000. Gives Trig. functions from 0 to 90
degrees on back, Engine-divided scales yellow and black
on white coated aluminum. Permanently accurate. Dia,
815", Price $8.50 in case, with instructions. \ppm\cd
at Icadum Univ. Used by many large firms in the U. S

Midget size 4” dia. with case $3.

NEWLY IMPROVED
ATLAS SLIDE RULE

The Atlas Slide Rule will quickly solve pruhlems in
Multiplication, Division, and Proportion and give re-
sults with a maximum error of less than 1 in 36.000.
The Atlas has two C scales. One is 25" long and the
second one is a spiral of 25 coils. This is equivalent to

a straight rule 60 ft. long and gives answers to 5
figures.

Chemists, Physicists and Engineers have found this
rule invaluable for its great accuracy. Dia. 814", Easily
portahle. White coated alunuuum with legihle Dlack and
yellow scales. Price $11.00 in case with instructions.

Combination Ailas-Binury Slide Rule

Has Atlas front scales on one side with 2 indicators,
Binary front scales on reverse side with 2 indicators,
Jo Trig. scales. Made of metal, permanently accurate.
Price $15.00 in case with instructions.

Descriptive circulars free. Satisfaction guaranteed.

GILSON SLIDE RULE CO.

Box 993 SA, Stuart, Fla.
Slide Rule Makers since 1915
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| W. B. Saunders Company, West Washington Square, Philadelphia 5

|

| Send me copies of___SEXUAL BEHAVIOR IN THE HUMAN FEMALE < $8.00

: My check or money order is enclosed

l NAME. B .

: ADDRESS _ S S . _

o]
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SEXUAL BEHAVIOR
wrwe HUMAN FEMALE

By Alfred C. Kinsey, Wardell B. Pomeroy, Clyde E.
Martin, Paul H. Gebhard, and others on the staff of the

Institute for Sex Research at Indiana University.

This is the “Kinsey Report” on women—the interesting,
very readable study of female sexual behavior, of the bio-
logic and sociologic factors which influence it, of the ways
in which it is similar to or different from male behavior,

and of its social and legal implications.

The material is based on a 15-year investigation that
included interviews with nearly 8,000 women, considerable
original scientific research, and an exhaustive study of

the world literature on sex.

The findings reported by the authors indicate the need for

revision of many current theories on the subject.

This is the only report on female sexual behavior written

.or authorized by Alfred C. Kinsey and his associates at

the Institute for Sex Research at Indiana University.

842 Pages, $8.00 at your bookseller
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| tubes and circuits making man obsolete

in the foreseeable future: “The joy of
creating ideals, new and eternal, in and
of a world, old and temporal—robots
have it not. For this my mother bore me.”
Other participants in this exceptional
symposium include the psychologist K.
S. Lashley, the chemist Linus Pauling,
the philosopher and psychologist Wolf-
gang Kohler, the experimental psycholo-
gist Ward C. Halstead. It is a book with
meat and savor.

"I HE LivinGg BraiN, by W. Grey Wal-

ter. W. W. Norton & Company, Inc.
($3.95). One of the pioneers of electro-
encephalography here gives a fascinat-
ing report on advances in our knowledge
of the mechanisms of the brain, the “en-
chanted loom.” The electroencephalo-
graph records the rhythmic tides of elec-
tricity as they surge through the brain
cells: the alpha rhythm, resembling a
scanning device; the delta waves, essen-
tially the “billowy rhythm of sleep”; the
theta rhythm, “scarcely visible in good-
tempered adults” but evoked even in
them by a disagreeable stimulus or by
disappointment. (A French student
whose head was being stroked by a
“young lady from Wales” erupted into a
vehement theta display whenever the
young lady stopped stroking.) The dis-
covery in 1946 that brain-wave activity
can be substantially increased by “rhyth-
mic stimulation,” particularly by turning
a bright light on and off in front of a
person’s eyes, has turned out to be a
powerful instrument. Dr. Walter de-
scribes the correlations between rhythms
and disease, between flicker patterns and
personality. He discusses the simple au-
tomata which can be used not only to ac-
complish our more bloodthirsty purposes
but which may even help us to under-
stand what makes us bloodthirsty. The
author does not think the human brain
will evolve to a larger, more complex
organ, but it seems reasonable to suppose
that fuller and better use can be made of
the existing equipment. Altogether this
is a handsomely written book—poetic,
witty, exciting both in its facts and in its
conjectures.

HE APPLE AND THE SPECTROSCOPE,
by T. R. Henn. Methuen & Co., Ltd.

| ($2.75). The title of this admirable vol-

ume is an apt summary of its conjunction
of beauty and wisdom. In 1947 a group
of Cambridge science students asked the
University to organize a series of lectures
“for their special needs” on some aspect
of English literature. Henn, who pre-
pared the course, is a noted critic of W.
B. Yeats and an English lecturer at St.
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Before you invest in a radio-phonograph . . .

get the facts on high fidelity from

the world's best listener—Mr. Deems Taylor

High Fidality Music System in the home of Mr, Deems Taylor

\‘Fé‘éedom of design is just one of many reasom why those
_who know music best have long been at home with High

Fidelity home music systems by Craftimen. For when you
buy Croftsmen units you also buy the freedom to choose
only those units your needs dictute. You buy the means of
bringing inlo your home the thrilling realism of a five
musical performance. And best of all—the cost is for less
than you might imagine.* Visit your Radio Parts Supplier
foday for o demonutration of distinetly better list

9

*Craftsmen "Assembly” High Fidelity Home Music System-—$275.

. igh fdely s ratsmet ...

The Radio Craftsmen, inc.: World's lorgest exclusive makers of high fidelity radio and television equipment

“Whether or not you are o setious student of music,

I think you will discover thot one of the great advontages
of buying High Fidelity units is the amazing fexibility of
installation it affords. You con spend o3 much or o litlle
os you desire—ond you con exercise your imagination
and talents for design.”

Send for this
*"How To Do It" Booklet
By DEEMS TAYLOR

America’s foremost music authority tells, in simple, none
technical language, what High Fidelity means to music
lovers. Tells how to assemble units... how to buy and
install them. lllustrations of many typical installationss
24 pages in color. Write to: The Radio Craftsmen, Inc.,
Dept. AI0, 4401 N. Ravenswood Ave., Chicago 40, Il
(Enclose 10¢ to cover mailing and handling.}

-
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Roy W. Lessard, As-
sistant Chief of Design.
Has had extensive aero-
nautical design and

structures experience
with many leading air-
craft manufacturers
and is part of the Fair.
child engineeringteam.

INCINE AND RINFIANE CORPORATION

&= FAIRCHILD 10 2iisin

HAGERSTOWN, MARYLAND

@&W

AN_INVITATION
10 YOU TO GO
PLACES WITH

FaircHILD

A secure future, exceptional
opportunities for advancement,
and a high starting salary await
you at FAIRCHILD. We have open-
ings right now for qualified en-
gineers and designers in all
phases of aircraft manufactur-
ing.

Paid vacations, liberal health
and life insurance coverage,
5-day, 40-hour week as a base.
Premium is paid when longer
work week is scheduled.

The
Metals
Handbook

1332 Large pages
1752 lllustrations
1057 Tables

803 Articles
1,620,000 Words
40,000 Copies in use

Here is a book without a competitor
....a book written by more than 500
scientists and engineers for all those who
need accurate and authoritative informa-
tion about metals. The Metals Handbook
has been 25 years in the making. The cur-
rent, 7th edition was compiled and writ-
ten by 68 committees of the American
Society for Metals; more than 500 con-
tributors were hand-picked by the Society
as the top experts, the men best quali-
fied to write the most authoritative pos-
sible reference book on metals, metal
properties, fabrication and wuses. The
book is divided into 37 principal sections
and contains 803 separate articles and
data sheets on metals, properties, uses,
processing, testing, inspection, control
and research. All metals, all processes,
are included. The 64-page index and 4-
page section on how to use the book
make it easy to find what you want.

Over 40,000 copies of this edition are
now in use by scientists and engineers of
all kinds who need accurate information
about metals. Order your copy today by
returning the coupon. Price is $15.00.

r - - - o - e - - am == . ﬂ
American Society for Metals, Room 352'

1 7307 Euclid Ave., Cleveland 3, Ohio i

i Rush me a copy of Metals Handbook. i
NAME

! COMPANY !

I ADDRESS I

] CITY _ STATE 1
[] $15.00 Enclosed O Bill me.

T )
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The fascinating record
of a life spent in search of
the secrets of the earth

@@%W@%%%’Tfﬁ@%

by HANS CLOOS

Hans Cloos was one of the great geolo-
gists of this century. His penetrating
investigations of the earth’s crust were,
in the words of a fellow geologist, “as
unique as his extraordinary personal-
ity.” Here, in an autobiography which
might have been called The Earth
Around Us, he records his experiences
on the deserts of Africa, in the jungles
of Java, the frozen North, the pictur-
esque Alps, and the barren wastes of
the American West. This is an engross-
ing book even for those who know
nothing about geology. 71 illustrations,
7 maps.

$5.75 at all bookstores
ALFRED A. KNOPF, Publisher

AARCTIAARCEEIAAK |
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Catherine’s College. He surveyed the
“mechanisms and technique of poetry”
from the 15th-century Scottish ballad of
“The Twa Corbies” to T. S. Eliot’s “The
Waste Land.” In his lectures Henn hit
just the right note, neither condescend-
ing nor taking too much for granted,
treating the problems of poetry rational-
ly and with no high-flown obscurities. In
part he spoke to the science students in
the language of science: e.g., he used
diagrams and simple mathematical sym-
bols to explain poetic structure and rela-
tionships. The collected lectures make
an intelligent, original and uncommonly

fine book.

I DrANK THE ZAMBEZI, by Arthur Lov-
eridge. Harper & Brothers ($4.00).
Loveridge, the curator of the Harvard
Museum of Comparative Zoology, spent
a year in Nyasaland, a British protec-
torate in Southeast Africa, collecting
specimens of frogs, lizards, snakes and
mammals for the Museum. With the
help of his wife, his sister-in-law, native
guides and a Dodge truck, he gathered
4,000 examples of the disappearing wild
life of this region, where the forests are
going rapidly. Loveridge imparts his
amusing and hazardous adventures on
the Zambezi River with well-mannered
zest. His opinions on the backwardness
of African natives and the folly of en-
trusting them with even partial self-gov-
ernment probably would not offend
Premier Malan, but otherwise this is a
better-than-average naturalist’s diary.

NIAN AND THE CHEMICAL ELEMENTS,

Newton Friend. Charles
Scnbnel s Sons ($6.00). Friend, an Eng-
lish chemist, tells the story of the chemi-
cal elements from the earliest time, when
no one knew what they were, to the
present, when a surfeit of knowledge has
reduced us to learned confusion. Besides
presenting a clear and accurate account
of the main aspects of his subject, Friend
rambles over many diverting side paths:
The largest bell in the world, the 200-
ton Monarch of Moscow cast in 1735,
doesn’t ring. The word “gibberish” is de-
rived from Geber, a famous Arabian al-
chemist who was a master of the jargon
of his profession. The German word for
the spiteful goblins who inhabit mines is
“Kobalds,” whence we get the name “co-
balt.” The largest diamond ever found
(the Cullinan, discovered on a farm
near Pretoria) weighed 3,016 carats
(1.3695 pounds), was valued at £20
million and won its finder a knighthood.
The first authentic article of aluminum
was a rattle for the infant who grew up
to be Napoleon III.



What General Electric people are saying . ..

C. W. LaPIERRE

Myr. LaPierre is Vice President and
General Manager—Aircraft Gas Tur-

bine Division

‘e

. . In my opinion, research and
development organizations, includ-
ing our many capable universities,
should always be primarily in-
terested in exploration which leads
to establishing principles. They
should not attempt, by themselves,
to direct the course of aviation
progress. For example, they should
establish the operating limits on a
particular material or the relative
merits of different thermodynamic
cycles. But they should not try to
dictate how their findings should be
used. This responsibility must be left
to the designer. Research and develop-
ment organizations should work
with the industry in helping es-
tablish limitations and principles;
they should anticipate problems
and solve them. Their solutions
make it possible for the aircraft in-
dustry to overcome obstacles that
might otherwise delay progress for
years.

But regardless of who conducts our
research and development projects,
or how they are conducted, the
nation’s efforts in this field must not
be allowed to dwindle.

The Soviet has, and will un-
doubtedly continue to hold, the ad-
vantage of mass—mass of manpower
and material. We cannot hope to
overtake them on those two scores.
But our system of government is such
that it encourages freer thinking and
more rapid development. Our de-
fense lies in the ability to outdevelop
them—to neutralize their ponderous
weight of arms with more advanced
machines and methods. Our nation
is blessed with the brain power and
facilities to press this advantage.
Our danger lies in the curse of
lethargy that would allow them to
lie fallow.

at The Air Force Association
W ashington, D. C.

A. W. SCHMITZ and H. L. PALMER

Myr. Schmitz is Manager of Equipment
Engineering, Industry Control Depart-
ment

Mr. Palmer is Manager of Electronic,
Regulator and Aircraft Engineering, In-
dustry Control Department

... Today’s high production speeds
require controls with swiftness of
response that can no longer be sup-
plied manually. Self-regulating con-
trols are the answer. At the same
time, there’s a constant evolution of
control principles and amplifying
means to obtain even faster speeds
of response, and more accuracy of
performance.

In the 1930’s, the amplidyne—or
rotating amplifier—was applied in
industry where the sensitive capabili-
ties of electronic tubes weren't
needed, and where there was reluc-
tance to use such fragile equipment.
In subsequent years, however, con-
trol equipments were designed using
the electronic tube and amplidyne in
combination. Today, by contrast,
the trend is toward replacement of
both types with the static, or mag-
netic, amplifier.

Of tremendous help to the engineer
in solving the complex control prob-
lems that lie ahead will be me-
chanical and electronic calculating
machines. For in addition to solving
mathematical equations, they can be
used to simulate the electric ma-
chinery for which the control is
designed. Thus, a more thorough
test of the control can be made in
the factory prior to installation at
the customer’s plant. This new tech-
nique has already reduced installa-
tion and tune-up time to a high
degree.

Controls of the future may well
include computers and information-
storage devices to permit measure-
ment and integration of operating
factors in a process. That is, the
control itself will make necessary

calculations and automatically cor-
rect the process to get the desired end
product. When we reach this stage
of control, our nation’s industrial
productivity will have no limits.

G.E. Review

C. F. GREEN

Dr.Green is Engineer— Advance Develop-
ments, Aeronautic 5 Ordnance Systems
Division
... The successful conduct of the
rocket flight of a complex piece of
experimental equipment is an ardu-
ous undertaking. Not only is it
necessary to have equipment operat-
ing properly and reliably without
personal attention; but also it is
necessary to co-ordinate a large field
of operations involving final missile
assembly, handling and firing de-
tails, a network of optical and radar
tracking stations, a system of radar
receiving stations, a range safety
grouF for protection of inhabitants
and for command cut-off of rocket
motor power in the event of a
probably dangerous trajectory and a
recovery group. Because of the large
number of people involved in a fir-
ing, the date and hour of firing is
fixed considerably in advance. Dead-
lines are not easy to meet with
varied pieces of laboratory type
equipment. There are problems of
doing adequate pre-flight check-out
of equipment under difficult field
conditions—such as extreme temper-
atures, sand storms, rain, hail and
winds. In general, each flight, since it
carriesdifferentequipment, separately
engineered for its particular require-
ments, places special problems upon
the missile men as well as the ex-
perimental agency or agencies, all
working together with a common in-
centive to accomplish the planned
objectives.
at Oxford University
Oxford, England

GENERAL @3 ELECTRIC
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Conducted by Albert G. Ingalls

r I Yhe U. S. climate tends to reach its
extremes in the nation’s four cor-
ners. Wynoochee Oxbow, Wash.,

is the wettest locality: during one 13-

year period annual rainfall there aver-

aged about 150.73 inches. The most vio-
lent downpour, however, was recorded
in the Southwest at Thrall, Tex., where
during a 24-hour interval on September

9, 1921, a rain gauge measured 38.20

inches. The southeast corner of the na-

tion claims the second heaviest rain:

23.22 inches during a 24-hour period in

October, 1924, at Smyrna, Fla. Green-

land Ranch in Death Valley, Calif.,

records the smallest rainfall: a yearly
average of only 1.35 inches. Greenland

Ranch also claims the temperature high,

134 degrees registered on July 10, 1913.

The record low is 66 below zero, ob-

served in Yellowstone National Park on

February 9, 1933. From the remaining

corner, the state of Maine insists that a

snowfall of 96 inches in four days puts

her in competition with California’s 884

inches—more than 73 feet—during the

winter of 1906-07. The best that the cen-
tral states can do is to claim a record for

the largest hailstone ever measured: a

stone which fell at Potter, Neb., on July

6, 1928, and, placed on the scales im-

mediately, weighed 1/ pounds!

All of these statistics, together with
unnumbered millions of others, were
gathered by members of an organization
of amateur weather men who cooperate
with the U. S. Weather Bureau. Official-
ly they are known as Cooperative
Weather Observers. Their geographic
distribution across the nation is indicated
by the map on page 115. No matter
where you go in the U. S. you can find an
amateur meteorologist within 50 miles,
and the chances are not remote that one
lives across the street from you. Most of
these amateurs are cooperative observers
for the Weather Bureau.

14

On the nationwide net of weather observers

and the ruling of a grating on a cylinder

These amateurs play a direct role in
all our lives. They contribute to our com-
fort and stretch the pennies in our
pocketbooks. The price of fuel oil for
space heating, for example, is largely
determined by the cost of local distribu-
tion. If your fuel dealer can hold down
the frequency of his deliveries by making
maximum use of the storage capacity of
your tank, he can reduce his bill. If you
are willing to cooperate, the dealer will
permit the pattern of your local climate
to dictate your delivery schedule. In the
U. S. that pattern is charted almost solely
from data contributed by the Coopera-
tive Weather Observers. What you will
pay for coffee a year from now can be
estimated from their reports. These ob-
servers also play a military role. Should
the date for testing a guided missile at
White Sands proving ground in New
Mexico be set for October 15 or Novem-
ber 15? The probability of the desired
weather on each date can be ascertained
by Army meteorologists in a few minutes
—from records compiled through the
years by cooperative observers. On
which side of Indianapolis, Ind., should
you erect a new factory for, say, making
fine electrical instruments? Where in the
U. S. would breadfruit thrive? Should
your daughter plan to hold her garden
party early or late in June? Collectively
the cooperative records can give you cli-
matic odds to meet any of these needs,
along with a factor of probable error that
is exquisite in its refinement.

Like amateur groups in general, co-
operative observers come from all walks
of life. The first weather records on the
American continent, according to W. F.
McDonald, Chief Climatologist of the
U.S. Weather Bureau, were kept by the
Reverend John Campanius at Swedes
Fort near Wilmington, Del., in 1644. It
was not, however, until 1891, nearly 250
years later, that the immensely valuable
work of the amateur weather observers
came in for official recognition. The
present dean of the observers is Dudley
I. Craig, a civil engineer who lives on the
Pinal Ranch in Arizona. Mr. Craig be-
came a cooperative observer on March 1,
1893, at the age of 18. There is no ade-
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quate measure of the service he has free-
ly contributed to his fellow citizens. His
record spans more than 60 years.

At the other age extreme we find the
granddaughter of Charles F. Brooks, Di-
rector of the Blue Hill Observatory of
Harvard University, who became an as-
sistant cooperative observer at her home
in Missouri at the age of six. Her admis-
sion to the ranks illustrates the fact that
sometimes whole families get into the
act. All seven of Dr. Brooks’ children are
interested in weather observation and
forecasting—one of them professionally.
It is not at all uncommon for a son to
continue records first kept by his father.
Hundreds of the thermometers and rain
gauges that the Weather Bureau has is-
sued to amateurs over the years are now
being tended by the third generation.

Few amateurs in science can compete
with the weather men and women in
regularity and devotion. Hundreds of
them have been reading their “max-min”
thermometers seven days a week at pre-
cisely the same time each day, 7 a.m. or
7 p.m., for more than a decade at the
same address without a single miss!
Some have done so for more than 50
years.

Offhand it may seem that keeping
track of the weather and making studies
of local climate can scarcely provide
enough activity for a full-scale avoca-
tion. To learn what keeps an amateur
meteorologist busy, we dropped in on
William Martin recently. His weather
station at Long Branch, N. J., has earned
a Class B rating, which means that he is
authorized to disseminate official Weath-
er Bureau forecasts for his community.
Mr. Martin works for the telephone com-
pany and lives in a large, two-story house
in a quiet part of town.

We asked him how an amateur mete-
orologist spends his day. “It begins at
5:30 a.m.,” he said, “and often fishing
crews begin calling even earlier. I don’t
have much time for breakfast, because
the recording instruments have to be
serviced, and two of them, the water
thermograph and wave recorder, are lo-
cated on the beach more than a mile
away. They show the temperature of the



ocean and how rough it is. Often I have
to make a special trip to the pier to fly
storm warnings. When these jobs are out
of the way and all the readings are in
hand, I call New York. We have a direct
wire to the Weather Bureau office there
and I usually spend half an hour or so
exchanging data. Then I get busy on the
paper work. Meanwhile Mrs. Martin
handles the incoming calls. We have two
telephones and average about 50 in-
quiries a day. During hurricane weather
the calls go up to 400 or more. When the
records are finished, it’s time for me to
get down to the local broadcasting sta-
tion, where I go on the air with the
weather at 7:30. After the broadcast it’s
time for work. We amateurs have to earn
a living the same as anybody. The eve-
ning routine is pretty much the same,
except that other chores substitute for
the charts and broadcast. We have quite
a few instruments to maintain, and that
means an endless round of tinkering.”
Martin’s instruments are installed all
over the place. Several were supplied by
the government. A 65-foot tower near his
garage supports a recording air vane,
two anemometers—one for measuring
wind speeds down to one mile per hour
and the other for gusts of hurricane in-
tensity and an ultra-high-frequency radio

antenna. Two rain gauges, one an auto-
matic dump-bucket type which registers
inches of rainfall on a graph in the house,
are installed in his back yard at a spot
protected from the wind. Behind the gar-
age a 14-foot tower supports a small, ven-
tilated enclosure reached by a stairway.
This is the instrument shelter. It is made
of slats, somewhat like a Venetian blind,
which permit a free circulation of air.
It houses conventional minimum and
maximum thermometers, a barograph, a
thermograph, a hair hydrograph, wet-
and dry-bulb thermometers and a ther-
mocouple which works with a remote
dial in the house for convenience in read-
ing outdoor temperature. The sensing
element of a sun gauge is mounted on
the roof of the house and registers on a
graph indoors.

A converted bedroom on the second
floor serves as the operating center of the
station. Two sides of the room are taken
up by instrument panels. All over the
room is a clutter of cloud charts, weather
maps and related tabular displays such
as you would find in a Weather Bureau
office.

“Not much activity tonight,” observed
Mr. Martin. “We will have nice weather
today and tomorrow. There’s a big high
moving in slowly from the midwest and

another off Bermuda. You've probably
heard about Barbara. That’s the name of
the season’s second hurricane. She’s
about 300 miles east of the Florida coast
right now and moving north at eight
miles per hour.”

At that moment the telephone rang
and Mrs. Martin told a local yachtsman
that it would be all right for him to take a
cruise off the Jersey coast the following
day. “If the pattern of highs fails to move
as it should,” Martin continued, “Bar-
bara can give us some nasty weather. But
she will need at least three days to reach
here. When hurricanes threaten, we get
a lot of calls like the one Mrs. Martin just
answered. You should come down the
day after tomorrow if you want to see
how things go when we get busy.”

We asked Mr. Martin what he finds
most interesting in his hobby. “I enjoy
reading about the scientific aspects of
weather a lot,” he said, “but I rely on the
Weather Bureau for technical informa-
tion. Some of the other fellows, like Har-
ry Larkin, who keeps a station at Elma,
N. Y., or Wendell Kilmer, out on Long
Island, go in for meteorological research.
I specialize more in the application of
weather information.”

Martin’s reference to Harry Larkin re-
minded us of our visit to Elma some

This pattern of dots shows amateur weather stations that cooperate with the U. S. Weather Bureau
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The basic principle of the Merton ruling engine

months ago when Larkin described his
seismological station for this department.
Larkin’s interest centers principally in
the dynamic processes of weather. As his
account in our April, 1952, issue re-
marked, he is concerned with the rela-
tion between the movement of low-pres-
sure regions in the atmosphere and the
intensity of microseisms in the earth.

For several years Larkin has also been
investigating the theory of pre-frontal
waves. According to this theory, the vio-
lent interaction of two air masses can
generate waves of pressure which are
propagated a considerable distance, as
much as 150 miles, in advance of the
front. Such waves, appearing without
warning, may explain why aircraft some-
times get into trouble while passing
through zones thought to be free of dan-
gerous turbulence. If such pre-frontal
waves exist, Larkin reasoned, under ap-
propriate meteorological conditions thin
clouds should form in the low-pressure
regions of the waves and disclose their
presence. To check the theory Larkin set
up a horizon-to-horizon motion picture
camera which makes time-lapse photo-
graphs of the sky every day from dawn
until dusk. The results, although incom-
plete at present, have attracted wide at-
tention in professional meteorological
circles.

The theory of pre-frontal waves is only
one of a great number of meteorological
problems open to study by amateurs.
The field of micrometeorology, for ex-
ample, offers almost endless opportunity.
Several years ago amateurs in a section
of Long Island, among them Kilmer,
who is a professional photographer, no-
ticed a curious disagreement of their
early-morning temperature readings.
The thermometers in a narrow region
near Kilmer’s station read some 20 de-
grees lower than those in the surround-
ing countryside. From this accidental ob-
servation grew a study which took many

6

months. More than a score of amateurs
cooperated in establishing a fine-grained
network of observing stations in this
area, and in this way they discovered
and mapped Long Island’s famous “ice
box.”

The ice box occupies an elongated de-
pression in the vicinity of the Brook-
haven National Laboratory. It lies be-
tween two low ridges that shield it from
heat radiated by Long Island Sound on
one side and from the Atlantic Ocean on
the other. A narrow valley links it with
the sea. Its soil consists, for the most part,
of light-colored sand.

By making many closely spaced obser-
vations of temperature and wind direc-
tion near the surface, the amateurs
gradually learned what makes the ice
box work. The explanation begins with
the fact that heat is radiated from the
sand more readily than from the soil of
the surrounding terrain. When the sun
goes down, this cooling creates a layer of
dense air over the area. The cool air then
flows down to the sea. Thermometers be-
gin to drop. Cool air forming over the
surrounding terrain also is drawn into
the ice box and flows to the sea. The ice
box thus becomes a meteorological
drainage area. In the meantime the sur-
rounding terrain is absorbing heat ra-
diated from the Sound and the Ocean.
Hence the temperature differential con-
tinues to increase, with the coldest air
always flowing into the drainage system.
From a practical point of view your ap-
preciation of the ice box will depend on
whether you are a truck farmer intent on
raising late tomatoes in it or an office
worker seeking a dwelling site in which
to escape the heat of the city.

Amateur interest in micrometeorology
has risen sharply during the past decade
as cooperative observers have learned its
importance in analyzing local climate.
Climatologists need to know at all times
how much water is being held in the soil.
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It is very hard to get an accurate esti-
mate of the evaporation from the soil or
the transpiration of water by plants by
any conventional means. Micrometeor-
ology suggested a simple solution. Mois-
ture escaping from the ground first
enters a thin and relatively stationary
“boundary layer” of air at the surface. It
then diffuses into a relatively thick tur-
bulent layer above, which carries it
away. The mixing process tends to dis-
tribute moisture uniformly through the
turbulent layer, but if water continues
to enter the layer from the ground, the
humidity is relatively high at the bottom
of the layer and decreases with height
above the surface. In other words, the
layer shows a moisture gradient. Ac-
cordingly, micrometeorological measure-
ments of temperature, wind velocity and
humidity at successive intervals through
the turbulent layer indicate the rate at
which water is being carried away.

Frederick Lichtgarn, an amateur in
Chicago, recently invented an electronic
hydrograph element which he hopes witl
lead to the design of a direct-reading
evaporation meter by utilizing the micro-
meteorological method. Lichtgarn’s ele-
ment, a specially processed ceramic, pro-
duces a voltage proportional to the vapor
content of the air. When this voltage is
combined through an appropriate ana-
logue circuit with others proportional to
temperature and wind velocity, the re-
sulting voltage should represent the total
transportation of moisture from the soil.

According to David Ludlum, a co-
operative observer who combines plea-
sure with business by editing Weather-
wise, the popular journal of the Ameri-
can Meteorological Society, you can’t
name a branch of science that is not inti-
mately bound to meteorology in some
way. That is why many meteorological
amateurs parallel their enthusiasm for
weather watching with an equal interest
in some other field.

“I can name scores of cooperative ob-
servers,” said Ludlum, “who go in for the
earth sciences. When the study of today’s
climate fails to absorb enough free time,
many of the fellows get fun out of check-
ing up on the weather in their commu-
nity as it used to be—not merely a decade
or so ago but thousands or millions of
years ago. During the Silurian and Juras-
sic periods the earth drifted along for
thousands of years with one balmy day
merging into the next. That is how
periods like the Pennsylvania could pro-
duce such giant ferns and other lush
vegetation. The times enjoyed an ideal
balance of moisture and temperature.

“When an amateur meteorologist goes
fossil hunting, he is looking for some-



thing more than a curio for his mantel-
piece. The story he learns to read in the
rocks adds to his knowledge of paleo-
climatology. Not all amateurs live near a
region that abounds in fossils, of course,
but this does not bar the study of ancient
climate to them. One advantage of cli-
mate as a hobby is the fact that we have
weather everywhere—and always have
had. So the fellow in Wisconsin or Iowa
can go in for geochronologic climatology
or documental climatology.

“Did you, as a boy, ever dig your bare
toes into the mud of a pond or lake bot-
tom when the water was low and wonder
what caused the soil to settle in thin,
sharp layers somewhat like tree rings?
These layers are called ‘varves.” During
the rainy season run-off transports silt
into the lake, where the coarse material
drops to the bottom quickly. Then in
winter when the surface freezes a second
coat is added—a thin layer of material so
fine that it takes many weeks to settle out
of suspension. The combination of these
two layers marks the passing of a year.
Wet years produce thick varves and dry
years thin ones—just as in the case of tree
rings. The idea of using varves to extend
investigations of climate back year by
year was suggested by Gerard De Geer
in 1878. An event which took place in
Sweden some 150 years ago has enabled
us to tie our own climatic chronology
into varve geochronology. In 1796 the
Swedes totally drained Lake Ragunda.
Fortunately the operation did not de-
stroy the uppermost varve; hence it is
dated definitely. More than 1,100 others
below it have been carefully counted
and their thicknesses charted. Because

no two years are identical climatically,
each span of time is marked by its own
pattern of varves. Varves from one local-
ity often can be matched up with those
of another. That is how the record is ex-
tended, and persistent work has driven
it back nearly 14,000 years.

“Only a few of the gang, so far as I
know, go in for documental climatology
to any extent. These amateurs browse
through old manuscripts which, though
usually written for some purpose unre-
lated to climate, give valuable clues
about it—the movement of populations,
bumper crops, periods of famine, changes
in trade routes forced by floods or
droughts, mention of a rainless year.
Several amateurs have used this method
in extending the records of the U. S. cli-
mate back to the days of the first colo-
nists. They comb old newspaper files
and the archives of local historical so-
cieties for any bit they can find.

“Most of us, however, get all the paper
work we want just keeping track of to-
day’s weather. We do not find that part
of our hobby tedious or dull.”

For several years ruling-engine experts

(see SCIENTIFIC AMERICAN, June,
July, August, 1953) have watched the
progress of a new method of ruling dif-
fraction gratings being developed in
England by the spectroscopist Sir
Thomas Merton and others. Merton has
designed a machine which, instead of
making parallel grooves by means of a
diamond shuttling back and forth over a
flat blank, rules a continuous spiral

groove like a fine screw thread on a metal
cylinder. The cylinder is then coated

Variations on the basic Merton principle
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with a cellulose liquid which dries on as
a thin film or skin. This cylindrical skin
is slit lengthwise, peeled off like the bark
of a tree, uncurled and mounted on flat
glass for use.

Much research has been devoted to
the improvement of this method by Mer-
ton, by R. G. N. Hall, G. D. Dew and
L. A. Sayce of the British National Physi-
cal Laboratory and by the optical firm of
Hilger and Watts, Ltd.

The Merton machine has met with
the usual extremes of overenthusiastic
praise and derision, according to the
critivs” predilections. Objective observers
are waiting to see how it works out, re-
membering that in a century of ruling-
engine experimentation there have been
many machines whose performance
failed to equal the predictions that the
experimenters were apparently unable
to resist publishing.

The Merton principle is an attempt to
get around the inherent difficulties of the
traditional method—the uncertain posi-
tioning of the ruling diamond due to
variations in lubrication as the engine
continually stops and starts, and the resid-
ual errors in parts of the engine. It sub-
stitutes for the back-and-forth action “a
continuous lathe-like action, avoiding all
intermittent and reciprocating move-
ments and maintaining constant stress in
every component of the machine
throughout the whole ruling operation.”
Yet the Merton method has its own in-
herent difficulties, which have only been
partly remedied. Therefore the follow-
ing is a progress report and not a final
one.

The method in practice is not simple.
No existing lathe can rule a spiral groove
on a cylinder with enough precision to
qualify as the matrix for duplicating a
diffraction grating, in which the toler-
ance of error is only one millionth of an
inch. It is uncertain that a perfect lathe
can ever be built. Nevertheless Merton
found a way to make a lathe accomplish
the miracle of reproducing an almost
perfect helix directly from an imperfect
helix ruled by a lathe. Let’s look at the
apparatus that does this, shown in its
original form by Roger Hayward’s sim-
plified drawing on page 116. A polished
stainless steel cylinder an inch in diam-
eter and a foot in length is put in a pre-
cision lathe and threaded at 2,000 turns
per inch for a distance of half its length
plus an inch. This ruled helix will have
all the serious periodic errors inherent in
the lathe. Next a nut is run on the cyl-
inder with an extension rod that places
the diamond on the unruled portion. A
wheel on the end of a side arm below the
cylinder (see cut) keeps the nut from re-
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volving while the cylinder rotates. (The
means of rotation is not shown in the
drawing.) The nut therefore moves
along the cylinder. As it does so, the dia-
mond rules a practically perfect second-
ary helix on the unruled part.

How can you rule a perfect helix from
an imperfect one as a guide? Here is the
answer. The threads of the nut consist of
three small equally spaced strips of un-
threaded cork coated with graphite, each
about three eighths of an inch wide. The
trick lies in the elasticity of the threads.
The cork is elastic enough, or a part of it
slips enough, or both, to average out the
periodic errors of the primary grooves
and produce almost perfect secondary
grooves. The cylinders are practically
free from taper and ellipticity and are
honed and lapped optically smooth with
pitch. This method of causing a part of a
cylinder to act as its own lead screw also
eliminates the thrust bearings that give
trouble on conventional engines. Optical
evidence in the Merton articles proves
that the periodic errors due to the lathe
practically disappear.

In 1950 Kenneth R. Eldridge, scien-
tific liaison officer at the Office of the
U. S. Naval Attaché in London, investi-
gated the Merton machine and varia-
tions of it at the National Physical Labo-
ratory and at Hilger and Watts. He
found the Laboratory using a cylinder

% by 12 inches, on which it had en-
graved a thread with a pitch of one
15,000th of an inch. The ruling was
made with a simple lathe like an ordi-
nary South Bend make. The thread of
course was full of periodic errors. But in
ruling the rest of the cylinder these er-
rors were averaged out by the elastic
follower nut already described. Since a
diamond ground to simple knife-edge
shape can be used as the ruling edge on
the cylinder, the difficult technique of
shaping a diamond for the oscillating
type of ruling engine is simplified.

Eldridge found that Hilger and Watts
had a machine which avoided the prob-
lem of optically finishing a long metal
cylinder. The principle of their machine
is shown in the upper left-hand drawing
on page 117. It uses two short cylinders,
each rotating in corklined end bearings
having threads with zero pitch (closed
rings instead of a helix). The lathe first
engraves a coarse thread on the rear cyl-
inder for a length of two inches. The
thread has one thirtieth as many turns
per inch as the final spacing desired for
the grating; for example, it is ruled with
500 turns per inch to produce a grating
with 15,000 turns per inch. A cork elastic
nut is then mounted on the rear cylinder,
and the front cylinder is rotated by out-
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side means not shown. Because of the
1-to-30 gear ratio, the diamond, moved
along the front cylinder by the nut on
the rear cylinder, engraves on the front
cylinder 30 grooves in the space of each
groove on the rear cylinder.

A length of one inch is engraved by
this method, and this will contain the
errors of the gearing. These errors are
then got rid of by mounting an elastic
nut on the front cylinder, attaching the
diamond to that nut and engraving a
groove along its length (lower left-hand
drawing on page 117). As the nut leaves
the original one-inch of thread, it is
picked up by the thread being engraved
and carried forward, self-driven by the
thread.

The physicist observer at the U. S.
Office of Naval Research in London re-
ported that in the experiments the pro-
gressive errors had proved to be very
small, but that they remained a problem.
Another problem was the fact that the
delicate grooves already engraved were
damaged when the elastic nut passed
over them.

Last year Hall and Sayce of the Na-
tional Physical Laboratory described
some of the inherent faults of the Merton
method. The helical grating still had two
kinds of errors: periodic, caused by regu-
larly repeated errors of pitch of the fine
helix, and progressive, caused by com-
paratively slow and usually irregular
variations of pitch. The principal prob-
lems in producing helical gratings are
the elimination of these errors and the
production of grooves of such profile that
they will reflect and diffract the light in
the same direction (blazed gratings).
Two methods are being investigated.

The first method uses the gearing al-
ready described in a modified form (see
upper right-hand drawing). A four-inch
length of primary helix is cut on the rear
cylinder with a single diamond. This
helix therefore possesses all the progres-
sive errors of four inches of the lathe’s
lead screw. A gang of four diamonds, or
perhaps six, simultaneously cuts a four-
inch length of helix on the front cylinder.
By this dodge the helix ruled contains
the progressive errors of only one inch of
the lead screw, since only one inch of that
screw has been used. The four portions
of the composite helix may be out of
phase with one another, but experiment
shows that this does not adversely affect
its guidance of the Merton nut on the
rear cylinder. The subdivision of the pri-
mary helix may be further extended and
the four diamonds multiplied indefinite-
ly by substituting for the diamonds a six-
inch strip of abrasive material (lower
right-hand drawing). A few turns of the
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lathe inscribe on the front cylinder a
large number of scratches, each with the
correct helix angle. From this a Merton
nut is found to inscribe a secondary helix
free from both periodic and progressive
errors. The method is not without prac-
tical difficulty, and its details have not
yet been fully developed.

The second method being investi-
gated attempts to escape from two diffi-
culties: the damage to the primary helix
when it is used for generating a second-
ary helix, and the fact that the grooves
guide best when symmetrical in profile,
while a symmetrical profile is rarely re-
quired in a grating. The solution, not
shown in the drawings, is the use on the
same cylinder of two trailing diamonds
instead of one. The first rules the guiding
grooves while the second is ruling
blazed grating groove some inches far-
ther along.

Experimenters have found the pith of
the elder tree, used by jewelers, to be
an even better material than cork for the
elastic nuts. If well lubricated, it shows
no tendency to cause progressive error.
Hidurex, an aluminum bronze, is a bet-
ter material for the cylinders than steel.
Cylinders an inch in diameter have
proved most convenient.

Some critics, reasoning that these fan-
tastic methods ought not to work, have
therefore concluded that they do not
work. They are partly correct. The proof
of the pudding is not in the reasoning but
in the gratings, which are good but not
good enough. The spectra they make are
said to be completely free from ghosts,
but progressive errors remain.

In sum, the experimenters say they
have been able to rule plane gratings 2%
by 7 inches free from all periodic errors,
with predetermined blaze. Most of these
have been relatively coarse gratings,
spaced 5,000 to 12,000 grooves in an
inch. To try to rule finer gratings with
the required freedom from progressive
errors, the experimenters are building
an improved lathe. They are also build-
ing an experimental engine to rule con-
cave gratings. All this is the mechanical
part of the Merton method. The final
stage, most difficult of all, is to be able to
reproduce the gratings ruled. Dew and
Sayce reported in 1951 that they had de-
veloped a process by means of which
they were able to achieve fidelity be-
tween the grating and replica, as far as
spacing goes, within a very small frac-
tion of a wavelength of light. Unfortu-
nately the same replica may not be faith-
ful in the shape and depth of the
grooves. This essential problem, in addi-
tion to those already described, has
therefore not yet been solved.
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A chain of flexibly coupled, hollow
rubber spheres loop over drive pulley
and through air-filled “J” chamber. Un-
derwater end of “J” chamber forms
water seal as spheres go through aper-
ture. Neglecting friction: Will this ma-
chine operate? If so, which way does
it go? *
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PHYSICAL CHARACTERISTICS

Pyridine is more stable to oxidation than
benzene, tends to undergo substitution
rather than additions, but is not as easy
as benzene to substitute.

Because pyridine is more resistant to the
usual aromatic substitutions, bromination
can be accomplished only in the vapor
phase at about 300-degree temperature,
and sulfonation and nitration can be
effected only under forcing conditions; sub-
stitutions always occur in the beta position.

In degree of reactivity pyridine corre-
sponds to nitrobenzene rather than ben-
zene.

2° Refined Pyridine is well worth further
study in your laboratory.

Typical Analysis of
U-S+S 2° Refined Pyridine

Distillation, °C

Start. ..o i 114.0
5% e 114.4
End Point.......... ... ...l 115.5
Range. ... ... ... ... ... .. .. ... 1.5
Specific Gravity at 15.5/15.5°C. . ........ 0.988
Color (Saybolt). . . . B -+20
Water, Do e voe e e 0.1

FOR FREE LABO
jent coupon to Co
Steel Corp
pittsburgh 30,
to our neares

r---___

(o

REFINED
PYRIDINE

C;H;N

United States Steel offers 2° Refined Pyridine of high
quality and purity for use in the manufacture of vita-
mins such as Niacin and Niacinamide; in medicinals
such as antihistamines and sulfapyridines; in the pro-
duction of water-repellent fabrics; in the manufacture
of insecticides; as a solvent for dyes; and in the rubber
industry. In addition, pyridine undoubtedly has a host
of other applications, undeveloped up to now due to
limited availability. It is available now in ample quan-

tities, either in 55-gallon drums or tank-car lots.

n the conven-
. Just send lUmbed States

enn Place,
letterhead

RATORY SA.MPLE

oratlona’x E(:)(;mwrlte on your company

t Coal Chemical Sales Office. -
- — - — - - - e [

- —

1 Sales PDivision
Soat ?thetl.n 12: Steel Corporat)lg:lz 18.C
U;gtSVﬂham Penn Place, Ro

thtsburgh 30, Pa. - rgation

h
send me, wit
R Poridine

free laboratory sample

U-S'S Coal Chemicals
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With new
Changeable Type Bars

124

loithicy Typewnitens

really “speak your language™”

In your business do you need certain
special symbols from time to time for
typing letters, manuscripts and reports?

Then what you need is an IBM Elec-
tric Typewriter because Changeable

Type Bars can be installed in every
new IBM!

This revolutionary and exclusive
Electric Typewriter development makes
it possible to interchange in certain
key positions regular and special type
bars as needed. The wide selection of
optional type characters includes sci-
entific, mathematical, foreign-language
symbols, and many other special char-
acters such as subscripts and exponents.

The switch takes only 30 seconds—
you simply unhook the regular key and
hook the special key in its place—or
vice versa.

Tell us your special needs. We’ll be
glad to show you how easily and
economically this new IBM feature
can serve you.

For additional information write
IBM, Dept.SC, 590 Madison Avenue,
New York 22, N. Y.

INTERNATIONAL BUSINESS MACHINES

~€eVY~-é Q~FTO0+Tod=>2z3stw=97171iaA
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20 MIETHOD FOR OBTAINING HEALTHY YIELDS O

@iscovery alone will not bring the
benefits of a wonder drug to the waiting world. Ways
must be found to manufacture it in quantity at low
cost. In the case of streptomycin, the method was
provided by AMBERLITE® IRC-50, a Rohm & Haas
cation exchange resin.

When standard techniques for extracting antibiotics
from fermentation broths proved inefficient, the pro-
ducers turned to Rohm & Haas Company. Working
with the columns shown here, Rohm & Haas chemists
learned that a standard, strongly acidic AMBERLITE

exchanger adsorbed streptomycin, but with an affinity
too great for satisfactory elution. So they synthesized
a new, weakly acidic exchanger —and the method
became practical. Today this resin, AMerLITE IRC-50,
is used in producing most of the world’s streptomycin,
by a greatly simplified, lower cost process.

This type of cooperation can be applied to your
problem. It may well lead you to a new process, or a
better process, through AMBERLITE ion exchange.

AMeBer-Hi-LiTEs, a bi-monthly report on ion
exchange, is available on request.

THE RESINOUS PRODUCTS DIVISION

PHILADELPHIA 5, PENNSYLVANIA
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Fhatugraph by Keleet Hidland

The Vanishing American

Little by little this picture of the American farmer is disappearing from our
national scene. More and more our country’s farmers are using mechanized
equipment to produce food in greater quantity and of better quality
than ever before.

Forty years ago, for example, the average farmer could produce only enough
to feed eight people. Today, he can provide enough to feed fifteen people
better —with less labor and at a lower cost.

Helping the farmer produce more and finer foods of all kinds is one of AMERICAN @[la/ﬂi[/[’gﬁ/p/]/vy

chemistry’s important jobs. American Cyanamid gives him a helping hand
through the development of improved fertilizers, insecticides, weed killers,
defoliants, soil builders, feed supplements, veterinary products and other aids. 30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y,

Here is an example of how chemistry and agriculture today work
hand-in-hand to make more and better foods available and point the way
toward the solution of many age-old problems of nutrition throughout the world.
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