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ALCOA Chemicals can help turn your products to “gold"!

Gold isn’t as easily come by as the ancient alchemists
once hoped. But in one respect at least they were on
the right track. It does take an extra-special something
—the so-called “magic ingredient”—to do the trick.

Many modern industries have discovered that ALcoa
Chemicals are very special magic ingredients. Wherever
these versatile aluminas and fluorides are used, product
quality is enhanced, performance is stepped up and
processing is more easily controlled. That helps make
products successful . . . and successful products mean
money in the bank.

ArLcoa Aluminas, for example, make spark-plug
porcelains more durable . . . abrasive wheels cut faster
.. . refractories last longer, withstand higher temperatures.

Arcoa Activated Aluminas are widely used as
catalysts, catalyst supports, drying agents and dehy-
drants. They are also used in oil maintenance and
chromatography.

Plastics, rubber, glass, textiles, china, enamel, cos-
metics—and a seemingly endless list of other products
—are better when they contain Arcoa Chemicals.
Perhaps your product could profitably use a little of
their magic. Write for details today. It could mean
gold for you tomorrow! ALuMINUM COMPANY OF AMERICA,
CHEMIcALS Division, 629- Gulf Building, Pittsburgh
19, Pennsylvania.

ALUMINAS and FLUORIDES

ACTIVATED ALUMINAS « CALCINED ALUMINAS « HYDRATED
ALUMINAS + TABULAR ALUMINAS * LOW SODA ALUMINAS
ALUMINUM FLUORIDE + SODIUM-FLUORIDE- - SODIUM
ACID FLUORIDE + FLUOBORIC ACID » CRYOLITE + GALLIUM

aigminym
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The Sante Fe's “*Chief’” and “‘Super Chief’’ operate
under conditions of high speed and excessive heat.
Electric motors develop such heat that ordinary insula-
tion would sweli or burst and cause the rotors to
“‘freeze’’ in the mounting. By impregnating these rotors
with protective resins under high vacuum in Stokes Im-
pregnators, each turn of wire is held rigidly in place
and the motors operate without interruption. Vacuum
impregnation also helps in making lace and rugs, metal
castings and electrical parts, abrasive wheels and oil-
less bearings, water-proofed paper and cloth, and
many other common products. Send for descriptive
and illustrated brochure on ‘‘Vacuum Impregnation.”’

Why is the sailor so happy2 A grievous injury to his
leg, which until recently, would have demanded ampu-
tation, was repaired with human bone preserved by
freeze-drying under vacuum. After physical and medical
therapy the sailor will walk normally again. The process
of preserving human bone in this way for storage in
the tissue bank is carried out in Stokes Freeze-Drying
equipment. The new technique was developed by staff
officers at the U. S. Naval Medical Center, Bethesda,
Maryland, in collaboration with members of the Stokes
organization. Freeze-drying in vacuum is also essential
to the preservation of blood plasma and some biolog-
icals, and to the preparation of many of today’s
“‘wonder drugs,’’ including ACTH and cortisone. Send
for an informative booklet on “'Vacuum Freeze-Drying.’’

Every woman can now adorn herself with costume
jewelry—and handsome pieces, too—at very low cost.
By metallizing the surface under high vacuum, low-cost
metal and plastic pieces take on the glistening bril-
liance of silver, gold or rhodium. No buffing or finish-
ing operations are necessary. Stokes Vacuum Metallizers
are used to give this brilliant metallic finish to hun-
dreds of automotive and electrical appliance parts.
Beauty and salability are enhanced. Many industrial
products—capacitors, reflectors, lenses, instruments, to
name a few—gain functional value by vacuum metal-
lizing. We shall be glad to send an interesting and
informative brochure, “‘Vacuum Metallizing Today.’’

Wﬂ/

Many airplanes of the future will take advantage of the high
strength-weight ratio of titanium. It is a plentiful metal, spurns
most corrosives which affect other metals, and endures extra-
ordinary heat. Unfortunately, during some stages of production
titanium has an incorrigible affinity for other elements . . . it
wants to be anything but pure titanium. Part of the processing
of ore to metal must therefore be carried out in vacuum. Stokes
Vacuum Furnaces are designed for this purpose. Zirconium and
hafnium are other metals long known to science as laboratory
curiosities but of little practical value because they could not
be smelted or refined to practical purity. Now they become
useful as scientists process them under conditions of high
vacuum. Write for the latest bulletin on Stokes Vacuum Furnaces.

s

e« 0Or should there be?

Many industries use vacuum now. Many more need
vacuum to develop new or better products,
or to improve current methods.

For vacuum engineering, consult Stokes, pioneers in the
manufacture of vacuum equipment. Stokes has played a major
part in vacuum from the first commercial processing

of blood plasma to the modern vacuum processing of metals.

Stokes techniques of building vacuum processing equipment
for production in commercial quantities have been
developed during fifty years in vacuum engineering.

Stokes is FIRST in vacuum.

F. J. STokEs MAcHINE COMPANY PHILADELPHIA 20, PA.

STOKES MAKES Plastics Molding Presses / Industrial Tabletting and Powder Metal Presses / Pharmaceutical Eauipment / Vacuum Equipment / High Vacuum Pumps and Gages / Special Machinery
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What JACK® HEINTZ is doing about...

HEAT
RESISTANCE

Extreme jet engine heats give a “hot foot” to
electrical components. To avoid bulky insulation,
J&H developed a new heat-resistant plastic skin that
enables compact electrical components to withstand
temperatures as high as 500°F.

Our business is developing and building special
electrical, hydraulic and mechanical devices to meet
unusual operating conditions. Often, new engineering
and production techniques must be worked out.
Sometimes, we must even create entirely new materials.
This versatility enables us to solve problems of compacting
power into lightweight units—of controlling it—
and protecting it against extremes of heat, cold,
humidity, vibration, or other exacting conditions.

J&H on aviation or commercial products stands for
advanced engineering . . . precise manufacturing . . .

pretested performance. Write Jack & Heintz,
Inc., Dept. 254, Cleveland 1, Ohio.

JACK & HEINTz ’
oﬁ"wﬁ}e
EQUIPMENT

. Juch & Heintz, Ine

means electrical, hydraulic or mechanical devices' designed to solve

unusual problems of developing, controlling or using power.

© 1953 SCIENTIFIC AMERICAN, INC

Generating Equipment — a-c and
d-c—including Control Systems and
Components ® Electric Starters ¢
Actuators and Special Aircraft
Motors ® Custom-built Commercial
Motors ¢ J&H Eisemann Magnetos




THE MOST IMPORTANT BOOKS j®
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This highly absorbing
book traces the growth of
ideas in physics

through Relativity.

Its non-technical style

is the essence of

beautiful clarity.

List price 3.50

Members Pay 1.89

In the Sciences—in Literature .

In their own words,
thirty-three eminent
physicians tell of their
personal experiences with
shattering mental and
physical illness and
how they have come
to terms with it. A scholarly yet lively history
List price 3.95 of this significant science,
Members Pay 1.89 replete with a wealth of
biographical and
anecdotal material.
List price 5.00
Members Pay 1.89

Written while the author
hid from the Nazis

in Holland, it is

at once a remarkably
sensitive record of
adolescence and an

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

Members Pay 1.89

Called by the New

B York Times, ‘“Without
doubt the best general
work on evolution to
appear in our time,"”
this is a vital study of
the history of life and of
its significance for man.
List price 3.75
Members Pay 1.89

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

List price 5.00

Members Pay 1.89

This large volume
contains all the novels
and a selection of the
finest short stories

of one of America's
most perceptive writers.
List price 5.00
Members Pay 1.89

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

also includes the great

Oedipus trilogy of Sophocles.

" List price 5.00
Members Pay 1.89

The most comprehensive
study ever made of the
sexual behavior of

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

sexual patterns of 190
contemporary societies.
List price 4.50

Members Pay 1.89

i
ncs |
Physical anthropology ‘

is here studied, for ANDTH

the first time, in the ;
light of modern science.
With the vision “The best book on race

of both historian ever to be published.”
and philosopher — Bernard Mishkin.
the author surveys List price 6.00
the golden ages Members Pay 1.89
of such societies

as the Grecian,

the Roman, and the
‘Holy Russian,” in a =
search for a pattern
for our times.

List Price’5.50

Members Pay 1.89

{n this illuminating
study, one of America's \
outstanding \
anthropologists §
focuses her attention
on the relationship

of the sexes

in our changing world.

List price 5.00
Members Pay 1.89

Sub-titled “The Inner Experience

of a Psychoanalyst,” Dr. Reik’s book
has been favorably compared with
Freud's [nterpretation of Dreams.
List price 6.00

Members Pay 1.89

FILL OUT THE COUPON AND MAIL

at only $] .89 regardless Of lZSt p?‘?:(,‘e THE BOOK FIND CLUB, 215 Fourth Avenve, New York 3

Please enroll me as a member and send me the lnfroducfory Bonus

Book and first selection | have i | am also to receive each
. N . month the Club’s literary magazine, the Book Find News. | understand
The notable books pictured and listed on this page are a | may accept as few as 4 books a year at the SPECIAL MEMBERSHIP
sampling of the many distinguished volumes available to you, ;Rgffcu?‘ze?:;’fmﬁ:ge:h?ngo(nPYlu'sim?:z5::';3rech‘g'sefngagds'e';'gc)ﬁg:g 2
now, as a member of t.he B?O_k Fll!d Club—and as you will (Check any two of the books listed below, one as your Introductory
note, although the publishers’ list prices range up to $6.00, as ' Bonus, the other as your first selection.)
a member of the Club you pay only $1.89 per volume. Actu- 7] THE USES OF THE PAST [] MALE AND FEMALE
ally, this represents an average saving of more than 50% on ] ;I’j'i"mumiz sArkABELM WINNER % tL)IEsl)Tl:':llSN-GM;ITI*T!HATN:E ﬁ%’?ﬁh"éu
the books you buy—und you buy only the books you want. ﬁmus FRANK: Diary of a Young Girl [] MATHEMATICS and the IMAGINATION
LAMENT FOR FOUR VIRGINS [ MEANING OF EVOLUTION e

SPECIAL INTRODUCTORY BONUS OFFER

PATTERNS OF SEXUAL BEHAVIOR EVOLUTION OF PHYSICS

EWHEN DOCTORS ARE PATIENTS BALLAD OF THE SAD CAF
WHERE WINTER NEVER COMES

O E
MAIN STREAM OF MATHEMATICS [J RISE OF SCIENTIFIC PHILOSOPHY
B THE AMERICAN MIND -

And now as your introduction to the Book Find Club you may select [T GENETICS AND THE RACES OF MAN [] MAN AND HIS GODS i

any two books from those pictured or listed on this page—one as your S

Introductory Bonus Book and the other as your first selection. You can NAME ¥
thus receive UP TO $12.00 RETAIL COST OF BOOKS FOR ONLY $1.89. Please print

. ADDRESS _— o

. oy ZONE STATE 3

J (Prices slightly higher in Canada) D21-15
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challenge

0 PROGRESSIVE
MANAGEMENT

Industry is on the threshold of a
new era of efficient productivity . ..
an era that will eventually set a
pattern for all industry. However,
all too few companies will

benefit today.

Why will only a relatively few
profit? For many reasons: inertia
and complacency, perhaps; but
most of all, because of failure to
understand the full import of
the concept of this advanced
approach.

Unfortunately it has taken a war
and our present half-peace to
bring into focus the potentialities
of simulation, computation,
servo-mechanical systems, and
the like. Almost unbelievable
accomplishments have resulted:
for the Armed Forces. .. yet
industry has been slow to put
the same principles to work

for its profit.

This challenge to management
can take many tangible forms.
The first step we suggest is to write
to Hillyer Instrument Company
for a copy of the simple, analytical
data sheet that will aid you in
your thinking.

HILLYER

INSTRUMENT

COMPANY, INC.
54 Lafayette Street
New York 13, N.Y.

Sirs:

To accept Sheldon Judson’s thesis that
recent arroyo channeling in the south-
western U. S. is a result of a slight
change in climatic pattern rather than of
the activities of man and his grazing
animals [SCIENTIFIC AMERICAN, Decem-
ber] would indeed be soothing toour col-
lective conscience. Unfortunately not all
of the evidence supports this thesis. If
the assumption is true that heavy use of
the ranges “was only a trigger force,
setting off a process which had already
been primed by natural causes,” then,
once the process of channeling is started,
protection from grazing should have no
effect on it. But there are protected or
moderately grazed areas in northern, in
central and in southern New Mexico in
which vegetation is invading the ar-
royos, and there are indications that the
flow of water and erosion of the channels
have been materially reduced. The
process is slow, but it happens. If to ex-
plain such recovery we assume that we
are now “on the upswing of the climatic
cycle,” then we should be able to find
some evidence of recovery of vegetation
in the absence of a change in the grazing
regime. So far I have found no hint of
this. Again, if we are to assume that “the
rainfall pattern has been improving dur-
ing the past 50 years,” and that heavy
use was merely the force that pulled the
trigger, is it not logical to surmise that
vegetation on the upland and in the val-
leys of areas that had escaped channel-
ing should have improved sufficiently,
even under unrestricted grazing, to hold
the valleys and swales? Yet under such
conditions vegetation has continued to
deteriorate and valleys to erode.

Such observations seem to lead to the
conclusion that, in a region where the
ecological balance is as delicate as it is
in the Southwest, the action is on a hair
trigger and the gun is always loaded.

|. L. GARDNER
State College, N. M.
Sirs:
The article by Francis Joseph Weiss

entitled “The Useful Algae” in your
December issue states that when Eu-
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LETTER

glena viridis “is deprived of light for an
extended period, it swallows solid food
particles by way of a gullet, like any ani-
mal!” Present-day textbooks are in gen-
eral agreement with this statement but
I believe there is considerable doubt as
to its accuracy.

Most of the statements that I have
seen, concerning this holozoic method
of feeding by Euglena, take as their au-
thority an account in W. S. Kent’s
Manual of Infusoria. Kent claims to have
repeatedly observed the entrance of very
fine carmine grains into Euglena viridis
and the accumulation of these fine
grains into larger, irregular masses when
the organism was deprived of light.

Working under the direction of Dr. D.
H. Wenrich at the University of Pennsyl-
vania, I subjected five cultures of Eu-
glena gracilis Klebs to lack of light under
carefully controlled experimental condi-
tions and examined them daily over a
period of 28 days. The 680 individuals
examined showed no ingestion of solid
matter.

A suspension of China ink was added
to the cultures instead of the carmine
particles used by Kent because it was
found impossible to distinguish the car-
mine particles from the granules which
formed inside the organism as the
chloroplasts faded and began to disinte-
grate. Even in the control tubes, after 28
days, 1 per cent of the individuals ex-
amined showed a few of these granules.
1 suspect that Kent mistook the granules
for particles of the carmine which he had
placed in the water. Work reported by
R. P. Hall in the Transactions of the

Scientific American, February, 1953, Vol. 188,
No. 2. Published monthly by Scientific American,
Inc., 2 West 45th Street, New York 36, N. Y.;
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president
and treasurer. Entered at the New York, N. Y
Post Office as second-class matter June 28, 1879,
under act of March 3, 1879. Additional entry at
Greenwich, Conn.

Editorial correspondence should be addressed to
I'he 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.

Subseription 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
aive 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.




FINDS HIDDEN SHORT CIRCUITS
G-E 10-kv a-c winding insulation tester
“finds” insulation defects that ordinary
high-potential tests miss. Photo above
shows actual waves on scope indicating
several short-circuited turns in a coil.
Correction of these hidden faults can
improve and lengthen the life of your
electric apparatus. Quick and easy test-
ing makes equipment ideal for production
use. Write for Bulletin GEC-321%.

SIMPLE INDUSTRIAL FIELD PLOTTING
Two dimensional problems in electrical
field theory are easily plotted and solved
with the G-E analog field plotter. Electric
current flow patterns are set up in a sheet
of thin conducting paper and analogy be-
tween the electrical field in the paper and
related field problems as exist in electro-
statics, electromagnetics, thermal and
fluid flow allows rapid solution of the
problem. See Bulletin GEC-851%,

FAST THICKNESS MEASUREMENT
General Electric’s new beta-ray gage con-
tinuously measures deviations in weight
of fast-moving sheets of rubber, plastics,
paper, and metals with an accuracy of
==19%;. Continuous monitoring saves ma-
terial, improves quality and reduces scrap
losses. Noncontacting beta-ray gage will
measure sheets which are wet, sticky,
soft or highly polished without marring
or damaging. See Bulletin GEC-485*.

* To obtain these publications, contact
your nearest G-E Apparatus Sales
Office, or write to General Electric Co.
Section 687-111, Schenectady 5, N. Y.

"2, YEARS OF ELECTRICAL , 2=
—_. _ PROGRESS <&

NACA RESEARCH SCIENTIST inspects airplane del after a test run at Langley Aeronautical Laboratory.

G-E recorder provides constant check
of dewpoint temperature

Continuous, accurate indication of dewpoint
temperature is provided by General Electric’s
dewpoint recorder.

As an aid in their aerodynamic research on
supersonic aircraft and guided missiles; the
National Advisory Committee for Aeronautics
installed a dewpoint recorder at Langley Field,
Virginia, to help avoid excessive condensation
and flow disturbances in their supersonic wind
tunnel.

Monitoring of moisture content is important
in many other laboratories and industries. Dew-
point equipment is used to control chemical or
mechanical air dryers; to study effects of con-
densible vapors; and to measure the moisture
content of gases in various stages of manufac-
ture. Further information about G-E dewpoint
recorders is given in Bulletin GEC-588%*.

Here is an example of the type of developmental
engineering . . . a specialty at General Electric . . .
which provides more and better instruments and
processes for modern industry,

"

FROST SPOT is checked for proper
adjustment at NACA Laboratory.

90{5 can pul  yowr coﬂ/zaézzce 27—
GENERAL @D ELECTRIC
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Micro Bearings Measure Up

« » « in this high speed aerial camera gearbox

Made by Exact Engineering & Mfg, Co., Oceanside, California,
the tiny gear box shown above is used to drive high speed aerial
cameras in modern jet aircraft. Very small size and precision
quality are required in every bearing for lowest possible friction,
accurate positioning of shafts and minimum back lash in the
gears. Assurance of long, trouble-free operation is also impor-
tant, since battle area servicing is always a problem.

We are proud that Micro Ball Bearings measure up on every
count. At least eight are used in each gearbox, all fully processed
to a true micro-finish for smooth, quiet operation and maximum

wearing qualities.

If you have a problem that calls for a saving in weight, space
and friction, contact Micro for the finest in quality and service.

PRECISION
INSTRUMENT

NEW HAMPSHIRE BALL BEARINGS, INC.

1 Main Street, Peterborough, N. H.

CHECK THESE MICRO ADVANTAGES

® Precision Tolerances
Fully processed to a true micro-finish.
Tolerances are ABEC-5 and higher.

® More Sizes and Types

Available in 135 sizes and types down
to .04” bore, 15" O.D. Materials include
chrome, stainless steel and beryllium
copper. Special items and materials
considered.

o Engineering Assistance
Top staff of design engineers available
to help customers at any time.

o Availability

Small-quantity orders for items in pro-
duction are shipped either from stock or
as the next run comes through. Large
quantities are scheduled for earliest pos-
sible delivery prevailing at time of order.

Free Catalog

Send today for Cat-
alog No. 53 which
gives full specifica-
fions and applica-
tion data on aH
;xpes and sizes of

icro Ball Bearings.
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BALL BEARINGS

American Microscopic Society is in gen-
eral agreement with these findings.

C. VINCENT RIPPLE

Philadelphia, Pa.

Sirs:

I read with interest Carl R. Rogers’
article “ ‘Client-Centered’ Psychothera-
py” in the November Scientific Ameri-
can. Dr. Rogers offers some challenging
ideas, particularly in the light of the
major practical problem facing psycho-
therapy today, namely, the inadequacy
of the present methods of treatment and
of training therapists to meet the in-
creased demands of modern life. Rogers’
type of psychotherapy could do a great
deal to solve this problem, were it not
for the fact that a few of his basic lines
of thought are open to question.

First among these is the taking of the
treatment of mental disorders out of the
hands of medicine. Notice I do not say
out of the hands of science. Rogers’ ap-
proach is quite as scientific as that of
most medical writers on psychotherapy,
particularly his experimental work. But
science is only a tool of medicine, and
not the only one—perhaps not even the
primary one. There were doctors long
before there was science. People come to
doctors not because they are sick—many
sick people don’t go to the doctor—but
because they are afraid of something
within their own bodies or personalities,
and they want help. The doctor’s re-
sponse is to collect all the evidence and
prescribe therapy based on experience.
In any case medicine is based on the
doctor’s giving something from himself
to the patient.

Rogers” approach, on the other hand,
is quite unmedical. The counselor is
specifically pledged not to direct the
course of therapy, not to make a diag-
nosis and not to define the goal of thera-
py. The explicit assumption of the
method is that the patient “has within
him the capacity, at least latent, to
understand the factors in his life that
cause him unhappiness and pain, and to
reorganize himself in such a way as to
overcome these factors.” If this is true of
personality disorders, it puts them in a
unique class; it is clearly not true of dia-
betes or poliomyelitis. One cannot avoid
the conclusion that the method is only
as good as this assumption: that when
personality disorders are of such a sever-
ity and nature that the patient no longer
has the capacity to solve his problems
without specific elements being injected
from outside, the client-centered ap-
proach must fail. . . .

JAMES FINKELSTEIN
College of Medicine

New York University
New York, N. Y.
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When UHF Television

Comes to Your Town...

A Mallory Converter will equip

your sel to receive all channels

I vour town happens to be one that already has

UHF television, then the Mallory Converter is
probably no stranger to you. But, UHF is still new.
Only a handful of stations are on the air . .. of the
more than 1400 that have been authorized.

So, if yvou are like a lot of other people, vou are
probably wondering what to do when UHI" comes
to your town . . . on channels bevond the frequency
range of your TV set. All you need is a Mallory
Converter, and all the new UHI channels are yours
to enjoy at the turn of a knob.

Regardless of the make or model of vour present
set, the Mallory Converter will equip it to tune in
every channel in yvour area, both UHF and VHF.
Should you move, there is nothing more to buy . ..
no adjustments to make in order to receive all the
channels in your new location. The Mallory Con-
verter is no bigger than a portable radio and can

be connected in a matter of minutes. It is vour
complete answer to UHI television.

The Mallory Converter is but one of the many
products of Mallory research and engincering that
make vour evervday work easier... vour leisure
hours more pleasant. You’ll find Mallory controls,
tuners and capacitors in vour radio and TV sets

.. timer switches on automatic washers. .. tiny
mercury batteries in hearing aids ... vibrators in
vour car radio.

If vou are a manufacturer whose products or manu-
facturing processes are part of the broad field of
electronics, electrochemistry or metallurgy —why
not take advantage of our experience? We have
helped many manufacturers find new ways to im-
prove their products and produce them for less. If
vou have a problem, it may be that we can help vou.

P. R. MALLORY & CO., Inc., INDIANAPOLIS &6, INDIANA
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a pound of
HI-SIL”
Sl
stretches

430,000,000

miles!

It’s A Fact! If all the particles in one
pound of Columbia-Southern Hi-Sil were
laid in a straight line with the adjacent
particles touching, the line would be
430 million miles long! That is equiva-
lent to 1,000 round trips to the moon,
or 20,000 times around the earth at the
equator.

This fine particle size of Hi-Sil (hydrated
silica) and its unusual physical proper-
ties were first utilized in the rubber in-
dustry. Hi-Sil imparts exceptional char-
acteristics to natural and synthetic rubber
compounds. It is reasonably priced and
believed to be the best practical non-
black rubber reinforcing pigment on
the market.

Undoubtedly the value of Hi-Sil offers
utility in other directions. How can it
serve you?

Here are some of Hi-Sil’s physical prop-
erties:
Bulk Density
Specific Gravity —1.95

Average Particle Size —0.025 Micron
pH —8.5—9.5
Refractive Index —1.44

QOil Absorption, Rub-In Method —160

If these properties of Hi-Sil suggest a
place in your product to make it better,
stronger, whiter, or more economical
... we will be glad to supply you with
experimental quantities of Hi-Sil, and to
offer you our technical assistance.
Hi-Sil may work for you!

Write, Columbia-Southern Technical De-
partment H, Fifth Avenue at Bellefield,
Pittsburgh 13, Pa.

—741 Ib./cu. ft.

COLUMBIA-SOUTHERN
CHEMICAL CORPORATION

SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY

EXECUTIVE OFFICES: FIFTH AVENUE AT BELLEFIELD,
PITTSBURGH 13, PA, DISTRICT OFFICES: BOSTON
CHARLOTTE © CHICAGO e CINCINNATI o CLEVELAND
DALLAS ¢ HOUSTON ¢ MINNEAPOLIS ¢« NEW ORLEANS
NEW YORK ¢ PHILADELPHIA e PITTSBURGH e ST. LOUIS
SAN FRANCISCO

meeting of the American Associa-

tion for the Advancement of
Science, Professor Campbell spoke of
‘the remarkable results obtained by Pro-
fessor De Vries in his recent studies
upon variation in plants.” He said: “The
conclusion reached by Professor De
Vries is that, in addition to the variation
within the limits of species, there may
be sudden variations or “mutations,”
which, so to speak, overstep the limits
of the species, and thus inaugurate new
species. While the results obtained,
especially in the case of Enothera la-
marckiana, are certainly most striking,
more data are necessary before we can
accept without reserve the conclusions.
reached.””

| \EBRUARY, 1903: “At the recent

“The Autarith is the name of a most
ingenious calculating machine recently
patented by a young Viennese inventor.
By means of buttons slid up and down
slots the machine is ‘told” what to do.
If, for instance, 2,647 is to be multiplied
by 6,892, the buttons of one row are
placed in order opposite to 2, 6, 4, 7 re-
spectively. The second number, 6,892,
is similarly recorded in another row of
buttons. Lastly, a large button is shifted
to a notch marked ‘multiplication.” The
machine is immediately set into motion
by the action of the motor, and pre-
sently stops, leaving the figures of the
product required showing in certain
spaces in proper order, and the large
button returns to the ‘off notch. By a
precisely similar process divisions, addi-
tions and subtractions are worked out.”

“Speaking before the Astronomical
and Astrophysical Society of America,
Simon Newcomb discussed some of the
more mysterious radiations from the sun.
He said: ‘We may regard it as a fact
sufficiently established to merit further
investigation that there does emanate
from the sun, in an irregular way, some
agency adequate to produce a measur-
able effect on the magnetic needle. We
must regard it as a singular fact that no
observations yet made give us the slight-
est indication as to what this emanation
is. The possibility of defining it is sug-
gested by the discovery within the past
few years that matter sends forth enti-
ties known as Roentgen rays, Becquerel
corpuscles and electrons.””

“Some of the makers who exhibited at
last month’s automobile show an-
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a0 AND 100
YEARS AGO

nounced that they had succeeded in
abolishing the starting crank; but in-
vestigations proved these claims to be
misleading and ambiguous, to say the
least, the method consisting of leaving
one or more cylinders, in a motor having
verticle multiple cylinders, under com-
pression, and then firing the charge with
an electric spark from the battery. This,
however, can only be done about once
in every four trials, and then not at all
if the charge is left standing over two
hours. As proof that it is not absolutely
reliable, the usual crank is also pro-
vided.”

“Great interest attaches to the exhibit
by Mr. George Westinghouse, during his
recent stay in London, of the new lamp
invented by Mr. Peter Cooper Hewitt.
The lamp was shown in its commercial
form to Lord Kelvin and a number of
other prominent men. It consists of a
glass tube with a bulb at one end which
contains a small quantity of mercury.
All air is exhausted from the tube, which
thereupon fills with vapor from the mer-
cury in the bulb. Electrodes are pro-
vided at each end of the lamp, the nega-
tive electrode in the bulb of mercury
and the positive electrode at the op-
posite end. On passing a direct current
through the lamp, the vapor which fills
the tube is rendered incandescent and
gives off a steady, blue-white light.
Owing to the great resistance at the
negative electrode to the initial flow of
current, it is necessary to use a high
voltage to start the lamp.”

“Some time ago the British Board of
Trade was able to announce that during
a period of twelve months not a single
passenger had been killed on the rail-
roads of Great Britain. Since then an-
other three months has passed without
a fatality. Here, in the United States, our
railroads have killed 77 passengers in
fifteen days! We recently presented this
comparison of railroad fatalities to the
chief engineer of one of the leading rail-
roads. In his prompt reply he put his
hand at once on the weak spot: ‘The
different results are to be explained by
a difference in national temperament—
here, we take chances.””

“Professor Langley’s aerodrome took
a rather unexpected flight on January 31.
The machine was moored to a houseboat
in the Potomac. During a heavy gale it
rose from its usual recumbent position
and tried to soar. It was fastened to the
houseboat, but is said to have snapped



to your voice

For years the telephone you know
and use has done its job well—and
still does. But as America grows,
more people are settling in subur-
ban areas. Telephone lines must be
longer; more voice energy is needed
to span the extra miles.
Engineers at Bell Telephone
Laboratories have developed a
new telephone which can deliver
a voice ten times more powerfully
than before. Outlying points may

now be served without the in-
stallation of extra-heavy wires or
special batteries on subscribers’
premises. For shorter distances,
the job can be done with thinner
wires than before. Thus thousands
of tons of copper and other stra-
tegic materials are being conserved.
The new telephone shows once
again how Bell Telephone Labora-
tories keeps making telephony
better while the cost stays low.

BELL TELEPHONE LABORATORIES

Improving telephone service for America provides careers

for creative men in scientific and technical fields.
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New ''500'' telephone. It has already been introduced
on a limited scale and will be put in use as oppor-
tunity permits, in places where it can serve best.
Note new dial and 25 per cent lighter handset.

Adjustable volume control on bottom of new telephone permits
subscriber to set it to ring as loudly or softly as he pleases.
Ring is pleasant and harmonious, yet stands out clearer.

QUICK FACTS ON NEW TELEPHONE

Transmitter is much more powerful, due
largely to increased sound pressure at the
diaphragm and more eflficient use of the
carbon granules that turn sound waves into
electrical impulses.

Light ring armature diaphragm receiver
produces three times as much acoustic en-
ergy for the same input power. It transmits
more of the high frequencies.

Improved dial mechanism can send pulses
over greater distances to operate switches
in dial exchange.

Built-in varistors equalize current, so voices
don’t get too loud close to telephone
exchange.

Despite increased sensitivity of receiver,
“clicks” are subdued by copper oxide varis-
tor which chops off peaks of current surges.



Success stories of

CARBOLOY

=CREATED = MET!M_—SJ

New magnetic brake(3"0.D.
pulley ) holds constant pulley
tension through adjustable
magnetic drag of three tiny
Carboloy Alnico permanent
magnets. For use in fabricat-
ing natural and synthetic
yarns, rubber, glass fibre and
fine wire. Provides constant
tension with less abrasion,
slippage, static electricity

. offers wide tension and
speed ranges. Magnets never
need maintenance.

Magnets ... new cure for jittery fibres

When it comes to winding fibres or fine wire, bouncy, jittery strand-travel
must be controlled, or breakage, snarls and knots pile up prohibitive costs.
And that’s where Carboloy Alnico permanent magnets come in: they
grovide even tension through magnetic drag. Boost efficiency. Cut rejects.

ave money all around in mills.

Countless new applications like this tension brake using Carboloy perma-
nent magnets—independent, self-contained sources of energy that never fail—
are being constantly developed. For controls, switches, energy sources

in machines, motors, generators, instruments . . .

wherever size, weight,

integration, improved performance are a challenge to process betterment

product improvement, lowered costs.

MASTERS IN METALS

Perhaps Carboloy Alnico perma-
nent magnets can help improve,
simplify your products or produc-
tion methods. Or, it may be that
another of the famous Carboloy
family of created-metals can serve
you:

Carboloy Cemented Tungsten Car-
bide for cutting tools, dies, wear
resistance; new Grade 608 Chrome
Carbide for high resistance to cor-

rosion or erosion, combined with
good abrasion resistance; or Hevi-
met for better balance weights,
radioactive radiation screening.

For complete data, appkication tech-
niques, get in touch with a Carboloy
engineer, or write for free literature.
And look to Carboloy metallurgists
for continued pioneering in even
broader fields of use for these and
other Carboloy created-metals.

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

CARBOLOY

DEPARTMENT OF GENERAL ELECTRIC COMPANY
11199 E. 8 Mile Ave., Detroit 32, Michigan
Plants at Detroit, Michigan; Edmore, Michigan; and Schenectady, New York
I | ALNICO PERMANENT MAGNETS
e === | for lasting magnetic energy

1 CEMENTED CARBIDES

Q\-o‘ ...' or ph | cutting, f g, wear resi
c““?‘:“ mﬂ“‘s‘ ! f CHROME CARBIDES for exceptional resistance
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to abrasion with erosion or corrosion
FIRST

s dudi

HEVIMET for maximum weight in minimum space,
and for radioactive screening

=

IN MAN-MADE METALS FOR BETTER PRODUCTS
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the mooring lines of the boat and to have
taken that along with it. According to
the watermen along the river, the house-
boat was dragged along for a while,
while the machine maneuvered strange-
ly in the air. After a number of peculiar
twists and turns the aerodrome and the
boat ran into a steamer.”

“Professor Curie told a visitor to his
laboratory that he would not care to
trust himself in a room with a kilogram
of pure radium, as it would doubtless
destroy his eyesight and burn all the
skin off his body, and probably kill him.
He showed the scars on his arm, one of
which looked as if he had had a very
serious ulcer, due to a radium burn,
which had taken fifty-two days to heal,
and the other showed that the skin had
been blistered and slightly scarred; the
latter was caused by an exposure of but
five minutes to some radium of very high
activity; the more serious scar was due
to an exposure of one hour and a half to
some radium of much lower radioactiv-
ity.”

been presented to Congress, asking

for a grant of 1,500,000 acres of
land, to be located along the line of a
telegraph, which the memorialists pro-
pose to build between St. Louis and San
Francisco, by way of Salt Lake City.
The importance of the measure, they
say, ‘is too great to be measured by the
value of a few acres of worthless land.’
The scheme is a magnificent one; and so
is the gift which they ask of the Govern-
ment.”

I \EBRUARY, 1853: “A memorial has

“M. Niepce has presented a third
memoir on Heliochrome, or sun color-
ing, to the French Academy of Sciences.
It is not by contact, but in the camera,
that M. Niepce operates, and he obtains
every color. M. Niepce has observed in
his experiments that the morning light
has a much greater photogenic action
than the evening light. For example, if
a prepared plate is exposed from nine
o’clock till noon in the camera, the im-
pression will be obtained in a much
shorter time than if the same experi-
ment were made from noon till three
o’clock.”

“Writing of Captain Ericsson’s hot-
air-driven ship, the New York Tribune,
warmed with undue excitement, used
these words: “The age of steam is closed,
the age of caloric opens, Fulton and
Watt belong to the past. Ericsson is the
great mechanical genius of the present
and future.” One month since then has
passed away and we have not heard of a
single steamboat striking her colors to
hot air. We have not seen a solitary
scientific argument presented by the hot-
air advocates in favor of it as a superior
substitute for steam.”
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pioneers in precision
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Sanborn Company

\ AW A | . manufactured the first commercial
W e el J metabolism testing apparatus in 1918, and
" Aenl Wipe in 1935 introduced the world’s first truly

i ¢ portable electrocardiograph. Such a

background of pioneering in the medical
field was not long to go unrecognized

by the industrial field, and today many
industrial research recording problems are
being solved with Sanborn equipment.

Miniature Precision Bearings

supply the same operational characteristics commonly associated with
larger prototypes. Wherever design problems concerning unusual operating
conditions are present . . . extreme temperature . . . shock . . . continuous
high load capacity . . . limited space in instrument miniaturization projects

. MPB ball bearings supply a vital need.

For more than 20 years, the originators and pioneer developers of ball
bearings in this size range (1/10” to 5/16” o.d.), MPB supplies ultra quality
miniature ball bearings to more than three thousand discriminating users.
Exclusive and exacting production procedures — including full grinding, lap-
ping, honing and/or burnishing to ABEC 5 tolerances or better — result in
the type of quality which permits installation of these ball bearings in control
and recording instruments of highest possible performance standards. MPB
ball bearings are torque tested, ultrasonicly cleaned, supplied in specific clear-
ances, and classified within the tolerances for prompt assembly and maximum
service. More than a million MPB ball bearings have been installed in many
unusual and distinctive devices.

The most extensive engineering knowledge in miniature ball bearing
application is available to you. Also request Catalog and survey sheet SA2

Through extensive expansion, the production of these ultra quality
bearings has been considerably increased. However; the continuing
trend toward miniaturization, plus a constant demand for better
quality bearings, has temporarily limited an immediate supply.
Further expansion will soon enable us to serve you promptly.

; iniature pPrecision Bearings
Incorporated Keene, New Hampshire
save
“pioneer Precisionists to the World’s foremost instrument m(mufnclurers” sptfce
weight
friction
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BRUSH ELECTRONICS |

RECORDS 6 VARIABLES AT ONCE
with Brush Oscillograph

TYHIS Electronic Analog Computer, developed and manufactured

by the Boeing Airplane Company, permits engineers to explore

problems in all their variations at one time. Hours of laborious
calculations are eliminated.

‘With the use of the Brush six-channel Oscillograph, results from as
many as six different computations are recorded simultaneously.
Plotting of results is not necessary, since the Brush Oscillograph pro-
vides permanent chart records—immediately!

Boeing uses Brush Recorders extensively in their analog computer
activities and indicates that their experience with this equipment has
been very satisfactory.

Investigate Brush Recording Analyzers for your studies ... in the
laboratory, on the test floor, in the field. Expert technical assistance
from Brush representatives located throughout the U.S. In Canada:
A. C. Wickman, Limited, Toronto. For bulletin write Brush Elec-
tronics Company, Dept. B-2, 3405 Perkins Ave., Cleveland 14, Ohio.

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

ELECTRONIC INSTRUMENTS FOR INDUSTRY
PIEZOELECTRIC MATERIALS e ACOUSTIC DEVICES
ULTRASONIC EQUIPMENT e TAPE RECORDERS
RECORDING EQUIPMENT
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THE COVER

The photograph on the cover shows
three beams of white light entering
a colloidal suspension of sulfur from
different angles. The particles of
sulfur are extremely uniform in size,
causing each colored component of
the white light to be scattered at a
different angle and each beam with-
in the solution to have a different
color (see page 69). The colors,
called higher order Tyndall spectra,
are used to measure the size of uni-
form particles by shining a single
beam of white light through them.
If the observer moves his head
around the vessel containing the
particles, he sees a series of colored
bands, the number of which indi-
cates the size of the particles. The
picture was made in the laboratory
of P.K. Lee at Columbia University.
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Cover photograph by Paul Weller
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Card sorter courtesy of LB.M, ST SN

When metal meets metal -

SP 0 NGEX cellular rubber

Whether it’s the card sorter shown here, a car door and body or other combinations
where metal meets metal—there’s always the problem of getting tight, secure fit between

rigid, inflexible surfaces.

The answer for all such contacts is essentially the same—Spongex cellular rubber.
Strips, cord, tubing and die-cut shapes are just a few of the forms of Spongex cellular

rubber that cushion, insulate and seal when metal meets metal.

Perhaps you have a product—old or new

that could give better service and be pro-
duced at less cost with Spongex cellular rubber. Check with us today; we’ll be glad

to help.

INDUSTRIAL UPHOLSTERY CUSHIONING SEINE FLOATS—BOAT FENDERS—ICE BUCKETS HOME AND OFFICE

e |
. — ‘
< 2

_ 4 S — = =
CELLULAR RUBBER TEXLITE RUBBERIZED HAIR—TEXFOAM CELLULAR PLASTIC RUG CUSHION

’ % W
.
THE SPONGE RUBBER PRODUCTS COMPANY, 675 Derby Place, Shelton, Connecticuf
In Canada: Canadian Sponge Rubber Products, Ltd., Waterville, Quebec
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From crude to crankcase—
with an assist by

Without oil there’d be no automobiles or
airplanes, machines or motors, penicillin
or plastics.

In one form or another, petroleum and
petrochemicals are almost as important
to us as the air we breathe. And in one
way or another, Synthane plastic lami-
nates are equally important to petroleum
production and processing.

The reason is understandable.
Synthane is a dependable material with
many uses.

Because it is wear-resistant and tough,
yet easy to machine, Synthane is used
for components of oil well cementing
equipment. Because Synthane is strong
and corrosion-resistant, it is excellent for

pump valves, piston rings, and compressor
plates in tank-farms and refineries. Be-
cause it is a good insulator, Synthane in
the form of flange insulation provides
cathodic protection for pipe lines. Be-
cause it is a good moisture-resisting die-
lectric, light weight Synthane is used in
geophysical survey equipment and oil-
locating instruments. Wear-and-corrosion
resistance make Synthane desirable for
flow-line valve-seat inserts.

Because of all these valuable proper-
ties, plus many more, Synthane may be a
material you can put to profitable use.
To find out, get the complete Synthane
Catalog. Write to Synthane Corporation,
2 River Road, Oaks, Pennsylvania.

Synthane Valve Ball for oil-well
cementing equipment.

Piston rings for sour gas com-
pressors,mcchined from Synthane.

%

Bushings for gas meters.

Syithans-sns of induidtias wnseen eoscitiols [SYN‘[FSQANE
S
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Modern construction methods have changed walls from the
self-supporting type to a mere covering which does not sup-
port its own weight for more than one or two stories. Hence
the definition of “curtain wall”:—the facing or enclosure of
the structural steel frame. This frame supports the entire
weight of modern buildings.

The need has existed for a covering that would not only
clothe the building, but be lightweight, economical and
space saving. Because these requirements are more than ade-
quately met with stainless steel curtain wall construction,
this method is becoming increasingly popular with cost and
space conscious owners, builders and architects.

the
GCRUGIBLE
“sandwich”’

sfoinless steel sheet focing - 0" |

2" concrefe |
STHE" %0 ga wire
¢ S T S . W

Te celalor glass insulatien

' ®isgo expanded rr(l"] channel
l 3'-0" panel ——

the CRUCIBLE “sandwich”— only 6 thick

(can be less)
Crucible stainless steel curtain wall panels are in the
form of 6-inch thick “sandwiches”. The facing consists of
flanged, light-gauge stainless steel sheets with a factory,
or site-fabricated, sandwich consisting of cellular glass

CRUCIBLE
Sngeaw% @&Mm&g

Midland Works, Midland, Pa. .
National Drawn Works, East Liverpool, Ohio «

16

Spaulding Works, Harrison, N. J.
Sanderson-Halcomb Works, Syracuse, N. Y. e

insulation between two layers of concrete with connect-
ing reinforcing. Crucible 18-8 stainless as the outside face
offers excellent resistance to weather and fire while pro-
viding eternal beauty with a minimum of maintenance;
the inside face can be finished or painted to suit the re-
quirements of modern building interiors. Since 18-8 is
restricted in use, a good substitute material, type 430
stainless, now government decontrolled, offers the same
benefits as 18-8 stainless.

moisture penetration

The unique characteristics of the cellular glass insulation
stop moisture vapor migration from one face of the
panel to the other. The cellular insulation properly de-
signed and installed assures that condensation will not
take place anywhere within the sandwich.

insulation

Although less than half as thick as the usual wall con-
struction, this Crucible stainless steel panel construction
has more than twice the insulating value. The “U” value
(overall thermal conductivity) is approximately 0.15

BTU Hr./Sq.Ft./°F.
fire resistance

The Crucible sandwich met the requirements of a
standard 4-hour fire test conducted in the testing
laboratories of the National Bureau of Standards.
This meets all old building codes and is double, or
better, the requirements of modern enlightened
building codes.

erection and fabrication

Since a building frame is not precision built, the
attachment of the panel walls to the frame is done
with fastening devices that provide necessary 3-
dimensional adjustment. Panels can be made at the
building site, and a 24-hour casting-to-fastening
cycle is possible.

technical service available

Though the use of some stainless steel is now re-
stricted, Crucible metallurgists and development
personnel are continuing to investigate improved
methods of curtain wall and other construction so
that better buildings can be built when stainless
is more freely available. For more information
write: CRUCIBLE STEEL COMPANY OF AMERICA, Gen-
eral Sales and Operating Offices, Oliver Building,
Pittsburgh, Penna.

first name in special purpose steels

. Park Works, Pittsburgh, Pa. - Spring Works, Pittsburgh, Pa.
Trent Tube Company, East Troy, Wisconsin
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Planets from Palomar

The 200-inch telescope has now been employed to make

photographs of objects within the solar system. What

do the plates show, and how can better ones be made?

HE HALE Telescope on Palomar
Mountain has been in operation for
a little more than three years. Al-
most from the beginning people have
been writing the observatory to ask what
the 200-inch reflector reveals about the
moon and the planets, and when the
facts are to be released. Some of the cor-

by Alice Beach

respondents are querulous and critical:
they suspect that information they ought
to have is being kept secret. If a plane-
tary disaster is imminent, they say, the
public should be informed. In any case,
people should be given the latest news
of our neighbors in space.

The facts, of course, are that none of

the observatory’s work is secret, and that
the 200-inch telescope was primarily de-
signed to photograph stars and galaxies,
not the members of our own solar sys-
tem. Nevertheless, a little of the busy
telescope’s time has recently been given
to observations of our nearby neighbors,
partly in response to the public interest

TWELVE IMAGES OF MARS appear on one plate
made at the coudé focus of the 200-inch telescope. Be-
tween each exposure the plate was moved and the ex-
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posure time changed from somewhat less to somewhat
more than a fifth of a second. The size of the images
on the original plate was seven sixteenths of an inch.

17



MARS is photographed in blue light (top) and red tograph shows the permanent markings of the surface.
(bottom) . Because red light penetrates the atmosphere  The top photograph shows the clouds of the atmosphere,
of the planet more readily than blue, the bottom pho-  notably those over the poles at the top and hottom,

18
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JUPITER is similarly photographed in blue and red  hottom shows details deeper in the Jovian atmosphere.
light. At the upper left in the blue photograph at the At the upper right in the bottom photograph is one of
top is the Great Red Spot. The red photograph at the  Jupiter’s moons; its shadow is at the top of the planet.

19
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Spectroscopic

Direct

COUDE FOCUS of the 200-inch is at the south end of the polar axis
(right). This focus is generally used for spectroscopic purposes; the direct
photographs of the planets were made by mounting plates in the beam.

and partly to test the instrument’s pos-
sibilities for this work. A number of
photographs of the moon and the planets
kave been made. A few of the most in-
teresting plates are published with this
article. The selection includes views of
Mars, Jupiter and Saturn. No lunar
photographs are shown, because the pic-
tures of the moon were not noticeably
better than plates made earlier at Mount
Wilson.

It must be said at once that while
these strikingly beautiful photographs
of the planets show details on a scale
larger than has ever been possible be-
fore, they add nothing new to our in-
formation. They do not, for example,
shed any light on the question as to
whether there are “canals” on Mars. The
reason is that large telescopes suffer
from the same limitations as smaller
ones when it comes to recording detail in
objects that both can reach. The big tele-
scopes have more light-gathering power
and therefore can record fainter stars
and see farther. But the observation of
the planets is strictly limited by the at-
mospheric conditions known as “seeing.”

This was pointed out many years ago
by the late Percival Lowell, who
founded the Lowell Observatory at
Flagstaff, Ariz. He wrote in 1895: “A
steady atmosphere is essential to study
of planetary detail: size of instrument
being a very secondary matter. A large

instrument in poor air will not begin to.

show what a smaller one in good air
will.”

“Seeing” has little to do with clouds
or local fog. A clear night when the

20

stars sparkle brightly may seem an
ideal time to study the skies, but the
astronomer knows that the twinkling of
the stars is a sure sign of poor seeing.
The best seeing comes when the stars
shine steadily. Unfortunately that con-
dition is rare. The atmosphere surround-
ing the earth is never stationary. Pres-
sure and temperature change constantly,
and the mixing of cold and hot air causes
turbulence. This, in turn, makes images
dance in the telescope’s field so that de-
tails are blurred. The larger and more
sensitive the telescope, the more it is
affected by this disturbance.

Some of the finest pictures and visual
observations of the planets have been
made with small refracting telescopes—
as small as six inches in diameter. For
many years the chief center for plane-
tary research has been the Lowell Ob-
servatory at Flagstaff, with a 42-inch
reflector and a 24-inch refractor. Much
planet work has also been done at the
Lick Observatory on California’s Mount
Hamilton, with a 36-inch reflector and a
86-inch refractor, and at the Yerkes and
McDonald Observatories. The big tele-
scopes have given only passing attention
to the planets. In its 48 years of opera-
tion the 100-inch reflector on Mount
Wilson, for example, has done relatively
little extended research in this field. One
of its few planetary projects has been a
search for satellites of Jupiter, and since
1917 S. B. Nicholson has found three
new ones with the Mount Wilson instru-
ment. His most recent discovery was an-
nounced just two months ago. He found
u tiny new moon of Jupiter only about
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14 miles in diameter which raises the
number of the known satellites of Jupi-
ter to 12.

HE NEW pictures of planets from

Palomar Mountain were made at
times when the seeing was good and the
giant telescope’s main work of exploring
the more distant regions of the universe
could be interrupted. They were taken at
the coudé focus of the 200-inch reflec-
tor. The coudé focus (named from the
French word for elbow) is formed by
reflection of the light by means of two
auxiliary mirrors, one at the top of the
tube and the other near the bottom (see
diagram at the left). The coudé was
primarily designed for spectroscopic
work, but it can easily be adapted for
planetary photography by inserting a
base for the plateholder in the beam.
The mirrors for the coudé focus can be
brought into position quickly, and 36
photographs can be made without inter-
rupting the regular program at the prime
focus for more than an hour.

The coudé focal ratio is /30, which
makes the beam of light tremendously
long—about 500 feet! The images of the
moon and planets here are much larger
than at the prime focus of the telescope.
At their closest approach to us the un-
magnified disk of Saturn at the coudé
is about half an inch in diameter, that
of Mars approximately seven tenths of
an inch and that of Jupiter about an
inch and a half. The picture of the moon
would be almost five feet in diameter if
it could all be put on one plate; only a
small section of it can be photographed
at a time. The scale is illustrated even
more graphically by the Great Nebula
in Andromeda; at the coudé focus of the
Hale Telescope this star system is some
61 feet in diameter!

Photographs of the planets can also be
taken at the prime focus of the 200-inch.
In this case the focal ratio, with a cor-
recting lens, is f/3.6, and the images are
about one-eighth as large as at the
coudé; the moon, for example, is about
seven inches in diameter. At the prime
focus photographs can be taken with
extremely short exposures, and con-
sequently the seeing need not be as good
as is required at the coudé focus.

At the bottom of these two pages are

PRIME FOCUS IMAGE of Saturn
is enlarged five times. This focus
is at the top of the telescope tube.



two photographs of Saturn, one made
at the prime focus and one at the coudé.
They graphically illustrate the difference
in size of the images (both photographs
have been enlarged five times). The
photograph at the prime focus was taken
at a time when Saturn’s rings were al-
most on edge to our line of sight.

LANET pictures at the coudé focus

are usually made on 8- by 10-inch
plates. About a dozen images are made
in quick succession and at varying ex-
posure times on each plate. Seeing con-
ditions often change rapidly, and by this
method the observer can select the
images that best meet his needs. The ex-
posures shown in the illustration on page
17 were made with a red filter and with
exposures of approximately one fifth of
a second.

It is common practice to photograph
the planets both in red and in blue light.
Red light is more penetrating and can
probe into the atmosphere of the planet.
The two photographs of Jupiter on page
19 show the difference in the results
cbtained. The exposure in red light was
about half a second; in blue light, about
three times as long. The blue light

records the upper atmosphere of the
planet. The red light has penetrated far-
ther but still cannot reveal the solid
planet surface itself. We know that the
broad bands and markings on Jupiter
are clouds, because they change in
shape, position and color,

The blue Jupiter photograph shows
the Great Red Spot, a semi-permanent
feature of the planet which was first no-
ticed in 1878. This spot, looking some-
thing like a huge eye, seems to float
slowly through the planet’s atmosphere.
Its color varies from red to grey; at
present it has a yellowish tinge. Both
Jupiter photographs show the flattening
at the poles caused by the speed of ro-
tation. The distortion is optically exag-
gerated in these pictures, because the
center of the disk is much brighter than
the polar regions.

The two views of Mars on page 18
also were made in red and blue light.
The red photograph was taken at a one-
fifth-second exposure, the blue one at
a full second. This time the red light has
penetrated to the surface of the planet,
but it does not show the network of lines
that Lowell and many other observers
saw and judged to be “canals.” The lines

are so fine that they will be extremely
difficult to record on a plate, but it is
hoped that eventually the 200-inch mir-
ror may capture them.

The planet photographs so far ob-
tained are undoubtedly not the best that
may be made from Palomar Mountain.
1t takes many years to compile a collec-
tion of top-quality pictures, and seeing is
not the only thing that holds up the
work. Planets are not in a good position
to photograph when they are far south
or near the horizon, as atmospheric inter-
ference and refraction are aggravated by
low altitude. Moreover, since the planets
move around the sun in elliptical orbits,
their closest approach to us may occur
only at long intervals. For example,
Mars’s closest approach to us comes at
intervals of a little more than 15 years.
It will be in that position in 1956. To get
better pictures than those shown here,
therefore, we must wait until favorable
positions of the planets coincide with
nearly perfect seeing conditions.

e —

Alice Beach is a member of
the staff of the Mount Wilson
and Palomar Observatories.

COUDE FOCUS IMAGE of Saturn is also enlarged
five times, illustrating the fact that this image is some
eight times larger than the one at the prime focus. At the
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prime focus, however, more light is concentrated in a
smaller area; for this reason shorter exposures can
be made and the effects of bad seeing can be lessened.
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The Geography of Discase

Part of man’s relationship with his environment is

sickness; thus a greater knowledge of its pattern

among peoples and places can assist in its control

planet today dates back hundreds

of millions of years to the time when
the earth assumed its present shape and
set the stage for our present pattern of
climates. Disease is inseparable from its
environment, and medical science is pay-
ing increasing attention to the vital fac-
tors of geography.

A striking example of the relationship
between milieu and disease is offered by
the Valley of the Nile. Here the fertile
soil and dry, healthful climate attracted
one of the earliest human communities.
As the population multiplied, its pros-
perity brought overcrowding, and with
it an economy and ways of living that
favored the spread of certain diseases.

Among them is schistosomiasis. It re-
quires for its development three ele-
ments—a snail, a worm and man. The
snail thrives on the aquatic vegetation,
on chemicals transported from the head-
waters of the Nile in the mountains, and
on the turbulent waters. The schisto-
some worm, helped by the cultural hab-
its of the Egyptians and by the biological
requirements of the snail, established it-
selt firmly in the region. The resultant
disease has done immeasurable damage
to the health of the people in the Nile
Valley. Its epidemiology is interwoven
with the geographic factors of the en-
vironment in a complex way.

Man harbors the adult worms in the
veins of the bladder or of the bowels.
They mate and lay their eggs there.
Voided in the urine or feces (depending
on the species of worm), the eggs pass
into the outside world, where in an
aquatic environment which provides
just the right temperature and pH, they
hatch into free-swimming larvae. Within
a few hours, under penalty of death, the
larva must find a suitable snail to invade.

THE PATTERN of discase on our

1900-1919

by Jacques M. May

The warmth of the Nile water gives
it long enough life to locate its host.
After entering its snail, the schisto-
some develops a second larval form.
It then leaves the snail's body and
swims in search of a human host. When
it finds one, it bores through his skin,
migrates through the tissues to the
bladder or bowels, and there matures,
gives birth to new eggs and so begins
the new cycle.

Now a substantial change in any one
of these environmental factors can stop
the disease or alter its character. For
instance, in recent years Egypt has es-
tablished a system of continuous irriga-
tion on some stretches of the Nile. This
innovation has favored a species of snail
which ordinarily would not survive in
the dryness of southern Egypt during
seasons when the river subsides. The
snail in question harbors a variety of
schistosome that produces the urinary
form of schistosomiasis. Hence this form
of the disease has increased in the parts
of Egypt where the new irrigation ditch-
es have been built.

To nourish the worms and maintain
the disease, man himself, the final host,
must cooperate. This he does in Egypt
by virtue of habit and necessity, which
daily take him barefoot into the snail-
infested waters of the river. Were it not
for this constant exposure, the disease
would soon lose its held.

REAS of the world where the climato-
logical factors are approximately
alike can be expected to show similar
disease prevalencies. When they do not,
the problem is one for medical geog-
raphy to investigate. Yellow fever is a
case in point. It is rife in some parts of
the tropics, absent from others. Why? In
tropical America geographical condi-

1920-1939

1940-1949
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tions have favored the establishment of
numerous mosquitoes. Each species
prefers a different aspect of the tropical
environment. Some thrive in the jungle,
others in the plains. Some avoid human
habitation, others seek it. Some like run-
ning water, others stagnant pools. The
virus of yellow fever is harbored by
monkeys and certain other jungle mam-
mals. To spread among men it must
travel a roundabout route. A jungle-
dwelling mosquito, infected with the
yellow-fever virus by a monkey, bites a
hunter or woodcutter. The man goes
home and is bitten by an urban mos-
quito, which in turn spreads the virus
among the people in the town.

Many geographical factors converge
in tropical America to foster vellow
fever. The temperature, rainfall and
chemical composition of the soil produce
forests favorable to both monkeys and
mosquitoes. Rivers, plains and the prox-
imity of the sea encourage human set-
tlements where urban mosquitoes mul-
tiply. Economic conditions force man
into the jungle, and the two cycles inter-
lock to sustain the disease. Similar con-
ditions prevail along the western coast
of Africa on the opposite side of the
Atlantic, and there comparable epi-
demics of yellow fever arise. But east-
ward across the African Continent yel-
low fever moderates: mortality rates de-
cline, and near the Continent’s eastern
coast the people show a natural immuni-
ty to the disease, probably acquired by
mild early subclinical infection. Still far-
ther east, across the Indian Ocean, an
inexplicable phenomenon occurs. In In-
dia and Southeast Asia geographical
conditions are similar to those in the
American tropics. Yet in this region, with
cne of the world’s most crowded popu-
Iations, vellow fever is unknown. Here

DISTRIBUTION OF POLIOMYELITIS in North
America for three periods from 1900 to 1950 is shown
in the map on the opposite page. The tint or pattern
of each area represents the number of cases per
100,000 inhabitants per year for one or more periods.
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is an enigma which offers a fertile field
for investigation.

Schistosomiasis and yellow fever are
but two examples of many diseases that
have been related to geography. Goiter
is believed to be connected with lack of
iodine in the water supply. Yaws, typhus
fever, poliomyelitis, cholera, malaria,
sleeping sickness—all have their roots in
the geographical pattern. And changes
in environmental factors must account
for the ebb and flow of some of the great
plagues of mankind; this may be the ex-
planation, for example, of the fact that
leprosy, once widespread in Europe,
gradually disappeared from the Conti-
nent during the Middle Ages.

HE EARLIEST physicians knew

that certain diseases were associated
with certain localities, but they lacked
any way to establish a precise relation-
ship between climate and sickness. In
1795 the German physician L. L. Finke
urged studies of “the factors of location,

T,

RISE AND FALL OF CHOLERA is outlined in the

maps on these two pages. Reading from left to right,
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soil, air, light, foodstuffs, mode of living,
customs and habits of the people as they
bear on health, disease and on local
therapeutics.” The great expansion of
exploration and colonial development
during the 19th century encouraged the
study of local health conditions all over
the world. In our century military neces-
sity has added another motive. In re-
cent decades a handsome crop of med-
ico-geographical information has been
collected by workers in entomology,
parasitology and other fields. Yet no
technique has yet been developed for
correlating such information—for mak-
ing a general, systematic investigation
of the geography of pathology.

In 1948 the American Geographical
Society initiated a program aimed at
bridging this gap. It proposes to develop
a method which will dig out possible
causal relationships and to undertake a
thorough investigation of environmen-
tal disease correlations.

Disease is a complex affair. It may
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take a combination of two, three, four or
even more factors to produce it. Polio-
myelitis and cholera require at least two
—man and the germ. Schistosomiasis
needs three—man, a snail and a worm.
The same is true of yellow fever: the
virus cannot possibly be transmitted
from a sick person to a healthy one with-
out the intervention of a vector, the mos-
quito. Each component of a pathological
complex, as we have seen, must find a
friendly environment if the chain of in-
fection is to be maintained. Thus geo-
graphical pathology must study the en-
vironment of each factor.

Local environmental conditions form
an infinite number of geographical pat-
terns, each in turn creating a variation
in the framework of disease. And when
you have isolated the individual ele-
ments in a climate pattern, you are still
faced with the problem of deciding
which factor is primarily responsible for
maintaining the disease. In the case of
the tropical spirochete infection known

the maps show the distribution of the disease for the
following six periods: 1816 to 1823, 1826 to 1837, 1842



as yaws, for example, the infection heals
when a patient is transported from the
hot, humid plains to the cooler and drier
altitudes of the mountains. Is altitude,
humidity, temperature or a combination
of all three the critical factor? And on
which element does it act—man or the
spirochete?

To interpret nature’s large-scale ex-
periments in propagating disease, we
need, first of all, censuses and maps of
disease occurrence. Some of the neces-

' sary statistics can be obtained from the
World Health Organization, national
health agencies, hospital reports, limited
public or private surveys, local news-
papers. They are never as accurate or
complete as a medical geographer might
wish. In many countries only a small
fraction of actual disease occurrence is
recorded. Few Chinese farmers or Afri-
can tribesmen, for example, seek medical
aid for rheumatic fever or influenza.
Nevertheless, even meager and partial
knowledge represents a start. The

American Geographical Society is now
mapping several diseases for which re-
liable world-wide information is avail-
able. Six sheets of this “Atlas of Dis-
eases” have already been published.

NE is a map of poliomyelitis. It in-
dicates that the disease exists in
every populated region of the world but
breaks out in epidemic form only in cer-
tain areas. In a country such as Brazil
polio strikes mainly children; in Scandi-
navia and the northern U. S. it hits the
older age groups. Since Brazil rarely has
epidemics and tests show that from 80
to 100 per cent of its people have anti-
bodies against the virus, we can assume
that its people are more commonly ex-
posed to the virus during childhood and
become immunized. In Scandinavia and
the U. S. exposure is less frequent; there-
fore adolescents and adults are more
susceptible to the disease.
The epidemiological peculiarities of
cholera also have been plotted on a

world map. It shows how the disease
spreads along trade routes at the speed
of the prevailing means of transportation
(months by caravan; days by steam-
ship); how it retreats under the attack of
modern sanitation; how today it concen-
trates in certain districts of India. Yellow
fever and dengue, plotted on a single
map, show a strange reciprocal pattern.
Where dengue is extremely prevalent,
there is no yellow fever; where vellow
fever is common, dengue epidemics are
infrequent. No one has yet explained this
phenomenon. Plague, another disease
that has been mapped, is making steady
progress among the wild rodents of the
western U. S., yet has attacked few hu-
man beings. In China plague has long
been endemic, and “bacteriological war-
fare” has nothing to do with it; lack of
sanitation and the harmonious partner-
ship between rodents and the flea vec-
tors of the bacteria account for it.

The degenerative diseases also have
their geography. Goiter, nutritional dis-

S

to 1862, 1865 to 1875, 1879 to 1911 and 1912 to 1923.
Over this span cholera spread from Asia to other parts
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of the world. Quarantine eliminated it from the West-
ern Hemisphere after 1911 and from Europe after 1923.
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BEFORE 1933 the distribution of yellow fever was reported on the basis
of clinical symptoms of the disease. In 1930 its occurrence in Africa was
thought to be limited to a strip along the West Coast of the continent.

AFTER 1933 the distribution of yellow fever was reported on the basis

of tests that revealed the presence of antibodies in the blood. This subclini-
cal evidence greatly extended the known range of the disease in Africa.
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eases and allergies can readily be traced
to their environmental sources. We shall
understand the degenerative diseases
much better when we learn how climatic
stress affects the liver, the basal meta-
bolic rate, the kidney, the blood chemis-
try and other physiological functions.

Comparative studies of the disease
distribution by sex and age groups often
bring to light correlations not otherwise
apparent. Cancer is a striking example.
Since it occurs mostly in men and women
of middle age, its prevalence is closely
linked to the age statistics of the popu-
lation. We should therefore expect the
cancer incidence to be higher in North
America than in India or Africa, where
tewer people live to middle age. To say
without qualification that people in
India and Africa are more resistant to
cancer is to misrepresent the facts. In
those regions the average person does
not live long enough to reach the vul-
nerable cancer years. As a matter of fact,
some types of cancer are more common
there than elsewhere, taking into account
the age levels. Age for age the rates of
cancer of the breast in males in Africa
are the highest in the world. Cancer of
the liver is strangely common among
Bantu Negroes and Southeast Asians,
even at ages where one observes low
rates of cancer in general and no primary
cancer of the liver whatsoever in west-
ern Europe and North America.

HE SKETCHY nature of disease re-
-porting, particularly in the more
backward areas of the world, makes im-
perative a better system of coverage.
Among the plans which the American
Geographical Society has developed for
this purpose is a project for cooperative
work by geographers and physicians.
The geographers would map the region,
subdividing it according to essential
geographical characteristics, as was re-
cently done by the government of Puerto
Rico. Following the geographical sur-
vey, a medical team would move in,
examine a sample group of the popula-
tion and study as many as possible of the
geographical factors. The people would
be examined not only for present disease
but also—and chiefly—for traces of past
infection. With maps showing both the
geographical and the pathological pat-
tern of a given region, the medical ge-
cgrapher could then draw correlations
which would otherwise escape him.
Medical geography represents not a
new science but a new combination of
two very old sciences. In these days of
specialization, when the over-all picture
is often lost even to the best minds, such
a cross-fertilization of knowledge is of
practical and philosophical importance.

e ————

Jacques M. May is director of the
department of medical geography at
the American Geographical Society.



PLAGUE, contrary to the general belief, occurs in squares; the distribution of sylvatic, or wild-rodent,

North America. On this map the distribution of cases of plague in the same period, by diagonal lines. Both
human plague from 1900 to 1952 is indicated by small forms of the disease appear to be moving to the East.
27
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INSECT BREATHING

Although these small creatures use oxygen, they have no lungs.

Each cell gets the gas from a private conduit, a fact that is

not only interesting but also important to the welfare of man

deed, to maintain their unparalleled

rate of metabolism flying insects re-
quire more oxygen, ounce for ounce,
than larger animals do. Insect evolution
has met this demand by designing a
respiratory system totally different from
that of higher animals. Our “rhythmic
sipping of the air” supplies oxygen to
our body cells by the roundabout route

INSECTS, like men, must breathe. In-

LUNG SYSTEM uses blood to move
oxygen (dark red) to cells and car-
bon dioxide (light red) from them.
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by Carroll M. Williams

of lungs and bloodstream. The insect
respiratory system by-passes the blood
and delivers oxygen directly to each and
every one of the millions of cells buried
deep in the various tissues and organs
of the body. Each insect cell, in short,
has its own private lung to keep the fire
of its metabolism burning.

The insects and other tracheates (cen-
tipedes, millipedes, certain spiders, and

TRACHEAL SYSTEM consists of
air-filled tubes which branch into
others. Oxygen diffuses through air.
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so on) accomplish this by an amazingly
cfficient “tracheal system” of tubes and
tubules. For practical as well as purely
scientific reasons there is a growing in-
terest in the tracheal system of respira-
tion. Since the really serious enemies of
the human race are all smaller than a
horsefly, and since the life of such a
creature as the mosquito depends upon
the proper functioning of its tracheal
system, entomologists have a favorite
vision: a tracheal system filled, not with
air, but with insecticide. Physiologists
find equally good reasons for interesting
themselves in the tracheal system. It
embodies a refinement of biological en-
gineering almost past belief. It also
makes insects ideal animals for investi-
gation of certain basic questions in bio-
chemistry. By way of the tracheal sys-
tem an investigator can introduce gase-
cus promoters and inhibitors of enzyme
action into insect tissues and see them
take effect promptly and directly.

In its ground plan the tracheal sys-
tem is simplicity itself. During early
embryonic development the skin of an
insect pushes inward at certain points
to form hollow tubes opening to the at-
mosphere. As these primary tracheae
grow inward toward the tissues, they
branch repeatedly. The branches spread-
ing from the main trunks become pro-
gressively finer and their walls more
delicate. The terminal twigs, called
tracheoles, are so minute that the small-
est capillaries in the human circulatory
system would appear as large as pipe-
lines in comparison. One or more trache-
oles comes into intimate juncture with
each cell in the insect and sometimes
actually penetrates the cell. The insect
is thus an intricate network of minute,
air-filled tubes and tubules which con-
vey the oxygen from the environment
into immediate contact with the indi-
vidual cells.

HE FACT that insects possess such
an elaborate system of air-filled
tubules was discovered in the 17th cen-
tury by the versatile Italian biologist
Marcello Malpighi. It was apparent that



TRACHEAE AND TRACHEOLES are magnified 1,000  large tracheae, the most conspicuous of which enter
diameters in this dark-field photomicrograph of a liv-  the picture from the upper right, branch into the
ing muscle fiber in the wing of a blowfly. The relatively  fine tracheoles, each of which supplies a single cell.
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GRASSHOPPER was mounted in a glass chamber by
Gottfried Fraenkel to determine the movement of air in
the tracheal system of the insect. Around the middle of
the grasshopper was a rubber diaphragm that divided

the tracheal system had something to do
with respiration. But how could such
tenuous tubules deliver enough oxygen
to the cells?

The matter was settled early in this
century by the Danish Nobel prize win-
ner August Krogh. He was the first to
appreciate the biological advantage in-
herent in the extreme agility with which
a gas such as oxygen can diffuse through
another gas. He showed that molecules
of oxygen diffuse through air 300,000
times faster than through water and a
million times faster than through living
tissue. This, in a manner of speaking,
was a measure of nature’s good sense in
equipping the tracheates with air-filled
tubules instead of depending upon diffu-
sion through tissues.

To prove that the tracheal system is
in fact a respiratory system, Krogh had
to carry the investigation a few steps
further. Diffusion, like so many physical
processes, is always downhill: a gas in
diffusion always moves from a region of
higher pressure to a region of lower
pressure. The oxygen pressure in the at-
mosphere at sea level is three pounds
per square inch. Given this limit on the
pressure available to drive oxygen
through the insect tracheal system into
its tissues, Krogh had to show that the
tracheal tubes are sufficiently short and
their combined cross sections sufficiently
great to deliver oxygen at the required
rate. He did so in a series of simple and
ingenious experiments of the type for
which he was famous.

Krogh first measured the oxygen con-
sumption of the caterpillar Cossus.
Then, by a method which he developed
himself, he made a wax cast of the in-
sect’s tracheal system. This involved
injecting liquid wax into the tubes and
dissolving the tissues away after the wax
had hardened. Now Krogh was able to
measure the dimensions of the tubes.
The results were astonishing. He found
that simple diffusion could supply the
caterpillar with 15 times the amount of
oxygen it needed.

Thus in small insects the act of res-
piration is reduced to a simple matter
of pressure and automatic diffusion. As
the tissues consume oxygen and reduce
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the local pressure, oxygen flows in
through the tracheae from outside. The
tissues can obtain more oxygen merely
by using it. Since the tissues always have
some positive pressure of oxygen which
may be reduced to let in more oxygen,
there is a clear margin of reserve which
can be tapped as the occasion demands.

Besides admitting oxygen, a respira-
tory system has a second responsibility:
getting rid of carbon dioxide. Krogh
found that carbon dioxide, unlike oxy-
gen, diffuses through water or living tis-
sues with great ease. In insects a signifi-
cant fraction diffuses out through the
skin itself without ever entering the
tracheae. Thus a diffusional system
which is adequate to supply oxygen will
always be more than adequate to ex-
crete carbon dioxide.

THE PASSIVE system of respiration
demonstrated by August Krogh suf-
fices, however, only for small insects.
As an animal becomes larger, the vol-
ume of its oxygen-demanding tissue
increases as the cube, but the supply of
oxygen by diffusion can increase only in
direct proportion to the linear increase
in size, partly because the gas must
travel farther through the tracheal tubes
and partly because the cross-sectional
area of the tubes cannot increase as fast
as the insect’s mass. Nature provides a
partial solution by slowing down the
pace of cellular metabolism as its crea-
tures grow larger (“The Metabolism
of Hummingbirds,” SCIENTIFIC AMERI-
caN, January). Thus the rate of oxygen
consumption increases approximately as
the square rather than as the cube of
linear size. Nonetheless, there remains
a disproportion between the squared
increase in the demand and the linear
increase in possible supply. Beyond a
certain size an insect would soon arrive
at respiratory bankruptey if it were to
continue its passive dependence on dif-
fusion. This is probably the main reason
why insects are small animals.

The largest insects have had to evolve
mechanisms for supplementing passive
diffusion. They exert active respira-
tory movements which have the net ef-
fect of ventilating the larger tracheal
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the chamber into two parts. The oil drops at the far
left and far right soon moved to the right, indicating that
the grasshopper inhales through spiracles located in
its thorax and exhales through those in its abdomen.

trunks. The insect rhythmically com-
presses or flattens its abdominal seg-
ments by contraction and relaxation of
the intersegmental muscles. The blood
that fills the body cavity transmits the
pressure of these contractions to the
larger tracheal trunks. This, incidental-
ly, is the sole contribution of blood to
the respiration of most insects; not more
than half a dozen genera of insects are
furnished with hemoglobin or any other
oxygen-carrying pigment.

In many insects the pressure is trans-
mitted by way of thin-walled sacs placed
at intervals along the larger tracheal
trunks. In insects that lack such sacs,
the trunks themselves, commonly oval
in cross section, collapse in response to
the pressure. Sometimes the trunk walls,
of helical structure, are too strong to be
compressed; in that case the trunks be-
have like spiral springs, shortening and
expiring air when the blood pressure
rises, and elongating and inspiring air
when the pressure falls. Thus the larger
tracheal trunks behave as hydraulic bel-
lows, sucking and. blowing air in and
out with each respiratory movement.

The respiratory movements of insects,
which expire air by contracting the ab-
dominal muscles and inspire simply
through the elastic recoil of the abdomen
and tracheae, are just the reverse of
those of mammals, where inspiration is
active and expiration passive. The same
result, however, is achieved in both
cases. A current of air is moved to and
fro in the larger air passages, and by this
mechanical means the atmosphere is
brought closer to the tissues. In insects
the distance through which oxygen and
carbon dioxide must diffuse is thereby
reduced to the lengths of the smaller
tracheal vessels which cannot be me-
chanically ventilated.

None of these adaptations was over-
looked by Krogh. He even succeeded in
measuring the magnitude of an insect’s
breath, and found that in one breath it
could inspire a volume of air equal to
half the total volume of the tracheal
system.

Some insects have progressed a step
beyond this to-and-fro ventilation. An
example is the grasshopper. Gottfried



Fraenkel of the University of Illinois has
studied its breathing. He placed a rub-
ber diaphragm around the insect so that
the abdomen could be enclosed in one
chamber and the head and thorax in an-
other chamber [see drawing on the
opposite page]. The air pressure steadily
decreased in the chamber enclosing the
head and thorax and increased in the
other. Obviously the air must have been
sucked through the insect’s longitudinal
tracheae from thorax to abdomen.
Closer inspection showed that the valves
on the spiracles (openings to the air)
open and close in such a sequence that
inspiration must occur through the
thoracic  spiracles and  expiration
through the abdominal. By this maneu-
ver the larger tracheal trunks are ven-
tilated more efficiently than is possible
by the to-and-fro method.

Both the respiratory movements and
the opening and closing of the spiracle
valves are under the control of respira-
tory centers within the central nervous
system. There is a center in each body
segment and apparently one in the
thorax which coordinates the actions of
the individual segments. The segmental
centers are primarily sensitive to carbon 3 i
dioxide; any increase in the carbon di- a8, -

id : ts the respirator ¥ .’
oxide pressure augments the respiratory o 7

movements in a spectacular fashion. In . . . N . ) . .
contrast. the thoralzic center seems to be MOSQUITO TRACHEAE have a spiral construction which permits them

especially sensitive to any decrease in 10 ])ec?me lolnger or slhorte]r. Tllle mosqlmto is t]él.ls abledto assist tl}e ﬂolw of
oxygen pressure and, in this sense, is $35€S through its tracheae by alternately expanding and compressing them.

analogous to the aortic and carotid bod-
ies which help govern the respiration of
mammals’ Even in the insect, nature
has found it prudent to safeguard the
organism against lack of oxygen and
excess of carbon dioxide.

HE TRACHEAL system as de-
scribed so far is clearly a mechanism
adapted for life on land. It is an excel-
lent piece of evidence that insects and
their ancestors have always been pri-
marily land-living animals. But an enor-
mous number of insects desert the land
to spend their immature phases in the
water. After metamorphosis they usually
give up their aquatic way of life and re-
turn to their ancestral home on land.
Although insects have been eminently
successful in this secondary invasion of
fresh water, the sea seems to present an
insurmountable barrier to them. The
truly marine species can be numbered
on the fingers of one hand. Apparently
it is not the sea’s salt that bars insects,
for some species are able to thrive even
in salt lakes and the waters of brine pits.
More probably their inability to adapt to
the sea has something to do with the
tracheal system; in the few marine in-
sects the tubes are generally filled with
{fluid and have no function. An explana-
tion of these facts awaits discovery. "
The insects that have invaded fresh MOSQUITO TRACHEA is enlarged 6,000 diameters. This electron micro-
water have evolved an array of ingenious graph and the one ahove it were made by A. G. Richards of the University
devices adapting the tracheal system to  of Minnesota and T. F. Anderson of the University of Pennsylvania.
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UNDERWATER BREATHING of the mosquito in
the early stages of its life is illustrated in this photo-
graph by the Australian entomologist A. J. Nicholson.

aquatic life. The devices include breath-
ing tubes, diving bells and gills.

Enormous numbers of insects have
applied to their underwater activities
the principle of the “snorkel,” such as is
used in the latest submarines. Still de-
pendent on the atmosphere for their
supply of oxygen, they stick the snorkel
above the surface from time to time for
air. Some of them (e.g., the rat-tailed
maggot) even have a retractable breath-
ing tube which they pull in when swim-
ming under water.

The tip of the snorkel is generally
equipped with two or more valvelike
flaps. The mosquito larva’s valves open
automatically when it reaches the sur-
face, for the simple reason that the outer
surface of the flaps is wettable by water,
whereas the inner surface is nonwet-
table. This superb little mechanism can
be jammed, however, when the surface
of the water is coated with oil or some
other liquid able to wet the inner sur-
face. The surfacing mosquito larva then
inhales kerosene instead of air, as was
first discovered by Aristotle. For the
mosquito larva this is what the British
biologist V. B. Wigglesworth has termed
the “weak spot in the ecological armor”
—a weak spot not without significance
for the human race.

The diving-bell insects take oxygen
along with them when they submerge.
The “bell” consists of a bubble of air
collected at the water’s surface and held
on one or more points of the body. Dur-
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ing the dive the insect sucks oxygen
from the bubble. Students of the phe-
nomenon were long puzzled by the fact
that the insect can stay under water long
after it should have exhausted the bub-
ble’s oxygen content. The puzzle final-
ly was unraveled by the Danish phys-
iologist Richard Ege. He found that
the bubble can serve as a veritable un-
derwater lung. As the oxygen pressure
in the air-filled bubble falls below that
of the oxygen dissolved in the surround-
ing water, oxygen from the water dif-
fuses into it. The insect can remain sub-
merged until the nitrogen that keeps the
bubble inflated diffuses into the sur-
rounding water. So, strange as it may
seem, the most important ingredient
in the bubble of air which the insect
picks up at the surface is nitrogen, not
oxygen. The nitrogen, which makes it
possible to use the bubble as a lung, al-
lows the insect to be submerged 13
times as long as an equivalent bubble of
oxygen would permit.

The third group of aquatic insects,
equipped with gills, has managed to es-
cape dependence on the atmosphere.
Their gills are generally outfoldings of
the body wall, richly supplied with tra-
cheal tubes. By vibration or undulation
of the gills, the insects equilibrate the
gaseous content of their tracheae with
the dissolved gases in the water. To
reach the enclosed chambers of the
tracheal system, oxygen must diffuse
through the cuticle of the gill, through
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The larva (center) and the pupa (far left) breathe
through tubes that open at the surface. The adult mos-
quito at the top has just emerged from its pupal skin.

a thin layer of blood and finally through
the walls of the tracheal tubes. But once
a molecule of oxygen gets inside the
tracheae, it can diffuse through the gases
in the tubes and tubules about 300,000
times faster than through blood.

In a sense the gilled insects are not
so different from the diving-bell types.
In the bubble-breathers the bubble is
external. In the gill-breathers the bubble
is internal, contained within the tracheae
of the gill. By this device the insect in-
creases the surface area of the bubble,
stringing it out through its tracheal sys-
tem, and it also insures that its bubble
will not collapse.

THE TRACHEAL system of respira-
tion, different as it is from that of
higher animals, proves to be one of evo-
lution’s most successful and versatile
adaptations. It seems to have had the
initial function of aiding and abetting
the passive diffusion of oxygen and car-
bon dioxide between the atmosphere
and the tissues. To the basic plan evolu-
tion gradually added ingenious new de-
vices which permitted insects to increase
in size, to fly and to live under water. In
the tracheal system nature seems to have
devised a method of breathing which,
for small animals, is nearly perfect.

e
Carroll M. Williams is as-

sociate professor of zoolo-
gy at Harvard University.



___Kodak reports to laboratories on:

an improved paper for photorecording. . . circular neutral density wedges ... taking the

hemin out of hemoglobin... high speed movies.

Photorecording

“Once you've selected a Kodak
Linagraph Paper or Film best suited
to your requirements, you can treat
every roll of it alike without concern
about adjusting exposure and proc-
essing practices.” We make that
statement in our literature and we
stand behind it, even though, if
you’ve purchased Kodak Linagraph
809 Paper recently, you may have
noticed that the same exposure re-
sults in a blacker trace than before.
We’ve improved the emulsion so
that it takes less exposure now to
produce the blackness you like, and
we’ve done it without increasing the
danger of fogging by stray light.
It’s still an abrasion-resistant, matte-
surfaced, quick-fixing emulsion
coated on strong, pure white ledger
stock, still accepts pencil or ink
notations smoothly and well.
Kodak Linagraph Papers and Films are
sold by the Kodak Industrial Dealer in
your area, and the number of combina-
tions of types, sizes, and spooling speci-
fications available for your photorecord-
ing convenience runs into thousands.

Neutral density wedges

Among the many items—photo-
graphic, chemical, and optical—
which Kodak supplies to small but
earnest clienteles are neutral density
wedges composed of a carbon dis-
persion in gelatin on glass. As a
matter of fact, there is quite a vari-
ety of them which we make as
orders are received. They vary in
price from $15.60 for a plain wedge
of 10 by 1.5 cm size to $46.55 for a
20 by 3 cm calibrated wedge with
balancing wedge; in density range
they vary from 0-.3 (100% to 509%
transmission) up to 0-4.0 (1009 to
0.019). Lately we’ve had a flurry of
requests for circular neutral density
wedges, particularly from experi-
mental psychologists. We are happy
now to report that these too are
available in several sizes. Two of
the more common ones are: 1)
214" diameter, *'42” hole, 4¢”

This is one of a series of reports on the many products
and services with which the Eastman Kodak Company and
its divisions are . . . serving laboratories everywhere

wedge width, 0-3.2 density range,
$9.60; 2) 57%"” diameter, 34" or

44" hole, 176" wedge width, 0-2.0
or 0-4.0 density range, $30.

Kodak Neutral Density Wedges are sold
by your Kodak dealer, but we suggest
you let us prepare him for your visit by
first explaining your requirements to In-
dustrial Photographic Division, Eastman
Kodak Company, Rochester 4, N. Y.

(34“3704"4 Fe(l

Hemin is part of the hemoglobin
that courses through the billions of
animals that inhabit the planet. Get-
ting it into the form we sell to re-
searchers is a tedious process in
which 3000 grams of crude hemo-
globin bought from a meat packer
winds up as 20 grams on our shelves.
Involved along the way are hot iso-
amyl alcohol, hot acetic acid, deli-
cate adjustment of a pyridine-chlo-
roform system of solvents, coagula-
tion of protein with hydrochloric

acid, slow crystallizations from vari-
ous solvents without stirring, etc.,
etc. From all this emerges the prod-
uct, the chloride salt of an iron por-
phyrin in which four substituted pyr-
roles are joined by methylene link-
ages around a central iron atom.
Despite the conservative ‘9749,
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stated in our catalog and on our
label, our control lab reports semi-
confidentially that the actual purity
usually runs above 99%.

This is but one of over 3500 organic
chemicals appearing in Eastman Organic

Chemicals List No. 38. If you haven't
a copy, write to Eastman Organic Chem-

icals Department, Distilla- -
tion Products Industries, 10)%8e

Rochester 3, N. Y.

High speed

As a tool for the engineering analy-
sis of mechanical motions too fast
for the eye or even for the sports
newsreel type of “slow motion,” we
make the Kodak High Speed Cam-
era. It can take from 1000 to 3200
full 16mm frames per second and
can superimpose the corresponding
oscillograph record on the pictures
if required. It is simple to operate,
and gives pictures of excellent pho-
tographic quality. We have sold a
very respectable number of them to
people who have found its speed
range just right for the great major-
ity of mechanical design problems.
Nevertheless, there are problems,
mostly in fundamental research,
where simplicity, economy of oper-
ation, and even image clarity must
be sacrificed for higher repetition
rates. Several high speed cameras
of such specialized design have ap-
peared in recent years, and we are
frank in our admiration of them.
The history of this branch of instru-
mentation dates back at least to
1880 and has its own terminology,
literature, regular symposia, and a
collection of impressive successes.
A scholarly and exhaustive sum-
mary of these lately appeared in one
of the engineering journals. We
have had it reprinted and shall be
happy to send you a free copy.

For the reprint (“Special Report on
High Speed Photography in Design™),
for inquiries about the Kodak High
Speed Camera, or for help in selecting
film or plates for any form of high speed
photography, address Industrial Photo-

graphic Sales Division, Eastman Kodak
Company, Rochester 4, N. Y.
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PLATABLE PHENOLIC
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on today’s |
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plastics ?

@ Extraordinary new developments are ex-
panding the industrial importance of phenolic
plastics these days. Materials possessed of
“working” properties in combinations un-
heard of 5 years ago...even a few months ago
...are furnishing new answers in product im-
provement and development programs.

Suppose you arelooking for impact strength
up to 20 ft. lbs. per inch (Izod), yet readily
moldable into finished shapes with high sur-
face luster? We’ve developed this at Durez by
using glass fibre as a filler. How about an op-

osite class of material...a flexible type, ruL-

er-filled, for service where shock is severe?
Or one that eliminates corrosion of silver con-
tacts in electrical devices? Or a conductive
material you can mold, then plate with copper,
nickel, or other metals?

Inherent in such Durez developments as
these are potential savings in production time
and cost worthy of investigation now. New
utility for your product, new beauty and sales
appeal too may well come out of a conference
with your custom molder of Durez phenolics.
The counsel of Durez phenolics technicians is
always at your service.

Our monthly ‘Durez Plastics News’” will
keep you informed on industry’s uses of
Durez. Write, on office letterhead, to

DUREZ PLASTICS & CHEMICALS, INC.
802 Walck Road, N. Tonawanda, N. Y.

PHENOLIC PLASTICS that fit the job
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A.A.A.S.
"T its 119th meeting last month in St.

Louis the American Association

for the Advancement of Science
took steps to change its character and
functions. It selected as president-elect
(to serve in 1954) Warren Weaver of
the Rockefeller Foundation, who has
been urging the Association to concen-
trate on public education and on in-
tegrating the sciences, leaving to the
separate professional societies the pres-
entation of detailed scientific papers
(“Science and the Citizen,” SCIENTIFIC
AnEericaN, February, 1952). A resolu-
tion endorsing such a program was
adopted at the Association’s 1951 meet-
ing. In the coming year the A.A.A.S.
will appoint two committees, one to
study how the specialized branches of
science can be brought together for
common discussions, and the other to
look for new ways to make effective one
of the stated purposes of the Associa-
tion: “To increase public understanding
and appreciation of the importance and
promise of the methods of science in
human progress.”

Scientists’ concern with public appre-
ciation of their problems was high-
lighted in the address of the retiring
president, Kirtley F. Mather of Harvard
University, who spoke on “The Common
Ground of Science and Politics.” Mather
asked that scientists” ideas on security
regulations be given “more respectful
consideration than they have thus far
received,” and that “joint task forces”
of scientists and government officials be
set up to solve “the technical problems
involved in providing adequate subsis-
tence” for the world’s population.

Edward U. Condon, research director
of the Corning Glass Works, was in-
stalled as this year’s president of the
A.A.AS. As the convention began the
House Committee on Un-American Ac-
tivities released a report which, conced-
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SCIENCE AND

ing that it had no information “that Dr.
Condon was a Communist or committed
any act of espiomage,” nevertheless pro-
nounced him “not qualified for accept-
ability to any security position” because
of his “propensity for associating with
persons disloyal or of questionable
loyalty and his contempt for necessary
security regulations.” Condon retorted:
“My record of scientific service to the
government and scrupulous regard for
all security regulations is absolutely
spotless. . . . Not one of the persons with
whom I have associated has ever been
formally accused, let alone convicted,
of any espionage activity. . . . The Com-
mittee’s statements about contempt and
disdain for security regulations are out-
rageous and contemptible lies.”

In an address “On the Proper Role of
Scientists in a Schizophrenic World”
Maurice B. Visscher, professor of physi-
ology at the University of Minnesota
Medical School, urged the A.A.A.S. to
assess its membership to raise funds for
“an educational campaign to protect the
free enterprise system in ideas” and to
oppose “the rising tide of anti-intellectu-
alism in America,” fostered by “organi-
zations and individuals displaying overt-
ly paranoid behavior toward scientists.”
Visscher said later that he will present his
proposal formally to the A.A.A.S. Board
of Directors. He has in mind a large-
scale, professionally directed campaign
of publicity and advertising in newspa-
pers, magazines, radio and television.

The A.A.A.S. program included some
1,500 scientific papers and several sym-
posia.

The $1,000 Newcomb Cleveland
prize for an outstanding individual pa-
per was awarded to Andrew M. Gleason,
31-year-old Harvard University mathe-
matician. His paper on “Natural Co-
ordinate Systems” was described by
Saunders MacLane, president of the
Mathematical Association of America,
as “the most important mathematical
advance, either here or abroad, of the
year 1952.” It presented his solution of
“the fifth problem of Hilbert’—one of 23
important problems in mathematics pro-
pounded in 1900 by the great mathe-
matician David Hilbert. The problem
is whether, in a certain type of geometri-
cal space (a “locally Euclidean group”),
a system of coordinates can be found
that makes it possible to describe the
space in workable mathematical equa-
tions. Gleason proved that such a system
can be found.

Frank J. Dixon of the University of
Pittsburgh  Medical School won the
$1,000 Theobald Smith award for medi-
cal research for his work on antigens
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and antibodies. He has shown that ex-
posure of the body to radiation before
an invasion of antigen inhibits its abil-
ity to make antibodies and may prevent
the development of immunity. Dixon
has also investigated the life span of
various antibodies and found that it de-
pends on the body’s rate of metabolism,
which in turn depends on the animal’s
size. He determined that gamma globu-
lin antibodies have a half-life of two
weeks in a human being and somewhat
less than two days in a mouse. Dixon’s
findings were used to compute dosages
in last summer’s field trials of gamma
globulin for polio prevention.

A new $1,000 prize was given for
work in social science which the anony-
mous donor specified should be based
on “the best formulated evolutionary
naturalism and experimental or opera-
tional logic of the last half-century or
more.” The winner was Arnold M. Rose
of the University of Minnesota for his
paper on “The Theory of Social Organ-
ization and Disorganization.”

Shields Warren, director of the Divi-
sion of Biology and Medicine of the
Atomic Energy Commission, received
the $1,000 William Proctor Prize of the
Scientific Research Society of America.
The award was given in recognition of
his “brilliant record of service in mili-
tary medicine and of research into the
biological effects of atomic nuclear re-
actions.”

The $1,000 A.A.A.S.-George West-
inghouse Science Writing Awards went
to Alton L. Blakeslee, science editor of
the Associated Press, and Morton M.
Hunt, freelance writer. Blakeslee’s prize
was for a series of articles on the Jackson
Memorial Laboratory at Bar Harbor;
Hunt’s was for an article in Esquire en-
titled “Neurosis Factory,” describing
research by Cornell University psy-
chologist Howard S. Liddell on experi-
mentally induced neuroses. Honorable
mention went to Milton and Margaret
Silverman, freelance writers, and to
Charles A. Federer of the Harvard Col-
lege Observatory, editor of Sky and
Telescope.

Some other reports at the meeting:

Barry Commoner, biochemist at
Washington University in St. Louis, pre-
sented new information on how viruses
reproduce. He split tobacco leaves in
half, inoculated one half with the
tobacco mosaic virus and cultured both
halves in a nutrient containing labeled
nitrogen. Analysis of the nitrogen up-
take showed that the virus does not re-
produce itself but forces the host cell to
use its own chemical supplies to make
new virus molecules instead of normal

£ TR DOW CORNING SILICONE NEWS

NEW FRONTIER EDITION

TENTH OF A SERIES

Tall Tale

Ever hear how Sourdough Sam
cooked himself to heaven on a mess
of sliver-cat stew and scur dough

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

to Fahulous Fact

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

in smoke.

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

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

This and many other fabulous facts
are more fully described in a semi-
technical publication called “What's
A Silicone?”. Simply address your re-
quest to Department W-2.

DOW CORNING CORPORATION
MIDLAND, MICHIGAN
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In Canada: Fiberglas Canada Ltd., Toronto ° In England: Midland Silicones Ltd., London
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35mm camera on B&L Model
EDN Research Microscope

If you can see it

with your microscope,
you can photograph it. ..
with the
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BAUSCH & LOMB

EYEPIECE CAMERA

Photograph what you want . . . whenever you want . . . with your micro-
scope! You've got your own low-cost photomicrographic department
at your fingertips with the efficient new Bausch & Lomb Eyepiece
Camera. Viewing head and camera fit microscope eyepiece tube . . .
enable you to make your own transparencies, projection slides, work-

in-progress records.

2" x 34" camera on B&L
Model E Research Microscope
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® Choice of cameras

35mm roll film unit
24" x 3%" film pack or cut film
unit
® Color and black and white
® Simultaneous focus of visual and film
images provides top quality

WRITE for demonstration
and complete information.
Bausch & Lomb
Optical Company,
78114 St. Paul St.,
Rochester 2, N. Y.

NEW CENTURY
OF orPrical
PROGRESS

BAUSCH ¢ LOMB CENTENNIAL
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cell protein. Thus the virus molecule
serves as a model for the synthesizing
activity of the cell. Commoner believes
that a cell builds normal proteins in the
same way.

N. W. Flodin of E. I. du Pont de
Nemours & Co. announced that several
amino acids have been synthesized arti-
ficially. One of them, methionine, is al-
ready being produced on a commercial
scale for use in poultry feeds. Flodin
predicted that synthetic amino acids
would help overcome protein deficien-
cies and become important additions to
the world’s food supply.

Loh Seng Tsai, psychologist at
Tulane University, reported that rats
can be taught to recognize coins, to ex-
change money for cheese, to save the
money for when they are hungry, to
Loist a ladder on a chain pulley to get at
food on a high shelf. It is the first time
that animals other than man and apes
have been observed to be able to use
tools and coins. Like chimpanzees, the
rats learn these tricks by trial and error.
They now provide an opportunity to
study complex behavior with inexpen-
sive laboratory animals whose genetic
history and experience can be carefully
controlled.

Old Fish

N the Indian Ocean off Madagascar

fishermen last month netted a five-
foot, 100-pound fish which evolutionists
promptly hailed as the “most important
zoological discovery of this century.”
J. L. B. Smith, South African ichthyolo-
gist, flew 3,000 miles in a government-
supplied military plane to reach the fish
in time to preserve it. When he arrived,
and found it smelling somewhat strong
but largely intact, he broke down and
wept. The object of his emotion was a
coelacanth, the earliest type of bony
fish. Until a few years ago it was be-
lieved that such fish had been extinct
for 75 million years.

Among the very early forms of ani-
mal life on earth was a group of fish
known as crossopterygians. About 350
million years ago these fish evolved into
three different forms: the lungfish,
which still exist today; the amphibians,
which later developed into land-living
vertebrates, and the coelacanths. The
latter were thought to have died out
with the early amphibians about 75 mil-
lion years ago, but in 1938 one was
pulled out of the water by a South Afri-
can trawler. By the time Smith got hold
of it, only its skeleton and skin were
left. Since that time he has been on a
constant lookout for another specimen,
and has distributed thousands of leaflets
to native fishermen asking their help.
The campaign paid off when a fisher-
man recognized the coelacanth in a
Madagascan village market last month.

During the almost 300 million years
of their fossil history the coelacanths



changed very little. Consequently Smith
believes that the surviving specimen is
still much like the very earliest forms.
As for what he hopes to learn from the
fish, Smith said: “Here are some of my
jostling thoughts: What is the composi-
tion of the flesh of the coelacanths? What
are its component amino acids? . .. The
coelacanth just drips oil; what is its
nature, and will it help us to decide
whether fish oil was really the origin of
our mineral oil deposits? What was the
nature of the cells in the earliest crea-
tures? Did they have a liver? Did they
have spiral valves in the intestines?
What sort of digestive juices did they
have? . .. There is hardly a limit to what
we may learn through the coelacanth.”
Smith will not get all the answers
from his present fish because it lost some
of its soft parts when the fisherman who
caught it clubbed it on the head. He
hopes, however, to get more specimens.

Sunlight and Life

POSSIBLE major break in the

problem of photosynthesis has re-
cently been announced by Melvin Cal-
vin, University of California chemist.
Like many other scientists all over the
world, Calvin has been patiently dig-
ging into the mechanism by which
plants use light energy to convert water
and carbon dioxide into the complex,
energy-yielding organic molecules of liv-
ing tissue. The first step has long been
known. Electrons in chlorophyll mole-
cules pick up quanta of energy from
light and are raised to a higher energy
level. They remain in this excited state
only for a few thousandths of a second,
however, and the big question is: Where
does the energy go from there? Now
Calvin thinks he is on the track of the
answer.

He picked up the clue rather by acci-
dent. He had two samples of a recently
discovered growth substance called pro-
togen from the Lederle Laboratories:
one, the natural chemical as found in
plants; the other, a synthetic prepara-
tion. Calvin noticed that natural proto-
gen was yellow, whereas the synthetic
material was colorless. This led him to
suspect that in its natural form protogen
contains pairs of sulfur atoms as links in
the molecule. It is known that these
links can be broken by absorbing no
more energy than is available from the
excited chlorophyll electrons. Calvin
suggests that protogen molecules in con-
tact with the chlorophyll molecules ab-
sorb enough energy to part the disulfide
links and break down into highly re-
active free radicals. These react with
other substances in a plant, taking
hydrogen from them and starting the
chain of reactions which eventually pro-
duces the organic molecules and free
oxygen.

The California chemist has synthe-
sized the disulfide part of the protogen

PRODUCT CONTROL
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INFRARED ANALYSIS
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Pond’s Extract Company, Clinton, Connecticut.
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SOLUTION:

Routine use of infrared analysis on samples of

incoming materials. Typical analyses are:

1. Grading geraniols by determining amounts of
terpines, sesquiterpines and esters present.

2. Determining the presence of extraneous alcohols
in aromatics such as citronellol.

3. Control checking of multicomponent blends

of

essential oils and aromatic chemicals

used in perfumery.

INSTRUMENTATION:
A Perkin-Elmer Model 21 Double Beam Infrared
Spectrophotometer with NaCl optics and standard
liquid sample cells.

OISCUSSION

Infrared has proven far quicker than classical
methods. A typical infrared analysis takes 15
minutes as compared with four to forty hours for the
usual organic analytical tests.

CONCLUSION:
Quick and accurate infrared analysis of expensive
perfume raw materials safeguards against the
purchase of inferior materials and insures the
qualiity of the final product. The instrument paid
for itself in a few months.

REFERENCE:

G. R. Clark, J. Soc. Cos. Chem., II, 290, 1951.
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Model 21
Spectrophotometer
at Pond’s Extract
Company.

We will be glad to discuss your Product Control
problems with you. A brochure of Product Control
data sheets is yours for the asking.

The Perkin-Elmer Corporation, 875 Main Avenue, Norwalk, Conn.
Southern Regional Office: New Orleans, lovisiana

For Optical Design and Electro-Optical Instruments

PERKIN @& ELMER 4
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SQUEEZING THE MOST OUT OF SENSITIVE RELAYS

New procedure developed by Prime Contractors accomplishes up-grading
of general specifications— of real benefit to all concerned.
1. Select a collection of irrelevant MIL specs. (preferably obsolete).
2. Using K=1.63 QN, raise all known numerical considerations.

3. From the Sigma Catalog, select the characteristics of at least three
relays. Divide all numbers by 13.6r2.

4. Apply these characteristics to the smallest and cheapest relay and
prepare the spec. accordingly.

5. Type in Ipsilanti on 36" x 48" drawing.
6. Your Purchasing Department will do the rest.

7. Any resemblance between the product and the drawing is purely
coincidental.

8. There is a possibility that the relay will do the job.
9. Seriously, shouting at our application engineers gets you nowhere.

They are paid to be helpful and courteous, but they are not yes-men.

A realistic set of requirements can usually be met even by Sigma Relays,
and the aforesaid engineers can often suggest circuit modifications to
better suit existing standards and components.

SIGVA

SIGMA INSTRUMENTS, INC.
40 PEARL ST., SO. BRAINTREE, BOSTON 85, MASS.
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molecule and has demonstrated that it
can be broken apart by the action of
light. Further, protogen is known to be
plentiful in green plants.

Green Goods

HE magic phrase “contains chloro-

phyll,” came in for some rough
handling last month. Before the Ameri-
can Chemical Society Alsoph H. Cor-
win, head of the department of chemis-
try at the Johns Hopkins University, ex-
amined the claims for chlorophyll as
(1) a blood tonic, (2) a disinfectant,
(3) a wound-healing agent and (4) a
deodorant. He concluded that none of
these claims is backed by acceptable
experimental evidence. Antibiotic sub-
stances in plants can account for its
“weak” action against bacteria, and no
one has demonstrated that chlorophyll-
soaked wound dressings especially pro-
mote healing. Corwin quoted a National
Bureau of Standards report that “we
have no reason whatever to believe that
chlorophyll ever has anything to do with
deodorization.” Even if it did, Corwin
pointed out, this would still be no reason
for believing that chewing or swallowing
chlorophyll could deodorize the sweat
glands. There is no evidence that it is
transported through the bloodstream;
indeed, it is fortunate that chlorophyll
does not get into the blood, because it
would have toxic effects. Corwin added
that chlorophyll derivatives usually con-
tain an excess of copper which may be
poisonous. The whole question, he said,
“is certainly one which needs investiga-
tion.”

Einstein Vindicated

FTER the telescopes, cameras and

other equipment set up in Khar-
toum last winter to observe the solar
eclipse had been dismantled and sent
home, one instrument remained in the
desert. It was a special telescope with
which George van Biesbroeck of the
Yerkes Observatory had photographed
the edge of the blacked-out sun. He
locked the telescope in the same posi-
tion, covered it with tarpaulins and
went home. In August he returned, un-
wrapped his instrument and took more
pictures of the same part of the sky.
Since then he has been studying his
plates at Yale University with a super-
sensitive measuring device. Last month
van Biesbroeck announced a new veri-
fication of Einstein’s general theory of
relativity, which predicts that light pass-
ing near a massive body will be bent
from its straight path.

Einstein had calculated that the sun
should displace starlight rays grazing it
by 1.75 seconds of arc—about a thou-
sandth of the diameter of the full moon
as seen from the earth. The first meas-
urements, made during the total eclipse
of 1919, showed an apparent displace-



RUBBER GROWS ON IDEAS. In fact, one idea—vulcanizing— vir-

tually created an industry. Since then, new ideas and ingredients
have fitted rubber for more and more uses. Today more than a
thousand different chemicals and other raw materials are used by
over twelve hundred companies to make 5 billion dollars worth of
rubber products annually.

New kind of rubber
completely resists ozone

... suggests many ideas for
product improvement

Ozone resistance is important in
the rubber industry. If a product
has good ozone resistance, it
stands up longer under normal
usage . . . resists failure from sur-

face cracking and loss of strength.

That’s one of the reasons why
rubber-goods manufacturers are
so interested in “Hypalon”* S-2
(chlorosulfonated polyethylene)
—the new Du Pont polymer that

combines complete ozone resist-

ance with excellent abrasion and
weather resistance, good chem-
ical and heat resistance, long
flex-life and unlimited color pos-
sibilities.

The rubber industry has many
ideas for putting “Hypalon” S-2
to work—both as a basic vul-
canizate and as a blend with
other elastomers. Because of its

Write for technical bulletins on Polychemicals
products for your industry

These products for the rubber industry are typical. In all, there are over
100 Polychemicals products for industry —amides, alcohols, esters, or-
ganic acids, solvents, resins and plastics. Technical bulletins on the ones
used in your industry are available. You’ll find properties, descriptions,
specifications, uses, possible applications, bibliography and other data
on each product. Write on your business letterhead for your copy. We
will gladly cooperate with you on any applications for these products

you would like to investigate. *REG. U. S. PAT. OFF.

E. |. DU PONT DE NEMOURS & CO. (INC.) « POLYCHEMICALS DEPT. 1525 « WILMINGTON 98, DEL.
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remarkable combination of prop-
erties, it is being evaluated for
such applications as floor cover-
ings, footwear, white sidewall
tires and weather stripping. Its
ozone and chemical resistance
properties are suggesting its use
for spark plug boots and wire
jacketing . . . for belting and
other mechanical goods. In ad-
dition, its outstanding resistance
to strong oxidizing acids and al-
kalies and many other chemicals
promises much for its use in acid
hose and tank linings.

But “Hypalon” S-2 is only aqne
of the products from the Du Pont
Polychemicals Department help-
ing the rubber industry do a bet-
ter job. The list includes Crystal
Urea, “Lorol” fatty alcohols and
Adipic Acid—to name a few.

R€G. u. 5 sar. OFF.
BETTER THINGS FOR BETTER LIVING
... THROUGH CHEMISTRY

Polychemicals

DEPARTMENT

CHEMICALS « PLASTICS
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THE VERSATILITY
OF VERSENE*
“Versene" is a versatile word
because it does so many
" inecredible things so efficiently.
Experimentally, Versene
dissolves bladder and kidney
stones; slows the clotting of
blood; reduces hypertension
by changing the calcium-
magnesium balance of the
bloodstream. In industry, the
Versenes soften hardest water
completely and permanently
without precipitation.. .
inactivate both divalent and trivalent
metals...remove radioactive materials from

each other ... reduce the activity of metal ions.
THE VERSENE* FAMILY

The Versenes are a family of powerful organic
complexing agents. Chemically, they are known as the
sodium salts of ethvlene diamine tetra acetic and other

polyamino acids. Each has special applications but
all are completely stable at high temperatures in
the entire pH range. They are available in either
wet or dry form by the gram or carload.

VERSENE* AND YOU
‘Whoever you are, whatever you do, through
the new chemistry of chelation, Versene is playing
an increasingly important part in your life. From the
soap you use to the clothes you wear—from the
medicines you take to the tires you ride on—from
bombs to beryllium —Versene is there.
For those who are seriously interested in the Versenes
as new and exciting “tools” of research and industry we
will be glad to send our Technical Bulletin No. 2 which
we will follow with samples on request. Write Dept. J.

‘\C% % /,MM é s z'//
BERSWORTH CHEMICAL (0.

FRAMINGHAM, MASSACHUSETTS

*Trade Mark Registered

[}
i
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ment very close to that predicted by
Einstein. Attempts to check the results
at subsequent eclipses were eisappoint-
ing, however. In every case there was a
shift, but far from the expected amount.
Van Biesbroeck’s new attempt was the
most carefully designed and controlled
observation yet made. His observed dis-
placement: 1.70 seconds of arc.

Big Bertha

AST month Stanford University un-
veiled a new 200-foot linear accel-
erator which boosts electrons to an
energy of one billion electron-volts and
a hundred-thousandth of 1 per cent of
the speed of light. At this speed elec-
trons weigh 2,000 times as much as
when they are at rest. The fast-moving
particles will be used to study the atomic
nucleus. When electrons strike a nu-
cleus, they usually pass through, instead
of smashing it as protons do, and their
paths upon emerging give a diffraction
picture of the nuclear structure.

In the Stanford machine an 80,000-
volt electric pulse tears bunches of elec-
trons off a hot tungsten filament at the
rate of 60 times a second. They come
off at about half the speed of light, are
bunched in a two-foot coil and then at
10-foot intervals down the long tube are
kicked along by a series of giant klys-
trons.

The linear design is much simpler
than that of circular cyclotrons and syn-
chrotrons. The electron beam can be
tapped “like water out of a spigot.”

New Hearing Aids

HE first consumer product incorpo-

rating transistors has just been placed
on the market. Transistor hearing aids
manufactured by the Sonotone Corpora-
tion and by the Maico Company are now
on sale. Sonotone’s machine contains one
germanium crystal and two conventional
miniature vacuum tubes. The company
explained that present transistors are too
noisy to use in amplifying stages; hence
they are employed only in the power sec-
tion of the circuit. Its new hearing aid is
somewhat smaller and lighter than con-
ventional ones and has twice the power
and much longer battery life. The Maico
device uses three transistors and no
tubes. The battery is a single “energy
capsule” about the size of a dime.

Some transistor engineers are doubt-
ful that the device is ready for general
use. They say that present transistors not
only produce noise but are unstable; a
circuit matched to one transistor may
perform poorly after a month or two be-
cause of “drift” in its characteristics.

The Nation’s Health
METHOD of financing to make

adequate medical care accessible to
everyone in the U. S. was proposed last
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Vacuum Equipment Dept.

we’ve built a

GIANT

...to produce high vacuum in
bigger chambers —at

less cost —than ever before

Say you're producing one of the modern
metals that has wonderful properties but
can’t stand oxygen at high temperatures.
Or maybe your problem is a large wind
tunnel, a synchro-cyclotron, or a vacuum
dehydration chamber for biologicals.

You want to push out into the atmos-
phere as much air or gas as possible at the
lowest cost. You may need to exhaust
down to 1/2000th of atmospheric pressure
or as low as 1/75,000th of an atmosphere.

CVC supplies a series of nonmechani-
cal pumps which can operate in this
pressure range at rates well over 10,000
cubic feet per minute, compressing air and
gas to the point where mechanical pump-
ing becomes highly eflicient—to pressures
as high as 10 mm Hg where needed.

If you will tell us your vacuum pump-
ing requirements, we'll be glad to show
you how these unique oil ejector pumps
make possible a new order of operating
economy for large high vacuum systems.

Write Consolidated Vacuum Corpo-
ration, Rochester 3, N. Y. (Subsidiary of
Consolidated Engineering Corporation,
Pasadena, Calif.)

Consolidated Vacuum Corporation

high vacuum research and engineering
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SORENSEN

REGULATES
AND CONTROLS

LOW VOLTAGE

DC

HIGH CURRENT

Nobatron Model E-6.5

The NOBATRON* maintains stabilized DC voltage under changing line and/or
load conditions.

A complete line of catalog models are available, with output voltages of 6,
12, 28, 125, and 200 VDC, from 5 to 350 amperes.

Sorensen Nobatrons eliminate battery and generator troubles. They combine
high regulation accuracy with maximum dependability and minimum maintenance.

All models are attractively finished. Most can be fumished either for relay
rack mounting or in cabinets for bench-top use. Most units are metered; all are
adequately protected against overload by suitable fuses and breakers.

WIDER OUTPUT VOLTAGE RANGE MODELS

Nobatron-RANGERS* are designed to meet the demand for power supplies
similar to the Nobatron but with wider output voltage ranges.

Nobatron-RANGERS are continuously adjustable over extended output ranges,
yet provide regulation ‘accuracies of +0.25% against line and/or load. Other
specifications are identical ta those of the standard Nobatrons.

Three models are available, the SR-30, SR100, SR-2. Capacities, respectively,
are 3-30 VDC at 3 -30 amperes, 3 - 135 VDC at 1-10 amperes, and 100 - 300
VDC at 1- 10 amperes.

Investigante NOW the cost of @ NOBATRON installation versus the overall
cost of less satisfactory DC sources.

COMMON NOBATRON SPECIFICATIONS

95-130 VAC, single ¢, 50-60 ~ High-current units
208/115, 3¢, 4-wire, wye.

Adjustable -+ 10% with rated accuracy, — 25%
with lesser accuracy.

~+ 0.2% from 1/10 to full load.
1% RMS. Time constant 0.2 seconds.

Input voltage
range

Output voltage
range

Regulation accuracy

Ripple voltage

* Reg. U. S. Pat. Off. by Sorensen & Co., Inc.

OTHER SORENSEN ISOTRONIC PRODUCTS INCLUDE:
B-NOBATRONS  (high-voltage, low-curreit DC Supplies)
FREQUENCY CHANGERS  VARIABLE AUTO TRANSFORMERS
SATURABLE CORE REACTORS AC LINE REGULATORS

SORENSEN

SORENSEN & CO., INC,
375 Fairfield Avenue

Stamford 6, Conn.

For Complete
Information Write
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month by the President’s Commission on
the Health Needs of the Nation, headed
by Paul B. Magnuson.

The Commission, after a year’s study,
suggested a health insurance system, ad-
ministered largely by physicians prac-
ticing in groups. For families unable to
afford the premiums, the Federal and
state governments would pay all or part
of the cost, the U. S. Government con-
tributing from general tax revenues and
social security funds. Existing prepay-
ment health plans would be expanded
to cover as wide a group as possible, and
new units would be formed on the ini-
tiative of the states to reach those whom
present plans cannot. The services would
offer dental as well as medical care,
would be set up and administered local-
ly but under a single state authority,
would include consumer representatives
with medical men on their administra-
tive boards.

In recommending group practice for
specialists the Commission pointed out
that this is the most efficient way to use
the talents of highly trained people, to
remedy the isolation of rural medicine
from “fast-moving medical develop-
ments” and to make maximum use of
expensive equipment.

The report drew sharp immediate
criticism from the American Medical As-
sociation on one feature—the proposal to
use Old Age Insurance funds to buy
prepaid medical care. Louis H. Bauer,
president of the A.M.A., called it “in
effect, national compulsory health in-
surance.” He added that an A.M.A. com-
mittee would soon release a detailed
study of the entire report.

The Commission found the country’s
supply of doctors and other health work-
ers far below what is needed. It esti-
mated that to give “reasonably com-
prehensive medical care” to the whole
population by 1960 will require 30,000
more physicians than are expected to
be available at that time. It recom-
mended federal aid to schools of medi-
cine, dentistry, nursing and public
health, to expand facilities, make up
operating deficits and establish scholar-
ships.

The Commission suggested that Con-
gress set up a Department of Health and
Security with Cabinet status, and that
the President create a permanent Fed-
eral health commission which would
keep continuous watch on the changing
health status and needs of the nation
and report annually to him.

The Government now spends about
one billion dollars per year on civilian
health activities. The Commission esti-
mates that its program would cost a bil-
lion more. Major annual expenditures
called for in its proposals are: aid to
schools, $100 million; support of local
health services, $60 million; medical re-
search, $20 million; grants-in-aid to
states to help pay for personal health
services, $750 million.



What do YOU want to protect?

PLANE PASSENGERS AND CREWS depend on Fenwal Aircraft
Heater Controls for comfort and safety in every type of air-
craft. Positive, accurate temperature regulation is assured by
THERMOSWITCH® units, especially developed for appli-
cations subject to severe environmental and operational con-
ditions. In addition, Fenwal Fire and Overheat Detectors
provide vital protection by warning the pilot of an engine
overheat condition before it becomes dangerous — contribut-
ing to modern airline safety.

TR

o
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kitchens, thanks to the use of THERMOSWITCH Thermo-
stats in food processing which requires temperature control.
In applications ranging from commercial egg-washers to the
packaging of frozen foods, these accurate, reliable devices
are helping to keep product quality uniformly high and to cut
production losses.

FOOD AT ITS FLAVORFUL BEST is supplied to the nation’s
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LIVES, CARGOES AND SHIPS get full fire protection at sea
when carefully engineered alarm or release systems incor-
porate Fenwal DETECT-A-FIRE® units. Hermetically
sealed in stainless steel, safe from corrosion, these advanced
detectors respond immediately if surrounding air tempera-
ture reaches the danger point. Their attractive design blends
with any decorative scheme.

A MODERN METALLURGICAL LABORATORY is part of Fenwal’s
complete technical facilities. In this and other specialized
laboratories, Fenwal engineers are constantly developing and
improving devices to help protect products, processes, prop-
erty and people. Perhaps they can help you solve a protection
problem, Why not write us? Fenwal, Incorporated, 302
Pleasant Street, Ashland, Mass.

ELECTRIC TEMPERATURE CONTROL
AND DETECTION DEVICES

PROTECTING PRODUCTS AND PROCESSES...PROPERTY AND PEOPLE
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ENGINEERS!
HERE ARE
OPPORTUNITIES?

OF INTEREST TO:

o Aircraft Design Engineers ® Process Engineers ® Engineering Drawings

® Production Design Engineers @ Service Engineers Checkers

® Structures Engineers ® Aerodynamics Engineers ® Many other highly skilled
e Weight Engineers ® Aerodynamicists classifications

e Equipment Engineers ® Technical lllustrators

® Engineers with abilities adaptable to Aircraft Engineering

Just a small spot! - - - as far as the globe is concerned - - - but a mighty BIG spot as far as YOU are concerned

if you are an Aircraft Engineer or Technician with ambition, ability and an eye for a secure future.

Here’s a project, in Marietta, Georgia, where Lockheed’s Georgia Division has a long-range production schedule
for B-47 Jet Bombers and a more recent contract for the C-130A Turbo-prop Air Force Cargo Plane. Inciden-
tally, the C-130A is a Lockheed design so you see this is a forward looking concern which provides opportunities

for creative talents as well as production “’know-how.”

Here is where ability and ambition can push to new heights. Worth investigating, isn’t it? Just mail the coupon

and get full details. You owe it to yourself.

CLIP AND MAIL TODAY!

Lockheed Employment Manager Please send full details
5942 Peachtree St., N. E. on MY opportunity
Atlonta, Ga. Dept. SA-2 at LOCKHEED

Name

Address

City and State_

——— ]

-——_—-1

Job Interested In

--——-———-———————J
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Look to ILEBIC EEIDD for Leadership

AIRCRAFT CORPORAHION

—--—__-,,v‘

GEORGIA
DIVISION

MARIETTA,
GEORGIA
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Spiral Tubing, another outstanding C-D-F product, is an
important new material for the progressive, cost conscious
design engineer (and purchasing agent). Itis a high strength
plastic made from paper or fibre that is spirally wound,
then impregnated with phenolic resin or insulating varnishes
and carefully cured at high temperatures. The resulting
tubes (round, square, rectangular or formed to special
shapes) are stiff, sturdy, resistant to crush, with good
tensile strength.

This unique product has good dielectric strength with low
dielectric loss properties. Moisture resistance and dimen-
sional stability is easily controlled in the manufacturing
process. The wide variety of sizes, shapes, forms; the
strength; low cost; ease of fabrication; speed of delivery;
all combine to make C-D-F Spiral Tubing worthy of your
investigation.

WE MAKE AND FABRICATE ...
STRONG, Low-cosT SPIRAL TUBING

SIZES

The round tubing ranges from 3/32
to 8” ID, with wall thicknesses from
.0075 to %4”. The minimum ID of
square and rectangular tubing is 34",
with 214" the maximum ID. Wall
thicknesses range from .010 to 3/32”.

Standard lengths are from 2 to 4,
with special sizes and grades, plain
or impregnated, open for your dis-
cussion with our C-D-F sales and
engineering staff.

FABRICATION

Spiral Tubing is readily sawed,
punched, drilled, tapped, riveted,
stamped, painted, depending on the
grade; it is suitable for automatic
machine operations, but not recom-
mended for conventional machine
threading. Waxing or varnish im-
pregnation to improve moisture re-
sistance is usually done on the fin-
ished coils by the user.

PRIMARY APPLICATIONS

COIL FORMS OF ANY SIZE OR SHAPE
for tuned or untuned RF, IF, oscillator, and other
coils used in radio, television, electronic circuits
for solenoids, relays, circuit breakers
for transformers
for permeability tuners

INSULATORS
for selenium rectifiers
for electric motors
relays

BUSHINGS OR SPACERS
armature shaft spacers
for mechanical support

SHIPPING PROTECTORS AND FOR SPECIALIZED PACKAGING
BOBBIN TUBES
BODIES FOR PAINT ROLL APPLICATORS

AS A COMBINATION MATERIAL
with other C-D-F high strength plastics or electrical
insulating materials

GRADE SELECTION

C-D-F has mass production facilities for both the
manufacture and fabrication of eighteen distinct
grades of Spiral Tubing. For example, there’s a
special punching grade, fine for punching rectan-
gular or square holes near the end of the tube. A
relatively soft tube is supplied for difficult stapling
or riveting. C-D-F makes high strength automotive
electrical bushings from a very hard tubing with
high axial compressive strength. Combinations of
kraft, chipboard, Diamond ‘“fish paper” Insulation,
and other materials are available.

FORMS: ROUND « FORMED ¢ FORMED AND NOTCHED e« SQUARE AND RECTANGULAR

THE NAME TO REMEMBER
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FOR SPIRAL TUBING

NEWARK 24, DELAWARE

Remember, C-D-F has production know-how, years of experience in electrical insulation. See your C-D-F sales engineer.
Write now for new 1953 spiral tubing folder, a workbook showing grades, applications, properties.
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The Chemistry
of Heredity

We know that factors in the nucleus deeply influence the life

of the cell, but exactly how do they do so? The search for an

answer proceeds by the chemical investigation of chromosomes

our chromosomes, and they reach

down to influence the chemistry of
every cell in our bodies. That chemistry
is the fundamental instrument of hered-
ity there can be no doubt. The genes—
the factors of heredity—must depend on
the chemical composition of the chromo-
somes; the growth and division of the
chromosomes are chemical processes,
and it is by chemical processes that the
chromosomes are able to influence the
rest of the cell and so make manifest the
hereditary factors. When, for example,
a chromosome influences the color of a
person’s eyes, it must do so by taking
part in some way in the chemical syn-
thesis of a pigment.

The study of the chemistry of chromo-
somes is, therefore, a study of life at an
elementary level. This article is an ac-
count of that fascinating investigation
and what has been learned from it.

A living cell, animal or vegetable,
has a nucleus within which is a certain
number of chromosomes, the number
depending on the species of animal or
plant. The nucleus may occupy any-
where from less than one hundredth to
more than two thirds of the volume of
the cell; the rest of the material is the
cytoplasm. The chromosomes have in-
dividuality: each one differs from all the
others in the same set. Within the
chromosomes are the genes, arranged in
a linear order.

The formation of a new individual
begins when the nuclei of an egg cell
and a sperm cell fuse to form one cell.
The fertilized egg now has two sets of
chromosomes, one from each of the par-
ent cells. The two sets are equivalent
(except for those chromosomes con-
cerned with sex), and thus there is a
pair of each kind of chromosome. The
cell then divides to start the building
of the body cells of the new organism,

OUR ANCESTORS are present in

by A. E. Mirsky

and one can see through a microscope
that the division proceeds in as orderly
and complex a ritual as a courtly 18th-
century ballet. Each chromosome grows
in size and then splits lengthwise into
two identical copies of the original. The
couples are promptly separated by two
sets of threads that pull them to oppo-
site ends of the cell. The membrane
surrounding the nucleus has meanwhile
broken down, so that there is no barrier
to impede their movement. The two sets
of chromosomes become bunched at the
opposite points. Once the sets are sepa-
rated, the threads disappear and a
membrane forms around each set. Now
there are two nuclei, each containing a
complete set of pairs of chromosomes,
inherited from the two original parent
cells. The two new nuclei are surrounded
by cytoplasm, the non-nuclear material
of cells. But since cytoplasm divides in
a different way from the nucleus, the
two daughter cells may have unlike
quantities of it.

Thus, by division after division, the
new body is built. Every cell of our
bodies—each liver cell, brain cell, kidney
cell—carries chromosomes and genes
from both parents. In the fruit fly,
Drosophila, we can see the phenome-
non distinctly under the microscope.
The chromosomes in the salivary gland
cells of fruit-fly larvae are so large that
we can make out their structural details
and see that hereditary factors con-
tributed by both parents are present in
each pair of chromosomes.

The Potent Nucleus

Knowledge of the relation between
chromosomes and heredity has come
from two lines of investigation—breed-
ing experiments and microscopic obser-
vations. It was the breeding experiments
that showed that chromosomes carry

© 1953 SCIENTIFIC AMERICAN, INC

hereditary factors. In recent years such
experiments on the bread mold neuro-
spora have shown most beautifully that
hereditary factors in chromosomes have
a precise controlling influence on many
chemical processes in the cell.

The simplest and most direct evi-
dence of the nucleus’ far-reaching effect
on the cell was provided by certain ex-
periments made by the German biolo-
gist Joachim Himmerling in 1931. He
performed these experiments on Aceta-
bularia, a little green plant consisting of
a single large cell. It has the form of an
umbrella, with the exceedingly small
nucleus near the tip of the handle. If
the hat-like top of the umbrella is cut
off, a new one forms, looking just like
the one removed. There are many varie-
ties of Acetabularia, each having a dis-
tinctively shaped “hat.” What Himmer-
ling found was that if he cut off the
“hat” and the nucleus of one of these
plants, and then planted in the remain-
ing stump a nucleus taken from another
variety of Acetabularia, the new “hat”
that formed was like that of the second
variety. It was the nucleus that decided
what fashion “hat” was made. Himmer-
ling was even able to graft two different
nuclei into the bottom of one “um-
brella”; when he did so, the new “hat”
was a compromise between the differ-
ent shapes associated with the two
nuclei.

The decisive influence of the nucleus
has also been investigated by removing
the nucleus from the amoeba, another
single-celled organism. It has been
known for many years that this opera-
tion slows down the metabolism of the
cell. Recently Daniel Mazia of the Uni-
versity of California made such an in-
vestigation with tracer isotopes of phos-
phorus—an element well known to play
a central role in cell metabolism. The
speed with which the “tagged” atoms
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CHROMOSOMES appear as dark rods in a spore cell shown in the process of division. The chromosomes
of the plant Trillium in this photomicrograph by A. H,  have split lengthwise; later they pull apart, leaving
Sparrow. Trillium has five chromosomes; here they are  a full complement of them for each new daughter cell.
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enter into new combinations in the cell
measures the cell’s rate of phosphorus
metabolism. Mazia cut a number of
amoebae in half, one half of the cell con-
taining the nucleus and the other lacking
a nucleus. He put the halves containing
nuclei in one vessel and the enucleated
cell halves in another. Then he supplied
tagged phosphate to both lots for the
same length of time. He found that the
halves with nuclei took tagged phos-
phorus into their complex phosphorus-
containing substances at a normal rate,
but the nonnuclear halves took up much
less phosphorus. This experiment again
showed that the nucleus, though only a
minute part of the amoeba, has a de-
cisive influence on the phosphorus meta-
bolism of the whole cell.

DNA

Naturally one is led to wonder
whether the chemical apparatus by
which the chromosomes control all these
activities can be related to some special
substance in them.

The chromosomes do indeed possess
a special substance: desoxyribonucleic
acid, called DNA for short. DNA is
peculiar to the chromosomes; it is not
found in any other part of the nucleus or
in the cytoplasm. This was shown many
years ago by the well-known “Feulgen
reaction.,” The German biochemist
Robert Feulgen had discovered that
when DNA is warmed with strong acid
and then treated in a certain way with
acid fuchsin, it turns a brilliant crimson.
He performed this experiment in a test
tube and did not apply his test to living
cells until some 10 years later. When he
did so, he found to his joy that the
chemical treatment had not disinte-
grated the cells and that the network of
chromosomes in each nucleus was bold-
ly revealed in brilliant color. The rest of
the cell was colorless. Ever since this
experiment microscopists have been
using the Feulgen reaction on all kinds
of plant and animal cells. They have
demonstrated that, in general, chromo-
somes are “Feulgen positive” and noth-
ing else in a cell is. This means that
DNA is present in chromosomes and not
in other parts of the cell, or, strictly
speaking, not in sufficient concentration
to be Feulgen positive.

There is another remarkable fact
about DNA. The various cells of the
body differ greatly in chemical com-
position: the cells of the liver, kidney,
heart, spleen and so on vary in the kind
and amount of substances they contain.
But every body cell, regardless of type,
has the same amount of DNA in its
nucleus. And the egg and sperm cells,
containing only half as many chromo-
somes as body cells, have just one half
as much DNA.

How does one measure the quantity
of DNA in a nucleus? It was first done in

domestic fowl in this way: One takes a
specimen of blood from, say, a rooster
and counts the number of red cells in a
given volume. The amount of DNA in
that volume is then measured and di-
vided by the number of cells. This gives
the quantity of DNA per red-cell nu-
cleus: for the rooster it is 2.3 hundred-
millionths of a milligram per nucleus.
The sperm cells of a rooster, similarly
analyzed, turn out to have half that
amount—1.2 hundred-millionths of a mil-
ligram. To count the cells of solid tissues
of the body, such as the liver, spleen,
kidney or the like, the cells must first be
dispersed in a fluid. To accomplish this,
a piece of liver, for example, is immersed
in citric acid and then disintegrated in a
high-speed mixer. The cells are broken,
but the nuclei remain intact. The nuclei,
being heavier than the cell debris, can
be separated by centrifugation. The
clean nuclei are then dispersed in citric
acid and counted. Once this has been
done, the quantity of DNA per nucleus
is calculated in the same way as in the
case of red blood cells.

Such measurements have been made
for the various tissues of a number of
animals. In any one species of animal the
quantity of DNA per nucleus is always
about the same (within an error of 10
per cent), whether the cells come from
the liver, pancreas, spleen or blood. But
each species has its own characteristic
DNA quota. In the frog, for instance, it
is 15 hundred-millionths of a milligram
per nucleus; in the shad, 2 hundred-mil-
lionths; in the green turtle, 5.3 hundred-
millionths.

The Stuff of the Chromosomes

The experiments just described were
done independently by two groups of
investigators—in Strasbourg by the late
André Boivin and his collaborators R.
and C. Vendreley, and at the Rockefeller
Institute for Medical Research by Hans
Ris and myself. Ris and I have developed
another method which measures the
quantity of DNA in a single nucleus,
rather than the average in a mass of
nuclei. In this way some information can
be had which is not obtainable by mass
analysis.

The procedure depends upon the
Feulgen reaction. Cells with nuclei
colored by the Feulgen reaction are
placed on a microscope slide, and a
photoelectric cell is inserted in the eye-
piece of the microscope to measure the
amount of light absorbed by the pig-
ment in the nucleus. By grading the
amounts of light absorption registered
for a series of nuclei of known DNA con-
tent, one gets a set of standards which
relates the amount of DNA in a nucleus
to the amount of light absorption. With
this index it becomes possible to measure
the DNA content of certain nuclei which
could not otherwise be investigated.
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There are, for example, some nuclei in
the body which contain two or four sets
of chromosome pairs instead of the usual
one. They are called polyploid nuclei.
These should, according to the rule,
have respectively two and four times as
much DNA as ordinary nuclei in the
same animal. And the light-absorption
analysis of individual cells shows that
this is indeed the case. For instance, cells
of the rat liver with one-set, two-set and
four-set nuclei are found to have DNA
contents in the same ratios—1:2:4.

There is, then, a certain quantity of
DNA in each set of chromosomes,
whether in the egg or sperm, twice this
quantity in the sets of chromosome pairs
present in most body cells and corre-
spondingly more in the double and
quadruple sets of chromosome pairs
found in some cells. All this shows that
DNA is closely associated with the
hereditary factors of chromosomes and
most likely forms part of the stuff of
which the hereditary factors are made.
The chromosomes of course contain oth-
er substances besides DNA (e.g., vari-
ous proteins), but none of those other
known constituents is distributed in
nuclei in the same regular way.

It should be said that some investi-
gators are convinced that certain cells
of a developing embryo contain more
than the normal amount of DNA for the
organism. But at present it cannot be
said whether their measurements are
correct or are thrown off by some un-
considered technical point in the pro-
cedure. Even if such exceptions to the
rule of DNA distribution do exist, they
should not occasion surprise, considering
how great are the possibilities for cell
variation.

To the rule that DNA is restricted to
the cell nucleus there is a clearly estab-
lished exception, but it is an exception
which may be said to prove the rule.
DNA or something closely related to it
has been found in the cytoplasm of egg
cells of many organisms; indeed, these
cells have far more of the substance in
the cytoplasm than in the nucleus.
Most egg cells are large with materials
required for growth of the embryo. Long
before fertilization these materials are
fed into the egg from surrounding cells
called “nurse cells.” In 1936 M. Kono-
packi, a Polish biologist, showed that in
certain animals the nurse cells produce
DNA, which is passed into the egg cell
along with other nutrient materials. It
remains in the cytoplasm until an em-
bryo forms. Recently D. C. Cooper at
the University of Wisconsin found that
the nurse cells in plants do the same
thing, and he showed that the DNA was
derived from the nuclei of the nurse
cells. The DNA in the cytoplasm of an
egg cell comes, then, from the nuclei of
nurse cells and is destined ultimately
for the nuclei of the embryo’s cells. In
other words, the DNA in egg cytoplasm
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FEULGEN STAIN colors the six chromosomes in a cell of the herb Trades-
cantia in this photomicrograph by A. H. Sparrow. This fuchsia-colored stain
is the standard means of testing for the presence of desoxyribonucleic acid.

is on its way from one nucleus to an-
other. There is enough of this mate-
rial in the cytoplasm of one egg cell,
according to recent experiments of
E. Zeuthen and E. Hoff-Jorgensen in
Copenhagen, to supply the nuclei of the
thousands of cells that will develop by
division from the single fertilized egg.

DNA’s Role

Now let us consider some experiments
which illuminate the dynamic role
played by the DNA in the chromosomes.
It all began with certain curious observa-
tions made by the English bacteriologist
Fred Griffith. He was working with
pneumococci, the bacteria that cause
pneumonia. There are many varieties of
pneumococci, and they are classified ac-
cording to the chemical make-up of the
gummy capsule that surrounds the cell,
which is different for each type of pneu-
mococcus. Each type reproduces its own
kind of capsular gum. When grown
under certain conditions, however, pneu-
mococci lose their capsules and repro-
duce cells that lack capsules. What
Griffith did was this: He used two cul-
tures of pneumococci, one of encapsu-
lated cells of type III, and another that
had had capsules of type I but had lost
the capsules. He killed the encapsulated
type III cells by heating them in water.
Then he injected these dead cells to-
gether with living non-encapsulated
cells of type I into a mouse. After a suit-
able time Griffith examined the mouse
and found that pneumococci of encap-
sulated type III were now growing at a
great rate in its tissues! Surely the killed
type III cells that had been injected into
the mouse could not have multiplied. To
make sure of this Griffith injected heat-
killed encapsulated type I cells into
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many mice; in no instance did they
multiply. The conclusion to be drawn
was clear: It was the living, non-en-
capsulated type I cells that had multi-
plied, but they had been converted into
encapsulated type III. The dead en-
capsulated cells had somehow trans-
mitted their hereditary constitution to
the living non-encapsulated cells. They
must have passed along to the type I
cells the ability to make type III cap-
sular gum.

Griffith’s results were confirmed by
Martin Dawson at the Rockefeller Insti-
tute. He found a way of doing the ex-
periment in a test tube: the mixed heat-
killed and living cells were placed in a
nutrient solution in a test tube and there,
as well as in the mouse, the encapsu-
lated, heat-killed cells transmitted their
hereditary constitution to the living,
non-encapsulated ones. Another im-
portant step was made by James L. Al-
loway, also at the Rockefeller Institute.
Pneumococcus cells disintegrate when
placed in bile salts; they seem to dis-
solve, and the fluid in the tube clears.
Alloway found that the heat-killed en-
capsulated cells could transmit their
hereditary constitution even after they
had been dissolved. In short, it looked
very much as if some substance in the
cell, rather than the cell as a whole, was
responsible for transmitting its heredi-
tary constitution.

The problem now was to hunt for that
substance in the disintegrated and dis-
solved debris of the cell. This problem
was undertaken by O. T. Avery, Maclyn
McCarty and Colin MacLeod at the
Rockefeller Institute. They quickly
eliminated the capsular gum itself as a
possibility; when they destroyed the
gum with an enzyme which decomposes
it, the cell debris was still able to trans-
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mit the hereditary property of forming
a capsule. The investigators then re-
moved from the debris the protein,
which makes up the great bulk of ma-
terial in the cell. They did so by a
procedure which leaves the remaining
compounds in the solution undamaged.
That operation eliminated the protein as
a suspect, for what was left of the heat-
killed and decimated cell could still
transmit its heredity.

With the capsular gum and cell pro-
tein out of the way, it became apparent
that the effective substance might well
be DNA. And further experiments in-
dicated that indeed it was. When the
DNA in the remaining material of the
cell was decomposed by a purified en-
zyme known to act specifically on DNA,
the debris finally lost its ability to pro-
mote the manufacture of capsular gum.

The action of DNA is highly specific.
If the DNA derived from another type of
pneumococcus is added to non-encapsu-
lated cells, the cells that finally multiply
are of the type from which the DNA was
derived. There must be a special kind
of DNA in each type of pneumococcus.

Transmission of hereditary character-
istics in pneumococci by means of DNA
provides a beautiful example of one of
the fundamental principles of heredity.
What is transmitted in us from one gen-
eration to the next is not a characteristic
eye pigment or blood type or other
hereditary trait. Rather, it is a set of
factors in chromosomes which are able
to influence the activities of the cells so
that certain eye pigments and certain
substances responsible for blood types
are produced. In the pneumococcus the
DNA of the pneumococcal chromosomes
influences the cell in which it is placed
to make a particular kind of capsular
gum.

DNA’s Composition

What is the chemical nature of this
potent substance? DNA was first dis-
covered in the nucleus by the Swiss
biochemist Friedrich Miescher in 1869.
He was working with pus cells in the
laboratory of Felix Hoppe-Seyler, one
of the leading biochemists of the time.
At first he had done some experiments
on these cells along a line suggested by
his teacher. When they did not turn out
well, he investigated on the same cells
the effect of pepsin, the enzyme of
gastric juice which digests proteins.
Unlike most biochemists, then or now,
Miescher made a practice of examining
carefully under a microscope the cells
from which he extracted substances. As
the pepsin in dilute acid decomposed the
proteins of the pus cells, Miescher saw
under the microscope that while the
structure of the cell as a whole disinte-
grated, the nucleus remained essentially
intact, though it shrank in size. When
the peptic digestion was complete, most



of the materials of the pus cells had gone
into solution. Miescher made a chemical
analysis of the residue, consisting of
shrunken cell nuclei, and found its com-
position different from anything else that
had previously been prepared from cells.
He called the material “nuclein,” be-
cause it was located in the cell nucleus.

Hoppe-Seyler, at first skeptical about
the discovery, soon convinced himself
that the work was sound. He himself
prepared from yeast cells a substance
similar to nuclein. In the meantime
Miescher had returned to his native
Swiss city, Basel, and there continued his
study of nuclein. Basel was fortunately
a most suitable place for chemical in-
vestigation of the cell nucleus. At that
time the Atlantic salmon still swam up
the Rhine as far as the falls just above
Basel. The fish came up the river to
spawn, and when they reached Basel
their testes were large with sperm. Near-
ly every spring Miescher would conduct
a sperm-collecting campaign, for salmon
sperm are in many respects the most
suitable cells for chemical investigation
of the nucleus. They are exceedingly rich
in DNA; it makes up 50 per cent of their
dry weight.

With this favorable material Miescher
soon began to make great progress. He
found that he could remove the cyto-
plasm from the sperm cells by immersing
them in dilute acid, thereby obtaining
clean, well-formed nuclei. It was no dif-
ficult matter to extract from the nuclei
pure, protein-free DNA. Miescher deter-
mined its content of nitrogen, phos-
phorus, carbon, oxygen and hydrogen.
By this time it was clear that “nuclein”
was an acid, and another investigator
suggested that the protein-free sub-
stance be called “nucleic acid.”

Miescher was a thorough investigator,
not easily satisfied with his own achieve-
ments, and when he died in middle age
much of his experimental work was
found unpublished in his notebooks. In
1897 friends gathered these notes, along
with his published papers, into a volume
which investigators in this field find well
worth poring over today.

Of the other biochemists who entered
the field of investigation of the cell
nucleus during Miescher’s time, -two of
the most notable were Albrecht Kossel
in Heidelberg and P. A. Levene at the
Rockefeller Institute. In contrast to
Miescher, who worked by himself, both
Kossel and Levene had large labora-
tories and many collaborators—and for
the type of problem which now came
under investigation, many collaborators
were needed.

DNA’s Structure

These investigators, all skillful or-
ganic chemists, set themselves the task
of unraveling the structure of the nucleic
acid molecule. It is a large molecule,

PNEUMOCOCCI in the colonies at the top of this photograph have a coat
of gum; those in the colonies at the bottom have no coat. The top colonies
are descendants of those at the hottom; their pneumococci developed coats
when they were treated with nucleic acid from a coated strain. This photo-
graph of the colonies was made by Joseph Haulenbeek for a paper by O. T.
Avery, Maclyn McCarty and Colin MacLeod of the Rockefeller Institute.
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RED BLOOD CELLS of a chicken are shown in this photomicrograph by
Vincent Allfrey. The nucleus of each cell is the dark area in its center.

N

RED BLOOD CELL NUCLEI are separated from the rest of the cell. The

nuclei can now be investigated by relatively large-scale chemical means.
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consisting of half a dozen different,
moderate-sized molecules joined to-
gether. The first problem was to take
apart the large nucleic acid molecule and
identify its component molecules. This
had to be done gently, for the smaller
molecules are themselves quite complex,
and rough handling might decompose
them. The safest way is to use enzymes,
the tools that the organism employs. For
scme purposes it is possible to use a
relatively rough procedure, such as
treatment with hot, strong acid.

When the submolecules had been
separated, they were examined to see
whether they accounted for all the ele-
ments found in the large molecule. All
the nitrogen could be accounted for by
a group of nitrogenous submolecules, of
a kind related to uric acid and caffeine.
Four of these nitrogenous molecules
were found, distinctly different from one
another but belonging to the same fam-
ily of substances. The phosphorus of
DNA could be accounted for by the
presence of phosphoric acid, which also
explains why DNA is an acid. Another
submolecule found in DNA is a 5-carbon
sugar. From these three types of sub-
molecules DNA is constructed in this
way: The 5-carbon sugar molecules are
linked together in chains by phosphoric
acid links, and to each sugar molecule
in the chain is attached one or another
of the four nitrogen-containing submole-
cules. (A fifth nitrogen-containing mole-
cule has recently been found; the
amount varies strikingly in different
kinds of DNA.)

An intact molecule of DNA is a very
large, complicated structure: it may
contain as many as 3,000 molecules of
the 5-carbon sugar. DNA is an example
of what is nowadays called a high poly-
mer. Familiar examples of high polymers
are nylon and other substances of which
fibers are formed. The characteristic of
a high polymer is that some chemical
unit is linked together repeatedly to
form a big structure. In nylon the unit is
relatively simple, there being but one
type of submolecule. In DNA the units
are far more complex. To learn how they
are polymerized to form a giant mole-
cule is a formidable task which has not
yet been accomplished. When it is, we
shall understand better how DNA func-
tions in the chromosome.

The success of the Feulgen reaction in
making chromosomes visible depends
upon the fact that DNA is a polymer.
When subjected to the procedure of the
Feulgen reaction, the polymerized DNA
remains insoluble and so becomes
stained where it is located in the cell.
When DNA that has been depolymer-
ized (i.e., partly decomposed) is treated
by the same procedure, it goes into solu-
tion; if it were not a polymer it would
be washed out of the cell by the Feulgen
process.

The effectiveness of DNA as a trans-
mitter of heredity also depends upon its



CHROMOSOMES also can be separated from the rest of the cell. These,

photographed by H. Ris, are from the cells in the thymus gland of a calf.

being polymerized. This can be seen in
experiments with pneumococci. When
the DNA of the heat-killed encapsulated
pneumococcus is depolymerized, its abil-
ity to transmit the hereditary constitu-
tion of the cell is lost.

RNA

Besides DNA, every cell possesses
another type of nucleic acid. It is known
as ribonucleic acid (RNA). Like DNA,
it is composed of phosphoric acid, nitro-
gen submolecules and a 5-carbon sugar.
But RNA’s sugar molecule (called
ribose) is very different from DNA’s
(called desoxyribose). It has one more
oxygen atom, and this has a big effect
on the molecule’s properties. Since as
much as 48 per cent of a nucleic acid is
sugar, and the sugar occupies a central
position in the molecule’s structure, the
difference between the sugars probably
is responsible for the many differences
between the behavior of RNA and that
of DNA.

RNA has a different location in the
cell and seems to be concerned with
quite different biological functions. It is
located largely in the cytoplasm, and it
seems to be concerned with synthesis of
protein. Protein synthesis is of course

one of the central problems in biology,
because proteins constitute a large part
of living matter, because in the form of
enzymes they control nearly all the
dynamic processes of the cell, and be-
cause they are so complex that they have
so far defied all efforts of chemists to
solve the riddle of how they are made.
Hence RNA is of intense interest to
chemists and biologists.

RNA was found in yeast soon after
Miescher’s discovery of DNA. Since
DNA was usually prepared from the
cells of animals (fish sperm and the calf
thymus gland), while RNA was usually
prepared from plant cells (yeast), for
many years DNA was known as animal
nucleic acid and RNA was known as
plant nucleic acid. The first step toward
correcting this error came when Feulgen
applied his color reaction and found that
the nuclei both of plant cells and of ani-
mal cells contained DNA. He also
stained cells in other ways to try to de-
tect RNA, and he concluded that RNA
also probably was present in both plant
and animal cells, in this case in the cyto-
plasm.

To settle more definitely the question
of where DNA and RNA are located in
cells, Feulgen's pupil Martin Behrens
made preparations of isolated nuclei and
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PYRIMIDINES are a group of nitrogen-containing submolecules that are
found in nucleic acids. They are characterized by a single-ring structure.

isolated cytoplasm. For this experiment
he used, among other cells, those of the
embryo of the rye plant. In order to
avoid losing or transferring any of the
substances from the nucleus or the cyto-
plasm while he was separating them, he
decided to carry out the separation in
the absence of water. He began by
freezing the tissue and drying it in a
vacuum while frozen. Then he ground
the material in a nonaqueous fluid to
break up the cells and release the nu-
clei from the cytoplasm in which they
were embedded. Cell walls break more
readily than nuclear walls, so it is pos-
sible to break up most of the cells with-
out much breakage of nuclei. Next
Behrens suspended the disintegrated
material in a series of fluids of different
density, first floating away the lighter
debris and then floating the nuclei
away from the heavier debris. This is a
laborious process, but Behrens was
patient and skillful. Finally he evapo-
rated the fluids and found at last that
he had obtained clean nuclei free of cy-
toplasm and cytoplasm free of nuclei.
Those who have repeated his procedure
know that it must have given him great
satisfaction to put the powders con-
sisting of separated nuclei and of cyto-
plasm into vials and label them. To have
such preparations, in powdered form
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and in neatly labeled vials, is the dream
of every chemist.

From these separated parts of the cell
Feulgen and Behrens proceeded to ex-
tract nucleic acids and to identify them
chemically. They found DNA in the nu-
clei and RNA in the cytoplasm. It was
clear that DNA is in general confined to
the nucleus and that at least the bulk of
RNA is in the cytoplasm of both animal
and plant cells.

Maker of Proteins

For a more precise localization of
riucleic acids in the cell further micro-
scopic observations were required, and
these were soon made by Jean Brachet
in Brussels and Torbjorn Caspersson in
Stockholm. They located the nucleic
acids, as Feulgen had, by means of
chemical properties which can be de-
tected in a minute amount of material
under the microscope. Brachet’s method
depended upon the presence of phos-
phoric acid in nucleic acids, Caspers-
son’s on the presence of nitrogen con-
taining submolecules. After investigating
many different kinds of cells, they
found that there is some RNA in the
nucleus, especially in a body called the
nucleolus which is attached to a cer-
tain chromosome, and that the chromo-



HC C Y
N

Adenine

OH

‘L
7\ _~N
N C
Lo

C
N,/ N

AN

CH

V4

H,N

Guanine

PURINES are another group of nitrogen-containing submolecules that are
found in nucleic acids. They are characterized by double-ring structures.

OH
HC -~

PN

HCOH O
HC CH
[
OH |
CH, OH
d-ribose

OH
HC~”

N

HCH O

T
on CIH2 OH
d-2-desoxyribose

SUGARS of nucleic acid have five carbon atoms. The structure at the left
is from ribonucleic acid; that at the right, from desoxyribonucleic acid.

somes themselves contain some RNA.
The amount of RNA in the nucleolus
and cytoplasm varies considerably from
cell to cell, and in a highly significant
way. Certain physiologically active
cells, such as those of the heart, skeletal
muscles and kidney, contain very little.
But cells active in the synthesis of pro-
tein, such as those of the glands and
those growing rapidly, have a high con-
centration of RNA in the nucleolus and
cytoplasm. Of the large cells lining the
stomach those that synthesize pepsin (a
protein) have a large amount of RNA,
whereas those that form hydrochloric
acid have little.

All this certainly indicates very
strongly that in some way, not yet under-
stood, RNA plays a part in the synthesis
of protein. And this seems especially true
of the RNA of the nucleus. Holger
Hydén in Sweden has seen under the
microscope evidence that in the living
cell RNA moves out of the nucleus into
the cytoplasm. This may well be one of
the mechanisms by which the nucleus
i:fluences the surrounding cytoplasm.
The clearest sign that the RNA of the
nucleus is particularly active comes
from an experiment done by R. Jeener
in Brussels. He exposed cells to phos-
phate containing tagged phosphorus
and determined that much more phos-

phorus was incorporated in the RNA
of the nucleus than in that of the cyto-
plasm.

The extreme variation in the amount
of RNA contained in an organism’s vari-
ous cells is in striking contrast to the con-
stancy of DNA in the nuclei. The cells
of the pancreas of a fowl, for example,
have several times as much RNA as do
those of the kidney, whereas the nuclei
of the two kinds of cells have the same
amount of DNA.

DNA’s Protein Partner

Nucleic acids in a cell are not unat-
tached. They are combined with pro-
teins. Very little is known about the pro-
tein combinations of RNA. The proteins
attached to DNA, on the other hand,
were investigated by Miescher and by
those who followed him. In the salmon
sperm nucleus Miescher discovered,
combined with the phosphoric acid of
DNA, an unusual protein—far more
basic and much simpler in construction
than other proteins. It lacked many of
the amino acids that are present in most
protein molecules. The name of this pro-
tein is familiar to diabetics: it is prota-
mine, which is now added to insulin to
keep that substance in the blood for a
longer period. This is an excellent ex-
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IF you are interested in large-area
molding and are looking for a mate-
rial that combines good shock and im-
pact resistance with dimensional stabil-
ity and a smooth, attractive finish, then
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Modified Polystyrene has been used
successfully for the interior panels of
refrigerator doors, trays, cabinets and
decorative strips, and is the ideal selec-
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containers and displays.

With Koppers MC 405, large sec-
tions can be injection-molded in a single
operation, and the speed and ease of
molding produces a product of low unit
cost. The light weight of the sections
can effect substantial savings in freight
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ample of how unpredictable the applica-
tions of science frequently are. Who
could have anticipated that the strange
protein which Miescher discovered in
salmon sperm would be combined with
a hormone of the pancreas for the treat-
ment of diabetes?

Kossel made an extensive study of the
protamines in fish sperm. His work on
these simple proteins had a considerable
influence on our understanding of pro-
teins in general. Kossel found other basic
proteins in the nuclei of red blood cells
and of calf thymus, and the author later
found them in nuclei of liver, kidney,
pancreas and other cells. They are prob-
ably present in all cell nuclei. Most of
these proteins are somewhat less basic,
more complex and larger than those in
sperm. During the formation of sperm
cells in the testes, the more complex
basic proteins in the cells from which
they are made are replaced by the sim-

pler protamines. The functions of a
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ENZYME which acts upon desoxyribonucleic acid is desoxyribonuclease.
These crystals were isolated by M. Kunitz of the Rockefeller Institute.

sperm cell are to reach the egg and
transmit hereditary factors; all the
equipment not essential to those func-
tions is trimmed down to a minimum.
In fact, the sperm nucleus consists of
little more than DNA and its attached
basic protein. Even the basic protein is
trimmed down to essentials; in the fully
formed sperm all that remains of it is the
basic part that combines with the phos-
phoric acid of DNA.

The linear arrangement of the heredi-
tary factors in a chromosome implies that
DNA, which is an essential part of these
factors, is held in a chromosome in a
definite and precise manner. We have
found that it is attached to a protein
which forms part of the structure of the
chromosome. From a mass of isolated
chromosomes in a test tube it is possible
to extract all the strongly basic protein.
This is done with concentrated saline,
made slightly acid. Even with the basic
protein missing, the chromosomes ap-



pear unchanged when examined under
the microscope, and they retain their
DNA when immersed in a neutral me-
dium. This shows clearly that the DNA
is still attached to something in the
chromosomes, for in this medium it is
freely soluble. If it were not so bound,
the DNA would simply float away from
the chromosomes. That the material to
which the DNA is bound is a protein
was proved by treating the chromosomes
with pure crystalline trypsin, which di-
gests protein. The polymerized DNA
was set free and formed a thick gel.
When, on the other hand, we broke
down the DNA in chromosomes with an
enzyme which digests the nucleic acid,
there was left a protein which could be
seen as a mass of minute coiled threads,
Guite unlike chromosomes in appear-
ance. It had been deformed and con-
densed by its separation from DNA. It
is the combination of this protein with
DNA (to which basic protein also is at-
tached) that forms the chromosome as
seen under the microscope. If either
DNA or the structural protein is di-
gested, the structure of the chromosome
disintegrates.

The amount of structural protein in
the chromosomes, unlike that of DNA,
is not constant but depends on the over-
all activity of the cell. Cells with abun-
dant, metabolically active cytoplasm
(e.g., those of the liver or kidney) have
a relatively large amount of structural
protein in their chromosomes. On the
other hand, a cell such as the lympho-
cyte, with only a scanty layer of cyto-
plasm around its nucleus, has only one
fifth as much. The metabolically slug-
gish red blood cell contains less than one
tenth as much.

The fact that the quantity of struc-
tural protein in the chromosomes is re-
lated to the over-all metabolism of the
cell suggests that the structural protein
may itself be metabolically active. Ex-
periments show that this is indeed the
case. The metabolic activity of the pro-
tein was measured by supplying tagged
nitrogen, built into an amino acid (gly-
cine). The amino acid can be injected
into rats or mice and the fate of the
tagged atoms followed in their cells.
Einar Hammarsten in Stockholm found
that the tagged nitrogen was taken up
by the nuclear proteins much more
rapidly than by DNA. In our laboratory,
carrying the experiment a step further,
we showed that structural protein took
up nitrogen much more rapidly than did
basic protein.

Since the amount of the metabolically
active structural protein varies consider-
ably in different nuclei of an organism,
it follows that the chromosomes of the
different cells must vary in their activity.
This also has been confirmed with
tagged nitrogen of glycine. Liver and
kidney cells of a mouse, for example,
have equal quantities of DNA, but the
DNA in liver chromosomes takes up

nitrogen three times as fast as that in
the kidney. Even in the same cell
chromosome activity varies during dif-
ferent physiological states. The cells of
a digestive gland, such as the pancreas,
become far more active when an animal
is fed, and when the cells are more ac-
tive, the DNA of their chromosomes
takes up 50 per cent more tagged nitro-
gen. The degree of activity of a chromo-
some must depend on its surroundings.

Influence of the Cytoplasm

The immediate environment of the
chromosomes is the cell nucleus. To un-
derstand how the chromosomes function
we must know the conditions within the
nucleus. The effects of chromosome ac-
tivity are seen in the cytoplasm. The
cytoplasm of each type of cell is espe-
cially equipped to carry out its specific
functions: muscle-cell cytoplasm con-
tains the contractile protein myosin;
red-blood-cell cytoplasm has the oxy-
gen-carrying pigment hemoglobin; pan-
creas-cell cytoplasm has the digestive
enzyme trypsin, and so on. In each type
of cell the chromosomes are acting on a
differentiated cytoplasm. If such a sys-
tem is to work effectively and harmoni-
ously, the parts must be integrated;
there is need for a feedback from the
cytoplasm to chromosomes so that the
latter’s activity is adjusted to the cyto-
plasm’s special requirements. The
place to look for evidence of such a
feedback is in the nuclear composition.

Does the differentiation of the cyto-
plasm change the nucleus? There is ev-
ery indication that it does indeed. The
enzymes in nuclei of different cell types
of an organism vary, as do those in the
cytoplasm. Even when the cytoplasm
of a given type of cell has a special
enzyme, the same enzyme can occasion-
ally be found in the cell’s nucleus as
well. For example, the enzyme arginase,
which enables liver cells to form urea,
is present in both the cytoplasm and
the nuclei of those cells. Since changes
in the cell environment may produce
marked changes in the cytoplasm, it fol-
lows that they may also alter the com-
position of the nucleus, and this has in
fact been found to be the case.

Thus the relationship between the
nucleus and the cytoplasm is a two-way
affair. The hereditary factors in the
chromosomes govern the cell as a whole,
but the cell in turn influences conditions
within the nucleus and so modifies the
activity of its chromosomes. Our knowl-
edge of this reciprocal influence, and of
the chemistry of the interaction between
nucleus and cytoplasm, is still vague,
but obviously this is a central problem
for our understanding of the cell.

L ——

A. E. Mirsky is a member
of the Rockefeller Insti-
tute for Medical Research.
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INCRIMINATING STAINS

The police laboratory uses a variety of scientific techniques.

Not the least is the theory of probability, which brings new

insight to the proof of cuilt and the vindication of innocence
g P g

by Charles E. O’Hara and James W. Osterburg

YSTERY story writers have al-
M ways been partial to evidence in
the form of stains or spots. The
goat blood qua human blood on Joseph’s
coat (which would not have fooled a
modern police laboratory for long) is
perhaps the earliest recorded instance of
this type of clue. Sherlock Holmes was
seldom so impressive as when deducing
a client’s occupation, habits and recent
whereabouts from the assorted spots and
debris on his person and the color of the
mud on his boots. The ingenuity and
lightning speed of Holmes’s inferences
set a style for the mystery novel.
Within the last 15 years the fictional
sleuth has given up curbstone chemistry
and permitted his gleanings to be sent
to a laboratory. From a literary view-
point this is a step backward. Yet it is
an inevitable and realistic recognition
of the facts of life. In modern crime de-
tection the man in the armchair has
vielded to the man in the white gown.
Joseph’s coat and Holmes’s boots illus-
trate the two major questions which the
police ask about a stain: (1) What is
it? (2) Where did it come from, and can
it be connected with a suspect? The lat-
ter is a classic problem of criminalistics,
and the successful association of an in-
criminating material with a suspect con-
stitutes scientific evidence par excellence
—often preferable to casual eyewitness
testimony.
Some spots—narcotics, chloral hydrate
(knockout drops), poisons—may them-
selves constitute the corpus delicti.
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SPECTRA were employed to identify paint stains on
a “jimmy,” the tool used by burglars to open doors or
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Sometimes stains provide a running
story of the crime. For example, recently
the police were able to reconstruct how
a killing had taken place by examining
an apartment generously splashed with
the blood of the killer and of his two
victims. Again, identification of a telltale
stain such as printer’s ink or confec-
tioner’s sugar may lead to the criminal.
And of course there is the conclusive
evidence of a spot on a suspect that may
be linked to a substance at the scene of
a crime: a white smudge on the shoes
of a burglary suspect, for instance, may
be identified as insulating material from
a particular broken safe.

These, in brief, are the kinds of stories
stains may tell. The finding and analysis
of stains or spots are, however, compli-
cated problems.

THE first step in attempting to solve
a crime by the stains left behind is
to search likely places for spots or
smears. The garments of the victim or
suspect are commonly the first objects
inspected. If the crime is one of violence,
the police look for excretory fluids:
blood, sweat, saliva and semen are fre-
quently emitted during a criminal strug-
gle. These fluids can usually be classi-
fied: blood can always be, if the stain is
reasonably large and fresh, and the other
three fluids can be for about 80 per cent
of the population.

Of the four, blood is by far the most
important to police work. It possesses
three of the qualities of a good identi-

|
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windows. At the top is the spectrum of the paint on
the jimmy. In the middle, for comparison, is the spec-

fication medium: everyone has it in gen-
erous quantities, it is often left at the
scene of a crime and it has specific char-
acteristics. A crime laboratory performs
tests to answer this series of questions:
Is it blood? Is it human blood? What is
its type?

Even a dried bloodstain, if it is large
enough (the size of a half-dollar) and
not too old, can usually be identified ac-
cording to its major group: O, A, B or
AB. Fresh blood can be classified much
more specifically; considering its Rh type
and other identifying characteristics it
may be placed in one of many thousands
of subdivisions.

Bloodstains on the person or clothing
are less useful for discovering a suspect
than most laymen and many policemen
suppose. A prolonged scrutiny of almost
anyone’s clothes may reveal minute
specks of blood. The finger nails are a
favorite area of exploration for en-
thusiastic district attorneys, but blood
found there usually has a discouragingly
innocent explanation; it is a common
result of manual labor or routine hy-
gienic performances. More often than
not such “invisible” bloodstains put in-
vestigators on a false track.

Once a lead has been established,
however, blood can provide important
corroborating evidence. By the same
token, it is often valuable in clearing
the guiltless; the vindication of inno-
cence has historically been an important
function of blood examination. Many a
lynching might have been prevented

i
i
i



simply by a blood test. For instance, not
leng ago a farmer’s wife was found mur-
dered in the South, and a Negro picked
up in the neighborhood was found to
have blood on the sleeve of his jacket.
He attributed it to a recent hunting ex-
pedition. After a mob had lynched him,
an examination of his jacket proved that
the stain was animal blood. Eventually
it was found that the woman had been
killed by her husband.

Semen is the second most important
serological stain. As corroboratory evi-
dence of rape or sodomy, it is looked for
on garments of the victim. The police
scientist first examines the garment
under ultraviolet light, because semen is
fluorescent. If he finds fluorescent spots,
he dissolves some of the stain and ex-
amines the extract under a microscope;
the presence of spermatozoa will then
identify it as semen.

Serological stains are seldom of more
than routine interest to the crime labo-
ratory. More challenging are the stains
of other types, which are not only more
common but usually more difficult to
identify and trace.

For example, motor-vehicle homicides
(usually hit-and-run cases) number
about 30,000 a year and are a far greater
problem to the police of a large city than
the few hundred murders that make the
headlines. In a typical hit-and-run case
bits of paint from the missing car may be
found on the buttons or belt of the vic-
tim. As soon as a car is picked up on
suspicion, the men working on the case
will send a sample of its paint to the
laboratory for comparison by spectro-
scope. While in most paints the main in-
gredients are the same, a specific batch
of paint may be identified by its content
of trace elements, or impurities. Here the
police scientist resorts to the theory of
probability. If, to take an over-simplified
case, we assume that the probability of
finding a specific impurity in a given
batch of paint is one in 10, and if we
find 10 such impurities, the probability
that just this combination of impurities
will be found in any other batch of paint
is only one chance in 10 billion. Obvious-
ly such a coincidence is far beyond the
leeway provided by reasonable doubt;
the chances of finding two identical
batches of paint of this composition are

T

even smaller than of finding two human
fingerprints exactly alike. In practice the
situation is not usually so clear-cut.
Some elements are more common than
others, some tend to run in groups. The
probability calculation is often exceed-
ingly complex, and part of the techni-
cian’s job is to phrase the results in ac-
curate terms that are comprehensible in
the courtroom.

POLICE work has been enormously
helped by the spectrograph and other
rapid instruments of chemical and physi-
cal analysis. They can deal with minute
samples, which are frequently all that
the case affords, and they can reveal
physical or chemical characteristics so
great in number, so diverse in nature or
so rare in occurrence as to preclude all
but a negligible probability of duplica-
tion by coincidence. They permit analy-
sis without disturbing the sample, thus
making it possible to keep the evidence
intact for presentation in court and for
tests by the defense. Moreover, with
these instruments a police technician
does not have to be an expert in every
branch of chemical analysis. A reason-
able familiarity with the techniques, the
basic materials, the fillers and the ac-
cidental trace elements of the industries
from which his samples come is enough
for effective use of his instruments.

The instruments serve first of all to
locate the clues. Just as fluorescence will
call attention to semen stains, X-rays will
disclose gunpowder marks. When a gun
is discharged at short range, a halo of
smoke is deposited on the target. On
dark cloth this effect is hard to see, but
soft X-rays show the lead fouling and
give some indication of the distance from
which the weapon was fired. Infrared
radiation is useful for distinguishing
stains which otherwise look alike. It is
even more valuable for exposing some-
thing that has been blotted out. Thus
on a bloodstained document the writing
under the stain can often be restored to
legibility by an infrared photograph.
Inks vary in their opacity to infrared
rays, and a message that has been scored
out can sometimes be deciphered by this
method if the two inks are of different
composition.

The spectrophotometer

also has
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proved its worth in crime detection. It
can detect tiny differences in inks, dyes,
lipsticks and some other materials.
Moreover, it provides evidence in pre-
cise, objective mathematical terms and
is especially valuable in court. The spec-
trophotometer was used effectively in a
recent mugging case. A woman walking
home from the subway was gripped from
behind by an assailant who clapped his
hand over her mouth, grabbed her hand-
bag and ran. She screamed for help. A
few minutes later a man was picked up
by the police three blocks from the
scene. The woman had not seen the
thief’s face, and there was no evidence
to link the suspect to the crime except his
proximity, his suspicious behavior and a
red smear on the palm of his left hand.
But a spectrophotometric analysis
showed that the substance on his hand
had the same absorption spectrum as the
woman’s lipstick. This, with supporting
evidence, was sufficient to convict him.

HEN a stain can be made to yield

crystals, or at least a substance
which is not truly amorphous, it may be
analyzed by X-ray diffraction. An X-ray
diffraction camera can distinguish sub-
stances identical in chemical constitu-
ency but differing in atomic arrange-
ment. Not long ago a man was found
dead on the ground beneath the win-
dow of his garret room. It was supposed
that he had committed suicide. But on
the low, slanting ceiling near the win-
dow were some black smudges. An X-ray
diffraction picture showed that the ma-
terial was the same as in the heels of
the deceased’s shoes. The smudges could
bardly have been made on the ceiling if
Le had jumped; he must have been
picked up and pushed out. After further
investigation two casual acquaintances
of the man were arrested, and they ad-
mitted they had been with him.

X-ray diffraction is used to identify
and compare barbiturates, which are or-
dinarily distinguishable only by their
melting points. Grease stains also can be
recognized by this device. In one case
the prosecution claimed that the stain on
a defendant’s clothing was kitchen
grease from the scene of the crime. The
defense maintained that it was auto
grease. X-ray diffraction analysis of the
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trum of iron. At the bottom is the spectrum of paint
from a door that had been opened with a jimmy. The

similarity of the top and bottom spectra indicates that
the door had been opened with the jimmy in question.
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How to fly
a guided missile
in your laboratory...

Practically any electrical, mechanical
or physical phenomenon — even the
full flight of a guided missile — can be
precisely re-created in the laboratory
from Ampex magnetic tape recordings.

Ampex retains and plays back data in
the same electrical form in which it is
received, making its playback in effect
equivalent to a rerun of the original
test. But it has these added advan-
tages: Data can be repeated at any
time or place, can either be scanned
or studied in whole or part, can be
speeded up or slowed down, can be
fed to automatic reduction systems.
Furthermore, desired portions of the
data can be reduced to oscillograph
traces, pen recordings or any other
form that could have been made at the
time of the original test.

Ampex Tape Recorders,
being rugged, compact and
portable, are usable
where other equipment
would not be feasible;
Ampex Tape Recorders
cover extremely wide
frequency range:

Model 306 —

0 to 50C0 cycles/sec.
Model 307 —

100 to 100,000 cycles/sec.
Model 303 —

Pulse width modulation

Many other models are
also available.

For further
information write
to Dept. 0-10378

MAGNETIC RECORDERS

AMPEX ELECTRIC CORPORATION

934 CHARTER STREET * REDWoOD CiTY, CALIF.
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X-RAY DIFFRACTION was used to identify the origin of grease on the
coat of a man suspected of breaking into a restaurant by way of a kitchen
ventilator. At the top is the diffraction pattern of grease from the ventilator.
In the middle is the pattern of grease from the suspect’s coat. At the bottom
is the pattern of grease from the suspect’s car, which he claimed was the
origin of the stain. The similarity of the first two diffraction patterns
and the dissimilarity of the third suggested that the suspect was guilty.

sample, less than a milligram, proved
that the stain was kitchen grease.

The electron microscope promises to
yield valuable information from such
clue materials as dust, metals, fibers, inks
and other materials whose particle size
and distribution cannot be differentiated
by less sensitive instruments. It was used
effectively two years ago in connection
with the murder of a woman by a bur-
glar. A suspect was “developed,” but the
police could discover no stolen property
in his possession, nor could they trace his
activities on the night in question. They
did, however, find in his room a towel
bearing a pink stain. The laboratory
determined that this small stain was face
powder, and under the electron micro-
scope it was identified with powder in
the woman’s compact. Faced with this
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evidence, the suspect confessed to the
crime.

Often the police can assure that a thief
will pick up an incriminating stain at the
scene of the crime. Where there has been
a systematic series of petty thefts, they
may plant a “detective dye,” such as
rhodamine B or eosine, which is hard to
wash off. Rhodamine B may be brushed
on a brown wallet, or a green dye on
greenbacks. For a thief this is “non-
protective coloration.” When he touches
the wallet or the bills, perspiration dis-
solves the dye and leaves a brilliant stain
on his hand. Surveillance of nearby
washrooms often catches the thief.
When a continuous vigil is impractica-
ble, a small quantity of fluorescent pow-
der can be sprinkled on the object. The
powder will be spread on the hands and
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conquest of disease. Pyridine, for ex-
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sulfa drugs. And gamma-picoline,
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acid hydrazide, the drug which has
shown bright promise in the experi-
mental treatment of tuberculosis in
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DUAL
LINEAR MOTION
POTENTIOMETERS

TWO SEPARATE CIRCUITS

FOR
AIRCRAFT
e, AND

GENERAL
INDUSTRY

Designed for precise
instrumentation in auto-
matic control circuits for

aircraft, guided missiles
and general industry,BOURNS
linear motion potentiometers
accurately translate mechan-
ical position or movement into
two independent signals . . .
one signal often used for
feed-back control and the
other for telemetering.
This dual instrument possesses
_ all the advantages of two single
potentiometers and in addition,
saves space, weight and instal-
lation time. With this wire-
wound potentiometer a
resolution of .001 inch is
obtainable in standard ranges
from 1 to 6 inches.
BOURNS designs and manufactures
other potentiometer instru-
ments which measure gage
pressure, differential pressure,
altitude and acceleration.

OURNS
LABORATORIES

6135 Magnolia Avenue, Riverside, California
Technical Bulletin on request, Dept. 99
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clothing of the unsuspecting thief, and
subsequent examination under ultra-
violet light will expose him. Blackmail-
letter writers have been caught with a
fluorescent powder dissolved in their ink

supply.

HE labeling technique should have
a big future in crime detection, now
that we have radioactive isotopes to add
to the other labeling substances. Finger-

*

FLUORESCENT POWDER can be used to label the perpetrator of a theft.
At the top objects labeled with such a powder are seen under ordinary light.
At the bottom the same objects are photographed under ultraviolet light.
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prints have always been an ideal means
of placing a criminal at the scene of the
crime, but unfortunately criminals know
that as well as the police. Already it has
become the practice to tag some mate-
rials that figure frequently in crimes
with radioisotopes, fluorescent sub-
stances or rare elements. Radioactive
substances have been employed to label
“company” gasoline and prevent pilfer-
ing. Pari-mutuel tickets are sometimes




Your guardians of quality in radio,

television and recorded music

‘When you see these trade marks on television sets,
radios, “Victrola” phonographs, and other electronic
instruments you are assured the highest quality—
born of research, fine engineering and craftsmanship.

The sun never sets on these trade marks, and mil-
lions of people around the world turn to them with
friendly confidence.

RCA, as the pioneer, continues to lead in every major
advance . . . in all phases of television.

RCA Victor has made radio a household word to

millions of Americans. “Victrola” phonographs have ex-

tended great music from the concert halls to homes

Tmks. ®

everywhere . . . from Broadway to Every Street, U.S.A.

You also see these trade marks on records so rich in
“living presence” that artists seem to be performing
in your home.

Little Nipper and the familiar phrase “His Master’s
Voice” have appeared on recordings made by the world’s
greatest artists—for more than half a century.

These same high standards of quality make NBC
the nation’s leader in radio and television broadcast-
ing. You can depend on RCA and RCA Victor trade
marks as guardians of quality—sure guides to finer
performance, dependability, better value and service.

"Rap1o CORPORATION OF AMERICA

World leader in radio—first in television
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THE IMPACT OF SCIENCE

. . . ONn contemporary thought

l An Invitation to readers of this magazine who reside

| in Greater New York to attend a course of study
{ conducted by Philipp Frank of Harvard University

15

Monday Evening Lectures
8:10 to 9:55 P. M.
Beginning February 2
at
New York University

Washington Square

Lecturers
P. W. Bridgman
J. Clark

Herbert Feigl

Philipp G. Frank
C. G. Hempel
E. C. Kemble
R. K. Merton

Richard von Mises
Ernest Nagel
I. A. Richards

Miss Gertrude Stoddard, Administrative Assistant
Division of General Education, New York University

Washington Square, New York 3, N. Y.

I enclose my check made payable to New York University in the
amount of $32.00 for registration in the course, Impact of Science on
Contemporary Thought, in the spring term 1953.

NAME — ——
LAST NAME

ADDRESS__

SUCCESSFUL
ARCHAEOLOGISTS ...

USE THE FISH
M-SCOPE METAL LOCATER
SEND FOR FREE 16-PAGE

RESEARCH LABORATORY

PALO ALTO

- . T

ERT-10

ILLUSTRATED BOOKLET

Fishoy

INCORPORATED |
CALIFORNIA
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FIRST NAME

INITIAL

TRANSISTOR
RESEARCH
IN SUNNY ARIZONA

Motorola Research Laboratories
offer healthful Phoenix, Ari-
zona resort climate living and a
challenging program of research
and development work in the
field of semi-conductors and
transistors.  Physicists, metal-
lurgists, chemists, and practical
transistor scientists with special-
ized education or semi-conduc-
tor experience should investi-
gate this opportunity for
stimulating work in this field
which is destined to revolution-
ize electronics. There are also
several positions open for both
experienced and inexperienced
Ph.D’s.

Werite to Joseph A. Chambers,
Manager, Motorola Research
Laboratory, Inc., 3102 N.
Ingleside Drive, Phoenix,
Arizona. State education, ex-
perience and salary require-
ments in the first letter.
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impregnated with a fluorescent dye for
identification; the cashier looks at them
under an ultraviolet lamp to make sure
they are genuine. During the last war
ration coupons were similarly treated to
detect forgeries.

To extend this method of attack on
crime would require the cooperation of
the manufacturers of common clue mate-
rials. Two outstanding examples are bul-
lets and lipsticks. Trace elements placed
in a bullet or lipstick could tell us three
things: the name of the maker, the area
of distribution and the year of manu-
facture. That knowledge would go a
long way toward making it easier to
solve crimes involving guns or women.
So far manufacturers have rejected the
suggestion, arguing that labeling could
only rarely be useful to the police and it

SOFT X-RAYS reveal powder stains
around a bullet hole in a trouser leg.
Top: the bullet hole in ordinary
light. Bottom: a radiograph of the
hole that was made with soft X-rays.



Technical Service Data Sheet

AmericaN CHEMICAL Paint CompaNy

CHEMICALS

AMBLER .\l PENNA.

PROCESSES

Subject: HOW GRANODIZING PROTECTS STEEL DRUM SURFACES
FROM RUST AND IMPROVES PAINT ADHESION

NEW DEVELOPMENT IN CONTAINER
INDUSTRY

United States Steel Products Division, United
States Steel Company is now producing grease-
free, scale-free, rust-inhibited steel drums. A
chemically clean metal surface plus a ‘““Grano-
dine” non-metallic zinc phosphate coating insures
maximum finish durability and underpaint rust-
resistance.

U. S. S. RUST-INHIBITED DRUM
of similar type shows absolutely no
rust after same year’s test.

year of exposure to weather is badly
rusted. Rust was very apparent
after only one week.

THE PROTECTIVE CHEMICAL
TREATMENTS

The Granodizing process embodies the follow-
ing steps:
1. Grease and dirt removal

2. Full scale removal, after welding the
side seam

3. Zinc phosphate coating with
“Granodine”

4. Acidulated rinsing in “Deoxylyte”

Port Arthur, Texas, Cleaning Line

U. S. S. drums about to enter the 400 foot cleaning and treating line. Powerful
impinﬁement sprays directed at the fabricated shell, head, and bottom, insure

that the entire interior and exterior of the drum will receive full cleaning and
rust-inhibiting treatment.

ADVANTAGES OF
GRANODIZED STEEL DRUMS

These new phosphate-coated steel drums exhibit many
advantages for companies using these containers.

They are chemically clean, “water-break free” inside,
free of contaminating residues such as grease, oil,
drawing and stamping compounds. When the familiar
handkerchief test is applied to United States Steel
Products’ containers processed by their new finishing
technique, no contamination of any kind is left on
the cloth.

They are free of mill-scale. United States Steel Prod-
ucts Is the first steel drum manufacturer to remove
harmful mill scale completely ahead of the zinc
phosphate coating stage.

They are rust-inhibited with a zinc phosphate-coating.
These new steel drums have the added advantage of
a non-metallic, paint-bonding “Granodine” zinc phos-
phate coating. This has been standard practice for
many years in the automotive and appliance industries

solution for long-lasting paint protection and metal preservation.

A WRITE FOR INFORMATION ON ‘‘GRANODINE‘’ A

-pnoc:sszs AND ON YOUR OWN METAL PROTECTION PROBLEMS AT
65
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“A secure future, exceptional opportunities for advancement,
and a high starting salary await you at FAIRCHILD, if you are
one of the men we are looking for. We have openings right
now for qualified engineers and designers in all phases of
aircraft manufacturing; we need top-notch men to help us in
our long-range military program: turning out the famous
C-119 for the U.S. Air Forces.

“FAIRCHILD provides paid vacations and liberal health and
life insurance coverage. We work a 5-day, 40-hour week.

“If you feel you are one of the men we are looking for,
write me.”Your inquiry will be held in strictest confidence,

of course. Wﬂ/ﬁ?‘%ﬂ/

*Walter Tydon, widely known aviation engineer and aircraft designer
and veteran of 25 years in aviation, is Chief Engineer of Fairchild’s
Aircraft Division.

ENGINE AND AIRPLANE CORPORATION O

%
g

A FAIRCHILD ot 2

HAGERSTOWN, MARYLAND

h L) ]
when timing gives
[
you 2 hard time
| Turn your problem over to the
A. W. HAYDON COMPANY — past masters at
/ solving the tough ones.
The know-how of A. W. Haydon
Engineers is your assurance of prompt,
accurate service regardless of the

intricacies of the problem,

'.Z“h-;l
e
)

Send for catalog.
Would you like to work with
us? We need qualified engi-
neers now. Excellent oppor-
tunities for men who are
looking to the future.

A VY-HAYDON

“COMPANY

243 NORTH ELM STREET
WATERBURY 20, CONNECTICUT
Design and Manufacture of Electrical Timing Devices
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BLOOD GROUP of a bloodstain on
an axe is determined by agglutina-
tion. In the photomicrograph at the
top the dark area is the stain; the
small particles are the red cells in
blood of a known group. At the
bottom the cells have agglutinated.

would not contribute to the commercial
success of their products. Some manu-
facturers of wire do label their product
with tracers, but primarily to prevent
mislabeling and protect their own repu-
tations. Most of the manufacturers of
cosmetics have even refused to tell the
police confidentially the ingredients of
their lipsticks, on the ground of protect-
ing themselves from imitation. On in-
vestigation it was discovered that those
who refused were for the most part sell-
ing lipsticks obtained from “superwhole-
salers”; many employ the same source
and in fact the same lipstick, but give it
their own name and their own highly
individual claims.

These failures do not dismay the
scientific criminologist. He has been
similarly blocked in other utopian
projects. Nor would he seek to compel
manufacturers to cooperate, since com-
pulsion would negate his function,
which is to guarantee in his own small
way the people’s freedom in the lawful
pursuit of their ways of life.

i ——————

Charles E. O’Hara and James W.
Osterburg are the authors of the book
An Introduction to Criminalistics.



Oneof these days youmay come face-
to-face with a metal problem that
does not seem to have an answer.

That is the time to think of these
International Nickel Company met-
allurgists. They are constantly im-
proving and modifying nickel alloys
to meet new conditions. They are
always ready to help you with spe-
cific problems involving metals for
destructive service conditions.

Over the past 50 years, Inco has
developed a family of metals for
hundreds of different applications.
In one branch of the family, for ex-
ample, is a group of heat-resisting
alloys—Inconel®, Inconel “X”®, the
Nimonies and Incoloy® — all now
important in high temperature
work.

-Elsewhere on the family tree,
you will find other alloys — each
with certain special characteristics.
Often, there is a better-than-even
chance that one of Inco’s alloys of-
fers exactly the properties you are
looking for.

Of course, this does not mean that
somebody at Inco can dip into the
files and come up with a pat answer
to every new problem. All the an-
swers have not been found yet. But
a tremendous amount of research
has been done, and you can prob-
ably benefit in one way or another
from it.

When nobody knows the answer,
Inco’s metallurgists keep going un-
til they have investigated all pos-
sible metals and alloys that might

Inco Nickel Alloys

MONEL® ¢« “R”® MONEL + "“K’‘® MONEL + "“KR”® MONEL *‘S"“® MONEL + NICKEL Siaoe masc
LOW CARBON NICKEL « DURANICKEL® + INCONEL® « INCONEL “X"“® « INCOLOY® ¢ NIMONICS®
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When Hotodly

Anows-

the Arowers

do the job. In fact, the men in Inco’s
Technical Service (and in their
Corrosion Engineering and High
Temperature Engineering Services,
as well) have one primary goal: to
help you determine whether an
Inco Nickel Alloy or some other
metal will serve your purpose best.

No matter what your metal-
selection problem may be, all the
technical facilities of Inco are avail-
able to help yousolve it. There isno
charge, no obligation of any kind.
For prompt technical help when-
ever you need information about
metals, all you have to do is get in
touch with: “Technical Service,”

THE INTERNATIONAL NICKEL CO., INC.

67 Wall Street, New York 5, N. Y.
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Avutomatic amperometric titra-
tion, in the Division of Research
of Harper Hospital, Detroit,
Mich., is simplified by using an
ElectroniK Function Plotter
which plots current directly
against titrant volume. Its chart
is driven by a receiving selsyn,
connected to a transmitting sel-
syn that is linked to the titrant
syringe drive motor . . . thus
moves in direct relation to ti-
trant volume delivered.

Speed your data recording with these

lemdmx’ instruments

Your local Honeywell engineering representa-
tive will be glad to discuss ways that these
instruments can save time in your research work.
. he is as near as your phone.

@ REFERENCE DATA : Write for Data Sheet No. 10.0-5 on the Function Plotter . .

Call him today ..

For recording y =f (x)—the Function Plotter. One of the best time-savers
for any laboratory, this instrument automatically records a continuous
curve such as stress vs. strain, speed vs. torque, temperature vs. pressure.
It eliminates hours of hand logging and point-by-point plotting. It has two
independent measuring systems; one moves the pen, the other moves the
chart. Optional selsyn drive for the chart can also be supplied. Either
can measure any variable that can be converted to a d-c signal. The chart
moves 11 inches, at only 4 seconds for full travel. Pen movement is 11
inches; pen traverse time 2 seconds.

For recording two variables—the Duplex Recorder. This two-in-one instru-
ment combines continuous records of any two independent variables on a
single chart . . . where they can be conveniently compared without tedious
cross-reference. Each of the two recording pens has its own independent
“Continuous Balance’’ measuring system. Each pen can traverse the full 11
inches of chart width. Different calibrations can be supplied for each pen.

MiINNEAPOLIS-HONEYWELL REGuULATOR Co.
Industrial Division
4580 Wayne Avenue
Philadelphia 44, Penna.

Honeywell

B ROWN lNSTRUMENTS

?&tw&m&.
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. and Data Sheet No. 10.0-6 on the Duplex Recorder.



LIGHT SCATTERED
BY PARTICLES

A laboratory procedure that measures the size of colloidal

particles in liquids or gases utilizes the same phenomenon

that causes the blue of the sky and the red of the sunset

by Victor K. La Mer and Milton Kerker

in Wordsworth’s phrase, has fas-

cinated scientists as well as poets.
Why, after all, should the sky be blue?
Until fairly recently many scientists be-
lieved that the blue of the sky must be
its intrinsic color, as a paint pigment
has a color. As they learned more about
the nature of light, however, they came
to realize that the color of the sky is
cntirely a light-scattering effect; were it
not for this, the heavens would be black.
Something close to the correct explana-
tion was suggested more than four cen-

THE “witchery of the soft blue sky,”

90

turies ago by the remarkably prescient
genius Leonardo da Vinci. He wrote in
his notebook: “I say that the blueness
we see in the atmosphere is not intrinsic
color, but is caused by warm vapor
evaporated in minute and insensible
atoms on which the solar rays fall, ren-
dering them luminous against the infi-
nite darkness of the fiery sphere which
lies beyond and includes it. . . . If you
produce a small quantity of smoke from
dry wood and the rays of the sun fall
on this smoke and if you place [behind
it] a piece of black velvet on which the

sun does not shine, you will see that the
black stuff will appear of a beautiful
Llue color. . . . Water violently ejected
in a fine spray and in a dark chamber
where the sunbeams are admitted pro-
duces then blue rays. . . . Hence it fol-
lows, as I say, that the atmosphere as-
sumes this azure hue by reason of the
particles of moisture which catch the
rays of the sun.”

In 1869 the British physicist John
Tyndall performed a famous and beau-
tiful series of experiments which con-
firmed the essence of Leonardo’s idea.

20

SCATTERING OF LIGHT by a particle with a radius
of .5 micron is plotted in this diagram. When white
light (arrow) strikes the particle (dot), the red and
green components of the light are scattered in differ-

ent directions. The intensity of the red is indicated by
the red line; that of the green, by the gray line. The
radius of the particle in microns is indicated by the
number of red bands in 180 degrees divided by 10.

69
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Anything that when applied ex-
ternally softens or relaxes the tis-
sues, allays irritation, or soothes
inflamed tissues.

Example: GLYCERINE!

Leading manufacturers of drugs
and cosmetics rely on time-tested
Glycerine to provide the emollient
action in hand lotions, beauty
creams, and a wide variety of
dermatological preparations. Dor-
othy Gray's ‘““Blustery Weather
Lotion” . . . Harriet Hubbard
Ayer’s Hand Cream. .. Norwich’s
“Zemacol” are just a few of the
famous-name formulations con-
taining Glycerine.

If you're developing a new
product that will contain an emol-
lient, be sure to check Glycerine.

New Calamine Lotion

For example, the American Phar-
maceutical Association laboratory
recently developed a new, im-
proved Calamine lotion in which
Glycerine is an important ingre-
dient. The new lotion is said to
overcome several disadvantages
of older formulas. It pours easily
from small dispensing bottles
without clogging, spreads smooth-
ly on the skin, and dries to a flex-
ible film which doesn’t rub off eas-
ily on fabrics.

Balance of Properties

But Glycerine’s emollient action
is only a small part of the story.
You can count on versatile Glyc-
erine to serve as—

humectant lubricant

solvent demulcent

plasticizer suspending agent
sweetener chemical intermediate

Booklets on the application of Glyc-
erine in the drug and cosmetic, food,
protective coatings, and textile fields
are available. For your copy, write
Glycerine Producers’ Association, 295
Madison Avenue, New York 17, N. Y.

“OWL,” one of the instruments that utilizes light-scattering, is seen from
the side (top) and the top (bottom). At the left is a light source that shines
a beam through the particle-containing chamber in the center. The bands
of color are counted by means of a viewer that can be rotated around the
chamber. The device was furnished by the firm of Process and Instruments.

He passed white light through air con-
taining fine suspended particles and
showed that much of the light was scat-
tered away from the path of the beam.
In most cases the scattered light was a
milky white, but when the particles were
very small, it was blue. The transmitted
beam, lacking the blue wavelengths,
took on a reddish-yellow hue. Tyndall
reasoned that atmospheric dusts would
produce the same effects on sunlight and
would account for the redness of the set-
ting sun: in the long horizontal travel of
the sun rays through the atmosphere
much of their blue light was scattered,
leaving the transmitted light reddish.
That light is scattered by particles in
the air is a matter of common knowledge
today; everyone knows, for instance, that
fog makes a searchlight beam highly
visible because its water droplets scat-
ter the light. But it is not very widely
known that as a result of new discoveries
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since 1940 light-scattering has become
an important analytical tool with many
applications, from biochemistry to as-
tronomy. It is used to measure the size
of particles and even to determine the
weights of molecules. The scattering of
light by particles has been worked out
in precise mathematical terms.

FTER Tyndall’'s demonstrations, his

contemporary Lord Rayleigh un-
dertook a theoretical study of light-scat-
tering on the basis of Maxwell’s recently
developed electromagnetic theory. He
proved mathematically that particles
with a diameter less than one tenth a
wavelength of light must scatter short
wavelengths (blue light) much more
strongly than long wavelengths (red
light). He also pointed out that the
oxygen and nitrogen molecules of the
air, as well as dust particles, should scat-
ter sunlight; experiments with dust-free
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Why Lightning strikes OUT on this glass!

A bolt of lightning and a high-voltage power line. Ominous combination!
But a lightning arrestor housed in glass tames it.

A glass specially designed by Corning meets all the requirements—
electrical stability, permanent resistance to heat, cold, moisture and
blazing sun—plus transparency. Maintenance crews can see through the
housing and check the condition of this arrestor quickly and conveni-
ently. A time-saving, cost-saving advantage for the power company.

Corning also makes a glass that conducts electricity—for use in space
heaters, range broilers, fractionating columns and many other heating
and drying applications. It’s excellent, too, for electrostatic shielding and
for shielding from intense radiant heat waves.

Corning has succeeded in doing some remarkable things with glass
to help manufacturers solve stubborn product design and processing
problems. The literature offered (right)is packed with information you
may find useful. Why not clip the Corner now, or use your own letterhead
to let us know what you’re interested in? We’ll be glad to hear from you.
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Can glass improve your

This supervoltage nuclear accelerator
goes through long periods of intense
electron bombardment. It's made of
glass because glass can provide nec-
essary electrical properties to with-
stand this treatment.

When a fuse plug blows, something is
too hot to handle. If the plug body is
glass, it not only stands the heat of
the blowout, but it traps any explo-
sive gases generated, eliminating a
possible fire hazard. The lowly fuse
plug is a good example of what can
be done in designing glass for mass
production.

This glass can be used in place of
heating coils as the broiling element
in a kitchen range. It's coated with a
transparent surface that generates
electric heat. It's easy to keep clean—
does things for the steaks, too.

product, too?

Start building your glass library with
these publications. Those of interest
to you are yours for the asking by
writing to Corning Glass Works, 72
Crystal Street, Corning, N. Y.

1Z-1 “Glass, lts Increasing Importance
In Product Design”

B-83 "Properties of Selected Com-
mercial Glasses"

B-84 "Design And Manufacture of
Commercial Glassware"

B-88 "Glass in the Design of Elec-
trical Products”

CORNING GLASS WORKS, CORNING, N.Y.
MWW&@@
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Now Available

KOPPERS
RESORCINOL
DERIVATIVES

Which of these
Resorcinol derivatives

interests you?

4-CHLORO
RESORCINOL

RESORCINOL
DI-BENZOATE

RESORCINOL
DI-ACETIC ACID

RESORCINOL
DI-METHYL ETHER

NCE again Koppers opens a fertile

new field for laboratory experimen-
tation by making available to the research
chemist these new Resorcinol derivatives.
Two-ounce samples of any of the above
chemicals will be sent to you free of
charge upon request. Or, if you prefer,
you may order them in larger research
quantities at nominal cost.

For working information write for our
free technical data sheet on new and po-
tential Resorcinol derivatives.

KOPPERS COMPANY, INC.

Chemical Division

A Dept. SA-23
KOPPERS Koppers Bldg.,
4 Pittsburgh 19, Pa.

Sales Offices: New York Boston
Philadelphia - Detroit -

Chicago
Los Angeles

72

gases confirmed this prediction. Indeed,
it is now known, from studies at Mount
Wilson Observatory, that most of the
intensity of sky radiation comes from
molecular scattering; scattering by dust
particles is important only at lower
levels. Rayleigh concluded that the
blueness of the sky was due mainly to
scattering by air molecules.

The German physicist Gustav Mie
extended Rayleigh’s work much further.
He was able to write equations which
can be used to describe the pattern of
light-scattering not only by Rayleigh’s
small particles but by spherical particles
of any size. The pattern depends on the
size of the sphere and the wavelength
of the light that strikes it. Thus in theory
it became possible to determine the size
of minute particles by observing their
scattering effect on light. In other words,
every particle provides a fingerprint of
itself. Two difficulties, however, stood in
the way of applying Mie’s equations.
First, the labor involved in computing
his mathematical functions was too
great. Second, the method was applica-
ble only to collections of particles of
uniform size, since a mixture of particles
of different sizes produces a smeared out
pattern which cannot be resolved to find
the sizes of the various particles in the
mixture.

Within the past decade both difficul-
ties have been overcome. High-speed
electronic calculators made Mie’s com-
putations feasible, and ways were found
to produce suspensions with uniformly
sized particles. Victor K. La Mer (one

of the authors of this article) and David
Sinclair were working at Columbia Uni-
versity on the project of producing aero-
sols (fogs) with uniform-sized particles
for the Chemical Warfare Service. They
were experimenting with a column of
dense cigarette smoke whose tempera-
ture was carefully controlled to avoid
convection currents. A shaft of light sent
across this column of smoke gave at first
the familiar milky Tyndall beam. In a
few minutes the upper part of the beam
became blue. Then, after 15 to 20 min-
utes, there came a display of spectacu-
larly beautiful colors—red, blue, green
and orange. The color of the beam varied
with its height in the column and the
angle at which it was observed, as well
as with the elapsed time. It was imme-
diately obvious that this new phenom-
enon was due to the fact that the par-
ticles of different sizes in the mixture
were falling at different rates and sepa-
rating into homogeneous layers. Each
layer was giving the characteristic scat-
tering pattern of its particle size.

With the aid of this test for homo-
geneity of particle size, La Mer and
Sinclair were able to devise a new type
of smoke generator with which they
could produce at will uniform aerosols
of particles of any given size. Shortly
afterward La Mer and Marion Barnes
made a liquid suspension (hydrosol) of
sulfur particles, also of uniform size,
with which scattering experiments could
be performed more conveniently. The
preparation of this suspension is very
simple. Solutions of sodium thiosulfate

N

6 8 10 12
a

COLOR transmitted by a suspension of uniform particles is related to
particle size. K is a measure of scattering as it is related to particle size
and wavelength by means of the function alpha. The symbols on the
curve are Y=yellow, R=red, M=magenta, B=blue and G=green.
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How a jet engine runs on its “nerves”

From a jet’s mighty engine, these precision gears “take off”” power

and pass it along to vital accessory equipment at the specific rate required

by each different unit. As many as 30 separate gears . . . as many as 2500
separate machining and assembly operations. .. go into this gearbox so
essential to safe, efficient operation of a jet. And for this tremendously
complex production, Westinghouse depends on Lycoming.

3

Lycoming stands ready to assist you, too. Whether you have “just an
idea” that needs development, a problem in the blueprint stage,

or a finished metal product that needs precise, speedy fabrication ...
you can depend on Lycoming’s long-tested ability to meet the most
exacting and diverse industrial or military requirements.

Whatever your problem—look to Lycoming!

Lycoming’s 214 million feet of floor space, its more than
6,000 machine tools, and its wealth of creative engineering
ability stand ready to serve your needs.

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

FOR RESEARCH
FOR PRECISION PRODUCTION

LYCOMING-SPENCER DIVISION
BRIDGEPORT-LYCOMING DIVISION

WILLIAMSPORT, PA.
STRATFORD, CONN.
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Auvxiliary ““nerve center”

of a jet’s engine, this
complex gearbox
transmits the power that
runs oil and fuel pumps,

generators, and other

vital accessories.
To produce this intricate
unit for J-40 engines,
Westinghouse looks to
Lycoming for precision

production.

b
' Lycoming-Spencer Division
AVCO Manufacturing Corp.
652 Oliver Street
Williamsport, Pa.

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

Name

Firm Title.

Addre

City. Zone State.

pe———
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HICKOK standard of quality and de-
pendable accuracy is now available in a
Ruggedized Meter. Made in all D. C.
ranges and built to military specifications.

The highly efficient SHOCK MOUNT
DESIGN permits pointer and scale divi-
sions to be easily read when meter is
under vibration. The SHOCK PROOF
MOVEMENT is a precise though rugged
design of an internal pivot type con-
struction. SHOCK MOUNTED in a special
low temperature rubber compound and
bonded to the case, meter movement is
rigidly held and does not flop around
under shock. HERMETICALLY sealed case,
but special rubber gasket and case de-
sign permit opening and resealing.

ACCURACY: 1'2% on D. C. and 1% on
special requirements. Meters available in
212", 32", and 412" sizes.

WRITE FOR CATALOG NO. 26

Kindly List Requirements.

Opportunity ...

Hickok with over 42 years of uninter-
rupted quality producfion offers both
security and unlimiled opporiunity fo
qualitied instrumeni engineers with
design experience. We invile your
inquiry.

THE HICKOK ELECTRICAL INSTRUMENT CO.

¢ Cleveland 8, Ohio

10536 Dupont Avenue
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UNIFORM PARTICLES are required to produce colors. This photomicro-
graph, made by P. K. Lee, shows the uniform diffraction circles of such

particles made by the regulated

and of acid, both very dilute, are mixed
together. The mixture remains crystal
clear for about an hour. Then a blue
Tyndall beam suddenly appears. This
means that very fine sulfur particles
have formed. The beam gradually grows
brighter and becomes gray in color,
showing that the sulfur particles are get-
ting bigger. They continue to grow, and
after another hour a red band appears
to an observer watching the beam at a
certain angle. Thereafter more bands,
alternately red and green, appear at half-
hour intervals. The growth of the sulfur
particles can be stopped at any point by
adding a dilute iodine solution.

HEN an observer looks at a beam

of white light sent through a uni-
form aerosol or hydrosol, the color of
the beam changes as he changes the an-
gle of observation. [The photograph on
the cover shows beams of light entering
a hydrosol at three different angles.]
Starting from the head-on view and
moving around 180 degrees to behind
the beam, he alternately sees red and
green bands. He may see as many as
nine of each, the number depending on
the size of the particles in the given sus-
pension. Divide the number of red bands
by 10, and you have roughly the radius
(half the diameter) of the particles in
microns, one micron being four hun-
dred-thousandths of an inch. A more
exact measure is given by the exact
angular position of the bands. Thus
these so-called “higher-order Tyndall
spectra” provide a facile and rapid
method for measuring small particles.
The method is especially useful in study-
ing particles too small to be resolved by
the light microscope and too large for
the electron microscope.

The phenomena we have discussed so
far involve only spherical particles.
Other shapes also scatter light, but the
laws governing the effect are more com-
plex. Peter J. W. Debye of Cornell Uni-
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cooling of dioctylphthalate vapor.

versity has worked out scattering equa-
tions for rod-shaped particles, and he
has used these equations to study large
molecules such as proteins and viruses.
The light-scattering measurements of
molecule sizes agree very closely with
those obtained with the electron micro-
scope. Thus they provide a rapid, easy
method of determining the molecular
weight of a large molecule.

If the giant molecules can be seen
with the electron microscope, why
bother with light-scattering? The answer
is that it not only provides a valuable
check on the microscope but makes pos-
sible measurement of the molecules
without disturbing their normal condi-
tion. To prepare a virus for observation
under the electron microscope involves
such drastic treatment that there is often
considerable doubt whether the pre-
pared sample is much like the original
object, whereas a light beam passed
through a suspension of viruses leaves
them unharmed. Besides this, the light-
scattering method is faster, cheaper and
simpler to carry out.

HE LIGHT transmitted through a
suspension, as well as that scattered
away from the beam, gives valuable in-
formation about particle sizes. Ray-
leigh’s calculations predicted that a
beam of natural white light transmitted
through very small particles should be
yellow, its blue light being scattered
most. As the particles grow bigger the
transmitted light should turn red and
then magenta. This latter color corres-
ponds to the particle size that gives the
maximum scattering (mostly of green
light) and hence the minimum light
transmission. For still larger particles the
transmitted beam becomes blue and fi-
nally green. The big particles actually
scatter red light more than blue.
These transmission effects, which
were implicit in Mi€e’s equations, were
not actually calculated until 1942. After
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the computations had been made, Sey-
more Hochberg of Columbia University
tested them with some oil smokes of uni-
form particle size. He found that the
light transmitted through droplets of .5-
micron radius was a deep azure, just as
the theory predicted. For .6-micron
droplets the beam was pure green.

The results were put to immediate
military use. At the General Electric
Company laboratories Irving Langmuir
and Vincent Schaefer were then develop-
ing generators to make smoke screens
against aerial bombing. To assure that
the smoke would have maximum obscur-
ing power, the operators of the gener-
ators were instructed simply to observe
the color of the sun’s disk when it was
almost completely hidden by the smoke
from the generator. If it looked yellow
or red, the smoke particles were too
small for most effective screening; if
blue or green, the particles were too
large. The generator was adjusted until
the sun’s disk was magenta, which
meant that the smoke was of just the
right size for maximum screening.

The Mie-equation computations ex-
plained the old mystery of why the
moon, on rare occasions, looks blue or
even green: large dust particles in the
atmosphere account for it. They also
explained the extraordinarily brilliant
sunsets and other weird color displays
which were seen all over the world for
three years after the great volcanic ex-
plosion at Krakatoa in 1883. In 1950
there was a similar effect when tre-
mendous smoke clouds from forest fires
in Canada floated across the Atlantic to
Europe, causing the sun, moon and stars
to turn blue.

STRONOMERS are gaining from
light-scattering theory important
information on the density and distribu-
tion of matter in the universe. Interstel-
lar dust scatters starlight as it passes
through space. The scattered light itself
is much too faint to be detected, but the
transmitted beams that reach us from
the stars can give a clue as to the nature
and amount of dust through which they
have passed. Calculations show that in-
terstellar dust is composed mainly of
particles about half a micron in radius.
Although light-scattering is a very
new tool, it has come into wide use for
analyzing the size and structure of such
diverse substances as viruses, smokes,
rubber, proteins, smog, soap, blood
platelets and gels. Many university and
industrial laboratories now do light-
scattering measurements of colloidal
and macromolecular systems as a matter
of daily routine.

L ——

Victor K. La Mer is professor of
chemistry at Columbia Univer-
sity. Milton Kerker is assistant
professor of chemistry at the
Clarkson College of Technology.
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William Kingdon Chfford

He was a brilliant participant in the mathematical

revolution of the 19th century, and is a memorable

example for the popularizer and citizen of science

prepare a new edition of a small

19th-century classic in mathe-
matics: The Common Sense of the Exact
Sciences. Seeking details about its au-
thor, William Kingdon Clifford, for the
introduction to the volume, I discovered
to my surprise that very few were
available. The only published material
on Clifford’s life was a few scattered
articles and obituaries and a brief bio-
graphical preface to his collected lec-
tures and essays written by a contem-
porary, the barrister and legal historian
Sir Frederick Pollock.

This neglect of Clifford is difficult to
explain. He was not only one of the
great mathematicians of his century but
an original philosopher and a leader of
British intellectual life in the Victorian
age. Much of Clifford’s thinking was
ahead of his time. His mathematical
work was prophetic, and its merit is still
untouched after three quarters of a
century of immense progress in mathe-
matics; his philosophical ideas were
rational and humane; he possessed an
art of clarity, as Bertrand Russell has
said, “that comes of profound and order-
ly understanding by virtue of which
principles become luminous and deduc-
tions look easy.” An inspiring faith in
the power of reason and in human
progress guided Clifford’s remarkably
productive but tragically short life of
35 years.

He was born in Exeter May 4, 1845.
His father was a man of status in the
town, serving as justice of the peace.
His mother, a sensitive woman of intel-
lectual tastes and delicate health, died
when he was a boy—of the same disease
to which Clifford was to fall victim.
Clifford, a precocious youngster, pro-
duced at the age of 18 two original
papers in geometry which led his tutor
at Cambridge University to prophesy
that he would gain a place among the
leaders of science. As an undergraduate
in Trinity College he read widely in
philosophy, classical literature and mod-
ern history; he enjoyed companionship
and participated in endless debates with
his fellows and tutors on subjects rang-
ing from Catholic doctrine to chemistry,

!- FEW YEARS ago I was asked to
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by James R. Newman

from Thomas Aquinas to Darwin and
Spencer. It was Clifford’s good fortune
to be a student at a time when long-
accepted beliefs in science and logic
were beginning to crumble under the
assaults of new theories and discoveries.
Cambridge was a center of this revolu-
tion, and Clifford shared in its excite-
ment and its “daring” talk. At first a
High-churchman, “fond of supporting
Catholic doctrines by ingenious scien-
tific analogies,” he turned gradually into
a bitter enemy of organized religion,
especially what he called “priestcraft.”
Clifford was a whirlwind in argument;
when he let loose his tongue, “the pace
was tremendous.” His brilliance in con-
versation in the Grote Club at Cam-
bridge was remembered half a century
later by Alfred Marshall, a fellow mem-
ber who became a famous economist.
Marshall wrote of him with immense
admiration, though he felt that Clifford
was “too fond of astonishing people.”

Clifford  enthusiastically  studied
French, German and Spanish (to help
him in his work); Arabic, Greek and
Sanskrit (because they were difficult);
hieroglyphics (because they were a
riddle) ; shorthand and the Morse code
(because he was interested “in all meth-
ods of conveying thought”). Every
branch of mathematical and scientific
literature appealed to his eclectic ap-
petite. He won an assortment of literary,
scientific and oratorical prizes. He was
proudest, however, of his athletic
achievements: the crown of his under-
graduate career was hanging by his toes
from the crossbar on the weathercock of
a church steeple—a quaint Cambridge
antic not usually fatal in its conse-
quences. He also finished second in
the arduous competitive examinations
known as the tripos, thus matching the
achievement, in their day, of Lord Kel-
vin and the incomparable James Clerk
Maxwell.

IS TRAINING had been good and
his record outstanding, and in
1868 he was elected to a fellowship at
Trinity. He was already turning out a
steady output of three or four first-class
mathematical papers a year. His first

© 1953 SCIENTIFIC AMERICAN, INC

important public lecture was called
“Conditions of Mental Development.”
Like every other important scientist,
philosopher and man of letters in the
19th century, he took to the lecture plat-
form to help popularize learning. Clif-
ford excelled in making hard concepts
understandable, and he enjoyed the ef-
fort. His ability to turn the abstract into
the concrete gave his lectures a lucidity
and charm which even the lapse of time
and transfer to print do not diminish.

Clifford spent two years as a fellow
at Cambridge teaching, doing research,
developing his ideas—alone and in com-
merce with other original and provoca-
tive minds. Then in 1870 he joined an
English expedition to observe an eclipse.
The ship carrying the party was wrecked
off Sicily, but fortunately all hands and
even the instruments were saved. Clif-
ford took the mishap with his customary
good humor. Shortly after the shipwreck
he wrote from Florence to Lady Pollock,
the wife of his friend Sir Frederick:

“At Catania, orange groves and tele-
scopes; thence to camp at Augusta;
Jonadab, son of Rechab, great fun, na-
tives kept off camp by a white cord; 200
always to see us wash in the morning—
a performance which never lost its
charm—only five seconds totality free
from cloud, found polarisation on moon’s
disc, agree with Pickering, other people
successful. . . . At Rome 2% days, pic-
tures, statues, Coliseum by moonlight.
Both of us sneezed awfully next morn-
ing. This morning arrived in Florence—
Pitti Palace—spent all my money, and
shall get stranded between Cologne and
Ostend unless I can live on one egg
every other day, and thereout suck no
small advantage—be better off in Paris.”

Clifford left Cambridge in 1871 to be
professor of applied mathematics at
University College, London. Clerk Max-
well was among those who strongly
recommended him for the post, stressing
the freshness and breadth of his re-
search, as opposed to the “mere elabora-
tion of abstruse theorems by ingenious
calculation.” In the next two years Clif-
ford gave several of his best-known lec-
tures and published a considerable num-
ber of mathematical articles, including a



paper on biquaternions, dealing with the
generalized conceptions of space, which
stands high in the literature of mathe-
matics. Two of these lectures, before the
British Association for the Advancement
of Science in 1872 and before the Royal
Institution in 1873, afford admirable
examples of Clifford’s singular powers.

HE FIRST was “On the Aims and

Instruments of Scientific Thought.”
1t touched upon the profound re-evalua-
tion of Euclidean geometry which had
been forced by the researches of mathe-
maticians who were taking a fresh look
at the foundations of geometry. Up to
that time the universality and the eter-
nal verity of Euclid’s theorems had never
been doubted, just as they had never
been tested. The non-Euclidean heresy
put an end to this placid confidence.

Clifford illuminated the problem in

masterly fashion. Advance in scientific
thought, he said, depends on the hy-
pothesis that the order we see in natural
events holds good beyond our experi-
ence. Although human observation is
limited, with the aid of the hypothesis
of uniformity we can “infer things that
we have not seen from things that we
bave seen.” The hypothesis must be
sharply defined, however; we must de-
cide whether the uniformity on which
inferences are based is mathematically
exact. The mechanistic interpretation of
the universe, magnificently elaborated
in the 18th century, rested on the con-
viction that “if we knew all about it,
Nature would be found universally sub-
ject to exact numerical laws.” But the
mathematicians themselves had shown
that the issue as to whether nature
obeyed such laws was far from settled.

“I shall be told, no doubt,” said Clif-

Clifford among his students
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ford, “that we do possess a great dea] of
knowledge of this [exact] kind, in the
form of geometry and mechanics; and
that it is just the example of these
sciences that has led men to look for
exactness in other quarters. If this had
been said to me in the last century, I
should not have known what to reply.
But it happens that at about the begin-
ning of the present century the founda-
tions of geometry were criticized inde-
pendently by two mathematicians,
Lobachevski and the immortal Gauss,
whose results have been extended and
generalized more recently by Riemann
and Helmholtz. And the conclusion to
which these investigations lead us is
that, although the assumptions which
were very properly made by the ancient
geometers are practically exact—that is
to say, more exact than experiment can
be—for such finite things as we have to

79
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deal with, and such portions of space as
we can reach; yet the truth of them for
very much larger things, or very much
smaller things, or parts of space which
are at present beyond our reach, is a
matter to be decided by experiment,
when its powers are considerably in-
creased. I want to make as clear as pos-
sible the real state of this question at
present, because it is often supposed to
be a question of words or metaphysics,
whereas it is a very distinct and simple
question of fact.”

Clifford thus firmly allied himself
with Georg Friedrich Riemann, one of
the greatest mathematicians of the cen-
tury, in the view that geometry as ap-
plied to the world of experience is an
experimental science, a proper part of
physics. Geometry according to this view
remains an exact science but ceases to be
a universal one. For a law is true uni-
versally only if it is true of all cases
whatever, “and this is what we do not
know of any law at all.” Therefore
geometry is an exact science only within
a limited field.

Today this is a familiar idea—that
geometry is a formal exercise in logic
when considered as a pure science of
ideal space, and that when it is con-
sidered as applied mathematics, pur-
porting to describe actual space (within
the atom or out towards Betelgeuse) it
is an experimental discipline like cook-
ing or entomology, subject to verification
and change as we probe further. But in
1870 this idea was neither familiar nor
generally acceptable; indeed, it flagrant-
ly contradicted the main body of ac-
credited mathematics and philosophy.
Clifford’s opinions were a challenge to
the belief that Euclidean geometry was
the perfect description, for all times, of all
parts of actual space—and the challenge
eventually led to the modern concep-
tions of space, time, energy and matter.
From the standpoint of philosophy Clif-
ford’s view contested the doctrine, ad-
vanced in Kant’s transcendental esthetic,
that the long-accepted notions of space
were immutable because they were de-
termined by our mode of perception, or
by the structure of the mind.

LIFFORD’S second lecture, “The

Philosophy of the Pure Sciences,”
offers a penetrating, at times almost
lyrical, survey of the revolution in
science, the “changes in the conception
of the Cosmos” wrought by the inventors
of non-Euclidean geometry.

“What Vesalius was to Galen, what
Copernicus was to Ptolemy, that was
Lobachevski to Euclid. . . . Before the
time of Copernicus, men knew all about
the Universe. They could tell you in the
schools, pat off by heart, all that it was,
and what it had been, and what it would
be. There was the flat earth, with the
blue vault of heaven resting on it like
the dome of a cathedral, and the bright
cold stars stuck into it; while the sun



and planets moved between. Or, among
the better informed, the earth was a
globe in the center of the universe,
heaven a sphere concentric with it; in-
termediate machinery as before. At any
rate, if there was anything beyond
heaven, it was a void space that needed
no further description. The history of all
this could be traced back to a certain
definite time, when it began; behind
that was a changeless eternity, which
was fully accounted for and described.
But in any case the Universe was a
known thing. Now the enormous effect
of the Copernican system, and of the
astronomical discoveries that have fol-
lowed it, is that, in place of this knowl-
edge of a little, which was called knowl-
edge of the Universe, of Eternity and
Immensity, we have now got knowledge
of a great deal more; but we only call it
the knowledge of Here and Now. We
can tell a great deal about the solar
system; but, after all, it is our house,
and not the city. We can tell something
about the star system to which our sun
belongs; but, after all, it is our star sys-
tem, and not the Universe. We are talk-
ing about Here with the consciousness
of a There beyond it, which we may
know some time, but do not at all know
now.

“This, then, was the change effected
by Copernicus in the idea of the Uni-
verse. But there was left another to be
made. For the laws of space and motion
... implied an infinite space and infinite
duration, about whose properties as
space and time everything was accurate-
ly known. The very constitution of those
parts of it which are at an infinite dis-
tance from us, ‘geometry upon the plane
at infinity,” is just as well known, if the
Euclidean assumptions are true, as the
geometry of any portion of this room. . ..
So that here we have real knowledge of
something at least that concerns the
Cosmos; something that is true through-
out the Immensities and Eternities. That
something Lobachevski and his succes-
sors have taken away. The geometer of
today knows nothing about the nature
of actually existing space at an infinite
distance; he knows nothing about the
properties of this present space in a past
or future eternity. He knows, indeed,
that the laws assumed by Euclid are true
with an accuracy that no direct experi-
ment can approach . . . but he knows this
as of Here and Now; beyond his range
is a There and Then of which he knows
nothing at present, but may ultimately
come to know more. So, you see, there
is a real parallel between the work of
Copernicus and his successors on the
one hand, and the work of Lobachevski
and his successors on the other.”

HE ORDINARY Euclidean concep-
tion of space rests on four funda-
mental postulates, and Clifford lucidly
analyzes each in turn. The first states
that space is continuous, without breaks

or gaps of any kind. But
continuity, Clifford points
out, is an impression

gathered from our senses,
and they may deceive us.
With the instruments of
physics and chemistry
we can see that objects
which seem smooth and
unbroken break down
into atoms or other sepa-

rate units. What proof
have we that space is not
of the same nature,
smooth in appearance
but actually crisscrossed,
say, by a lacework of

tiny fissures? The Euclid-
ean postulate of con-
tinuous space therefore
waits upon experience.

The second postulate
assumes “the flatness of
space in its smallest parts,” which is
to say that if we take three points in
space very close to one another and join
them by the shortest possible lines, the
triangular figure so formed will lie very
nearly in a plane. Clifford doubts the
universality of this postulate also, fol-
lowing Riemann’s opinion that the or-
dinary rules of geometry do not hold
for “the metric relations of space in the
infinitely small.”

The third Euclidean postulate is that
a body can be moved about in space
without altering its size or shape; in
other words, that “all parts of space are
alike.” The fourth postulate is that “any
figure may be magnified or diminished
in any degree without altering its shape”
(which implies Euclid’s rule that parallel
lines never meet). The third and fourth
postulates, taken together, are equiva-
lent to the assumption that space is uni-
formly of zero curvature. Clifford finds
these two postulates vulnerable on the
side of the “very great,” just as the first
two could be attacked on the side of the
“very small.” That is to say, just as very
small regions of space might turn out to
be discontinuous, very large regions
might turn out to be curved. Extraordi-
narily complicated ad hoc geometries
may be required to describe any devia-
tions of a given space from the standard
of elementary flatness. These are closely
tied to modern concepts of physics, sug-
gesting that all phenomena, even matter
itself, may consist of wrinkles or changes
of curvature in space.

If the fourth postulate of “similarity,”
insofar as it relates to parallels, is
abandoned, the way is open for a non-
Euclidean geometry, such as the hyper-
bolic, which holds that the sum of the
angles of every triangle is less than 180
degrees, or the elliptic, which makes
the sum of the angles greater than 180
degrees. The space of elliptic, or Rie-
mannian, geometry, proposing a large
but curved and finite universe, appealed
to Clifford: “I do not mind confessing
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Clifford at the blackboard

that I personally have often found relief
from the dreary infinities of homaloidal
space in the consoling hope that, after
all, this other may be the true state of
things.”

N 1874 Clifford was elected a Fellow
of the Royal Society, having declined

to have his name put forward earlier on
the ground that he “did not want to be
respectable yet.” He was in good health,
energetically occupied with teaching
and turning out papers on his latest re-
searches, yet not too busy to continue his
lectures on popular science as well as on
social and ethical philosophy. He put
forward some metaphysical theories of
“mind-stuff” and the “tribal self” which
are obscure and lifeless. But his ethical
precepts embody all the warmth, the
hatred of intolerance and the faith in
reason that characterized his personal-
ity. The framework of his ethics was
founded on the new doctrines of evolu-
tion. Freedom, independence, acting
from “one’s own inner conviction,” he

8l
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held, were the essential values of society:
“There is one thing in the world more
wicked than the desire to command, and
that is the will to obey.” He attempted to
develop his ethical theories on the same
objective basis as underlay his philoso-
phy of science. It would not have
entered his head that moral and religious
values could be supported by any argu-
ments other than reason and the teach-
ings of experience. He was no more
prepared to accept eternal values in
ethics than in geometry.

In Clifford’s personal life there was
never a trace of cant, hypocrisy or self-
righteousness. Writing to Lady Pollock
on his “ideal theory” of behavior, he
concluded: “All this, by the way, is only
theory; my practice is just like other
people’s.” Free from pretentiousness
himself, Clifford was sharp in criticizing
it in others. Of an acquaintance about to
undertake a work in philosophy he re-
marked:

“He is writing a book on metaphysics,
and is really cut out for it; the clearness
with which he thinks he understands
things and his total inability to express
what little he knows will make his for-
tune as a philosopher.”

But he was incapable of malice or per-
sonal enmity. Once he wrote:

“A great misfortune has fallen upon
me; I shook hands with ———. I believe
if all the murderers and all the priests
and all the liars in the world were united
into one man, and he came suddenly
upon me round a corner and said, ‘How
do you do? in a smiling way, I could not
be rude to him upon the instant.”

On April 7, 1875, Clifford married
Lucy Lane. When he took leave from
University College on this occasion, he
informed his class that “he was obliged
to be absent on important business
which would probably not occur again.”
His wife became a well-known novelist
and playwright, writing under the name
Lucy Clifford, and she outlived him by
half a century. Two daughters were born
to them and brought Clifford great joy.
He loved all children and delighted in
making up games, fairy tales and poems.
Some of his fables he contributed to a
collection, The Little People. He had a
scheme to issue a series of little school
manuals whose lessons would be design-
ed to help “kids find out things for them-
selves.”

Clifford’s happiness with children and
his deep concern with their problem of
learning and growing up stand in
poignant contrast to the brief period he
lived to spend with his own. In 1876 the
first alarming signs of tuberculosis ap-
peared. All his life he had taxed his
physical powers; he was athletic but es-
sentially frail in constitution. Despite the
symptoms of his grave illness Clifford
did not let up in his work. In 1876 he
published no fewer than nine mathe-
matical papers and various other writ-
ings. One of the papers was a remark-
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Selenium is a rare element. It has many important electrical applica-
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able contribution to the Cambridge
Philosophical Society “On the Space
Theory of Matter,” in which he sug-
gested that small portions of space are
“analogous to little hills on a surface
which is on the average flat . . . that this
property of being curved or distorted is
continually being passed on from one
portion of space to another after the
manner of a wave; that this variation of
the curvature of space is what really
happens in the motion of matter . . . that
in the physical world nothing else takes
place but this variation, subject (pos-
sibly) to the law of continuity.

These words were published 40 years
before Einstein announced his theory of
gravitation.

N THE FALL of 1876 Clifford agreed
reluctantly to take a six months’ leave
of absence for his health, and spent it
traveling with his wife in Algeria and
Spain. He returned to England some-
what improved and in the next year and
a half accelerated his work, issuing two
of his most celebrated papers, along
with other mathematical memoirs, an
excellent volume on dynamics, a number
of essays, lectures and reviews. Again
there came a collapse, and he passed the
spring and summer of 1878 in Italy, then
returned to England, still looking very ill
and feeble. At the beginning of 1879 he
sailed for Madeira and there had a few
days of peace in the fine sunshine. On
March 3, 1879, he died.

“And this,” wrote Sir Frederick Pol-
lock, “is the witness of his ending, that
as never man loved life more, so never
man feared death less. He fulfilled well
and truly that great saying of Spinoza,
often in his mind and on his lips: Homo
liber de nulla re minus quam de morte
cogitat [There is nothing over which a
free man ponders less than death].”

Clifford was not only a great profes-
sional mathematician, a distinguished
philosopher and a brilliant writer, but a
citizen of science. He ceaselessly strove
to strengthen its foundations and organic
unity and, by preaching the widest ap-
plicability of its methods, to promote the
rational and confound the irrational. His
wvas the spacious outlook of an elevated
man: “Remember then that [scientific
thought] is the guide of action; that the
truth which it arrives at is not that which
we can ideally contemplate without er-
ror, but that which we may act upon
without fear; and you cannot fail to see
that scientific thought is not an accom-
paniment or condition of human prog-
ress, but human progress itself.” It is a
maxim which our age, often mistaking
valves and levers for science, would do
well to recall.

—_— ———

James R. Newman is author,
with Edward Kasner, of Mathe-
matics and the Imagination. He
is an editor of this magazine.
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TOXOPLASMOSIS

This little-known disease is surprisingly widespread

and sometimes fatal. Although it has been studied for

50 years, it is still a medical and biological enigma

by Reginald D. Manwell and Hans Peter Drobeck

Nicolle and Manceaux described a

strange new disease which they had
found in a North African rodent called
the gondi. It was caused by some kind of
parasite, which they took to be a proto-
zoon (one-celled animal), and they
ramed it Toxoplasma gondii. The dis-
ease at first was thought to be rare, but
as time went on it was found in many
species of animals, mainly mammals and
certain birds, notably the pigeon and the
canary. By now toxoplasmosis has be-
come a very intriguing disease indeed.
In the first place, the infection is ap-
parently widespread among human
beings, and in its acute form it is often
fatal. Secondly, it seems to be able to at-
tack all, or nearly all, warm-blooded
animals, which would make it unusual
among parasites, for generally a parasite

IN 1909 two French scientists named

TOXOPLASMA CELLS, which cause the disease toxoplasmosis, are shown
in the brain of an experimentally infected mouse. They are the smaller
dark objects. This photomicrograph enlarges the cells some 1,700 diameters.
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can live in only one or at most a few
hosts. Finally, the disease presents an
enigma and a baffling challenge to biol-
ogy and medicine. Of few subjects in
science can it be said, after almost half
a century of research, that so little posi-
tive knowledge has been discovered.
Although toxoplasmosis is now known
to occur rather commonly in man, we are
in the dark as to just how prevalent it is.
We do not know how it is spread, how it
injures the body, why it is only occa-
sionally serious or fatal, or how to pre-
vent, treat or even diagnose it reliably.
We cannot cultivate the organism suc-
cessfully except in living cells. Worse
still, we do not even know just what
Toxoplasma is. Half a century of in-
vestigation has merely given us some
fairly definite ideas about what it is not.
Yet the inquiry has its own interest, and
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it has raised some stimulating questions
about the nature of elementary forms of
life.

The first question posed by Toxo-
plasma is: Is it an animal or a plant? Un-
fortunately the differences between ani-
mals and plants, which seem so clear to
most of us, become less and less distinct
as we go down the scale of living things,
until finally they almost disappear. Toxo-
plasma seems to have some attributes of
an animal and some of a plant. It is a
minute, crescent-shaped organism, some-
what more pointed at one end than the
other. It is slightly bigger than a red
blood cell, which means that it is con-
siderably larger than most bacteria. It
seems to prefer to live within cells,
especially cells of the brain, spleen and
liver. A single cell will sometimes con-
tain 20 or more parasites, so that little
remains of the cell itself except the nu-
cleus (which seems never to be invaded)
and a thin envelope of cytoplasm.

NE TEST of a plant is the ability to
manufacture foodstuffs from such
simple materials as carbon dioxide and
water. Toxoplasma cannot do this. But
then neither can the fungi, which are
considered true plants. Many parasitic
fungi can infect a wide range of species.
The late protozoologist Charles Wenyon
suggested that Toxoplasma might be re-
lated to the fungus Histoplasma capsula-
tum, which produces a human disease
similar to toxoplasmosis [see “Histoplas-
mosis,” by Martin Gumpert; SCIENTIFIC
AMERICAN, June, 1948]. But Toxoplas-
ma can scarcely be regarded as a fungus
according to the usual criteria. It has a
simple life history and appears only in
the one crescent-shaped form, whereas
fungi generally have a complex life his-
tory, with spores, hyphae, mycelia and
often other stages. Furthermore Toxo-
plasma will not grow in the various me-
dia on which the fungi thrive. On the
whole Toxoplasma does not fit readily
into the fungus category, and its resem-
blance to Histoplasma seems confined
to the name.
If mobility is a distinguishing attri-



bute of animals, then on this score also
Toxoplasma must be placed in the ani-
mal kingdom. For many years its ability
to move independently was a matter of
controversy, but anyone who has the
patience to watch it for some time under
the microscope can see it move. The
crescent-shaped organism moves pointed
end first, sometimes apparently explor-
ing the surface of cells in the medium in
which it is placed. Occasionally you may
cven see one enter a cell. But here again
we have a mystery: What does it move
with? Toxoplasma has no flagella, cilia,
pseudopods or other visible means of
locomotion, such as most one-celled ani-
mals possess. Certain Sporozoa, which
are parasitic protozoa, are able to move
at some stages of their life cycle though
they lack such appendages. But Toxo-
plasma cannot belong to the class of
Sporozoa, for those animals have com-
plex life cycles with sexual stages, and
they usually reproduce by multiple fis-
sion.

Toxoplasma has no known sexual
phase, and apparently its only method
of reproduction is to split in two. This
last characteristic suggests a kinship to
the flagellated protozoa, especially since
one of the two large groups in this class
also lacks a sexual phase. But where are
the flagella? No one has yet been able to
show conclusively that Toxoplasma has
them, nor do stained preparations reveal
any of the cell structures usually asso-
ciated with these locomotor parts.

Another puzzle is Toxoplasma’s abil-
ity to infect so many kinds of hosts. Such
a remarkable capacity for adaptation to
different kinds of internal environments
is seldom found among protozoa. Virus-
es, fungi and some bacteria frequently
possess it, but Toxoplasma is much too
highly organized to be considered a virus
or bacterium.

All in all we can do no better than
place Toxoplasma among the protozoa,
along with somewhat similar parasites
known by such intriguing names as
Hepatozoon, Encephalitozoon and Sar-
cocystis.

HE infection of man by Toxoplasma
is usually so mild that it passes un-
noticed. It may produce a fever and a
rash, and it sometimes leaves lesions of
the lungs or, more often, of the eyes, and
cerebral calcifications. It is these signs,
and the presence of antibodies in the
blood, that have mainly identified the
disease and led to the conclusion that
the infection is widespread. Blood tests
of large groups have indicated that it
may be present in 40 per cent or more
of some populations. It is probable that
most of us are exposed sooner or later
and that our bodies produce enough
antibodies to check the disease before
it makes itself felt.
In its acute form the disease attacks
the central nervous system and causes
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ELECTRON
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THE FARRAND ELECTROSTATIC LENS SYSTEM, 1
by minimizing design complexities, has simpli-
fied operation, thereby expanding its use to
lesser skilled personnel.
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GROUP OF PARASITES are pho-
tographed in the peritoneal fluid of
a mouse infected with toxoplasmosis.

encephalitis. Most of the acute cases
have occurred in very young children or
in infants. Many drugs have been tried
on experimentally infected animals, and
we have found several (notably certain
sulfa compounds, endochin, aureomy-
cin, promin) which somewhat prolong
life. But no substance yet tested has
shown any dependable ability to eradi-
cate the infection.

As toxoplasmosis becomes more wide-
ly known, more cases are reported, but
the disease is still difficult to recognize,
particularly in the early stages when
— | therapy might be effective. The search
for better methods of diagnosis is being
vigorously pushed, and not without
progress. Skin tests based on the
presence of antibodies have been de-
vised. There are several blood tests, of
which the most widely used is one origi-
nated by Albert B. Sabin of the Uni-
versity of Cincinnati Medical School and
Harry A. Feldman of the New York State
College of Medicine at Syracuse Uni-
versity. Their unique test employs
methylene blue, and it is based on the
somewhat chance observation that the
dye will not stain the cytoplasm of the
parasite cells when a sufficient concen-
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Engineers get ahead at Boeing

A major guided missile program is
just one of Boeing’s many projects-
with-a-future.

Other programs, which offer you
plenty of room to get ahead in engi-
neering, are America’s first-announced
jet transport project, research in super-
sonic flight and nuclear-powered air-
craft, and development of the B-47
and B-52 jet bombers, the airplanes
that have given Boeing more experi-
ence with multi-engine jets than any
other company.

Boeing offers attractive careers of

almost limitless range to men in vir-
tually ALL branches of engineering,
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PRODUCTION, RESEARCH and TOOL-
ING. Also to servo-mechanism and
electronics designers and analysts, and
physicists and mathematicians with
advanced degrees.

Boeing pays you a moving and
travel allowance. You can work in
Seattle, or Wichita. Besides skiing
and mountain sports near Seattle, both
cities provide fine fishing, hunting,
golf, boating—and plenty of opportu-
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He’s just three. And that’s
very lucky. There are so
many wonderful things to
see and play with, when a
boy is three. Especially the
pliers and saw.

There is another reason
why Alexander is very lucky
to be three. He did not see the
terrible war which took place in his native Germany. But its rubble

is all around him and someday he will know that he was short-
changed by it. Right now, all he notices is that each day is a little
colder than yesterday and it makes him shiver. Some days he doesn’t
even feel like playing.

Soon, he knows, some very nice people in America will send him
a fine warm coat and strong shoes. and maybe a woolly scarf to pro-
tect his ears which often hurt.

Will you be the American secretary, salesman. teacher, mechanic,
housewife — who will sponsor Alexander, or one of his many, many
brothers and sisters in Europe who need warm clothing and food
this winter? These children need you. Won’t you help?

Sponsoring a child through the Save the Children Federation will provide
a child with warm clothing, sturdy shoes, and supplementary food — deliv-
ered in your name, in Austria, Finland, France, Western Germany, Greece,
Italy and Lebanon. The SCF will provide a case history of the child, and if
possible, a photograph. You can write your child. too, and learn what your
generosity means to a child in a war-battered land. The cost of an SCF
Child Sponsorship is just $96 a year — $8 a month. A contribution in any
amount will help.
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nearly every case the mothers appeared
tc be healthy, but blood tests revealed
that most of them had been infected.
Although the organisms must have
passed to the child from the placenta,
we still have no real proof of the route
by which they were transmitted. The
placenta is a barrier to most infectious
agents, and experiments on mice show
that toxoplasmosis is seldom transmitted
within the uterus or in the mother’s milk
unless the mother is suffering from an
acute infection. In few, it any, human
cases have the mothers had an acute in-
fection during pregnancy. Of course it
is possible that toxoplasmosis is more
easily transmitted in human beings than
in mice.

Does Toxoplasma enter through the
respiratory tract? The frequent lung
lesions suggest that it may, and yet acute
toxoplasmosis is so rare that the danger
of infection by this route cannot be
great.

It seems likely that many people get
the infection from contacts with animals.
Dogs, rats and pigeons are among the
most likely sources of infection. Several
cases of human toxoplasmosis in which
the family dog was proved to have suf-
fered from the disease have recently
been reported from Germany. Some time
ago a test examination of rats caught
around Savannah, Ga., showed that al-
most 9 per cent harbored the organism,
and this incidence is probably typical.
But if animals are a source, how do they
transmit the disease to human beings?
Toxoplasmosis is not very contagious:
mice, which are among the most sus-
ceptible animals, can often be kept with
infected cage mates for long periods
without contracting it. Rats may acquire
toxoplasmosis by eating one another’s
flesh, for it is known that the disease may
be transmitted in this way, and canni-
balism is common among rodents. Per-
haps the dogs and cats that have been
found with the disease became infected
from killing rats, but it also seems en-
tirely possible that they got the disease
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WHITE BLOOD CELL is infected
with 24 parasites. They continue to
multiply until the cell is destroyed.
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containing 54 pages of data. Ask for “Felt—a Mechanical
and Engineering Material.”” Sent free to those writing

/ on company letterhead.
AmericanFelt
Com;
TRADE, MARK

58 GLENVILLE ROAD, GLENVILLE, CONN.

For precise checking =]
of temperature, humidity . . . % —

EVERY PLANT NEEDS

BENDIX-FRIEZ HYGRO-THERMOGRAPH

If your plant maintains temperature
and humidity control, the Bendix-Friez
Hygro-Thermograph offers you a graphic,
scientific, year-round check on the effi-
ciency of that control. Hygro-Thermo-
graph actually protects your air condi-
tioning investment by giving you a
precise record which shows instantly
any variation in temperature or relative
humidity. Producer of the world’s finest
weather instruments, Bendix-Friez is
rendering constantly increasing service to
industry. Find out how we can help you.

One of many Bendix-
Friez precision instru-
ments that are solving
many tough problems
for industry.

FRIEZ INSTRUMENT DIVISION of
> 4
1422 Taylor Avenuve + Baltimore 4, Maryland 4
Export Sales:
Bendix Infernational Division, 72 Fifth Avenve, New York 11, N.Y. T e i ki
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from people—although hardly from eat-
ing human flesh!

It is improbable that human beings
contract the disease from contaminated
meat. Toxoplasma is easily destroyed by
drying, by weak disinfectants and by
heat; a few minutes of exposure to a
temperature of 122 degrees Fahrenheit
is lethal. However, it is possible that
people may be infected by handling
diseased meat or by eating raw food
soiled by the excrement of rodents or
houseflies.

HETHER Toxoplasma infects the

lower vertebrates or the inverte-
brates in nature is still a moot question.
There have been reports of toxoplas-
mosis in snakes, and some 40 years ago
one investigator claimed to have in-
fected frogs. None of these claims has
been confirmed, and attempts to infect
frogs with Toxoplasma of mammalian
crigin have failed. Nor has anyone suc-
cessfully infected mammals with sup-
posed “Toxoplasma” from any species of
cold-blooded host. On the basis of small
differences in size and other features,
Toxoplasma organisms have often been
divided into many different species, but
today nearly all investigators agree that
there is only one true species of the
organism—Toxoplasma gondi. If this is
actually the case, it emphasizes further
the uniqueness of this organism. There
are few genera in the plant or animal
world in which there is but one species,
and which seem to be so lacking in near
relatives.

It has long been suspected that insects
may harbor Toxoplasma, as they carry
the organisms of typhus, sleeping sick-
ness, Rocky Mountain spotted fever and
other parasitical diseases. Proof is still
lacking, however. In a few cases of hu-
man infection there has been a history
of tick bite. Laboratory experiments
bhave shown that Toxoplasma may live
for more than 24 hours in certain species
of ticks and biting bugs, and for as long
as a week in the body louse. Thus it is
entirely possible that in some parts of
the world the body louse may transmit
the infection. It is almost certain, how-
ever, that few cases in the U. S. or west-
ern Europe originate in this way.

If an invertebrate carrier were found,
this would go far to explain the high
frequency of toxoplasmosis and the wide
variety of mammals and birds that it at-
tacks. It might also help us to under-
stand why the disease appears common-
ly in a subclinical form but occasionally
as an acute and very serious illness. It
would certainly aid us in_developing a
method of treating the disease and in
taking measures to control its spread.

————

Reginald D. Manwell and
Hans Peter Drobeck are mem-
bers of the department of zo-
ology at Syracuse University.



BRIGHT NEW HORIZONS
IN AEROPHYSICS...

AT NORTH AMERICAN AVIATION

Guided missile and rocket engine developments at
North American are years ahead in engineering and
design. More than five million man-hours’ experi-
ence in actual rocket engine firing tests, for instance,
contribute to North American’s substantial leader-
ship in this challenging phase of aerophysics.
North American’s stature in this exciting and
complex field is the result of three things: The fore-
sight to plan ahead for the nation’s future needs; a
stimulating, side -by-side cooperation among the
best engineering brains in the industry; and the im-
mediate availability of North American’s extremely
advanced research and test facilities to its aero-

physics personnel. One such facility is the Aero-
physics Field Laboratory, shown above. Another
is the world’s largest privately-owned supersonic
wind tunnel. There are many more.

There are always career opportunities at North
American for imaginative scientific minds. A
brighter future for you may be here at North
American—in the field of airframe design, struc-
tures and stress, propulsion systems, special me-
chanical equipment, aerodynamics or flight test
instrumentation and operations.

Why not write for complete information, giving
us your education and experience?

NORTH AMERICAN AVIATION, INC.

Engineering Personnel, Missile and Control Equipment Department

.& 12214 Lakewood Boulevard, Dept. 95-S, Downey, California
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What GENERAL ELECTRIC People Are Saying

G. E. HENRY
General Engineering Laboratory

CLEANING  wiTH  Sounp: It is
now some twenty-five vears since
Wood and Loomis first demon-
strated the remarkable physical and
chemical effects of high frequency,
high power, sound in liquids. People
have been busy, during this time,
looking for ways to turn these effects
to practical advantage, especially in
the chemical industry. During the
last three or four years, however,
the most notable advances have
been made not for the chemical pro-
ducer, but for the metal-working
industries—specifically for those en-
gaged in small-parts fabrication.
High power ultrasonics offers the
best means yet devised for cleaning
these small parts.

An instrument ball bearing, a
small pump fitting, or some other
precision made work piece is im-
mersed in a solvent; a high fre-
quency sound wave beamed through
the solvent strikes the metal surface
and removes almost instantly any
film of oil or grease, together with
dirt, chips, or other foreign matter.

There is no longer any question
of the superiority of ultrasonic
cleaning when the characteristics of
the work piece and the economics of
production are favorable for the
application of the new method. The
great question remaining is how far
the method can be extended to in-
clude different kinds of parts—how
large a proportion of the total metal
cleaning business can be profitably
handled with ultrasonics.

IRE, Evansville—Owensboro Chapter

Owensboro, Ky.

*
W. R. G. BAKER

Electronics Division

EvecrtroNics Tomorrow: Human
qualities being what they are, man
has always had a great interest in
the future.

What electronics will do for us
tomorrow, or next vear, or 50 years
from now depends only partially
on the state of the art, or the ad-
vancement of our knowledge about
electronics. It depends upon what

we know about electronics, cer-
tainly. but it also depends greatly
upon our economic circumstances
and our political atmosphere.

Broadly, this is the promise that
electronics holds for us. It offers
us a means to increase productivity
and therefore our standard of liv-
ing. It offers us quicker and better
methods of communications in all
areas of industry, commerce, educa-
tion and entertainment. It offers
us a way of making better use of our
skills. It offers us a way of bolstering
our defenses against aggression.

These promises will not turn into
reality automatically and without
effort on our part.

They call for investment on our
part not only of capital funds but of
human resources. We must make it
possible for greater numbers of
young men and women to receive
the education and training that
will permit them to participate in
this more highly technical civiliza-
tion and to contribute to its con-
tinued growth. We must continue to
invest in research, to broaden the
basic knowledge on which we can
build a stronger economy.

There is one other area in which
engineers can make a contribution
to the advancement of this coun-
try’s strength and its future. Science
cannot guard against the intellec-
tual germ warfare being carried on
by the proponents of the “some-
thing-for-nothing-isms.” Engineers
cannot design electronic devices
or atomic weapons to protect against
this tyvpe of infiltration. But engi-
neers can make certain that their
economic and political education
advances in step with their tech-
nical education. The ability to
separate truth from propaganda
is as important as the ability to
separate scientific fact from mis-
information. Your future may de-
pend on vour ability to do both.

Institute of Radio Engincers
Washington, D. C.

J. J. FITZGERALD
Knolls Atomic Power Laboratory

SAFETY IN NUCLEAR OPERATIONS:
Waste gases as finally discharged
into the air, from the Knolls
Atomic Power Laboratory at Sche-
nectady, N. Y.. are no more radio-
active than the normal surround-
ing atmosphere and in many in-
stances are even less radioactive.

These gases are discharged through
a 100-foot stack, and are constantly
monitored to make sure that the
concentration of radioactive ma-
terial is kept well below permissible
limits.

Constant air monitors are located
at selected sites to check the radio-
active concentrations at various
points near ground level. Plant
samples also are analyzed on a
regular schedule to evaluate the
accumulation of radioactivity on
vegetation.

Waste radioactive gases and
smokes from the working areas are
first passed through a “scrubber,”
in which a caustic solution washes
out the larger radioactive particles
as well as the more volatile com-
ponents. Next they go through a
high-efliciencyfilteringsvstem, which
removes more than 99.9 per cent
of the small amount of radioactive
material left. The air that remains
is diluted, from a thousand to ten
thousand times, with filtered air
from the ventilating system of the
building, and then is discharged
through the stack.

Normal atmosphere contains
measurable but harmless quantities
of radioactive elements, and these
produce radioactive particles which
are also removed by the filtering
process.

As a result, in many instances
the effluent from our stack is cleaner
than the atmosphere itself.

AIEE
New York City

Wmmw&‘wcon/tjencem—
GENERAL @3 ELECTRIC
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X

by Herbert Butterfield

A HISTORY OF SCIENCE: ANCIENT
SciENCE THROUGH THE GOLDEN AGE
oF GREECE, by George Sarton. Har-
vard University Press ($10.00).

URING the last few decades the
D history of science has come to a
rebirth as a branch of study. It

has been brought to a higher degree of
accuracy in its details and to a higher
level of organization in its general dis-
course. Long a Cinderella in the world
of learning, it now enjoys high recogni-
tion in academic circles and a lively in-
terest among the general reading public.
Moreover, it seems capable of becom-
ing even more important in the future.
As it develops, it may come to hold the
strategic position in education and in
scholarship generally. In these days of
specialization the history of science is
perhaps the only practicable bridge to
link together the various sciences. It also
affords a bridge between science and the
humanities. Indeed, it is one of the most

BOOKS

The first volume of

about the place of

promising avenues we have for the uni-
fication of knowledge in our time.

We are fortunate in the fact that in
recent decades the history of science has
enjoyed the leadership of a man so
catholic in his interests and so attractive-
ly endowed as Professor Sarton. He has
given the subject great scope and
warmth and put scholars deeply in his
debt. By mastering an astonishing range
of literature, by the magnificent spade-
work of his Introduction to the History
of Science, by founding and editing the
journal Isis, he has established the study
of the history of science on a broad and
solid basis. Now he has produced, for a
wider public, the first volume of a his-
tory so grandly conceived that this in-
stallment of more than 600 pages carries
us only to the time of Aristotle. What
Professor Sarton has undertaken is not
simply a history of scientific discovery
but a large-scale history of civilization
itself.

It has become the fashion to reject
the idea that historical work of this
magnitude can be done by one man, and
to attempt it only on a cooperative basis,

a great new work

science in history

with a specialist assigned to handle each
field separately. Sarton’s work illustrates
the advantages of single authorship. It
displays a unity of plan and texture al-
most impossible in cooperative projects.
And from the universality of his knowl-
edge Sarton is able to bring to bear on
all parts of the story a richness of com-
ment that no mere specialist could ever
achieve. He brings to the task a sixth
organ of sense—an insight into the proc-
esses of history.

Professor Sarton has gained his uni-
versal viewpoint from a lifetime devoted
to his subject. In this volume he begins
with the invention of writing and of the
alphabet and ranges over a background
that embraces Babylonian irrigation,
Assyrian bas-reliefs, Greek tragedy, the
Book of Job. Insights learned from later
periods in the history of science give him
clues, or warnings, when he looks at the
ancient world. He brings out the over-
tones of events by suggestive references
to other periods of history and even to
our own age. The result is no dry com-
pendium of facts gathered by many
hands, but the work of a mind constant-

Primitive technology: The cultivation of onions in Egypt
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It would be an exaggeration to
say that you can master a for-
eignlanguage automatically and
effortlessly. But—with the aid
of HOLT SPOKEN LAN-
GUAGE RECORDS—you can

learn any one of 21 languages
painlessly.

There’s nothing mysterious
or secretive about the HOLT
method: Its essence is “Guided
Imitation”. Top-flight linguistic
scientists originally devised this
speedy and effective way of
learning a foreign language for
the U. S. Armed Forces and
State Department.

SEND FOR
FREE BOOKLET

For complete information about
the HOLT method, simply fill
out and return the coupon
below.

We’'ll be delighted to send
you a descriptive, illustrated
booklet explaining how you can
learn to speak a foreignlanguage
faster and more economically
than you ever dreamed possible
. « . learn to speak fluently with
the exact pronunciation used in
the country where the language
is spoken.

HENRY HOLT & CO., Dept. A-1

383 Madison Ave., New York 17, N. Y.
Please send me free, illustrated booklet
containing complete information about
the HOLT Spoken Language Courses.

This obligates me in no way whatever.

Name

Address

City. Zone State
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ly trying to interpret history, seeing it
not merely as a matter for narrative but
as a matter for exposition. As a final con-
trast with syndicated history, his book is
warmly written, intimately personal and
charmingly self-revealing. For if in one
sense historical inquiry necessitates that
the heart stand still and the blood be
cold as ice, there is a sense in which
historical reconstruction and interpreta-
tion can be achieved only by a man will-
ing to do his thinking through his sym-
pathies.

Professor Sarton conceives the history
of science as being in a fundamental
sense the history of scientific thought.
And this must be considered in the con-
text of the history of human thought in
general. Hence there is much more of
the general history of thought in this
book—and much less science per page—
than the ordinary reader might expect.
This approach is more fruitful than the
one which starts by defining the history
of science as the study of the relations
between science and society. Those who
study the history of scientific thought
will reach in due course the question of
the relations between that thought and
the state of society. But a historian who
starts with those relations often ends by
taking the scientific thought for granted
and relating it too directly to the con-
temporary economic and social world,
without adequate evidence that the as-
sumed linkages existed. This has been
one of the main perils in the writing of
the history of science.

That scientific thought may play a de-
cisive role in the processes of history is
self evident. As Francis Bacon recog-
nized, there can be no knowledge more
momentous for a civilization than the
knowledge of how discovery takes place,
how originality is achieved, how creative
ideas are born. But it is not always real-
ized that history, when its inquiries have
been pursued to a microscopic degree
for long periods, can often tell us more
about the statesman than the statesman
ever knew about himself, more about
the poet’s mind than the poet could ever
express, more about Newton’s achieve-
ment than he could have deduced from
self-examination.

The study of the history of scientific
thinking adds a new dimension to the
mind of the scientist himself. It reveals
the conditions and processes of scientific
discovery, throws light on the genesis of
hypotheses, shows the unconscious in-
fluence of contemporary patterns of
thought and diagnoses the hidden fac-
tors that cause science to develop in a
given direction. An intimate knowledge
of the inner history of his field of study
can enlarge a scientist’s imaginative
grasp and add to his flexibility of mind.

Where scientific ideas can be traced
to their general historical causes, Pro-
fessor Sarton is a master at assembling
the evidence and the full richness of the
background. He does an excellent job,
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for example, in explaining why the little
island of Cos was so important in the
history of medicine. Perhaps it would
have been valuable to have given more
of this kind of exposition. It is useful
that we should constantly be reminded
to ask ourselves why peoples like the
Babylonians and the Greeks seemed
destined to be the makers, while the
Assyrians and the Romans were rather
the carriers, of civilization. Professor
Sarton does not avoid such fundamental
issues. More than once he brings in a
strategic argument against geographical
determinism. He does not see all the
Greeks as capable of abstract thought,
but envisages a few daring thinkers
amidst a people which in general was
superstitiously religious. In the same
way, instead of regarding the ancient

- Hebrews as peculiarly religious, we

should see a few great prophets standing
with their backs to the wall. The effect
of this is to do more justice to the flexi-
bility of the historical process, to see on
how small a pivot world history often
turns, and to realize that small minori-
ties, working for long-term purposes,
can achieve great things.

It is essential that historians of science
should conceive the subject in Professor
Sarton’s liberal spirit and bring to it his
great catholicity of mind. There have
been periods when even religion pro-
moted the sciences, when mysticism pro-
vided an impulse, when magic, alchemy
and astrology were powerful allies. At
other times, or at other levels, all these
were obstructions, but the student of
history must not regard them as inevi-
table enemies. During the Renaissance
the visual arts made no small contribu-
tion to science, for scientists flocked to
the artists’ studios, and what they
learned there helped in the development
of observational accuracy.

In the 20th century we are prone to
fail to appreciate that thousands of years
ago there were human beings whose
intellectual power, imagination, ingenu-
ity and capacity for original achieve-
ment were not inferior to ours. They
operated under different conditions, had
different preoccupations, lacked our in-
struments and mental aids and were
without the inventions and the experi-
ence which have been accumulated
through the many intervening centuries.
They could do great thinking which was
wrong thinking—wrong at any rate from
our point of view. While it is easy to dis-
miss these giants as creators of bad
science, we must have misgivings when
we try to imagine how some of the
earliest inventions came about, how the
first geometrical theorem was estab-
lished, or how the ancients created those
marvels of art which are relevant to Pro-
fessor Sarton’s discussion. Our misgiv-
ings must increase when we remember
how men so distant from us reflected on
human destiny, human personality and
human relations with all the depth and



the ingenuity which we today devote to
the study of nature and material things.

To establish real contact with prede-
cessors so far removed in time it is neces-
sary to confront ourselves with the in-
tellectual hurdles they had to face. This
exceedingly difficult transplantation of
oneself into the past is the activity which
Professor Sarton most enjoys. He loves
to find the way in which the human
mind ultimately managed to get over the
hurdles.

Though the subject matter of his book
is ancient, the principal theme is of
the greatest importance for the student
of recent centuries. Ancient Greece
not only lies at the root and genesis of
our civilization but is planted fairly
and squarely in the world of modern
times. It took our Western world a thou-
sand years to recover and assimilate
the scientific achievements of ancient
Greece. Our civilization took a great step
forward when, in the Middle Ages,
Aristotle was rediscovered as a master
of scientific knowledge. The whole
process of recovering ancient Greek sci-
ence had to be completed (insofar as it
was ever completed) before modern sci-
ence could begin its development. Mod-
ern science was born out of men’s
wrestlings with ancient Greek thought.
The controversies of the 17th-century
scientific revolution, which overthrew
the ancient methods, brought modern
astronomy and mechanics to birth.
Galileo and his allies can be under-
stood only if we remember that they
were carrying on a continuous debate
with Aristotle. The period of Professor
Sarton’s first volume is therefore signifi-
cant even for historians of modern in-
vestigation.

Comprehensive and knowing as Sar-
ton’s work is, there are points at which
one might ask for more. Engineering
probably played a bigger part in the
evolution of scientific thought than it has
ever been credited with playing. Before
1500 men who were doing things and
making things were free to let their
imaginations soar, whereas theorists
were constricted by dependence on the
intellectual systems of classical an-
tiquity. Throughout the ages, moreover,
men who needed harvests, imports,
bridges and water supplies were obliged
to practice the art of observation and to
keep their vision at least partly un-
clouded by the prevailing myths. One
might wish that Professor Sarton had
told us more about them. But this would
mean asking for a still bigger book, or
wishing (what it is difficult to wish) that
the author had curtailed his excursions
into Homer, Greek tragedy and the like.

I am not quite sure that he has done
entire justice to certain great spiritual
movements which took place in the an-
cient world during the centuries that
preceded the Christian era—movements
which changed man’s conception of
the human drama, transforming, we
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PHILOSOPHICAL
LIBRARY BOOKS

1. DEVELOPMENT OF THE GUIDED MISSILE by Kenneth

W. Gatland. This book presents factually all the main

information now available on the development of guided

weapons in Britain, the United States, Germany, the

.S.S.R. and eclsewhere, and outlines their present and
future nossnbxhuo

A unigue feature is the appendix showing the characteris-
0

i former Chief Executive
(Guided Weapons), Ministry of Supply, has contributed a
foreword 'to this important book, and It is very fully dllus:

2. INTERNAL BALLISTICS by Colonel F.R.W. Hunt. An
exhaustive treatise on research in that branch of applied
physics relating to the properties of propellants and the
motion of the projectile in the gun. $12.00

3. HARWELL_THE BRITISH ATOMIC ENERGY RESEARCH
ESTABLISHMENT 1946-1951. Prepared by the Mmuskry of
Supply and the Central Office of Information. After giving
a brief account of the events leading to the formation of
the British Atomic Energy Research Establishment in
1946, and a review of its organization, there is an_out-
i s which Harwell is working. These
are treated under four heads: (1) the production program;
(2) isotopes; (3) nuclear reactors, and (4) particle accel:
erators. $3.7

4. A_HISTORY OF THE THEORIES OF AETHER AND
ELECTRICITY by Sir Edmund Whittaker. Sir Edmund
Whittaker, FRS, Professor Emeritus of Mathematics in
the University of Edinburgh, traces the ‘classical’ theories
from’the early Greeks up to the discoveries associated with
gueh scientists as Ohm, Faraday, Maxwell and Lorentz.
Tolime One Se subtitled The Classical Theotics: $8.7

5, QUT OF MY LATER YEARS by Albert Einstein. The
distinguished physicist, alw an_independent and un-
compromising thinker, ‘deals With the Mmost urgent ques-
tions of modern society: Social, religious, educational,
and racial relationships. Various sections deal with per-
sonal credos, politics, education, the Jewish
and peace, the fundamental principles of physics
eral chapters the author explains his theory of relativity
in such simple terms as to be understood by every in-
telligent person. The book shows Einstein the philosopher,
Einsfein the scientist, and Einstein the man. It is a
treasury of living thought and a_striking record of one
of our most eminent contemporaries. $4.75

6. DEAD CITIES AND FORGOTTEN TRIBES by Gordon
Cooper. In this bLook (fordon Cooper traces the history of
vanished peoples, their rulers and their fate: he tells too,
of some of the least known races of the world, like the
Lepches of Sikkim and the Jivaros of Peru, and the strange
people of the Lost Valley in the Loranje Mountains in
New Guinea, who were discovered by the crew of an

American pline making an emergency landing during the
war.

7. THE STORY OF WATCHES by T. Camerer Cuss.
Fellow of the British Horological Institute and President

he National Association of Goldsmiths. The story of
fhe wateh  from its origin in the portable clocks of the
fifteenth century down to the factory-made watch of to-
day, tracing its development in all its aspects. $7.50

8. WATER by Sir Cyril S. Fox,
tention, in this
outline’ of the

Disc., F.G.S. It is the in-
volume, i vide 'the reader with an
cience. 'of Water, both  in. the academic
and practical aspects of the subject and to include details
regarding its characteristics, its occurrence and its_util:
izatio; lllustrated $8.7

HE NEW PHYSICS TALKS ON ASPECTS OF
SCIENCE by Sir C. V. Raman. These talks by the world-
renowned Indian physmmt, a Nobel Prize winner, gpen
new fields of beauty in the things of nature. $3.75

10. REFLECTIONS OF A PHYSICIST by P. W. Bridgman.
This Wm‘k includes most of the non-technical writings
of Dr. Bridgman and the topics include a discussion of
the problems created by the increasingly important social
role science is coming to play. $5.00

11. BORDERLANDS OF SCIENCE b
author discusses the contributions o

Alfred Still. Tho

for which the_ scientist has failed to prOVIde a reasonable
explanation, He explores the phenomena of the
rod: levitation: polterge\st evidence and telekin
mind, and memory; the subconscious; instinct,
and gemu: Sutomatio writing: hypnotism and clairvoy-
ance; psychometry and celep-nm Will fascinate smentm
and layman alike. Bibliography. $3.75

12. A CONCISE HISTORY OF ASTRONOMY by Peter Doig,
F.R.A.S volume which provides a comprehensive
and conc.:e Gecount of the development of Actronomy
from earliest times to the present. $4.7

13. DICTIONARY OF SCIENCE_AND TECHNOLOGY by
Maxim Newmark. In English—French—German—Spanish.
Three Bilingual Dictionaries in One. More than 10,000
current English terms most frequently used in the physi-
cal sciences and mathematics are iven, each with its
French, German. and Spanish equivalents. $6.00

14. POCKET ENCYCLOPEDIA OF ATOMIC ENERGY bv
Frank Gaynor. More than 2,000 entries defining and ex-
plaining concepts and terms in nuclear physics and atomic
energy makes this volume a vital handbook for all those
:ol‘:lcerncd with
ables.

15. JOHANNES KEPLER LIFE AND LETTERS by Carola
Baumgardt. Wit an introduction by Albert Einstein.
This is the ﬁ!‘sl biography of the father of modern as-
tronomy to employ the voluminous correspondenco which
Kepler conducted with the royalty of Europe and the
leading scholars and laymen of his time. lllustrations in-
clude facsimilies of manuscripts by Kepler. $3.75

16. GEOGRAPHY IN THE TWENTIETH CENTURY by
Grifith Taylor. Twenty specialists explore the growth
fields, techniques, almi. and trends of modern geogra-
phy. Glossary and more than 50 text figures. $8.75

17. THE DICTIONARY OF PHILOSOPHY. Dagobert D.
Runes, Editor. This compact handy volume, all-embracing
in content, clear in exposition, objective in viewpoint
and authoritative, is invaluable for the tcacher. the stu-
dent, or the lavman $6.00

18 LITTLE SHIP ASTRO-NAVIGATION by Lt.-Commdr.

J. Rantzen. The ground covered is wide. It includes
poﬁltlon line and latitude and longitude sights on all
the navigationally useful bodies, compass checks, star
identification and advance sight planning. There are full
descriptions, with worked examples and examples for prac-
tice (with answers), of the most precise methods now in
common use. Many diagrams. lllustrated $4.75

MAIL THIS COUPON TODAY
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might say, almost the place of man on
the earth. A great shifting in the reli-
gious life of the world was establishing
those views out of which our Western
civilization and the things we call
“Western values” were to develop. Mod-
ern systems which tend to make human
beings the mere tools for a gigantic ex-
ploitation of the forces of nature are
reversions which not only overthrow
Christian tradition, but negate great
achievements of the human mind ac-
complished in Greece and in parts of
Asia in the half-dozen centuries before
the birth of Christ. Professor Sarton’s
wide conception of his theme makes one
wonder whether he did not have in his
mind’s eye the rise of this kind of civi-
lization, as well as the emergence of
science as such.

e —

Herbert Butterfield, professor
of modern history at Cambridge
University, is author of The
Origins of Modern Science.

REHISTORIC EUROPE: THE Ecoxoxtic
Basrs, by J. G. D Clmk Philosophi-
cal Library ($12.00). Dr. Clark, Uni-
versity Lecturer in Archaeology at Cam-
bridge, presents the first systematic
study of how early man in Europe
managed not merely to survive but to
raise his standards from those of savages
to those of peasants ready to support the
full weight of urban civilization.” The
story begins with the late glacial period
and describes how in the coastal and in-
land regions men hunted, fished, cleared
the land for cultivation, raised livestock,
built homes, gathered in settlements,
evolved in succession stone, bronze and
iron technologies, and initiated trade
and transport. It is a remarkably rich
and comprehensive account, drawing
not only upon the great store of archaeo-
logical remains but upon the sciences of
geography, climatology, ecology and an-
thropology. Another vital source of
Clark’s survey is the existing folk cul-
ture, many elements of which have sur-
vived comparatively intact and are in-
valuable in the task of reconstructing
prehistory. This is a masterly book, well
written, copiously illustrated with maps,
plates and line drawings, and supported
by an admirable bibliography.

FOOD SciENCE: A SyapPoOsIuyM ON
QUALITY AND PRESERVATION OF
Foops, edited by E. C. Bate-Smith and
T. N. Morris. Cambridge University
Press ($8.00). This cooperative volume
consists of lectures given in a summer
course at Cambridge University in 1948.
The science of food, a comparatively
new academic subject, cuts across sev-
eral established disciplines: biology,
chemistry, physiology, agriculture, ani-
mal husbandry and the like. This sym-
posium of 26 papers considers the
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problems of storing, preserving and
transporting food. It also takes up the
even more important question of how
we might add to our food supply
through new methods of cultivation,
new sources and synthetic processes.
The papers deal with various individual
foodstuffs, the physical and chemical
basis of quality in food, the role of micro-
organisms and sundry other interest-
ing matters. One learns, for example,
that meat from “fatigued” “fright-
ened” pigs deteriorates more rapidly
(because the pH is higher) than meat
from a composed and rested animal. It
is also interesting to know that the ex-
perts feel the current enthusiasm for the
deep freeze may be overplayed. Cor-
recting the curious belief that foods kept
in a freezer even for long periods retain
all the qualities of perfect freshness,
they emphasize that no known method
of preservation can achieve this end.

Es InveEnTEURS CELEBRES, published
under the direction of Louis Le-
prince-Ringuet. Lucien Mazenod, Paris
($17.50). This sumptuous, encyclope-
dic volume, the sixth in the series La
Galerie des Hommes Célébres, presents
biographical essays on nearly a hundred
of the most famous inventors and dis-
coverers in physical science and tech-
nology and 1,500 brief sketches of other
eminent workers in this branch of knowl-
edge. All the essays are in French, some
translated to that language from English
and German. The authors are themselves
leading scientists, philosophers and his-
torians of science. E. N. da C. Andrade
writes on Hooke, Robert Millikan on
Benjamin Franklin, C. Moeller on Oer-
sted, Louis de Broglie on Fresnel, Paul
Epstein on Willard Gibbs, Arnold Som-
merfeld on Boltzmann, Jean Pelseneer
on Gramme, Serge Korff on Morse, N. F.
Mott on Maxwell, Iréne Joliot-Curie on
her parents, Max von Laue on Max
Planck, John A. Wheeler on Niels Bohr,
Sir Geoxge Thomson on J. J. Thomson,

Carl D. Anderson on Millikan. For beau-
ty, comprehensiveness and general in-
terest this illustrated work must be
counted an event in the literature of
science.

ETWEEN Paciric Tipes, by Edward

F. Ricketts and Jack Calvin; revised

by Joel W. Hedgpeth. Stanford Univer-
sity Press ($6.00). The third edition of
a book which describes in 500 pages the
“conspicuous seashore invertebrates” in-
habiting the rocky shores, tide pools and
wharf pilings of the Pacific coast from
Alaska to Mexico. The main author, the
late Edward Ricketts, was the owner of
a small biological supply business and
spent most of his time wading along the
shore observing small animals. He held
no degree, not even a B.A., but he was a
first-rate self-taught marine biologist.
He had a wonderful eye, an unquench-
able enthusiasm and the ability—with



the help of Mr. Calvin—to communicate
to ordinary readers his awareness that
the world of giant horse mussels and
polyclad flatworms is no less interesting
than that of the mammals or the over-
visited “social insects.”

EST ArnricaNx ExprLorers, edited

by C. Howard. Oxford University
Press (82.00). The intrepid—and literate
—19th-century travelers in West Africa
explored the hostile land and hazardous
waterways for profit and patriotism, for
scientific and philanthropic motives, but
mainly for the sheer joy of being the first
to reach strange places. Mr. Howard has
chosen skillfully from the superb travel
journals of, among others, Mungo Park,
Major Dixon Denham, Captain Hugh
Clapperton, Richard Lander, René Cail-
lié, Macgregor Laird and William Bal-
four Baikie. The last of the great 19th-
century explorers was Mary H. Kingsley.
“Controlling a canoe on the swift Ogowé
River, traversing swamps and marshes
up to her neck in water, falling into ele-
phant traps—where she had reason to
bless the voluminous petticoats which
she continued to wear—mediating be-
tween her murderous followers and the
equally evil natives of Fan villages, she
preserved a calm matter-of-fact courage
unrivaled by any other West African ex-
plorer.” This tiny, fat, beautifully print-
ed volume is a recent addition to the
World’s Classics “doubles.” You can’t
get that much good reading elsewhere
these days for five times the money.

AN AGAINST CANCER: THE STORY OF
Cancer Research, by I. Beren-
blum. The Johns Hopkins Press ($3.00).
Dr. Berenblum, head of the department
of experimental biology at the Weiz-
mann Institute in Rehovoth, Israel, is a
leader in the study of cancer. His book
explains what is known of the subject
and describes the main directions that
research is now taking. It is easily the
best of the popular surveys: plain spo-
ken, neither alarmist nor wholly reassur-
ing, neither dogmatic nor full of confus-
ing qualifications. It is also remarkably
comprehensive. It answers a great many
sensible as well as normally foolish
questions.

AN anxp Epmeaucs, by C.-E. A.

Winslow. Princeton University
Press ($4.00). This is an unfailingly in-
teresting survey, by an authority on
public health, of the measures taken in
the last 50 years to eliminate the scourge
of such epidemic diseases as cholera, ty-
phoid fever, bubonic plague, yellow
fever and malaria. Dr. Winslow dis-
cusses the unceasing fight against filth,
insect and rodent germ-carriers and
other sources of infection. Water, milk
and milk products have been the “chief
causes of major epidemics spread over
considerable areas.” Standing water,
contrary to popular opinion, purifies it-

An Introduction to Great American Music
TAKE YOUR CHOICE FOR ONLY $1.00...

REGULARLY PRICED AT $4.95 EACH

Aaron COPLAND

APPALACHIAN SPRING: First record-
ing on long-playing records! Our great-
est living composer’s most popular
score . .. abounding in folk-like music.

Samuel BARBER

OVERTURE TO ''SCHOOL FOR SCAN-
DAL'': Here’s all the witty and ironical
spirit of Sheridan’s comedy. Also the
dramatic MUSIC FOR A SCENE FROM
SHELLEY. Both works recorded for the
first time on long-play!

Victor HERBERT

CONCERTO FOR CELLO & ORCH.:
First recording on long-play. A serious
work by America’s beloved composer
of operettas. The soloist is the eminent
cellist, Bernard Greenhouse.

Edw. MacDOWELL

INDIAN SUITE: First recording on
long-play! A concert-hall favorite since
1896. Each of the five fascinating
sections is based on genuine Indian
themes—legends, festivals, dances, etc.

EITHER v LONG PLAYING

12” RECORDS Yours for onlysl ooy

CUSTOM MADE BY RCA VICTOR FOR THE AMERICAN RECORDING SOCIETY

We Are Happy to Send You Either One of the Records Described
Above for only $1.00 to Introduce these Distinguished Recordings
of 200 Years of American Music’’ ... a Program Inaugurated by a
Grant from the ALICE M. DITSON FUND OF COLUMBIA UNIVERSITY

Since the last war a great musical awakening
has electrified the music-loving world —a
sudden realization that the foremost music
being written today is American mausic —and
that American composers have been writing
enjoyable melodies, important music for the
past 200 years!

And now an outstanding musical organization
has embarked on a program of creating hig.h
fidelity recordings of 200 years of American
music! Every form of musical expression is in-
cluded in this program—symphonic, choral, in-
strumental and chamber works, folk-music,
theatre music . . . music born of the love of

liberty and the love of fun, the love of good

living and the love of God. Whatever your
tastes—here is music for you!

HOW THIS MUSIC CAME TO BE RECORDED
Recently the directors of the renowned Alice M.
Ditson Fund of Columbia University awarded a
substantial grant which made possible the found-
ing of the American Recording Society,. whose
sole purpose is to record and release each month
a new high-fidelity, full-frequency recording of
American music, on Long Playing records.

ARE THE RECORDS EXPENSIVE?

No, to the contrary. These recordings, which
are pressed for the Society by the custom depart-
ment of RCA Victor, are priced below most L.P.’s
of comparable quality—only $4.35 for 10” records
and $4.95 for 12” records. The A.R.S. Philhar-
monic Orchestra engages the finest available
artists and conductors . . . and all recordings
are made with the latest high-fidelity equipment,
and pressed in limited quantities directly from
silver-sputtered masters.

WHAT SOME A.R.S. MEMBERS SAY:

“‘. . . excellent, both as music and from the
technique of recording.’”” K.M., Troy, N. Y.
“*. . . could not refrain from dashing off this
note to report my enthusiastic satisfaction
in the performance as well as in the techni-
cal excellence of the reproduction.”

D.H., New York, N. Y.
““They equal the top records on the market
and surpass most.”” G.M., Germantown, Tenn,

—
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HOW THE SOCIETY OPERATES

Your purchase of either of the Long Playing
records offered above for only $1.00 does not
obligate you to buy any additional records from
the Society—ever! However, we will be happy
to extend to you the courtesy of an Associate
Membership. Each month, as an Associate Mem-
ber, you will be offered an A.R.S. recording at
the special Club price. If you do not wish to pur-
chase any particular record, you merely return
the special form provided for that purpose.

A FREE RECORDS OFFERED
+ With each two records purchased at
the regular club price you will re«
ceive an additional record of com-
parable quality absolutely free. We
X urge you to mail the coupon at
once since this offer is limited.

NOT . These exclusive A.R.S. recordings are not
o available anywhere else—at any price!

AMERICAN RECORDING SOCIETY
100 Avenue of the Americas, New York 13, N. Y.

o ———————————— —

AMERICAN RECORDING SOCIETY, Dept. 759

| 100 Ave. of the Americas, New York 13, N. Y. |

I (Check One) |
COPLAND- HERBERT- I
BARBER MacDOWELL

Please send me the 127 record checked above, for I
$1.00. As an’ Associate Member in the Society, I

I will receive the ciety's publication which will
give me advance notice of each new monthly Society
I Long-Playing selection, which T may purchase at
the special Membership price of $4.95 for 12" rec-
| $4.35 for 10” records, plus a few cents for l
S. tax and shippi However, 1 need not pur-
I chase any Society records-—but with each two I do
l purchase, you will send me an additional record '

absolutely free.
[ Bill me only $1.00, plus shipping |
[ ! enclose $1.00. You pay shipping |

T o ———————————— = —
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FELLOW READERS . .. One of the fastest developing scientific fields today—full of

opportunities for employment, discovery, achievement and success—is the field alluded to
in the words:

COMPUTING MACHINERY—ROBOTS—CYBERNETICS—
AUTOMATION

As you may know, our new magazine THE COMPUTING MACHINERY FIELD pub-
lishes articles, a Roster of Organizations, a Who's Who (in sections) and other information.
We hope to make it easy for all people interested in this field to get in touch with each
other in appropriate ways.

To improve your Who's Who listing, if you have any interest in this field, would you
please fill in and return the coupon promptly. Your listing does not depend in any way on
your subscribing to the C M F, although, of course, your subscription will be welcome.

We are EDMUND C. BERKELEY & ASSOCIATES—New York and Boston

PUBLISHERS (The Computing Machinery Field, etc.)—WRITERS (Giant Brains or Ma-
chines that Think, Wiley, 1949; Machine Intelligence, Ast'g. Sci. Fiction, Jan., ‘52, etc.)—
INSTRUCTORS—CONSULTANTS—MAKERS and EXH!BITORS of Small Robots (Simon,
mechanical brain—Squee, robot squirrel—see Radio Electronics, Oct. '50 & Dec. '51)

To: Edmund C. Berkeley, Editor, THE COMPUTING MACHINERY FIELD
36 West 11th Street, R 53, New York 11, N. Y.

Name (please print)

Occupation— - (Enclose more information
about yourself |f you msh—nf will |1e|p in your Who's Who listing)

|
' |
' l
| I
| Address |
| Organization |
I Title Year of Birth_ |
l MAIN INTERESTS: { ) Sales ( ) Programming |
| ( ) Design ( ) Electronics | ) Others (specify): :
[ ) Construction ( ) Mathematics |
I ) Applications [ ) Business — = |
: College or last school |
I Years of experience in the computing machinery field :
l |
I |

GUARANTEED OFFER

|
() Please send me on approval a copy of the quarterly THE COMPUTING MACHINERY I
FIELD. | will subscribe at $3.50 a year (U. S. & Canada; $4.50 elsewhere) if | like it—or

return the copy within 7 days. I

A Library Binder

f SCIENTIFIC
O | AMERICAN

CALCULATIONS
cf 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 25% further apart than those of a 20-inch slide
rule. The CI, A, K, & Log scales are divided as closely
as a 20-inch slide rule. Log-Log scale extends from
1.0015 to 1,000,000. Gives Trig. functions from 0 to 90

degrees on back. Engine-divided scales yellow and black

on white coated aluminum. I’ermanently accurate. Dia. :
815", Price $7.25 in case, with instructions. Approved (L A handsome and durable llbrary
at leading Univ. Used by many large firms in the U. S. . . . .
. binder in which to keep your copies

ATLAS SLIDE RULE of SCIENTIFIC AMERICAN.
The Atlas Slide Rule will quickly solve problems in : N H H
\[\l](l‘pll("}llﬂl\ Division, and Proportion and give re- ‘L Bound mn dark green llbraryfabrlc,
sults with a maximum error of less tlmn 1 in 36,000. .
The Atlas has two C scales. One is 25” long and the gold leaf stamped, holds 12 issues.
second one is a spiral of 30 coils. This is equivalent to
a straight rule 60 ft. long and gives answers to 5 (L Copies in binder open ﬂat, may
figures.

Chemists, Physicists and Engineers have found this 3

rule invaluable for its great accuracy. Dia, 8%”. Easily be lnserted or removed Separately'
portable. White coated aluminum with legible black and .
vellow scales. Price $9.00 in case with instructions. Address your order, enclosing check or

Combinaﬁon A'Has Binary Slide Rule moneyorder for $2.50 foreachbinder, to:

erse Gulo \\m\ 2 m(ll(‘\(urs -
permanently accurate. | |
tio

‘ Sfree. Satistaction guaranteed. | Department B | SCIENTIFIC AMERICAN |
GILSON SLIDE RULE CO. |
Box 993 SA, Stuart, Fla. I 2 West 45th Street, New York 36, N. Y. |

Slide Rule Makers since 1915 I
I |
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self more effectively, and is therefore apt
to be safer, than running water. “The
substitution of the automobile for the
horse has greatly decreased the fly prob-
lem in thickly settled areas”—with the
result that the automobile now kills
many more persons than typhoid fever.
Dr. Winslow’s tale of the war against in-
fections celebrates one of the great con-
structive achievements of scientific
thought and international cooperation.

TAXILA, by Sir John Marshall. Cam-
bridge University Press (three vol-
umes, $70.00). Taxila was an ancient
city of India situated in the North-West
Punjab, today part of Pakistan. Standing
in a fertile and well-watered valley, the
city had both the good and the ill fortune
to bestride three trade routes carrying
the bulk of the traffic between east and
west. Taxila flourished because of its
position, but it was also repeatedly over-
run by invaders. During the 15 centuries
between 500 B.C. and A.D. 1000 it en-
joyed independence for less than 50
years. At various times it was ruled by
Persians, Greeks, Scythians, Bactrians,
Parthians and Kushans. The city was
finally destroyed by the White Huns. In
1913 Sir John Marshall began at Taxila
a program of archaeological investiga-
tions which continued until 1934, These
handsome volumes are a complete re-
port, in text and illustrations, of his la-
bors. Besides giving a historical account
of the city and a detailed description of
its architectural remains and domestic
utensils, Marshall has prepared a large
group of maps and plans and a remark-
able pictorial record of the many objects
unearthed by his party. A monument of
scholarship, worthy of the distinguished
achievement it commemorates.

HAXDBOOK oF ENGINEERING FUNDA-
MENTALS, edited by Ovid W. Esh-
bach. John Wiley and Sons, Inc.
($10.00). Second, revised edition—the
first appeared in 1936—of a well-organ-
ized, ably written and richly stocked
engineer’s manual. The 14 sections
range from mathematics, physics and
chemistry to aerodynamics, metallurgy
and engineering law. It is unfortunate
that the author eliminated some of the
simple but always useful refresher pages
on mathematics that were in the first edi-
tion.

SOCIAL SCIENCE AND PSYCHOTHERAPY
ror CHILDREN, by Otto Pollak. Rus-
sell Sage Foundation ($4.00). This is a
report of an investigation supported by
the Russell Sage Foundation and the
Jewish Board of Guardians and directed
by Dr. Pollak. It is an admirable attempt
to show the relationships between the
social sciences and psychotherapy and
to point out where each point of view
can aid the other. The research covered
work with children of various ages in
various institutions and clinics.



From Florida to Japan in 72 hours . ..

carrying a fully assembled, ten-man helicopter

—the DOUGLAS C-124 Globemaster

From the front lines in Korea last year
came calls for a 10-man helicopter. The
Air Force had some, but they were in
Florida—9,000 miles away.

Normal air transport could make the
flight in time, but tearing down a heli-
copter—reassemblingitin Korea—would

waste a week. So the Air Force turned
to a Douglas C-124 Globemaster, the
flying giant that covers thousands of
miles nonstop with a 25-ton payload.
Globemaster opened its clam-shell doors
and swallowed the helicopter whole,
took off, and reached Japan in 72 hours.

Next day, at the Korean front, our men
had the helicopter they needed.

Performance of the Globemaster in
action is another example of Douglas
leadership in aviation. Faster and farther
with a greater payload is a basic of all
Douglas design.
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Conducted by Albert G. Ingalls

N A PAPER exposing the rashness of
I claims for the deodorizing properties

of chlorophyll [see “Science and the
Citizen”], Alsoph H. Corwin of the
Johns Hopkins University recently said:
“Chlorophyll is indispensable to photo-
synthesis. It is highly esthetic in coloring
the vistas from hills or mountains. For
other purposes, we are not certain that
it has any value except that it furnishes
chemists, physiologists and other scien-
tists with a lot of good, clean fun.”

The principal point of Professor Cor-
win’s paper did not astonish this depart-
ment. Our circle of friends has included
a number of goats whose intake of chlo-
rophyll never seemed to make much
change in their odor. But we were in-
terested to learn how amateur scientists
might have fun with the stuff. We did
not have to look far. The first five neigh-
borhoods we scouted turned up 17 indi-
viduals who are either working with
chlorophyll or have done so recently. All
of them are amateur chromatographers,
and they are in various walks of life:
one is a railway traffic agent in Chicago,
another works for the local electric pow-
er company on Staten Island, N. Y, a
third is a student at Princeton Univer-
sity, and so on.

William T. Beaver, the Princeton stu-
dent, did a lot of work with chlorophyll
a few years ago. The paper he subse-
quently wrote on plant pigments won a
Westinghouse Science Talent Search
award. “To have fun with chlorophyll,”
he says, “vou first have to get some in
the pure state. You won’t find it in many
drugstores, so you extract your own
trom green leaves. The easiest way to
do that is to set up a chromatic column.
You'll probably succeed in purifying
both varieties of chlorophyll on the very
first try. The chances are good you won’t
stick with chlorophyll very long. In addi-
tion to the chlorophylls you will get a
number of other interesting leaf pig-
ments—the carotenes and xanthophylls—
and in the end you are likely to settle
down to chromatography itself. A chro-
matic column is as fascinating as a mi-
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About a portable terrestrial telescope

and the enjoyment of chromatography

croscope, and its range of subject matter
about as broad.”

Within the past 10 years, according to
Beaver, the number of amateurs work-
ing with chromatography has grown
enormously. Prior to that few had heard
of “adsorption analysis,” as the process
is sometimes called. Despite the fact that
the Russian botanist Michael Tswett
described the chromatographic method
in 1906, it did not come into general use
even among professionals until 1930. In
less than two decades chromatography
has opened new avenues to knowledge,
created new industries, expanded old
ones and made substantial contributions
to the health and well-being of millions.

No description of the chromatograph-
ic method has surpassed in clarity or
conciseness that originally set down by
Tswett: “If a petroleum ether solution
of chlorophyll is filtered through a col-
umn of an adsorbent (I use mainly cal-
cium carbonate which is stamped firmly
into a narrow glass tube), then the pig-
ments, according to the adsorption se-
quence, are resolved from top to bottom
into various colored zones. . . . Like light
rays in the spectrum, so the different
components of a pigment mixture are
resolved on the calcium carbonate col-
umn according to a law and can be esti-
mated on it qualitatively and quantita-
tively. Such a preparation I term a
chromatogram, and the corresponding
method, the chromatographic method.
It is self-evident that the adsorption
phenomena described are not restricted
to chlorophyll pigments, and one must
assume that all kinds of colored and
colorless chemical compounds are sub-
ject to the same laws.”

In essence chromatography requires
only three pieces of apparatus: a con-
tainer for holding the sample, the chro-
matic column and a second container
for catching the spent liquid as it drips
from the bottom of the tube. After the
column has been packed with adsorbing
material, a portion of the sample solution
is poured in at the top of the tube. This
is allowed to percolate down the column
for perhaps a tenth to a quarter of its
length. In doing so it usually forms a
solid band of color characteristic of the
solution under investigation. Clear sol-
vent is then washed down the column,
and the process of separation begins.
Each substance has a characteristic af-
finity for the solvent and for the ad-

© 1953 SCIENTIFIC AMERICAN, INC

sorbent. Chromatographers commonly
refer to this property as the adsorbent’s
or solvent’s “activity.” The activity ratio
determines the position a particular sub-
stance will occupy on the column rela-
tive to others in the mixture from which
it is being separated. Substances most
weakly held in solution and most strong-
ly attracted to the adsorbent will adhere
to the uppermost particles of the col-
umn. Those less strongly attracted to
the adsorbent will be washed down
tarther, the distance depending upon
each substance’s relative adsorption
ratio, and the separated substances will
form a characteristic pattern of bands in
the column. Extracts prepared from
some green leaves, for example, show
more than 20 distinct bands, ranging
from dark green through various shades
of orange, pink, yellow and delicate vio-
let to white, the colors identifying the
various xanthophylls, flavoxanthins, lu-
teins, carotenes and related pigments.

The operation of washing the column
with clear solvent is known as “develop-
ment.” As fresh solvent flows down the
column, some molecules detach them-
selves from the adsorbent, join the solu-
tion and move down to regions of less
concentration. Here they are read-
sorbed. The activity of both the solvent
and adsorbent appears to vary with the
concentration of the substance under
analysis; hence a given substance may
pass out of and into solution many times
in the course of its journey down the
column. At first the bands are narrow
and bunched near the top of the column.
As development continues, all the bands
progress toward the bottom and grow
wider and more distinctly separated. A
tully developed chromatogram displays
a series of distinct, cleanly separated
bands, varying in width in proportion to
the amount of each substance in the
mixture.

The separated, purified substances
can then be extracted in one of two
ways: either by washing the successive
bands out of the bottom of the column
with solvent, or by pushing the cylinder
of adsorbent out of the tube, separating
the bands with a knife and removing the
substance with a solvent. If the chroma-
togram is sucked to dryness, it slips
readily from the tube. Some workers
scoop the adsorbent out of the tube one
band at a time with a slender spatula.

Thousands of different adsorbents and



solvents have been tried. The selection
of the most effective combination for
each purpose remains largely a matter
of cut and try. The following lists of
adsorbents and solvents, which will re-
solve most of the mixtures the amateur
is likely to prepare, have been drawn
up by Beaver. The adsorbents are listed
in approximate order of decreasing
activity; the solvents, in the reverse
order:

Adsorbents

. Activated alumina

. Charcoal

. Magnesia

. Silica gel

Lime

. Magnesium carbonate
. Calcium carbonate

. Sodium carbonate

. Talc

. Powdered sugar

—
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Solvents

. Petroleum ether

. Carbon tetrachloride

. Carbon disulfide

Ether

Acetone

Benzene

. Methyl or ethyl alcohol

. Water

. Organic acids

. Aqueous solutions of acids or bases

—
SO DUk 0o

Sometimes more than one solvent may
be used, either in combination or suc-
cessively. For example, a small amount
of benzene may be mixed with the weak-
ly active solvent petroleum ether to
speed up the development of bands.
Care must be exercised, however, not to
make the solvent so active that it
washes the bands from the column im-
mediately. After the bands of a cylinder
of adsorbent have been cut into blocks,
they may be treated with a strongly
active solvent for the swift and complete
extraction of the principal substances.
This is called elution, and the solvent or
combination of solvents used for this
purpose is the “eluent.” Most of the
common adsorbents and solvents are in-
expensive; some are found in nearly
every home. Beaver advises the beginner
to purchase chromatographic supplies
from a chemical supply house. Those
found in the home are likely to be con-
taminated, and a minute amount of
foreign matter can confuse the result.
Chromatography is an extremely sensi-
tive technique, comparable in its field
with the classic knife-edge test used by
amateur telescope makers.

“The very fact,” says Beaver, “that
there are few fixed ground rules recom-
mends chromatography as an avocation.
Not even the most advanced profes-
sional can prescribe a hard and fast pro-
cedure for setting up and operating a
chromatic column. The field is so new
that it is open to all comers. The ama-

teur has a good chance of making a
worthwhile contribution to the tech-
nique.”

The glass column may range from a
fraction of an inch to several inches in
diameter, depending upon the coarse-
ness of the adsorbent, the nature of the
substance to be adsorbed, the quantity
of material available and like considera-
tions. Most workers prefer to use tubes
somewhat less than an inch in diameter.
Usually the column is 10 times as high
as it is wide. For the separation of some
isotopes, however, slender tubes 100
feet or more in length have been used.
The bottom of the tube is pinched in and
stoppered with a tuft of cotton or glass
wool to provide support for the adsorb-
ent. Such tubes are available through
most chemical supply houses, but they
may be made readily at home from glass
tubing.

Most of the difficulty experienced by
beginners arises from failure to pack the
column uniformly. Unless the adsorbent
is evenly distributed, the bands are likely
to be ragged and overlap. Tswett put in
dry, powdered adsorbent a little at a
time, and tamped each bit firmly into
place until the column reached the de-
sired length. Subsequent experience has
modified his procedure in numerous
ways. After a layer is packed into place,
the surface may be loosened somewhat
with a spatula so the succeeding one will
join it more uniformly. Ordinary wooden
dowel stock, squared at the end and
slightly smaller than the inside diameter
of the tubing, makes a good tamping
tool. Some adsorbents settle into place
satisfactorily if the tube is merely jarred
while being slowly filled. Other adsorb-
ents can be introduced in the form of a
mud or paste, suction being applied
simultaneously. Chromatographers agree
that packing the column is an art. Like
all arts, its mastery comes largely
through experience.

Most workers use the standard tests
that have been devised to choose ap-
propriate solvents and adsorbents for
specific jobs. One of the most popular
consists in placing about a teaspoonful
of adsorbent in a shallow dish, shaking it
into a wedge-shaped layer on the bot-
tom, dissolving the mixture to be tested
in a weak solvent, putting a few drops of
this on the thin edge of the adsorbent
with a micropipette, and then trying
various solvents and combinations of sol-
vents in order of increasing activity.

Amateurs who get into this field will
undoubtedly come sooner or later to
paper chromatography, which makes the
whole thing easier. The “column” in this
case is a strip or sheet of paper, enclosed
in a saturated atmosphere to prevent
evaporation. The paper is moistened
with solvent, and then a drop of the solu-
tion to be analyzed is applied to the
upper edge or an upper corner of the
sheet. The sheet is then bent over and
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A vacuum chromatograph column
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dipped into a shallow dish of the solvent
to be used for development. The solvent
flows down the hanging sheet by capil-
lary action, carrying the substances to
be resolved with it. These adsorb as
spots along the paper—the counterparts
of bands in the conventional column.
When development has carried the low-
est spot close to the bottom, the sheet
may be removed from the solvent, ro-
tated 90 degrees and reinserted. Each
spot then becomes the point of origin
for a new chromatogram. If the resolved
fractions are comprised of subtle mix-
tures, the components of each fraction
will array themselves across the sheet.
What you have then is a “two-dimen-
sional” chromatogram.

Tswett likened the bands on his col-
umn to the rays of colored light emerg-
ing from a prism in a series of colors.
The two-dimensional chromatogram car-
ries the analogy further by subjecting
each “ray” to a second analysis, with in-
creased resolution comparable with that
achieved optically when physicists pass
a colored light from one prism through
a second. Many amateurs use the paper
technique as a test method for identify-
ing the fractions of a mixture qualitative-
ly and follow it with a conventional col-
umn for quantitative determination.

As Tswett predicted, the chromato-
graphic method resolves colorless frac-
tions just as readily as colored ones.
During recent years much work has been
done in colorless chromatography. Many
techniques have been developed to
make these substances visible. The
presence of amino acids, for example, is
detected by spraying the extruded ad-
sorbent, or the paper chromatogram,
with ninhydrin, which turns these nor-
mally colorless substances a light purple.
Other substances fluoresce under ultra-
violet light. If a drop of ordinary blue-
black ink is placed on a strip of chroma-
tographic paper and developed with al-
cohol, several bluish bands, representing
the ink’s content of iron compounds and
dyestuffs, form along the length of the
strip. Under an ultraviolet lamp the
dried paper shows many other bands,
ranging in color through the reds,
oranges and greens. With a second
chromatogram using a known substance
as a control, one may identify an un-
known (but suspected) substance by
comparing the positions of the respective
bands on the chromatograms. In a chro-
matographic column colorless fractions
may also be detected by their differen-
tial bending of light transmitted through
the column or by polarization of the
light. Recently some substances have
been tagged by radioactive isotopes and
detected by photographic processes, but
these techniques generally lie beyond
reach of the facilities commanded by the
average amateur.

Getting back to chlorophyll: How
should the beginner prepare leaf pig-
ments for analysis and what kind of a
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column should he set up? Beaver sug-
gests some experiments, which, he em-
phasizes, should be made in a well-
ventilated room, because the solvents
are highly volatile and inflammable and
poisonous wood alcohol is used.

Into columns made of 10-millimeter
glass tubing about a foot long, fire-
polished at one end and flared at the
other to facilitate filling, is packed the
adsorbent (Merck’s alumina standard-
ized according to Brockmann, of 80 to
200 mesh). It is packed in successive
small portions while jarring the tube.
Suction materially reduces the develop-
ment time; Roger Hayward’s drawing on
the preceding page shows how to set up
the column for use with a vacuum flask.

Ten grams of dried spinach leaves are
steeped in 100 milliliters of wood alcohol
for 24 hours. Thematerial is then filtered
and the residue is washed with an addi-
tional 50 milliliters of wood alcohol. This
extract is shaken with 50 milliliters of
petroleum ether; 100 milliliters of water
are added, and the solution is placed in a
separatory funnel. After a distinct sepa-
ration has taken place, the lower alcohol-
water layer is discarded, and the upper
petroleum ether layer, containing the
extract, is filtered.

You run about half of this extract into
the column of alumina and then develop
the column with benzene. The first frac-
tion to pass down the column is a fairly
narrow yellow-orange band of carotene.
It is followed by much wider pink and
yellow bands of xanthophylls. These are

amiliar pigments that cause wooded
countrysides to take on the colors of fall
after frost has killed the chlorophyll.
Fractions of these pigments may be col-
lected as they emerge from the bottom of
the column and evaporated to dryness.

Chromatography with paper



The two groups (carotenes and xantho-

phylls) may then be further resolved
into their components by dissolving
them in a few milliliters of petroleum
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dark green band. The band is scooped
from the column; the pigments are
washed out with five milliliters of wood
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down, gamma carotene, beta carotene
and alpha carotene. You can recover the
pigments either by washing them suc-
cessively out of the column or by ex-
tracting them from the separate bands
of adsorbent with wood alcohol.
Chromatography is a far more subtle
method of separation than the traditional
chemical techniques of distillation, pre-
cipitation with reagents, crystallization
and so on. Fortunately for amateurs, it is
also a method of beautiful simplicity.

T FIRST glance the telescope shown
on page 108 looks rather common-
place. But further examination discloses
that it has several uncommon features.
The most evident is its simple, neat solu-
tion of the tripod problem. The tripod
consists of three pipes of one-inch in-
ternal diameter, screwed into a four-way
pipe fixture called a “side outlet T,” and
a polar-axis extension screwed into the
top of the same fixture. The length of
the leg at the rear may be varied to bring
the polar axis parallel with the axis of
the earth in the observer’s latitude. The
legs may be unscrewed quickly by hand
and the telescope detached from the
mounting by unhooking the screen-door
springs that hold it. You then have made
it portable in less than one minute, in-
stead of the several minutes a portable
telescope often requires.

This telescope was planned and built
by Clarence P. Cram of Avalon, Cata-
lina Island, Calif. He writes that “the
gap between the tube and the mirror
cell gives room to insert a folding mirror-
cover when the telescope is not in use.
A system of locking thumbscrews makes
the mirror cell easily adjustable.” The
mirror rests on three cork-tipped screws
which extend through the curved lead
counterweight, and it has three plastic
hold-down ¢lips on top. It is surrounded
by a strip of cork.

“I cut several holes in the tube for
inserting the eyepiece-prism unit,” Cram
continues, “but I find it simpler to just
turn the tube within the screen-door
springs to bring the eyepiece to a com-
fortable position. The eyepiece-prism
unit is quickly detachable by pivoting
its holding clips. I added the finder only
because I happened to have it, but sim-
ple gunsights—a ring at the rear with a
quarter-inch opening and a luminous
painted forward stud—would serve as
well. You need some kind of finder with
a telescope like this, however, because
the long-focus field is very narrow. Be-
ing a teacher, I found it natural to use
blackboard paint for blackening the in-
side of the tube and other parts. It is
rough and dull as desired.”

It is only when you examine Roger
Hayward’s exploded drawing on page
110, detailing the Cram mounting, that
you realize this telescope cannot be built
without a lathe, though Cram points out
that “all the lathe work is very elemen-
tary.” It is not a simple mounting. In
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Testing solvents and adsorbents

tact, the drawing looks as confusing as
a can of angleworms. Those who arc
familiar with the book Amateur Tele-
scope Making will recognize in this
mounting the friction-disk principle of
the Springfield telescope invented by
Russell W. Porter.

Porter assumed that the readers of
A.T. M. and Amateur Telescope Mak-
ing Advanced were mechanics and he
did not insult their intelligence by de-
scribing his drawings in many words.
He felt, as all engineers do, that a good
drawing is a description, and that de-
scribing it is redundant. While this is
true, it still is probable that some readers
of these books have either had to spend
time working out a clear conception of
the principle (the method of learning
that Porter called the best) or have not
been able to state exactly how it works.
It is also possible that many who have
not studied these books cannot snap up
instantly the explanation of the Cram
variation in the drawings published here
and may enjoy having their intelligence
insulted. Hence we shall separate the
several tangled worms and lay them in
a row. This is exactly what Hayward has
done in his drawings, but we shall re-
dundantly describe his description.

The complication is the addition of a
disk, a ring and a disk on both the upper
and lower axes. Without these the
mounting would be conventional, with
the usual pair of axes mutually at right
angles. The upper one is the declination
axis, by means of which the telescope is
tilted to the celestial latitude, or dec-
lination, of the object observed. The
lower one is the polar axis, placed paral-
lel with the axis of the earth and kept in
slow rotation to offset the earth’s rota-
tion. The two are connected by two
bearing blocks ¢, screwed to a round
headplate into which the polar axis k is
inserted.

Now for the added hardware. Refer-
ring first to the upper axis, there are two
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Under Muqmﬁcuhon'

Only $7500

Now, for the first time—a fine, im-
ported Binocular Microscope 'at a
i ed for inspec-
counting,
"5 power ol
of matehed

eyepieces to gi
and pinion foc
ment is removable
or benen, Working

t. Fine hardwood cas

15X, 30X, 45X. Rack
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on equipment
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rcluded. Recommended for
e ‘guarantee complete

lab,  shop, factory or home
satisfaction or your money ba
Stock #70,011-S....... .o, $75.00 pstpd.

IMPORTED 20X
TELESCOPE AND TRIPOD

Machined threaded fittings through-

out. Weigl ounces; 634" closed

length. 1314” open length. Achro-

matic objective lens low reflection

coated on inside. Makes excellent

spotting scope. Swivel-head tripod

is collapsible. 9” high,

Stock #50,007- 12, 95 Pstpd.
Inst. Without Trip.

Stock x50,006-S. ss 95 Pstpd.

SIMPLE LENS KITS!—THe | LENS CRAFTER'S DE-
LIGHT! Fun for . adults!  Fun ren! Kits include
plainly written, how you can
photography,
rophotography,
hable

r, | ground
for dozens of oth in_ expe
TELESCOPES, low power Microscopes, ote.
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Order by Stock No.—Send Check or M.O.
Satisfaction Guaranteed!
We have Literally Millions of WAR SURPLUS
LENSES AND PRISMS AT BARGAIN PRICES
.. also Dozens of Low Cost Imported Instruments!

Write for Catalog ''S''—SENT FREE!

EDMUND SCIENTIFIC CORP.

BARRINGTON, NEW JERSEY
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things that we should like to be able to
do each time we point the telescope to-
ward a different object: (1) tilt the tele-
scope quickly to it; (2) get the object
exactly in the center of the field of view.
In this telescope the first is accomplished
simply by moving the tube with the
hands, the second by turning the slow-
motion tangent screw a. In most simple
telescopes the second is merely a more
careful continuation of the first. Doing
it with the screw is a pleasing refine-
ment for the upper axis and a more im-
portant help for the lower one.

When the assembly, shown exploded,
is “imploded” again, the little projection
on the ring to the left of b fits into the
deep groove in the slow-motion screw a.
This ring is sandwiched between the
nonrotating plate b (which is perma-
nently fixed by hidden screws to the
cheek of bearing block ¢) and the small
disk at its left, in a manner concealed in
the upper part of the drawing but ex-
actly like the corresponding ring I and
disk g on the other axis. That is, g drops
into the groove in h. The disk cannot
rotate because it is screwed to i. Simi-
larly the corresponding disk on the other
axis is screwed to c.

When the telescope is tilted, the ring
rotates with it. The slipping occurs be-
tween the disk and the groove in the
ring.

Now the clamp screw e is tightened.
It pinches the ring between the two so

Clarence P Cram

6 inch /=12 Newtonian

Reflector

that it can no longer slip. The rest is
done by the slow-motion screw a, which
now has the immovable little projection
to push against in the final centering of
the star in the field of view. The sliding
occurs now between the end plate to
which the screw is fixed and the thicker
rim of the ring

When you shift to another star, you
loosen the clamp screw e, tilt the tube
and repeat the process.

The right-hand bearing block is iden-
tical with the left-hand block ¢. Cram
made both out of three-inch diameter
aluminum shafting, centrally drilled
with one-inch holes and sawed off flat
on one edge. They are solidly screwed
to the headplate below them. At their
right is a ring which, when shifted to
the left against the cheek of the bearing
block and kept from sliding back with
a setscrew, prevents the declination axis
from shifting endwise. The counter-
weight on the end of the shaft, shown in
the drawing below, is a cylinder of lead
cast around three bolts which are bolted
to a floor-flange pipe fitting screwed ‘on
the end of the axis.

Now for the lower (polar) axis. The
upper tip of the polar axis projecting
beyond the pipe k, into which it fits
without turning, is inserted in the bore
of a ball bearing that fits snugly into
the headplate just behind clamp screw e.
Disk i screws tightly on pipe k and never
rotates. Disk g and ring h, also clamp

Pogor lfapvicard

A long-focus telescope for planetary observation
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What means most
fo an Engineer ?

PROFESSIONAL
RECOGNITION

GOOD
SALARY

UNEXCELLED
FACILITIES

A Career at RCA offers

RCA offers opportunities now—real
career opportunities—for qualified
ELEcTRONIC, COMPUTER, ELECTRICAL,
MEecHANICAL and COMMUNICATIONS
ENGINEERS. . . . PHYSICISTS . . . METAL-
LURGISTS . . . PHYSICAL CHEMISTS . . .
CERAMISTS . . . GLASS TECHNOLOGISTS.

Positions are open in research, develop-
ment, design and application. Long
range work in many fields is being car-
ried on both for commercial develop-
ments and military projects for war
and peace.

At RCA you’ll work in an exciting pro-
fessional atmosphere, with technical
and laboratory facilities unsurpassed
anywhere in the radio-electronic indus-
try. You are in close and constant

association with leading scientists and
engineers. Individual accomplishment
is not only recognized, it is sought out.
Delightful suburban living is easily
available for your family. And there’s
ample opportunity for income and
position advancement.

Plus, Company-paid hospitalization for
you and your family. .. accident and
lifeinsurance. .. progressive retirement
plan . . . fine recreational program ...
modern tuition-refund plan at recog-
nized universities for advanced study.

Join the team at RCA, world leader in
electronic development, first in radio,
first in recorded music, first in tele-
vision. Rest easy in the knowledge
that your future is secure, the rewards
many and varied.

Personal interviews arranged in your city.
Please send a complete resume of your education and

experience to:

MR. ROBERT E. McQUISTON, Manager
Specialized Employment Division, Dept, 201B
Radio Corporation of America
30 Rockefeller Plaza, New York 20, N.Y.

RADIO CORPORATION
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SUBURBAN
LIVING

all Four!

Positions Open In: RESEARCH —
DEVELOPMENT—DESIGN—APPLICATION
in any of the following fields :

RADAR—Circuitry—Antenna Design—Servo Sys-
tems—Information Display Systems—Gear
Trains—Stable Elements—Intricate Mechanisms

COMPUTERS — Digital and Analog—Systems Plan-
ning — Storage Technique — Circuitry — Servo
Mechanisms—Assembly Design—High Speed
Intricate Mechanisms

COMMUNICATIONS — Microwave — Aviation —
Mobile—Specialized Military Systems

MISSILE GUIDANCE—Systems Planning and Design
—Radar and Fire Control—Servo Mechanisms
—Vibration and Shock Problems

NAVIGATIONAL AIDS — Loran— Shoran — Altim-
eters—Airborne Radar

TELEVISION DEVELOPMENT — Receivers—'T'rans-
mitters and Studio Equipment

COMPONENT PARTS—Transformer—Coil—Relay
—Capacitor—Switch—Motor—Resistor

ELECTRONIC TUBE DEVELOPMENT- - Receiving—
Transmitting—Cathode-Ray—Phototubes and
Magnetrons

ELECTRONIC EQUIPMENT FIELD ENGINEERS —
Specialists for domestic and overseas assign-
ment on military electronic communications
and detection gear.

of AMERICA
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DRAFTING MACHINE
no finer instrument—at any price

@® Scientists and engineers the world over
specify UNIVERSAL when they want the
ultimate in drafting machines. They know
the lasting value of this sturdy instrument
in which are combined sound engineering,
dependable time-tested materials and old-
school craftsmanship.

Fifty years ago Universal pioneered with
the first drafting machine—today Universal
leads in use wherever precision, visibility,
ease of performance and adaptability to
angle boards are decisive purchasing factors.
The Universal “"Boardmaster” Bulletin
describes this instrument in detail and
makes clear why it is today’'s top value for
any busy engineering department. Copy
sent on request—write today.

UNIVERSAL DRAFTING MAGHINE GORP,

7960 LORAIN AVENUE «~ CLEVELAND 2. OHIO

IS YOUR WORK l
STIMULATING ?
[ ]
ARE YOU CHALLENGED
BY YOUR JOB?
[ ]
ARE YOU RECEIVING
PROFESSIONAL
| RECOGNITION? ]
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I The company, now in its 51st year,

| is expanding rapidly. Net sales this
year exceed 1938 by 16 times.

| Additional high caliber men are

| needegl with training and experi-
ence in all phases of electronics,

| physics and mechanics.

|

I

I

|

|

|

I

Write us about yourself, if your
experience and future plans fit into
this picture.
JOHN WELD
Department E

SYLVANIA ELECTRIC PRODUCTS INC.

Radio and Television Division
254 Rano Street
Buffalo 7, New York _l
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Details of the Porter friction-disk drive

screw j, perform exactly like their coun-
terparts on the other axis, but the slow-
motion screw f is used much more
than its counterpart. This is because
it must be turned a little every few
seconds as the earth rotates. Its thread-
ed part is long enough to permit the
observation of one object for half an
hour.

This screw will then be run back by
hand, and if the knurled thumbnut on
its end has been made large with the
idea of finer control, instead of small as
Cram made his, this job will always be
a slow nuisance. Ball bearings are also a
nuisance on a telescope, especially on
the declination axis, unless there is some
kind of friction brake such as the Cram
telescope has. On a delicately balanced,
frictionless tube even the avoirdupois of
a. mosquito alighting will swing it out of
place. It is better to keep the ball bear-
ing to throw at the mosquito. Numerous
telescope makers have written unprint-
able commentaries on their own early
illusion that ball bearings would improve
their telescopes.

After making the drawings, Hayward
wrote: “My only criticism of the tele-
scope is that the slow motions are so far
from the eyepiece that only a long-armed
gorilla could operate it without fre-
quently removing his eye from the eye-
piece.” To this Cram responded: “Mr.
Hayward has found the Achilles heel in
the arrangement. I had planned to ex-
tend a flexible cable from the slow-
motion screw, with the other end at-
tached to a four-foot rod that could be

© 1953 SCIENTIFIC AMERICAN, INC

stuck in the ground near the observer.

Two considerations led Cram to his
arrangement. First, the telescope is un-
commonly long, made so for planetary
cbservation, since greater focal length
magnifies more. Its focal ratio is f/12 in-
stead of the common f/8. This adds 24
inches to the length of the tube. Second,
it was necessary to pivot the tube at a
point far below the middle of its length
so that the lower part would clear the
legs of the tripod when observing near
the zenith; the length of the tube at the
top is balanced by lead at the bottom.
Combined, these factors put the slow-
motion screw out of arm’s reach from the
eyepiece. A slender two-foot rod, flexi-
bly attached to the slow-motion screw,
would enable the observer to rotate the
telescope with his hand without leaving
the eyepiece.

Theoretically it should be possible, by
taking utmost pains, to design all the
“bugs” out of a telescope in advance,
and this should always be attempted.
Even then it usually requires the con-
struction of about three telescopes, and
their use betweentimes, to inform the
builder where to look for bugs. The tele-
scope builder who has not made his
share of mistakes has had no fun and is
so good that his fellows hate him. In a
quarter-century there have been ex-
tremely few requests for “tested blue-
prints” of flawless telescopes designed
by perfect human beings. This proves
that the amateur telescope maker is
jealous of his constitutional right to make
his own mistakes.
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dependable instruments,,

The Heiland A-500 recorder embodies
many features found only in much larger
instruments...easy loading; four quick
‘change paper speeds; precision time lines;
trace identification; paper movement in-
dicator; direct monitoring of galvanometer
light spots. Case dimensions 634" x 978” x
1234”. Weight 33 1bs. Paper width 4”-100
long. Available for either 12 volt or 24
volt D.C. operation.

A-500 12 channels

An 8 volt battery pack provides self con-
tained power source affording complete
portability and flexibility to the Heiland
A-401 Recorder. Other features are similar
to the A-500. Case dimensions with battery
pack 7”7 x 915" x 1214”, without 414" x
915" x 1214"”; Weight with pack, 39 lbs.,
without, 22 1bs. Single speed. Paper width
2”-100" long. Available for 12 volt or 24
volt D.C. operation without battery pack.

gomplateth P
O

A-401 6 channels

Accurate oscillograph records provide data for better product
design and performance. Heiland recorders are being widely
used for numerous aircraft, laboratory and industrial applica-
tions. Write today for. Heiland catalog of recorders, galva-
nometers and associate equipment.

HEILAND RESEARCH CORPORATION . 130 E. Fifth Avenue, Denver, Colorado
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Another new development using

B.E.G
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Tough Hide for

YOU’LL find the red cross of the
Army Medical Service in any
climate, on any battlefront—a symbol
of help and care for those who need it.

The fact that the marker is in global
use calls for material able to stand up
under a strong sun, biting cold, fumes,
grease or oil, and roughest handling—
yet always recognizable as the emblem
of the Medical Service.

Geon helps answer these demands.
Red cotton duck is coated with a clear
plastisol based on Geon paste resin.
It is then cut to size and attached to a
similarly Geon-treated white material,

to form the symbol on short notice.
The emblem is fade-resistant and tough
as they come!

This example may give you an idea
for developing or improving a product
for heavy duty outdoors. With all the
other advantages you get with Geon
materials, you have a variety that opens
up unlimited possibilities! For they can
be used for molding, casting, coating
or dipping.

Geon-based plastisols—or other
Geon resins, latices or compounded
plastics—may be just what you need to
start a product on its way to sales

B. F. Goodrich Chemical Company does not make this
material. We supply the Geon resin for the coatingonly.

wbol ofy Merey

success. We’ll help you with technical
advice. Just write Dept. D-1, B. F.
Goodrich Chemical Company, Rose
Bldg., Cleveland 15, Ohio. In Canada:
Kitchener, Ontario. Cable address:
Goodchemco.

GEON RESINS ¢« GOOD-RITE PLASTICIZERS . . . the ideal team to make products easier, better and more saleable.

GEON polyvinyl materials ¢ HYCAR American rubber ¢ GOOD-RITE chemicals and plasticizers ¢« HARMON organic colors
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Photograph by Viles-Alton

Accidents do happen

Everybody knows it’s no fun being laid up with a sprained ankle or broken
bone. But if it does happen, the patient can now be spared the discomfort of old-
fashioned, heavy and cumbersome plaster casts.

Today doctors use a plastic powder called Melmac® Orthopedic
Composition, with which lighter, thinner and stronger plaster of Paris casts can
be made. These new casts require half as many bandages, have four times the
early strength and twice the dry strength of ordinary casts, permit better x-ray
examination, and provide more comfort and better support for the patient.

In fact, Melmac Orthopedic Composition offers so many advantages that it has
been described by leading orthopedic surgeons as the most important
advance in cast techniques in many years.

This development is the result of combined research of American Cyanamid
Company and its affiliate, Davis & Geck, Inc., known throughout the medical
profession as the leading manufacturer of surgical sutures.
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