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Bad News for Bugs

As aresult, the people of Union Carbide are already pro-
viding allethrin in ever-increasing quantities to manufac-

Bucs are in for the surprise of their lives. They’re going to
zoom into allethrin, the new insecticide ingredient. It looks
like especially bad news for many of the insects that pester
you most.

Take flies, mosquitoes and gnats . . . allethrin’s paralyz-
ing touch searches them out. .. delivers the blow that knocks
them down fast . . . leaving its slower acting companion in-
gredients in the spray or powder to complete the kill.

Until now this type of insecticide came from flowers
picked by the natives in Asia and Africa. But allethrin is an
all-American product, synthesized under scientific controls
and has the definite advantages over importations of uni-
formity in strength and quality.

It is only natural that the people of Union Carbide pio-
neered in the production of allethrin on a commercial scale.
For they were already making most of the needed chemical
ingredients,

SYNTHETIC ORGANIC CHEMICALS + LINDE Oxygen

PREST-O-LITE Acetylene Pyrorax Gas

ACHESON Electrodes + PRESTONE and TREK Anti-Freezes e

Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include

NaTIONAL Carbons
ELECTROMET Alloys and Metals

turers of household and dairy sprays. And researchers all
over the country are now engaged in testing its value for
the control of agricultural pests and for other purposes.
Other Union Carbide chemicals are important ingredients
in many other insecticides and fungicides. One or more of
them may have a place in your future plans.

FREE: Learn more about the interesting things you
use every dav. Write for the illustrated booklet *“Prod -
ucts and Processes” iwchich tells how science and in-
dustryuse Union Carbide’s Alloys, Chemicals, Carbons,
Gases, and Plastics in creating things for you. Write
for free booklet C.

30 EAST 42ND STREET

+  BAKELITE, KRENE, and VINYLITE Plastics
EVEREADY Flashlights and Batteries
HAYNES STELLITE Alloys
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More news from Chrysler Corporation

Engineering developments

that improve the riding qualities

ot cars, military vehicles, trucks

and railroad freight cars

New uses of suspension are doing
important things for wheel-
borne transportation.

Cars that move along the high-
ways, military vehicles that trans-
port men and equipment, trucks
that haul the products of farm and

This M-37 cargo carrier, built by Chrysler Cor-
poration, can travel more rapidly and surely
over rough country than our World War II
cargo carriers. The ride is steadied for men
and cargo by new suspension principles, im-
proved springs and heavy-duty shock absorb-
ers that provide extra cushioning power on bad
roads and roadless terrain.

factory, and freight cars rolling on
the railroads—all benefit from de-
velopments introduced by Chrysler
scientific research and engineered

production.

A new and softer ride is now in-
corporated in military design ambu-
lances and trucks being built by
Chrysler Corporation. Often a mili-
tary ambulance must operate in
rugged country where there are no
roads. With improved suspension,
special springing and new type shock

absorbers, jolts and discomfort are
minimized as never before.

Another important advance in rid-
ing comfort comes from Chrysler’s
“Oriflow” shock absorber, an exclu-
sive feature on all our new Plymouth,
Dodge, De Soto and Chrysler cars,
on Dodge Y5, 34 and 1 ton trucks,
and all Route Vans. It uses hydraulic
principles in a new way to give cush-

In this drawing of Chrysler’s new ‘“Oriflow”
shock absorber, the engineer is pointing to one
of the tubular passages through which cushion-
ing fluid flows. This is a new use of hydraulic
principles which helps “Oriflow” absorb bumps
by controlling jounce and rebound more
smoothly than any design used before.

loning power three times that of or-
dinary shock absorbers. On every
kind of road, “Oriflow” works in
harmony with synchronous spring-
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ing, shockproof steering and scientific
weight distribution to provide a
smoother, safer ride.

For railroad freight cars, which
also require protection from shocks

In this accurate scale model you see three rea-
sons forsmoother“ride.” (1) swing hanger which
soaks up shocks that come from jolting side
motion. (2) unique friction snubber which works
with (3) long travel coil springs to cushion ver-
tical shocks and control bounce. Engineered by
Chrysler, this mechanism is produced for rail-
roads by qualified equipment manufacturers.

along the rails they travel, Chrysler
engineers have developed a new
“balanced suspension.” It absorbs
both vertical and lateral shocks
gently, so that cargoes can ride
steadier and safer.

On the highways, in the fields and
on the rails, Chrysler Corporation’s
scientific developments and engi-
neered production help meet the
nation’s military needs, and advance
the safety, dependability and effi-
ciency of wheel-borne transportation.

CHRYSLER CORPORATION



The Price of Success

What is it that brings one man success in life, and mediocrity
or failure to his brother? It can’t be mental capacity. There is
not the difference in our mentalities that is indicated by the
difference in performance.

The answer is, some men succeed because they cheerfully pay
the price of success while others, though they claim ambition-
and a desire to succeed, are unwilling to pay that price.

The Price of Success is—

To use all your courage to force yourself to concentrate on the problem in
hand; to think of it deeply and constantly; to study it from all angles, and to
plan ahead.

To have a high and sustained determination to achieve what you plan to
accomplish, not only when conditions are favorable to its accomplishment, but
in spite of all adverse circumstances which may arise.

To refuse to believe that there are any circumstances sufficiently strong to
defeat you in the accomplishment of your purpose.

Hard? Of course. That’s why so many men never reach for success, yield
instead to the siren call of the rut and remain on the beaten paths that are for
beaten men. Nothing of note has ever been achieved without constant endeavor,
some pain and ceaseless application of the lash of ambition.

That’s the price of success. Every man should ask himself: Am I willing to
endure the pain of this struggle for the rewards and the glory that go
with achievement? Or shall I accept the uneasy and inadequate con-
tentment that comes with mediocrity?

If you are willing to pay the price of success, the Alexander Hamilton Institute
can help you chart your course and supply the knowledge of business funda-
mentals that is necessary for well-rounded executive competence.

Since 1909 more than 430,000 men have benefitted by the Institute’s Modern
Business Course and Service, including many of the nation’s foremost business-
men and industrialists.

The Alexander Hamilton Institute’s story is summed up in a 64-page booklet—
“FORGING AHEAD IN BUSINESS.” A copy is offered, without cost, to anyone
who is interested. Every business head and ambitious employee within his organiza-
tion will want to read it. Simply send in the coupon below.

ALEXANDER HAMILTON INSTITUTE

Dept. 769, 71 West 23rd Street New York 10, N. Y.
In Canada: 54 Wellington Street, West, Toronto 1, Ont. f
~—
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ALEXANDER HAMILTON INSTITUTE
Dept. 769, 71 West 23rd Street, New York 10, N. Y.

In Canada: 54 Wellington Street, West, Toronto 1, Ont. 2 |
Please mail me, without cost, a copy of the 64-page book— Mod‘érn
“FORGING AHEAD IN BUSINESS.” Business

Name....oovverennencanes Ceetestctiuett et e G eteoemesesatocsssoosnsannnns
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Sirs:

The intemperate attack on Professor
Walter Gellhorn’s scholarly book en-
titled Security, Loyalty and Science
made in the letters department of your
March issue by Dr. Mark' Graubard of
the Division of General Studies at the
University of Minnesota should not go
unanswered. As Chairman of the
Special Committee appointed by the
Council of the American Association for
the Advancement of Science to bring
in a report on Civil Liberties of Scien-
tists, I had the privilege of working close-
ly with Professor Gellhorn. My associ-
ates on the above Committee and I had
the benefit of his assistance in the pre-
paration of our report (available from
the A.A.A.S. Washington Office in
mimeographed form), and had ample
opportunity to see the meticulousness of
his approach to the problems of recon-
ciling the needs for national security with
tlie equally important need to protect the
freedom of individuals, without which
the name democracy is a sham and a
delusion.

Today we face a world situation in
which it will be very easy for any nation
to become so frightened by the prospect
of atomic, biological, chemical and con-
ventional warfare that it might succumb
to the siren songs of essentially authori-
tarian minorities leading its peoples to
exchange freedom for apparent security.

Scientific American, May, 1951, Vol. 184,
No. 5. Published monthly by Scientific American,
Inc., 24 West 40th Street, New York 18, N. Y.,
Gerard Piel, president; Dennis rlanagnn, vice
president; Donald H. Miller, Jr., vice president
and treasurer. Entered at the New York, N.
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
The Editors, ScieNTiFic AMERICAN, 24 West 40th
Street, New York 18, N. Y. Manuscripts are sub-
mitted at the author’s risk and will not be returned
unless accompanied by postage.

Advertising correspondcence should be addressed
to Charles E. Kane. Advertising Manager, ScIEN-
TIFIC AMERICAN, 24 West 40th Street, New York 18,
N. Y

Subscription correspondence should be ad-
dressed to Circulation Manager, SCIENTIFIC AMERI-
CcAN, 24 West 40th Street, New York 18, N. Y.
Change of address: Please notify us four weeks
in advance of change. If available, kindly furnish an
address imprint from a recent issue. Be sure to give
both old and new addresses, including postal zone
numbers, if any.

Subscription rates for U.S.A. and possessions: 1
year, $5; 2 vears, $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.




LETTERS

There are powerful groups in the U. S.
and elsewhere who are stridently offer-
ing such a fraudulent exchange. Pro-
fessor Gellhorn in his excellent book has
warned us with factual material of the
reality of the dangers and has shown
how a rational man can solve the dilem-
ma of security with freedom as far as
science and scientists are concerned. Dr.
Graubard has, on the other hand, shown
us how unscientific a scientist can be-
come when he deserts the scientific
method in a vituperative attack on ideas
to which he has become emotionally
antagonistic, even when the ideas are
those which grow directly out of the
principles of the dignity and worth of
the individual in a democratic society.
Professor Gellhorn’s book is an impor-
tant document, so acclaimed by social
and natural scientists alike, in large
number and in vigorous language.
Every reader of Scientific American
should read the book to draw his own
conclusions as to whether democracy or
authoritarianism is the road for America
to follow in its treatment of science and
scientists.

MAURICE B. VISSCHER

The Medical School
University of Minnesota
Minneapolis, Minn.

Sirs:

Dr. Graubard’s letter in your March
issue concerning the review by I. L
Rabi of Security, Loyalty and Science
by Walter Gellhorn is a perfect example
of unscientific reasoning. . ..

His own certain assumption that war
between the U.S.S.R. and the U.-S. is
an inevitable fact of the future leads him
to value only one kind of conduct, that
conduct which sacrifices all long-term
goals such as democratic discussion to
the short-term goal of preparation for
war. His willingness to close discussion
rather than develop it by a positive con-
tribution is indicated by his implication
that all those who disagree with him are
fellow travelers, have “embraced the
folklore of radicalism,” or are “so sorely
frustrated as to embrace philosophies of
violent hate and resentment.”

He appears to be confused as well. He
accuses the scientists he is criticizing of
“uncompromising hostility to existing
conditions or their government” but is,
willing to include Mr. Acheson and the
Administration among those he is criti-
cizing. He accuses the scientists he is
criticizing of “embracing philosophies
of violent hate and resentment” yet uses
emotionally loaded words and various

Drying 6ils *Bodied”’
in Half the Time

Raw oils—linseed, soya and tung, for examples—are unsuitable for use
in paints, varnishes and printing inks. They must be ‘“‘bodied,” given
added viscosity and quicker drying properties.

“Virginia” engineers have demonstrated that the catalytic action of
sulfur dioxide does four important things: (1) speeds up polymerization,
(2) cuts heating time in half, (3) blankets oils in process against atmos-
pheric oxidation, (4) produces a lighter colored, more salable end product,
all this while nearly doubling the output of existing equipment!

Field Offices:
NEW YORK
BOSTON
PHILADELPHIA
DETROIT

CHICAGO VIRGINIA |

ATLANTA
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This is typical of the way in
which “Virginia’> chemicals and
technical aids have been giving
yeoman service in 40 widely
diverse industries over the past
29 years. Low-cost, versatile
“Virginia”” SO, is in special de-
mand as a reducing and bleach-
ing agent, preservative, anti-
chlor, neutralizer, and pH
control. “Virginia’’is the world’s
largest producer of SO,.

Let us explore with you the
potentialities of ‘“Virginia’ SO,
for the improvement of your
products or processes. Send to-
day for our folder explaining
its varied properties and uses.
VIRGINIA SMELTING COMPANY,
Dept.SA,West Norfolk,Virginia.
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Need Front Surface

Aluminum Mirrors

Liberty Front Surface Aluminum Mirrors are available in sizes up

to 48" x 66’—and in a range of constructions to meet the most

exacting requirements. The glass in these mirrors is coated with

aluminum which has a protective layer of quartz. No base metal

is used because bimetallic mirrors are subject to galvanic action.

Liberty Aluminum Mirrors retain their reflectivity—and they

contain a minimum of pinholes. Moreover, these few pinholes

do not increase in size or number in service. Liberty’s patented

adhesive coatings insure exceptionally strong adhesion.

The basic design superiority and quality of Liberty Front

Surface Aluminum Mirrors is evidenced by an ever-increasing list

of satisfied customers. We invite your comparison test order. For a

quotation, use the coupon below.

FOR COMMERCIAL
AND OPTICAL FIELDS
where normal cleaning is
sufficient and where excep-
tional exposure to salt
water or salt atmosphere
is not required, we recom-
mend our Specification

#1051, Finish #749.

FOR HIGH RESIST-
ANCE TO ABRASION
AND SALT AIR—and
especially for high-grade
optical instruments requir-
ing maximum reflectivity
and unchanging durabil-
ity, we recommend our
Specification #1054, Finish
#152.

1
LIBERTY MIRROR DIVISION |
LIBBEY-OWENS-FORD GLASS CO.
L1551 NICHOLAS BUILDING |
TOLEDO 3, OHIO |
I am interested in your Liberty Front Surface |
Aluminum Mirrors for |
|
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I
|
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|
|

Please quote me on. . ... ... insize............

(Quantity)
() Please have salesman call.

Name.....oooviiiiininnn... Title........
Company....... ..o
Address. .. ..o e

LIBERTY VACUUM DEPOSITED COATINGS

Liberty Mirror Division

LIBBEY-OWENS-FORD GLASS CO.
NICHOLAS BUILDING, TOLEDO 3, OHIO
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techniques designed to arouse the emo-
tions of the reader against the scientists.

He is apparently unable to compre-
hend that the great need of our time is
the more precise analysis of exactly what
we mean by freedom of inquiry, freedom
of speech and academic freedom. It is
just because we have not sufficiently
discussed these matters on a national
scale that we are faced today with the
possibility of their removal. It may well
be that the fight of those interested in
the future of science, education and
democracy must be intensified, and that
only out of a vigorous, forthright, co-
operative battle for these values will a
stable, legal conception be ultimately
evolved. . ..

WILLIAM WEIFENBACH

Department of Philosophy
Kansas City University
Kansas City, Mo.

Sirs:

John Tyler Bonner’s piece on the horn
of the unicorn in your March, 1951, is-
sue is very interesting but an oversim-
plification of the problem. The twisted
})orn, which can be found in pictures
from the 15th century, is a comparative-
ly late development, and while this was
the preferred alicorn of the artists, just
this horn—properly and unmistakably
identified with the tusk of the narwhal—
was not accepted by apothecaries and
physicians.

There is a considerable amount of
literature from that period which is de-
voted to a discussion of wunicornum
verum and unicornum falsum. Paulus
Ludovicus Sachsius, for example, has
written a whole book, Monocerologia seu
de genuinisunicornibus (1676) ,inwhich
the twisted horn, the narwhal tusk, is
classified as unicornum falsum. Almost
as soon as such twisted horns appeared
on the market it also became known that
they came from a marine creature of
some kind. Unicornum verum was found
in the soil, and descriptions, pictures and
actual specimens leave no doubt that the
“true alicorn” was a mammoth tusk. It
is obvious that the very fact that such
alicorn was suddenly found did a great
deal to enhance the mystery which sur-
rounded it from the outset.

In addition to “found” alicorn, which
usually ended up in pharmacies, there
existed some beakers of “alicorn” which
were carved from the horn of the ani-
mal which, by virtue of being very dimly
known, started the whole legend, name-
ly the rhinoceros.

As Richard Ettinghausen (“Studies in
Muslim Iconography, I. The Unicorn,”
Smithsonian Publication 3993; Wash-
ington, D. C., 1950) has shown recently,
the alicorn of the Muslim world differed
from that of the Christian world. They
also warned that the wrong horn was



BUSINESS IN MOTION

75/0‘% {%7«,54 e %wm Loocrirrens .

Like other suppliers, Revere offers its metals in a
wide variety of alloys. This is for the reason that no
one metal or alloy is suitable for every purpose, for
every requirement. In order to help solve the some-
times complex problems that arise concerning metal
specification, fabrication, and use, Revere offers
the services of its Technical Advisory Staff. Here
is an example of its work.

When an electric utility was re-tubing a con-
denser, Revere Research had an opportunity to
obtain samples of the tubes that were removed. A
laboratory examination showed

nickel tubes in fine condition. Recommendations
included putting a perforated iron sheet in the
water box to reduce turbulence and air entrainment,
and the use of 10% cupro-nickel tubes throughout.
These suggestions were followed.

Two years later the cupro-nickel tubes were in-
spected, and found to be in excellent condition. As
a result, a new generating station of the company
was equipped with them.

Please note our statement that the tubes made
by a competitor were all right as tubes. If Revere

Tubes in the same alloy had been

them to be made of an excellent
alloy; let us call it “Alloy X,”
since the tubes were made by a
competitor. This alloy is usually
specified for conditions of ero-
sion-corrosion, but our examina-
tion indicated that the tubes also
were subject to severe attack by
air entrainment and high-veloc-
ity, turbulent water. The Revere
Technical Advisor,who inspected
the condenser in person, sug-

installed there, the same trouble
would have been experienced. It
was natural enough for the util-
ity to blame the tubes,but Revere
knows that if condenser tubes do
not give long and economical ser-
vice the fault most probably lies
in the selection of an alloy un-
suitable for operating conditions.
In many cases, as in this one,
Revere has been able to suggest
changes in alloy or in operation,

gested that longer tubelife might

be obtained if cupro-nickel in the 10% nickel alloy
were used. As a test, 50 such tubes were installed
alongside the new ‘“Alloy X" tubes.

At the end of only three months, the utility was
disturbed to find that some of the “Alloy X’ tubes
were beginning to fail. Samples were sent to Revere
Research, which once again reported that these
competitive tubes were good ones, mechanically
and as to alloy. The Revere Technical Advisor im-
mediately returned to the utility, where he spent
two days and nights on the job, much of the time
inside the condenser itself. He found the cupro-

or both, bringing about impor-
tant economies for users of condensers.

What Revere does in this way is not unique by
any means. Suppliers in every industry do as much
for their prospects and customers, every day in the
week. They do it gladly, because a happy, satisfied
customer is a precious asset. So we suggest that no
matter what your business is, no matter what you
buy, nor from whom, you take your suppliers into
the closest possible confidence, permitting them to
learn all they can about the conditions their ma-
terials have to meet. This will cost you nothing,
and may save you much.

REVERE COPPER AND BRASS INCORPORATED
Founded by Paul Revere in 1801 / iaﬂ; year - o5

Executive Offices:
230 Park Avenue, New York '|7, N. Y.
SEE ‘’MEET THE PRESS”” ON NBC TELEVISION EVERY SUNDAY
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... used wherever men need quick, reliable data about
electronic, nuclear, or electro-physical phenomena

-hp- test instruments save expensive
engineering time in all types of
precision electronic measurements.
They are specifically designed for
fast, convenient operation. Many
are multi-purpose instruments with
broad applicability —fewer instru-
ments do more jobs. All are soundly
engineered for reliable accuracy,
rugged durability. They provide

swift, sure measurements, when and
where needed, year after year.

-hp- instruments are standard equip-
ment in research projects, devel-
opment laboratories, communica-
tions facilities and industrial plants
throughout the world. They are
available through a nation-wide
organization of company-trained
sales engineers.

SPECIAL OFFER TO SCIENTIFIC AMERICAN READERS

The -hp- JOURNAL will be sent to you monthly with-
out charge or obligation. Its purpose is to keep men
of technicalinterests informed about new developments
in electronic instrumentation. Please request it on
your letterhead.

HEWLETT-PACKARD COMPANY

2248 PAGE MILL ROAD . PALO ALTO, CALIFORNIA, U.S.A.
SALES REPRESENTATIVES IN MAJOR AREAS
Export: Frazar & Hansen, Ltd., San Francisco ¢ Los Angeles ¢« New York

Manvufacturers of: Oscillators, Vacaum Tube Voltmeters and Accessories,
Audio Signal Generators, Pulse Generators, Distortion and Wave Analyzers,
Square Wave Generators, VHF, UHF and SHF Signal Generators, Waveguide
and Coaxial Microwave Test Equipment, Frequency Measuring and Monitoring
Equipment, Power Supplies, Attenuators, Wide Band Amplifiers, Nuclear
Counters, Electronic Tachometers. 2248
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occasionally sold, but to them the “true”
horn was the tusk of the walrus.

WILLY LEY

Jackson Heights, N. Y.

Sirs:

I read with interest your article on
color blindness in the March Scientific
American.

I have observed an additional fact
which may have some bearing on the
subject. Among a large class of elemen-
tary physics students who were experi-
menting on the use of the spectroscope,
there was a large variation in the range
of wavelengths to which individual stu-
dents were sensitive, even when they
were normal by the ordinary yarn tests.
Several could see the lithium red line
but could not see the potassium red line.
At the other end of the spectrum several
could see the 3,650 Angstrom group of
lines in the mercury arc spectrum quite
easily, but a majority could not see them
at all. Those who could see the 3,650
lines all reported that they looked blue
rather than purple, unlike the lines near
4,000 Angstroms.

WALTER HUGHES
Ojai, Calif.

Sirs:

Mr. Hughes is quite correct in his ob-
servation that people differ markedly in
their sensitivity to the extremes of the
spectrum. Gibson and Tyndall (Gibson,
K. S., and Tyndall, E.P.T. “Visibility of
Radiant Energy,” Scientific Papers of the
Bureau of Standards, 1923, 19, No. 475)
compared 52 normal observers and
found quite a lot of variability. Interest-
ingly enough, there seemed to be more
variability to wavelengths in the long
wavelength end of the spectrum than to
those in the short wavelength region.
Crittenden and Richmyer (Crittenden,
E.C., and Richmyer, F.K. “An ‘Average
Eye’ for Heterochromatic Photometry,
and a Comparison of a Flicker and
an Equality-of-Brightness Photometer.”
Transactions of the Illuminating Engi-
neering Society, 1916, Volume 11, Pages
331-356) had 114 observers compare
the luminosities of yellow and blue
lights. Here again there were sizable dif-
ferences.

I have just recently completed a study
of the variability among color-blind and
normal observers to the long wavelength
end of the spectrum, but have not pub-
lished it yet.

ALPHONSE CHAPANIS
Department of Psychology

The Johns Hopkins University
Baltimore, Md.



Beckman pioneers another instrumentation advancement . . . i

with

BECKMAN
infrared |
spectrophofomelers.

SINGLE BEAM
direct

Trmzs;m'ﬂam:i/
recording

NEW SINGLE BEAM SYSTEM IS SIMPLE, ACCURATE, RELIABLE

The Beckman Single Beam Direct Transmittancy Recorder employs the memory
standardization principle, using reliable electronic circuits instead of complicated
mechanical-optical arrangements. It successfully combines the highest accuracy with the
utmost in reliability and convenience. A standardizing run is made on the empty or
solvent-filled absorption cell. During this run the signal from the photoreceiver is auto-
matically maintained constant, and the resulting slit width vs. wavelength function is
“memorized” on a wire recorder. The sample is then placed in the same cell, and in-
formation played back from the wire recorder automatically controls the wavelength and
slit drive motors to reproduce precisely the conditions which produced the constant
100% reference level. Any absorption resulting from the sample is accurately and auto-
matically recorded directly in transmittancy. On repeat runs, the same reference wire
is used, eliminating repetition of standardizing measurements.

Single beam transmittancy recording retains the excellent resolution, low stray
light, high stability and drift freedom, and the wavelength accuracy of the well-known
Beckman Spectrophotometers. Other advantages are summarized at the right.

THREE UNEXCELLED INSTRUMENTS FOR ANY REQUIREMENT

Beckman Single Beam Direct Transmittancy Recording is available either (1)
as an accessory unit for direct installation on any Beckman IR-2 Spectrophotometer, or
(2) with the IR-2 as a complete instrument, or (3) in the new unsurpassed Beckman
IR-3 Spectrophotometer —the most versatile, most accurate, most complete —and by all
standards, the finest spectrophotometer money can buy.* For
further information on these instruments write .

Beckman Instruments, Inc., South Pasadena 48, California.

Factory Service Branches: NEW YORK < CHICAGO < LOS ANGELES

*As in all Beckman in-
struments, your money
buys more value than
in any similar product.

Recorder

IMPORTANT ADVANTAGES
of the
Beckman Transmittancy Recorder

GREATER CONVENIENCE: The single-beam
principle eliminates troublesome, time-wast-
ing cell- and beam-matching problems.

GREATER VERSATILITY: Greater versatility
and simplicity and lower costs are assured,
since special cells and attachments need not
be duplicated for use in a reference beam.

GREATER ACCURACY: The single-beam
principle eliminates problems of making a
beam attenuator achromatic, linear and free
of vignetting effects.

MINIMUM STRAY LIGHT: Only these single

beam instruments use a filter-type beam .
chopper, reducing stray light effects to a

minimum (less than 29 at 15 microns with

the IR-2).

MINIMUM SCANNING TIME: Optimum re-
cording efficiency is achieved because each
spectral slit width is traversed in a time
proportional to the response period of the
recording system. Any other scanning rate
loses either resolution, time or accuracy.

MAXIMUM RESOLUTION: Slit width control
has the advantage that the instrument is
always working at maximum resolution for
the chosen amplification and scanning speed.

FLEXIBILITY OF CONTROL: Operating
speed, resolution and chart scales can be
easily varied over wide ranges. A single con-
trol adjusts scanning time per spectral slit
width from 1 second to 128 seconds by fac-
tors of 2. The wavelength motor speed is
electronically controlled with no gear shift-
ing needed to change scanning speed.

In addition to recording linearly in wave-
length, a unique electronic system enables
recordings to be made linearly in other func-
tions such as frequency or log wavelength.

R-2

IR-
Spectrophotometer

Am;I_Iﬁu—

Power Supply

Thad

* Beckman Instruments include : pH Meters and Electrodes — Spectrophotometers — Radioactivity Meters — Special Instruments
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Experience with all four modern
types of power for aircraft in one
manufacturing plant is unique. Yet
Douglas has that experience as the
result of prudent, peace-time plan-
ning with the Navy.

Best known of these Big Four is
the AD-Skyraider. This reciprocat-
ing-engined attack bomber has been
in production since 1946, and is now
a battle-tested veteran after years
of service with the Fleet.

In 1950 the twin-jet F3D Sky-
knight was started down the
production line at El Segundo, fol-
T lowing enthusiastic reports from
Navy test pilots.

L

[

' ROCKET ENGINE delivers supersonic
speed for Douglas “Skyrocket” (top).

- TWIN-JET ENGINE gives pure jet
thrust for Douglas F3D “Skyknight”

| S—— (second).

{’2&7_,’

V/4
“BIG FOUR
provide U.S. Navy with “Balanced Power’”’

Now being flight tested in prepa-
ration for line production is the A2D
Skyshark, turbo-prop attack plane.
And above Edwards Air Base the
rocket-powered D-558-2 Skyrocket
is thrusting its needle-nose into the
thin air, looking for scientific data
that will help build newer type air-
craft still in the classified status.
By carefully manipulating the
design, development and production
of these diverse power types, the
Navy and Douglas have arrived at
a flexible, ‘“balanced power” posi-

tion from which our air strength
can be increaséd without delay.
Douglas Aircraft Company, Inc.

Y. V!, TURBO-PROP ENGINE combines speed
74 i\ and endurance for Douglas A2D
“Skyshark” (third).

RECIPROCATING ENGINE.
provides work-horse
efficiency for Douglas
AD “Skyraider”
(bottom) .

D el o e
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Skilled engineers and technicians find
Douglas a good place to work!

WORLD'S LARGEST BUILDER OF AIRCRAFT FOR 30 YEARS > MILITARY AND COMMERCIAL TRANSPORTS
FIGHTERS > ATTACK PLANES > BOMBERS > GUIDED MISSILES >~ ELECTRONIC EQUIPMENT > RESEARCH
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AY 1901. “It is now generally
agreed that Prout’s law, that the
atomic weights of the elements

are exact multiples of the atomic weight
of hydrogen, is decisively contradicted
by experiment. The case of chlorine,
whose atomic weight is 35.455, is in it-
self conclusive so far as the supposed law
is concerned. But, as pointed out by R.
J. Strutt, there remains the fact that
many of the atomic weights approximate
very closely to whole numbers, so much
so as to suggest strongly that some law
of nature is in question. Taking the nine
best-known atomic weights—viz., bro-
mine, 79.955; carbon, 12.001; chlorine,
35.455; hydrogen, 1.0075; nitrogen,
14.045; oxygen, 16.000 (standard); po-
tassium, 39.140; sodium, 23.050; and
sulphur, 32.065—the sum of the devia-
tions from the nearest integral number
is 0.809, or about 0.1 for each element.
The probability of that occurring by
chance is about 1 in 1,000, so that we
have ‘stronger reasons for believing in
the truth of some modification of Prout’s
law than in that of many historical events
which are universally accepted as un-
questionable.” ”

“Dr. S. P. Langley’s report of the
Smithsonian Institution for the year end-
ing December 30, 1900, has been made
public. The Institution has continued
research work in various fields of science,
including experiments in the solution of
the problem of mechanical flight, and,
through its Astrophysical Observatory,
investigation on the solar spectrum. The
Institution has made some interesting
experiments during the year on ‘radio-
active substances.” The income of the
Hodgkins Fund is devoted to investiga-
tions of the properties of air.”

“If Prof. J. J. Thomson’s corpuscular
hypothesis be absolutely demonstrated,
our ideas in regard to chemistry will be
revolutionized. In a recent lecture be-
fore the Royal Institution he selected as
his subject ‘The Existence of Bodies
Smaller than Atoms.” He briefly referred
to work which had been done by others
in theory and practice, in order to deter-
mine the size of an atom. One method
of doing this was by ascertaining the
charge of electricity which an atom car-
ried during the process of electrolysis,
and from the charge to calculate the

10

20 AND 100 YEARS AGO

mass. The experiments of the lecturer
were made with the view of ascertaining
the mass of small particles which carry
an electric discharge through attenuated
gases. The next experiment was made
with the object of ascertaining the mass
of all the particles used to carry the
charge and also their number. For this
purpose some of the experiments of Mr.
Wilson on the sudden expansion of a
gas saturated with moisture were used.
Prof. Thomson concluded that the small
particles carrying the charges of elec-
tricity were only one-thousandth of the
size of an atom. These experiments were
all made with discharges of negative
electricity. It was also found that these
small particles negatively charged were
given off from incandescent matter and
from radium. When he first enumerated
his theory to the scientific world three
or four years ago, it was received with
considerable incredulity, but has now
been adopted by many scientists. He re-
gards the chemical atom as made up of
a large number of similar bodies which
he calls ‘corpuscles” A normal atom
forms a system which is electrically neu-
tral. The electrification of a gas consists
in the breaking off from the atoms of a
few corpuscles.”

AY 1851. “We have just had the
M pleasure of seeing a present sent
by the King of Prussia to our
countryman, Prof. Morse, in acknowl-
edgement of his success in perfecting his
Electro-Magnetic Telegraph, which is
pronounced by his Majesty’s Commis-
sioner, after comparison and experiment,
to be the most efficient of any in the
world for great distances.”

“Iron is the most abundant metallic
mineral our country affords. The most
valuable mine is one in Salisbury, Conn.,
which yields 3,000 tons annually. In
Ohio, 1,200 square miles are underlaid
with iron. A region explored in 1838
would contain 1,000,000,000 tons. By
taking from this region 400,000 tons an-
nually (a larger quantity than England
produced previous to 1829), it would
last 2,700 years—as long a distance, cer-
tainly, as any man looks ahead!”

“In a paper presented to the French
Academy of Sciences—On the rapidity
of the propagation of the nervous agency
in the spinal nerves'—Helmholtz de-
scribed at length some experiments of
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his, from which he concludes that the
nervous irritation passed over a space of
50 to 60 millimeters (about two inches)
in from .0014 to .0020 of a second.”

“A patent has been granted to Linus
Yale, Jr., of Newport, N. Y., for an im-
proved lock and key.”

“Although much has been recently
said and written about the application
of electro-magnetism as a prime mover, it
is not a new subject by any means. Our
own Prof. Henry, now of the Smith-
sonian Institution, first demonstrated the
method of developing great magnetic
power in soft iron by a small battery,
and as a natural result he applied it to
propel machinery. Among the many suc-
cessful investigators and experimenters
in electro-magnetic science, the name of
Prof. Page stands high; and his recent
experiment with an electro—magnetic
locomotive at Washington, is the great-
est effort of the kind ever made. It makes
no matter how much mechanical power
may be developed by electro-magnetism,
if that power is derived at too great an
expense to compete with steam.”

“The American Association for the
Advancement of Science met at Cincin-
nati on April 5, and adjourned on April
10. The people of Cincinnati exhibited
to the members the noblest hospitality;
we hope the people of Albany, N. Y.,
where the next meeting of the Associa-
tion is to be held, will not forget this.
Prof. Bache, of Washington, presided.
The meeting was opened with a prayer
by the Rev. Mr. Fisher, and there was a
goodly attendance of members. Among
the many curious papers read was an
address by Prof. Pierce, of Harvard, re-
specting the ring of the planet Saturn.
Prof. Agassiz read a most interesting
paper on the coral reefs of Florida,
which he had been exploring last win-
ter.”

“We learn that Mr. James Young, of
Manchester, England, has taken out a
patent in England for a new discovery
in the treatment of coal, which consists
in a peculiar method of treating bitu-
minous coal, and obtaining parafine oil.
This parafine is very valuable for lubri-
cating purposes. This is certainly a new
process, and shows how our coal fields
may be turned into oil &c. It is, how-
ever, too expensive to compete with our
other oils at present prices.” !



Bell Telephone Company craftsman
wraps a wire to complete a connection.
Wire is inserted into the nozzle and
a rotating spindle whips it around
terminals.

Close-up of connection made with new
tool—neat, tight windings.

BELL TELEPHONE

WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE BIG IN VALUE AND LOW IN COST

It porsn't take long to wrap a wire around a terminal
and snip off the end. But hundreds of millions of such con-
nections are being made each year to keep up with America’s
growing -demand for telephone service.

Now this job is done much more efficiently with a new wire
wrapping tool invented at Bell Telephone Laboratories. This
“gun” whirls wire tightly around terminals before solder is
applied. The connection is better and there is no excess
wire to be clipped off — perhaps to drop among a maze of
connections and cause trouble later.

The new tool is being developed in different forms for
specialized uses. The hand-operated wrapper in the illustration
is for the telephone man’s tool kit. Power-driven wrappers
developed by Western Electric, manufacturing unit of the Bell
System, are speeding the production of telephone equipment.
The gun’s small nozzle reaches where fingers couldn’t — a big
advantage these days when efforts are being made to produce
telephone system parts smaller as well as better.

Bell Telephone Laboratories scientists devise many special
tools that help your telephone system to keep pace with service
demands economically — keeping your telephone service one
of today’s best bargains. )

LABORATORIES
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Chart of welding cycle on Taylor
Winfield welder shows 60-cycle
A-c input current at left, D-c
welding current at right. This
Brush Analyzer consists of A-c
amplifier, D-c amplifier, direct-
writing oscillograph.

& welding

m specifications
a problem?

BRUSH ANALYZER RECORDS WELDING CURRENT AND TIME EXACTLY

@ The Taylor Winfield Corporation,
manufacturer of resistance, spot, seam,
and butt welders, makes sure of correct
current and timing calibration on each
spot welder before shipment.

While a sample weld is being made,
a Brush Analyzer records amplitude
and timing of both input current and
welding current on the same chart.
By observing the wave shapes, Taylor
Winfield inspectors calibrate controls
quickly and surely. Production time
is saved, and correct results assured.

Maintaining welding specifications
is difficult with“rule-of-thumb”adjust-

THEg E
DEVELOPMENT COMPANY

ment, particularly on metals such as
aluminum. Brush Analyzers can give
you written proof of welding currents,
or of electrode pressures.
Investigate Brush instruments for
studies of d-c or a-c voltages or
currents, strains, displacements, light
intensities, temperatures, and other
static or dynamic conditions. Write for
information. The Brush Development
Company, Dept. B-5, 3405 Perkins
Avenue, Cleveland 14, Ohio, U. S. A.
Canadian Representatives: A. C. Wick-
man (Canada) Limited, P. O. Box 9,
Station N, Toronto 14, Ontario.

PIEZOELECTRIC CRYSTALS AND CERAMICS «» MAGNETIC RECORDING
ELECTROACOUSTICS ¢ ULTRASONICS « INDUSTRIAL & RESEARCH INSTRUMENTS

12

© 1951 SCIENTIFIC AMERICAN, INC

THE COVER

The painting on the cover shows the
apparatus required for a typical ex-
periment in the reactivation of micro-
organisms by light (see page 22).
At the right is a beaker containing
water at constant temperature; im-
mersed in it are a heating element, a
thermostat and a stirrer. At the sur-
face of the water near the left side
of the beaker is a small glass recepta-
cle containing Streptomyces griseus,
the microorganism that manufactures
the antibiotic drug streptomycin. On
this is focused a narrow beam of mono-
chromatic light, cooled by the flask of
water at the left. The purpose of the
experiment: to study the effect of
light on microorganisms that have ap-
parently been killed with ultraviolet
radiation. One result of such experi-
ments is to show that these micro-
organisms are reactivated by light.

THE ILLUSTRATIONS
Cover by Stanley Meltzoff
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We’'re anxious to provide adequate
amounts of this useful material to assistinthe
development of new market potentials, and
we’re making every effort to supply suf-
ficient quantities for such evaluation work.

In some cases it may not be possible for
us to supply Visqueen to your exact speci-
fications, in spite of our desire to do so.
But we’re trying.

So if your experiments call for a poly-
ethylene film with many unique properties,
write or wire or ask your Visqueen repre-
sentative for details.

Yoo door ia Tl opws

and there is still some

UEEN pum

available for

experimental work

mpoifoud
wp * VISQUEEN film is all polyethylene,

but not all polyethylene film is VISQUEEN. VISQUEEN
is the only film produced by the process covered by U.S.
Patent No. 2461975. Only VISQUEEN has the benefit of
the research and extensive technical experience of The
Visking Corporation, pioneers in the development of
polyethylene film. Be sure. Always specify VISQUEEN
film for superior tear and tensile strength and greater
uniformity.

VIsu“EE" film ... a product of

THE VISKING CORPORATION

Preston Division e Terre Haute, Indiana
InC da: Visking Limited, Lindsay, Ontario

*T, M. The Visking Corporation
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Every chemical or metallurgical
laboratory needs this

X-RAY DIFFRACTION APPARATUS

MORE than half a century of x-ray development, throughout your manufacturing process — you'll
including the pioneering of commercial x-ray find the XRD-3 X-Ray Diffraction Unit your an-
diffraction apparatus, is reflected in the highly versa- swer. Write today for booklet *Analytical Applica-
tile XRD-3. In fact, here’s a scientific tool designed tions of X-Ray Diffraction Using Direct Measure-
to satisfy your diffraction needs from conventional ment Technics.” General Electric X-Ray Corpora-
film-recording to direct measurement technic. tion, Dept. TT-5, Milwaukee 14, Wisconsin.

Chemists, physicists, metallurgists, mineralogists
—all acclaim it for its unsurpassed versatility in
hundreds of practical applications in their fields
and in the process industries.
If knowing the submicroscopic structures of ma- GENERAL @ ELECTRIC

terials you work with are important to you — if you

want to maintain the desired quality of materials X-RAY CORPORATION

NEW attachment
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What's New at CRUCIBLE

about Die Gasting Die Steel

Mt. Vernon Die Casting Corporation, Mt. Vernon, N. Y.
—big name die casting company, prides itself on dies
that retain their accuracy for longer periods; yield
clean, flawless castings around-the-clock ; quickly write
off initial costs and reduce ultimate costs appreciably.

1,250,000 casting
cycles—and no signs
of heat checking or
wash on the face of
the NU-DIE V die!

Aluminum base
motor housing

Mt. Vernon and Crucible have worked for many
years as a team in the interests of better castings. There-
fore, when Mt. Vernon was called on to produce alum-
inum base motor housings, they came to Crucible for
the die casting die steel.

Midland Works, Midland, Pa. .
National Drawn Works, East Liverpool, Qhio ¢

Spaulding Works, Harrison, N. J, .

16

Park Works, Pittsburgh, Pa. .
Sanderson-Halcomb Works, Syracuse, N. Y. e

For this job, Crucible and Mt. Vernon selected
NU-DIE V-—a steel designed for aluminum—mag-
nesium—and long run zinc base dies. Experience
has shown that greater resistance to heat checking
and washing is obtained when using NU-DIE V.

Mt. Vernon went to work preparing the blocks
of NU-DIE V for the intricate job of duplicating the
casting shown in the illustration. Since about 80%
of the cost of a die is represented by the labor, it is
important that the requirements for a successful
die be met to the fullest degree.

An outstanding aluminum die casting die is the
successful combination of four factors:

1. Proper steel composition to meet the ulti-
mate service requirements.

2. Proper die design.

3. Proper response of the steel to heat treat-
ment.

4. Proper control of casting pressures and
temperatures.

Tt is a credit to the characteristics of NU-DIE V, and
the skill of Mt. Vernon die designers and production
personnel that this die casting die has gone 1,250,000
casting cycles without a sign of heat checking or

wash on the face of the NU-DIE V die.

Wnite for your ool
Steel Selector today!

Crucible metallurgists can
help you in the application of
NU-DIE V and other tool and
die steels. And, if you haven’t
the new, three-color, 9” diam-
eter, Crucible Tool Steel Se-
lector, write for yours today!
It uses the only logical method
of tool steel selection—begin with the application to pick
the right steel. Address: Dept. SA, Crucible Steel Com-
pany of America, 405 Lexington Ave., New York 17, N. Y.

3-color, 9" diameter

first name in special purpose steels

Spring Works, Pittsburgh, Pa,
Trent Tube Company, East Troy, Wisconsin
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The Earth's Uranium

It is fairly common, yet it occurs in few concentrations that can

profitably be mined. A brief summary of the most important

deposits, including some that have only recently been revealed

nium in the world are the Shinkol-

obwe mine in the Belgian Congo,
two mines in northwest Canada, the
Erz Mountains on the boundary be-
tween Czechoslovakia and East Ger-
many and the Colorado Plateau in the
U. S. Two years ago the latter area was
not considered in the same class with the
furst three. But intensive prospecting and
new geological knowledge have greatly
increased our known resources. Today
the U. S. production of uranium is an
important factor in the world supply.

Uranium is a fairly common element,
present almost everywhere in the earth’s
crust. The problem is to find it in con-
centrations that make it worth while to
try to mine it. It has been suggested that
we could get 70 tons of uranium from
every cubic mile of sea water. This
sounds impressive until one makes a
simple calculation and finds that a cubic
mile of sea water weighs about four
billion tons—70 tons of uranium in that
bulk of “ore” amounts to about one part
in 60 million. There are many rock
masses in the earth with a uranium con-
tent of one part in 10,000, but even this
concentration is considered much too
thin for mining by present methods. To
interest mining engineers a deposit must
have a uranium content of at least one
part in a few hundred; that is, at least
several pounds of uranium per ton of
ore.

There are more than 80 known min-
erals that contain substantial amounts of
uranium, but less than a dozen are at
all abundant in the earth. The richest

r I YHE most important sources of ura-

by Paul F. Kerr

mineral is uraninite, a combination of
uranium dioxide (UO,) and trioxide
(UOg). This exists in black powdery
and solid crystalline forms. Pitchblende
is a variety of uraninite. Usually uraninite
occurs in relatively deep deposits. The
other important uranium minerals ordi-
narily are found near the earth surface.
They are carnotite, a canary-yellow pow-
der in which uranium is combined with
potassium and vanadium; torbernite, a
green crystal phosphate of uranium and
copper; autunite, a yellow crystal phos-
phate of uranium and calcium; tyuya-
munite, a yellow powder containing ura-
nium, calcium and vanadium; thucho-
lite, a black organic material in which
uranium is combined with a hydrocar-
bon, and kolm, another uranium-hydro-
carbon combination.

Carnotite is the most common ura-
nium mineral in the Colorado Plateau.
Torbernite is found in large masses near
the surface in the Belgian Congo, where
the richest deposits of uraninite are lo-
cated. Good deposits of autunite are
found in Portugal. Tyuyamunite is
named for a city in a region of the
U.S.S.R. where it is particularly abun-
dant.

In looking around the world for likely
sources of uranium minerals the geolo-
gist has certain general principles to
guide him. He will look, of course, to
taults, fissures and pockets in the earth’s
crust, where minerals in general are con-
centrated, and he will search for chemi-
cal and physical conditions that particu-
larly favor the precipitation of uranium.
He knows that concentrations of ura-
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nium often occur in veins cutting the
graniticigneous rocks. Uranium (with its
companion radium) tends to be asso-
ciated in veins with certain other min-
erals, notably cobalt, nickel, bismuth
and a few others, including small
amounts of silver and gold. During the
recent worldwide hunt for uranium an-
other apparently significant fact has
emerged: many of the uranium deposits
have been found in ancient Pre-Cam-
brian rocks. It is believed to be more
than a coincidence that the chief urani-
um locations in the Belgian Congo, the
Erz Mountains, Canada, eastern Colo-
rado and at several other places are all
in Pre-Cambrian formations,

We can see the uranium picture most
conveniently by reviewing briefly the
history of each of the principal loca-
tions.

HE town of Joachimsthal in the Erz

Mountains has been a mining center
since the 15th century. For centuries the
only metal mined was silver. The Ameri-
can word “dollar” is derived from the
name of silver coins struck there, first
called Joachimsthaler and later abbre-
viated to thaler. In the middle of the
19th century the element uranium was
discovered in the Joachimsthal ores, but
the only use then-found for it was as a
pigment for porcelain and glass. When
in 1898 the Curies isolated radium, a
product of the radioactive decay of ura-
nium, from the uranium residues of
Joachimsthal, the mines rose in impor-
tance; for many years they were the
world’s sole source of radium. Up to

17



THE FOUR MOST IMPORTANT uranium regions are

in northwestern Canada, the western U. S., the southern

World War II they had yielded a total
of 100 grams of radium.

The uranium-bearing formations of
the Erz Mountains lie along two moun-
tain belts which intersect at Joachimsthal.
The mountains, once the boundary be-
tween Saxony and Bohemia, now are on
the border between the Russian zone of
Germany and Czechoslovakia. The prin-
cipal uranium mineral in these deposits
is uraninite. It lies in veins ranging from
less than an inch to several feet in thick-
ness. The veins also contain minerals of
silver, cobalt, nickel and bismuth. They
represent old fissures in the earth’s crust
that were partly filled by the precipita-
tion of metallic minerals from ascending
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COLORADO PLATEAU

solutions. The wall rock consists of re-
crystallized sediments of Pre-Cambrian
age.

Uranium is reported as UzOg. The
total amount of U3Og mined in the Erz-
gebirge region up to 1940 is estimated
at 690 tons. We can only guess at how
much the Russians may have obtained
from their intensive mining of the area
since the end of the war. In all likeli-
hood the amount is at least several hun-
dred tons.

To estimate the total extent of the
uranium resources available to the
U.S.S.R. we must extrapolate from what
was known about them before 1944, for
little information has been revealed
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Belgian Congo and the Erz Mountains, or Erzgebirge,
of Czechoslovakia and the Russian zone of Germany.

from behind the Iron Curtain since that
time. The principal uranium deposits in
the U.S.S.R. before 1944 were consid-
ered to lie in the black shales and slates
of the desert area of Asiatic Russia be-
tween Lake Balkhash and the Afghanis-
tan border. This is the region where the
mineral known as tyuyamunite is found.
The Alai Range in the same general area
also is reported to possess large amounts
of black shales or slates containing on
the order of a pound of uranium per ton
of rock, but the labor required to work
these deposits would be great indeed.
Near-surElce deposits of a uranium min-
eral are known to exist in Bulgaria. In
addition the U.S.S.R. was known to



possess scattered deposits of uranium
minerals such as occur in other parts
of the world; probably these are num-
erous enough to yield significant quanti-
ties of fissionable material.

According to press accounts some
3,000 geologists are exploring for ura-
nium in the U.S.S.R. It must be assumed
that they have made considerable prog-
ress. Whether the state-operated Soviet
effort will ultimately produce more and
cheaper uranium than will the coopera-
tive efforts of government and private
industry in the U. S., time alone will tell.
But if any credence may be placed in
the newspaper reports that hundreds of
thousands of Russian workers are en-
gaged in mining and hunting uranium,
with digging and prospecting going on
in 230 locations in eastern Germany
alone, we may well conclude that the
present uranium production available to
the U.S.S.R. is seriously large.

OUR first source of supply is the
Shinkolobwe mine in the Belgian
Congo. Shinkolobwe is in the heart of
Africa, about midway between the con-
tinent’s east and west coasts and near
the southern margin of the Congo Basin
about 11 degrees south of the Equator.
It lies in the center of a great mineral
province long famous for its production
of copper, cobalt, tin and diamonds; the
province produces most of the world’s
industrial diamonds and leads the world
in the production of cobalt.

In 1915 a Major Sharp, prospecting
for minerals as an employee of the Tan-
ganyika Concession, noticed some un-
usual bright yellow fragments of rock in
the soil at Shinkolobwe. Analysis showed
that they were rich in uranium. The con-
cessionaires dug trenches and soon ex-
posed veins of black uraninite. Later
explorations disclosed masses of rock
containing the highest percentages of
uranium found anywhere. Near the sur-
face above these veins lie brightly
colored uranium minerals—yellow, or-
ange or green—some of which have been
found nowhere else in the world.

The Shinkolobwe area is one in which
Pre-Cambrian rocks of varying ages are
exposed at the surface. Curiously, in
some places an older Pre-Cambrian rock
lies on top of a younger; the layers ap-
parently were overturned by faulting
and deformation of the crust. It is in the
older rock that the most important
uranium deposits have been found. How
the uraninite was deposited in this rock
is a matter of conjecture. Originally the
uranium came from deep in the earth
crust. It rose in heated solutions and was
deposited in spaces in the shattered rock
of the old Pre-Cambrian strata as urani-
nite. The deformation that thrust the
old layer upward then raised the veins
of uraninite close to the surface. Some
such explanation seems necessary to ac-
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URANIUM PROSPECTORS’ ROADS make a
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distant network in the hills

near Marysvale, Utah. Veins of uraninite have been found in this region.

“HAPPY JACK” URANIUM PROSPECT is in

. B J e

the rugged country of south-

eastern Utah. In this region the uraninite is found not in veins but in strata.
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count for the emergence of so rich a
concentration of uranium at Shinkol-
obwe—unmatched, as far as we know,
anywhere else on the surface of the
earth.

THE uranium deposits of Canada are
in another great area of exposed Pre-
Cambrian rocks, but in this case the an-
cient rocks have been laid bare by ero-
sion of the younger rocks that covered
them. Anyone who flies over the Cana-
dian Shield can hardly fail to be im-
pressed by the great number of scat-
tered lakes, seemingly always extending
to the horizon. The land areas between
the lakes have been so swept by the great
ice sheet which once covered the entire
area that when viewed from the air they
appear to have been planed. The sur-
face is furrowed, however, with a net-
work of fault lines that show up in the
topography as long narrow depressions
filled with trees, bushes and muskeg. It
is along such fault lines or other frac-
tures parallel to them that the Canadian
uranium deposits were found and much
of the uranium prospecting in the north-
land has been carried on of late.

The original Eldorado deposit was
discovered in 1930 by the Canadian
prospector Gilbert LaBine. On the east
shore of Great Bear Lake, in a wilder-
ness only a short distance south of the
Arctic Circle, he spotted from the air a
vein which proved to contain uraninite.
It was later traced for several thousand
feet and found to belong to a group of
five neighboring veins. The original vein,
named “No. 1,” in places is as much as
30 feet thick.

Intensive mining began during the
war, when the need for uranium for the
Manhattan Project developed. Since the
Eldorado mine is 1,380 miles by boat and
800 miles by air from the nearest rail-
head in the province of Alberta, trans-
portation is a problem. The uranium
oxide is shipped to the railhead over a
circuitous route by way of several lakes
and rivers. The Eldorado Mining and
Refining Company, Ltd., operator of the
mine, also runs its own airline from
Eldorado to Edmonton. The company
is controlled by the Canadian Govern-
ment.

Since the end of the war the great
Canadian Shield has been extensively
prospected. Uranium has been found at
various places in a zone which extends
from Great Bear Lake southward
through Great Slave Lake and Lake
Athabaska and finally eastward along
the northern shore of Lake Superior.
Near the eastern arm of Lake Athabaska
the Eldorado Company has recently
found a group of veins along what is
known as the St. Louis fault. On the
basis of extensive drilling and tunneling
into the shattered rock the engineers
have concluded that this deposit will
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yield an amount of uranium comparable
to that from the Eldorado site. It is ex-
pected to begin producing before the
end of this year.

N the U. S. the main center of pros-

pecting has been the Colorado Pla-
teau, which covers parts of the four
states of Colorado, Utah, Arizona and
New Mexico. The ore here, as we have
noted, is carnotite, a vanadate of potas-
sium and uranium. It occurs in old sand-
stones formed in what seems once to
havebeen a shallow fresh-water sea. The
sandstone contains a great many fossil
logs and other plant remains. In some
of the logs carnotite has replaced part
of the original material. One such log,
four feet thick and 100 feet long, yielded
105 tons of uranium-vanadium-radium
ore. The market value of this log at the
time it was mined is reported to have
been about $230,000.

The logs and other vegetable matter
appear to have been important factors
in the accumulation of the concentra-
tions of uranium and vanadium. Presum-
ably the organic matter played a part
in the chemical reduction and precipita-
tion from solutions of dissolved salts
containing uranium.

Deposits of carnotite underlie large
areas in Colorado, Utah, Arizona and
New Mexico. The U. S. sources of
uranium are not restricted to carnotite.
Near Marysvale, Utah, significant veins
of uraninite have been found. Another
encouraging discovery of uranium ore
has recently been made at the old Sun-
shine silver mine in the Coeur d’Alene
district of Idaho. There are also promis-
ing veins bearing uranium in the granitic
rocks of western Montana. The Pre-
Cambrian formations of the northern
Michigan Peninsula have shown possi-
bilities, but no workable deposits as yet.

Throughout much of the western U. S.
an army of prospectors is searching for
uranium with an enthusiasm that must
be witnessed to be appreciated. The
“uranium rush” is producing new types
of prospectors. Radio technicians, busi-
nessmen and people of many other
occupations who have never had any
interest in mining have equipped them-
selves with Geiger counters and assailed
the hills in search of radioactive rocks.
They have reported many usable pros-
pects, and some of these are already
being mined. One interesting deposit
was discovered accidentally by a plumb-
er on a picnic. He was amusing himself
with a portable Geiger counter and hap-
pened on some loose rocks that showed
unusual radioactivity. He then traced
the rocks to the uranium deposit. An at-
tractive feature of uranium-hunting is
that it can be carried on with little more
equipment than a Geiger counter; any-
one can be a prospector, even if he does
not know much about rocks. And a
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search of the terrain with a Geiger count-
er is a fascinating experience.

It appears that it may also become
possible to explore for uranium from the
air. The U. S. Geological Survey, work-
ing with the Atomic Energy Commission,
has made tests of this possibility with
low-flying planes carrying specially
built counters. Some planes fly slowly
over the terrain at an altitude of about
500 feet. They have been able to locate
rock deposits of unusual radioactivity
within about a quarter of a mile. Such a
survey is very crude, of course, and it
must be followed up with a more inten-
sive exploration on the ground, which
may eventually come to naught. But the
survey can cover a great deal of terrain
in a relatively short time.

FROM the finds of the prospectors and
from geological studies we are stead-
ily enlarging our knowledge of the oc-
currence of uranium in the earth. The
deposits found are being scrutinized by
geologists; the minerals taken from them
are being studied in the laboratory.
These analyses provide further clues as
to the types of formations where uranium
is likely to exist. The studies are not re-
stricted to high-grade sources of the
metal. Recently attention has been di-
rected to the fact, previously overlooked,
that the gold ores of the Witwatersrand
in South Africa contain some uranium.
The average uranium content of these
rocks is small, but with 60 million tons
of gold ore passing through the Wit-
watersrand mills each year, the salvage
of even a small amount of uranium from
each ton may well be worth while. In
our own country there are known to be
large deposits of uranium-bearing phos-
phate rock in Florida, Idaho and western.
Wyoming, black shale in Tennessee and
pegmatites scattered through many parts
of the nation. These ores are of very low
grade—one pound of uranium in several
tons of rock—but in the aggregate they
constitute an enormous potential reserve.

As our information accumulates, it ap-
pears more and more evident that ura-
nium is deposited in the earth in much
the same way and by much the same
processes as other metals, such as cop-
per, lead, silver, cobalt and nickel. In
fact, uranium is often associated with.
those metals, as we have seen. Hence we
should increasingly be able to apply our
long-established knowledge of the older
minerals to the newer problem of ura-
nium prospecting. Given unrestricted
peacetime publication of geological in-
formation, and the incentive of industrial
demand, man should learn a great deal
more about the earth’s uranium resources.

————————
Paul F. Kerr is professor of mineralogy

at Columbia University and a consult-
ant to the Atomic Energy Commission.
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strata; in the areas around the edge of the plateau, they
tend to occur in veins. The distribution of copper de-
posits is roughly similar to that of the uranium veins.

COLORADO PLATEAU covers a large part of four
western states. In the uranium areas near the center of
the plateau the uranium minerals tend to occur in
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Reviva

| by Light

Concerning the remarkable discovery that visible

radiation is able to resuscitate microorganisms

that have apparently been killed by ultraviolet

earth a tremendous amount of in-

visible ultraviolet radiation. It is
lucky for life on our planet that not all
of this energy reaches the earth’s surface.
The shorter ultraviolet wavelengths be-
low 2,900 Angstroms are intercepted
and absorbed by a layer of ozone high
in the stratosphere. If these short-wave
ultraviolet rays got through to the earth,
they would kill or seriously injure all
unshielded cells.

Laboratory experiments have shown
that when ultraviolet light in the neigh-
borhood of 2,600 Angstroms penetrates
an unprotected cell it can do one or more
of several things: kill the cell, delay its
growth or change its heredity by caus-
ing mutation of genes. Ultraviolet light
is therefore a valuable tool for studying
the growth and heredity of cells. There
are other agents, such as chemicals, X-
rays and atomic nuclear radiations, that
can produce similar effects on the cell,
but the ultraviolet is especially useful
because it is known to act on certain
specific structures and compounds in the
cell. Unlike X-rays, whose absorption by
a cellular substance is dependent only
on the mass of the atoms in it, the ab-
sorption of ultraviolet is dependent on
the structure of the molecule. Hence the
ultraviolet is highly selective. Ultraviolet
wavelengths near 2,600 Angstroms are
absorbed specifically by nucleic acids.
These important substances, combined
with proteins as nucleoproteins, are
found in the cell nucleus’ chromosomes,
in the cytoplasmic particles known as
mitochondria and in other vital struc-
tures of the cell.

There are various evidences for this.
When living, unstained cells are photo-
graphed with ultraviolet light of wave-
lengths near 2,600 Angstroms, the cell
structures that absorb the ultraviolet and
appear black in the photograph are
chiefly chromosomes, nucleoli and mito-

I YROM the sun there streams to our

chondria. Furthermore, cells that are
particularly rich in nucleoproteins,
22

by Albert Kelner

such as spermatozoa and certain virus
particles, are particularly sensitive to
ultraviolet light. Finally, the best evi-
dence that absorption by nucleic acids
is chiefly responsible for the lethal and
genetic effects of ultraviolet radiation is
that those wavelengths of ultraviolet
light which are known to be most highly
absorbed by nucleic acids are also the
ones that are most effective in causing
death or mutationin a cell.

Because of this highly selective action
of ultraviolet light on nucleic acids,
biologists have felt for some time that
the ultraviolet method offers great hope
of leading us to the explanation of the
functions of nucleic acids in the cell and
the mechanism of mutation. The chief
questions to which investigators in this
field have been seeking answers are:
What is the nature of the change induced
in nucleic acid by ultraviolet light? How
does this change cause mutation of a
gene? How does it produce death or a
delay in the growth of the cell?

THE subject of this article is a recent
discovery that has opened a new lead
in the investigation of these problems.
The discovery is that the lethal action of
ultraviolet light can be reversed or pre-
vented by exposure of the “killed” cells
to visible light.

About three years ago in the Carnegie
Institution Laboratory at Cold Spring
Harbor, N. Y., we were irradiating
bacteria and the group of soil micro-
organisms known as the actinomycetes
with ultraviolet light and X-rays. The
purpose was to produce mutants with
antibiotic activity. The radiation dose
necessary to induce maximal mutation
killed most of the cells (mutants were
found among the few survivors). We
noticed that when a culture of the actino-
mycete Streptomyces griseus was stored
in the icebox for a few days after being
irradiated with ultraviolet, the number
ot survivors would increase, sometimes
as much as 10-fold. Some of the cells
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that had been thought “killed” had re-
covered.

Now a phenomenon similar to this had
been observed a number of years before
by Alexander Hollaender and Chester
W. Emmons at the National Institute of
Health. They had noticed that fungus
spores irradiated with ultraviolet recov-
ered after being stored in salt solution
for several days. It was also known that
X-rayed organisms sometimes partially
recovered from radiation injury when
they were kept cold after irradiation.
It seemed to us that the phenomenon
was eminently worth studying, because
it might tell us something about the
lethal and genetic effects of ultraviolet.

We set out to investigate more closely
the possible role of temperature in the
recovery of damaged cells. In an early
experiment in this test we compared the
survival rates of organisms (actinomy-
cete spores) at icebox temperature and
at room temperatures. After irradiation
with large doses of ultraviolet, some sus-
pensions of the spores were stored in the
icebox at 5 degrees Centigrade and some
in a glass bottle on a shelf in the labora-
tory. This produced a surprising result.
While the organisms in the icebox
showed the usual slight recovery (a 2-
to 10-fold increase in survival), the sur-
vival rate of those stored at room tem-
peratures increased 10,000 times!

Obviously cold per se had nothing to
do with recovery. Indeed, it was a handi-
cap. We began a systematic study of
survival rates at various temperatures.
There was considerable variation in the
results of these experiments, even at
the same temperature. We had stored
some of the irradiated organisms in a
thermostatically controlled water bath
on a table in front of a window. The
organisms in this bath consistently
showed high recovery rates. After a sys-
tematic study of various environmental
factors that might be influencing recov-
ery, we came to the conclusion that the
recovery factor must be the light coming



in the windows. We tested the light
hypothesis by storing some irradiated
spores in darkness and some in light. The
result was clear-cut and conclusive. In
the light there was a 10,000-fold increase
in survival; in the dark there was none.
The reason for the original observations—
the recovery of organisms that had been
stored in iceboxes or other places—was
now plain: because of the extra handling
they received, stored samples were gen-
erally exposed to more light than would
otherwise have been the case.

We explored the effect of visible light
further, and found that by exposing ir-
radiated cells for a few minutes to bright
artificial light we could increase their
survival rate as much as 300,000 times.
Such a tremendous recovery, 30,000
times greater than achieved before, put
a completely new face on the problem of
ultraviolet effects. The magnitude of the
recovery convinced us that we were
dealing here with the kev mechanism of
ultraviolet action.

T seemed incredible that no one had
ever before observed this effect of
visible light. We searched the literature
and found that such phenomena had
been noticed, but their significance had
not been recognized. Back in 1904 the
German botanist E. Hertel had shown
that ultraviolet light inhibited the move-
ment of protoplasm in an Elodea leaf
cell more strongly in darkness than in
light. Two German biophysicists named
Hausser and Oehmke had reported in
1933 that visible violet light and neigh-
boring wavelengths inhibited the brown-
ing action of short-wave ultraviolet on

STREPTOMYCES GRISEUS cells on agar jelly plate
were first exposed to ultraviolet, then covered with
tape in the shape of an inverted T and finally exposed
to light. New colonies grow in area not masked by tape.

banana skin. In 1941 the Stanford biolo-
gist Douglas M. Whitaker had reported
that “white” light counteracted the
growth-inhibiting action of ultraviolet
light on the alga Fucus.

We soon found that visible light could
revive not only actinomycete cells but
other microorganisms as well, including
the colon bacterium, baker’s yeast and
the penicillin-producing mold Penicil-
lium notatum. These results suggested
that the phenomenon was a general one.

Let us perform an experiment. We
prepare a suspension of colon bacteria
containing eight million cells per cubic
centimeter of fluid. Each of these cells
is fully viable, i.e., is capable of grow-
ing if placed in a suitable nutrient
medium at a favorable temperature. We
put aside part of the suspension as a
control and irradiate the rest under a
low-pressure mercury lamp which emits
chiefly ultraviolet light at the short wave-
length of 2,537 Angstroms. Now we as-
say the viability of the irradiated suspen-
sion. We do this by taking out a sample
and determining what proportion of the
cells can grow sufficiently to form a
visible colony of bacteria on the surface
of nutrient agar jelly. We find that only
100 of the eight million viable cells per
c.c. we started with are still capable of
growing. The rest, to all intents and pur-
poses, are “dead.”

We then expose another sample of the
same irradiated suspension for 30 min-
utes to sunshine, to a bright tungsten
lamp, or, better yet, to a high-pressure
mercury lamp whose emission is rich in
violet and neighboring wavelengths.
Now a large number of the inactivated
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cells will recover. We find that instead
of 100 viable cells per cubic centimeter
there are two million. It is evident that
1,999,900 of the 7,999,900 inactivated
cells have recovered from their injury
and can grow more or less normally. A
control which we have placed in the
same water bath, but protected from
light, still has only 100 viable cells per
cubic centimeter. The control that we
removed originally and did not irradiate
with ultraviolet is not at all affected by
visible light.

The degree of recovery possible for
irradiated cells is dependent on the
criginal ultraviolet dose: the greater the
dose, the greater the proportion of inac-
tivated cells that cannot be revived.
Given a sufficiently high dose of ultra-
violet, probably not a single cell will re-
cover, no matter how great the amount of
reactivating light. Whether this fact
indicates that ultraviolet light has two
effects, one of which is sensitive to light
and the other not, as the University of
Chicago biophysicists Aaron Novick and
Leo Szilard recently suggested, is not
yet known.

AS in most photochemical reactions,
the degree of recovery is propor-
tional to the dose of light. There is also
a temperature effect: the warmer the
cells are while they are exposed to visible
light, the greater the amount of photo-
reactivation, up to a temperature of 45
to 50 degrees Centigrade, where they
become subject to heat injury. This in-
dicates that in addition to the light re-
action a secondary reaction sensitive to
heat, perhaps an enzymatic one, is essen-

ESCHERICHIA COLI cells on agar plate were exposed
to ultraviolet and covered so that only a small window
remained open. When projector was focused on win-
dow, bacteria were revived in pattern of lamp filament.
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tial for recovery. Such a reaction, for
which light is unnecessary, may be called
a “dark reaction,” analogous to the
dark reaction of photosynthesis. On the
other hand, in the inactivation process
ultraviolet light apparently needs no
assistance from heat.

If ultraviolet-irradiated bacteria are
kept cold and dark, they can be photo-
reactivated many hours or even days
after irradiation. If, however, they are
put immediately after irradiation into
what for a normal bacterium would be
an ideal environment—a warm tempera-
ture and a rich meat-extract broth—and
are incubated there for two to three
hours, they can no longer be revived by
any light treatment. This gives us a
means of determining approximately the
moment at which whatever change was
induced by ultraviolet radiation becomes
irreversible by light. This is the point
where we can consider the cells to have
died.

As a definition for death at this single-
cell level, we might say it is the point at
which any property we choose to em-
ploy as a sign of life—in the bacterium,
the ability to grow is the best one—
can no longer be restored by any known
means. Of course with this definition
the point at which life ends is a shift-
ing one, depending on the state of our
knowledge. Before photoreactivation
was discovered, the point at which an
ultraviolet-irradiated bacterium died
might have been taken to be immediately
after irradiation, at least for all but a
minute fraction of the cells. Now, with
our new knowledge of the phenomenon
of photoreactivation, the point of death
for the irradiated bacterium has been
pushed back a little. Perhaps in the fu-
ture the point of no return can be pushed
back still further by the discovery of
some other revival process. Conceivably
biologists” knowledge of how to reverse
the disorganization of the cell may be
carried further and further until the
cell is reduced to some simple state that
is capable of artificial synthesis and sub-
sequent organization into a living cell.
That may be the way the first creation
of life will be achieved. But such fasci-
nating speculations take us from our
story.

AVING found that visible light

could resuscitate cells “killed” by
ultraviolet, our next step was to investi-
gate whether it could counteract the
effects of ultraviolet on genes. Would it
reduce ultraviolet-induced mutations?
Our early experiments, carried out on
colon bacteria, indicated that light did
have this effect, but the results were not
as conclusive as we would have liked.
By now, however, the ability of visible
light to check mutation has been fairly
well established, by Novick and Szilard
at the University ot Chicago; by Richard
F. Kimball, working with paramecia, at
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the Oak Ridge National Laboratory; by
S. H. Goodgal, with the fungus Neuro-
spora, at Johns Hopkins University, and
by Howard B. Newcombe, with colon
bacteria, at the Canadian Chalk River
atomic energy research laboratory. In
extensive studies Newcombe showed
that reactivating light lowered the fre-
quency of several types of ultraviolet-
induced mutants. These results in micro-
organisms have not yet been confirmed
in higher forms. If they are, it will be
the first time so drastic a reduction in
mutation has been achieved in animals
by a treatment after their exposure to a
mutagenic agent.

Does light exert its effect by reversing
mutation after it has already occurred?
Or does it prevent the mutation by in-
terfering with some process started by
ultraviolet radiation? It is too early to
say, but the latter explanation is less
radical and more likely.

The task of determining how photo-
reactivation takes place has only just
begun. The first step is to identify the
substance in the cell that absorbs the re-
activating light. In the case of ultraviolet
radiation, it will be recalled, investiga-
tors identified nucleic acids as the ab-
sorbing substance by comparing the
relative effects on the cell of various
wavelengths of ultraviolet light, in other
words, by determining the activity spec-
trum of ultraviolet, which was then
matched with the ultraviolet-absorption
spectrum of nucleic acid. A similar com-
parison of the activity of various wave-
lengths of visible and near-visible light
should indicate what substance is ab-
sorbing reactivating light.

Studying the colon bacterium and
Streptomyces griseus in this way, we
found that the spectra for photoreactiva-
tion were distinctly different in the two
species. The substance responsible for
photoreactivation in the colon bacterium
absorbed reactivating light in the range
from 3,650 Angstroms (in the long-
wave ultraviolet) to about 4,500 Ang-
stroms in the visible blue; it absorbed
most strongly at about 3,700 Angstroms.
On the other hand, the active spectral
region for the actinomycete extended up
to about 4,900 Angstroms in the blue,
and its peak of strongest absorption was
near 4,360 Angstroms. This difference
in spectra was surprising; it suggested
that although the photoreactivation effect
was the same in both species, the absorb-
ing substance was not the same in both
cases. The spectrum for reactivation of
the actinomycete resembled the absorp-
tion spectrum of a porphyrin, an impor-
tant type of compound found in many
enzymes and in the hemoglobin of ani-
mals and the chlorophyll of plants. The
colon bacterium’s spectrum was prob-
ably not that of a porphyrin; indeed,
it did not unmistakably resemble the
absorption spectrum of any well-known
cellular substance. Incidentally, these
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experiments showed that green, yel-
low or red light has little or no photo-
reactivating effect.

ONE of the striking characteristics of
photoreactivation is its generality.
It affects many types of organisms and
can reverse various kinds of damage. For
example, the Indiana University bacteri-
ologist Renato Dulbecco has shown that
visible light can “revive” ultraviolet in-
activated bacterial viruses (bacterio-
phage). These virus particles—they can-
not be called cells—are composed of al-
most pure nucleoprotein and multiply
only when inside a living host, the bac-
terium. Let us irradiate free virus par-
ticles (away from the host) with 2,537
Angstrom ultraviolet. Now the irradiated
virus can still attach itself to a host cell,
but it has lost its ability to multiply. It
is inactivated—or, if we wish to regard
viruses as a form of life, it is “dead.” If
it is subjected to reactivating light be-
fore it attaches itself to a host, nothing
happens: the virus remains inactivated.
But, Dulbecco showed, if irradiated virus
and a host cell to which it has attached
itself are exposed to light together,
many of the virus particles are reacti-
vated and regain their ability to multi-
ply. In other words, the virus-host com-
plex, rather than free virus alone, must
be illuminated for photoreactivation to
take effect. This suggests that perhaps
some structure of the host is necessary
for the resuscitation of the virus. Dul-
becco also found, incidentally, that vi-
ruses which are “killed” by X-rays,
rather than by ultraviolet, are not re-
activated by light.

The photoreactivation of viruses is
remarkably similar in many ways to that
of bacteria. In both cases only a certain
percentage of the irradiated organisms
can be “revived” by light, and the per-
centage decreases with the severity of
the original inactivating ultraviolet dose.
In both, recovery is favored by warmer
temperatures. Bacterial viruses even
have much the same reactivation spec-
trum as the colon bacteria they attack,
which indicates that perhaps the same
absorbing substances are involved.

The demonstration of the photoreacti-
vation of bacterial viruses raises another
very interesting question: Is this phe-
nomenon related to the type of reactiva-
tion demonstrated by S. E. Luria in his
brilliant studies at Indiana University?
He found that after bacterial viruses are
inactivated by ultraviolet, two or more
virus particles sometimes apparently
combine within the host to form one
active, normal particle. This phenome-
non has nothing to do with light; it can
proceed equally well in the dark. It has
been given a purely genetic explanation:
the new virus is believed to be formed
by combination from a pool of undam-
aged “genes” of the virus particles.

The list of types of cells that have



Ieen photoreactivated now includes va-
rious bacteria, molds, yeast, protozoa and
the sperm and eggs of the sea urchin.
One of the finest demonstrations of
the versatilitv of photoreactivation was
provided by Kimball in his experiments
with paramecia. In this animal exposure
to ultraviolet produces a wide variety of
damage: 1) a delay in division of the
cell, 2) a visible change in the cell’s
large nucleus, 3) death of some of the
cells, 4) a gene mutation, and 5) a par-
tially hereditary defect, causing delay of
cell division, which is transmitted to
progeny through the cytoplasm. Kimball
showed that every one of those effects
can be reversed or prevented, at least
jartially, by reactivating light.

i00

The ability of light to reverse such
diverse ultraviolet effects is surprising.
it suggests that there is some common
factor in all the effects which can be
influenced by visible light. Presuma-
bly this factor would be nucleic acid,
which is known to absorb ultraviolet
radiation. But it is difficult to see how
nucleic acid can be involved in all the
varying ultraviolet effects—how, for ex-
ample, a physiological effect such as
delay in cell growth can have any close

relation to the mutation of a gene. Per-
haps the nucleic-acid hypothesis is
faulty; perhaps some other compound
absorbs the damaging ultraviolet radia-
tion. But if the latter be true, how ex-
plain the unquestionable similarity of

the spectra of ultraviolet action to the
absorption spectra of nucleic acids, as
well as other indirect evidence for the
nucleic-acid hypothesis? Our own feel-
ing is that the nucleic-acid theory is cor-
rect. It cannot be discarded until better
evidence than anything we have comes
along. Perhaps the real stumbling block

is that we do not yet understand at

all well the biological role of that omni-
present and importnnt

substance—
nucleic acid.

e ————

Albert Kelner is a Special U. S.
Public Health Service Fel-
low at the Biological Labora-
tories of Harvard University.
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UNINFLATED BALLOON begins its ascent with a pay-  its ceiling altitude, it is entirely filled by the bubble

load of cosmic-ray instruments. Whentheballoonreaches of gas at the top (see photograph on opposite page).
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HEAVY ELEMENTS
FROM SPACE

By sending special balloons to great altitudes physicists

have learned that primary cosmic rays are not only the

nuclei of hydrogen but also those of more massive atoms

N the vear 1911 the Viennese physi-
I cist Victor Hess ascended high into

the atmosphere in a free balloon car-
rying an ionization chamber, a device for
detecting charged radiations. His pur-
pose was to test a theory as to the source
of certain mysterious radiations that had
been observed for some time at ground
level. Most of Hess” contemporaries be-
lieved that this radiation came from ra-
dioactive rocks in the earth. But Hess
had a different idea. He was of the opin-
ion that at least part of the radiation
came from cosmic space outside the
earth. He rose in his balloon to about
15,000 feet, recording the intensity of
radiation at various levels, and when he
returned to earth he had proved that his
idea was correct. The mysterious radia-
tion, he found, steadily increases in in-
tensity as one goes higher and higher in
the thinning atmosphere. Other balloon
flights confirmed this discovery, and
within two years physicists were con-
vinced that some very energetic and
penetrating form of radiation was com-
ing into the atmosphere from outer
space. Robert A. Millikan, one of its in-
vestigators, named the phenomenon
cosmic rays.

In a beautiful series of experiments
Millikan determined the intensity of the
ionization at various altitudes from the
bottom of the deepest lakes to the top
of the atmosphere. From this he was
able to calculate that the total energy of
the primary cosmic rays which are con-
stantly bombarding the earth is about
equal to that coming to the earth from
all the stars, excluding our sun.

Today, 40 years atter Hess  history-
making experiment, scientists are more
interested than ever in this extraterres-
trial radiation, and they are still arguing
heatedly about its nature and properties.
We know now that the primary cosmic
rays that enter the atmosphere consist
of nuclei of atoms traveling at very high
speeds. Within the atmosphere, through

by Edward P. Ney

collisions with the nuclei of atoms in the
air, this primary radiation is transformed
into showers of secondary particles and
gamma rays. These transformations are
very complex, and they have given rise to
a whole new special field of physics in

their own right. But our chief interest in
this article is in the primary rays them-
selves—the cosmic projectiles that are
being fired at the earth from somewhere
in space.

Obviously the primary cosmic rays are

INFLATED BALLOON, photographed at its ceiling altitude by the 10%-
inch telescope at the University of Minnesota, is some 100 feet in diameter.
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TRACK of heavy cosmic-ray nucleus
is shown by a photomicrograph at
point it entered photographic plate.

HEAVIER TRACK was left by same
nucleus after it had proceeded far-
ther through the special emulsion.

STILL HEAVIER TRACK was left
bynucleusfarther along. Atomic num-
ber is about 40, that of zirconium.
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not easy to investigate; to observe them
directly we must go up near the top of
the atmosphere, for once they enter the
earth’s envelope they do not survive long
in their original form. Physicists were
able to obtain some information, how-
ever, by indirect methods. By 1933 Ar-
thur H. Compton and his collaborators
had established that primary cosmic rays
consisted of charged particles. They
proved this by showing that cosmic ra-
diation is less intense at the Equator
than at the poles of the earth, which was
interpreted to mean that the magnetic
field of the earth deflects the radiation
and it must therefore have an electrical
charge. It was also possible to calculate
that some of the particles must have an
energy of at least 20 billion electron
volts, because to get through the mag-
netic field and reach the earth at the
Equator they would require that energy.
This was far beyond any energy avail-
able to man on the earth; to appreciate
what it means one must remember that
the electrons in the vacuum tubes of a
radio receiver have an energy of only
300 electron volts, those that strike the
screen in a television receiver have about
8,000 electron volts and the largest parti-
cle accelerator being planned on earth
will accelerate protons to a maximum
energy of six billion volts.

The primary cosmic rays, then, were
charged particles. Was their charge posi-
tive or negative? In 1939 the physicist
Thomas H. Johnson (now head of the
physics department at Brookhaven Na-
tional Laboratory) determined that most
of them were positively charged, for they
came into the earth mainly from west to
east, the direction in which positive par-
ticles would be deflected by the earth’s
magnetic field. Presumably the particles
were protons. But their identification
had to wait for the development of a
better method than the ionization cham-
ber for recording them and for research
balloons that could rise higher.

These advances were both accom-
plished by 1948. A cosmic-ray research
group under C. F. Powell at the Uni-
versity of Bristol in England, collaborat-
ing with Ilford, Ltd., produced photo-
graphic plates capable of reliably re-
cording the tracks of singly charged par-
ticles with speeds up to about one-third
the speed of light. Meanwhile the Gen-
eral Mills Corporation in the U. S., un-
der a contract with the Office of Naval
Research, developed light, strong plastic
balloons that could carry as much as 200
pounds of instruments to altitudes of
100,000 feet or more. At that height the
atmospheric pressure is less than one
centimeter of mercury, that is, 1/76th of
the pressure at sea level. There primary
cosmic rays can be observed almost with-
out contamination by secondary radia-
tion.

On one of the first of these balloon
flights two collaborating groups of cos-

© 1951 SCIENTIFIC AMERICAN, INC

mic-ray workers, those of the University
of Rochester and the University of Min-
nesota, made a somewhat unexpected
discovery. The instruments sent up in
the balloon recorded not only the pres-
ence of protons, or nuclei of hydrogen,
but also the tracks of considerably
heavier particles. They were tracks such
as would be made by the charged nuclei
of elements heavier than hydrogen. Cos-
mic-ray investigators were quick to ex-
plore this lead, and they soon found
evidences of a number of different nu-
clei at these high altitudes. In fact, by
now it has been shown that the primary
cosmic rays are composed not merely of
protons and a few other species but of
nuclei of all the elements up to about
atomic number 40, in about the same
relative abundances as these elements
are present in the sun and in large plan-
ets such as Jupiter. In general, the heavi-
er the element the smaller is its abun-
dance, but there are exceptions to this
rule; for example, iron is disproportion-
ately abundant.

The actual number of primary cosmic-
ray particles striking our atmosphere is
not large. At the latitude of Minnesota
about 4,000 protons, 500 to 1,000 alpha
particles (helium nuclei), 20 carbon nu-
clei and one iron nucleus pass through
each square centimeter at the top of the
atmosphere per hour. This “rain of mat-
ter” is nothing to worry about, for it
increases the mass of the earth only at
the rate of one hundredth of a millionth
of a millionth of one per cent in a billion
years.

THE most striking characteristics of
the heavy nuclei are their large ener-
gies and their dense ionization. The
density of ionization means the density
of the track produced by a particle in an
ionization chamber or photographic
emulsion. Paradoxically, high energy
and dense ionization do not as a rule go
together; in general, the more energetic
the particle, the less the ionization. The
definition of ionization makes clear why
this is so. Ionization is the result of the
interaction of a charged particle’s elec-
trical field with the electrons of the
atoms through which it passes. The ef-
fects are twofold: the charged particle
loses energy and it strips electrons from
the atoms in its path. These ionized
atoms form the track that is visible in
the cloud chamber or in the emulsion of
a photographic plate. Now obviously a
very fast particle will have less oppor-
tunity to interact with electrons, will lose
less energy and will produce less ioniza-
tion per unit of distance than a some-
what slower particle of the same charge.
On the other hand, a particle carrying
a greater charge will interact more
strongly and yield more ionization at a
given speed. The charge of any nucleus
is the same as its atomic number. In
general, the ionization produced by a



fast charged particle is approximately
proportional to the square of its charge
divided by the square of its velocity—
that is, Z2/v2.

Let us illustrate this with an example.
Suppose a proton (hydrogen nucleus)
and an iron nucleus are both traveling
at the same speed. The charge of a pro-
ton is 1; that of an iron nucleus is 26.
The squares of these numbers are 1 and
676, respectively. Therefore, the speeds
of the two particles being the same, the
iron nucleus will produce 676 times as
much ionization, and 676 times as dense
a track in a cloud chamber or photo-
graphic plate, as the proton. It is clear,
Lowever, that an iron nucleus traveling
at one speed and a proton traveling at
1/26 that speed will both show the same
ionization. How, then, are we to distin-
guish one from the other?

The answer lies in the fact that though
the ionization is the same, the penetrat-
ing power of the two particles is very
different. Because of its higher speed
and greater mass the iron nucleus will
have a much higher kinetic energy. At
a speed close to that of light the kinetic
energy of an iron nucleus is at least 50
billion electron volts, while that of a
proton traveling at 1/26 this speed is
only about one million electron volts.
As a result the iron nucleus will pene-
trate 10,000 times as great a thickness
of absorbing matter as the slow proton
will.

Many of the primary particles at the
top of the atmosphere travel essentially
at the speed of light. They are not quite
at this speed (if they were, they would
have infinite mass and energy), but so
close to it that any increase in their en-
ergy would not appreciably change their
ionization. One may ask: If the heavy
nuclei have such great energies at the
top of the atmosphere, why are they not
observed farther down? There are two
reasons. The first is that the energy of a
heavy nucleus is rapidly dissipated by its
ionization of atoms in the atmosphere.
An iron nucleus traveling at the same
speed as a proton will penetrate only
1713 as far into the atmosphere as the
proton. The other reason is that because
of their large size heavy nuclei are in
grave danger of suffering catastrophic
collisions with the nuclei of air atoms.
Such collisions have been observed in
emulsions and cloud chambers. In one
case a carbon nucleus (consisting of six
protons and six neutrons) was broken
into an alpha particle, four protons and
presumably four neutrons—the latter, be-
ing uncharged, are not detectable as
tracks. All of the observable fragments
of this carnage proceeded with high
speeds in the initial direction of the
heavy particle.

THE heavy particles that enter our
atmosphere are all bare nuclei com-
pletely stripped of their atomic electrons.

CLOUD CHAMBER photographed as it was suspended from a balloon shows
the passage of a cosmic-ray nucleus with an atomic number of about 6, that
of carbon. The nucleus has penetrated four quarter-inch lead plates.

GONDOLA of a cosmic-ray balloon contains a cloud chamber and other
apparatus. The chamber is in center; the camera that photographs it in
foreground. When aloft, the apparatus is enclosed in an aluminum sphere.
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What is the explanation? This is a key
uestion, for if we knew the answer we
would be a long way toward knowing
where the cosmic rays come from. We
have two important clues. First, the very
fact that the nuclei are stripped indicates
that they originated in some region
where there was sufficient surrounding
matter to rub off their atomic electrons
when they were accelerated and shot
into space. Second, we find that the ener-
gies of the heavy particles are roughly
proportional to their atomic numbers.
An average iron nucleus in the cosmic
rays has approximately 13 times the en-
ergy of an average alpha particle. Indi-
vidually both heavy nuclei and protons
may vary in energy from the lowest to

10,000 :
Hydrogen

the highest values, but on the average
the energy of a heavy nucleus tends to
be proportional to the number of protons
it contains, that is, its charge. This situ-
ation suggests that the nuclei gain their
energy by virtue of their charge, as par-
ticles do in a Van de Graaff accelerator
or an electromagnetic accelerator such
as a cyclotron.

Theories about the origin of cosmic
rays are even more numerous than good
experiments on them. All of them, how-
ever, can be lumped into three classes.

One school of thought argues that the
cosmic rays have been roaming in space
since the beginning of the universe. The
Belgian astrophysicist Georges Lemaitre,
who first proposed this theory, suggested
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that they may have been created with
everything else at the beginning and that
they have been slowly dying away be-
cause of collisions with planets and with
other particles in space. A strong objec-
tion to such a theory is the fact that
cosmic particles as heavy as iron still
seem to be present in space in approxi-
mately the same abundance as in the
stars. The average lifetime of an iron
nucleus before it is broken up by colli-
sion with a proton in interstellar space is
about one million years. The universe is
believed to be about two billion years
old. In that length of time, assuming they
were present from the beginning, virtu-
ally all the iron nuclei should have dis-
appeared.

The second group of theories suggests
that cosmic rays come from the sun or
from other stars. It seems very unlikely
that they originate only in stars other
than our sun, because not even the vastly
energetic exploding stars called super-
novae give off enough energy to account
for the amount of cosmic-ray energy in-
tercepted by the earth. If the cosmic
rays come from the sun, there should be
a considerable difference between the
daytime and night-time cosmic radiation
on the earth. This possibility is now be-
ing investigated by means of day and
night recordings of heavy nuclei. As yet
the results are not conclusive, but an
apparent diurnal effect has been ob-
served. It appears that the intensity of
heavy nuclei does decrease at night.

The third general view is that cosmic
rays are continually being produced by
some agency other than stars. Many
theories as to possible sources of accele-
ration of the particles in space have been
proposed. One of the most recent was
suggested last year by the physicist En-
rico Fermi. He investigated theoretically
the possibility that the particles might
be accelerated by collisions with non-
uniform magnetic fields. The type of col-
lision is assumed to be much like the
collision of relatively slow-moving bil-
liard balls (magnetic fields) with light,
fast marbles (particles). Fermi was able
to show that if very small magnetic fields
moved through space, they might indeed
accelerate protons to the required ener-
gies. Unfortunately this mechanism
would fail for heavy particles: they
would lose energy faster than they
gained it.

Whatever the heavy nuclei may even-
tually tell us about the origin of cosmic
rays, at the present time the most sig-
nificant and exciting fact is that they are
present at all. As Karl K. Darrow has re-
marked, “Millikan used to think cosmic
rays were the death-cries of the elements,
and now we find they are the elements
themselves.”

e — e ——,

Edward P. Ney is associate
professor of physics at the
University of Minnesota.
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To Make the Most
of Short Exposure Time ...

The story behind these x-ray diffraction
films may save you a lot of time and make
your work much easier. While they were all
made on Kodak Industrial X-ray Film, Type
K, and all show the same Debye-Sherrer-;
Hull pattern of lithium fluoride, the one on
the far left was given a normal exposure of
one hour, and the other two only 15 minutes.

Although all three films were processed
for 5 minutes at 68°F. in Kodak Rapid
X-ray Developer, the 15-minute exposure
under the third clip was intensified by a
recently developed technique—i7s wusable
despite the short exposure.

Since this new intensifying process results
in increased graininess, its application is
limited to qualitative work where sharpest
definition is not required. But, where its use
is indicated, you’ll find it a great time- and
trouble-saver. If you’re interested, we’ll
gladly give you detailed information on the
intensification of x-ray diffraction patterns.

Now available: For your convenience, your
Kodak X-ray Dealer now supplies Kodak
Industrial X-ray Film, Type K, and Kodak
No-Screen X-ray Film in 134”-wide unper-
forated 25’ rolls. Eastman Kodak Company,
X-ray Division, Rochester 4, N. Y.

X-RAY DIFFRACTION

.. . another important function of photography
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PROJECT: Deflecting-yoke
spool for TV picture tubes.

CUSTOMER: RCA Victor Divi-
sion, Radio Corporation of
America.

MOLDER: Shaw Insulator Co.

MATERIAL: Durez black gen-
eral-purpose phenolicplastic.

“Riding” the neck of the modern TV picture
tube is a deflecting yoke...which guides the
electron stream that is transformed into glow-
ing pictures on the screen face of the tube.

The yoke determines the uniform brightness
of the picture, its symmetry and freedom from
exaggeration and distortion. Its elements must
be supported in an exact relationship,and insu-
lated to withstand high voltage.

This is the job of the “spool” on which the
yoke is mounted. It's'molded of Durez plastic,
and is another example of the custom molder’s
know-how in meeting severerequirements with
parts that simplify assembly. Supplanting an 8-
piece unit, the 2-piece molded spool of self-
insulating Durez has contributed to the dra-
matic growth of the television industry.

Your custom-molder’s know-how, plus the
mechanical, electrical, and chemical properties
of Durez phenolics, make a hard-to-beat team
when you want the best value for your plastics
dollar. Always available is the skilled counsel
of Durez technicians, backed by more than 25
years of specialized experience.

Our monthly *'Durez Plastics News”’ will
keep you informed on industry’s uses of
Durez. Write, on office letterbhead, to Durez
Plastics & Chemicals, Inc., 805 Walck
Road, North Tonawanda, N. Y.
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PHENOLIC
RESINS  [omm

\ PROTECTIVE COATING RESINS

Phenolic Plastics that fit the job
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The Wages of Science

DOES science pay? A debate on this
subject has been going on in the
magazine Science. It was started by a
bitter letter from a German mathemati-
cian named E. Bodewig. He wrote: “If a
lawyer had to do as much work as I had
to do in reviewing the papers of von
Neumann or Reicheneder, he would de-
mand 1,000 gulden and get it. What do I
or anyone else get for this? Nothing. I
heard of a camp for German prisoners
of war in Australia. The prisoners were
allowed to work and were all paid. But
there were also teachers and professors
there who were giving valuable instruc-
tion to the other prisoners. These teach-
ers were the only ones who were not
paid. In fact, at the end of the class they
had to sweep out the classroom, since
the students didn’t do it.

“Do I have to remind you of the dis-
graceful fact that a bookseller gets 30
per cent commission, often 40 per cent,
for each book he sells, he who often can-
not read a single line of the book? While
the learned man who wrote the book gets
10 per cent? Professor X invited me to
take a position at the Mathematical Cen-
ter at Amsterdam—for 300 gulden a
month. I wrote to him that for that he
could get a plumber. The exploitation of
the scholar is one of the worst in the
world. It is the modern social problem!
Nobody bothers about it, not even the
scholars themselves. It would be a job
for the United Nations, but they don’t
do anything either. Under the circum-
stances I can only act for myself. I want
my work to be well paid, like that of a
doctor, a chemist or a lawyer. If the
world won’t do that, I shall not work any
more for the ‘Society of Mankind.” I
strike.”

This outburst provoked a wide variety
of comments from U. S. scientists. Many
agreed that scholars were exploited and
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SCIENCE AND

it was time something be done about it.
But one reader argued: “Scientific work
is a calling such as the ministry or teach-
ing, where satisfaction in the work is as
important as monetary compensation.”
A letter from an anonymous “Moneyed
Man” pointed out that scientists are more
likely than businessmen to have streets
named after them and to have their busts
exhibited in the Hall of Fame.

Science published a report by M. H.
Trytten and Theresa R. Shapiro on the
earnings of U. S. scientists. It was based
on a study of a sample of the persons
listed in the 1949 American Men of
Science, conducted by the National
Academy of Sciences and Government
agencies. It showed that the average
salary of all scientists with Ph.D.’s in
1948 was $5,720. The lowest paid were
those in schools and universities: their
average income was $4,860. Scientists in
private industry averaged $7,070, and
those in Government employment,
$6,280. The spread between incomes of
scientists in private industry and in aca-
demic life was greater at the older ages:
e.g., in the age group between 50 and
54 the average salary was $9,980 in pri-
vate industry and $5,460 in educational
institutions. At the peak of earning
power (between the ages of 45 and 65)
incomes of $10,000 or more a year are
attained by 47 per cent of the scientists
in private business but only by 4 per cent
of those in schools and universities.

The best paid group are the engineers,
the lowest paid the biologists. Biologists
in private industry, however, are better
paid than engineers in teaching. Para-
doxically, as a group those persons listed
in American Men of Science who have
only a bachelor’s degree receive a higher
average income ($6,450) than the
M.A’s or Ph.D.’s. This is due in large
part to the fact that the bachelors are
employed predominantly in private in-
dustry.

The Peronist Atom

ELDOM has the announcement of a
scientific achievement been greeted
with such a chorus of skepticism and de-
rision as was the statement by Argentine
President Juan D. Perén last month that
scientists in his country had succeeded
in obtaining the release of atomic energy
by a new method. Perén claimed that a
“controlled” thermonuclear reaction
identical with that in the sun-had been
achieved without the use of uranium
fission for the triggering temperatures,
or of tritium for the reaction itself; that
particles had been emitted in this re-
action which led to the conclusion that
“at least a part of so-called cosmic rays”
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originate in the sun, and that “we were
able to prove that the writings of most
authoritative foreign scientists show they
are enormously far from their goal” of
creating a hydrogen bomb. The Argen-
tine dictator said the first successful
tests of the Argentine reaction had been
made “on a technical scale” in a “pilot
plant” on an island in a lake on Febru-
ary 16. The head of the project was an
Austrian-born refugee physicist, Ronald
Richter.

In the U. S. the physicist Enrico Fermi
commented: “The whole claim would
seem rather strange.” Werner Heisen-
berg in Germany remarked that he did
not believe the Argentine workers had
developed anything “which U. S. scien-
tists did not know long ago.” Richter
himself soon tempered Perén’s claim
considerably. He said that the reaction
had been produced only on a laboratory
scale. He added that it had taken place
in a “furnace,” not a particle accelerator.
He would not discuss how he had created
or controlled the temperature of “mil-
lions of degrees” of which Perén had
spoken.

Some scientists thought that Richter
might have carried out on a laboratory
scale experiments which had already
been performed elsewhere but thus far
had shown no promise of any large-
scale release of energy. A leading French
physicist, Frangois Gunet-Caplin, said
that in laboratory experiments last year
he had succeeded in fusing atomic nuclei
without the use of uranium fission and
without “vast installations like those at
Los Alamos.” The French magazine
Sciences et Avenir reported last Novem-
ber a claim that the U.S.S.R. physicist
Peter Kapitza had created high enough
temperatures by electromagnetic means
to fuse deuterium nuclei.

The physicist Lloyd Motz of Columbia
University has suggested a theoretical
method for producing a thermonuclear
reaction without an explosion. He sug-
gested that the necessary temperature
and pressure might be achieved by com-
pressing deuterium gas rapidly without
loss of heat to 200,000 times atmospheric
pressure. The reaction might be con-
trolled, he thought, if it were made dis-
continuous: deuterium would be con-
verted to helium in tiny batches and al-
lowed to expand and cool before it
melted or vaporized the container.

Secret

ISTORY'’S most elaborately guarded
secret—how to make an atomic
bomb—was casually let out of the bag in
a courtroom last month. Or was it?
Government witness David Green-

DOW CORNING SILICONE NEWS
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Tall Tale

Ever hear how Paul and Babe hauled
the kinks out of Whistling River?
Had to have something to hook to, so
Paul Bunyan first freezes the river
solid with a couple half-grown bliz-
zards. Then he hitches her up to Babe
with a log chain. Gee-up and the
Mighty Blue Ox pulls till he sinks
knee-deep in solid rock. River won’t
budge so Paul grabs aholt and gives
a heave that sends the river slithering ~
out across the prairie so fast it turns
to steam.
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to Fabulous Fa.cjg

For pulling power, the successors to
Paul and Babe are diesel-electric loco-
motives hauling streamliners and mile- /|,
long freight trains across a continent, /,¥|/
up winding canyons, through 5-mile 7/
tunnels and snow filled passes. Always ' |
looking for something better, the |
company of men who first displaced
steam with diesel-electric motive
power were also the first to mass-
produce silicone (Class H) insulated
traction motors.

And there’s another fabulous fact.
This new class of electrical insulation
introduced by Dow Corning makes
motors and generators last at least 10
times as long as they ever did before.
It keeps them running 24 hours a day
in spite of overloads, heat and high
water. That means more goods and
armaments; more power per pound
of copper; more compact and reliable
electric motors for shipboard and

aircraft use.
SEND TODAY for your Reference Guide to the E
Dow Corning Silicones that improve products ™
and production methods. Address Dept. W-5
el
MIDLAND, MICHIGAN

ATLANTA ¢ CHICAGO ¢ LEVELAND ¢ DALLAS ¢ LOS ANGELES ¢ NEW YORK ¢ WASHINGTON, D. C.
TORONTO: Fiberglas Canada Ltd. LONDON: Midland Silicones Ltd. PARIS: St. Gobain, Chauny et Cirey.
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DOW CORNING

SILICONES

IF YOU WEAR GLASSES try Sight Savers and see how well silicones clean,
polish and protect eyeglasses. SIGHT SAVERS are the new, popular Dow
Corning Silicone treated tissues that KEEP YOUR GLASSES CLEANER.

10¢ at all drug and tobacco counters.
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Engrg.

and Research Programs may be
greatly abbreviated by a Philbrick
Analog Computor of the high-
speed all-electronic variety.

Dollars and days in surprising
numbers have been saved by en-
terprising engrs. who have recog-
nised the applicability of these
little machines to their develop-
ment probs.

How do we stabilize this struc-
ture or system? What is the
optimum combination of these
parameters? Why cannot this proc-
ess be accelerated without sacri-
fice in efficiency? —

Questions of this sort and many
others are answered regularly by
analog systems assembled directly
and conveniently from GAP/R
Computor Components.

High-speed operation and all-
electronic construction mean fast
oscilloscopic solutions; they mean
economy and versatility; and they
mean the ability to explore quan-
titatively the inter-relation of con-
ditions in a complex problem, and
to come out with practical answers
which might never have been ob-
tained by any other means.

For facts and prices
write, wire or phone —

(. A. Philbrick Rsrehs:

INCORPORATED

238 Congress Street |
Boston 10, Mass.”
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glass, once foreman of a machine shop
at Los Alamos, was on the stand in U. S.
District Court in the espionage trial of
Julius and Ethel Rosenberg and Morton
Sobell. Greenglass had testified that he
had delivered a description of the Naga-
saki A-bomb in 1945 to Julius Rosenberg
as a courier for the Soviet Government.
The Government prosecutor asked him
to tell what information he had given
away.

Defense attorney Emanuel Bloch
asked that “in the interests of national
security” the courtroom be cleared of all
but the court officials and the jury. Judge
Irving R. Kaufman “reluctantly” did so.
Ten minutes later the judge called the
newspaper reporters covering the trial
into his chambers. He told them that
U. S. Attorney Irving Saypol and several
officials of the Atomic Energy Commis-
sion who were present had agreed to
let them hear the testimony. The judge
asked the reporters to use discretion in
what they printed, and ordered the court
stenographer not to transcribe the testi-
mony but to read it from his notes to any
defense attorney who requested it. Spec-
tators were to be barred during the testi-
mony.

Greenglass proceeded to give what
seemed to be a detailed description of
the bomb. At its center, he said, was a
beryllium sphere emitting neutrons;
around this was a sphere of plutonium,
and this in turn was enclosed in a plastic
sphere. The detonating mechanism con-
sisted of 36 “lens molds” of explosive
arranged around the bomb. These
shaped charges were detonated to pro-
duce an “implosion” toward the center
that collapsed the plutonium sphere and
rapidly created a critical mass.

The next day newspapers published
parts of Greenglass’ testimony, and news
magazines followed up with diagrams of
the Greenglass bomb and interpretations
to clarify and fill in gaps in his testimony.
The prosecution then brought to the
stand John A. Derry, special assistant to
the director of production of the Atomic
Energy Commission. The courtroom was
again cleared of spectators, and the
judge told the newspapermen: “I do
hope you exercise the same good judg-
ment as you exercised when this informa-
tion came from the lips of the witness
Greenglass.” Derry heard the Greenglass
testimony reread, examined a sketch
made by Greenglass in 1945, and said:
“It was the bomb dropped on Nagasaki.”

“Would you say,” asked the defense
attorney, “that the Government’s exhibit
reflects a sketch of the atom bomb when
it had already been perfected?”

“Substantially,” answered Deiry.

To naive newspaper readers who have
gained the impression that the secret
of the atomic bomb is a neat little blue-
print that any mechanic could steal or
even reconstruct in his basement, this
performance must have seemed curious
indeed. What the newspapers failed to
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note was that without quantitative data
and other necessary accompanying tech-
nical information the Greenglass bomb
was not much of a secret. The principle
of “implosion” by means of a shaped
charge has often been suggested in spec-
ulation on a possible mechanism for det-
onation of the atomic bomb.

The relative unimportance of Green-
glass’ disclosure was confirmed after the
trial by the Joint Congressional Com-
mittee on Atomic Energy in a report on
Sovietatomic espionage. The Committee
said that by far the most damaging spy
was Klaus Fuchs, the German-born
British physicist who had access to and
understood all phases of the atomic bomb
program. Greenglass™ diagrams, said the
Committee, “have a theatrical quality
and at first glance may seem the most
damaging single act committed by any of
the main betrayers.” But because he was
not a scientist “the bomb sketches and
explanations that Greenglass could pre-
pare must have counted for little com-
pared with the quantitative data and
the authoritative scientific commentary
upon atomic weapons that Fuchs trans-
mitted.” There was evidence, said the
Committee, that after Soviet agents had
learned what kind of information
“Greenglass was capable of telling them,
they lost some of their interest” in him
as an informant.

Greenglass was sentenced by Judge
Kaufman to 15 years in prison, Sobell to
30 years, Julius and Ethel Rosenberg to
death—the first U. S. spies ever to receive
the death penalty.

Atomic Plants

NEW secret $45 million atomic pro-
duction plant is to be built north-
west of Denver, Col., the Atomic Energy
Commission announced last month. It
will handle radioactive material and will
have only moderate water, gas and elec-
tric requirements. “No further descrip-
tion of the nature of the operation is
permitted under security provisions of
the Atomic Energy Act,)” said the an-
nouncement. The plant will be operated
by the Dow Chemical Company.

The Commission will also build a new
Feed Materials Production Center cost-
ing some $30 million in Ohio 19 miles
northwest of Cincinnati. This plant will
refine and process uranium ore.

Channels for Education

HE Federal Communications Com-
mission rendered a decision last
month on the question of the reservation
of television channels for education.
Striking a compromise between the de-
mands of educators and the opposition
of commercial broadcasters, it assigned
10 per cent of the unused channels for
noncommercial use, instead of the 25
per cent the educators had requested.
The 209 channels granted to educa-
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have unlimited opportunity at Westinghouse
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They are proof that you can make your own
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visory posts will be filled from our engineering
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quality.

When you design an electronic de-
vice that must meet rigid performance
specifications . . . your component parts
must be “‘tops’’ in quality. For such ap-
plications, the leading electronic en-
gineers use Allen-Bradley fixed and ad-
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tion would permit a total of about 2,000
TV stations in 1,200 communities. Most
of the channels are in the ultra-high-fre-
quency range, now used only for experi-
mental purposes. To receive broadcasts
from such stations present receivers
would need special adapters. The FCC’s
decision does not mean that any new
stations will soon be built, since broad-
casting equipment is severely restricted
and there is a current FCC ban on the
opening of new stations.

The Commission specified that one
channel be reserved for education in any
locality with three or more frequencies.
Commissioner Frieda B. Hennock
thought the allocations to education were
too limited. She objected that the new
plan does not provide enough channels
for a nationwide system, nor any assur-
ance as to when the ultra-high-frequency
equipment will be available.

The New York County Medical Socie-
ty has announced plans for a three-year
series of weekly programs of mec{ical
education on commercial stations. Lead-
ing specialists will discuss such topics
as cancer, poliomyelitis and peptic
ulcers. The physicians hope that the pro-
gram will be carried on a nationwide

hookup.

Hormones from Tomatoes

HE leaves and roots of the tomato

plant may provide a cheap and
plentiful source for sex hormones, three
workers at the National Institutes of
Health have discovered. They found
that tomatidine, a substance in the plant,
can be converted into allopregnenolone,
which in turn is readily transformed by
well-known methods into either the fe-
male hormone progesterone or the male
hormone testosterone. Some investiga-
tors hope that it may also be possible to
use the plant as a source of cortisone,
which has a structure similar to-that of
pregnenolone and the sex hormones.

The World’s People

THE human race has increased by 544
million in the past 30 years and now
totals 2,378 million, United Nations stat-
isticians report. At this rate of growth,
nearly one per cent a year, the present
world population would be doubled in
less than a century.

The fastest-growing part of the world
is Latin America, with an annual rate of
increase of about 2 per cent. As of June,
1949, there were 321 million people in
the Americas, 593 million in Europe,
1,254 million in Asia, 198 million in
Africa and 12 million in Oceania.

Population density is greatest in Asia,
with an over-all average of 47 persons
per square kilometer. The range in Asiat-
ic countries is from 223 per square kilo-
meter in Japan to 12 in the Near East.
Europe’s average density is 22 per
square kilometer; the Americas’, 8 per

© 1951 SCIENTIFIC AMERICAN, INC

square kilometer. Africa and Oceania,
with relatively large areas of uninhabited
desert, have seven persons and one per-
son per square kilometer respectively.

Blood-Vessel Bank

NEW YORK Hospital has established
the world’s first blood-vessel bank.
Sections of living blood vessel are being
used more and more as grafts to replace
diseased veins and arteries, particularly
in operations on tumors, but the avail-
able supply is very limited, since the
transplant must be obtained from the
corpse of a young person with healthy
blood vessels immediately after death.
The New York Hospital’s bank will be
supplied from all hospitals in the city
and will assure a ready supply on which
any surgeon in the city can draw.

Awards

HE first award of the $15,000 Albert

Einstein prize for achievement in
the natural sciences, probably the largest
scientific prize in the U. S., has been
made to Julian Schwinger of Harvard
University and Kurt Goedel of the Insti-
tute for Advanced Study. Schwinger was
recognized for his theoretical work on
the interactions between light and mat-
ter and Goedel for a revolutionary proof
in mathematical logic. They divided the
prize equally. It was established in Ein-
stein’s honor by Lewis L. Strauss, banker
and former member of the Atomic En-
ergy Commission. The award committee
consisted of Einstein, J. Robert Oppen-
heimer, John von Neumann and Her-
mann Weyl, all of the Institute for Ad-
vanced Study. Einstein presented the
awards at a luncheon celebrating his
72nd birthday. The prize will be award-
ed every three years.

Also announced last month were the
annual Stalin Prize awards to Soviet sci-
entists. Eighty-two awards, including
eight 200,000-ruble first prizes, were
made in a wide variety of fields. The
winners in physics were Dmitri Skobelt-
syn, Nikolai Dobrotin and Georgi Zat-
sepin, for study of “electronic-nuclear
showers and the nuclear-cascade process
in cosmic rays,” and a group led by
Leonid Brekhovskikh, for work on acous-
tics. Skobeltsyn is a member of the So-
viet delegation to the UN Atomic Ener-

y Commission. The Moscow Literary
Gazette said his work had brought “close
to a successful solution” the problem of
nuclear binding forces.

There were other first prizes for work
on the geochemistry of rare elements,
in organic chemistry, on a Marine Atlas,
on fresh-water fish, on “diatomic analy-
sis” and on activity of the higher nervous
system. Among the many secondary
prizes were awards for studies of low-
temperature physics and the enrichment
of helium with light isotopes, a quantum
theory of the heat capacity of higher
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PUBLISHED IN THE INTEREST OF FURTHERING ANALYSIS AND RESEARCH THROUGH MODERN OPTICAL INSTRUMENTATION

FINGERPRINTING

A MOLECULE

Today, by means of light, the invisible atoms
of complex organic compounds can be mapped
with the same accuracy as distant giant stars.
Infrared spectrometers,developed commercially
by Perkin-Elmer, permanently record the “fin-
gerprint” of any organic compound. From this
fingerprint its structure can be deduced.

These instruments project invisible infrared
radiation through a tiny chemical sample. Mi-
nute variations in the radiation intensity are de-
tected, amplified and graphically recorded —
constituting the permanent unique fingerprint
of that compound. Any organic compound can
be identified and analyzed from its spectrometer
record.

Infrared has proved to be an ideal tool for
industrial research and process control. It has
been an important factor in the development
and production, among other things, of penicil-
lin, cold rubber and synthetics of all kinds.

a
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Do you and your research staff
know about The Perkin-Elmer
Instrument News? This 8-page
quarterly is devoted exclusively
to the latest news and technical
developments of electro-optical
instruments. We will be glad to
place any of your staff on our
mailing list.

PROBING 30,000 LIGHT YEARS OF SPACE

This Baker-Schmidt telescope was specially designed to ex-
plore photographically the 30,000 light years of space between
Earth and the center of the Milky Way. Called “a marvel of
optical precision]” the new telescope is in South Africa with
Harvard’s “Hub of The Universe” Expedition.

Schmidt telescopes combine the penetrating power of re-
flectors with the wide coverage of refractors. The Baker mod-
ification “sees” three times farther than present similar
instruments. In only 20 minutes, it photographs stars 100,000
times fainter than the dimmest glimmer visible to the naked eye.

The optics and mechanical components of this super tele-
scope were designed and executed by Perkin-Elmer.

MEDICALLY SPEAKING

In shock, heat prostration, post-operative care, salt-free diets, physi-
cians must know the salt content of the patient’s blood. Formerly
such analyses for sodium and potassium levels would take many hours
of laborious laboratory routine, delaying vital therapy.

Today the flame photometer, first developed commercially by
Perkin-Elmer, enables unskilled personnel to determine within a few
minutes, the salt content of body fluids with an accuracy of 1 or 2%
Flame photometry is based on the same principle as the classical flame
test for sodium, familiar to every high school chemistry student.
Results equal or better the accuracies of slower, more tedious class-
ical methods.

Soil, food, cement, water—any dissolved substances—as well as body
fluids, can be analyzed for sodium and potassium by this method.
Lives which might otherwise have been lost are today saved—thanks
to Better Eyes For Research.

THE PERKIN-ELMER CORPORATION wv
NORWALK, CONNECTICUT

Leading manufacturers of Infrared Spectrometers, Continuous Infrared Analyzer, Uni-
versal Monochromator, Flame Photometer, Tiselius Electrophoresis Apparatus, D. C.
Amplifiers, and other electro-optical instruments for analysis and research.
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Choose an
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AO Spencer No. N35MH
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not always be immedi-
ate.

Ame

BUILT-IN ILLUMINATOR,
optional equip-
ment, tilts with
microscope, fur-

nishes permanent-

ly adjusted full-v‘

field illumination, ¥

AUTOFOCUS facilitates study of slides
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touch.

PINCH-GRIP,

built-on mechani-

AMERICOTE OPTICS
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solids, mathematics, aerodynamics, hy-
drochemistry, “the theory of the auto-
mobile” and applications of the Michu-
rin-Lysenko theory of heredity.

Diagnosis by Sonar

A new apparatus being developed at
the Massachusetts Institute of Tech-
nology may make it possible to locate
brain tumors without opening the skull.
The device painlessly sends a pencil-
sized scanning beam of ultrasonic waves
of 2.5 million cycles per second through
the patient’s head, which is covered with
a rubber hood and immersed in water.
A sensitive receptor records the trans-
mitted radiation on a shadowgraph. This
graph shows the pattern of the liquid-
filled ventricular cavities in the brain,
since they absorb less ultrasound than
the surrounding tissue. If a tumor that
distorts the ventricles is present, it pro-
duces an abnormal shadowgraph.

The American Cancer Society, an-
nouncing the project, said the M.ILT.
experimenters had built a preliminary
model and hoped to obtain clear enough
shadowgraphs to determine both the
location and the nature of a tumor. A
team of six scientists is collaborating on
the device.

Bags Under the Eyes

« HAT is the cause of ‘bags under
the eyes,” which often occur in
patients with no kidney trouble or other
known cause of the unsightly condition?”
This distressful query was received
recently by the Journal of the American
Medical Association from a Los Angeles
physician. The Journal editors referred
the question to four authorities. The four
authorities, whose names were not dis-
closed, gave four different opinions:

The first contended that the lower
eyelids are normally so loose that “even
slight changes in muscle tone or elastic-
ity of the skin” can cause bags.

The second listed hypothyroidism,
cardiorenal disease, the aging process
and five kinds of allergy as possible
causes.

The third declared that baggy eyes
“is not necessarily an indication of de-
bauchery and dissipation,” though it
often accompanies cirrhosis of the liver.
“No one knows the exact cause of this
condition,” he said, but it sometimes
runs in families.

The fourth observed that “the ‘bags
under eyes’ often seen in elderly persons
apparently have not been the subject of
a special study, nor has the condition
even been given a specific name. The
size of the bags may vary at different
periods of the year or times of day, sug-
gesting that the patient’s general condi-
tion is at times an important factor. It is
possible, however, that some occult
nephropathies [kidney disorders] are re-
sponsible for the bags.”



WOV FQ@V for the B-36

In Arctic regions where temperatures often hit
65 degrees below zero, airplanes “freeze up” when
engines stop turning over.

To heat up engines and cabins, de-ice wings, con-
trol surfaces, landing gear and to free hydraulic
lines, AiResearch engineers have designed and built
a portable gas turbine powered ground heater—
another AiResearch first.

The result of a rush development-production order
placed by the Air Force several months ago, the
new heater will produce clean 280° air from six dif-
ferent outlets on a —65° day, or 4,000,000 BTU per
hour. This is more heat than could be produced from
100 large floor furnaces. It is designed to warm up

e AiResearch — Specialists in the design and manufacture of
equipment involving the use of high-speed wheels —is a leader
in the following major categories:

a multi-engine B-36 bomber within 15 minutes in
sub zero Arctic weather. It will be used to heat
living quarters and all types of mechanical ground
equipment.

The compact, lightweight AiResearch gas turbine
which powers the ground heater is completely self-
contained. Developed as a source of pneumatic power
for aircraft, its use in the ground heater is an example
of its versatility. It is also being used to start jet
and turboprop engines, for operating aircraft acces-
sories and for ground air conditioning. It is ideally
suited for any condition where self-contained port-
able power can be used to advantage.

BN  AiResearch

WIVIAAN DE

THE GARRETT CORPORATION

Air Turbine Refrigeration e Cabin Superchargers e Gas Turbines « Pneumatic Power Units « Electronic Temperature Controls
Heat Transfer Equipment « Electric Actuators e Cabin Pressure Controls

AiResearch Manufacturing Company, Dept. K-5, Los Angeles 45, California

© 1951 SCIENTIFIC AMERICAN, INC



This car replaced 615

“Bottles”. .. because

a chemical manufacturer asked WHY 7"

In 1927 a chemical manufacturer asked
us, “Why must some chemicals be
handled in small drums or carboys . . .
can’t tank cars be built of aluminum?”’
From research, we knew we had al-
loys compatible with many chemicals,
and our knowledge suggested welding as
the fabrication method. But railroad
standards and railroad usage dictated
months, perhaps years of careful testing.
We decided to design and pay for the
first aluminum tank car ourselves.
Ourengineers designed an 8,000 gallon
tank, welded together from 16 aluminum
plates. Working with a leading tank car
builder, we advised on alloy selection,
welding technique and structural fabri-
cation . . . from lessons learned in other
Alcoa developments. Completed in
1928, the car was tested in 20,000 miles
of service hauling glacial acetic acid, a

there are no limitations

typically tricky cargo. The car weathered
3,500 recorded shocks—9C0 severe ones.
That aluminum car is still in service today !

Tank car builders, working with Alcoa
engineers, continued to improve tank
cars. Together we developed riveted and
welded designs that are now standard.
Rolled huge plates, made rivets large
enough to join them. Improved welding
techniques, structural assembly, alloys.
Most recent: a new high-strength, high-
purity alloy, permitting thinner sections,
savinggreatlyin materialand fabrication.

Over 1,300 aluminum tank cars now
carry the fussy compounds that used
to travel in small containers . . . be-
cause a chemical manufacturer asked,
“Why?” Perhaps such a long-range
development program, started now,
can effect a major change in your com-
pany’s competitive position.
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IN MANY FIELDS

Aircraft
Architectural Specialties

Avutomotive
Passenger Cars
Trucks and Trailers
Buses
Parts and Accessories

Bearings
Building Industry
Business Machines
Chemical Equipment
Communications
Corrosion Studies
Diesel Engines
Electrical Conductors
Electrical Equipment
Farm Machinery
Food Equipment
Handling, Packaging
and Shipping
Hardware
Heat Exchangers
Home Appliances
Instrumentation
Insulation
Marine Industry
Mining Equipment
Paper Machinery
Petroleum
Pressure Vessels
Printing Machinery
Railroad Equipment
Structural Engineering
Textile Machinery

Among these specialists at the
Development Division are men
already familiar with the prob-
lems of yourindustry. They are
your liaison with the Alcoa
research, test and fabricating
facilities that can be put
to work on your problem.
Through them the sum total
of Alcoa’s knowledge will be
brought to bear. Knowledge
of practical problems of fabri-
cation and costs, gained in
thousands of other projects,
will flow toward yours.




long-range projects we have these to offer:

ADVANCED /245 EQUIPMENT

plying alternating tensile and compressive forces to
t your product’s fatigue strength provides practical
>wledge that can never be computed. Thorough testing
Alcoa’s extensive equipment will duplicate years of
‘mal operating conditions.

°)
B =
FACILITIES FOR BROAD Redm

The Aluminum Research Laboratories’ experimental mill
rolls new alloys into sheet preparatory to physical testing.
Basic data on all aluminum alloys is being constantly
assembled with the help of facilities ranging from X-ray
diffraction to spectographic analysis.

FOR PILOT AND MODEL WORK

Shielded arc welding, one of Alcoa’s continually developing
projects, is typical of the techniques we use to develop—if
you wish it—a pilot model of your product. Sixty-
three years’ knowledge of casting, forming, heat-treating,
machining and finishing are at your disposal.

For more details on the personnel, research and testing, and
shop facilities available at Alcoa, write for your copy of
the folder, ““Road Map to a Better Product.” It is your first
step toward putting 63 years of aluminum knowledge to
work on a long-term project that may effect a major change
in your company’s competitive position. Address ALUMINUM
COMPANY OF AMERICA, 2182E Gulf Bldg., Pittsburgh 19, Pa.
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What GENERAL ELECTRIC People Are Saying

H. A. WINNE
Vice President

ENGINEERING STUDENTS: I am much
concerned by what seems to be the
too general attitude of the young
men on our college campuses today.
. « . It seems to be a state of mind
almost bordering on panic. Often
it is an attitude of ““what’s the use;
I’ll soon be in the army.” Again it
is a feeling of rebellion, or of self-
pity, because of the uncertainty of
the future. Certainly the future is
uncertain—and, may I add, as al-
ways.

My advice, speaking very bluntly,
is: quit worrying and put your effort
into the job immediately ahead of
you, which is to get just as much
education as you can. . . .

There is a great need for engineers
in industry, particularly in indus-
tries which produce defense equip-
ment, and the list of industries so
producing is growing at an astound-
ingrate. . . .

Every year our military—as well
as our civilian—materiel becomes
more complex technically, requiring
more scientific and engineering man-
hours to develop, build, operate, and
service it. I am not aware that any
attempt has ever been made to es-
timate the amount of engineering
required on the munitions and ma-
teriel needed, on the average, for
each military man actually in the
field. I would be willing to bet that
the ratio of such a figure for World
War II to the corresponding figure
for World War I would be in the
hundreds, and I should not be sur-
prised if it were now in the thou-
sands, and it is still going up. . ..

Industry and our military forces
need more and more engineers, but
the prospect seems to be that we
shall have less and less, and this is
most unfortunate. In fact. the im-
mediate and prospective shortage

constitutes a serious threat to our
national strength.

A survey recently made by Dean
S. C. Hollister of Cornell reveals
some disturbing figures. A simple
straight-line extension of the prewar
demand for engineers indicates a
need for at least 20,000 technical
graduates annually, and this makes
no allowance for the requirements of
the armed forces. Yet, based on the
number of engineering freshmen
entering in 1950, we can expect only
12,000 to 15,000 graduates in 1954.

We in industry are plagued on
all sides by material shortages. We
are restricted in our use of copper,
cobalt, nickel, zinc, rubber, alu-
minum, and many other materials
which we need to produce the articles
our civilian population wants. But
our most critical shortage of all may
well prove to be that of engineers
and scientists. . . .

Think of our airplanes, our tanks,
our guided missiles, our atomic
bombs, our naval vessels, our radar.
And not only are engineers needed
to develop, design, and produce
these devices, but the tools and
factories which make them must
also be engineered. And then the
use and servicing of such compli-
cated equipment calls for more
engineers in our military forces. . . .

Your country badly needs young
men with engineering or other tech-
nical training. Most of you young
men here tonight have the oppor-
tunity to get such training right
here at Princeton. I urge you most
earnestly to take full advantage of
that opportunity, for the good of
your country. I wish I could make

the same plea to capable young men
in the other good engineering and
scientific schools. . . .

I know that. . . you do not want
to be slackers. Has the thought oc-
curred to you that, if you have the
ability and the opportunity to pur-
sue your engineering education, you
may well contribute more to your
country by doing that than by
dropping out of college and going
into military service? Remember
that engineering is a profession, and
that a real professional man’s whole
career is one of service, service in
the highest sense. . . .

Bills now before the Congress on
the matter of military service for
our young men give recognition to
the importance of maintaining a
flow of men through our scientific,
engineering, and medical educa-
tional institutions and into industry,
as well as military forces. In World
War II we paid little attention to
this most important matter, whereas
almost all other countries did im-
plement such a program. Perhaps
we were lucky that the war did not
last longer, for then the shortage of
engineers in our reconversion effort
would have been much more acute.

Now we face the possibility of a
long, long period of heavily armed
preparedness, and we dare not stop
the flow of engineers and scientists
into our economy, even for a year
or two. You are a part of that
stream. You can help to keep the
stream flowing. I hope you will do
your part.

Princeton University

March 1, 1951
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VIRUSES

The very small microorganisms that grow only in cells

are studied not only for the treatment

of the infections they cause but also

cold—probably the three infectious
diseases of most interest to the aver-
age person—are all caused by viruses.
So are smallpox and yellow fever, most
of the “childhood diseases” and a host of
rarer maladies. Since the days of Jenner
and Pasteur the virus plagues have been
studied from every angle that might help
toward their understanding and control.
It is natural that most of the research in
this field should have a strongly medical
bias. In dealing with disease, as in every
important human problem, it is of more
immediate value to find some effective
answer than to have a clear understand-
ing of the nature of the problem. The
history of yellow-fever research provides
a good example. Walter Reed’s famous
experiments in 1900, which proved on
the bodies of U. S. Army volunteers that
yellow fever was carried by a certain
species of mosquito, provided all that
was necessary for the control of yellow
fever in the West Indies. But the nature
of the microbe carried by the mosquito
was not discovered until 1928. For a
time the culprit was thought to be a
bacterium. Then for five or six years,
on the authority of the great Japanese-
American bacteriologist Hideyo No-
guchi, the germ was very widely
accepted to be a species of Leptospira,
a coil-shaped microorganism in the gen-
eral class that includes the spirochetes.
Finally, as a result of work in West
Africa by a Rockefeller Foundation
team, it was conclusively proved that
yellow fever was due to a virus. Noguchi
himself confirmed this finding—and died
of yellow fever contracted in the labora-
tory before his work was completed.
There are similar stories of pragmatic
research, with varying failure or success,
to be told about all the major virus
diseases. But along with this work on
prevention and treatment there has been
developing in recent years an increasing
attention to the fundamental nature of
virus infection. There are two excellent

POLIO, influenza and the common

by F. M. Burnet

justifications for fundamental research.
It is the only attack that is likely to
open up unexpected new approaches to
the practical problems, and it satisfies
that almost mystic desire to do some-
thing toward seeing the universe “all
of one piece.” Also, for a variety of rea-
sons which someone might find it inter-
esting to analyze, most scientists worth
their salt seem to get more straightfor-
ward fun out of basic research than out
of anything else.

Quite apart from the problems of hu-
man and animal disease, the viruses
themselves—their nature, their interac-
tion with the cells they infect, their place
in the evolutionary scheme—provide
topics of the highest interest. This article
is an attempt to give an account of
modern experiments and ideas that bear
on these matters. It will be based to a
considerable extent on the investigations
of influenza virus that have gone on in
England, America and Australia during
the last 17 or 18 years. The influenza
viruses are my own chief field of interest,
and they are also the field in which
fundamental study of animal viruses—as
opposed to the viruses that attack plants
or bacteria—is furthest advanced.

The Nature of the Beast

A virus can be defined as a micro-
organism, considerably smaller than
most bacteria, which is capable of multi-
plication only within the living cells of
a susceptible host. This definition imme-
diately indicates the important feature
that distinguishes the virologist’s prob-
lem from that of the classical bacteriol-
ogist. A bacterium, say the diphtheria
bacillus, can be grown on relatively sim-
ple mixtures of sterilized nutrients—the
tubes of broth and the plates of nutrient
agar that are the bacteriologist’s tools of
trade. For viruses nothing less than the
living cell will serve. An influenza virus
can be grown in the nasal passages of a
ferret, in the lung of a mouse, in the
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tissues of a developing chick embryo or
in a culture of embryonic cells in a flask,
but it will not grow in any nonliving
material.

There are two general prerequisites
for experimental laboratory work with
a man-infecting virus. First, the experi-
menter must find some convenient ani-
mal whose cells can be infected by the
virus. If chick embryos or mice, which
are cheap and available in virtually un-
limited number, will serve, so much the
better. Second, the experimental host
must show some sign or symptom that
will allow the experimenter to know
when it is infected.

Any good experimental work must be
quantitative. In most experiments with
viruses the questions we ask usually take
the form of an inquiry as to how much
virus is present after such and such a
manipulation. Suppose we are working
with influenza virus in mice and wish
to know how much virus is present in an
extract from the lung of a mouse that
has just died of the disease. Our method
of measuring this depends on the amount
of consolidation (solidification) of the
lungs produced by various doses. If we
put a large dose of the virus into the
nose of a mouse, it will die in a few days
with the entire surface of its lungs con-
solidated. Smaller doses will produce
consolidation of only a portion of its
lungs. We can adopt a convention that
one unit of virus is the amount which
on the average produces consolidation
over 50 per cent of the visible surface
of the lungs. To measure the strength of
our extract from the lungs of the fatally
stricken mouse, then, we dilute the ex-
tract in varying degrees, so that we have
samples diluted to one part in 10, one
in 100, and so on. Each of these samples
is inoculated into the noses of six mice
four to five weeks old. A record is kept
of deaths in each group and of the aspect
of the lungs when the surviving mice
are killed seven days after inoculation.
If we find that 50 per cent consolidation
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occurs, on the average, in mice given
a 1-t0-10,000 dilution of the extract,
while other doses produce more or less
consolidation, the original extract is
reckoned to have a strength (titer) of
10,000 units of virus. This principle of
diluting something down in a series of
steps until it produces a certain standard
degree of action is very cumbersome in
practice and not very accurate. Further-
more, when the titer has to be measured
by its effects on monkeys, as in polio-
myelitis research, or on human volun-
teers, as in the study of colds, the process
becomes enormously expensive. But so
far no more convenient method of meas-
urement has been found, and for most
viruses the dilution technique will prob-
ably remain the standard quantitative
procedure.

The fact that research on influenza
virus is much further advanced than re-
search on poliomyelitis is very largely
due to the greater facility of measure-
ment. The action of influenza virus can
be measured not only in the mouse and
the chick embryo but also in the test
tube. When the virus is mixed with a
suspension of red blood cells in saline,
it causes the cells to clump in easily
visible fashion. George K. Hirst, then of
the Rockefeller Institute for Medical Re-
search (he is now at the Public Health
Research Institute of New York City),
discovered this agglutination phenom-
enon in 1941 through a lucky acci-
dent. He was examining chick embryos
that had been infected by injection of
virus into the fluid-containing cavities
that surround the embryo. The fluid in
these sacs was known to be very rich in
virus. During such an examination some
infected fluid, mixed with a little blood,
usually spills over into the dish. Hirst
noticed that the blood cells in the spilled
mixture collected into coarse clumps. It
is the mark of a first-class investigator to
see the implications of an unexpected
occurrence. Hirst immediately grasped
the potential importance of his observa-
tion. If the virus, or something associated
with it, could produce this easily visible
effect in the test tube, here was a direct
means for recognizing the virus’ pres-
ence and measuring its amount. It was a
relatively simple task to devise an ap-
propriate test along these lines. In the
course of this work it was established
that the virus itself produced the effect
on the red cells. Since then various ap-
plications of the agglutination technicue
have made it possible to analyze the
qualities by which one type of virus dif-
fers from another.

How It Attacks the Cell

The very fact that the influenza virus
agglutinates blood cells has provided the
most important of all leads to an under-
standing of how the virus makes effec-
tive contact with the cell it is going to
infect. Red blood cells themselves are
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not susceptible to penetration and infec-
tion by influenza or any other virus. But
the surface of the red cell seems to have
essentially the same complex mosaic of
chemical components as any other cell
from the same species of animal. There
is much direct evidence that the action
of an influenza virus on the surface of
red cells corresponds closely to its action
on the susceptible cells that line the air
passages of a ferret or a mouse. Experi-
ments with red cells may therefore pro-
vide a convenient model of what hap-
pens in the more important but less
accessible tissues of the lungs and bron-
chial tubes.

From large numbers of experiments in
many laboratories we have a fairly clear
picture of the process by which an influ-
enza virus initiates infection of a cell.
The virus seems to approach the cell
surface through a reaction closely re-
sembling that between an enzyme and
the substance it acts upon. The virus
particle has on its surface a number of
patches which function as enzymes.
These enzyme patches attach themselves
to and break down certain molecules of
a complex carbohydrate that are built
into the surface of the cell. The virus
can then sink into the substance of the
cell and there begin to multiply.

The points on the cell surface to which
the virus attaches are spoken of as re-
ceptors, and the complex carbohydrate
of which they are composed belongs to
the class called mucins or mucopolysac-
charides. These are sticky substances
like those responsible for the stickiness
of egg white and saliva or for the slime
track of a snail. The receptor mucin is
closely related to the mucins that form
a protective film over all the moist air
and food passages, provide the chemical
basis for the blood groups A, B and O
and serve as one of the most important
of the sex hormones, gonadotrophin. In-
fluenza virus acting as an enzyme, it has
been found, will rapidly destroy the ac-
tivity of the hormone responsible for the
sexual development of the immature fe-
male rat or mouse—here surely is a most
unexpected crossing of paths between
two distinct fields of biology.

In the course of work in my laboratory
in Melbourne we found that the organ-
ism responsible for cholera produces an
enzyme of the same type as the influ-
enza virus enzyme. This enzyme is not
part of the cholera germ but is set free
in soluble form and can be concen-
trated and purified by chemical meth-
ods. We call it RDE (receptor-de-
stroying enzyme). The isolation of this
substance provided an opportunity for a
very interesting experiment. If RDE de-
stroys the cell receptors, and if influenza
virus can enter cells only through such
receptors, then an injection of RDE
should make an animal immune to influ-
enza. Joyce Stone of our laboratory per-
formed the experiment both on mice and
on chick embryos and found that this
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INFLUENZA VIRUSES are made

visible as small white spheres by an

was indeed the case. The immunity is
very short-lasting, however, for the cells
regenerate fresh receptors within two or
three days.

So far this mechanism of cell entry by
viruses has been definitely established
only for viruses of the influenza group.
But within the last year somewhat simi-
lar observations have been made on two
groups of viruses closely resembling, but
not identical with, the poliomyelitis
viruses; mice have been protected
against infection by one of these types of
virus by prior treatment with RDE. It
is too early to say whether developments
in this field will have any significant in-
fluence on the prevention or treatment
of virus diseases of man. There is noth-
ing of the sort immediately in sight, and
for the time being research of this kind
must look for its justification more in the
interest of the problem itself than in the
promise of medical or economic benefit
from its solution. But the work done so



electron micrograph. The rod-shaped particle at top cen-
ter is a filamentous form of the virus. This micrograph,

far suggests that the chemistry of cell
entry by viruses may eventually become
of great importance to workers in virus
diseases.

Changes in the Breed

When a virologist undertakes an in-
vestigation of a human disease, his first
concern is to find some laboratory host
for the virus. His next is usually to “hot
up” the virus for the new host so that it
will regularly produce whatever symp-
tom or lesion is being used as an index
for the presence of the virus. Only rarely
does fresh virus from a human patient
multiply easily in the laboratory animal.
Ordinarily it must be adapted to the ani-
mal by a series of transfers, or “pas-
sages,” from one individual to another
in the new host. It follows, therefore,
that what the virologist works with is
strictly speaking not the human virus he
started with but a variant—a laboratory-

adapted variant. Sometimes the differ-
ence may be very striking indeed. The
stock influenza viruses of the laboratory
are studied mainly by observing their
capacity to produce pneumonia in mice
or to agglutinate red blood cells in chick
embryos. Influenza virus A as it comes
from the human throat is quite incapa-
ble of doing either of these things. Simi-
larly the virus used for vaccination
against yellow fever, though a live, lineal
descendant of a fatal virus taken from a
patient who died, produces no illness at
all, because it has been changed into a
harmless strain by passage through chick
embryos.

The capacity of viruses to change their
character in nature or in the laboratory
is obviously of the greatest practical im-
portance. It is accomplished by the proc-
esses of mutation and selective survival.
The human influenza virus becomes
capable of growing freely in the chick
embryo not because it has gradually
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which enlarges virus particles 47,000 times, was made by
R. W. G. Wyckoff of the National Institutes of Health.

learned how to do so but because ran-
dom mutations have provided virus var-
iants from which those most capable of
surviving and multiplying in the chick
embryo have been selected. Laboratory
experiments have definitely proved that
this is the case, not only for influenza
viruses but also for bacteriophages (vi-
ruses that attack bacteria). There is
much evidence, too, that influenza virus
mutations occur in nature and play an
important part in determining the tim-
ing and extent of epidemics of influenza.
For some reason the influenza viruses
appear to be especially mutable. This
can be positively embarrassing at times.
A standard influenza virus is sent to two
laboratories which maintain it in slightly
different fashions. At the end of 10 or
15 years the descendant viruses in the
two laboratories may differ very consid-
erably, and these differences can create
confusion or even ill-feeling when inves-
tigators, thinking they are working with
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COLONIES OF VIRUS grow as small white “plaques” on a membrane of
the chick embryo. The virus is vaccinia, the close relative of the smallpox
virus that infects cattle and is used to vaccinate humans against smallpox.

MOUSE LUNGS are a means of measuring the amount of influenza virus
in a given extract. At left is a normal mouse lung; at right, an infected
lung. Darker, or consolidated, areas are a measure of the amount of virus.
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the same virus, obtain discrepant results.

Most present-day biologists would
agree that the most fundamental aspects
of living processes are all related in one
way or another to the problems of repro-
duction and variation—the subject mat-
ter of genetics. If we are to get to grips
with the real nature of viruses, it will be
necessary to have a genetic approach
here, too. The necessary beginning is to
obtain a wide range of mutants with each
variant as pure as possible, i.e., at least
99.9 per cent of its population uniform.
This is relatively easy to do in the case
of influenza virus, which produces spon-
taneous mutations so readily that there
is no difficulty in obtaining most of the
mutants one desires. For other viruses
the artificial acceleration of mutation by
radiation or chemical treatment may be-
come important, not only as an aid to
research but also to produce variants
that can be used for immunization
against the diseases caused by these
viruses.

The Virus in the Cell

Until recently it was a convenience to
believe that viruses lived and reproduced
very much like small bacteria; that is,
that they multiplied by the same process
of enlargement and division and differed
from bacteria merely in the fact that they
required a more complex nutrition,
which only the interior of the living cell
could provide. Today it seems that this
is almost certainly incorrect. The virus
actually multiplying in the cell is some-
thing quite digerent from the virus that
passes as the infectious agent from cell
to cell or from person to person. We do
not yet understand the process that takes
place inside the cell; when understand-
ing comes, it may throw a flood of light
on some of the most important aspects
of fundamental biology.

This idea that a virus within the cell
is distinct from the infectious particle
whose picture is given by the electron
microscope came first from studies of
the viruses that attack bacteria—the bac-
terial viruses, or bacteriophages. Like
the viruses that cause disease in man or
animals, the bacterial viruses are incapa-
ble of multiplication except within the
cells they infect. The virus particle first
makes a chemical union with some com-
ponent of the bacterium’s surface and
then by some process penetrates the cell
wall and finds itself within the cell sub-
stance. After it has made this entry, the
virus vanishes for a time; we can find no
sign of its presence by any test. What
happens can only be judged by indirect
evidence. We observe, for instance, that
when viruses are damaged beforehand
by treatment with ultraviolet light, they
can somehow combine their materials in
the bacterium to produce whole off-
spring. Moreover, when two different
viruses are made to infect the same bac-



terium, they yield a mixed inheritance,
including forms that can only be inter-
preted as hybrids. From these evidences
we conclude that the virus on entering
the cell liberates or breaks up into a
number of subunits, which are sufficient-
ly analogous to the bearers of genetic
characters in higher organisms to be
called genes. Each gene multiplies more
or less independently until a large “pool”
of genes is created at the expense of the
bacterial substance. Then from the pool
groups of genes begin to aggregate in
such a way that each group contains all
the genetic components needed for the
construction of the virus particle. Once
formed, the group becomes a center of
organization that draws to itself the ma-
terial needed to complete the formation
of a virus particle of the new generation.
As new virus accumulates, the bacterium
wastes and weakens until there is a sud-
den collapse of its structure, with libera-
tion of 100 or more new virus particles.

The fact that this mechanism provides
a means of combining the properties of
two different viruses is a point of par-
ticular interest. The genes contributed
to the pool by both parents are re-sorted
and may appear in various combinations
in the groups of offspring. Actually not
only two but three or even more differ-
ent viruses entering a bacterium may
combine some of their hereditary char-
acteristics in a single virus particle
among their progeny! Hybridization is
hardly an adequate term for such a proc-
ess.

There are as yet no studies on animal
viruses to match this work on the bac-
teriophages. Influenza virus, however,
has been extensively studied along simi-
lar lines, and it is extremely likely that
the eventual interpretation of its process
of multiplication will be almost identical
with that of the bacterial viruses. It has
been found, for instance, that when an
influenza virus is grown in one of the
cavities of the chick embryo, the virus
particles become attached to the cells
within an hour; then they disappear un-
til a fresh generation of descendant par-
ticles is liberated from the cells between
five and eight hours after infection.

In the case of influenza virus, treat-
ment of the particles with ultraviolet
light can interfere with the multiplica-
tion of living virus in the embryo. It
seems that this “killed” virus—killed at
least in the sense that it never multiplies
in susceptible cells—can often enter a
cell and in some way block a component
of the cell that is necessary for the repro-
duction of active virus. This interference
effect also occurs when two living viruses
infect a cell, if proper experimental
methods are used. It plays an important
part in the experiments which we shall
now have to discuss. These provide more
definite evidence as to how influenza
viruses multiply.

In experimental biology one can often

learn more about the working of an or-
ganism by observing its behavior in some
alien environment than by watching it
in its normal place in nature. We have
obtained our most interesting results by
injecting influenza virus into the mouse
brain, which is even farther than the
chick embryo from the virus’ natural
habitat—the human air passages.

Viruses in Foreign Cells

When an ordinary influenza virus is
injected into a mouse’s brain, even in
rather large amount, the mouse may
show some evidence of sickness for 24
hours but later recovers completely. The
virus is not inert; some sort of abortive
multiplication must take place, for the
amount of virus often increases slightly
in the first 10 or 12 hours and it does not
disappear entirely until four or five days
later. R. Walter Schlesinger of the New
York Public Health Research Institute
has obtained strong evidence that when
virus enters “alien” cells, instead of mul-
tiplying in normal fashion it gives rise
to something which may be called “par-
tial virus.” His finding was that the
blood-agglutination test indicated a
much larger amount of virus substance
to be present in the cells than did the
standard chick-embryo and mouse infec-
tion tests. This suggests that the virus
offspring in the alien cells retain the
ability to agglutinate blood but have
weakened in their power to infect. The
conception of “partial virus” is not easy
to grasp, and many virologists are chary
of offering any detailed interpretation of
Schlesinger’s facts. But his finding fits in
rather neatly with the results of our
mouse-brain experiments.

Although no ordinary influenza virus
can infect the mouse brain, about 12
years ago a combination of accident and
“training” in a laboratory in England did
produce a strain of influenza virus that
could multiply freely in a mouse’s brain
and kill the animal. This strain, which
remains an influenza virus in every re-
spect except its unusual ability to infect
brain cells, we have named “neuro-flu”
virus. It can be grown quite normally in
chick-embryo cavities, giving highly in-
fectious fluids for experimental use.

When highly diluted “neuro-flu” virus
is inoculated into the brains of a group
of mice, the animals appear quite normal
as soon as they recover from the anes-
thetic. But after four or five days they
begin to sicken, and a day later they die
with signs of brain infection. Tests of
the brain show that it contains very large
amounts of fully active virus.

We found, curiously enough, that
when a large amount of ordinary influ-
enza virus is mixed with a little of this
neuro-flu, the result of the injection is
uite different. It might reasonably be
expected that with the double infection
the mice would probably die just a little
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sooner than if they had the neuro-flu
alone. In fact they usually show no signs
of illness whatever. The explanation is
that there occurs a type of “interference,”
in a rather special technical sense of the
word, which is well known to virologists.
The effect depends on the relative
amounts of the two viruses. A mixture of
one part of neuro-flu to 10 or 100 parts
of ordinary flu is harmless; when the
mixture contains equal amounts of both
viruses, there is little interference and
the death of the animals is delayed only
a short time.

An experiment in which mice received
a mixture of the two viruses that pro-
duced partial interference, with some
mice in a group dying and some surviv-
ing, yielded another very interesting re-
sult. Examination of the viruses in their
brains showed that there were not two
but three types: neuro-flu, ordinary flu
and a third type which possessed several
characters of the ordinary virus and the
most obvious quality of the neuro-fly,
namely its capacity to produce fatal
brain infections. The most likely, though
perhaps not the only, interpretation of
these results is that the third type of
virus is a “recombinant” in which the
qualities of the other two have been
combined.

So far there have been no accounts
of any other experiments on this “hy-
bridization” of viruses. For technical
reasons it may be hard to find other situ-
ations in which the process can be
shown. It is unjustifiable, therefore, to
say that the conclusions derived from
the neuro-flu experiments are applica-
ble to other types of virus. Nor, to be
quitehonest, do I think that other virolo-
gists are yet as convinced as I am that
the recombination experiments done in
my laboratory in Melbourne have all the
significance that I have given them. That
is only likely to come when the experi-
ments have been repeated and more
deeply analyzed in other laboratories.

With these reservations, our interpre-
tation of the experiments is that influ-
enza viruses multiply in the same fashion
as bacterial viruses. For most of the
cycle inside the cell, virus as we normally
know it is not present. The invading
virus particle has given rise to genetic
subunits, perhaps a dozen, perhaps a
hundred, which for a time multiply vir-
tually independently. We must assume
that, as in the case of the bacterial virus-
es, toward the end of the cycle groups of
“genes” come together from this pool of
accumulated virus material to recon-
struct the infective virus particles. Such
a system could account for the various
experimental findings: the “disappear-
ance” of virus after the cell has been
entered, the production of partial virus,
the phenomenon of interference and the
appearance of recombinant virus in
mixed infections.

These may seem heretical concep-
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CLUMPING OF BLOOD is another means of measuring

the amount of influenza virus. At left is a dish contain-
ing chick red blood cells. At right is a dish of cells to

tions, and further studies may compel
their modification, but there is no possi-
ble escape from the general conclusion
that viruses are in no sense ultimate par-
ticles. They are complex organisms, with
a genetic mechanism which has to be
thought of as something other than the
virus particle as a whole and which
seems to be built up of units analogous to
the genes of higher organisms.

Their Size and Chemistry

To the layman the most interesting
thing about viruses is their smallness.
There is a tendency to feel that until you
can see something there is no way of
studying it. This of course is a complete
fallacy. With the electron microscope we
can now produce very detailed pictures
of influenza viruses and of the bacterial
viruses, and every virologist has been ex-
cited and delighted by seeing them. We
mustknow what viruses look like to satis-
fy our curiosity and to provide back-
ground for the refinements in the use of
electron microscopy which in the future
will make it a really valuable technique.
But it is fair to say that what is revealed
by these pictures has hardly helped at all
in understanding how viruses produce
the effects that make them so important.
At the present time our pictures are only
of the free virus particles; for technical
reasons it is not yet possible to see what
is happening while the virus is multiply-
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ing in the cell. Electron microscopists
who are interested in viruses are seeking
to devise ways in which clear pictures
of what is happening in the early stages
of cell infection can be obtained. This is
obviously not going to be an easy task,
but one can feel reasonably certain that
it will be accomplished.

What  electron  microscopy  has
achieved so far is to show that viruses
come in a considerable range of sizes.
The smallest, those of poliomyelitis and
foot and mouth disease of cattle, are ap-
proximately one-twentieth the diameter
of the large ones, e.g., those of psittacosis
and smallpox. Nearly all appear roughly
spherical in the electron microscope, but
their true shapes may be distorted con-
siderably by the drying in a vacuum
which is an essential part of the prepara-
tion of a specimen for this instrument.
There is one sharp exception to the rule
of spherical shape. Certain types of the
influenza and related viruses are ex-
tremely long and filamentous, and these
are almost certainly an alternate form of
the actual infectious virus. In the chick-
embryo fluids containing these long
forms, there are always large numbers of
short and round forms as well. It has not
yet been conclusively proved that the
long forms will actually cause infection,
but they certainly behave just like the
small forms in the way they attach to
the surface of a red blood cell.

The chemical structure of viruses is
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which virus has been added; the cells have formed tiny
clumps. The phenomenon was photographed in the
laboratory of George K. Hirst, who first discovered it.

in somewhat the same shadowy realm as
their physical appearance. With sufli-
cient effort, instrumentation and ingenu-
ity it is possible to obtain milligrams of
“pure virus” from the fluids or tissues of
infected animals. This can be analyzed
by accurate micromethods for its ele-
mentary composition—so much carbon,
hydrogen, nitrogen and phosphorus—
and for the proportions of protein, car-
bohydrate, fatty materials and nucleic
acids. With the new method of paper
partition chromatography it is even pos-
sible to check the individual amino acids
of the protein and the components of the
nucleic acids. The results, however, tell
us little more than that viruses are built
of the same sort of material as other liv-
ing organisms. Nucleoprotein, the most
important component of the chromo-
somes in higher cells, is always present
in viruses in moderately large amount;
plant viruses may contain nothing but
nucleoprotein.

Unfortunately a truly pure virus is a
chemist’s dream rather than a biological
reality. If our views on virus multiplica-
tion are correct, one could never expect
the virus particles made in the interior
of a disintegrating cell to be free of ad-
ventitious fragments of substance from
the cell. There is direct proof of this in
the fact that influenza virus grown in
mouse cells and thoroughly purified still
shows by its reaction with an “anti-
mouse” serum that there are some



“mouse molecules” as well as virus sub-
stance on its surface. Similarly the same
virus grown in a chick embryo can be
shown to have some chick substance in-
corporated in it.

For these various reasons our infor-
mation on the size and chemical nature
of viruses is too meager to be in itself of
any current help in understanding virus
disease.

Immunity

So far in this discussion of the virus
and the cell, the host has played a purely
passive role. The virus is the invader,
and the effectiveness of its attack, it
would seem, depends only on whether
its genetic make-up is appropriate to the
host cell concerned. Fortunately life is
not like that. There is a rule about infec-
tious disease to which I know of no ex-
ceptions: Whenever a parasite and its
host species have lived together for many
generations, they will have found a
modus vivendi whereby the parasite spe-
cies survives without producing more
than minor damage to the host species.
It would be of no advantage to the influ-
enza virus to be so virulent that every

human cell could be invaded and every fAS h . g -
human being killed in some ghastly pan- “‘I.L - A
demic. Having murdered its host, the -

virus -itself would perish just as com- CLUMP OF RED CELLS in the presence of influenza virus is shown by an
pletely. The dramatic epidemic that kills  electron micrograph. This micrograph, which enlarges cells and viruses

a high proportion of those it strikes will 5300 times, was made by F. Heinmets at the University of Pennsylvania.
always on investigation prove to be the

result of some new development. In the
old days of yellow fever in the West In-
dies the native population appeared un-
affected by the disease, while European
armies melted away in a few months
under its onslaught. The Europeans were
intruders into a virtually stabilized bio-
logical equilibrium.

The practical control of a virus disease
nearly always depends essentially on ob-
taining an understanding of the means
by which the balance between the virus
and the host is maintained in nature and
how it can be modified in either direc-
tion by biological accident or by human
design. In the approach to such an un-
derstanding two important related con-
cepts have emerged—"“subclinical infec-
tion” and “immunization.”

A subclinical infection is one in which
the infected person gives no sign of any
ill effect. In a population attacked by an
infectious disease, subclinical infections
often greatly outnumber those severe
enough to produce unmistakable symp-
toms of the disease. For example, when
a child comes down with a paralyzing
attack of poliomyelitis, a careful exami-
nation of the rest of the family will com-
monly reveal that all the other children
have the virus in their intestines over a
period of a week or two, but they either
show no symptoms at all or have only a INFLUENZA A AND B VIRUSES adhere to the dried “ghost” of a red cell
mild, nondescript illness. Fortunately to which they were adsorbed. This micrograph, which enlarges the viruses
even a subclinical infection produces 9,000 times, was made by F. Heinmets at the University of Pennsylvania.
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tron micrograph. This micrograph, which enlarges the viruses 40,000 times,

was made by R. W. G. Wyckoff of the National Institutes of Health.

COLON BACILLUS infected by bacterial viruses is almost completely con-
verted to virus particles. This micrograph, which enlarges the viruses 63,000
times, was made by R. W. G. Wyckoff of the National Institutes of Health.
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heightened resistance or immunity to the
virus for a period after the attack. This
capacity of mild or subclinical infection
to confer immunity is probably the great-
est factor in maintaining a tolerable
equilibrium between man and the com-
mon virus diseases. The trouble is that
viruses are labile beings, liable to under-
go mutation in various directions, and a
virus that causes only mild infection may
evolve into one far more deadly.

Malta and St. Helena

Perhaps the best available example to
illustrate this point is the contrast be-
tween two epidemics of poliomyelitis
that occurred during the last decade, one
on the island of Malta, the other on St.
Helena. Both were severe epidemics, but
one attacked a much wider range of vic-
tims than the other. The Maltese epi-
demic (which began a few months after
the siege of Malta had been lifted in
1943) was almost entirely restricted to
the youngest children among the island’s
inhabitants; over 90 per cent of those
paralyzed were under five years of age
and more than half of these were under
two years. On the other hand, the St.
Helena epidemic not only involved the
youngest children but also hit hard at
the older age groups and even consider-
able numbers of adults. :

We can assume that on both islands
an unusually virulent type of virus was
active and that every inhabitant was ex-
posed to contact with infection. What
was the reason for the difference in the
results on the two islands? The clue lies
in the past history of poliomyelitis in the
two places. On Malta a few cases of in-
fantile paralysis, almost wholly among
very young children, had been reported
each year for as long as accurate medical
statistics had been kept. Evidently polio
viruses of low virulence had been stead-
ily disseminated among the population
for many years. In such a community
most of the babies would become in-
fected quite early in life. Since the virus-
es were not very virulent, only a tiny
proportion would be paralyzed. The
others would develop a certain degree
of immunity which later infections would
strengthen. When in 1943 a more viru-
lent polio virus appeared, the older chil-
dren and adults, who had acquired such
immunity, were little affected by the new
virus. But among very young babies not
previously exposed, the new virus caused
a much higher proportion of paralysis
than had the earlier mild forms. In other
words, the fact that subclinical polio-
myelitis had been prevalent on Malta for
years, possibly for centuries, had ensured
immunity against paralysis for all but the
unlucky infants whose first contact with
the virus was with an unduly virulent
variety.

The poliomyelitis history of St. Helena
was quite another story. On that island



there had been no record of infantile
paralysis for at least 20 years. It was a
“virgin soil” for the virus. None of the
adolescents or young adults had any im-
munity from previous exposure to polio.
Hence the new invader struck with para-
lyzing effect in all these age groups.

The Host’s Defenses

Immunity to virus disease was known
long before any virus could be handled
in the laboratory. In fact, it was from
Jenner’s early vaccination attempts
against smallpox that the whole science
of immunity sprang. But then immunolo-
gy turned almost wholly to bacterial dis-
cases. The toxin-antitoxin approach,
which developed from the late 19th-
century discovery of the cause and the
means of prevention of diphtheria, for
many years dominated the outlook of
immunologists. In recent years the study
of immunity in virus disease has been
renewed, and it has profited from the
concepts developed in the bacterial in-
vestigations.

One cannot claim that there is full
agreement about the nature of immunity
to viruses, but it is possible to offer a
simplified account which most virologists
would accept as at least the most con-
venient approach to understanding that
is available at the present time. This
interpretation is that all immunity to
viruses is mediated through antibody,
and that the effectiveness of the protec-
tion depends first on the amount and
character of the antibody and second on
the availability of the antibody to protect
the particular cells that are exposed to
infection. Antibodies can be described
most simply as modified blood-protein
molecules which are capable of attach-
ing themselves firmly to the specific virus
or other invading organism that pro-
voked their production by the body. If a
sufficient number of antibody molecules
can attach themselves to a virus particle,
they have a blanketing effect which ef-
fectively prevents the virus’ attachment
to the host cell and its multiplication
within the cell.

Antibody appears in the blood a few
days after infection and reaches a peak
in two to three weeks. The body con-
tinues to produce antibody at a slowly
diminishing level long after recovery—
in some diseases, such as measles and
yellow fever, for the whole of life. Im-
munity is long-lasting only against those
diseases in which the virus must pass
through the blood at some stage before
it produces symptoms. The explanation,
in general, is as follows: After any virus
infection, the antibody produced in re-
sponse to it is always concentrated most
abundantly in the blood. In a disease
such as measles, where the virus must
pass through the blood, the large
amounts of antibody there waylay any
virus in a second invasion and render it

inert before it has a chance to create any
symptoms of illness. The virus of a dis-
ease such as influenza, which does not
have to pass through the blood but
spreads from cell to cell over the surface
of the air passages in the respiratory
system, has an easier time. The concen-
tration of antibody here is always less
than in the blood, and it soon declines
to an amount insufficient for protection.
Hence the immunity that follows an in-
fluenza infection is less complete and
less lasting than that in a disease where
the virus must run the gamut of the

blood.
Artificial Immunization

To return to the problem of how a
tolerable equilibrium between man and
a common virus is maintained, the situ-
ation can be summarized as follows: The
first contact with the virus normally takes
place in childhood. How early it will oc-
cur depends on how prevalent is the
virus and how effective are the social
barriers against its spread, such as clean-
liness and good housing. The standard
virulence of the virus is low, and young
children as a rule recover after a mild
illness or no illness at all. This induces
an immunity not only against virus of
normal or low virulence but also against
the occasional type that has undergone
mutation to higher virulence. The proc-
ess will never be completely effective.
As long as the common virus diseases
(measles, influenza, poliomyelitis) per-
sist, there will be epidemics in which
some patients will require all the help
the physician can provide. But under
present-day conditions the great major-
ity of people pass through childhood and
middle life with no more than trivial
episodes of infectious disease. They have
not escaped infection, but by the se-
quence of subclinical infection and im-
munization they have been kept from
even knowing of its occurrence.

It is against virus diseases not com-
monly present in their own communities
that people most need the protection of
artificial immunization. Men having to
work or fight in the tropics of Africa or
South America must be immunized
against yellow fever. Smallpox, still
prevalent in many parts of the globe,
may enter any country, so vaccination is
a necessity for any traveler and desirable
for all. In these two instances immunity
is produced by procedures which very
closely imitate the natural process of
subclinical infection. The immunizing
agent is a living virus, a variant of the
virulent form which can be relied upon
to produce no more than trivial symp-
toms. If its safety can be assured, this is
the most effective type of immunization.
But in many cases it is not possible to
produce a variant that is both effective
and safe. The only available method of
immunization against such viruses is to
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inject relatively large amounts of killed
virus. On the whole this is not a particu-
larly satisfactory method, and the only
human disease against which it has
proved reasonably effective is influenza.
Provided the proper type of virus is used
in preparing the vaccine, and provided
the immunizing dose is given not too
soon before the epidemic, about 80 to
90 per cent protection can be expected.

The Hardest Question

From its very nature virus research,
like bacteriology in general, has tended
in the past to concentrate on medical
and veterinary problems. It will prob-
ably always be carried on against a back-
ground of its significance for medicine.
But if one looks around the medical
scene in North America or Australia, the
most important current change he sees
is the rapidly diminishing importance of
infectious disease. The fever hospitals
are vanishing or being turned to other
uses. With full use of the knowledge we
already possess, the effective control of
every important infectious disease, with
the one outstanding exception of polio-
myelitis, is possible.

Today the most intellectually exciting
aspects of virology are not directly con-
cerned with medicine. As I see it, the
main interest of the virus to biology now
is the possibility of using it as a probe
in the study of the structure and func-
tioning of the cell it infects. In many
ways the cell is the center of life, the
unit from which all but the very smallest
organisms are built—ourselves included.
All the biological sciences, with bio-
chemistry and genetics in the lead, seem
to be converging to attack the central
problem of cellular structure and func-
tion. In this endeavor the detailed study
of the interaction between the virus and
the cell promises to be very fruitful.

The very smallness and simplicity of
viruses have a special attraction to the
biochemist bold enough to look for an
answer to the hardest question he can
ask: How is the specific pattern of living
chemical structure reproduced within
the cell? The answer to that will be more
likely to come from the study of plant
viruses than from any other source. For
similar reasons geneticists are attracted
to the possibilities arising from the in-
vestigations of the recombination of
genes in bacterial viruses, now also be-
coming visible in some of the animal
viruses as well.

Microbiology is today the queen of the
biological sciences. It can provide biolo-
gists with work and pastime and reward
for many generations to come.

e ———

F. M. Burnet is director of the Wal-
ter and Eliza Hall Institute of Medi-
cal Research at the Royal Melbourne
Hospital in Melbourne, Australia.
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MUSICAL
TONES

The wave structure of music is

made visible for the classroom

Fundamental

by Hugh Lineback

HE photographs on these two pages show oscilloscope re-
Tcordings of musical notes and combinations of notes. They

make visible the vibrations that the ear hears as sound, and
they have proved to be very effective in teaching students the
science of sound. The tones shown here were all made by a Ham-
mond organ, which is especially suited to such a demonstration
because the electrical signals that are converted to sound by the
organ’s loud-speaker can also be translated into patterns of light
by a cathode-ray tube, so that the vibrations produced by the
organ can be heard and seen at the same time. The visible wave
patterns can be used to explain the three characteristics of a mu-
sical tone: pitch, loudness and quality.

The pitch of a note is determined by the number of complete
. vibrations, or cycles, per second—what is called the frequency.
Second harmonic The note A above Middle C on the piano, for example, is produced
by a sound vibration with a frequency of 440 cycles per second.
Taking this note as a reference, we call it the fundamental tone
and designate it as A-440. By doubling the frequency we produce
a note an octave higher, or A-880, and doubling it again we get
the second octave, A-1760. A musical instrument produces these
various notes simultaneously as harmonics, which are simply multi-
ples of the fundamental frequency. In this case the first octave
could just as well be called the second harmonic of A-440, the next
octave the fourth harmonic and the next the eighth harmonic.
Other harmonics fall in the intervals between octaves: thus the
third harmonic of Middle A falls on the second E above it, the
fitth harmonic on the third C Sharp, and so on.

The loudness of a tone is measured by the amplitude, that is,
the height of the wave peaks. The larger the vibration, or ampli-
tude, the louder is the sound.

Even at the same pitch and loudness, one kind of instrument
. . produces a markedly different tone from another. This third
Third harmonic characteristic of a sound is known as its quality, or timbre. Timbre
is determined by the blending of the fundamental and its har-
monics in certain proportions. To obtain complex waves repre-
senting various instruments or tone qualities, the organ was set
to produce combinations of harmonics of predetermined relative
intensities, with the fundamental frequency at a certain strength,
the second harmonic in a certain ratio to this, and so on.

These representations of harmonics make clear the qualities
and limitations of various instruments. The fundamental tone
alone would make rather dull listening. A predominance of high
harmonics adds an effect of crispness, while the lower frequency
components give power and dignity to music. Too much emphasis
on the low harmonics may impart a muffled quality, and an ab-
sence of frequencies between the lower and upper harmonics
contributes a weird and hollow effect.

— ——

Hugh Lineback is assistant professor in the radio and electronics
Fourth harmonic department of Oklahoma Agricultural and Mechanical College.
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Tone of oboe

Combination

Combination of all even harmonics

Combination of fundemental and eighth harmonic Tone of flute with strings
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THE HEAT
PUMP

Invented a century ago and widely applied

in recent years, the device that utilizes

the temperature of the ground or the air

to heat and cool houses is still evolving

by John F. Sandfort

progressed from a theory to a practi-

cal reality which is receiving serious
consideration by the heating industry. A
great deal of engineering study is being
given to the device by engineering socie-
ties, manufacturing firms and other or-
ganizations. Architects and home owners
also are showing an increasing interest in
this radically new type of heating sys-
tem, which produces heat without the
nuisances of combustion. Several heat-
pump units are on the market. The num-
ber of installations in the U. S. already
probably runs into the thousands. They
range from small self-contained units in
private homes to a large system recently
installed for the heating and air-condi-
tioning of the 12-story Equitable Build-
ing in Portland, Ore.

The concept of the heat pump itself
is not new. As long ago as 1852 the great
British physicist Lord Kelvin outlined
the principle of the heat pump and pro-
posed a design for a practical model. His
calculations showed that such a system
can deliver several times more heat
energy than needs to be put into it in the
form of work energy.

How is this possible? To understand
the theory of the heat pump we must
look into some of the principles of
thermodynamics, which has to do with
the interchange of heat and work.

A heat pump is a device for causing
heat to flow from a low-temperature re-
gion to a region of higher temperature.
It has long been established that such a
process never occurs spontaneously in
nature. The Second Law of Thermo-

IN recent vears the heat pump has
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dynamics, one of the great scientific
principles upon which our technology of
heat engines rests, states that heat tends
always to flow from a warmer body to a
cooler. What the heat pump does is to
apply work energy to reverse this flow.

In 1824 Sadi Carnot, a young French
army engineer and mathematician who
had undertaken to explore the mysteri-
ous relationship between work and heat,
published a historic treatise called “Re-
flections on the Motive Power of Heat.”
In it he showed, by logical reasoning
from the Second Law of Thermo-
dynamics, that if an appropriately de-
signed system was placed between a
higher-temperature heat source and a
lower-temperature heat “sink,” it would
continuously produce work. Further-
more, he demonstrated that the effi-
ciency of such a system, defined as the
ratio of the work output to the heat
input, would be a function only of the
absolute temperatures of the source and
the sink, and that its maximum conceiv-
able efficiency could not exceed that of
a reversible cycle operating between the
assigned temperatures of the source and
the sink. This is the essence of the classi-
cal Carnot principle. The system Carnot
described was a heat engine.

Carnot went on to propound a theoret-
ical heat-engine cycle which would be
completely reversible when operating
between two areas of different but con-
stant temperatures. In its operation heat
flowed reversibly into the engine from
the high-temperature source; a portion
of this energy was then converted to
shaft work through appropriate friction-
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ONE KIND OF HEAT PUMP circu-

lates a working fluid through pipe

less processes, and the remainder was
rejected reversibly by the engine to the
lower-temperature sink. The perform-
ance of this engine was continuous, since
the successive processes were cyclic in
operation.

HIS was the famous Carnot cycle.

Although the theoretical efficiency
he postulated was unattainable in prac-
tice, his cycle has contributed much to
the development and understanding of
thermodynamics and heat-power engi-
neering. Since it is a reversible cycle, its
efHCiency represents a theoretical maxi-
mum which gives us a standard against
which the performance of actual cycles
and engines can be measured. It can be
shown that the theoretical thermal effi-
ciency of the Carnot heat engine is equal
to the temperature difference between
the high- and low-temperature areas
divided by the higher temperature, or
(T, —T,)/T,.

Now it is quite obvious that by the
simple process of reversing its operation
the Carnot heat engine becomes a heat
pump. Instead of using the energy of
heat flowing from the warmer to the
cooler area to do shaft work, we supply
shaft work to drive heat from the cooler
to the warmer area. Since the heat pump
is fundamentally the same thing as the
heat engine, the Carnot principle still
applies. From it we can show that no
heat pump can operate with less work
input than a reversible heat pump hav-
ing the same capacity and the same
conditions of operation.

In the case of a heat engine the de-
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laid in the earth. When the earth-warmed fluid is com-
pressed, it can hecome hot enough to satisfactorily heat

sired effect is a conversion of heat energy
to work, and its efficiency is measured by
the degree of perfection with which this
is accomplished. In the case of the heat
pump, however, the desired effect is not
a conversion of energy from one form to
another but rather a maximum transfer
ol heat to higher thermal potential with
a minimum expenditure of work. The
amount of heat being transferred is
usually more than the shaft work con-
sumed, so in this case the term “efli-
ciency” has no meaning. Instead the
standard is the “coefficient of perform-
ance,” defined as the ratio of the desired
effect to the work required to produce
that effect. The heat pump actually has
two applications: cooling and heating.
In the first the desired effect is the re-
moval of heat from a low-temperature
body, and the system is called a refrigera-
tor. In the second the desired effect is
tke supply of heat to a higher-tempera-
ture space or body, and this apparatus is
the one known as the heat pump, al-
though in reality both are heat pumps.
The maximum coefficient of performance
possible for any heat pump operating
between fixed temperature limits is
T,/(T{—T,) in the case of a refrigera-
tion system and T,/(T;—T,) in the
case of a heat pump.

To illustrate what these performance
figures mean, let us consider a Carnot
heat engine operating between a high-
temperature area of 70 degrees Fahren-
heit and a low-temperature area of 20
degrees. (This is only a theoretical ex-
ample; actual power plants operate on
much greater temperature differences.)

|

The theoretical maximum thermal effi-
ciency of this Carnot engine would be
9.43 per cent. In other words, out of
every 1,000 British Thermal Units per
hour of heat input, 94.3 could be con-
verted into work and 905.7 would flow
as rejected heat to the low-temperature
area. If this cycle were reversed and
used as a refrigeration system, 905.7
B.T.U. per hour could be removed from
the 20-degree region with an expendi-
ture of only 943 B.T.U. per hour of
work. In other words, its coefficient of
performance would be 9.6. If it were
used as a heat pump, the same expendi-
ture of 94.3 B.T.U. per hour of work
could supply 1,000 B.T.U. per hour to
a 70-degree region (the air in a building,
for instance). In this case the coefficient
of performance would be 10.6.

O much for the theory. It is usually

a big step from theoretical solutions
to practical machines. To understand
clearly the engineering problems in-
volved in the heat pump, we must ex-
amine briefly the engineering develop-
ment of the heat engine and of the
reversed heat engine that has now come
into almost universal use for refrigera-
tion. In both these cases the translation
from theory to practice required long,
tedious work by many investigators and
experimenters.

The modern heat engine is a “steady-
flow” machine in which the working
medium—a gas or vapor—continuously
passes through different units of the ap-
paratus, each designed to perform the
functions of a particular process in the
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a house. In summer the process can he reversed to cool a
house. In this diagram length of pipe has heenshortened.

cvele. Most of the electric power gen-
erated in this country today, for example,
comes from power plants operating on
the so-called Rankine power cycle or
variations of it. This cycle uses water as
the working medium. Heat is added to
the system by the burning of fuel, which
changes the water to steam in high-pres-
sure steam boilers. The steam is then
passed through turbogenerators, where
work, in the form of electricity, is taken
from the system. After this the steam
passes through condensers where heat
is removed from the cycle and the steam
condenses to water, which in turn is
pumped back into the boiler, completing
the cycle.

In the reversed heat engine, as used
for refrigeration, the design of equip-
ment is greatly influenced by the choice
of refrigerant. The earliest designs,
brought out during the last half of the
19th century, used air as the working
medium. The usual arrangement was to
pass cold air through a coil, where it
absorbed heat from the surroundings
and thus produced the desired refrigera-
tion effect. The air was then compressed
to a higher pressure and temperature
and sent through a heat exchanger where
its heat was removed by some natural
coolant such as water or the ambient
air. This high-pressure air was then sent
through an expander engine. Its expan-
sion helped drive the compressor. In
addition, as the air expanded its temper-
ature dropped to that in the cooling
coil. The air then passed into the coil
again and thus completed the cycle.

There were practical objections to
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this cycle, the most important being the
large piston displacement required to
handle the large volume of air necessary
to produce substantial cooling. Since
manufacturing techniques were not yet
sufficiently developed to permit the high
rotative-compressor speeds of today, the
necessary machinery was very ponder-
ous. A vapor-compression cycle was
therefore developed to overcome these
objections. This cycle, which bears a
close resemblance to a reversed Rankine
power cycle, employs volatile liquids as
the working medium. The compressor
is retained, but the cooling coil becomes
an evaporator and the expander engine
of the air machine is replaced with a
throttle or expansion valve. The vapor-
compression cycle permitted an appreci-
able simplification of design. Further-
more, because of the high latent heat of
vaporization of liquids, the cycle needs
less circulating refrigerant, and this in
turn allows smaller piston displacements
and smaller compressors.

For a long time the most widely used
working medium, or refri%erant, in this
cycle was ammonia, which is relatively
inexpensive and has favorable thermo-
dynamic properties. But ammonia is in-
flammable under certain conditions and
also is highly toxic to human beings.
Ammonia has now been largely replaced
as a refrigerant by the group of fluorine-
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known as

hydrocarbon
Freons.

compounds

HE vast amount of research given to
refrigeration systems will of course
be helpful in the development of the
third form of the heat engine—the heat
pump for heating. Why has the use of
the heat pump lagged so far behind the
other two applications? Probably the an-
swer is mainly a matter of economics.
For power and refrigeration, in the form
and quantity needed, the heat engine
was the only available device. But for
heating there was plenty of fuel to burn,
and heat could be provided much more
cheaply by simple fuel-combustion
equipment than by a heat pump. But
with the probability that our oil and gas
reserves will diminish and with the
growing realization that the heat pump
can give clean, convenient, fully auto-
matic heat, plus complete air-condition-
ing, this system has begun to attract
many engineers and consumers.
Perhaps the best starting point for a
description of the heat pump is the de-
sign offered by Lord Kelvin, which is
still basically sound. He proposed a two-
cylinder thermodynamic engine which
could be used for both heating and cool-
ing buildings. It would use air as the
working medium. The machine was de-
signed to take in one pound of outdoor



air per second at 50 degrees F., expand
it into a receiver, during which time it
would absorb heat from the outside air,
and then compress it adiabatically (with-
out removal of heat) in the second
cylinder, back to atmospheric pressure.
The pressure in the receiver was such
that the subsequent adiabatic compres-
sion would bring the air to 80 degrees, at
which state it was to be introduced into
the building. The engine was so ar-
ranged that the work from the expansion
cylinder helped drive the compression
cylinder.

Kelvin calculated that with this cycle
he could operate his engine ideally with
only 1/35 as much work energy as the
equivalent heat energy required to heat
the air directly. He proposed to drive his
heat pump with a steam engine, the
available prime mover of his day, and
he estimated that with adequate allow-
ances for practical cycle efficiencies he
could still realize 3% times as much heat-
ing effect as would be realized if the coal
consumed in generating steam for the
steam engine were to be burned for di-
rect heating.

Kelvin’s analysis showed the possi-
bility of remarkable savings in fuel con-
sumption over the best possible per-
formance of conventional heating sys-
tems. There was some talk of using his
engine to heat and cool British Govern-
ment buildings in India, but nothing
came of it and no model was ever actu-
ally built. The whole scheme was pre-
mature, and the heat-pump idea lay dor-
mant for about 75 years.

In the early 1930s the idea was re-
vived, and reports of experiments with
heat pumps again began to be published.
A few field installations, some of appre-
ciable size, were built. These systems
were simply adaptations of the refrigera-
tion and air-conditioning equipment of
the day. They utilized the simple vapor-
compression cycle. The condenser was
set to operate at higher pressures and
temperatures and so placed as to heat
air recirculated from the building. The
evaporator was usually located where
it could pick up heat from the outside
air or well water.

Most of the modern heat-pump re-
search activity has been directed toward
the problem of finding suitable energy
sources and developing more efficient
means of recovering that energy. The
problem appears simple enough, but it
has proved to be more difficult than it
seems. Use of the outdoor air as the heat
source has some serious drawbacks: it is
necessary to move large volumes of air,
which means high fan costs, and the air
must usually be cooled below its dew
point, with the result that frost builds
up on the evaporator. Furthermore, on
the coldest days, when the heating de-
mand is greatest, the coefficient of per-
formance is smallest, because of the low
temperature of the energy source.

City water could serve as the heat
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source, but the cost is usually prohibi-
tive because of the large quantities
needed. Well water, with its year-round
uniform temperature, is an ideal source.
But well water is not always available,
nor is its supply always dependable.
Also, any large increase in the use of
ground water for heating would almost
certainly bring legislation restricting
its use; restrictions have already been
imposed in many localities on the use
of well water in air-conditioning sys-
tems.

The most promising source of heat-
pump energy is the earth itself. The
thermal storage capacity of the earth is
tremendous. It has been estimated that
a cylinder of earth 30 feet in diameter
and 100 feet deep could supply the en-
tire seasonal heating requirements of a
small residence. The temperature of this
earth would drop only about 10 degrees,
even if no heat flowed in from its sur-
roundings. The problem in getting heat
from the earth is obviously not one of
quantity but of accessibility. The heat
conductivity of earth is generally low,
and many difficulties have been en-
countered in attempting to use this
scurce efficiently.

STUDIES are now being made of sys-
tems different from that employed
in refrigeration and air-conditioning.
The vapor-compression cycle, which ab-
sorbs and extracts heat at fixed tempera-
tures, is not ideally the most efficient for
heating. Experience has shown that the
most practical design for such a system
is to add heat to circulating air which is
rising in temperature anywhere from 25
to 60 degrees, and on the evaporator side
to extract heat from fluids dropping in
temperature. 'When we employ the
vapor-compression cycle to heat a 70-
degree space with air circulating to it at
120 degrees, for example, we are forced
to add all the heat at that top tempera-
ture. This causes an appreciable increase
in power requirements, due to what is
called thermal irreversibility in the sys-
tem. Ideal cycles can be devised which
will reduce or even entirely eliminate
this irreversibility. One approach is mul-
ti-staging; that is, employing two or more
condensers and evaporators at different
pressures and temperatures. This trans-
ter of heat at progressive stages of tem-
perature would increase coefficients of
performance and still permit retention of
conventional refrigeration equipment,
although at increased first cost.

A more radical approach is to return
to some modified form of the Kelvin air
cycle. Some heat-pump manufacturers
are now investigating the possibilities of
the air cycle. For the heat pump the air
cycle has appreciable theoretical advan-
tages over the vapor-compression cycle,
and the objections that caused the air
cycle to be abandoned in refrigeration
do not apply with the same force to heat-
pump equipment. Recent improvements
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in air-compression equipment developed
in other fields may help overcome the
old objections.

Only the future will tell what final
direction heat-pump development will
tuke. One thing is certain: there is a se-
rious gap at present between the oper-
ating coeflicients of performance of ac-
tual heat-pump installations and the
maximum theoretical possibilities. It is
reasonable to expect that engineering in-
genuity will close this gap appreciably.

Even on the basis of present technolo-
gy and the limited experience so far, the
heat pump has demonstrated its value.
In areas where power is relatively cheap
and oil or gas comparatively expensive,
heating by means of the heat pump may
already be economically competitive
with heating by oil or gas. The heat
pump eliminates the need for chimneys,
ash-handling equipment or fuel-storage
space. It can provide both winter heat-
ing and summer air-conditioning. And
it lends itself readily to completely auto-
matic control.

The leader in heat-pump use and de-
velopment has been Switzerland. That
country, very short in natural fuel sup-
plies but rich in hydroelectric power, is
a natural area for this development. It
has the largest heat-pump installations
in the world.

THE annual consumption of energy
for heating buildings in the U. S. is
enormous. At present we are obtaining
this energy almost entirely by burning
up our natural fuels, with a strong trend
toward increased use of natural gas and
oil. Many engineers feel that this will
cventually prove to be an unwarranted
exploitation of our high-grade energy
reserves. They suggest that we should
use oil and gas only for those needs for
which they are most advantageous, such
as powering transportation, and should
rely on our more abundant coal for heat-
ing buildings. The heat pump, drawing
its power trom coal-burning or hydro-
electric central stations, could be one of
the answers to this problem.

Ultimately, of course, we shall run out
of natural fuel reserves in the earth, in-
cluding the sources of atomic energy, if
and when they can be harnessed for the
production of power. But even in this
extremity the situation will be far from
hopeless. The sun’s radiation will con-
tinue indefinitely as a fountainhead of
energy. Because of it our rivers will con-
tinue to supply water power to great
hydroelectric stations, and the earth will
continue to bear vegetation from which
synthetic fuels can be compounded.
Man’s problem now and in the future is
to find more efficient ways to tap this
energy source directly.

 ———

John F. Sandfort is associate
professor of mechanical engi-
neering at lowa State College.
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What People Dream About

In which 10,000 dreams are statistically

investigated with respect to setting, cast

of characters, plot, emotions and coloring

AN’S DREAMS have always in-
M terested and perplexed him.
From ancient times and from
every civilization and culture, we have
evidence of man’s concern about the
meaning of dreams. They have been in-
terpreted variously as divine messages,
as the experiences of disembodied souls
roaming heaven and earth during sleep,
as visitations from the dead, as prophe-
cies of the future, as the sleeping per-
son’s perceptions of external stimuli or
bodily disturbances (what Thomas
Hobbes called “the distemper of inward
parts”), as fulfillments or attempted ful-
fillments of wishes (Freud), as attempts
by the dreamer to discern his psycll”lic
development in order to plan for the fu-
ture (Jung), as expressions of one’s style
of life (Adler), as attempted resolutions
of conflicts (Stekel).

Probably all of these theories, how-
ever ancient their origin and however
nebulous their validity, have their vota-
ries today. Dream books based on the

ACTIONS that are performed by the dreamer, which in
the author’s study come under the heading of plot, were
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by Calvin S. Hall

theory that dreams foretell the future
are undoubtedly as widely consulted to-
day as they were during the Renaissance,
when the dream book compiled by the
second-century soothsayer Artemidorus
was republished in many languages and
editions, and was plagiarized and elab-
orated by numerous opportunists, who
in that day as in this knew a good thing
when they saw it.

Even in modern times speculations
about dreams have been long on theory
and short on observation. What do peo-
ple dream about? What is the content
and character of their dreams? As far as
1 know, no one has made an extensive
and systematic study of these questions.
To be sure, psychoanalysts have given
much careful analysis to the dreams of
deranged and disturbed persons, but
even for this unrepresentative segment
of mankind there are no large-scale sur-
veys of the content of their dreams.

The writer has undertaken to make
such a survey, for the purpose of ob-
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taining some empirical facts as a foun-
dation for theorizing. He has collected
more than 10,000 dreams thus far, not
from mental patients but from essen-
tially normal people. They were asked
to record their recollection of each dream
on a printed form which included ques-
tions requesting certain specific informa-
tion, such as the setting of the dream,
the age and sex of the characters ap-
pearing in it, the dreamer’s emotions and
whether the dream was in color. Ob-
viously we cannot know how faithfully
the subjects’ recollections mirrored their
actual dreams, so strictly speaking we
should call our project a study of what
people say they dream about. This has
ever been the case and probably always
will be, for no one has discovered a
means of transcribing a dream while it
is being dreamed.

We classified the dream material so
that it could be studied statistically.
From the many possible methods of
classification we chose, as a beginning,

divided into categories. The five categories shown from
left on these pages were movement (34 per cent), verbal



a simple breakdown into five fundamen-
tal categories: 1) the dream setting, 2)
its cast of characters, 3) its plot, in terms
of actions and interactions, 4) the
dreamer’s emotions, and 5) color.

HAT are the most common set-

tings in people’s dreams? An analy-
sis of 1,000 dreams reported by a group
of educated adults provided 1,328 differ-
ent settings. These could be classified
into 10 general categories. The most
frequent scene was a part of a dwelling
or other building; this accounted for 24
per cent of all dreams. The other set-
tings, in order of frequency, were: a
conveyance of some kind, most com-
monly an automobile, 13 per cent; an
entire building, 11 per cent; a place of
recreation, 10 per cent; a street or road,
9 per cent; a rural or other outdoor area,
9 per cent; a store or shop, 4 per cent;
a classroom, 4 per cent; an office or
factory, 1 per cent; miscellaneous (in-
cluding restaurants, bars, battlefields,
Lospitals, churches, and so on), 14 per
cent. In dreams occurring in part of a
dwelling the most popular room is the
living room, with the bedroom, kitchen,
stairway and basement following in or-
der.

The outstanding feature of these
dream settings is their commonplace-
ness. The typical dream occurs in pro-
saic surroundings—a living room, an au-
tomobile, a street, a classroom, a grocery
store, a field. The dreamer may not al-
ways recognize the details of the place,
but usually it is a type of scene with
which he is familiar; seldom does he
dream of a bizarre or exotic environ-
ment. Yet dream settings apparently are

""I

(11), sedentary (7), visual (7) and antagonistic (3).
The categories of appreciable size that are not illus-

not entirely representative of waking
life, as far as frequency is concerned.
Considering the amount of time that
people spend in places of work, such as
offices, factories and classrooms, these
places appear with disproportionately
lew frequency in dreams. On the other
hand, conveyances and recreational
places occupy a larger share in dreams
than they do in waking life experiences.
In other words, in our dreams we tend
to show an aversion toward work, study
and commercial transactions and an
affinity for recreation, riding and resi-
dences.

FOR a study of characters appearing
in dreams, we divided our subjects
into two groups according to age, since
it seemed likely that older people might
differ from younger ones in the persons
they dreamed about. The younger group
was aged 18 to 28, the older 30 to 80.
Let us consider the younger group first.
They furnished a total of 1,819 dreams.
In 15 per cent of these the only charac-
ter was the dreamer. In the remaining
85 per cent, in which two or more char-
acters appeared, the average number
was two persons besides the dreamer.

Who are these characters? Of the per-
sons other than the dreamer, 43 per cent
appeared to be strangers, 37 per cent
were identified as friends or acquain-
tances of the dreamer, 19 per cent were
family members, relatives or in-laws, 1
per cent were famous or prominent pub-
lic figures. The relatively infrequent ap-
pearance of prominent persons in dreams
supports other evidence possessed by the
writer that dreams rarely concern them-
selves with current events. Among the
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members of the family, the character
that appears in dreams most often is
mother (34 per cent); then come father
(27 per cent), brother (14 per cent) and
sister (12 per cent).

We also classified the characters in
dreams by sex and age. It turns out that
men dream about males twice as often
as they do about females, whereas
women dream almost equally about both
sexes. In the dreams of both men and
women 21 per cent of the characters are
not identified as to sex.

The analysis showed, as is not sur-
prising, that people dream most often
about other people of their own age. In
the sample of dreams from the subjects
in the 18-to-28 age group, 42 per cent
of the dream characters were the dream-
ers’ peers in age, 20 per cent were older,
3 per cent were younger and 35 per cent
were of unspecified age.

We found that in general there were
no very pronounced differences between
the characters in the dreams of the young
and older groups. Older people dream
more about family and relatives and less
about friends and acquaintances, which
is not very surprising, since the younger
dreamers were for the most part unmar-
ried. Older people also dream more
about younger characters and less about
older characters and peers than do
younger dreamers. We may generalize
our findings by saying that while chil-
dren are dreaming about their parents,
their parents are dreaming about them,
and while husbands are dreaming about
their wives, their wives are dreaming
about them.

We come now to actions or behavior:
What do people do in their dreams? We

R 7 5P .f y 27220793

trated were social (6 per cent), recreational (5), manu-
al (4), mental (4), endeavor (4) and obtaining (3).

61



classified 2,668 actions in 1,000 dreams.
By far the largest proportion (34 per
cent) fall into the category of move-
ment—walking, running, riding or some
other gross change in bodily position.
We found that, contrary to popular be-
lief, falling or floating in dreams is not
very common. After movement, the next
most common activities were talking (11
per cent), sitting (7 per cent), watching
(7 per cent), socializing (6 per cent),
playing (5 per cent), manual work (4
per cent), thinking (4 per cent), striv-
ing (4 per cent), quarreling or fighting
(3 per cent) and acquiring (3 per cent).
From this it can be seen that passive or
quiet activities occupy a large part of
dreams, while manual activities are sur-
prisingly infrequent. Such common wak-
ing occupations as typing, sewing, iron-
ing and fixing things are not represented
in these thousand dreams at all; cooking,
cleaning house, making beds and wash-
ing dishes occur only once each. But
strenuous recreational activities, such as
swimming, diving, playing a game and
dancing, are fairly frequent. In short,
dreamers go places more than they do
things; they play more than they work;
their activities are more passive than
active.

HAT of the relations between the

dreamer and the other characters
in his dream? We classified the interac-
tions in a sample of 1,320 dreams in vari-
ous categories according to degrees of
friendliness or hostility. In general, hos-
tile acts (by or against the dreamer) out-
numbered friendly ones 448 to 188. In
the hostile sphere the acts of aggression
ranged from murder (2 per cent) and
physical attack (28 per cent) to denun-
ciation (27 per cent) and mere feelings
of hostility (8 per cent). The friendly
acts ranged from an unexpressed feeling
of friendliness to the giving of an expen-
sive gift.

The emotions felt by dreamers during
their dreams were recorded in five class-
es: 1) apprehension, including fear,
anxiety and perplexity; 2) anger, in-
cluding frustration; 3) sadness; 4) hap-
piness, and 5) excitement, including
surprise. Apprehension predominated,
accounting for 40 per cent of all dream
emotions; anger, happiness and excite-
ment were tied with 18 per cent each,
and sadness was the least frequent, 6
per cent. Thus 64 per cent of all dream
emotions were negative or unpleasant
(apprehension, anger, sadness) and only
18 per cent (happiness) were positively
pleasant.

Yet paradoxically in the judgment of
the dreamers themselves the dreams as a
whole were rated pleasant much more
often than unpleasant. They found 41
per cent of the dreams pleasant, 25
per cent unpleasant, 11 per cent mixed
and 23 per cent without feeling tone.
Older dreamers reported more unpleas-
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ant dreams than younger ones, but the
difference was not great.

A question that has puzzled many stu-
dents of dreams is why some of them are
seen wholly or partly in natural colors
(“technicolor”). I am afraid I have little
to contribute to the solution of this puz-
zle beyond a few figures and a few nega-
tive conclusions. In a survey of over
3,000 dreams 29 per cent were colored
or had some color in them and the rest
were completely colorless. Women re-
port color in dreams more often (31 per
cent) than do men (24 per cent). There
is a slight tendency for people over 50
to have fewer colored dreams than those
under that age. Many people never ex-
perience color in dreams; on the other
hand, a few have all their dreams in
color.

What is the psychological significance
of technicolored dreams? We have com-
pared the dreams of people who dream
entirely in color with those of people who
never dream in color and have found no
difference in any aspect of their dreams.
We have compared the colored with the
colorless dreams of the same person
without discovering any way in which
they differed. Nor can we find any single
specific symbolic meaning in a particular
color. We are forced to conclude on the
basis of our present evidence that color
in dreams is merely an embellishment,
signifying nothing in itself.

HAT do all these facts on the con-

tent of dreams mean? I shall pre-
sent my general theory of dreams and
show how some of the foregoing find-
ings fit into this theory.

Dreaming is thinking that occurs dur-
ing sleep. Itis a peculiar form of thinking
in which the conceptions or ideas are
expressed not in the form of words or
drawings, as in waking life, but in the
form of images, usually visual images.
In other words, the abstract and invisible
ideas are converted into concrete and
visible images. By an odd process which
we do not understand, the sleeping per-
son can see his own thoughts embodied
in the form of pictures. When he com-
municates his dream to another person,
he is communicating his thoughts,
whether he knows it or not.

During sleep we think about our
problems and predicaments, our fears
and hopes. The dreamer thinks about
himself: what kind of person he is and
how well fitted he is to deal with his
conflicts and anxieties. He thinks about
other people who touch his life intimate-
ly. His conceptions are purely egocen-
tric; there appears to be no place in
dreams for impersonal, detached
thoughts. Accordingly the interpretation
of dreams—the translation of the
dreamer’s images into his ideas—gives
us an inner view of him, as though we
were inside looking out and seeing the
world as he sees it. We see how he looks
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to himself, how others look to him, and
how he conceives of life. This is the
heart of the matter, and the reason why
dreams are important data for the psy-
chologist.

How a person sees himself is expressed
in dreams by the parts the dreamer
plays. He may play the part of a victim
or an aggressor or both; he may conceive |
of himself as winning in spite of adverse
circumstances, or losing because of these
same adversities. He may assume the
role of a saint or a sinner, a dependent
person or an independent one, a miser or
a philanthropist. As Emerson said, “A
skillful man reads his dreams for his
self-knowledge.”

Although the characters in his dreams
are many and varied, they probably all
have one thing in common—they are all
emotionally involved in the dreamer’s
life. If this is so, one may well ask, why
do we dream so often about strangers?
The answer is that they are not really
strangers but personifications of our
conceptions of people we know. A per-
son who conceives of his father as stern
and autocratic, for example, may in his
dreams turn his father into an army
officer or a policeman or a schoolteacher
or some other symbol of strict discipline.
Very likely he will also have other con-
ceptions of his father, and for each con-
ception he finds an appropriate older
figure who personifies the particular
father conception uppermost in his mind
at the time of the dream. Many of these
father figures will be strangers to the
dreamer, although the qualities ex-
pressed will be familiar enough to him.

Similarly the dream setting may por-
tray the ways in which the dreamer looks
at the world. If he feels that the world
iz closing in on him, he dreams of
cramped places; if the world appears
bleak, the dream setting is bleak. Tumul-
tuous and tempestuous scenery-—raging
seas, milling crowds, exploding bombs,
thunderstorms—betokens an outlook of
insecurity and chaos. In one series of
dreams studied by the writer there was
a plethora of dirty, dank and dismal
settings—a visible projection of the
dreamer’s conception of a world decay-

ing.

REAMS are filled with the gratifica-
tion or attempted gratification of
impulses, particularly sexual and aggres-
sive impulses. They tell us how the
dreamer regards these impulses. If he
thinks of sex or aggression as wicked,
the expression of these impulses in his
dreams will be followed by some form
of punishment or misfortune. If he con-
ceives of sex as a mechanical matter, he
may have a dream like that of one young
man who reported a nocturnal emission
dream in which a lady plumber turned
on a faucet for the dreamer. We study
dreams, therefore, not to discover the
wish motivating the dream, as Freud did,



but rather to determine how the dreamer
conceives of his wishes.

Dreams also provide a vista of the
dreamer’s conceptions of his conflicts.
The dramatic quality of a dream—its
plot, tensions and resolutions—is derived
from an underlying conflict in whose
grip the dreamer feels himself to be.
In a series of dreams from the same in-
dividual we can see his conflict running
like Ariadne’s thread through the laby-
rinth of his dreams. The conflict may
hang on with surprising tenacity over a
period of years. Apparently the conflicts
that motivate dreams are basic ones
which rarely become resolved. We sus-
pect that these internal wars have their
origins early in life and are not easily,
if ever, brought to a satisfactory conclu-
sion.

In our studies of many dream series, a
few conflicts stand out as being shared
by many people. One such inner tug-of-
war is that between the progressive pull
of maturity, growth and independence
and the regressive pull of infantile secur-
ity, passivity and dependence. This con-
flict is particularly acute during adoles-
cence and the late teens and early
twenties, but in a large proportion of
people it persists through later ages and
returns to prominence in old age.

Another ubiquitous inner conflict is
that between conceptions of good and
cvil—the moral conflict. The opposing
forces are those of impulse and con-
science. The dreamer impulsively kills a
dream character and is then punished
for his crime. Or he is driven to express
sexuality for which he suffers some mis-
fortune.

A third conflict arises out of the tug
between the opposing tendencies toward
integration and disintegration. By inte-
gration is meant all of the life-maintain-
ing and love-encompassing aims of man;
by disintegration, the forces of death,
hate, fear and anxiety which produce
disunity and dissolution. One pole
affirms life and love, the other affirms
death and hate. Anxiety dreams and
nightmares express the conception of
personal disintegration.

‘x TE study dreams in order to enlarge
our understanding of man. They
yield information that is not readily ob-
tained from other sources. This informa-
tion consists of man’s most personal and
intimate conceptions, conceptions of
which not even the person himself is
aware. It is important to know these
conceptions, for they are the foundation
of man’s conduct. How we view our-
selves and the world around us deter-
mines in large measure how we will
behave.

—_——

Calvin S. Hall is chairman of
the division of psychology at
Western Reserve University.

2,

PARENTS AND CHILDREN revealed a significant dream pattern. The par-
ents tended to dream about the children and the children tended to dream
about the parents. The same appeared to be true of hushands and wives.
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THE CANADIAN
METEOR CRATER

An account of the discovery and exploration of the two-mile
crater on the barrens near Hudson Bay. If it is conclusively

shown to be meteoritic, it is the largest yet found on earth

by V. B. Meen

-

AERIAL PHOTOGRAPH on which the Chubb Crater  plane flying at 20,000 feet. The crater is the circular
was discovered was made by a Royal Canadian Air Force  object at the left center; to its right is Museum Lake.
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N February of last year Frederick
W. Chubb, a prospector of Whitby,
Ontario, was looking over some

aerial maps and photographs of northern
Canada with the idea of spotting likely
locations to search for mineral deposits.
The photographs, taken by the Royal
Canadian Air Force, had only recently
been made available to the public, and
they provided the first aerial views of
much of the uncharted northern wilder-
ness. Chubb came upon one photograph
with a most unusual feature. It showed a
terrain laced with the long, irregular
lakes that are typical of northern Cana-
da. But in the center of the photograph
was a lake that was perfectly circular!
Moreover, it was surrounded by a rim
which evidently stood several hundred
feet high above the general terrain. Ap-
parently it was a crater.

Here was something to quicken the
blood of any prospector or geologist.
Chubb thought it might be the crater
of an extinct volcano. If so, it might con-
tain diamond deposits; perhaps this was
the source of the diamonds that have
occasionally been found scattered in the
glacial gravels and soils around the Great
Lakes, apparently carried down from the
north by the glaciers of the past.

Chubb brought the photograph to
me at the Royal Ontario Museum of
Geology and Mineralogy in Toronto. I
could not agree that the crater was vol-
canic. What little information was avail-
able about the geology of this region of
northern Canada indicated that its rocks
were old and that glaciers had been ac-
tive there long after the rock strata were
formed. The moving ice would have
ground off and filled in any volcano in
the area. Considering everything, it
seemed to me there could be only one
possible explanation of the crater: it
had been made by a meteorite. With its
high rim and circular shape, it closely
resembled the great crater near Canyon
Diablo in Arizona, the largest meteoritic
crater so far found on the earth. To a
geologist the exciting fact was that the
new crater appeared to be some 10,000
feet in diameter—twice as large as the
one in Arizona.

Certainly we could obtain no proof
on the origin of the crater sitting in an
armchair. Though Chubb and I had dif-
ferent opinions, and different hopes, we
were one in our desire and determina-
tion to get to the site as quickly as possi-
ble to determine the crater’s origin.

On the aerial map the location of the
crater-like lake was given as 61 degrees
17 minutes north latitude and 73 degrees
40 minutes west longitude. This point
is in the extreme northwest of the prov-
ince of Quebec, on a peninsula between
Hudson Bay, Hudson Strait and Ungava
Bay (see map on the next page). The
only transportation to the location must
be by air. For weeks and months we
worked to obtain funds for the expedi-
tion. Since the project had commercial
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CRATER IS LOCATED at the northernmost tip of the huge province of
Quebec. The region is almost totally barren, with no trees and little soil.

as well as scientific possibilities, I could
not approach scientific organizations for
financing. Eventually the Globe and
Mail Publishing Company of Toronto
offered to provide the transportation,
and six public-spirited citizens supplied
the necessary funds for equipment and
supplies, both as a service to science and
on the understanding that they would
share in any commercial benefits realized
by Chubb.

E left Toronto in a Grumman Mal-

lard amphibian plane on July 17,
1950. There were six of us. Besides my-
self and Chubb, they were Robert
Hermes of Buffalo, a naturalist and
photographer; Kenneth W. MacTagganrt,
a staff writer of the Globe and Mail; and
the plane’s pilot, William Poag, and
engineer, Andrew Gabura. To avoid
having to land in the salt water of Hud-
son Bay, we flew a somewhat round-
about route: from Toronto east down the
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St. Lawrence River to Seven Islands,
then north across Labrador and Quebec
to Fort Chimo just south of Ungava Bay.
Here we refueled for the last time and
took off on the last lap of 300 miles to
the crater.

Ten miles northwest of Chimo the
country became completely barren. All
signs of trees disappeared, and even
soil appeared scarce. The glaciers had
scoured the rocks clean.

Excitement was at fever pitch. None
of us had been in this country before,
and our only information regarding the
crater was the map and the single photo-
graph, taken from an elevation of 20,000
feet. Finally we spotted the crater site,
some 15 miles away. From a distance
it did not appear impressive—just a low,
brown hill melting into the surroundings.
As we approached and swooped down
at 200 miles per hour, the hill opened
up and we saw the lake inside. As we
came in still closer, we could make out



the remarkable rim, towering over the
lake and surrounding countryside.

Motion picture and still cameras went
into almost continuous action as we cir-
cled and then flew through the crater.
We might have landed on the lake in-
side the crater but for the fact that it was
three-quarters covered — in July — with
floating ice!

We made our landing instead on a
moderately large lake two miles north-
west of the crater. The lake edge was so
full of boulders that we could not beach
the plane. We assembled our sectional
canoe and ferried ourselves and our gear
ashore. There we found a narrow sand
beach where we pitched camp. In all my
years of field work I had never camped
in so forbidding a spot. As far as the eye
could see the ground was completely
covered with boulders. This is the bar-
rens of the arctic. No tree or shrub exists,
and plant life of any kind is scarce. We
saw no animals and few birds; even
insects were relatively scarce.

Feeling very much like explorers, we
promptly named the lake on which we
had landed Museum Lake, and the
crater, Chubb Crater. As soon as possible
Chubb and I started off on our first trip
to the crater. Walking over the boulder-
covered ground was extremely difficult.
The ground rose continuously from
Museum Lake to the crater, and we had
to climb over two ridges before we
reached the steep slope of the rim itself.
The slope had many patches of snow,
with stratification indicating that the
snow here never melts entirely, although
during part of the short summer the sun
is up 20 or more hours a day.

E started up the 25-degree slope of

the rim. The rim seemed to be com-
posed of a jumbled heap of fragments of
granite. At length, after a climb of nearly
300 feet, we set foot on the top and
looked down into the crater. We were so
awed by what we saw that I don’t believe
we spoke or even shook hands. Hun-
dreds of feet beneath us lay a perfectly
circular lake, cupped in a crater whose
walls rose steeply in a slope of 45 de-
grees. No sound broke the stillness ex-
cept the continuous grinding of the ice
on the water far below and the wind
blowing across the crater rim. From
where we stood it was more than two
niles (11,000 feet) across to the oppo-
site side of the rim—almost the breadth
of Manhattan Island at 42nd Street! We
were looking down into what may well
be the greatest crater of its kind any-
where in the world.

No sign of vulcanism appeared any-
where. Chubb’s dreams of an extinct
volcano and a fortune in diamonds van-
ished. Almost certainly the crater had
been blasted by a giant meteor. But how
to prove it?

The crater looks somewhat like a tilted
cup, with one side considerably higher
than the other. Using an aneroid barom-
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AUTHOR SURVEYS the interior of the crater. The highest point on the

rim, 500 feet above the surface of the water in the crater, is at upper left.

eter I determined that the elevation of
the rim top on the southwest was 300
feet (above Museum Lake) and at the
highest point on the northeast, 550 feet.
The rim is also wider on the northeast.
Some of the proved meteoritic craters in
the earth, notably the one in Arizona,
have the same characteristics. So this
was one fact strongly suggesting a
meteoritic origin: the crater had just the
appearance of a hole blown in the earth
by an explosive missile striking at an
angle from the southwest.

When I looked more closely at the
broken rock that made up the rim, I
found further evidence of a missile-
caused explosion. The rim had a joint
pattern radiating from the center, as if
the original granite bedrock had been
cracked and tilted by a gigantic blast.
The top of the rim, the outer slopes and
the surrounding plain were littered with
rock fragments, which evidently lay just
where they had originally fallen when
they were blasted into the air. These
granite fragments cover the ground to
such a depth and so completely that for
a distance of nearly two miles beyond the

rim we found almost no other rock. We
did come upon a few weathered frag-
ments of diabase and peridotite rocks
mixed with the granite on the rim; prob-
ably these were from a small body or
bodies of such rock in the area blasted
by the explosion.

The two ridges that we had crossed
on the trip from Museum Lake to the
crater also were composed of jointed
granite bedrock. Our observations from
the rim and aerial photographs indicated
that the ridges were concentric ripples
that extended all around the crater, sur-
rounding the major ripple of the rim
itself. Apparently they are compression
ridges formed in the granite by the blast.

Chubb Crater also shows the marks
of a splash effect, such as a drop of ink
produces when it lands on a sheet of
paper. Great trenches or rifts, some of
them 200 feet deep, cut through the
crater’s rim in many places. The deepest
are in the northeast part of the rim.
Ridges of fragments continue outward
into the plain beyond the ends of the
rifts, thus accentuating the appearance
of a splash effect.

CHUBB CRATER

CANYON DIABLO
WOLF CREEK

1y

==

SIZE OF THE CRATER is compared with that of Canyon Diablo Crater

in Arizona and Wolf Creek Crater in Australia. Vertical scale is exaggerated.
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Let me gather together the evidence
concerning the origin of this gigantic
hole. Positively it is not of volcanic or
glacial origin. By negative evidence, at
least, it must be of meteoritic origin.
Certainly it is the result of a tremendous
explosion which blasted a hole over two
miles in diameter, raised a rim averaging
400 feet in height, pushed up ripples of
solid granite around the rim, jointed the
granite into a pattern characteristic of
explosions and blew great quantities of
the rim out into the surrounding area as
ridges or splash marks. It is very similar
in appearance to proved meteorite
craters—but very much bigger than any
previously found on the earth.

The one piece of evidence necessary
to clinch the argument is a fragment of
the meteorite itself. That we have not
got. All the examination I have described
was carried out in three days in three
trips from our camp to the crater rim,
including one trip around the top of the
rim itself. We found no fragments that
could be identified as of meteoritic ori-
gin. Actually if any such fragments sur-
vived the colossal explosion and the
terrific heat generated by it, they should
be scattered far beyond the rim. We
were not able to examine much of this
area because of the shortness of our
visit. There is also the possibility that
the meteorite was not metallic but was
an aerolite or stony meteorite. If this
was the case, the fragments would be
difficult to distinguish on the boulder-
strewn plain.

At the present time I am planning a
second expedition. If sufficiently fi-
nanced, we hope to be able to determine
the depth of the crater lake and there-
fore the total depth of the crater, search
the surrounding territory with mine de-
tectors and magnets for meteorite frag-
ments, make a magnetometer survey of
the northeast part of the rim to deter-
mine if a mass of meteorite is buried
beneath it and make a topographic sur-
vey of the immediate area to determine
more accurately the elevations of the
main features and their respective posi-
tions.

It is an ambitious program, but one
well warranted by the scientific impor-
tance of this great crater. If Chubb
Crater is meteoritic, it is the first such
crater found on earth which is larger
than the smallest noted on the moon.
This should be very useful to the astrono-
mers in their studies of the moon’s cra-
ters. If we succeed in finding fragments
of the meteorite itself, we shall have
another sample from space of the shat-
tered planet from which meteorites are
believed to come, and this may shed
further light on the probable composi-
tion of the interior of our own Mother
Earth.

e ——

V. B. Meen is director of the Royal Ontar-
io Museum of Geology and Mineralogy.
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by Ernest Nagel

THE RisE oF SCIENTIFIC PHILOSOPHY, by
Hans Reichenbach. University of
California Press ($3.75).

HE widespread conception of
T philosophy and science as radically

independent fields of inquiry is of
relatively recent origin. Less than two
centuries ago it was usually assumed that
at least part of philosophy’s task was to
analyze the structure and assumptions
of the sciences, and thereby to make ex-
plicit the nature of knowledge and of
the pervasive features of the universe.
The later divorce between philosophy
and science was due to a number of fac-
tors, but only one can be mentioned here.
Under the influence of a powerful tra-
dition it was supposed, even by some of
the great masters of science, that the
proper objects of knowledge must be
truths which are capable of being estab-
lished with complete certainty. It gradu-
ally became apparent, however, that
knowledge obtained by scientific meth-
ods does not conform to these specifi-
cations. It was not easy for most men to
emancipate themselves from the older
tradition; many were persuaded that
what could not be achieved by science
could be attained through philosophy.
In short, the view became fashionable,
especially in Germany, that philosophy
had a privileged access to ultimate truth,
and that it could achieve a more pro-
found understanding of things by turn-
ing its back on science. Philosophy was
thus reputed to be the exclusive quest
for the eternal and the certain. Indeed,
many philosophers acquired a studied
contempt for painstaking logical analy-
sis, and produced speculative systems of
the world that possessed imaginative and
emotional appeal but found little sup-
port in empirical inquiry. And philoso-
phy frequently served as an obscurantist
defense for the intellectual and social
status quo.

It is against this background that we
must view The Rise of Scientific Philoso-
phy. The book is divided into two parts;
the first is a critique of the assumption,
central to rationalist philosophy, that
there are so-called “synthetic apriori”
truths—that is, true propositions about
the world which can be established by
reason alone. The second and larger part
of the book claims to show that with
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A study of the divorce of philosophy and

science and their potential reconciliation

the help of modern tools of logical
analysis, and when due heed is given to
the findings and procedures of the em-
pirical sciences, a number of outstanding
issues in the theory of knowledge and
the philosophy of nature can be defini-
tively resolved. Its author, a professor
of philosophy at the University of Cali-
fornia who is well-known for many
valuable contributions to the philosophy
of science, has therefore written a vigor-
ous plea for an end to the unfortunate
divorce of philosophy and science.

Dr. Reichenbach’s indictment of spec-
ulative philosophy as a way of achieving
knowledge is severe, though often heavy-
handed and not always judicious. The
history of thought is not his forte, and
he is not uniformly accurate in describ-
ing ideas men held in the past. He ex-
hibits no sense of the cultural signifi-
cance of traditional philosophy, nor of
its leavening influence on the sciences.
Nor does he always make it sufficiently
clear that many defects of earlier philo-
sophic systems were the reflections of
mistaken views entertained by the sci-
ences of their day. His attention is
focused primarily on the supposed psy-
chological causes that generate the
pseudo-explanations of speculative phi-
losophy, and for this reason also his
critique lacks historical depth. Never-
theless he does point out the logical
blunders underlying such explanations,
and shows beyond doubt that philoso-
phies of the synthetic apriori are a lost
cause.

But the chief interest and real sub-
stance of the book is in its second part,
where the reader is introduced to some
of the achievements of what is called
“scientific philosophy.” It is perhaps un-
necessary to say that scientific philoso-
phy is not Dr. Reichenback’s individual
creation, though the solutions he pro-
poses to many problems are distinctively
his own, and though much of the pres-
ent book is simply a convenient sum-
mary of his previously published analy-
ses. Scientific philosophy is an intellec-
tual movement that is rooted in soil made
fertile by logical and mathematical de-
velopments which began about a cen-
tury ago; it counts among its contributors
such eminent names as Mach, Poincaré
and Russell. But it is not easy to charac-
terize that philosophy in general terms.
It is not committed to a fixed set of doc-
trines, nor even to a rigid technique of
analysis. It has frequently revised its
earlier tenets, and though Dr. Reichen-
bach sometimes gives the contrary im-
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pression, there is no complete agreement
among those identified with it on many
special issues. What can perhaps be
safely said is that scientific philosophy
finds no comprehensive plan controlling
the operations of nature; that it attacks
problems in a piecemeal fashion and
eschews all attempts at a wholesale solu-
tion of nature’s secrets; and thatits stan-
dards of cogent reasoning and competent
evidence are those which obtain in the
empirical sciences. Its aim is to analyze
and thereby to understand more clearly,
rather than to moralize or to edify. It is
not a discipline which can be sharply
demarcated from science. The problems
to which it addresses itself are problems
germane to every science that has be-
come conscious and critical of its meth-
ods and assumptions.

Modern science aims at generality,
and at the same time it seeks to provide
dependable guides for the intellectual
and practical mastery of specific events.
But the actual evidence for its laws and
theories is never logically complete, and
there is no logical guaranty that the
guides to action which science provides
will continue to function successfully in
the future. Thus the procedure of sci-
ence supplies support neither for a radi-
cal and sterile skepticism, nor for claims
to final truth. A theory of knowledge
adequate to the character of modern
science must make explicit the remark-
able fusion of deductive method and
controlled observation by which science
achieves dependable conclusions, and it
must also deal seriously with the self-
corrective procedure by which these
logically uncertain conclusions become
warranted. A good fraction of the pres-
ent book is devoted to themes pertinent
to such a theory of knowledge, and it is
for this reason that much of the discus-
sion is centered on the notion of prob-
ability. For the main thesis that emerges
trom Dr. Reichenbach’s analysis is that
all knowledge is only probable. He re-
gards probability not merely as a con-
cept basic to modern developments in
natural science; he also uses it as a key
notion in analyzing a variety of issues
connected with the nature and grounds
of inductive inference and the organiza-
tion and interpretation of sensory expe-
rience.

Misconceptions of space and time
have been serious obstacles to the recog-
nition of the probability aspect of scien-
tific knowledge. Indeed, rationalistic
philosophies have drawn much of their
sustenance from the alleged apriori na-



ture of our knowledge of space and time.
Dr. Reichenbach therefore devotes two
chapters to the status of geometry and
chronometry, in which the belief that
they are systems of apriori truth is shown
to rest on a series of confusions. Geome-
try (and similarly chronometry) is a
body of apriori truth only as a branch of
deductive mathematics, its asserted
statements being then simply theorems
of pure logic possessing no empirical
content. On the other hand, geometry
as a branch of physics is a set of contin-
gent statements, and can be asserted
only on the basis of experimental evi-
dence. Moreover, the statements of de-
ductive geometry do not refer to any-
thing in particular, and expressions like
“line” and “congruent” must first be in-
terpreted in terms of physical configura-
tions and processes before a geometric
statement can be assumed to have fac-
tual content. Such interpretations are a
species of definition; they are neither
true nor false, but are decisions as to how
language is to be used. Failure to recog-
nize the need for such definitions in this
and other branches of inquiry is still a
potent source of belief in the synthetic
apriori, and Dr. Reichenbach’s discus-
sion of this and related issues is authori-
tative and illuminating.

Dr. Reichenbach is an advocate of the
statistical theory of probability, accord-
ing to which probability is the limit of a
relative frequency in an infinite series of
items. Something like this interpretation
is now widely accepted as the correct one
for many uses of the word “probable,”
and his critique of the older Laplacian
account of probability is excellent. How-
ever, he believes that there is no legiti-
mate sense of the word other than the
statistical one. He therefore maintains
that even (uestions concerning the
weight of the available evidence for a
given hypothesis (for example, the prob-
ability of the gene theory of heredity
relative to the known experimental data )
must be reduced to the evaluation of a
statistical probability. He argues that the
traditional philosophic problem as to the
reality of an external world can be re-
solved in terms of the frequency theory;
for unlike many contemporary philoso-
phers who also think they are employing
a responsible method in their philoso-
phizing, Dr. Reichenbach regards this
question to be a genuine one. And he
claims that the long-standing debate as
to whether the inductive method of sci-
ence can be “justified” can finally be
given a positive answer on the basis of
his analysis of probability. These issues
and the proposed resolutions are too
complex for adequate comment in this
review. It must suffice to say that Dr.
Reichenbach is far from being convinc-
ing in his claims concerning the universal
scope and solvent power of the statisti-
cal notion of probability. These claims
have been advanced by him in previous
publications at greater length, and sup-

ported by an armory of detailed tech-
nical arguments; but thus far, at any rate,
most contemporary students of the sub-
ject have not been able to endorse them
fully. Dr. Reichenbach is somewhat less
than just to those contemporary logicians
who differ from him on the unique valid-
ity of the statistical theory of probability
when he declares that in this respect
they are “to be classified as rationalists.”
If a sine qua non for being a “scientific
philosopher” is acceptance of the various
analyses he advances as “established”
conclusions, then it is likely that he is
the sole bearer of the title.

Dr. Reichenbach is not concerned ex-
clusively with issues in the theory of
knowledge, and he has interesting chap-
ters on the laws of nature, the ultimate
constituents of the physical world and
the mechanism of evolution. Partly on
the basis of considerations drawn from
quantum theory, he argues for the view
current among physical scientists that
the laws of nature formulate merely
statistical regularities and express only
relations of “probability implication.”
Indeed, he maintains that the notion of
“strict causality” not only must be aban-
doned for subatomic processes but even
for macroscopic events it is at best only
an “idealization” or “simplification” of
what actually occurs. Moreover, since
the “unobservable” constituents of sub-
atomic physics allegedly possess “causal-
ly anomalous” properties, he believes
that the notion of “corporeal substance”
is not adequate for describing physical
reality in this sector of inquiry. On the
other hand, he claims that the familiar
but non-causal wave-particle interpreta-
tion of this reality can be avoided by
adopting a new three-valued logic,
which admits “indeterminacy” in addi-
tion to truth and falsity as a possible
value for a statement. Dr. Reichenbach’s
examination of these and other matters
is stimulating and generally highly read-
able. Nevertheless, some of his analyses
are open to legitimate doubt, and raise
questions he does not even try to settle.
Is the notion of strict causality any more
an “idealization” than his notion of prob-
ability implication? And is it quite accu-
rate and clarifying to assert that all laws
of nature formulate only probability im-
plications? He himself appears to admit
that for many macroscopic laws such a
reading is practically irrelevant; and
even for the behavior of atoms the “in-
determinism” which quantum theory
assumes falls far below the threshold
of possible experimental detection. Dr.
Reichenbach also ignores the interpreta-
tion of the principle of causality as a
regulative principle of inquiry—although
when it is so construed its career is by
no means ended, and it is at the bottom
of Einstein’s reservations about current
quantum mechanics. He rightly censures
speculative philosophy for its indulgence
in “pictorial thinking,” but his own ac-
count of the allegedly acausal character
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of subatomic processes is in effect based
on a pictorial interpretation of the math-
ematical formalism of quantum theory.
His attempt to apply a three-valued
logic to the analysis of that theory is
undoubtedly interésting. At the same
time, the present evidence seems to bear
out Max Born’s doubt as to whether nat-
ural philosophy stands to gain anything
from the adoption of such a logical
scheme. It is also somewhat perplexing
to find Dr. Reichenbach declaring, on
the one hand, that the ordinary two-
valued logic of truth and falsehood is the
product of the adaptation of human be-
ings to the relatively simple environment
into which they are born, and on the
other hand that logic “does not express
any properties of the physical world.”
The substance of the final two chap-
ters of The Rise of Scientific Philosophy
is devoted to the nature of ethics, and
to the refutation of the claim that ethics
is a science. Dr. Reichenbach maintains
that in the end ethical statements are
imperatives which express “volitional
aims,” and therefore cannot be validated
as true or false. On the other hand, he
recognizes that questions concerning the
relation of means to ends, or of subordi-
nate aims to ultimate goals, do involve
issues of fact and logic. Thus he believes
that to the extent men agree in their ulti-
mate aims, ethical disputes can be re-
solved by rational argument. But despite
the fact that he rejects the view that
ethics is a science, he himself suggests
that there may be only a verbal differ-
ence between himself and contemporary
pragmatists who maintain the possibility
of a scientific ethics. Perhaps this is so,
tor these latter do not deny that interests
and volitions are necessary conditions
for the occurrence of values. Neverthe-
less, they also affirm that the mere oc-
currence of a preference oranactof will
does not constitute a value judgment,
and that experience and reflection are
required for discovering what is valua-
ble. Now Dr. Reichenbach admits that
our actions are “trials” to find out what
we want, so that “we learn through
error, and often we know only after our
action is done whether we wanted to do
it.” But surely we could not fall into
error unless issues of truth and falsity
were relevant; the difference in princi-
ple between the logic by which ques-
tions of “fact” are settled, and the logic
by which moral problems are resolved,
is therefore not obvious. If proposed ends
of conduct, like the means suggested for
achieving them, must be evaluated in the
light of their consequences, is there a
clear warrant for Dr. Reichenbach’s
recommendation that attempts at vali-
dating primary goals by cognitive means
should be “denounced as unscientific’?
Dr. Reichenbach is more confident
than the actual facts seem to justify that
all the analyses he presents in this book
have the status of conclusions as precise
and dependable as those which science
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at its best achieves. He has nevertheless
written a provocative book, one which
makes clear the fascinating materials
that the sciences supply for responsible
philosophic analysis, and one which
therefore deserves to be read widely.

—————

Ernest Nagel is professor of phi-
losophy at Columbia University.
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problem of personal identity in certain
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thesis developed by Dr. Erikson in this
interesting but poorly integrated book:
That infantile anxiety, arising from the
prolonged dependence of the human or-
ganism on others, remains with man
throughout his life and is accompanied
by an “ . . unconscious determination
never to meet his childhood anxiety face
to face again. . . .” This fear impairs
man’s judgment and his reason and gives
urgency to the need for definition of his
identity, a definition denied in the com-
plex and changing circumstances of
modern life. To remedy this condition,
the author recommends a wide employ-
ment of group discussion and of group
instruction by experts, especially for par-
ents, so that the basic anxieties and the
superstitions surrounding them may be
ameliorated.
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assumptions justifying the polling pro-
cedure, as well as the appearance of this
tome, are: first, that public opinion on
most of the issues in question constitutes
valuable data for the social scientist;
second, that polling is a reliable method
for eliciting such opinion. As to both as-
sumptions there is a sharp divergence of
views among psychologists and others of
related professional interests, a diver-
gence which this compendium is scarce-
ty likely to resolve.

CIENCE AND CommoN SeNsg, by

James B. Conant. Yale University
Press ($4.00). Dr. Conant’s earlier book,
On Understanding Science, has now
been considerably enlarged with empha-
sis on the general reader’s, as distin-
guished from the specialist’s, interest in
the history of science and the scientific

cjée O’agm
obl the Eatth

By W. M. Smart

Whence came the Earth?
When did it appear, and How?
What is this planet, that we take
so much for granted, made of?
What are its prospects for the
future? . . . Coming at a moment
when there is lively general in-
terest in new theories of cosmo-
logy and cosmogony, this book
does for the reader uninstructed
in the advancing position of sci-
ence and theory, what Jeans did,
as pioneer.

Hlustrated, $2.75
At your bookseller

COLUMBIA UNIVERSITY PRESS
Morningside Heights, New York 27, N. Y.

+ For YOU- A QUICK,EASY WAY TO
LEARN A

From the beginning of time ...

“Eden, Garden of, in the ‘Bible, first home of
man. God established the garden, with its trees
of knowledge and of life, as a dwelling place
for Adam and Eve, until, eating of the for-
bidden fruit, they were bamshe([ Gen. 2:3 .

In Bdbylomd there was a legend of a holy
place with a tree of life inhabited by a god

LANGUAGE

for o PROFESSIONAL, SCIENTIFIC AND
EDUCATIONAL ADVANCEMENT!
« Greater Business Opportunities!
« Doubled Travel Enioyment!
* Wider Social and Cultural Horizons!

What do you want to learn . . . French,
Spanish, Russian, German or the Oriental
languages? With LINGUAPHONE you can
learn any one of 29 languages, in just 20
minutes a day!

o s Wi, LINGUAPHONE
' : L I versati h
To fomorrow's headlines . . . ao World’s Standard Conversational Method
is the natural way to learn a language .
actually the same way you learned I‘nglhh
“Hydrogen bomb, weapon deriving its energy even before you went 10 school. You hear
from the union of atoms of low atomic weight people SPEAK in their native tongue. You
. It is estimated that a hydrogen bomb would ULTUR“L listen—you learn—you understand. You
cause damage over a wider radius than the SPEAIS with correct pronunciation, proper
B tonal inflection. You learn to read and
atomic bomb both from blast effect and from write. It's all amazingly easy!
flash or burning. Scientists foresee no peace- In peace or war another language can
time applications . .. The possible production mean power, promotion, a better job or
and use of such a weapon raises moral, philo- UC“'OH femce rating, more pay, greater oppor-
N Lyl St I unities and cultural enjoyment to you.
sophical, and security problems. When traveling, you’ll be able to see and

It's The Columbia Encyclopedia

Today Americans live in a complete world,
need a more specialized knowledge. To help
you keep abreast of world events, this new,
completely revised and greatly expanded
Columbia Encyclopedia offers quick, authorita-

tive knowledge on 70,000 subjects. |

THE COLUMBIA
ENCYCLOPEDIA

At all bookstores, $28.50

© 1951 SCIENTIFIC AMERICAN, INC

SEND FOR

FREE

BOOKLET

do things the native way. Right at home, in leisure
time, alone or with family and friends, master:—

SPANISH FRENCH RUSSIAN GERMAN
—any of 29 languages including the Oriental
Courses Approved for VETERANS' Training

LINGUAPHONE INSTITUTE, 305 Rockefeller Plaza, N, Y. 20.
FREE book glves fascmanng iacts about LINGUA-
PHONE—why it is used by U. 0., colleges,
schools, armed services, and has been ‘the "choice of
more_than one million home study students. Mail Cou-
pon TODAY

- —— -

LINGUAPHONE INSTHUTE

305 Rockefeller Plaza, N. Y. 20, N. Y,
Send me your FREE book.




INDEX
OF
ADVERTISERS

1951

AIRCRAFT COMPONENTS, INC.. 69  HEITZ & LIGHTBURN.. 78

Agency: Mayard Sales and Advertising Counsel Agency: The John-Raider Associates
AIRESEARCH MFG. CO., DIV. OF THE HEWLETT-PACKARD COMPANY . .

GARRETT CORP... Agency: L. C. Cole Company

Agency: J. Walter Thompson Company JAEGERS, A 77

ALEXANDER HAMILTON INSTITUTE, INC. 2 P .
) Agency : Carol Advertising Agency

Agency: St. Georges & Keyes, Inc.

ALLEN-BRADLEY CO. 3  LEIZ E, INC.. 59

Agency: The Fensholt Company

ALUMINUM COMPANY OF AMERICA. ... 40-41
Agency: Fuller & Smith & Ross, Inc.

AMERICAN CYANAMID CO.......BACK COVER
Agency : Hazard Advertising Company

AMERICAN OPTICAL COMPANY,

INSTRUMENT DIVISION.. 38
Agency : Baldwin, Bowers & Sn'achan, Inc.
AMPEX ELECTRIC CORP...... 72
Agency: E. W, Shafer & Co.
BECKMAN INSTRUMENTS, INC.... 7

Agency: Dozier-Graham-Eastman, Advertising
BELL TELEPHONE LABORATORIES, INC.. I
Agency: N. W. Ayer & Son, Incorporated

BENDIX AVIATION CORP., FRIEZ IN-
STRUMENT DIVISION.. . 67

Agency: MacManus, John & Adams, Inc.
BRUSH DEVELOPMENT COMPANY, THE.... 12
Agency: The Griswold-Eshleman Co.
CAMBRIDGE UNIVERSITY PRESS... ......73, 80
Agency: Franklin Spier, Inc.
CHRYSLER CORPORATION.. |
Agency: N. W. Ayer & Son, Incorporated
COLUMBIA UNIVERSITY PRESS 73
Agency: Franklin Spier, Inc.
CONSOLIDATED ENGINEERING CORPO-

RATION 57
Agency: Hixson & Jorgensen, Inc.
CORTINA ACADEMY... 80

Agency: Schwab and Beatty, Inc.

CRUCIBLE STEEL COMPANY OF AMERICA 6
Agency: G. M. Basford Company

DOUGLAS AIRCRAFT COMPANY, INC.... 89
Agency: J. Walter Thompson Company

DOVER PUBLICATIONS, INC... 58
Agency: John Shrager, Incorporated

DOW CORNING CORPORATION... 33
Agency: Don Wagnitz, Advertising

DUREZ PLASTICS & CHEMICALS, INC..... 32
Agency: Comstock & Company

EASTMAN KODAK COMPANY.. 31
Agency: Charles L. Rumrill & Co., Inc.

EDMUND SCIENTIFIC CORP.. 77
Agency: Walter S. Chittick Company

ERCONA CAMERA CORP... .. 69
Agency: The Zlowe Company

EXAKTA CAMERA COMPANY.. 72

FUNK & WAGNALLS CO......l 75, 80
Agency: Albert Frank-Guenther Law, Inc.

GENERAL ELECTRIC COMPANY.... 42

GENERAL ELECTRIC X-RAY CORPORA-
TION

Agency: Klau-Van Pietersom-Dunlap
Associates, Inc.

HAMILTON STANDARD, A DIVISION OF
UNITED AIRCRAFT CORP..
Agency: Geyer, Newell & Ganger. Inc.
HARVARD UNIVERSITY PRESS....... 71
Agency: Franklin Spier, Inc.

Agency: Kelly, Nason, Incorporated

LIBI%_EY OWENS-FORD GLASS CO., LIBER-

Y MIRROR DIVISION. . 4
Agency: Fuller & Smith & Ross, Inc.

LINGUAPHONE INSTITUTE... 73
Agency: Kaplan & Bruck, Advertising

LITTLE, ARTHUR D., INC....... 58

Agency: Walter B. Snow and Staff, Inc.
LOCIg‘I!{EED AIRCRAFT CORPORA-

................................. 56,72

Agency: Hal Stebbins, Inc.

MACMILLAN COMPANY, THE... 72
Agency: Atherton & Currier, Inc.

MAGNECORD, INC.... 67
Agency: Arthur Towell, Incorporated

MARTIN, GLENN L., CO., THE.... 58
Agency: Vansant, Dugdale & Company,

Incorporated

METALAB EQUIPMENT CORPORATION 69
Agency: H. J. Gold Co., Advertising

NORTHROP AIRCRAFT, INC.... 75
Agency: West-Marquis, Inc.

PELLEGRINI & CUDAHY.. 75
Agency: Franklin Spier, Inc.

PERKIN-ELMER CORPORATION, THE... 37

Agency: Fred Wittner, Advertising
PHILBRICK, G. A., RESEARCHES, INC... 34
Agency: Tippett, Jackson & Nolan, Inc.
POLAROID CORPORATION... 65
Agency : Batten, Barton, Durstine & Osborn, Inc.

REVERE COPPER AND BRASS INCORPO-
RATED

Agency: St. Georges & Keyes. Inc.

ROSS, HARRY........ 78
SANBORN COMPANY. .. 66
Agency: Hanson & Ridlon Associates
TENNESSEE  PRODUCTS & CHEMICAL
CORPORATION.......... INSIDE BACK COVER
Agency: The Griswold-Eshleman Co.
TINSLEY LABORATORIES... ... 79

Agency: Conner, Jackson, Walker, McClure,
Advertising

TRACERLAB, INC... 68
Agency: Pazolt & Co.
UNION CARBIDE AND CARBON CORPO-
RATION... (INSIDE FRONT COVER
Agency: J. )IA Malhns, Incorporated

UNITED PRODUCTS COMPANY... 79
Agency: E. H. Brown Advertising Agency

UNIVERSITY OF CALIFORNIA PRESS... 71

VIRGINIA SMELTING COMPANY . 3
Agency: Gray & Rogers, Advertising

VISKING CORPORATION.. . 13

Agency: Weiss and Geller, Inc.
WESTINGHOUSE ELECTRIC CORPORA-
TION...

Agency: }\eichum MacLeod & Gro\e Inc.
WRIGHT AERONAUTICAL CORP... 67
Agency : Charles Dallas Reach Co., Inc.

74

© 1951 SCIENTIFIC AMERICAN, INC

method. Dr. Conant interprets the rise of
science in the 17th century as the result
of the “union of three streams of thought
and action. . . . (1) speculative think-
ing, (2) deductive reasoning, (3) cut-
and-try or empirical experimentation.”
He illustrates his ideas by a number of
case histories which describe the back-
ground of some major advances in sci-
ence, advances to which chance, com-
mon sense, curiosity, intuition, reasoning
and formal method each contributed its
share. Almost everything Conant has to
say in this study, including his comments
on the social relations of science, is bal-
anced and honestly thought out. Yet at
best his presentation ventures nothing
rash and achieves nothing striking; it is
neither profoundly original nor banal; it
instructs without bringing the reader in
contact with the difficult, elusive, inner
aspects of the growth of scientific ideas.

Evrosis AND Humanx GrowrtH, by
Karen Horney. W. W. Norton &
Co., Inc. ($4.50). In this book Karen
Horney broadens and deepens her basic
concepts. Neurosis is seen as a desperate
detour away from the normal human
goal of self-realization. The dynamics of
neurotic functioning, the living with
people, with the world and with the self
are clearly pictured. The author demon-
strates how neurotic patterns are used,
and in facthow they are needed to main-
tain some kind of self-unity; she also
indicates the price that is paid for a life
with this pseudo-self in inner and outer
contradiction. She finally views the role
of therapy and therapist in the light of
her formulations. An unacademic, un-
pretentious account.

HE SCHOLAR ADVENTURERS, by Rich-
ard D. Altick. The Macmillan Com-
pany ($5.00). Although it is too long
and costs too much, Dr. Altick’s book
contains a number of highly entertaining
essays on literary swindlers, feats of liter-
ary detection, the uncovering of famous
manuscripts, and other interesting trivia
of bibliomania. Perfect for the tired
reader.

SPACE—TIME StrucTure, by Erwin
Schrédinger. Cambridge University
Press ($2.75). The 1933 Nobel prize
winner in physics investigates the ge-
ometry of the space-time continuum in
three stages: 1) when only general in-
variance  (underlying the General
Theory of Relativity) is imposed;
2) “when in addition an affine connec-
tion is imposed”; 3) “when this is spe-
cialized to carry a metric.” One chapter
treats of attempts to generalize Einstein’s
theory of the gravitational field “so as to
account in the same natural way for the
electromagnetic field as well.”

HuNDRED YEARS OF ARCHAEOLOGY,
by Glyn E. Daniel. The Macmillan
Company ($3.50). This volume in The
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GIORDANO Bruno, by Dorothea Waley
Singer. Henry Schuman ($6.00). A
biography of a noted philosopher who
added much to the advance of scientific
and philosophical thought; for this of-
fense he was burned at the stake on
February 20, 1600. Miss Singer adds an
annotated translation of Bruno’s On the
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Also Noteworthy

Tue CorLumsia ExcycLoPEDIA; Sec-
ond Edition. Columbia University Press
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vey or the elusive fact, this handsome
one-volume work, now substantially en-
larged and brought up to date, is without
a peer in the English language.

SEx IN PsyCHOANALYsIS, by S. Ferenc-
zi. Robert Brunner ($3.50). A reprint
of a selection of important papers by a
noted Hungarian pioneer of psychoan-
alysis, a disciple and associate of Freud.
The collection and translation are by
Ernest Jones.

Wave MecnHanics, by J. Frenkel
Dover Publications, Inc. ($5.00). An-
other of the excellent Dover reprints
making available at moderate prices out-
standing works in the mathematical and
physical sciences.

THE BiocHEMISTRY OF THE NUCLEIC
Acips, by J. N. Davidson. John Wiley &
Sons, Inc. ($1.75). One of the series of
useful Methuen Monographs consisting
of brief surveys of various scientific sub-
jects by leading experts. The author of
this monograph is professor of physi-
ological chemistry at Glasgow Universi-

ty.

TuE BreakING OoF THE CIRCLE, by
Marjorie Hope Nicolson. Northwestern
University Press ($3.00). The theme of
this book, based on the Norman Wait
Harris lectures delivered by Miss Nicol-
son at Northwestern University in 1949,
is the relationships among science, phi-
losophy and poetry in the 17th century.
Learned and rarefied.

Sir THOMAS BROWNE, by Jeremiah S.
Finch. Henry Schuman, Inc. ($3.50).
Finch, assistant dean of the college and
lecturer in English at Princeton, presents
a readable life of this kind, tolerant, hu-
mane man who was both a skilled physi-
cian and one of the greatest writers of
English prose.

© 1951 SCIENTIFIC AMERICAN, INC

; / \ Wanted

ENGINEERS

AND
SCIENTISTS
Unusual opportunities for out-

standing and experienced men.

These top positions involve preliminary
and production design in advanced military
aircraft and special weapons, including
guided missiles.

Immediate positions include:

Electronic project engineers
Electronic instrumentation engineers
Radar engineers
Flight test engineers
Stress engineers
Aero- and thermodynamicists
Servo-mechanists
Power plant installation designers
Structural designers
Electro-mechanical designers
Electrical installation designers

Excellent location in Southern California.
Generous allowance for travel expenses.

Write today for complete information on
these essential, long-term positions. Please
include résumé of your experience & train-
ing. Address inquiry to Director of Engi-
neering,

NORTHROP AIRCRAFT, INC.
1013 E. Broadway
Hawthorne (Los Angeles County) California

g

Start to Speak a Foreign
Language Correctly

IN ONLY 7 DAYS

Now you can learn Spanish, French,
German or Italian easily, inexpensively
and in an amazingly short time.

Funk & Wagnalls’ Language Phone Method with
brand-new R.C.A. high-fidelity phonograph re-
cordings, brings you the actual voices of expert
teachers speaking in their native tongues.

The phonograph method of learning a foreign
language is the amazing new method you have
heard about and been reading about in nation-
al publications. With this method you learn
right in your own home, your
teacher is always there to in-
struct you, your manuals al-
ways there to help you. You
learn as fast as you wish, re-
peat lessons as often as you
need.

Send today for the FREE book-
let that explains this remark.
able new way to learn a foreign
language. Let us tell you how
you can try out the Funk &
Wagnalls’ Language Phone
Method for a whole week right
in your own home and without
obligation of any kind.

-—-MAIL THIS COUPON——{"~<=——
Funk & Wagnalls Company

Department SA-7, Foreign Languages

153 East 24th St., New York 10, N. Y.

P’lease send me FREE descriptive booklet about your
easy method of learning ( ) Spanish, ( ) French,
( ) German, ( ) Italian, and tell me how I may
obtain a complete Language I’hone Kit for seven
days’ free trial.

Name...

Address......

Zone ... State
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Conducted by Albert G. Ingalls

ASTERS and students in the
M Oundle School, the first of Eng-

land’s ancient “public” schools to
make engineering and science its chief
educational tools, built the telescope
shown in the drawing on the opposite
page. H. C. Palmer, assistant master in
the school’s department of mathematics
and science, has supplied the facts con-
cerning it.

“The preliminary drawings, all pat-
terns and castings and machining were
done cooperatively by masters, boys and
instructors. The body of the telescope is
of duralumin and cast aluminum. The
balance weight at the short end is of
cast iron. The trunnions forming the dec-
lination axis are part of a single casting
in the form of a square box. The design
had to be simple because all the patterns
had to be made by schoolboys. The driv-
ing wheel is bronze, 12 inches in diam-
eter, and has 360 teeth which were
hobbed by a home-made tool on a mill-
ing machine. The three-inch polar axis
that carries the fork runs in ball bear-
ings. Four hand screws on this axis per-
mit unlocking it from the driving worm
wheel, so that the telescope can be ro-
tated at will.

“The drive is taken from an old spring-
driven phonograph motor modified in
two important ways. The governor
weights have been loaded to slow down
the motor, so that the single-spring bar-
rel rotates about once a minute; and the
spring barrel has been fitted with a shaft
which emerges from the frame of the
motor and revolves at the same rate. The
torque transmitted by this shaft when
the spring is fully wound exceeds one
pound-foot. The motor will continue to
drive for about 15 minutes, and since
the foundations are rigid it is in order
to wind the motor during a run. The
only service demanded of the gears in
the motor is to drive the governor. The
governor brake is controlled by a screw
of fine thread.

“The motor is connected to the worm
drive by a 1-to-4 bevel gear as shown in
the insert drawing, making the gear ra-
tio 1-to-1,440 and so giving ample torque
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to drive a heavy telescope. A spring-
loaded clutch in line with the worm
makes it possible to turn the latter either
way without interrupting the motor; the
resistance of the clutch is overcome b
means of the capstan on the end of the
shaft.”

L C. MARTIN’S Introduction to Ap-
e plied Optics, a standard reference
and textbook which went out of print
during the war, has now been revised,
enlarged into two volumes and given
the new title of Technical Optics. The
author is professor of technical optics at
the Imperial College of Science and
Technology in London, and the book
represents the substance of a lecture
course given to graduate students at the
College. It is not elementary, but many
advanced amateur telescope makers add
such major works on optics to their li-
braries. Volume 1, containing 343 pages,
deals with geometrical optics, paraxial
theory of optical systems, light as wave
motion, images and their defects, physio-
logical and physical optics, radiation,
optical glass and lens defects. It includes
a chapter on spectacles, which most
members of the optical fraternity wear
without the understanding conveyed in
this far from elementary discussion. Vol-
ume 2, containing 344 pages, deals with
the telescope, microscope, binoculars,
photographic lenses, photometry, testing
optical instruments, aspheric surfaces.
The volumes may be obtained, sepa-
rately if desired, from the Pitman Pub-
lishing Corporation, New York.

[FFRACTION, sometimes defined
as the bending of light around ob-
stacles into the shadow, is a process that
goes on continuously in all wave fronts.
The waves try to spread out sidewise as
they advance. When a part of the wave is
cut off by an obstacle, there is a special
phenomenon, correctly called not “dif-
fraction,” but a “diffraction effect,”
which is what is usually meant in optics
by the term diffraction. The misleading
definition first stated sometimes creates
the idea that the diffracted wave spreads
only into the shadow behind the obsta-
cle; actually it also spreads into the illu-
minated region.

Diffraction is a cause of imperfect
imagery in optical instruments, but it
has never been abolished. Edwin Emil
Webb of New York now proposes a trick
to defeat it in a reflecting telescope.
“Why,” he asks, “can’t diffraction due to
secondary mirrors be totally eliminated
by a circular blackened area in the cen-
ter of the main mirror, the radius of the
dark spot being slightly greater than the
radius of the secondary, so that the dif-
fracted light would fall upon a nonre-
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flecting area and not be returned to the
eyepiece?”

“To prevent the spot itself from giv-
ing rise to diffraction,” he continues,
“its own edge would have to taper in
intensity from full black to full reflec-
tivity as its radius increased from the
radius of the secondary to that radius
plus, say, 1/8-inch. Optically, such a spot
would have no edge and could not give
rise to diffraction, though it could, be-
ing larger, absorb all the diffraction
caused by the secondary.

“Such a spot would be difficult to
produce. It could not be painted or air-
brushed on, since these processes de-
posit particles greater in diameter than
a wavelength of light, and each particle
would then create its own diffraction
effect. A molecular process such as tar-
nishing or anodizing would. perhaps be
required. Similarly, a narrow nonreflect-
ing ring around the outer edge of the
main mirror, tapering inward toward the
center, could annul outer-edge diffrac-
tion. And finally, an appropriate pattern
of tapered black lines could annul spider
diffraction.

“The result, I think, is a diffraction-
less reflector!”

One optician to whom this proposal
was shown commented, “This subject is
dear to me. Webb’s idea has some merit
and some questionable points.” Another
said, “I've been thinking about the idea
off and on for months since Webb’s pro-
posal was shown to me. In my opinion
it would work well. Say the spacing of
the subwavelength particles went from
. . . . to....,and then to solid
packing at the black portion. As the
spaces approached particle size, diffrac-
tionless partial reflection should occur.
Such partial reflection does take place
in fluids when the particle size is less
than 1/100-wavelength. How the transi-
tion could be attained in practice I
don’t know. Probably not in 1/4-inch or
so.

So here, the gift of Webb, is a route
to a fortune for some developer—or any-
way some fun.

IN January this department gave an
account of a proposed method to re-
duce the weight and cost of mountings
for very large telescopes to a small frac-
tion of the customary amounts. If the
large primary mirror and the heavy
mechanism that supports and moves it
are removed from a conventional mount-
ing, the only essential parts that remain
are the plateholder and a simple mecha-
nism for moving it, or the correcting
plate and plateholder of a Schmidt tele-
scope. Mounted as a pivoted single unit,
these need not weigh or cost a tenth as
much as the original instrument. The



primary mirror is attached to the earth
without mechanism and derives its nec-
essary motion from the earth. Such a
telescope could photograph only one
relatively narrow band around the heav-
ens but a chain of them would together
cover the sky.

Concerning this proposal Lyle T.
Johnson, a physicist and amateur as-
tronomer of La Plata, Md., states, “Your
article was extremely interesting to me.
Vaisild’s proposal for a large telescope
is the same as one I sent you in 1947,
except that he uses a large number of
spherical mirrors while I proposed a
large single mirror. Russell W. Porter
liked the idea when you forwarded it to
him, but others at Palomar were against
it, mainly on the ground that there would
be flexure of the large correcting plate.
But this could be reduced by using a
spider to give it support at the center.”

“Later on,” Johnson continues, “I fig-

Vs

ured out ways by which the correcting
plate of the monster telescope could be
dispensed with by putting the correction
on a secondary mirror. [Three methods
are shown in the upper drawings on the
next page.] The first is an adaptation of
my modified Gregorian [described in
this department in September, 1949].
The second is a Cassegrainian or Grego-
rian with a flat near the primary. The
third has a perforated flat at the primary
focus and a Gregorian secondary.”
Johnson’s present proposal is to com-
bine his three unconventional telescopes
with the fixed primary-mirror principle.
He continues, “All the optical elements
except the primary are attached to the
mobile tube, which has a declination
and a polar axis intersecting at the cen-
ter of curvature. Elimination of the large
correcting plate removes a limit on the
aperture and permits use of the huge
mirror’s full aperture. The aperture

OUNDLE
8% inch Newtonian

A telescope made in an English public school
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——WAR SURPLUS BARGAIN

ACHROMATIC TELESCOPE OBJECTIVES—Perfect
Magnesium Fluoride Coated and cemented Gov’t
Surplus lenses made of finest Crown and Flint op-
tical glass y are fully corrected and have tre-
mendous resolving power and can be readily used
with 14" . eyepieces. Guaranteed well suited
for Aslrmmmu:\l Telescopes, Spotting Scopes, etc.
Original Gov’t cost approximately $100.00 &ach.

Diameter TIFocal Tength Bach

54m/m (2%") 600m/m(23%").......... $12.50 '

T8m/m (347)  381m/m (15”).. $21.00
81m/m ") 622m/m (243" $22.50
83m/m (3%")  876m/m (34%").........$28.00
83m/m (314”) 1016m/m (40”) $30 00

We can supply ALUMINUM TUBING for the above
lenses

SYMMETRICAL EYEPIECE LENS SET—These sets
consist of two Magnesium-Fluoride coated and ce-
mented achromats, exact Gov’'t spacing diagram.
Gives wide flat field.

%" E.F.L. (20X) Lens Set 13m/m Dia
%" L.F.L. (13X) Lens Set 18m/m Dia.

MOUNTED EYEPIECE has 2 perfect lenses
20mm in dia. Designed in order to give

MOUNTED EYEPIECE has 2 perfect achro-

mats, 27mm dia. Cell fits

1 7/16" E.F.L. (7X)
FIRST SURFACE MIRROR 12" x 15" x %4"” 8.75
FIRST SURFACE MIRROR 8”x10”x %" 4,25
FIRST SURFACE MIRROR 4”"x 4”x %" 1.50
FIRST SURFACE MIRROR 1%4”x1%"x " .25
LENS CLEANING TISSUE—500 sheets 712" x
11”. BARGAIN PRICED AT ONLY
RECTANGULAR MAGNIFYING LENS—Seconds,
sells for $6.50. Size 2” $1.0!
7x50 COATED BINOCULARS beautiful imported
binoculars, precision made, al a low low price
within the reach of every man’s packe[bonk Com-
plete with cnrrymg case and straps.. 9.75*

#Plus 2005 Excise Tax
Free Catalogue
““MILLIONS’ of Lenses, ele.

We pay the POSTAGE—C.0.D.’s you pay postage
—Satisfaction guaranteed or money refunded if
returned within 10 day

93-08A 95th Ave.
A. JAEGERS (;0\NePank 6, N. V.

11/4” " tube.

WAR SURPLUS BARGAINS

YOUR CHANCE TO SAVE REAL MONEY!
KE A MICROSCOPE

Get wnndelful results Own an instrument worth many
s g

times the cost to you. mply convert a
scope (Govt. cost over $65.00). It’s easy! We sh
how. No machining required. Get up to 40 Power.
we furnish is used but in good condition . .
with extra lmwes and direction sheet.
Stock 1#959. $7.90
WRENCHES for above project, to sn‘npllfy an(l speed up
work—Stock #89-S

LOOK! LOOK! BINOCULAR BARGAINS'

’\n ()[![)Orlunlty to own a truly fine pair of American-made
at substantial savings over glasses of comparable
. Made by Anchor Optical Co. , our Binoculars are
I|"‘hL eight, dust-proof, moisture-proof, expertly colli-
mated. Designed and built to stay in collimation even
under rough usage. Optics are low reflection coated—preci-
sion made for clarity and sharp definition. Metal parts
chemically treated to prevent corrosion. Anchor Binoculars
come with sturdy Carrying Case and neck strap. All Glasses
factory tested and inspected—guaranteed for full year
against any defects In workmanship or materials. Sold with
10 DAY MONEY BACK PRIVILEGE.

Stock #963-S

S. Govt. Ritle-
ow_ you

Scope
. sent complete

75.00 Postpaid

Stock #964- 85.00 Postpaid
Stock 1965- 98.50 Postpaid
Stock #966- . 99.50 Postpaid

(Be sure to add 209 Fed. Tax on Binoculars)

AMAZING POCKET-SIZE
10-POWER SPOTTING SCOPE

Complete wlth Tripod and
Swivel Head
Only 51" long—S’/;" high on

tripod. Adapted from Army tele-
scope and worth many times our

price. Excellent for clarity and e nw
sharpness. Has prism erecting I
system, achromatic_ objective. °
Ramsden Eye-Piece. Lenses low |

reflection coated. Ideal Scope for
sportsmen and hunters.

Stock #955-S . ....$14.95 Postpaid

SIMPLE LENS KITS!—THE LENS CRAFTER'S DE-
LIGHT! Fun for adults! Fun for children! Kits include
plainly written, illustrated booklet showing how you can
build lots of onucal items. Use these lenses in photography
for copyving, ULTRA CLOSE-UP SHOTS, MICIOphotD”raph y
for “Dummy (,amehl" Kodachrome View: etachable
Reflex View Finder for 353 mm. cameras, %lere()au);uc
Viewer, ground glass and enlarging focusing aids. And
‘or dozens of other uses in experimental optics, building
TELESCOPES, low power Microscopes, etc.

Stock #2-S—10 lenses. i
Stock #5-S—45 lenses. Pos!pa!d
Stock #10-S—80 lenses Postpaid

We have Literally Millions of WAR SURPLUS LENSES
AND PRISMS FOR SALE AT BARGAIN PRICES
Write for Catalog ''S'"'—SENT FREE!

EDMUND SCIENTIFIC CORP.

(Formerly Edmund Salvage Co.)
BARRINGTON, NEW JERSEY

77

Postpaid




WHEN PRECISION COUNTS...

ALPA\ PRISMA REFLEX
AND  ALPA\ REFLEX

THE SWISS

35 MM CAMERAS
designed for

the scientific
photographer

ALPA PRISMA-REFLEX: Crystal-clear prism
gives reinverted, sharp and bright image.

With ALFINON £/2.8 lens $305.00 plus tax.
EXCLUSIVE ALPA FEATURES

® Only Single Lens reflex camera with ground glass
PLUS individual rangefinder.

® Critical focusing with any interchangeable lens.
No need for supplementary finders or reflex hous-
ings, even for photomicrography.

® Exceptionally long extension range of lenses (20
MM) allows continuous focusing down to ultra
close-ups. Indispensable for exacting copy work.

SWITZERLAND'S PRECISION METERS

REBIKOFF COLOR TEMPERA-
TURE METER controls the balance
of reds and blues in your color pho-
tographs . . . easily determines color
temperature of light source in degrees
Kelvin. $54.00 plus tax.

SWISS LUX 2 POCKET METER
both incident and reflected light.
§27.00 plus tax.

HILBA COLOR LUX ... The most

sensitive and accurate exposure meter.

The only meter which measures incident light, reflected

light and contrast WITHOUT EXTRA ATTACHMENTS
.+ Independent Photocell . . . $133.00 plus tax.

Ask Your Dealer or Write

HEITZ & LIGHTBURN

150 WEST 54TH STREET, N.Y. 19, N. Y.

Supports for :
, secondary

We still have some Excellent Surplus Material
PROJECTION LEN$

An outstanding value. Anastigmatic f1:3 four element
system. Product of the Spencer Lens Co.; 3” focus, H
clear aperture, 1%” 0.D. This lens is airspaced and
not affected by heat. Can be used on 8mm, 16mm, 35mm
and double frame 35mm sizes. 3.3X magnifier. Wonder-
ful for many projection experiments. A $9.50 value is
yours for only $2.00 Postpaid.

GYRO-TOP
Demonstrates the principle of the GYROCOMPASS.
A source of entertainment and scientific facts for all
ages. Complete with accessories and instructions. $1.25
Postpaid.

DIRECTIONAL COMPASS

Famous U. S. Gauge make pocket compass made of
durable metal, accurate, easy to read, 2” diameter with
unbreakable crystal. Excellent for campers, scouts,
magnetic experimenters.-Can locate BX electrical cables
in walls, steel plpmg in concrete and cement walls or
flooring. Locate iron deposits, minerals, and pipes .
underground; to determine true northerly direction, etc. Velvet 51-"]')5

Each 75¢. Postpaid.
to support

"Rainbow in Sunlight"
SPECTRUM PRISM

45-90-45 degree, crystal, clear-white glass for spectrum
demonstration, creates a beautiful, gorgeous, large and
brilliant rainbow effect in sunlight. Suitable for chemi-
cal analysis with the Bunsen flame. Instructive. Very
large size 6%” x 2", can be used in any type of optical
system, telescopes, photography, etc., beautifully pol-
ished, without “‘silvering.”” Surplus; cost U. S. Govt.
10 times what we ask. Price each $2.00 plus 50c postage.

SPECTRUM PRISM

60 degree, clear white Czechoslovakian glass for spec-
trum demonstration. Creates a beautiful rainbow effect
in sunlight. Suitable for chemical analysis with the
Bunsen flame. Instructive 5” x 1%”. Price 75¢ plus
10c postage.

GLASS MAGNIFIER & PAPERWEIGHT

Beautiful crystal clear magnifier. Placed directly on the
page—gives 3 power magnification. Decorative—useful
—unusual. $1.00 Each.

GEM CARBIDE SCRIBER

This GEM CARBIDE SCRIBER can’t be beat! Tipned : . . ;
with the hardest metal made by man. Moh's scale 8.5 Johnsonian telescopes with fixed primary mirrors

Stays sharp 50 times longer than any other metal. Wlth

1 E RBI SCRI R " . -
Engriving o hardened stecs. metats, giaos ‘gems. | | would decrease as the telescope was Porter and Roger Hayward, the present
ceramics, plastics, etc. USED BY: jewelers, artists, » s .. . s
craftsmen, designers. die cutters, glass cutters, machine moved. illustrator of thlS department- BOth men
~I|;0[15,. lab.orawnes and radio builders. Price $1.00. Those who have admired Russell grew up and learned to use machine

emit with order—No COD—No open accounts S ) . . Is i land d d fr
HARRY ROSS Porter’s interpretive drawings in Ama- tools in New England; graduated from
TELESCOPES—MICROSCOPES teur Telescope Making and in this de- the Massachusetts Institute of Technolo-
Scientific & Laboratory Apparatus partment may find interest in an ex- gy asarchitects, Porter in 1896, Hayward

70 West B'way, Dept. SA-I, New York 7, N. Y. | | tended category of coincidences between in  1922; designed public libraries;
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painted water colors; moved to Pasa-
dena, Calif., where they became ac-
quainted and friends; built telescopes,
spectroscopes, grinding machines and
prisms; made large models of the moon;
ran toolmakers’ lathes; did wartime work
in optics, and illustrated technical books.
Hayward puts into his drawings the
same kind of interpretation of mechanics
and optics that Porter did.

After illustrating this month’s discus-
sion Hayward wrote, “Johnson’s fixed-
primary telescopes are very interesting.
I could not fobear adding a fourth
which is a modification of the first. Its
advantage lies in the fact that the image
is brought back to a point near the trun-
nion, which is desirable from an engi-
neering point of view. It also uses the
tiny flat of Johnson’s first scheme, cut-
ting down diffraction. If the instrument
is built so that the observing platform is
near the ground, the dome and super-
structure would be relatively small. I
have indicated, by the scale of the ob-
servers in the diagrams, instruments with
a primary-mirror array 28 feet wide, a
radius of curvature of 56 feet and an
effective aperture of about 14 feet. The
focal ratio at the prime focus would be
2. If the primary-mirror array were ar-
ranged to be rolled north and south on
suitably curved rails, the instrument
could cover most of the visble heavens
except the polar region.

“The principal defect in this scheme
is that the Cassegrainian or Gregorian
instruments are by nature long-focus af-
fairs, which means that exposures must
also be long, yet the length of exposure
with this instrument is limited by the
east-west diameter of the primary-mirror
array. If the mirrors had the east-west
diameter that is shown they would per-
mit exposures of an hour. This is very
short, especially for spectrographic
work where limiting exposures are about
100 times as long as for direct photogra-
phy.

Continuing on another subject, John-
son writes: “Viisild’s trial telescope with
seven 12%-inch mirrors in a cloverleaf
pattern and 33%-inch diameter, de-
scribed in the January issue, has inter-
esting possibilities for the person who
wants to build a fairly large telescope.
If five 16-inch mirrors are grouped as
shown in the drawing, the clear space
between them, about 12% inches in
diameter, might be used as the cen-
tral ‘perforation’ of the primary. Thus
this secondary would obstruct practi-
cally none of the light going to the
16-inch mirrors. The large mirrors are
spherical and the correction is on the
secondary.”

VARIANT of the double yoke
mounting with an offset declination
axis to permit access to the pole of the
heavens, described in this department in
the February issue, is proposed by Frank
McCown of Holtville, Calif., and is

shown in one of the drawings. The pur-
pose of the dog-leg yoke is to keep the
eyepiece clear of the A-frame.

The drawing in the lower left-hand
corner shows how A. G. Chartier of East
Hartford, Conn., mounted an Amici roof

rism as an image erector, in the usual
place of the diagonal mirror. He seated
the prism in a right-angle groove in a
cube of brass.

F the diameters, focal lengths, and
spacing of the two lenses in a Rams-
den or a Huyghens eyepiece are given,
what is the apparent angular field of the
eyepiece? No answer to this problem has
been found in the reference books on
optics, but one is now supplied by Lieut.
Col. Alan E. Gee of the Frankford Ar-
senal, who is privately an amateur tele-
scope maker.

“The kind of answer depends upon
how fussy you want to be. To determine
it exactly a designer must ray-trace to
find the angle of the limiting principal
ray. In practice, there are several ways
of arriving at an excellent approximation.
In the drawing the Greek letter alpha is
the apparent field in each case. The slop-
ing dashes show the location and proper
size of the eyepiece field stops, if any.
Obviously, it would be simple to deter-
mine alpha by starting at the objective
and using 1/f=1/u+1/v to determine
the intersections with the axis, and then
using trigonometry to find the final an-
gle. The clear aperture of the field lens
will be the limiting field stop in the ab-
sence of metal diaphragms.

“Even that method is needlessly pre-
cise. A satisfactory and much simpler
method is to measure the clear aperture
of the field stop (if any) or the field lens
and figure thus: ab=diameter of stop or
field lens, cd=e.f.1. of eyepiece, alpha=
apparent field. Solve for alpha by trigo-
nometry, or scale off and measure with a
protractor.

“Properly, if this method is used with
the Huyghens eyepiece and ab is the
stop (not the field lens) diameter, then
cd should be the f.1. of the eye lens only.
In practice the difference is negligible.

“Note that these methods indicate that
the diameter of the field lens is the con-
trolling factor for the apparent field.
This presupposes that the eye lens is
large enough. I have never seen an eye-
piece where this was not the case. Any-
way, the drawing shows how to deter-
mine the minimum size of the eye lens
necessary to pass the field that is passed
by the field lens. Both eyepiece lenses
should be a little larger than the draw-
ing indicates, so that no vignetting of the
objective aperture occurs at the edge of
the field.

“Obviously the larger you make the
field lens (keeping the same focal
length) the larger the apparent field.
Unfortunately both the Ramsden and the
Huyghens eyepieces go to pot very badly
at fields wider than 40 degrees.”
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Yoew! Satun 3 Inch
PORTABLE REFRABTUR

For the first time an instrument capable
of serious astronomical research is avail-
able for less than $220.00! The Saturn 3
Inch Portable Refractors are precision
made by the West's largest makers of
observatory instruments; objective lenses
are highest grade precision ground,
achromatic f-15 crown and flint glass, all
moving parts are precision machined.

Although the Saturn 3 Inch Refractor
has a 45 inch focal length, the instrument
is easily portable, weighing less than
thirty pounds, including tripod.

Saturn 4 Inch Portable Refractors from
$345.00; larger instruments manufactured
to order.

Write for literature giving full informa-
tion on the Saturn Refractors.

gt

2528 Grove Street
Berkeley, California

7 POWER
BINOCULAR
$24.95

6 POWER—$19.50
Pocket size—weigh only 7 oz.
and 4 oz. respectively ! Preci-
sion constructed PRISM bin-
oculars. Not Field Glasses.
duiable black and chrome

Made of lightweight,
metal. COATED ! Achromatic lens. Genuine leather
case and straps. Carry the United Seal of Quality.

16 x50—$69.50
12x50—%$65.00

The ultimate in fine bin-
oculars. Tremendous power
(12 or 16 power). Feather-
weight  (weigh  only 31
ounces!). Precision made
in every detail. COATED,
providing sharper, brighter )
images. Center Focus gives instant finger tlpladf
justment. Individually focussing right eyepiece.
Objective lens is 50 mm (2 inches) across !

SIX TELESCOPES IN ONE!
15 to 40 b ]

POWER
.50

\ $2 COATED

American made Wollensack telescope. Instant focus-
sing at 15x, at 20x, 30x and 40x, etc. Turn power
tube to click—no guesswork. Telescope measures 9”
closed, 27”7 when extended. Weighs only 18 oz.! Has
rustproof chrome tubes, large 40mm objective lens.
All 12 optic surfaces are COATED. See .22 bullet
holes clearly at 300 feet. Use also for astronomical
observation. $29.95 price includes tax and fine leath-

er case.
UNCONDITIONALLY GUARANTEED!

Try at our risk and expense. If not completely satisfied
return for an immediate unquestioned refund of your money.
P’rices include genuine leather carrying case and straps for
each pair of binoculars. Cash orders sent postpaid, C.0.D.’s
require $3.00 deposit. Add federal tax.

UNITED BINOCULAR CO.
9043 S. Western Ave. Dept. ARF-1327 Chicago 20, 1Ii,
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THE GROWTH OF
PHYSICAL SCIENCE

Sir James Jeans

THIS, his last book, is written especially for every

one who would know how physical science has grown

from its remote beginnings until it now affects al-
most every moment of our lives.

“I strongly recommend that anyone interested in
science read it for himself. It has rich rewards, and
not the least of these is that it is completely reliable.”

At your bookseller
Second edition, illustrated, $3.75

—Saturday Review of Literature

What Makes
an Executive Worth
$25,000 a year?

XECUTIVES earn top salaries
E because they hold the key to
profits in any business. They make
the plans, policies, decisions vital
to success. Executive know-how is
the pay-off.

Today’s great need is for indi-
viduals who understand the com-
plexities of modern business, who
can organize, control, coordinate
its various functions. To meet this
need, Funk & Wagnalls announces
its exciting new Reading Course
in Executive Technique, prep .ed
by 45 high executives.

FREE BOOKLET o~ Execu-
TIVE TECHNIQUE outlines essen-
tials. Mailed without obligation; no
representative will call. Write to:

FUNK & WAGNALLS, Dept.
SA-551, 153 E. 24th St., N. Y. 10, N. Y.
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CORTINAPHONE
makes it FUN fo Learn

FRENCH-SPANISH

RUSSIAN-GERMAN
ITAI.IAN BRAZILIAN-TAPANESE

Learn by Listening’’ to CORTINA RECORDS, at home,
the NATURAL way—quickly, easily, cheaply.

Only I5 Minutes a Day !

THOUSANDS have found it the most fascinating, most
effective way to learn ]ans,uages for Pleasure, Business,
Travel, Culture. INVESTIGAT

Send For FREE BOOK!

Illustrated 32-page book, ‘“The Cortinaphone Short-Cut’”
sent FREE. Tells just what you want to know. Interesting.

Write Today--NOW

'--------------------------'
¥ CORTINA ACADEMY (Est. 1882)
Suite 155, 105 W. 40 St., N. Y. 18, N. Y.
I’lease send me—without obligation—your free book.
I am interested in (check)
French (0 Spanish (J German [] Italian [J Brazilian
7 Russian [] Japanese

(O Check here if you are a VETERAN

VETS' FRENCH OR SPANISH COURSE
® AVAILABLE UNDER G. ). BILL

[ T L T T T T
) 3 O
>
- -
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Readers interested in further reading
on the subjects covered by articles in
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ful. The lists are not intended as bibliog-
raphies of source material for the arti-
cles. The references selected will pro-
vide supplementary information.

THE EARTH’S URANIUM

GEOLOGY OF THE FISSIONABLE MATE-
r1aLs. George W. Bain in Economic
Geology, Vol. 45, No. 4, pages 273-323;
June-July, 1950.

REVIVAL BY LIGHT

PHOTOREACTIVATION OF ULTRAVIO-
LET-IRRADIATED Escuericaia Cour,
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RepucTtioN PriNCIPLE AND TO ULTRA-
vIOLET-INDUCED MuTaTION. Albert Kel-
ner in Journal of Bucteriology, Vol. 58,
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HEAVY ELEMENTS FROM SPACE

Tue HEavy COMPONENT OF PRIMARY
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Fhysical Review, Vol. 74, No. 12, pages
1,818-1,837; December 15, 1948.

Tue Heavy NucCLEI OF THE PRIMA-
rY Cosmic RabiaTion. H. L. Bradt and
B. Peters in The Physical Review, Vol.
77, No. 1, pages 54-70; January 1, 1950.

VIRUSES

Virus as Orcanism. Frank M. Burnet.
Harvard University Press, 1945.

MUSICAL TONES

Tue Pnysics oF Music. Alexander
Wood. Methuen & Co. Ltd., London,
1947.

THE HEAT PUMP

Heat Pumrs. P. Sporn, E. R. Ambrose
and T. Baumeister. John Wiley & Sons,
Inc., 1947.

WHAT PEOPLE DREAM ABOUT

THE INTERPRETATION OF DREAMS.
Sigmund Freud in The Basic Writings of
Sigmund Freud. Random House, 1938.

THE INTERPRETATION OF DREAMS,
Vols. I and II. Wilhelm Stekel. Liveright
Publishing Corp., 1943.

THE CANADIAN METEOR CRATER

CuauBB CRATER, UNxGava, QUEBEC:
AN AccounT ofF THE Royvar ONTARIO
MuseuM—GLOBE AND MaiL EXpPEDI-
TION, 1950. V. B. Meen in The Journal
of the Royal Astronomical Society of
Canada, Vol. XLIV, No. 5, pages 169-
180; 1950.



TENNESSEE

PRODUCTS & CHEMICAL
C’o’lfm

NASHVILLE, TENNESSEE

PRODUCERS OF FUELS ® METALLURGICAL
PRODUCTS * BUILDING PRODUCTS ® COAL
CHEMICALS * WOOD CHEMICALS * FINE
CHEMICALS ¢ SPECIALIZED COMPOUNDS

IN THE LAND OF COTTON

Greatest defeat ever suffered in our

southern states came from an army of bugs.

Sherman’s march through the South was no more than a

prankish hike compared to the years of destruction wrought by the

evil weevil. Millions of dollars in cotton, lost to the mighty

appetite of the boll weevil, has a serious effect on the economy of our
entire nation.

Now there’s BHC from Tennessee to cope with the menace. Losses
from the boll weevil can be made trivial. Dust and sprays

with the gamma isomer of BHC can knock out the offensive

insect before he has a chance to attack.

You may not need Benzene Hexachloride to beat the bug, but chances

are you'll benefit from a product or chemical from Tennessee—
an industry that serves all industry.
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You can see how fresh and crisp these smart new cotton dresses appear to the
television audience. But what the television camera doesn’t show is how these
dresses stay crisp and fresh for days...and how their wrinkles disappear
overnight on the hanger!

These wonderful new features—wrinkle and soil resistance—are given to
many cotton garments by the textile industry through the use of SuPERSET®
Resin, a remarkably durable finish developed by American Cyanamid’s
Textile Resin Department. Women’s and children’s cotton dresses and sports-
wear, boys” wear, men’s sports shirts and other garments treated with
SuPERSET not only resist wrinkling but stay clean longer, are easier to wash and
iron and need no starching. And these advantages last as long as the
garments themselves!

Helping manufacturers to give you more for your clothing dollar is one of the
many benefits obtained through Cyanamid chemical research.

Fhata by Thili-Muray

\bu have 1o cee it 1o believe it

AMERICAN W COMPANY

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. ]1

Chemicals and Finishes for the Textile Industry—another of the many industries served by Cvanamid
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