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Shoe soup for a

Mayan dandy

When a Mayan needed shoes, he
simply went to the nearest rubber
tree . . . and poured himself a pair. By
dipping his feet repeatedly into a bath
of raw latex, he fashioned a kind of
shoe. The style was crude, but the
fit was perfect.

Rubber goods have come a long
way since then, and the development
of synthetic rubber has been an im-
portant factor in this growth—espe-
cially since 1941 when Shell Chemical

built the country’s first
commercial butadiene
plant. Today over twenty different
types of Shell synthetic rubber go into
such varied products as shoe soles and
heels, tires, belting, floor tile, wire and
cable insulation, and hundreds more.

Commercial production of this
strong and versatile material is an-
other of the many ways Shell Chemi-
cal helps industry with man-made
raw materials.

Shell Chemical Corporation

Chemical Partner of Industry and Agriculture
TORRANCE, CALIFORNIA
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The Mayan and other Indians
of Latin America discovered
a unique material for making
clothing and footwear.




Kodak reports on:

for whom the styli have not vibrated. .. color movie film that duplicates better

See the 28 vibrators poised over the paper tape? Each time a vibrator hits
the paper it makes a black dot. The black dots form letters and numerals.
The letters and numerals spell out names and addresses at 10 per second.
Eastman Kodak Company developed and built this punch-card-obeying
machine. * Recently, an hour or so of its time was used to address a copy of
Eastman Organic Chemicals List No. 41 to everybody who has ever written
us of a continuing need for an up-to-date compendium of research com-
pounds, analytical reagents, indicators, and solvents for the laboratory.
There are some 3700 in all—with their package sizes, prices, structural
formulas, BP’s or MP’s, and a few useful tabulations. Predecessors to List
No. 41 are obsolete. If by the time you read this you have not yet received
your copy, you must assume that the impulses representing YOU never
motivated the styli. If you want the catalog anyway and will accept an
ordinary typewritten address, please inform Distillation Products Industries,
Rochester 3, N. Y. (Division of Eastman Kodak Company).

*Inquiries about the machine should be made to Addressograph-Multigraph Corp., 1200 Babbitt
Road, Cleveland 17, Ohio.

A green look essed, and projected it, the result
would look bad. The colors would
be weak and washed out. The film
wasn’t intended for projection. It
was intended only to serve as an
original from which numerous

copies could be reproduced. The

We used to make a 16mm product
designated Kodachrome Commer-
cial Film. If you loaded it into a
camera, exposed it according to
directions, had it properly proc-

copies were excellent, much better
than duplicates from the more fa-
miliar Kodachrome Film. Obviously,
every movie studio had to have
some of this, but who else?

Strange as it may seem to those
whoignore certainlong-rangetrends
in the way man earns his daily
bread, Kodachrome Commercial
Film found many hundreds of
customers.

Now we have something better
for the same purpose. We have the
new Ektachrome Commercial Film,
Type 7255. It looks green in pro-
jection instead of just washed out.
The reason for the green makes an
invigorating little mental workout
for minds that don’t have to think
about it all day long.

Theory requires each of the three
layers of the film to emerge from
processing with its originally un-
exposed areas in a color comple-
mentary to the color to which that
layer responds. (You can prove
this to yourself with your own
doodles on a scratch pad.) Only
theoretical dyes do this perfectly.
Real dyes that can be formed in situ
by combination of coupler com-
pounds in the emulsion with the re-
action products of the development
process don’t quite make it. It is
possible, however, by fudging a
little in the selection of all three
dyes to play the errors off against
each other and wind up convincing
the color receptors in the human
eye that nature is being simulated.

But the color receptors in a sec-
ond piece of film are not the same
as the color receptors in the eye.
What convinces one does not con-
vince the other. The film needs a
little sharper gradient of response
to red light than the eye needs.
Thus it works out that what looks
right to the film on which you are
copying looks green to the eye.

What’s the advantage of Type 7255
over Kodachrome Commercial? Im-
proved speed, graininess, sharpness,
latitude, and quality in the release
prints. Who cares ? Not just studios but
movie technicians who learn such things
from Eastman Kodak Company, Mo-
tion Picture Film Division, Rochester 4,
N. Y., and work for organizations that
understand how lucidly a 16mm pro-
Jector can report on work in progress.
Some R&D contracts even carry clauses
specifying this form of lucidity.

This is another advertisement where Eastman Kodak Company
probes at random for mutual interests and occasionally a little
revenue from those whose work has something to do with science
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The Legendary Firebird, the Phoenix, rose young and strong again and again from flames . ..This is the new Norton Firebird —
symbol for the exciting new fused materials made in Norton's electric furnaces.

ZIRCONIUM: gift of the Firebird

Like the legendary Phoenix, Norton
electrochemicals are born in raging
flames — armed with power to perform
new wonders. Among these modern ma-
terials are zirconium compounds formed
at terrific heat in Norton electric
furnaces.

Today, zirconium compounds are
among the most interesting develop-
ments of modern electrochemistry.
Norton now supplies these to industry
as oxides, carbides, borides and nitrides,
as well as calcium zirconate.

While the complete extent of zirco-

nium’s usefulness has not yet been fully
explored, the Norton compounds of this
element offer many new applicational
possibilities — as source materials, met-
allurgical additives, cermet components,
electrical conductors and refractories.
So do many other products of Norton
electrochemical engineering, one or
more of which may be vital aids to your
own processing.
FREE CATALOG. For a complete list, with
detailed descriptions, write for the new
booklet Norton Electrochemicals. ..Gifts
of the Firebird to NORTON COMPANY,

Electro-Chemical Division, 547 New
Bond Street,Worcester 6, Massachusetts.

ELECTROCHEMICALS

Gifts of the Firebird: compounds of
silicon « zirconium « boron « aluminum
* magnesium e« titanium « chromium

. . including many
borides + carbides » nitrides « oxides

MAKING BETTER PRODUCTS...TO MAKE YOUR PRODUCTS BETTER

2
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OVER 9000 IN
DAILY USE...

JOB-RATED

EXCELLENT*
FOR

plants." )
Leading Powe
& Light Co-

_—name o request.

o DEPENDABLE ACCURACY! Narrow band
pass (only 20mu!) assures highest

spectral purity.

o EASIEST T0 USE! Dial instantly sets Cer-
tified-Precision diffraction grating to
desired wavelength; no color filters

to fuss with,

Used in these and many other
industries to maintain quality
and boost output:

METALS PLATING
RUBBER LEATHER
DYES
PAPER
BEVERAGES
TEXTILES

PETROLEUM
FO0DS
PLASTICS
PAINTS
PHARMACEUTICALS
SYNTHETIC FIBERS

This low-cost “production tool” gives you
quick, dependable photometric readings . . .
easy as tuning your radio! In many industries
it’s basic equipment for quality control test-
ing, inspection . .. even research! Here’s why:

o FASTEST READINGS! Instant-acting meter
gives exact percent transmission, or
optical density.

o LOW PRICE, DOUBLE VALUE! Colorimeter
plus spectrophotometer, 375mpu-
950mu range in one long-life, trouble-
free instrument. (Extended range,
340mu-950myu at slight extra cost.)

BAUSCH & LOMB OPTICAL CO.
69432 St. Paul St., Rochester 2, N. Y.

D Send me B&L Spectronic 20 Catalog D-266.

D I would like an obligation-free demonstra-
tion of the B&L Spectronic 20 Colorimeter
at my convenience.

Name ....ooooeiiriiieiiceeeces Title ..o,
COMPANY oottt
Address ..o
CitY oieeeeeeeeceeccaeaees Zone ...... State ..........
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MAIL COUPON FOR IMPORTANT DATA

THE COVER

The photograph on the cover shows
a close-up view of a nuclear mag-
netic-resonance spectrometer (see
page 58). The smallest, innermost
cylinders at left and right of the
central structure are magnet poles.
The larger cylinders are water jack-
ets. Magnetic resonances are detect-
ed by slowly varying the field of
the magnet. The sample being stud-
ied is the red liquid in the glass
tube. The tube extends into the
holder, where it is surrounded by
a coil carrying a radio-frequency
current. This current produces a ro-
tating magnetic field which tips the
spinning nuclei in the sample. A
second coil picks up the signal they
send out. This instrument, made by
Varian  Associates, was photo-
graphed at Esso Research and En-
gineering Company in Linden, N. J.

THE ILLUSTRATIONS
Cover photograph by Paul Weller

Page Source

28-30 Paul Weller

31-33 James Egleson

34-35 High Altitude Observa-
tory, University of
Colorado

36-37 Irving Geis

38-40 High Altitude Observa-
tory, University of
Colorado

41 Irving Geis

42-43 Bunji Tagawa

44-45 Irving Geis

46 Bunji Tagawa

47 Irving Geis

58 Gordon Coster

59-62 Bunji Tagawa

63 Varian Associates

64-66 Bunji Tagawa

69-72 James Egleson

77-82 Alex Semenoick

84-88 Eric Mose

90 Eric Mose (top), Ray S.
Snider (bottom)

92 John Evans

93-96 John Langley Howard

98 Haskins Laboratories

100-104 Irving Geis
108-114 Roger Hayward




lake a new look at this

SPECIAL
METALS
TEAM

A whole new family of metals has come
“of age” in the past decade. Titanium and
zirconium already have progressed from
expensive rarities to practical materials of
construction. Other special metals will
soon join them.

Looking for a fast-moving, on-its-toes
‘“team” to assist you on special metals appli-
cations? Mallory-Sharon, largest integrated
special metals producer, offers you just such
a team. Within one organization, we control
production from raw materials to finished
mill products. Our entire experience and
facilities, backed by a strong Service Engi-
neering group, are devoted to special metals
research and application.

( ) Lee S To put this team to work for you, just write
Leaders of the Mallory-Sharon technical team (l. tor. ee S. : :
Busch, Technical Director; Frank H. Vandenburgh, President; us about your needs or applications.
Graham B. Brown, Vice President, Marketing; Dan E. Cribbs,

General Manager, Wrought Products Division.

Research - Microphotograph equip-
ment for studying metallurgical grain
structures. Mallory-Sharon is currently
working on various government research
projects, in addition to its own constant
research and testing.

Sponge Production—Zirconium tetra-
chloride, delivered in these huge 6-ton
rubber containers, is processed into zir-
conium sponge or platelets at Mallory-
Sharon’s modern sponge plant in
Ashtabula, Ohio.

Mill Products —Both titanium and zir-
conium are available from Mallory-
Sharon in sheet, strip, rod, bar, plate
and other shapes. All are closely quality-
controlled as to mechanical properties
and chemical composition.

MALLORY @ SHARON

MALLORY-SHARON METALS CORPORATION - NILES, OHIO

Integrated producer of Titanium e Zirconium e Special Metals
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the on the Chemical Newsfront

)
!

“m MRS

NEW IDEAS IN BEAUTY are transforming bathroom design and decoration with the
help of modern Fornica® laminated plastics. Especially popular is the Vanitory,
combining the countertop lavoratory, makeup bar, cabinets and other units with
Foratica wall surfacing for distinction and convenience. Foratica laminates
provide color and pattern variety, durability and economy, resistance to stains, easy
cleaning and warm, smooth touch through qualities imparted by Laxunac® lam-
inating resins. (The Formica Corporation)

© 1958 SCIENTIFIC AMERICAN, INC

SPRAYS AWAY ITCHING AND PAIN. The
annoying itching and pain of insect bites,
poison ivy, poison oak and minor skin irrita-
tions are quickly relieved by RuuLISPRAY®
analgesic-anesthetic. Combining an effective
analgesic-anesthetic formula with zirconium,
it soothes affected areas instantly and dries the
rashes of poison ivy or poison oak. Sprayed
easily and cleanly over the skin, it is quick-
drying and non-staining.(Lederle Laboratories Div.)

LOSS OF COAL OR MINERAL FINES through
wind and rain erosion during shipment in open
railroad cars or in open storages is sharply
retarded by AErrospray* 52 binder. Applied
as a spray, this water emulsion polymerizes and
forms a tough protective crust in the upper
layer of fines. While the crust does not prevent
percolation of water, it is insoluble and not
destroyed by rain. AErROsPrRAY can also be
used on stockpiled mineral or coal fines, chem-
icals or silt to prevent wind loss or objection-
able dusting. (Organic Chemicals Division)



A NEW BIFUNCTIONAL DERIVATIVE of acrylonitrile,
sodium B-sulfopropionitrile is now available in experi-
mental quantities from Cyanamid. Melting at 243-244°
C, soluble in water, hot methanol and glacial acetic
acid, this interesting chemical combines the function-
ality of a nitrile group and a sulfonic acid group. It
offers a synthetic route to a variety of molecules of
interest in pharmaceuticals, surfactants and other fields.
Potentially, sodium B-sulfopropionitrile could be pro-
duced commercially in the bulk chemical price range.
If you would like to explore its possibilities, write for
additional information. (Market Development Department)

NEW ECONOMY IN CRACKING
UNITS — AErocAaT® 2000 fluid
cracking catalyst, designed for “prob-
lem” operating conditions (such as
heavy metals contamination) in cat-
alytic cracking units, has just been
introduced by Cyanamid and is now
commercially available. AErocaT
2000 provides activity stability with
greater economy than other low-cost
catalysts. It offers an octane advan-
tage, superior attrition resistance, and
lower production of coke. It has con-
trolled bulk density for better fluid-
ization properties. Extensive testing
on principal types of gas oils show
the new catalyst to have outstanding
catalytic properties.

(Industrial Chemicals Div.)

*Trademark

MAILING RATES ARE UP, but mailing costs need not rise proportionately.
With low basis weight paper made opaque with UniTane® 0-110 tita-
nium dioxide, publishers can save weight and still maintain good readability.
The uniform particle size, high refractive index and maximum water dis-
persion of UNiTaNE provide excellent opacity which is preserved from
dry sheet to printed page, unlike ordinary clay-filled sheets which lose
opacity when printed. (Pigments Division)

< CYANAMID

AMERICAN CYANAMID COMPANY

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

For further information on these and other chemicals, call, write or wire American Cyanamid Company
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30 gs to 5000 cycles”

These words from Sigma last Tuesday told industry that a new
break - through had been made in the struggle for more and more vibration
resistance in relays. What the words didu’t tell was the poignant, human story

of the Sigma project engineer whose life is devoted to vibration

— Ralston E. “63 g Rally” (pronounced "rawley’) Bates.
Asked to comment on the remarkable vibration immunity{(
of the Series 32, Rally answered with characteristic scientific calm
"Boy, we shake ’em till they yell uncle!” Bates’ co-workers
are quick to point out that the new fame hasn’t spoiled the

simple pleasures and quiet life of this dedicated man.

RS

He still joins the car pool to South Braintree once a month, ;

Sigma relays in the last 12 years are legion

-

as he himself puts it, “You can’t work for Sigma for a

dozen years without making some improvements.”

Since his last statement no one has been able to reach

Mr. Bates for further particulars on the Series 32. Other

SERIES 32
ACTUAL SIZE

reliable sources, however, have said that a 32 is: a sub-
miniature DPDT relay which needs no standby power
(magnetic latching), and only a trifle (50 mw.) at the
instant of switching; measures 0.800" x 0.400” x 0.900"
maximum; has pins spaced equally on 0.200” centers; is
priced low, and is available. Bulletin, which says nothing

about Bates, is available on request.

SIGMA INSTRUMENTS, INC.
40 Pear] Street, So. Braintree 85, Massachusetts

AN AFFILIATE OF THE FISHER-PIERCE CO. (Since 1939)
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LETTERS

Sirs:

In view of A. G. McNish’s letter to the
editor in the June issue of Scientific
American, it seems important to have the
true facts set forth to avoid confusing
the interested but nonspecialist reader.
[Editor’s note: Dr. McNish took issue
with a statement in this magazine that
the international meter bar might soon
be replaced by the wavelength of a line
in the spectrum of krypton.]

The Comité Consultatif pour la Défi-
nition du Métre met on three occasions
between September 23 and September
25, 1957, to consider the question of re-
establishing the International Metre on
a wavelength basis. The following reso-
lution was adopted by a unanimous vote
(which included that of the American
delegate) for submission to the Comité
International des Poids et Mesures:

“The Advisory Committee for the Def-
inition of the Metre, after having heard
the report of the director of the Inter-
national Bureau of Weights and Meas-
ures confirming that the international
platinum-iridium prototype of the metre
no longer meets the demands of the most
precise metrology, and after having
studied carefully the reports from the
principal national laboratories (grands
laboratoires) and the International Bu-
reau on the question of the metrological
suitability of radiations that can be pro-

Scientific American, August, 1958; Vol. 199,
No. 2. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York 17, N. Y.;
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president
and treasurer.

Editorial correspondence should be addressed to
The Editors, SciEnNTIFiIc AMERICAN, 415 Madison
Avenue, New York 17, N. Y. Manuscripts are
submitted at the author’s risk and will not be
returned unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,
ScIENTIFIC AMERICAN, 415 Madison Avenue, New
York 17, N. Y.

Subscription correspondence should be ad-
dressed to Jerome L. Feldman, Circulation Man-
ager, SCIENTIFIC AMERICAN, 415 Madison Avenue,
New York 17, 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.

Subseription rates for U.S.A. and possessions: 1
year, $5; 2 years, $9; 3 years, $12.50. Canada and
Latin America: 1 year, $6; 2 years, $11; 3 years,
$15. All other countries: 1 year, $8; 2 years, $14;
3 years, $18.




available for immediate delivery

TELLURIUM

99.5% minimum in powder, sticks, slabs and tablets

99.99% pure in crystals—99.999% pure in crystals

Tellurium is a silvery white, lustrous

element with metal characteristics. Most
of current use of tellurium is in alloying

with or inoculation of other metals.

PHYSICAL CONSTANTS

Atomic number.......... ..ol 52
Atomic weight ....... ...ttt 127.61
Boiling point ...........oiiiiia.... 989.8°C (1813°F)
Crystal structure .........cocviviuiinennnnen Hexagonal
Density at 30°C (68° F)

B/CC e ittt ettt 6.24

Ibs/cu. in. it ittt e 0.225
Electrical resistivity (microhm-cm)

19.6°C (67.3°F) ovniiniiniiiiiiiiniinennenns 200,000
Electrochemical equivalent

Te++++++ (mg/coulomb) ................ 0.22040
Index of refraction

(vapor) 5893 Angstroms ..........coovvvenen. 1.002495

(solid) 3500 to 4000 Angstroms

Parallel to plane of incidence............... 19t02.4

Perpend. to plane of incidence ............. 1.7t02.7
Latent heat of fusion (cal/gatm.p.) ............... 7.3
Latent heat of vaporization (cal/gatbp.).......... 159
Linear coefficient of thermal expansion/°C....16.8 x 10-6
Magnetic susceptibility

cgsat18°C (64°F) ................. Minus 0.31 x 10-6

WRITE: AMERICAN SMELTING AND REFINING COMPANY,

Mechanical properties

Hardness (Mohs) .........oiiiiiiiiiiiiinnninn, 23
Modulus of elasticity, psi ............oonnn.. 6,000,000
Melting point............ 450° C = 10° (842° F = 18°)
Molecular weight, 2100°C (3812°F) ................ 160
1880°C (3416°F) ..........c...... 265

Nuclear Data
Stable Isotopes (120, 122, 123, 124, 125

126, 128, 130) .........ciiiiinnnn. 8
Thermal neutron cross section (2200 m/s)
Absorption (barns) ............... ..., 45+ 2
Scattering (barns) .................0i..... 5+1
Specific heat (cal/g/°C) (solid) ................. 0.047
Specific volume (cc/g) 20°C (68°F) ............. 0.1603
Thermal conductivity (cal/sq. cm/cm/°C/sec)
20°C L teeessscsnas 0.014
Valence ......coviiiiiiiiiiiiinnenneneanns —-2,2,40r6
Vapor press. (mm Hg)
516°C (961°F) ....iiuiiiiiiiiiiiinrennenannnnn .1
634°C (1173°F) ..oiiiiii i iiieienneeannens 10
792°C (1458°F) . iiviiii it ieiiennenns 100

120 BROADWAY, NEW YORK 5, NEW YORK
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PHYSICISTS

ENGINEERS
MATHEMATICIANS

are invited to join the Lincoln Laboratory
scientists and engineers whose ideas have
contributed to-new concepts in the field of
electronic air defense.

A brochure describing the following
Laboratory programs will be forwarded
upon request.

HEAVY RADARS

MEMORY DEVICES

TRANSISTORIZED DIGITAL COMPUTERS
SCATTER COMMUNICATIONS

SOLID STATE

AEW (air-borne early warning)

SAGE (semi-automatic ground environment)

SYSTEMS ANALYSIS
In certain of these programs, positions of signifi-

cant professional scope and responsibility are open
to men and women with superior qualifications.

Research and Development

MIT

LINCOLN LABORATORY
BOX 18
LEXINGTON 73, MASSACHUSETTS
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| duced at the present time, states that it
| is sufficiently informed to set forth a firm

recommendation consistent with Propo-
‘ sition II adopted by the Advisory Com-
mittee in 1953,

“In consequence the Advisory Com-
mittee for the Definition of the Metre
recommends that the metre be defined
by means of the radiation corresponding
to the transition between the levels 2
P10 and 5 dj of the atom of krypton 86.

“From the concordant results obtained
on the basis of the procedures set forth
in Proposition III adopted by the Com-
mittee in 1953 it is of the opinion that
the metre ought to be defined as equal
exactly (par convention) to 1,650,763
.73 times the wavelength of this radia-
tion in vacuum.

“This recommendation was unani-
mously adopted.”

This resolution will be considered by
the Comité International des Poids et
Mesures at its meetings starting October
29, 1958, and if the Comité Interna-
tional concurs the resolution will be
recommended for adoption to the XI
Conférence Generale des Poids et
| Mesures which meets in 1960 at Sévres.

It will be noted that these facts are
in general agreement with the original
note in the March issue of Scientific
American, unless one takes seriously the
jocular reference to the melting down
of the present platinum-iridium stand-
ard for wedding rings.

Some facts with respect to the ac-
curacy of the International Metre may
be of interest. The International Metre
is currently maintained with a precision
| of approximately 2 parts in 107 at the
Bureau International at Sévres by means
of the platinum-iridium prototype. If the
International Conference of 1960 ac-
cepts the recommendation of the Comité
Consultatif, the precision with which the
International Metre will be preserved by
interferometric techniques will be in-
creased by a factor between 10 and 100
—probably closer to the latter figure.
This would lead to a considerable im-
provement in the precision of material
standards of length, but it is doubtful
whether this precision will approach the
precision with which the International
Metre can be defined on the basis of
the krypton wavelength.

L. E. HowLETT

Président
Comité Consultatif

pour la Définition du Métre
Division of Applied Physics
| National Research Council
Ottawa, Canada



.
Hargreaves, you’re still living in the dark ages,” bellowed the

fist pounding pharmaceutical manufacturer. “Aerosols are what we

need. Aerosols with a capital ‘A’. .. as in spray. Spray. SPRAY.”
“Yes, sir,” the harried Hargreaves murmured. “Fast, uniform

application. No waste. Better stability. Many distinct advantages.

I h e I'll relay your instructions to the lab, sir.”
“Wait. Wait. WAIT!” The top man warned. “Check Pfizer first.
They're big in hydrocortisone. Neomycin. Polymyxin. Should be

Perfect -
* Kk Kk Kk Kk Kk Kk Kk k k Kk %
S I t = Yes, get in touch with the Pfizer Chemical Sales Division, if you
o u lo n are considering an aerosol pharmaceutical product. Initial experi-

ments with nitrogen propelled vitamin preparations also show
(yOU spray I't) promisc. Or, if your topical plans include polyvinyl components,
the non-toxic Pfizer Citroflex® plasticizers may help you. For any

problem which might be solved by a high quality organic chemical,
think of Pfizer first. Chas. Pfizer & Co., Inc., Chemical Sales Division,
630 Flushing Ave., Brooklyn 6, N. Y.

CHEMICAL SALES DIVISION

« «. sells more than 100 organic chemicals for
food, medicinal and industrial uses.

Some bulk products of this Division are:
CITRIC, TARTARIC, OXALIC ACIDS AND SALTS « ASCORBIC ACID AND OTHER VITAMINS - CAFFEINE - ANTIBIOTICS « PLASTICIZERS

Il
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Du Pont Announces

A new synthetic rubber unequalled

fuels, solvents and chemicals at

The addition of VITON to the Du Pont family of
elastomers (neoprene and HYPALON®) corresponds
to the increased need for flexible construction mate-
rials with higher heat resistance.

The outstanding property of VITON is its ability

to withstand temperatures of 400° F. and up in.

contact with most oils, chemicals, solvents and
fuels. In addition, VITON also has good mechanical
properties plus excellent resistance to ozone, oxygen
and weathering.

VITON resists temperatures up to 450° F. in con-
tinuous service and up to 600° F. in intermittent
service. This kind of heat resistance, coupled with
VITON’S resistance to most fluids at these tempera-
tures, makes VITON serviceable where other com-
mercial elastomers would fail rapidly.

VITON’S mechanical properties are good for any
elastomer and excellent for one that is highly resist-
ant to heat and fluids. Notable among these prop-
erties are low compression set and good tensile

I T3 v
VITON” RESISTS
c O R R O S I V E F LU l D s Data were obtained Tensile Hardness v
by immersing VITON vulcanizates for 7 days and measuring the effect on properties shown. Resttz:ienneéjﬂi% (;,Z?:tg: ,nc:ﬂ:g;e%
i

Carbon tetrachloride, 75°F. . . . . . . . . . . 85 +2 1.3
Ethyl alcohol, 75°F. . . . . . . . . . . . . . 97 +2 1.7

SOLVENTS Aniline, 75°F. = . . . . . ... ... 100 —1 3
Tricresyl phosphate, 300°F. . . . . . . . . . 93 -1 24
Acetone, 75° F. — —11 271
JP-5 petroleum aircraft fuel, 75° F. . 100 +1 0.4
Ref. fuel B (70 isooctane, 30 toluene), 75° F. . . 93 +1 2.5

FUELS AND LUBRICANTS ASTM No. 3 0il, 300°F. . . . . . . . .. 95 —1 4.3
Turbo oil No. 15 diester lubricant

(Mil-L-7808), 400°F. . = . . . . . . . .. 60 —6 19.6

Transmission fluid, Type A, 212°F. . . . . . 77 —1 1.5
Oronite 8200 silicate ester, 400°F. . . . . . . . 93 0 1.8

HYDRAULIC FLUIDS 0S-45 silicate ester, 400°F. . . . . . . . . . . 62 -3 11.1
Skydrol 500 phosphate ester, 300°F. . . . . . . — —32 270
Sodium hydroxide, 46.59%, 75°F. . . . . . . . 75 +1 2.1
Sulfuric acid, fuming, 75°F. . . . . . . . . . . 58 —4 4.8
Hydrofluoric acid, 489, 75° F.. . . . . . . . . 98 +2 4.8

ACIDS AND BASES Hydrochloric acid, 36.5%, 75° F. . . . . . . . . 81 —8 7.3
Nitric acid, red fuming, 75°F. . . . . . . . . . — — 16

(Special acid-resistant compound)

Acetic acid, glacial, 75°F. . . . . . . ¢ o . . . — —10 61.6
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VITON

TRADEMARK

for service in oils,

Synthetic rubber

temperatures over 400° F.

strength. VITON specimens compressed 259, and
held 70 hours at 250° F. recover to within 90 to 979,
of their original dimension —making them good seals
at high temperatures. VITON, tested at room temper-
ature, has a tensile strength in the range of 2000 to
3000 psi and ultimate elongation varies from 100 to
4009, depending on hardness. (Vulcanizates of
VITON can be made in any hardness from 60 to 95
durometer.)

With VITON, it is possible to obtain high heat,

fluid resistance in close tolerance components due
to VITON’s easy processability. VITON is being put
to use in precision seals, diaphragms, coated fabric,
linings and other critical applications. If you have
need for a flexible material highly resistant to both
heat and corrosive fluid, ask your rubber supplier
about VITON. For a free booklet describing VITON’S
many useful properties write to E. I. du Pont de
Nemours & Co. (Inc.), Elastomer Chemicals Dept.
SA-8. Wilmington 98, Delaware.

In Canada: DuPont Company of Canada (1956), Ltd., Box 660, Montreal

“VITON"” RESISTS HEAT

600° F. [ 24 hours

550°F. M 72 hours

500° F. s 250 hours

aso’ . pmmmmmmmmssmmm 1000 hours s

MORE THAN

400° F. EREEIIIIAT SRR EEENEEREE 2400 hours TESEEmsaowaat

Periods of time for which VITON vulcanizates have remained usefully elastic when oven aged in air at the temperatures shown.

VITON

WG, U, 3, war, OFF

Better Things for Better Living ... through Chemistry
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“WHY | LIKE MY NEW

CONTOURA-maric

PHOTOCOPIER"

“IT'S SO COMPACT AND
EASY TO OPERATE.”

“COPIES EVERYTHING—EVEN
COLORED PENCIL NOTATIONS.”

“THIS DISPOSABLE CHEMICAL
CARTRIDGE MEANS NO MORE MIXING.”

‘189

« Least expensive
automatic. Weighs
only 12 Ibs. Takes Y2
the space of a
typewriter. Write for folder.

CONTOURA-maric

F. G. Ludwig, Inc., 1504 Coulter St., Old Saybrook, Conn,

14

20 AND 100
YEARS AGO

AUGUST, 1908: “It is not often that
a measure of such startling character as
the Daylight Saving Bill is introduced
into the English House of Commons.
The fact that the momentous changes
advocated by the bill are proposed by
William Willett, a member of the Royal
Astronomical Society, suggests that the
measure may not be so chimerical as
might be supposed. It is proposed, dur-
ing part of the spring and autumn and
the whole of the summer, to advance the
clocks throughout the country, moving
the working day forward, with a view
to including within the working hours a
longer stretch of daylight. The advan-
tage of a long daylight evening for such
sports as yachting, rowing, golf, tennis
and automobiling is indisputable.”

“The great distance of Jupiter’s eighth
satellite from the planet, and its retro-
grade motion, which are matters of pro-
found interest to the astronomical world,
have led Prof. George Forbes, F.R.S., to
advance an interesting and reasonable
suggestion in regard to this celestial ob-
ject. “While speculation is premature,”
says Prof. Forbes, ‘it is impossible to re-
sist the conjecture that this new satellite
is really the long-lost Lexell’s comet, dis-
covered in 1770. In August, 1779, this
comet approached Jupiter within .01 of
the earth’s mean distance from the sun,
and has not been again observed.””

“Upon the termination of the Glidden
tours on July 23, after three more days
of running from Boston to the Rangeley
Lakes in Maine and thence to Bethle-
hem, N.H., and Saratoga, three teams,
five runabouts, and 14 other touring cars
finished the 1,700-mile reliability test
with perfect scores. The teams that tied
for the trophy were the Buffalo team of
three Pierce-Arrows, the Columbus team
of three Peerless cars, and the Chicago
team consisting of two Hayneses and
one Oldsmobile.”

“After the painful accident he met

with on the Fourth of July, when a burst-
ing water-pipe caused him to scald his
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hand, it is somewhat remarkable that
Mr. Wilbur Wright was able, in a trifle
over a month, to guide his new aeroplane
in its first flights in France. The scene
of Mr. Wright’s current endeavors is a
disused racetrack near Le Mans. The
series of flights was terminated for a
time on August 13 when, after a splen-
did flight lasting eight minutes and 52
seconds (during which Mr. Wright
made seven complete turns of the field
at a height greater than the tops of the
trees) he, at the end of a second two-
minute flight, struck one wing in land-
ing, while attempting to make a sharp
curve, and damaged the machine to a
slight degree.”

“‘Neossin,” the Chinese edible bird’s
nest, has been studied by E. V. McCol-
lum, who finds that it is a gluceoproteid.
It gives Millon’s, Adamkiewicz’s, the
biuret and xanthoproteic reactions. It
contains 2 per cent of sulphur, 9.69 per
cent of nitrogen and no phosphorus.
Hausmann’s method showed the nitro-
gen to be distributed as follows: NHj,
1.3 per cent; humus, 1.27 per cent; phos-
photungstic acid precipitate, 1.59 per
cent; amino acids, 5.53 per cent.”

“The International Motor Boat Race
for the Harmsworth trophy was held in
Huntington Bay on Long Island Sound,
August 3. The trophy was successfully
defended for the U. S. by the Dixie 11
of E. J. Schroeder, which completed the
run of 10 nautical miles just 49 seconds
ahead of the Daimler 11, a British racer
of double her power. On the succeeding
day Dixie II was put through a series of
speed trials which amply establish her
as the fastest motorboat in the world.
In four runs over the course, two with
and two against the tide, the Dixie II
made an average speed of 31.05 knots.
The times were taken at one end of the
course by Messrs. J. Frederick Tams and
Ernest E. Lorillard of the Regatta Com-
mittee of the New York Yacht Club, and
at the other end by the yachting editors
of the New York Sun and ScientiFic
AMERICAN.”

“SCIENTIFIC AMERICAN shares sin-
cerely in the universal sympathy which
has been expressed for that indomitable
inventor, Count Zeppelin, in the sudden
and absolute destruction of his great air-
ship. The No. IV was forced, owing to
loss of gas, to alight at Echterdingen,
near Stuttgart, about noon on August 5.
The airship was anchored in a large
field, and was guarded by a detachment
of soldiers. While Count Zeppelin was
at lunch at a nearby inn, a storm sud-



FROM BEYOND THE SKY
TO BENEATH THE SEAS

In the field of communications, two
extraordinary events have occurred
within a short span of time. One was
the linking of Europe to America by
the submarine telephone cable. The
other was the sending of radio signals
from U. S. satellites in outer space.

Both achievements depended on de-
velopments from Bell Telephone Lab-
oratories. The cable was made possible

by development of long-life electron
tube amplifiers able to withstand crush-
ing pressure on the ocean floor. The
satellites derive their radio voices from
transistors—products of basic research
in semiconductor physics.

The deep sea amplifier and the tran-
sistor illustrate the wide range of work
at Bell Telephone Laboratories. Here,
over 3000 professional scientists and

Courtesy Mount Wilson Obserratory

engineers explore and develop in
physics, mathematics, electronics,
chemistry, mechanical engineering,
even biology —in every art and science
which can help improve electrical
communications.

Through this work, Bell Telephone
Laboratories has helped make your
telephone service the world’s finest—
and will keep it so.

BELL TELEPHONE LABORATORIES
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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NEW Transistorized Relay
Combines Fine-Sensitivity with

Heavy-Duty Construction

Cutler-Hammer has developed a heavy-
duty transistorized A-c relay which will
respond to either an A-c or D-c signal
between .002 and .02 amperes. The heart
of this compact relay is the plug-in type
signal-amplifying module which contains
all the electronic parts. This tough module
is practically indestructible, and the plug-
in design simplifies maintenance . . . cuts
downtime to a minimum. The Bulletin
13535 transistorized relay requires no
warm up time and it is exceptionally quick
in operation. Relay is rated at 10 amperes,
110 volts and the price is unusually low.
Cutler-Hammer also offers conductive
liquid level probes, and photo-cell units
for use with the transistorized relay.
For turther information, write today for
Bulletin 13535,

Catler-Hommer Inc., Milwoukee, Wis.

dasociotes Lo ther Mamimer, L

CUTLER-HAMMER, Inc.
1225 St. Paul Ave.
Milwaukee 1, Wis,

Catler-Hammar
fal Electrons

SCIENTIFIC ENCLOSURES
QUICKLY ASSEMBLED!

" bidesy -

Cabinet Component
System

of pre-fabricated dural
die-cast corners, extruded
sections and parts . . .
assembles into modern
fully-radiused
cabinets to any
dimensions, with
NO SPECIII.
TDIJLS DIES

CALCULATIONS

Easily Solved on the
BINARY CIRCULAR SLIDE RULE

In Arithmetic, Algebra and Trigonometry. Any number

OR J | of factors can.be handled in long and difficult calcula-

Electronic The “

applications,
such as Control

and Analysis, 1 scales.

25 coils.
Reads answers to 5 places. ACC
TERED. Used in largest U.S. Laboratories. Chemists,
Physicists and Engineers have found this rule in-
valuable for its great accuracy. Dia. 832",
struction as ‘‘Binary’’
degrees on back. Price—$13.50 in case.

Computers, Mining,
¥ Spraylng, Refining,
Food Processing, etc. '§
Also in many Government-
approved installations.

of a

reading.

Similar to Binary. Has C, CI, A, LL and I
aly mion

tions. The ““C’’ scale of the BINARY rule is 25 inches
long, with graduations 25% further apart than those

20-inch slide rule. The CI, A, K and Log scales
are divided as closely as a 20" straight rule. The Log-
Log scale extends from 1.0015 to 1,000,000. Gives trig
functions from 0 to 90 degrees on back, with indicator
Engine divided scales in black, overlaid with
yellow, on alternate scales on white coated aluminum.
Permanently accurate.
in case.
firms in U.8.

ATLAS SLIDE RULE—Precision MADE

‘Atlas’” slide rule solves problems in Multiplica-
tion, Division and Proportion. Gives results with a
maximum error of less than 1 in 35,000. Has two ‘‘C”’

Dia. 835 inches, Price—$10.25

Approved at leading Univ. Used by largest

’

One is 25” long and the other is_a spiral of

Equivalent to a straight rule 50 ft. long.
TURATELY CEN-

same con-
Trig functions from 0 to 90

MIDGET
CIRCULAR SLIDE RULE

sheets, write
Dept. YK-428

British Industries Corporation
Port Washington, New York

= ) & Tie
MEWHL Store 1} uriished with cack:

GILSON SLIDE RULE CO.
Box 1237 SA, Stuart, Fla,

Slide Rule Makers since 1915
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denly arose and buffeted the airship so
heavily that it broke away and burst.
The hydrogen ignited in some mysteri-
ous manner, and the colossal airship was
quickly destroyed.”

AUGUST, 1858: “The Atlantic Cable
is laid! All hail to Anglo-Saxon genius!
and two nations” heartfelt thanks to the

noble—aye, and mighty—men of science,
capital and energy, whose untiring zeal
and indomitable perseverance have
linked the hemispheres with the electric
cord! But a month ago we announced
the third failure in this enterprise, but
we did not groan and lament. Cyrus W.
Field, Professor Morse and all connected
with the enterprise are great pacificators,
great civilizers. The telegraph fleet met
at mid-ocean on Wednesday, July 28th,
and made the splice at 1 p.m. on Thurs-
day, the 29th, and then separated—the
Agamemnon and Valorous bound for
Valentia, Ireland, and the Niagara and
Gorgon for Trinity Bay, Newfoundland,
where they arrived on August 4th. It is
1,698 nautical miles between the two
telegraph houses, and for more than two
thirds of this distance the water is over
two miles in depth. On August 16th the
first telegram, directed from Queen Vic-
toria to President Buchanan, was re-
ceived. On the evening of the 17th inst.,
New York and many other cities were
brilliantly illuminated, fireworks were let
off, and the people generally had a good
time of it throughout the country; and
here, to celebrate the event properly, the
cupola and upper story of our City Hall
were burned.”

“F. Yeiser of Louisville, Ky., has in-
vented a new engine, in which electro-
magnetism is to be the motive power.
The invention consists in a certain sys-
tem of balanced beams or frames carry-
ing soft iron bars at each end, to be
operated upon alternately by two series
of electro-magnets in such a manner as
to receive an oscillating motion, and
having combined with them mecha-
nisms, through which their oscillating
motion is caused to produce the rotary
motion of a shaft.”

“An ingenious instrument called the
ophthalmoscope, by the aid of which the
eye may be internally examined, has re-
cently been introduced to the notice of
the scientific world.”



NAVY’'S NEW ATOMIC DEPTH BOMB
ANSWERS THREAT OF ENEMY SUBS

THE NEWS THAT “BETTY’ is now an operational weapon completes another
chapter in the story of the Navy’s great contributions to the defense of our
country. And we are proud that the Navy Bureau of Ordnance and the Naval
Ordnance Laboratory, White Oak, Silver Spring, Maryland, developers of this
significant weapon, called upon the facilities of AMF for the production of
“Betty”. This is another demonstration of the fact that, when it comes to
the tough jobs, AMF has experience you can use.

Government Products Group
EEALLME AMERICAN MACHINE & FOUNDRY COMPANY

1101 North Royal Street, Alexandria, Va.

Regional Offices: Washington, D; C.; Dayton, Ohio; Los Angeles, Calif.
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e Mrs. behind the

MISSILE

ON THESE TWO PAGES YOU WILL READ HOW SHE HAS SOLVED
ONE OF THE GREATEST PROBLEMS IN THE DEVELOPMENT
OF GUIDED MISSILES TODAY

...and where

fits in this picture

T TAKES a special kind of woman to be the
I wife of one of today’s missile men.

It takes a woman who can live within shout-
ing distance of Death Valley . . . or the New
Mexican desert around Holloman Air Force
Base and White Sands. It takes a woman who
can pack up the kids at a moment’s notice for
a few months’ stay at Cape Canaveral, Florida
. .. or Point Mugu, California.

You’ll find these women everywhere in our
Army, Navy and Air Force. You’ll find them
as the wives of scientists, or married to engi-
neers for some of the largest industrial con-
cerns in the nation.

They know more about the problems of rais-
ing a family virtually alone than they do
about the business of producing the missiles
themselves.

This advertisement is a tribute to the courage
of such women, and to the very real contri-

bution they are making to the development
of a guided missile arsenal for this nation’s
defense.

Where AC fits in this picture

AC has been a leader in the development of
an inertial guidance system for use in many
types of guided missiles. This system, which
we call the AChiever, is now in ballistic mis-
siles and air-breathing missiles developed for
use by our armed forces. It has made head-
lines and proved itself in flight in such mis-
siles as the Air Force’s Thor and Matador . . .
and in the Navy’s Regulus II.

The AChiever has far broader application
than most systems developed for a similar pur-
pose. It can, for example, guide a missile far
beyond the confines of earth. It could put a
satellite into orbit . . . or take a rocket to the
moon . . . and it is not subject to interference
by any known natural or man-made force.
And, AChiever is in volume production.
These remarkable accomplishments have been
made possible in large part by the faith and
understanding of the wives of the men at AC
and their counterparts in the armed forces,
in science and industry.

—If you are such a woman, and your husband
has engineering or scientific training which
could make a contribution to this program,
and is not a member of the armed forces,
ask him to write—or write yourself—to the
personnel section of AC in Milwaukee.

AC SPARK PLUG % THE ELECTRONICS
DIVISION OF GENERAL MOTORS
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LEAKS

can be
serious

VEECO Leak Detectors find the leaks
you can't see...the tiniest leaks that
can destroy reliable performance

in hermetically sealed components—
from the smallest relay to the

largest liquid oxygen tank.

VEECO Leak Detectors utilize the Helium
Mass Spectrometer principle

...the quickest, safest, most sensitive
way to pinpoint trouble spots.

From design to operation, VEECO spells
quality. It is this quality that

more and more manufacturers and
laboratories are relying on...quality
that can serve your needs, too.

For more information about how VEECO
can help improve the reliability of
your product, write to Dept. S-1068.

New Hyde Park, Lopg Island, New York
HIGH VACUUM & LEAK DETECTION EQUIPMENT
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THE AUTHORS

JACK SCHUBERT (“Beryllium and
Berylliosis”) was trained in physical
chemistry at the University of Chicago
and is now a senior chemist at the Ar-
gonne National Laboratory. There he
applies the concepts of physical chem-
istry to the study of biology. Schubert’s
article “Radioactive Poisons” appeared
in SCIENTIFIC AMERICAN’S issue of Au-
gust, 1955. Since then he and Ralph E.
Lapp have published their popular book
Radiation, which is being translated into
several languages. Schubert is presently
at work on a textbook about ion ex-
change. In 1955 he was a U. S. delegate
at the Geneva “Atoms for Peace” con-
ference, and in 1956 and 1957 he held
a senior fellowship of the National Sci-
ence Foundation, which sent him to
study chelates at the Swiss Federated
Institute of Technology in Zurich.

HAROLD ZIRIN (“Hot Spots in the
Atmosphere of the Sun”) is an astrono-
mer at the High Altitude Observatory of
the University of Colorado. Like many
other astronomers, he began his career
as an amateur; when he was a Boston
high-school student he built an eight-
inch reflecting telescope and volun-
teered for duty with the American As-
sociation of Variable Star Observers. The
Westinghouse Science Talent Search of
1946 took him to Washington, where he
met Bart J. Bok of the Harvard College
| Observatory and was pursuaded to enter
| Harvard. Zirin got through Harvard on

Westinghouse and Pepsi-Cola scholar-

ships, graduating magna cum laude.

After a year with the Rand Corporation
| he returned to Harvard as an Agassiz
Fellow, receiving his Ph.D. there under
the direction of Philip M. Morse of the
Massachusetts Institute of Technology.
Zirin has been with the High Altitude
Observatory since 1955.

E. G. F. SAUER (“Celestial Naviga-
tion by Birds”) is an ornithologist at the
University of Freiburg, near the German
Black Forest region in which he grew
up and acquired his interest in the habits
of birds and other animals. Sauer was
| born at Mannheim in 1925 and studied
| zoology and physical sciences at the uni-
‘ versities of Freiburg and Heidelberg,

where he conducted research on play
| behavior in animals, the navigation of
| birds and the question of inheritance v.
learning in bird songs. He was made
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dozent in the natural science faculty at
Freiburg last year.

GEORGE E. PAKE (“Magnetic Reso-
nance”) was Edward Purcell’s graduate
student at Harvard University when
Purcell was just beginning his Nobel-
prize-winning work on magnetic reso-
nance. Pake, who is now professor of
physics at Stanford University, has been
investigating magnetic resonance ever
since. Pake grew up in Kent, Ohio,
where his father taught English at Kent
State University. As a student in the
University’s “laboratory” high school for
teacher training, he had access to the
University library, and there his interest
soon turned from baseball and model
airplanes to physical science. With the
help of Kent State’s faculty, Pake re-
ceived a head start in physics which
served him well when, as a Westing-
house Scholarship student at the Carne-
gie Institute of Technology, he received
his B.S. and M.S. degrees just 32 months
after matriculating. “My undergraduate
career whizzed by in a kind of blur,”
Pake reports. “I often think I would
never have survived the concentrated
dose of studies had it not been for my
music and the opportunity to play
French horn in the Carnegie Tech or-
chestra.” Pake worked at Westinghouse
Research Laboratories for a year, then
went to Harvard, where he received his
Ph.D. in 1948. Four years later, at the
age of 28, he became chairman of the
physics department at Washington Uni-
versity in Saint Louis. He has been at
Stanford since 1956.

IRVIN ROCK (“Repetition and
Learning”) is associate professor of psy-
chology at New York’s New School for
Social Research, where he received his
Ph.D. in 1952. Rock was born in New
York and went to the now-defunct
Townsend Harris High School, the only
accelerated three-year high school for
bright students in the U. S. Rock studied
physics briefly, then transferred to psy-
chology, which he studied at the College
of the City of New York. He has taught
psychology at the University of Kansas
and C.C.N.Y. as well as on the graduate
faculty of the New School.

MARTIN D. KAMEN (“A Universal
Molecule of Living Matter”) was the co-
discoverer of carbon 14—an event which
turned him from a physical chemist into
a founder of the science of tracer studies
in biology. Now a professor at Brandeis
University, he studied at the University
of Chicago and at the Radiation Labora-



SYSTEM

Frequency range:
Power output:
Noise threshold:
Recording range:
Radio gain:
Frequency stability:

Primary power:
Ambient operating temperature:
Non-operating temperature:

TRANSMITTER

Modulation:

Power output recording:

RECEIVER

Bandwidth:
Noise figure:
Recorder:
Calibration:

MECHANICAL

875 mc to 950 mc*
20 0or120 w

—167 dbw or 0.032 uv in 50 ohms
60 db, 40 db, or 20 db—log-linear
180 or 188 db

=1 pp 108 short term
=1 pp 107 long term

120 volts +=10%, 50-63 cps
—18° to 4-54°C
—65° to 4-85°C

None; cw operation. Provision is made to key
power output for identification.

6-inch strip recorder available

1 ke
7db
6-inch strip recorder

Signal level and recording linearity by
internal means.

All cases are 26 1/16” wide by 20 5/16” deep by 40 9/16” high
Cases may be stacked two high during operation.
The weight varies from 200 Ibs to 350 Ibs depending on case contents.

*Also available in ranges of 435-475 mc & 1750-1900 mc

A subsidiary of Dynamics Corporation of America

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

Canadian representative: AHEARN & SOPER CO « 384 BANK ST « OTTAWA

jouiwsdg say | wanaag

| DU sy 1041839

Propagation testing made portable

With the continual increase in tropo scatter systems—most of
which have been developed and manufactured by REL—
has come heightened need for truly portable propagation test
equipment to survey proposed scatter transmission paths.

The solution is available in REL’s new path test set. Here, for
the first time, is packaged transmitting and recording

receiving apparatus which is not ouly small and light,

but supremely rugged as well.

Packaged with each set are replacements for all necessary
components, many in preassembled form. Parts supply depots
are umnecessary, and delays thereby eliminated.

Complete details may be obtained upon request.
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HEAT

versus

TEFLON-

TFE-fluorocarbon resins

FINISHES

Completely stable from
-390°F to +480°F, Du Pont’s
organic plastic finish also
provides outstanding degrees
of chemical inertness,

water repellency, anti-sticking
ability, friction resistance

and dielectric strength

The development of TEFLON Finishes
puts a valuable range of properties into
the hands of the engineer. These heat-
stable, cold-stable fluorocarbon coatings
are available in a whole family of for-
mulas for many uses.

TerFLoN Wire Enamel, for example, is
now being applied to the magnet wire
going into transformers. As aresult, these
transformers resist the effects of high-
temperature operation and are smaller,
lighter—yet more efficient—than any-
thing previously available.

Another TerFLON Finish formula was
applied to laminating platens in a ce-
menting operation. Previously, these hot,
high-pressure platens had accumulated a
burden of hardened cement. But TErFLoN
eliminated cement build-up, while resist-
ing the heat and pressures involved.

TerFLoN Finishes are successfully be-
ing applied to materials made from the
ferrous metals, chromium, nickel and its
alloys, copper, aluminum, glass, ceramics
and others.

It is applied like paint, then fused at
clevated temperatures to become a part
of the surface it covers. Specific uses for
TerFLoN Finishes include: conveyor

<
<

chutes, dump valves, extrusion dies, heat-
sealing units, molding dies, packaging
equipment, paint mixers, textile drying
cans.

This list is far from complete. It is
suggestive, however, of the vast range
of applications where TEFLON Finishes
can increase production and improve
quality.

TABLE 1
Film Characteristics of TEFLON Clear Finish
Power factor (60 cycles to 1 megacycle) ... ... 0.0008-0.007

Dielectric constant. . ............... ... .. 2.0
Tensile strength (in.lbs. per sq.in.).... . .....1500 to 2000
Adhesion to metal (in Ibs. pull on a 1-inch-

wide strip) over 850-201 Primer .. .. 103
Resistance to abrasion (grams abrasive
per mil thickness) ., ... L.....2160

Test method: Bell Abrasion Tester
Hardness (in knoop hardness units) ...29

Test method: Tukon Hardness Tester
Hardness (Sward Rocker Test) . . . ...

MORE FACTS. Du Pont will be happy to
send you more information about TEFLON
Spray Finishes or TeEFLoN Wire Enamels.
And if you would like the name of an experi-
enced TEFLON applicator in your area, we’ll
be glad to send that along, too.

Just drop us a letter on your company’s
letterhead. Address: Advertising Department,
2502 Nemours Bldg., E. I. du Pont de Ne-
mours & Co. (Inc.), Wilmington 98, Del.

DU PONT INDUSTRIAL FINISHES

REG.y. s, PAT. OFF.

BETTER THINGS FOR BETTER LIVING
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tory of the University of California, then
did wartime work in the Manhattan Pro-
ject and taught at Washington Univer-
sity in Saint Louis.

RAY S. SNIDER (“The Cerebellum”)
is professor of anatomy at the North-
western University School of Medicine.
Trained at Washington University in
Saint Louis, he received his Ph.D. in
medicine there in 1937, then worked for

| five years at the Johns Hopkins Univer-

sity, where his research with the electro-
encephalograph led to the unexpected
discovery of perception centers in the
cerebellum. From 1944 to 1946 Snider
took part in the work of the Manhattan
Project at the University of Chicago; he
was senior biologist at the Bikini atomic
bomb test. Since then he has taught at
Northwestern and renewed his studies
of the cerebellum.

S. H. HUTNER and JOHN ]J. A.
McLAUGHLIN (“Poisonous Tides”)
are microbiologists at the Haskins Labo-
ratories in New York City. Hutner was
born in Brooklyn and graduated from
the College of the City of New York.
“My interest in marine microbiology
goes back to undergraduate days,” he
says, “when I spent many weekends row-
ing in and around Jamaica Bay and the
Rockaways, and saw marvels such as
beaches bright green with sand-encrust-
ing flagellates and drainage ditches red
and purple with masses of photosyn-
thetic bacteria. I resolved then to learn
to cultivate such creatures. One needs, I
discovered, a polychromatic rather than
a green thumb!” After acquiring a Ph.D.
in microbiology from Cornell University,
Hutner worked for the New York State
Department of Health, then joined the
Haskins Laboratories in 1941. McLaugh-
lin, also a New Yorker, studied at St.
Francis College and St. John’s Uni-
versity in Brooklyn after completing
a wartime stint with the 14th Air
Force in China. He has earned a Ph.D.
from New York University and is as-
sistant professor of biology at St. Francis
College.

GEORGE GAYLORD SIMPSON,
who reviews the new edition of Dar-
win’s autobiography in this issue, is pro-
fessor of vertebrate paleontology at Co-
lumbia University and curator of fossil
mammals and birds at the American Mu-
seum of Natural History. He has done
extensive field work in North and South
America in search of early mammals and
is the author of a number of well-known
books, including The Meaning of Evolu-

| tion and Life of the Past.
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Avco’'s honeycomb “‘sandwich’’ takes pounds off

flying weight. Crosley’'s honeycombing process is used to build air frames and missile components.
After the stainless-steel or aluminum honeycomb is shaped, two metal skins are fitted and joined to it.

The resulting metal ‘‘sandwich’’ provides a structure of maximum strength, extremely light in weight.

RPORATION / 750 THIRD AVENUE, NEW YORK 17, N. Y.
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Modern defense in action:”

PAINTING BY CHESLEY BONESTELL

The threat...mass bomber attack across the

You are on radar duty at America’s Dew Line—near the top
of the world — and spot a mass of bombers approaching at
supersonic speed. Another Pearl Harbor?

Not likely! Your warning signal alerts a defense system
which is in being now. Fighter planes streak out in a matter
of minutes, armed with rockets like the Air Force Genie —
a Douglas built missile which can down an entire bomber

formation with one blast.

In addition, our Army is ready for any aircraft that filter
through with ground-based Nike Ajax and the still more
potent, nuclear-armed Nike Hercules —both produced by
Douglas. Radar-guided, these missiles can take out fast
aircraft despite all evasive action.

It is no accident that we are now ready for attack from
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*Defensive systems—Military leaders
cannot afford to wait until an enemy
strikes. Plans must be in being to meet
any contingency ... any type of attack.
And the physical means of meeting this
attack...vehicles, weapons and trained
men . .. must be ready, too!

Search radar antenna mounts 24 hour guard at edge of Arctic
North POle Circle...flashes immediate warning to defense centers

icross the North Pole. Such problems were anticipated by
»ur Army, Navy and Air Force planners years ago. Indus-
ry became their partner in finding a solution. Douglas,
‘or example, was asked to develop Nike in 1945, and has

en working on rockets since before Pearl Harbor—in 1941.

his same forethought is in action right now, perfecting the
systems of defense needed against tomorrow’s aggressors.

Depend on
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Lucretius...on cliscovering truth

*...no fact is so simple that it is not harder to believe than
to doubt at the first presentation. Equa”y. there is nothing
so mighty or so marvellous that the wonder it evokes does
not tend to diminish in time. Take first the pure and un-
dimmed lustre of the sky and all that it enshrines: the
stars that roam across its surface, the moon and the sur-
passing splendor of the sunlight. If all these sights were
now displayed to mortal view for the first time by a swift
unforeseen revelation, what miracle could be recounted
greater than this? What would men before the revelation

have been less prone to conceive as possible? Nothing,
surely. So marvellous would have been that sight—a sight
which no one now, you will admit, thinks worthy of an
upward glance into the luminous regions of the sky. So
has satiety blunted the appetite of our eyes. Desist, there-
fore, from thrusting out reasoning from your mind because
of its disconcerting novelty. Weigh it, rather, with dis-
cerning judgment. Then, if it seems to you true, give in.
If it is false, gird yourself to oppose it.”

~Lucretius, Ist Century B.C.

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonpro[it organization cngagcd in rescarch on problcms related to national securily and the pub|ic interest
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Beryllium and Berylliosis

Extracted from bervl, a crystal which is almost identical with

emerald, this light metal has found glamorous applications in

modern technology. It is also capable of causing a serious disease

njury and death to hundreds of Amer-
I ican workers during the 1940s might
have been averted if the prescient
advice given a decade earlier by an
Italian physician had been heeded. On
the basis of animal experiments and
known human cases, Stefano Fabroni
gave the name berylliosis to an illness
which followed soon after the inhala-
tion of dust and fumes of irritating salts
of the relatively obscure metal beryllium.
He wrote: “In view of the important
practical applications of beryllium in in-
dustry . . . which all indicate that the
importance of this metal will continue
to grow, we feel it is of interest now to
call the attention of scientists to the pic-
ture of berylliosis . . . so that there will
be the chance of timely development of
measures to prevent this grave malady
of the lungs from being added to the
catalogue of industrial diseases.”

The story of berylliosis is one of the
most fascinating, contradictory, infuriat-
ing and controversial episodes in medical
history. Some medical people argue even
now that beryllium is incapable of caus-
ing disease. One writer in The Lancet,
the esteemed British medical journal,
invoked sheer sentimentality: “Beryl-
lium seems to be the Admirable Crich-
ton of metals. . . . To charge such an
admirable metal with having poisonous
properties is about as distasteful as ac-
cusing a trusted butler of stealing the
family plate.”

When one examines the clinical, bio-
chemical and toxicological evidence,
however, one cannot escape the fact that

by Jack Schubert

beryllium has caused at least 500 cases
of poisoning in the U. S. alone during
the past two decades. Particles of the
metal or its compounds, wherever they
are deposited, but especially in the lungs
and skin, do extensive local damage to
the tissues; reduction in respiratory ca-
pacity and general systemic debility
have terminated in death in 10 to 30 per
cent of all the cases.

Beryllium performs heroic functions in

hundreds of everyday products even
though its total annual production is
measured in pounds. A little beryllium
goes a long way, especially in the alloys
which account for most of its consump-
tion. It is a glamorous newcomer to
metallurgy, one of a number of rare
metals now brought into wide use by
virtue of highly specific properties which
technology has only recently learned to
appreciate.

Beryllium has special glamour because
it is the element that distinguishes the
crystal structure of the precious emer-
ald. The discovery of beryllium in 1798
stemmed from the observation by the
French mineralogist René Just Haily
that the optical properties of the emerald
were identical with those of the more
common mineral beryl. He asked Louis
Nicolas Vauquelin to make a chemical
analysis. Vauquelin proved that both
substances had the same composition
and contained a new element. Since the
salts of beryllium are sweet-tasting, the
new element was first called glucinium.
The name beryllium was given by Fried-
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rich Wohler in Germany in 1828, when
he succeeded in isolating the pure metal.
With an atomic weight of nine, it is one
of the lightest elements.

The emerald is a transparent, intense-
ly green variety of beryl. The hexagonal
crystals of beryl itself may be greenish,
bluish or rosy, but in the field they tend
to assume the color of the granitic rocks
with which they are generally asso-
ciated. Occasionally they attain gigantic
size, up to two or three feet in diameter
and several feet in length, weighing
several tons. Some 60-ton crystals have
been found.

Beryl is the single industrially signifi-
cant beryllium-bearing mineral. The
small size of the beryllium ion favored its
diffusion as a minor constituent in
numerous minerals, and discouraged the
formation of high-concentration beryl-
lium minerals. The world resources of
beryl are estimated at four million tons,
the principal deposits being in Brazil.
Miners have to move, on the average,
about 100 tons of rock in order to hand-
pick half a ton of beryl crystals. A ton
of beryl, which sells for $400 to $500,
yields about 70 pounds of beryllium,
worth about $4,200. (Emerald is worth
some $25 billion per ton!) For better
or worse, the production of beryllium
will always be measured in pounds.

As a light element, beryllium should
be a great deal more abundant on earth.
It appears, however, that the beryllium
nucleus is easily destroyed by collision
with high-energy protons, as in the sun
and other stars. In the cold reaches of
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BERYL closely resembles emerald and aquamarine. The large eralds. Second from left is an aquamarine. Third and fourth are em-
crystal is beryl. At left in foreground is limestone containing em- eralds. Specimens are in the American Museum of Natural History.
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interstellar space, where such collisions
are rare, beryllium occurs in much high-
er relative concentration. The scarcity of
beryllium on earth, then, indicates that
our planet passed through a stage of
stellar temperature. Curiously the cos-
mic ray bombardment of the earth’s up-
per atmosphere results in the transfor-
mation of nitrogen and oxygen into
beryllium 7 and beryllium 10, two radio-
active isotopes of the element. The latter
has a half-life of 2.5 million years; in-
corporated in snow and ocean sediments,
it fills an important gap in geological age
measurement.

The principal uses of bervllium stem
from the discovery in the 1920s that the
addition of only 2 per cent of bervllium
to copper forms an alloy six times strong-
er than copper. Beryllium-copper allovs
stand up at high temperatures, have
great hardness, show resistance to corro-
sion, do not spark and are nonmagnetic.
One finds them used in the critical mov-
ing-parts of aircraft engines and in the
key components of precision instru-
ments, mechanical computers, electrical
relays, switches and camera shutters.
Springs made of these alloys retain their
springiness almost indefinitely. Bervlli-
um-copper hammers, wrenches and
other tools are employed in petroleum
refineries and other plants where a spark
from steel against steel might ignite an
explosion or a conflagration.

The peculiar virtues of its alloys
brought a sudden expansion of bervl-
lium production during World War II.
The needs of war machines were so spe-
cialized and urgent that it was easier to
expand the supply of this rare element
than to look for substitutes. Moreover,
it happened that beryllium was destined
for a special role in the development of
the atomic weapons.

When beryllium atoms are bombard-
ed with alpha particles (e.g., from ra-
dium), their nuclei disintegrate and
yield a profusion of neutrons. This re-
action led James Chadwick to the dis-
covery of the neutron itself in the early
1930s, and a radium-beryllium source
provided the neutrons for the historic
experiments of Enrico Fermi that led to
the discovery of uranium fission. Beryl-
lium is one of the most efficient materials
tor slowing down the speed of neutrons;
it is also an excellent neutron reflector.
The Manhattan Project overnight cre-
ated a big new market for beryllium.
Incidentally, one of the physicists work-
ing in the program is numbered among
the first clearly diagnosed cases of beryl-
liosis in the U. S.

Beryllium remains today an important

material in nuclear technology. At least
one U. S. atomic submarine went to sea
powered by a beryllium-moderated re-
actor, and a reactor in the U.S.S.R. has
a beryllium moderator and reflector.
Last year the Atomic Energy Commis-
sion invited proposals for the supply of
about 100,000 pounds of “reactor-
grade” beryllium a year for five years.
This amounts to roughly a 30-per-cent
increase in production.

Presently the makers of advanced air-
craft, missiles and of space ships to come
are developing ambitious plans for beryl-
lium. The metal has much higher rigidity
and heat stability than the other light
metals, qualities that commend it for use
in airframes and rocket bodies. The oxide
has a higher heat conductivity than any
known ceramic and looks like a promis-
ing material for re-entry cones. Were it
not for its toxicity and scarcity beryllium
might make the ideal rocket fuel; it
packs more energy per unit volume than
any other element.

The general public first became ac-
- quainted with beryllium as an in-
gredient in the phosphors that give fluo-
rescent lamp tubes their glow. Until
1949 nearly all fluorescent tubes were
coated with beryllium phosphors. It was
this use of beryllium that first exposed
large numbers of industrial workers and
the general public as well to the hazard
of berylliosis. Most of the cases have
been traced to exposure to the phosphor
dust, either in the manufacturing proc-
ess or in the disposition and incidental
destruction of old fluorescent tubes. By
1949 the list of cases had grown to such
alarming proportions that the major
manufacturers of fluorescent tubes de-
cided in consultation with officials of the
U. S. Public Health Service to discon-
tinue the use of beryllium phosphors.
The ill effects of beryllium compounds
on workers who handled them were first
observed in the U. S. in 1940 by Howard
S. Van Ordstrand and his colleagues at
the Cleveland Clinic. The workers were
employed in processing beryllium ores;
one of them died late in 1940. Not long
afterward the first cases involving work-
ers exposed to beryllium phosphors were
recorded in Pennsylvania. Suspicion of
beryllium was allayed at this early stage,
however, by medical literature dealing
with similar cases in Europe. Beginning
in 1933 there had been reports from Ger-
many, Italy and the U.S.S.R. of an occu-
pational disease peculiar to beryllium
workers. Because the victims were ex-
posed to fluorine and other acid-forming
compounds of the metal, and because
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the symptoms so closely resembled the
effects of wartime poison gases in which
fluorine was the active ingredient, the
trouble was laid to the corrosive action
of acids, not to beryllium. The clinical
picture of the Ohio and Pennsylvania
cases fitted precisely the symptoms de-
scribed in the European literature: a first
stage of chills, fever and profuse per-
spiration, then progressive involvement
of the lungs, shortness of breath, a pain-
ful cough and an X-ray picture suggest-
ing tuberculosis. Accordingly the U. S.
physicians adopted the European diag-
nosis and exculpated beryllium, even
though some of the victims, those work-
ing with beryllium phosphors, were ex-
posed to beryllium oxide, which forms
no acids.

By 1945 Van Ordstrand had reported
on 170 cases of illness in beryllium
workers. These patients exhibited dam-
age to the skin as well as to the lungs.
The findings were typical: 42 of the pa-
tients had severe skin ulcers with the
most intense reaction occurring on the
hands, arms, face and neck. When ex-
posure to beryllium compounds was ter-
minated, the dermatitis subsided and
cleared up. Some ulcers persisted. In
these cases a minute crystal of beryllium
or a beryllium compound was invariably
found entrapped within the skin; healing
followed removal of the crystal.

In 1946 the hazard that threatened
beryllium workers developed an alarm-
ing new aspect. Most of the cases re-
ported up to that time had been acute
attacks arising during exposure to beryl-
lium compounds. Two physicians asso-
ciated with the Massachusetts industrial
hygiene office, Harriet L. Hardy and
Irving R. Tabershaw, now reported on
17 cases of chronic illness arising long
after exposure had ceased. All these pa-
tients had been engaged in the manu-
facture of fluorescent lamps in a plant in
Massachusetts, and had worked an aver-
age of 17 months in the building where
the phosphors were compounded. Their
illness did not become noticeable until
six months to three years after they had
quit working in the building and had
ceased to have contact with beryllium.

The beryllium compounds involved
in these cases had no fluorine or other
acid-forming element to divert concern
away from beryllium itself. The recipe
for phosphors called for pure beryllium
oxide, mixed with silica and the oxides
of other metals and fused in a furnace
at temperatures in excess of 2,000 de-
grees Fahrenheit. After firing, the rock-
like batch of phosphors had to be pul-
verized for coating the inside of the lamp
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tubes. The operation was at times a
dusty one and exposed the skin and res-
piratory system of the workers to beryl-
lium compounds in powdered form.

’r he cases of delayed or chronic illness
- clearly implicated beryllium itself as
the poison. The principal distinction be-
tween the various beryllium compounds
now appeared to be merely their rela-
tive solubility in the body fluids. The
acid-forming compounds are the most
soluble; in the Cleveland ore-processing
plant they produced immediate illness.
The lesions in the lungs and skin in
these cases were only incidentally com-
plicated by the action of acids. In its
oxide, beryllium appears to be somewhat
less soluble, and in its silicate phosphor-
compounds even less so. These com-
pounds produced the delayed illness
among the fluorescent-lamp workers.
The chronic form of berylliosis is dis-
tinguished from the acute chiefly by the
delay between the exposure to beryllium
and the onset of symptoms. The case of
the Manhattan Project physicist men-
tioned earlier typifies the course of the
chronic disease. His exposure began in
1938 at Columbia University, where on
several occasions he handled finely pow-
dered pure beryllium metal in making
up neutron sources. Later at Chicago,
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where he was engaged in assembling the
world’s first nuclear reactor, he handled
beryllium-oxide bricks. The first sign of
his illness was not detected until 1946,
when a routine chest X-ray yielded the
finding “the lung fields are diffusely
granular in appearance and look sub-
jectively like silicosis.” At that time he
felt in good health, and nothing was
done about his condition. In the summer
of 1948, however, he went to the hos-
pital, suffering general debility and with
his weight down 20 pounds.

There are 35 similar cases, in which
svmptoms were not noted until more
than 10 years after exposure. Chronic
berylliosis is difficult to diagnose. The
symptoms of shortness of breath, low-
ered vitality, weight loss and reduction
in respiratory capacity are typical of
many debilitating illnesses. The chest
X-ray, which is said at times to give the
appearance of a sand- or snow-storm,
may be mistaken for tuberculosis and
other diseases. Unless the physician has
special experience and instruction he
may misdiagnose a case of chronic beryl-
liosis such as still turns up occasionally
among persons who were exposed a dec-
ade ago, before the disease and its cause
were adequately recognized.

Just as in the delayed form of the
lung disease, the skin lesions caused by

METAL PARTS are made of beryllium and its alloys. At apper

right are three small disks of pure beryllium, used as windows for
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the less-soluble beryllium compounds do
not appear until several months after
exposure. This was a hazard particularly
for the unwary consumer when beryl-
lium was used in fluorescent-lamp phos-
phors. A typical case was that of a 12-
year-old boy who was admitted to a
Boston hospital with small painless
swellings around the angle of the jaw
on the right side. His story was that
three months previously he had been
playing with some friends at a dump.
One of the boys, deciding an old fluo-
rescent lamp tube would make an excel-
lent baseball bat, hit a bottle with it.
The tube broke, and pieces of phosphor-
coated glass hit the patient on the right
side of the neck. About eight weeks later
small lumps began to appear beneath
the scars on his face and neck. Upon
analysis the tissue was found to contain
several micrograms of beryllium. With
the complete removal of the beryllium
from the tissue, the condition cleared up.

The epidemiology of berylliosis as-
sumed a truly bizarre character in the
discovery of the so-called “neighbor-
hood” cases of the chronic disease in
1947 in a Midwestern city. Not one of
these people had ever worked with
beryllium or handled it in any form. All
of them, however, had lived within three
quarters of a mile of a plant which pro-
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X-ray tubes. All the other metal parts shown here are made of
beryllium-copper alloy, which is six times stronger than copper.



duced beryllium compounds from ore.
When physicians in the community
learned about these neighborhood cases,
they soon discovered others in their rec-
ords of undiagnosed lung disease. The
apprehensive plant management insti-
tuted a chest X-ray survey; among
10,000 persons examined, two additional
cases of berylliosis were discovered. It
turned out that traces of beryllium were
being emitted from the plant in the
stack gases. Altogether more than 40
such neighborhood and nonoccupational
cases of beryllium poisoning have been
recorded. One woman lived nearly two
miles from a beryllium plant; her hus-
band worked in the plant, and she re-
ceived her exposure from the dust she
inhaled while washing his work clothes!

The registry of cases kept by Harriet
Hardy at Massachusetts General Hos-
pital in Boston shows that about 40 per
cent have been of the chronic type, with
a mortality rate of about 30 per cent.
About 15 cases have involved individu-
als working in atomic-energy develop-
ments during the war years—an ironic
fact in view of the extreme measures
taken to protect workers from radio-
active poisons. The Atomic Energy Com-
mission has since led the way in the
establishment of safe working conditions
in the beryllium industry.

While beryllium alloys as commonly
used appear safely nontoxic, one labora-
tory experience is instructive. During
World War II a group of surgeons, test-
ing various alloys for repair of massive
bone damage, tried one alloy containing
1.6 per cent beryllium. They fixed plates
of the alloy in dog skulls with screws
made of the same alloy. After six months
they were startled to find that the screws
had loosened and that the screw holes
and tissues in contact with the plate were
lined with inflamed lesions.

As_ yet the biochemistry of beryllium
poisoning is little understood. The

ion of the metal, dissociated from the
oxide or salt in solution with the body
fluids, appears to be the active principle.
We know also that the chemical reaction
of beryllium ions in the body invariably
involves a hydroxide group (OH) at-
tached to a benzene ring. Such phenolic
hydroxide groupings, as they are called,
are found in the amino acid tyrosine,
which in turn undergoes metabolic trans-
formation to such compounds as adren-
alin which react with beryllium ions.
In the test tube beryllium inhibits the
action of many enzymes. Injection of
tiny amounts of its compounds in experi-
mental animals causes massive damage
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DAYS AFTER INJECTION

MICE WERE INJECTED with a beryllium salt at Argonne National Laboratory. An
hour later half of them were injected with aurintricarboxylic acid (ATA). Broken line
shows survival of mice injected with ATA; solid line, survival of those not injected.

to the cells of practically every organ
with which the compounds come in con-
tact. Similarly in human victims, upon
autopsy, lesions are found scattered
throughout the organs of the body as
well as in the lungs. Beryllium poisoning
is now accepted as a general disease, and
it is recognized that the patient is sicker
than the lung picture would suggest.

Examination of the lumps and nodules
that form in the tissues suggests that
beryllium possesses some power to cause
the growth and proliferation of cells.
This suspicion has been supported by
the discovery that beryllium may induce
cancer in experimental animals. The late
Leroy Gardner of the Saranac Laborato-
ry showed in 1946 that the intravenous
injection of beryllium compounds in rab-
bits led to bone cancers. This finding has
since been confirmed and extended to
various animals, including guinea pigs
and rats. Lung cancers also have been
produced repeatedly with beryllium
compounds. The investigators conclude:
“These studies pose the grave question
whether beryllium may not ultimately
prove a factor in the genesis of certain
cases of human lung cancer.”

The question how beryllium acts on
the tissue cells leads into the whole gen-
eral problem of the role of trace metals
in the processes of life. M. B. Hoagland
at Harvard University has demonstrated
that the growth-stimulating effect of
beryllium is a general one, acting on
algae and higher plants as well as on
animal tissues. When he supplied a very
small amount of beryllium salt to the
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nutrient of a tomato plant that had been
stunted by depriving it of magnesium,
the growth of the plant immediately
showed a marked acceleration.

Ignorant as we are about the toxicity of

beryllium, investigators have made
one significant finding which already
facilitates diagnosis and may lead to the
discovery of an effective treatment. Pa-
tients invariably exhibit a kind of allergic
response to beryllium compounds. It
would seem, therefore, that beryllium
must combine with protein in the body
to form an antigen. The antigen stimu-
lates the formation of beryllium-specific
antibodies. As a result, in all cases of
active berylliosis a small amount of any
beryllium compound placed on the skin
produces a local allergic reaction. This
“patch test” is now a valuable aid in the
diagnosis of beryllium poisoning. The
finding that beryllium forms compounds
with protein suggested in turn that the
logical approach to treatment is to look
for a way to tie up beryllium chemically
so that it can no longer react with sub-
stances in the body.

With this in mind, our group at the
Argonne National Laboratory began a
search for a specific antidote to beryl-
lium poisoning. At first we studied the
possibility of injecting materials into ex-
perimental animals which would hasten
the elimination of beryllium. However,
we soon learned that it is nearly impos-
sible to eliminate the poison once it has
been deposited in the tissues.

We then determined to look for a drug

31



O\\C C/c:———o—
LN
\c C/ \c
H/ \c———-c/

/0 N\
N/
VA
H/

ACTION OF ATA is explained. The molecular structure of ATA
is given in the diagram at left. ATA is a chelating agent, i.e., a sub-

which would seek out beryllium depos-
ited in the body and form an insoluble
compound, thus inactivating the metal.
Such an agent, we thought, might be
found among the chelates, an interesting
class of dyestuffs which have the power
to incorporate various metal ions selec-
tively in their structures [see “Chela-
tion,” by Harold F. Walton; ScienTiFic
AMERICAN, June, 1953].

We did not have to search long. There
is a deep-red dye, well known to analyti-
cal chemists, which is used for the analy-
sis of aluminum and to a lesser extent for
beryllium and which, on paper, seemed
to meet our requirements. This dye is
known by the trade name “aluminon,”
and by the chemical name aurintricar-
boxylic acid, or simply ATA. In the first
test of ATA we injected mice with
enough beryllium salt to kill them within
a few days. We then injected half the
animals with a small dose of ATA and
left the others untreated. The results
were dramatic: virtually every animal
treated with ATA survived and lived on
normally, while all of the untreated ani-
mals died. We have repeated this exper-
iment with hundreds of animals of dif-
ferent species, with the same high de-
gree of protection.

We checked the conclusions sug-
gested by this experiment by injecting
the animals with radioactive beryllium
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and with ATA tagged with tracer atoms.
The picture that emerged was clear and
unambiguous: ATA was found in prac-
tically every cell where beryllium was
present. Previously damaged cells re-
covered, and within a few days could
not be distinguished from the normal tis-
sue. Nor could any abnormality be de-
tected a year or more later, despite the
fact that the beryllium-dye combination
remained in the tissues.

We have tested many other com-
pounds and found none as completely
effective as ATA. Some of them have
demonstrated a high affinity for beryl-
lium in the test tube, yet have failed
completely when injected in the experi-
mental animal. Capacity to tie up beryl-
lium does no good if the compound is
unable to make contact with the beryl-
lium in the tissues. All the compounds
that failed have chemical groups which
render them more water-soluble. As a
result, they tend to remain in the water
of the body and are rapidly excreted.

It is too early to say whether ATA will
prove to be successful for the treatment
of human beings. Clinical tests are being
made. The main problem is to promote
contact between ATA and beryllium.
One approach involves the use of a spe-
cial aerosol generator which breaks
down the ATA into extremely small par-
ticles to insure that the material pene-
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stance which chelates or sequesters a metal ion within a larger struc-
ture of atoms. In this case the metal ion is beryllium (Be). The

trates deep into the lung spaces. Intra-
venous injections will be tried along
with the aerosol treatment. On the the-
ory that ACTH and cortisone might
render the lumps and nodules in the
tissues surrounding the beryllium more
permeable, these drugs may also be used
in combination with ATA. As to the tox-
icity of ATA, physicians report they “are
satisfied beyond any doubt that the ATA
preparation is nontoxic, easy to adminis-
ter and well tolerated by the patient.”

Meanwhile, treatment of berylliosis
patients with ACTH or cortisone has
shown some success. Just why these
drugs are helpful remains unknown.
Certainly they have no effect on the
beryllium itself. They do, however, pro-
vide many patients with some or with
considerable relief. In the case of the
Manhattan Project physicist described
earlier, treatment with ACTH restored
him to almost full activity.

Can the beryllium hazard be con-

trolled? Is it possible to work with
beryllium compounds in safety? The an-
swer is a somewhat qualified “Yes.” The
problem reduces itself to one of good
industrial housekeeping, which means
keeping the levels of beryllium low. But
how low is low? One important factor to
be taken into account is that different
forms of the same beryllium compound



three-dimensional structure of the atoms within the broken rec-
tangle at left is shown in the illustration at right. When ATA is

may have radically different degrees of
toxicity, depending upon particle size
as well as solubility. On the basis of ex-
tensive tests the AEC early in 1950 con-
cluded that all known cases of the acute
disease could be attributed to air con-
centrations of soluble salts in excess of
100 micrograms per cubic meter, and
that when the air level exceeded 1,000
micrograms of beryllium, nearly every-
one developed acute beryllium poison-
ing. To minimize the risk of the chronic
disease, on the other hand, the AEC
found it necessary to recommend a limit
of two micrograms per cubic meter. The
strictness of this standard can be ap-
preciated when it is realized that the
corresponding limits for dusts of other
metals such as lead, mercury, arsenic
and cadmium range from 100 to 500
micrograms per cubic meter. As to the
air in the neighborhood of a beryllium
plant, the recommended limit is one
hundredth of a microgram per cubic
meter. To the best of our knowledge, no
cases of beryllium poisoning have ap-
peared in or around plants which have
adopted these rigid standards.

These limits are, in fact, so low that
they raise the general and sinister ques-
tion whether the natural occurrence
of beryllium in the environment might
not at times be sufficient to induce beryl-
lium lung disease in hypersensitive in-

dividuals. The tissues of most persons
contain negligible amounts of beryllium,
actually less than a microgram in the
entire lungs, for example. Ordinary out-
door air contains about a thousandth of
a microgram or less of beryllium per
cubic meter. Beryllium, however, is con-
centrated by some plants, especially
those growing in areas where the soils
contain higher-than-average amounts of
beryllium. The ashes of wheat straw are
reported to contain as much as 2 per
cent beryllium. Again, its concentration
in certain coal ashes goes as high as 2
per cent. Another site of high concen-
tration is forest litter. Examination of the
lungs of coal miners has shown beryllium
usually present in amounts far in excess
of normal and in many instances greater
than in known berylliosis cases. Yet the
lungs of these miners had no lesions sug-
gesting the disease. It must be empha-
sized that the severity of berylliosis does
not necessarily reflect the amount of
beryllium in the lungs. The total amount
is not as important as the fractional
amount present in an active form. It
seems, therefore, we do not have to
worry that we might fall victim to
chronic beryllium poisoning merely from
breathing outdoor air.

I say “seems” because physicians re-
main puzzled by some 1,800 cases of
sarcoidosis, a lung malady, discovered
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injected into body fluids containing beryllium, it sequesters the
beryllium ions so that they cannot exert their poisonous effects.

among troops from the southeastern
states during World War II. Their con-
dition resembles berylliosis. The soil of
their granitic native countryside has a
higher than average beryllium content.
Recently investigation has shown that
the pollen dust of local evergreens car-
ries lipid compounds similar to lipids
found in tubercle bacilli. But the case is
not yet closed.

Nl ore than 250 years ago Bernardino
L Ramazzini, the great student of in-
dustrial diseases, wrote that when physi-
cians have a working man as a patient
they should inquire into all the details
of his occupation, because without this
information a correct diagnosis cannot
be made. The story of beryllium high-
lights the whole problem of occupational
disease in the present era. Advances in
technology now develop so rapidly that
the rare material of yesterday becomes
the widely used material of today. The
beryllium mishaps teach the lesson that
the harmlessness of a material cannot be
taken for granted; a new material must
be regarded as harmful until proved
otherwise. Industrial medicine must pro-
vide safe working conditions before
harm results; public health agencies
must see that the public is not exposed
to fumes from industrial processes until
safe tolerances are known.
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Hot Spots

in the Atmosphere of the Sun

Regions in the sun’s corona appear to be as much as 1,000 times

hotter than its surface. They may be the long-sought connection

between sunspots and disturbances in the atmosphere of the earth

( : alileo’s  16-century  contempo-
raries rejected his report that he
had seen spots on the face of the

sun. His Letters on the Solar Spots, they

said, were full of “damnable matter,”
heretically contrary to the dogma that

“this most lucid body” must be without

by Harold Zirin

blemish. But knowledge of the existence
of sunspots was inescapable. Centuries
before Galileo trained his telescope on
the sun, sky watchers in China had be-
held them with unaided eyes. Galileo’s
successors in astronomy brought the sun
under close surveillance and, after two

or three centuries, established that the
spots fluctuate in number in a regular
11-year cycle. Simple observation
showed thjs cycle to be synchronized
with a corresponding fluctuation in the
number of displays of the aurora bore-
alis. Men began to suspect that the sun-

LOOP PROMINENCES appear in the center of this photograph
made with the coronagraph of the High Altitude Observatory of the
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University of Colorado. The coronagraph artificially eclipses the
sun’s disk so phenomena in its lower atmosphere can be observed.



spots exert profound effects on our
planet. It was discovered that the pas-
sage of spots across the face of the sun is
associated with violent storms in the
earth’s magnetic field; with the arrival
of radio it was found that these storms
were accompanied by widespread black-
outs of radio communication.

Now we are at the beginning of the
next significant advance in knowledge
of the sun. Though the statistical co-
incidence of solar activity and geomag-
netic storms is conclusive, physicists
have been unable to describe a process
connecting events on the solar surface
with the earth’s high atmosphere. The
ionized layers of our atmosphere, and
the storms which perturb them, require
a source of high-energy radiation and
highly energetic particles. Obviously the
sun is this source. But just as the earth’s
atmosphere shelters us from the hard ra-
diation and cosmic particles raining in
upon it, so the sun’s own atmosphere ab-
sorbs and blocks the shorter wavelengths
of energy and the particles that radiate
from the solar surface. A crucial link
was missing between the physics of the
sun and that of the earth. Recent ad-
vances in instrumentation, however,
have made it possible for solar astrono-
mers to turn from the face of the sun to
investigate the solar atmosphere. There,
thousands and even millions of miles
out in space above the sunspots, they
have found clouds of gas with tempera-
tures in the millions of degrees, far
hotter than the 4,000-degree surface of
the sun.

These hot spots in the solar atmos-
phere are a major focus of interest in
the world-wide program of observation
concerted by the International Geo-
physical Year. The time is propitious, for
this effort was scheduled to take ad-
vantage of the present sunspot maxi-
mum, and it has turned out to be the
most active maximum in the history of
solar astronomy. Rapidly accumulating
evidence points to the conclusion that
the hot spots in the solar atmosphere
furnish the connection between the spots
on the surface of the sun and the effects
we experience on our small planet.

For many years astronomers who want-

ed to observe the sun’s atmosphere
had to wait for the infrequent opportu-
nity of a solar eclipse, when the moon
for a few moments blots out the photo-
sphere (the sun’s surface seen in ordi-
nary light). The dazzling light of the
photosphere, containing all the wave-
lengths of the visible spectrum, over-
whelms at other times the faint light

SURGE PROMINENCE shoots upward 120,000 miles at a speed of 120 miles per second. Un-
like surge prominences, loop prominences appear to condense out of the sun’s atmosphere.

QUIESCENT PROMINENCE billows up from the surface of the sun at relatively low speed.
This coronagraph picture was made by R. B. Dunn at the Sacramento Peak Observatory.
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LAYERS OF THE SUN’S ATMOSPHERE are (1) the photosphere, light; (2) the chromosphere, which is some 6,000 miles deep;
which is synonymous with the sun’s surface as it is seen in white (3) the corona, which extends outward for millions of miles.
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radiated in a number of distinct wave-
lengths by the gases in the atmosphere.
Today, thanks to the genius of the late
Bernard Lyot, astronomers are able to
keep a day-to-day watch on the sun’s at-
mosphere. Lyot invented the “corona-
graph” to make an artificial eclipse. This
specialized telescope cuts out the light
of the sun’s surface with an occulting
disk and employs an elaborate train of
optics to get rid of scattered light. Lyot
furthermore devised a filter which selec-
tively admits narrow regions of the spec-
trum. With the Lyot coronagraph and
filter we can observe the processes that
go on in the solar atmosphere; by attach-
ing a spectrograph we can determine
which components of the atmosphere are
involved, and under what physical con-
ditions their light is emitted.

Just above the photosphere we see
the “chromosphere,” the lowest layer of
the atmosphere, which appears as a
bright rim around the solar disk about
6,000 miles deep. Beyond the chromo-
sphere the sun’s corona, a diffuse gas-
eous envelope, stretches several million
miles into space—perhaps even as far
as the earth. At the bottom of the corona
luminescent gas clouds, the solar “prom-
inences,” appear. They may take the
form of very large, (uiescent masses,
active loops, or fast jets called surges. A
time-lapse motion picture provides an
exciting view of the behavior of the
prominences, especially the beautiful
loops. Most of the time these appear to
condense right out of the corona. First a
small horizontal arc will appear, growing
downwards until it forms a complete
loop reaching into the chromosphere. In-
candescent material pours down the
arms of the loop, and more loops con-
tinually form. The motion of the ma-
terial is obviously governed by a local
magnetic field related to a nearby sun-
spot. A Lyot filter passing the light of the
strongest spectral line emitted by the
corona reveals a diffuse loop structure
paralleling the sharp prominence line.
Associated with the loops we see the
spectacular surge prominences that
stream upward with velocities of 60
to 120 miles per second—sometimes even
600 miles per second. Most of the ma-
terial that goes up in these surges seems
to come down, so we are at a loss to ac-
count for the material that moves down-
ward in the loop prominences, except
for the possibility that hot invisible ma-
terial somehow streams upward from
the surface and becomes visible when it
cools and descends.

Surge and long prominences are al-
most always associated with sunspots.

Observers accordingly keep closer watch
on the east edge or “limb” of the sun: the
appearance of prominences there often
presages the appearance of spots, which
become visible a day or two later as the
sun wheels around in its 27-day rotation.
West-limb prominences are frustrating,
for they soon turn out of sight, leaving
us guessing until the region reappears
at the east limb two weeks later. Some
sunspots, however, endure for several
rotations.

\V’r’hen we look directly at the trillion

square miles of solar surface, we
can no longer see the loop prominences
and the corona. These are visible only at
the edge of the sun against the dark
background of space. With the help of
the Lyot filter, however, we can see the
quiescent prominences as dark clouds
against the surface. We see also the
bright clouds, called plages or faculae,
that accompany sunspots, floating low
in the atmosphere. Occasionally one. of
these plages brightens strongly and
rapidly. This brightening is almost in-
variably accompanied by a dark surge
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prominence. Such an event is a solar
flare. On the rare occasions when we
have managed to see flares in profile
through the coronagraph, they look like
surge or loop prominences which bright-
en suddenly and intensely, high in the
atmosphere above the altitude at which
the plages occur. Because the corona-
graph occults the photosphere it is diffi-
cult to observe the low- and high-alti-
tude components of a flare simultaneous-
ly. The composite picture, however, is
confirmed by the fadeouts of short-wave
radio communication that accompany a
major flare seen either on the disk or at
the limb. Flares are the most spectacular
phenomenon of the solar atmosphere.
Their effects on earth are so significant
that a 24-hour-a-day (weather permit-
ting) around-the-world flare patrol is
being maintained throughout the Inter-
national Geophysical Year.

With a spectrograph we can identify
the elements whose radiation makes up
the light from the solar atmosphere,
since the atoms of each element absorb
and emit energy only at sharply defined
characteristic wavelengths. But we can

5695

WAVELENGTH (ANGSTROMS!

YELLOW LINE in the spectrum of Ca XV (calcium atoms from which 14 electrons have
been removed) is shown in profile by the dots in this chart. The solid curve shows the
distribution of wavelengths which would be expected from ionized atoms radiating at a
temperature of four million degrees absolute. The broadening of the line is due to the Dop-
pler shift in the light from atoms moving at high speed toward or away from the observer.
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SPECTRUM OF LOOP AND QUIESCENT PROMINENCES shows
the difference in their temperature. The lines of the spectrum are
curved because the slit of the spectrograph is curved to fit the edge

also use the spectrograph to measure the
temperature of the atmosphere. When
an orbital electron is knocked free by a
high-energy photon or particle and an
atom is ionized, the characteristic line
pattern of its radiation shifts. It takes
a great deal of energy to ionize an atom,
and so a high degree of ionization in-
dicates an extremelv high temperature.
Indeed, the temperature of certain parts
of the solar atmosphere goes so high
that some elements are entirely stripped
of electrons. Since thev then cease to ra-
diate, thev become invisible as far as
the astronomer is concerned.

Measurement by spectrograph gives a
temperature for the prominences of the
order of 30,000 degrees absolute (de-
grees centigrade above absolute zero).
Hydrogen and helium continue to radi-
ate their characteristic spectral lines, al-
though most atoms of both species are al-
ready ionized. The same is true of the
other elements. The spectra of the qui-
escent prominences indicate tempera-
tures of around 10,000 degrees, perhaps
even less. These large, long-lived promi-
nences occur at some distance from
sunspots and do not share their great
activity, although they certainly have
some role in the process. Their spectra
show lines of neutral and singly ionized
metals (with one electron removed)
as well as lines of neutral helium and
hydrogen.

The spectrum of a loop prominence,
such as the one at the top of these two
pages, indicates a higher temperature.
The metals have all lost two or more elec-
trons, and no longer radiate their charac-
teristic wavelengths. Ionized helium,
producing light with a wavelength of
4,686 angstrom units, radiates strongly.
The 4,686 line is an excellent tell-tale of
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high temperatures since the atoms emit-
ting it require a great deal of energy for
excitation, about 50 electron volts as
compared to about five volts for atoms
emitting the usual line. Ionized helium
radiates strongly only at temperatures
above 30,000 degrees. The solar flares
appear at the limb to be dense, hot,
bright prominences. Thev radiate the
same spectrum as an ordinary loop
prominence, but much more brightly.

he corona presents a quite different

picture on the spectrographic plate,
and for many years it mystified astron-
omers. The lines of its spectrum corre-
sponded to no known elements. Further-
more, they were extremelv broad and
diffuse, as compared to the relatively
sharp lines of the prominences. In 1940
Walter Grotrian of the Potsdam Ob-
servatory pointed out that one of the
two brightest lines of the coronal spec-
trum, the red line with a wavelength of
6,374 angstroms, corresponded exactly
to an energy level midway between two
excitation states of the Fe X ion (i.e.,
iron with nine electrons removed).

This suggestion was confirmed in
1942 in a brilliant paper by Bengt Edlén,
a Swedish astrophysicist. Edlén identi-
fied a whole host of coronal lines as com-
ing from jumps between energy levels
of a number of incredibly highly ionized
atoms. Some of these ions he had actual-
ly registered in electrical discharges in
his laboratory; for the spectra of others
he made theoretical predictions. In this
remarkable work Edlén also analyzed
the physical conditions under which
these ions could exist and radiate the
coronal lines. The corona, he concluded,
must have a temperature of the order of
700,000 degrees. The exact tempera-
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of the sun. The dark lines are due to sunlight scattered by the sky.
The upper row of bright spots was made by the loop prominence;
the lower row, by the quiescent. The labels indicate the wave-

ture, as we shall see, is still not deter-
mined.

A remarkable physical process ac-
counts for the coronal lines. In every
atom the circling of the electrons around
the nucleus makes an effective electrical
current, which in turn produces a small
magnetic field. At the same time the
spinning of the electrons on their own
axes produces another small magnetic
field. The two magnetic fields interact
in varying degrees depending on the in-
clination of the spin axis to the plane of
the orbit. This “spin-orbit” interaction
causes a slight change in the total energy
of an atom. Thus the atoms can assume
any of a number of different energy
levels, according to the orientation of the
spin axis to the orbit. The spacings be-
tween energy levels are extremely small
in normal atoms, perhaps .001 electron
volts. In highly ionized atoms, however,
the spacings increase to several volts
because of the powerful charge of the
unshielded nucleus. The probability of
transitions between these levels is so low
that the radiations they emit are called
“forbidden” lines. The state of the atoms
in the corona is such that these forbid-
den transitions show up as the coronal
lines. Edlén did not observe the forbid-
den lines in his laboratory. However, he
did observe jumps from other atomic
states to the levels in question and from
these he determined the energies in-
volved and predicted the wavelengths of
the coronal lines.

The spectrograph thus pictures the

corona as an extremely hot region
where some uncommon atomic processes
occur. Hydrogen and helium are com-
pletely ionized and do not radiate. The
other atoms are so highly ionized that

4686

He Il



length (in angstroms) of the spots and the elements which made
them: helium (He), titanium (Ti), barium (Ba), iron (Fe) and
hydrogen (H). The numeral I means that the atom is neutral; II,

their radiation is all in the invisible ultra-
violet, except for a few forbidden lines.

By watching the shifts and changes in
the lines of the coronal spectrum over
the past 15 years solar physicists have
begun to see the dim outline of the
processes in the corona that accompany
the sunspot cycle. During the minimum
sunspot activity the visible light of the
corona is largely concentrated in the red
line of Fe X, indicating the corona is at
a relatively low temperature. As the
level of activity rises, the Fe X line fades
out, and the green line radiated by Fe
XIV (iron with 13 electrons removed)
grows stronger, showing up all around
the edge of the sun. According to Edlén’s
calculations this indicates an ascent in
the average coronal temperature to
800,000 degrees.

Against this general background, gas
clouds in the corona above sunspots give
evidence of even greater excitation.
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Most of the time we see sharp brighten-
ing in the Fe XIV line. But on occasion
in the active coronal region above the
sunspot the Fe XIV line fades, and we
see the exciting yellow line of the
Ca XV ion (calcium with 14 electrons
removed). More energy is required to
produce this ion than any other yet ob-
served by man. It takes 814 electron
volts to remove an electron from Ca XIV
and make Ca XV it takes only 13.6 volts
to ionize hydrogen and 390 electron
volts to remove an electron from Fe XIII.
The appearance of the Ca XV line there-
fore indicates extreme heat, so great that
even the green line of Fe XIV has been
extinguished and the iron atoms have
been raised to higher states of ionization
which do not radiate so well. The yel-
low line of Ca XV tells us that the hot
spots in the corona must reach tem-
peratures of at least 2.5 million degrees!

An alternate method of méasuring

4922
4924

He 1
Fe 11

that it has one electron removed, and so on. The spot for the
loop prominence at 4686 angstroms (He II) is brighter than that for
the quiescent, indicating that the former is hotter than the latter.

temperatures in the corona gives some-
what different results. This method uti-
lizes the Doppler effect—the shift of the
spectral lines toward the red or the blue
end of the spectrum depending upon
whether the emitting atoms are moving
away from or toward the earth. If the
atoms move in many different directions,
the spectrograph will register a shift to-
ward both ends of the spectrum, which
shows up as a broadening of the lines.
Since the random motion of atoms in-
creases as temperature increases, tem-
perature can be measured as a function
of line width. Many workers have made
these calculations, all with similar re-
sults. Donald E. Billings at the High
Altitude Observatory of the University
of Colorado has probably measured
more coronal-line profiles than anyone
else. He finds temperatures around 1.7
million degrees for the red line of Fe X
and 2.2 million degrees for the green

= 0 = — - 0
= & g < 2&
e - oo - o
= =
= )
[0
O O
T o o

SPECTRUM OF FLARE indicates a still higher temperature. The
elements responsible for these spots, in addition to those in the
spectrum at the top of these two pages, are: calcium (Ca), alu-
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Sr 1l 4077

4144

Ca NI 4086
Hd 4101
Hel 4121
Hel

minum (Al), manganese (Mn) and strontium (Sr). The relatively
fuzzy spot at 4086 angstroms is caused by Ca XIII (calcium with
12 electrons removed) not in flare but in intertwined corona.
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line of Fe XIV. Measurements of the Ca
XV line by both Billings and myself, as
well as by others, range from 2.7 to 4.5
million degrees. In the excited region of
the corona associated with the limb flare
of December 18, 1956, we observed an
especially intense yellow line with Dop-
pler broadening that corresponded to
four million degrees.

The gap between Edlén’s ionization
measurements and those made by the
Doppler effect is thus considerable. At
the High Altitude Observatory we tend
to credit the higher temperatures indi-
cated by the Doppler profiles; calcula-
tions now in progress may bring the
estimates from ionization into line. Since
the temperatures are high to begin with,
it might seem immaterial whether the
normal coronal temperature is 800,000
or two million degrees, or whether hot
spots reach 2.5 million or 4.5 million de-
grees. But the exact value has great sig-
nificance in understanding the solar
atmosphere, and in particular in estimat-
ing the amount of ultraviolet and X-ray
radiation which originate there.

\ 7e still have much to learn about the
interaction between the corona and
other parts of the solar atmosphere.
Flares, for instance, are generally ac-
companied by a sharp increase in the
intensity of the yellow line from the as-
sociated coronal region, as Lyot himself
observed. But which comes first, flare or
yellow line? In the case of the Decem-
ber 18, 1956, flare the yellow line ap-
peared faintly three hours before the be-
ginning of the flare; it reached its great-
est intensity at the flare maximum and
faded with the flare. Unfortunately there
were no yellow-line observations at the
very onset of the flare, so we do not know
if flare and corona brighten simultane-
ously. The important fact is that the co-
ronal radiation comes from a four-mil-
lion-degree furnace, and the flare radia-
tion comes from a region of only 30,000
degrees. The portion of the flare we ob-
serve certainly cannot produce the hot
spot, because it is too cool. For a variety
of reasons the converse is also true, un-
less external forces are involved. This
leaves one feeling that another agent
causes both.

The question of temperature is crucial
also to understanding how the high ex-
citation of the solar atmosphere induces
high excitation in the atmosphere of the
earth. The two-million-degree tempera-
ture of the corona explains, for example,
the large amount of energy radiated by

FLARE is photographed. The photograph at the top was made at 6:05 a.m. Mountain stand- the sun in the far ultraviolet around a
ard time; the one in the middle, 10 minutes later; the one at the bottom, 25 minutes later. Wavelength of 50 angstroms. At this
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temperature the electrons have an aver-
age kinetic energy of 165 volts; they give
up part of this energy in ultraviolet ra-
diation when they are decelerated by the
electrostatic attraction of naked nuclei in
the coronal gas cloud. This radiation,
called brehmsstrahlung, contributes sub-
stantially to the ionization of the E layer,
one of the lower layers of the earth’s
ionosphere, occurring at heights 60 to
90 miles above the earth. The electron
density in the E layer of the ionosphere
varies closely with the temperature of
the corona, for the rate of radiation
rises sharply with temperature. There
also appears to be a relation between
coronal activity and the F layer, the
highest layer of the ionosphere.

The solar hot spots also produce im-
portant effects in the lowest layer of the
ionosphere: the D layer. The turning
of the earth in the ultraviolet radiation
of the chromosphere produces a daily
variation in the ionization of the D
layer which is augmented by the wax-
ing and waning of hot spots. In addi-
tion, solar flares bring sharp increases
in D-layer ionization which show up
as sudden short-wave fadeouts, sud-
den diminution of cosmic radio noise,
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sudden enhancements of static and other
phenomena.

hen the sun is observed with a radio

telescope tuned to 10 centimeters,
the hot spots in its atmosphere stand out
brilliantly. In wavelengths around two
meters there is often an intense “radio-
noise storm” lasting for several days
when a hot region crosses the face of
the sun. Studies of sunspots show that
those with strong loop-prominence ac-
tivity are particularly apt to produce
radio-noise storms. Since the corona
tends to block the shorter radio waves,
these signals must originate at least
25,000 miles above the surface. This is
the altitude of the loop prominences.
Solar flares themselves produce extreme-
ly intense short-lived outbursts which
must originate from hot spots at the same
height. Indeed, the sources of this ra-
diation have been observed to move
radially outward from the flare at great
velocities.

The high temperatures of the corona,
especially its hot spots, offer at present
the most promising lead to an explana-
tion of the sun’s production of cosmic
rays. In at least five cases recorded since

A

—

1942, showers of cosmic rays have been
traced to large flares. The sharp time
agreement makes the origin of the cos-
mic rays in the flares virtually certain.
But a 30,000-degree flare looks like a
poor generator of cosmic rays. On the
other hand, the concurrent production of
a coronal hot spot in the million-degree
range provides a source of moderate-
energy ions for a cosmic-ray accelerating
mechanism. At this point we enter the
realm of arid speculation: we have de-
vised no mechanism to explain the proc-
ess.

W,T ith solar activity at its biggest and
best during the International Geo-
physical Year, astronomers are studying
the solar hot spots by their visible radia-
tion, forbidden and permitted; by their
ultraviolet radiation as it affects the ter-
restrial ionosphere; and by their intense
radio emissions. Perhaps these studies
will lead us to understand why such in-
tensely hot regions occur above the
relatively cool surface of the sun. The
artificial earth satellites are also provid-
ing truly promising new information. We
are taking a long step toward better
understanding of the sun.

:”\ll
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COSMIC RADIO NOISE sharply decreased at the time of the
flare shown in the photographs on the opposite page. In this
reproduction of the radio record, which should be read not from

h“

6:40 6:20

MOUNTAIN STANDARD TIME (A.M.)
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6:00 5:40

left to right but frem right to left, the dip at right corresponds to
the decrease. The decrease was due to the fact that the D layer of
the ionosphere was heavily ionized by the radiation from the flare.
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CELESTIAL NAVIGATION BY BIRDS

A remarkable series of experiments shows that migratory birds

navigate by the stars. In a planetarium their flight direction

is controlled by the position of the stars in the artificial sky

known as the warblers are familiar

residents in the countries of northern
Europe. City dwellers know them well,
for the small, gray birds find a home to
their liking in the shrubs and hedges of
gardens and small parks. During the
spring breeding season the air is filled
with their loud, melodic singing as each
male establishes a small territory for
himself in noisy battle with a rival. Once
the claims are decided, the truculence
and the songs subside; the birds proceed
to mate, to raise their young, to feed
amicably on elderberries and blackber-
ries, to flit about in peace among the
bushes. Then in August the birds begin
to grow restless; their migratory instinct
stirs. Suddenly, in one night, the whole
resident population is off and away. The

In spring and summer the songbirds

by E. G. F. Sauer

next morning the bushes are filled with
a new lot of warblers that have flown in
from more northern areas; they stay for
a few days and then they too fly on to
the south. Through the weeks of Sep-
tember and October there is a continu-
ous coming and going of hordes of the
migrating warblers. Gradually the num-
ber passing through diminishes. The spe-
cies called the garden warblers disap-
pears first, then the whitethroats, after
them the lesser whitethroats and finally
the blackcaps.

Where do they goP Ornithologists
know exactly where the warblers go, for
they have banded these birds for many
years and followed them to their winter
homes. The warblers travel to various
parts of Africa. Some of them migrate as
far as from Scandinavia to the southern

LESSER WHITETHROAT migrates between northern Europe and the Nile Valley. In a

planetarium it attempts to duplicate its natural journey with respect to the artificial sky.
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part of Africa—a distance of thousands of
miles. In the spring the birds migrate
back to the very same place that they
left in the fall.

Most remarkable of all is that each
bird finds its own way to its destination!
The warblers do not follow a leader or
make the journey as a group; they navi-
gate individually. And young birds mak-
ing their first migration reach their goal
as surely as the experienced travelers.
Somehow, purely by instinct, the war-
blers know exactly how to set their
course. Since they fly only at night, we
are impelled to ask: Do the warblers
navigate by the stars?

The navigation powers of birds have

fascinated investigators for more
than a century. By now there is a large
literature of well-documented testimony
to their amazing performances. The late
Werner Riippell of Germany, one of the
leading experimenters on bird migration,
found that starlings taken from their
nests near Berlin and carried away to all
points of the compass would find their
way back to their nesting places from
as far as 1,250 miles away. The Manx
shearwater, a sea bird, has astonished
investigators with still more spectacular
feats; one shearwater, taken from the
west coast of England and flown by
plane to Boston, was back in its English
nest in 12 days, having winged its own
way 3,067 miles across the unknown
Atlantic. The North American golden
plover migrates each fall from its breed-
ing grounds in northern Canada to its
winter home in the Hawaiian Islands.
This bird, lacking webbed feet, cannot
rest on the water as waterfowl do; it
must fly on steadily for several weeks to
reach its destination over thousands of
miles of ocean. If it wandered only
slightly off course, it would become lost



and exhausted in the vast Pacific, but it
finds its way unerringly to Hawaii.
Until recently attempts to explain the
incredible navigation feats of birds were
almost entirely a matter of speculation
[ see “The Navigation of Birds,” by Don-
ald R. Griffin; SCIENTIFIC AMERICAN,
December, 1948 . Various theorists pro-
posed that the birds were guided by the
earth’s magnetic field, by the Coriolis
torce arising from the earth’s rotation,
by landmarks, and so on. But more and
more ornithologists have been driven to
the conclusion that birds must rely
mainly on celestial navigation—the sun
by day, the constellations by night.
The idea that birds are guided by the
sun was suggested as long as half a cen-
tury ago, but it was not taken seriously
until the early 1950s, when experiment-
ers began to turn up some interesting
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evidence. Gustav Kramer in Germany
and G. V. T. Matthews in England dis-
covered independently that homing
pigeons and wild birds can use the sun
as a compass and that they possess a
“time sense” which allows them to take
account of the sun’s motion across the
sky. Other zoologists have confirmed
these findings. It has now been proved,
in fact, that our warblers can orient
themselves by the sun.

But the warblers fly mainly at night.
What sort of system do they use to steer
their course in their nocturnal migra-
tions nearly halfway around the globe?
Several years ago we started a systematic
laboratory study of this question by
means of specially designed cages in our
aviary at Freiburg.

We had already seen laboratorv proof
of the stirring of the migratory instinct

e ———

—_— - }———

PLANETARIUM EXPERIMENT is performed under a 20-foot
dome. Dome and bird cage are shown in cross section. A felt cloth
from the bottom of the cage to the floor cuts out light from below.
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in these small world-travelers and
of a seasonal time sense that governed
this urge. We had hatched and raised
warblers in completely closed, sound-
proof chambers where they lived in the
illusion of eternal summer, year in and
year out. Yet, although they had no out-
ward cues of the yearly rhythm of na-
ture, in the autumn the birds would be-
gin to flit restlessly from branch to
branch or flutter continually over their
perches, night after wakeful night. They
kept this up for many weeks—about the
length of time it would have taken them
to flv to Africa. Then they went back to
sleeping again at night. In the spring,
about the time that warblers migrate
back from Africa to their European
homes, our birds again had a spell of
restless, wakeful nights. It was as if they
had an inner clock which told them

"o

Sector of sky visible to the bird is indicated by solid lines. The
sector visible from the opposite side of the perch is shown with
broken lines. “Flight direction” means direction in which bird faces.
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FLIGHT DIRECTIONS taken in the planetarium by a garden warbler under a fall sky are
plotted at left, and by a blackcap under a spring sky at right. North of artificial sky is at
top. Full radial lines are principal directions of flight. Lengths of other lines, compared
to the length of a full radius, indicate fractions of principal flight time spent in these directions.

VARIO! S SKY PATTERNS produced
the flight directions shown in these four
diagrams. For 2a the projector was set
for 9 p.m. (Greenwich time) September

when the time had come to take wing
for distant parts.

To explore the orientation uestion
we now placed warblers in a cage with
a glass opening at the top, so that they
could see part of the sky (but nothing
else of their surroundings). At the sea-
son of migration the birds would begin
to flutter and, peculiarly enough, each
would take up a position pointing in a
particular geographic direction, like the
needle of a compass. Even when we
tried to turn the birds away by rotating
their perches, they stubbornly turned
back to the preferred direction. The di-
rection in each case was characteristic of
the speecies: the garden warblers, the
whitethroats and the blackcaps all
pointed toward the southwest, the lesser
whitethroats toward the southeast (that
is, in the fall; in the spring these direc-
tions were reversed) . Now these are pre-

Sa

cisely the directions in which the respec-
tive species start their migrations from
central Europe to Africa! The lesser
whitethroats start southeastward, flying
across the Balkans, and then turn south
up the Nile Valley; the other species all
take off southwestward and fly to Africa
by way of Spain and Gibraltar.
Experienced or inexperienced, the
birds invariably took up the appropriate
direction of flight in the cage. How did
they know the direction? Seemingly the
only clue available to them was the
starry night sky overhead. To explore
this theory further we now put them
through a series of tests. We found that
when the stars were hidden by thick
clouds, the birds became completely dis-
oriented. They were likewise confused
when only diffuse and strongly polarized
light came through their skylight. To
adopt and keep to a definite direction

7

they needed a look at the starry sky. In-
deed, the birds watched the sky so in-
tently that meteors made them change
their direction momentarily.

For still more rigidly controlled exper-
iments we proceeded to test the birds
in a cage placed in a planetarium: that
is, with a dome showing an artificial
replica of the natural starry sky. Aéain,
when the dome was merely illuminated
with diffuse light (showing no stars),
the warblers were unable to choose a
preferred direction. But when the plane-
tarium sky matched the night sky over
Germany, the birds took up the proper
direction just as if they were seeing the
natural sky.

Now our artificial dome permitted us
to shift the stars and constellations
about. By changing the north-south de-
clination (height) of the stars we could
change the apparent geographical lati-

ta

EASTWARD DISPLACEMENT of the
planetarium sky resulted in the flight

FALL MIGRATION of the lesser whitethroat was simulated in the experiments plotted here.
For 3a the sky was ‘appropriate to a latitude of 20 degrees north; for 35, 10 degrees north.
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25, and a latitude of 40 degrees north. For 2b the setting was for
11 p.m. October 1, and 50 degrees north. For 2¢ it was set for 10 p.m.
September 10, at a latitude of 50 degrees north. For 2d no stars
were projected on the planetarium dome. The bird then took up a

tude, making the birds believe that they
were farther south or north than they
actually were. Similarly by shifting the
sky in the east-west direction we might
misiead the birds about their position in
longitude. How would they behave un-
der these circumstances?

To illustrate the results I shall de-

scribe some experiments with a lesser
whitethroat warbler which we will call
“Johnny.” Recall that the lesser white-
throat normally first travels southeast-
ward across the Balkans and then turns
due south, flying along the Nile to its
winter home in the région of the Nile
headwaters. In our experiments it turned
out that as long as the planetarium sky
was adjusted to the approximate latitude
of Germany (40 to 50 degrees north),
Johnny took up the expected flight posi-
tion facing southeast. But as we shifted

paths shown here. For 4a the displacement was five hours and 10
minutes; for 4b, three hours, 26 minutes; for 4c, one hour, 41

the sky, simulating more southerly lati-
tudes, the bird tended to turn more and
more toward the southern direction, un-
til, at the latitude of 15 degrees, it set its
course due south!

In other words, Johnny, a bird which
had spent all its life in a cage and never
traveled under a natural sky, let alone
migrated to Africa, still displayed an in-
born ability to use the guidance of the
stars to follow the usual route of its spe-
cies, adjusting its direction nicely at each
given latitude. Earlier investigators had
supposed that these birds used land-
marks to find their route: for example,
that the coastline at the eastern end of
the Mediterranean was the cue which
told them to turn south. But our experi-
ments proved that the birds are guided
only by the stars.

Now let us see what happened when
we shifted the planetarium sky to change

© 1958 SCIENTIFIC AMERICAN, INC

random series of flight directions. The actual dates of the experi-
ments were the same as the planetarium dates, or one day before
or after. The birds used in these experiments were a blackcap in 2q,
a garden warbler in 2b and a lesser whitethroat in both 2¢ and 2d.

the longitude. One night, while Johnny
was flapping its wings and heading in
the southeast direction, we suddenly
presented the bird with a sky shifted
back to the configuration five hours and
10 minutes earlier than the local time; in
other words, the apparent geographical
position of the cage then corresponded
to a point about 77 degrees eastward in
longitude at this particular time. The
bird at once showed that it was deeply
disturbed. It looked excitedly at the un-
familiar sky and for almost a full minute
stood irresolutely. Then it suddenly
turned and took wing in the westward
direction. According to the sky, its posi-
tion at the moment corresponded to a
point near Lake Balkhash in Siberia;
Johnny, to correct its displacement, was
heading directly toward the usual mi-
gration starting point in Germany!

As we reduced its displacement, the

minutes; for 4d, one hour, 10 minutes. In experiment 4d the bird
headed east at first, but shifted eventually to almost due south.
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PATHS OF MIGRATION of warblers are indicated by broken lines. Route of the lesser
whitethroat is in black; of other species, in gray. Arrows show the headings taken by birds
in planetarium experiments when the sky was adjusted for the positions shown on the map.
Numbering of arrows corresponds with numbering of diagrams on the preceding two pages.
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bird shifted its heading more and more
from due west toward the south. When
the displacement was only an hour, cor-
responding to a position near Vienna,
Johnny headed south; when the canopy
of stars was restored to the correct con-
figuration at our locality for the season
and time of night, the bird took up the
normal heading toward the southeast.

Johnny’s behavior, confirmed by ex-
periments with other birds, leaves no
doubt that the warblers have a remark-
able hereditary mechanism for orienting
themselves by the stars—a detailed im-
age of the starry configuration of the sky
coupled with a precise time sense which
relates the heavenly canopy to the geo-
graphy of the earth at every time and
season. At their very first glimpse of the
sky the birds automatically know the
right direction. Without benefit of pre-
vious experience, with no cue except the
stars, the birds are able to locate them-
selves in time and space and to find their
way to their destined homes.

To be sure, the warblers do not have
to rely solely on the constellations. In
daytime they can guide themselves by
the position of the sun. On cloudy nights
they get some guidance from mountain
ranges, coastlines and river courses
gleaming in the pale night shine. Only
in almost total darkness, when thick
clouds utterly hide the sky, are the birds
in trouble: they circle helplessly and
sometimes are drawn to lighthouses.

We are going on to study the warblers’
orientation system in more detail,
systematically removing constellations
or stars from our planetarium sky one
by one to see if we can reduce the guid-
ance cues to a basic pattern. One very
interesting puzzle is the fact that the
birds must somehow be able to make ad-
justments to astronomical evolution, for
in the course of time the pattern of con-
stellations in the sky is slowly but con-
stantly changing. Even more difficult to
explain is the mystery of how the birds
ever came to rely on celestial navigation
and to develop their skill in the first
place. We know that the warblers are
not the only creatures possessing this
gift: other birds, insects, crabs and
spiders have been found by experiment
to be capable of guiding themselves by
the sun or stars. But there are many
other guidance mechanisms and sign-
posts available on earth. What evolu-
tionary process was it that endowed
these animals with the highly sophisti-
cated ability to read the stars?
Whatever the answer, we cannot help
marveling at the wondrous celestial in-



stinct of the warblers. When fall comes,
the little garden warbler, weighing bare-
ly three quarters of an ounce, sets off
one night on an unbelievable journey.
All alone, never in the collective security
of a flock, it wings its solitary way south-
westward over Germany, France and

STAR MAP shows the sky as it appears at an early evening hour
in late October. The solid circle encloses the stars that can be seen

Spain and then swings south to its dis-
tant goal in southern Africa. It flies on
unerringly, covering a hundred miles or
more in a single night, never once stop-
ping in its course, certain of its goal. In
the spring it takes off again and north-
ward retraces its path to its nesting

© 1958 SCIENTIFIC AMERICAN, INC

place in a German or Scandinavian
thicket—there to give birth to a new
generation of little warblers which will
grow up, without being taught, with the
self-same capacity to follow the same
route across continents and oceans by
the map of the stars.

at a latitude of 50 degrees north, and the broken circle encloses
those that are visible at a latitude 20 degrees farther to the south.
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TURBO
COMPRESSORS

with surge control
at any speed
or pressure

Turbo compressors whose operating
range is extended by a unique surge
controller* are being produced by
Stratos in sizes ranging from 200 to
20,000 cfm. Designed for operating
pressures up to 3,000 psi, their high
efficiency and internal aerodynamic
cleanliness make them smaller, lighter
and more compact than the usual run
of such machinery. The surge con-
troller is unique in that it senses surge
before it occurs—incipient surge—and
corrects to allow safe operation very
close to the surge line.

Reliability and safety are prime de-
sign considerations in Stratos turbo
machinery. Each unit is thoroughly
checked for both functioning and per-
formance. Stratos’ extensive test facili-
ties enable it to conduct tests on air
under simulated operating conditions.
Units are delivered to the site as com-
pletely integrated packages, ready for
connection. These packages can include
lubrication systems, overspeed protec-
tion, oil pressure warning and other
safety features.

Sealed design of Stratos turbine ma-
chinery precludes oil from infiltrating
the gas stream. Zero leakage sealing
can be provided for operation on toxic
or explosive gases. Provision can be
made for seal and bearing maintenance,
including replacement, without removal
from the line and without gas loss from
the system. For information write to:

STRATOS

INDUSTRIAL PRODUCTS BRANCH
Route 109 West Babylon, N. Y.
A DIVISION OF FAIRCHILD ENGINE & AIRPLANE CORPORATION

*Patents pending. Can also be
applied to existing equipment.

48

>___ -

“---—-—-‘-—r - - ._.q.'----

S ——— -

—

adlE

<« i
|

. ———— -r—_—--.--—-j

e

Conserving Moondust

he crash of the first rocket on the
I moon, which will signal man’s in-
trusion into the ecology of space,
may seriously hinder the study of the
origin of life. So say Joshua Lederberg,
chairman of the department of genetics
at the University of Wisconsin, and
Dean B. Cowie of the Carnegie Institu-
tion of Washington. In an article in
Science they point out that the moon is
covered with cosmic dust, collected
during the long history of the solar sys-
tem. Examination of this material should
help decide two important questions:
(1) whether living spores exist in space,
as one theory holds, and (2) how the
first, pre-living organic molecules were
synthesized out of the atoms of the uni-
verse. But if moondust is polluted by
terrestrial organisms that find their way
into rockets, the test will be inconclusive.
The situation will be even more se-
rious for planets with climates more hos-
pitable to life than that of the moon.
Contamination could “distort the micro-
biology” of such a planet, and might
even start the growth of living things
on a previously sterile planet.
Extraterrestrial life, if it can be ob-
served in its “wild state,” will throw
light on some of the deepest problems
of evolution, the authors observe. All
presently known forms of life transmit
genetic information by means of nucleic
acids. Do Martian plants, if any, also
contain DNA? If so, does it mean they
are descended from the same ancestor
as earthly plants, or is DNA “a unique
solution to the requirements of genetic
replication”® If Martian genes are made
of other compounds, is this “an indepen-
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dent solution or an evolutionary diver-
gence”?

Since there will be a considerable lag
between the time when rockets can be
sent to the moon and planets and the
time when material can be collected
and brought back to earth, “we urgently
need to give some thought to the con-
servative measures needed to protect
future scientific objectives,” the authors
conclude.

No Safe Radiation

rrhe eminent geneticist Milislav Deme-

rec has settled a much-debated issue
concerning the effects of radiation. The
question: Will radiation cause mutations
at any dosage, however small, or is there
a “safe” threshold? Demerec and a co-
worker, Joan Sams, in the Department
of Genetics of the Carnegie Institution of
Washington, tested the question by ex-
posing cells to graded doses of X-rays,
and they found that the smallest doses
they could administer still produced mu-
tations.

Working with altered strains of the
common bacterium Escherichia coli,
they measured the effects of the radia-
tion by the rate at which the cells re-
verted to the original “wild” type. Their
smallest X-ray doses, about eight roent-
gens (barely more than the amount at
the skin of the jaw in a dental X-ray),
caused mutations to rise above the usual
rate in nature (about 10 cells in 10 bil-
lion). And as the dose was increased,
the mutation rate rose in proportion.

Interferon

A possible new weapon against virus
+ X disease has been discovered. It is a
substance called “interferon,” which
seems to exercise a general shotgun
action against many kinds of viruses, in-
stead of the specific action of the usual
vaccine. The research was reported in
the British magazine The New Scientist
last month by Alick Isaacs and Derek C.
Burke of the British National Institute
for Medical Research.

It has been known for some time that
infection by one kind of virus often pro-
duces immunity to a totally different
type. The British workers cultured an
immunity-conferring virus, then killed
the virus and succeeded in extracting



HE GITIZEN

from the culture a substance which in-
terferes with the growth of various
viruses. Chemical tests indicate that the
substance is a protein. It is produced in
greatest quantity when the virus is killed
by a moderate dose of ultraviolet radi-
ation—a treatment known to damage
nucleic acids, the hereditary material.
The British workers conjecture that
damage to the virus’s nucleic acids
causes the invaded cell to make inter-
feron instead of some normal general
protein required for the reproduction of
viruses.

The virologists are now proceeding to
investigate whether injections of inter-
feron will safely attack a virus disease
in a living animal. They point out that
even if interferon itself should prove use-
less as a drug, its discovery has brought
to light “a weak point” in the growth
cycle of viruses which should be vulner-
able to attack in some way.

Pacific River
L\ great submarine “river” which flows
£+ X for at least 3,500 miles across the
equatorial Pacific has been discovered
by scientists of the Scripps Institution of
Oceanography and the U. S. Fish and
Wildlife Service. The current is 250
miles wide and about 100 to 800 feet
below the ocean surface. Roger Revelle,
director of the Scripps Institution, de-
scribed it as “one of the great oceano-
graphic discoveries of our time,” com-
parable in importance to the discovery
of jet streams in the upper atmosphere.
The river flows eastward at about
three knots. It is sandwiched between
two slow westward-flowing currents, the
South Equatorial Current on the surface
and another current below 800 feet. So

far the river has been traced westward |

to a point north of the Marquesas Is-
lands, but it may originate several thou-
sand miles farther west off Indonesia. Its
eastern terminal lies near the Galapagos
Islands, where the current dissipates.
The volume of its flow is comparable to
that of a thousand Mississippis.

The Warming Antarctic

t has been known for some time that
the Arctic is growing warmer; now
investigations in the International Geo-
physical Year have established that the

FLYING
GLASS

Perkin-Elmer produces precision optics in quantity

for the atreraft and maissiles of the Space Age

Perkin-Elmer produces special optical
elements —in quantity —to exacting
specifications. Among the optics avail-
able on a steady production schedule
are high quality aspherics mass pro-
duced by techniques exclusive to Perkin-
Elmer, derotation prisms for the MA-2
bombing system that resolve 4 seconds
of arc, and a wide range of improved
opties for reconnaissance, aerial pho-
tography, infrared detection, bombing
systems and instrumentation.

If your project requires quality and
special optics in production quantities

you can benefit from the special skills
and facilities developed by Perkin-
Elmer. For information, write us at
915 Main Avenue, Norwalk, Conn.

These are some of the optical elements Perkin-
Elmer makes for military and industrial use:
Aspherics ¢ Prisms o Optical Flats e Schlieren
Windows ¢ Hyperhemispheres ¢ Infrared Opti-
cal Systems ¢ Paraboloid, Ellipsoid, and
Toroid Optics e Periscope Systems ¢ Windows
and prisms for missile applications.
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At the crossroads of opportunity for men
in Electronics

GOODYEAR
AIRCRAFT

CORPORATION
ELECTRONIC LABORATORY

Arizona Division
Litchfield Park, Arizona

A Subsidiary of the
GOOOYEAR TIRE & RUBBER CO.
ENGINEERS
IMMEDIATE OPENINGS
|ELECTRONIC PACKAGING
RELIABILITY
CIRCUITRY
TEST EQUIPMENT
ELECTRO-MECHANICAL
COOLING SPECIALIST

LEISURE LIVING AT ITS BEST
“IN THE VALLEY OF THE SUN”
Modern Inexpensive Housing
Send resume to: A. E. Manning

Engineering and Scientific Personnel

GOODSYEAR AIRCRAFT

LITCHFIELD PARK
PHOENIX, ARIZONA

| Similar opportunities available in our
Akron, Ohio, Laboratory
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SPACE K-4
DELUXE

ONLY
$89.50

SPACE K-4 DELUXE

Professional reflecting type telescope for those
who demand quality. American made—elegantly
styled—with performance and ruggedness built
in—the Space K-4 Deluxe is outstanding.

*Mirror 444 inch diameter F.11, with surface
accurate to !/ wave. Aluminized and quartz
overcoated. *Massive equatorial mount, adjust-
able for latitude, with 1 inch bearings and clamps
on both axes. Clamps provide any degree of
tension desired. Tracks smoothly without binding.
*Seamless Aluminum tube, with rack and pinion
focusing. Takes standard 1)4 inch eyepieces.
*b power achromatic finder. *Rugged pedestal
and legs. Guaranteed free from torque and
wobble. *Three eyepieces, 50, 100 and 200 power,

Shipped F.O.B. Pottstown, Pa. Ship. Wt. 45 Ibs.
Write for free literature and information. Other
telescopes and accessories available. Satisfaction
guaranteed.

DEALER INQUIRIES INVITED

SPACEK INSTRUMENT CO.
Box 245 Pottstown, Pa.
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TO FLY

Especially designed to meet the rigid

size and weight requirements of
airborne instrumentation, Statham's
new strain gage carrier amplifiers
are transistorized throughout. When
you require @nprecedented "accuracy
and reliability in the amplification
of signals from your strain gage
instrumehtatioﬂ, specify a Statham

strain gage amplifier.

EXCITATION: 28 volts DC, +5%
OUTPUT: 0-5 voits BC

FREQUENCY RESPONSE: Flat from 0 up
to 2000 cps

NON-LINEARITY AND
HYSTERESIS: + %%

OPERATING TEMPERATURE: — 65° to
-+ 165°F.

OUTPUT IMPEDANCE: 10K ohms
(100K recommended load)

WEIGHT: 14.5 ounces, approximately

Model CA3 Strain Gage Amplifier

Model CA5 Strain Gage Amplifier

For complete data, write to:

INSTRUMENTS. INC.

Antarctic also is warming up. According
to measurements made in a 1,000-foot
shaft drilled into the ice of Antarctica,
the warming process has been going on
for at least 10 centuries. Records at
Little America indicate that the average
annual temperature there has gone up
about five degrees in the last 50 years.

Antarctica is still pretty cold. A Soviet
1.G.Y. team recorded a low of 114 de-
grees below zero. And reports from a
number of I.G.Y. groups show that the
Antarctic icecap is up to 10,000 feet
thick. In many places the bottom of this
ice sheet is below sea level, which sug-
gests that the “continent” either has
many frozen lakes and fjords or perhaps
is actually a chain of islands rather than
one land mass.

Antarctica’s frigid climate makes its
land surface a botanical desert, but the
surrounding waters are rich in plant life.
Divers wearing plastic suits report that
the waters off Palmer Peninsula are con-
siderably richer in plant life than those
in the Arctic regions. Some species of
marine plants even manage to thrive in
the lightless waters beneath the shelf ice.

Gout Chemistry

new lead in the search for the cause
4 X of gout was reported last month by
Leonard Laster of the National Insti-
tutes of Health. Sufferers from gout have
an abnormally large amount of free uric
acid in the blood [see “Gout and Metab-
olism,” by DeWitt Stetten, Jr.; SciEN-
TIFIC AMERICAN, June]. Uric acid is
known to be a product of the metabolism
of proteins; Laster now finds that it may
also be released from sugar. He discov-
ered an enzyme which splits uric acid
from its combination with sugar. He also
demonstrated that this enzyme’s action
is inhibited by colchicine, the drug long
used as a treatment for gout.

Biggest Dish

he U. S. Office of Naval Research

announced last month that it will
build the world’s largest radio telescope
near Sugar Grove, W. Va. Its site is
about 25 miles from that of the National
Radio Observatory, now under construc-
tion in the West Virginia hills.

The Navy’s telescope will be a para-
bolic reflector at least 400 feet in di-
ameter. Details of the design will be
worked out by tests on a 60-foot model.

The giant instrument, costing $60 mil-
lion, is expected to penetrate six billion
light years into space—three times the
range of the 200-inch telescope on Palo-
mar Mountain. It will be used also for
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radio communication, transmitting jam-
proof signals by reflection from the moon
and planets.

The largest radio telescopes now in
operation are a 250-foot instrument at
Jodrell Bank in England and a 350-foot
reflector in the U.S.S.R.

Cellulose Chromatography

Chl'omz1tog1'aphy, the remarkably con-
A venient technique for quick separa-
tion of difficult-to-separate substances,
has evolved into several forms—the resin
column, paper chromatography, gas
chromatography and so on. Two work-
ers at the National Cancer Institute,
Elbert A. Peterson and Herbert A. Sober,
have now developed a new version
which is particularly well suited to the
delicate job of separating proteins. Their
method employs powdered cellulose—
from wood or cotton—packed in a glass
column.

In this adsorbing column biological
substances, including viruses, come
through without damage and without
losing their activity. Peterson and
Sober have successfully separated blood-
serum proteins, substances of the tobac-
co mosaic virus, hormones and nucleic
acids.

Their ion-exchanging material is pre-
pared by mixing purified cellulose with
a strong solution of sodium hydroxide,
treating the mass with ionizing sub-
stances and then drying the product to
a white powder. It is very stable and can
be used over and over again.

The AEC

President Eisenhower has appointed

John A. McCone, California indus-
trialist and shipping executive, to re-
place Lewis L. Strauss on the Atomic
Energy Commission. McCone, an Air
Force undersecretary in 1950 and 1951,
has served on a number of government
advisory committees.

The other members of the AEC are
Harold S. Vance, also an industrialist;
John F. Floberg, an attorney; John S.
Graham, a financial consultant, and the
chemist Willard F. Libby.

Peaceful Atoms

he International Atomic Energy

Agency, set up to develop peaceful
uses of the atom, has started its first
major project. It will be launched in
Latin America. A four-nation team of ex-
perts, after a survey covering nearly
every Latin American country, is prepar-
ing a program for training experts and



WING

Avco/ Crosley

Crosley helps

CONVAIR =:7880
to keep a date

Soon the Convair Jet 880 will take to

the skies as one of the world’s fastest jetliners.
Sleek, smooth and strong—the luxurious jet
will race the sun at 615 miles per hour!

Convair has chosen Crosley to design

and produce many of the 880’s components.
And while actual construction progresses,

a Crosley team of engineers is “on site” at

the plant to help insure speedy transition from
design to production to maiden flight date.

Crosley’scontributionsto airframe construction
include all of the conventional types of
assembly in addition to the newer methods

of honeycomb, metal bond, and chem-milling.
Equally important are Crosley’s contributions
to safety in flight, represented by such
developments as Volscan—the electronic air
traffic control system, or airborne navigation
and communications equipment, embodying
advanced concepts of electronic application.

For further information on Crosley’s

airframe and other capabilities write to the
Vice President—Customer Relations, Avco
Manufacturing Corporation, Crosley Division,
1329 Arlington Street, Cincinnati 25, Ohio.
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How to caption
an aerial photo
at JET speed!

NOW United States Air Force pilots
can record pertinent data in code and
photograph the target on the same
film—simultaneously—while flying at
jet speed!

Digital Data Recording Device, a
new development of ITT Laborato-
ries, makes this feat possible for the
first time.

This is a typical example of the
major projects continually being de-
veloped by this important domestic
division of the ITT system. Right
now our scientists and engineers are
busy in air navigation systems, mis-
sile guidance, countermeasures, com-
puters, data processing, over-the-
horizon microwave, electron tubes,
antennas, semi-conductor devices,
and many other challenging fields...
with broad opportunities for achieve-
ment,recognition, and steady growth.

Located on both coasts and in the
midwest, ITT Laboratories are out-
standing for their modern facilities
... the high quality of their leader-
ship . .. the excellence of working
conditions and benefits.

Qualified men who would like to know
more about ITT Laboratories are invited
to write to ITT Technical Placement Of-
fice, 67 Broad Street, New York 4, N. Y.

ITT LABORATORIES

A Division of

INTERNATIONAL TELEPHONE
AND TELEGRAPH CORPORATION
67 Broad Street « New York
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developing nuclear power in South
America.

The mission was headed by Norman
Hilberry, director of the Argonne Na-
tional Laboratory; it included specialists

| from the U. S., France, Brazil and Great
| Britain.
' Neanderthal Surgery
In the “Big Cave of Shanidar” in north-
ern Iraq Ralph S. Solecki of the
Smithsonian Institution has found the
skeleton of a Neanderthal man who ap-
parently had his right forearm ampu-
tated 45,000 years ago. This skeleton
is one of several which Solecki has dis-
covered in the ancient site [see “Shani-
dar Cave,” SCiENTIFIC AMERICAN; No-
vember, 1957].

T. D. Stewart, a co-worker with Solec-
ki, assembled the bones of the skeleton
and discovered that the right arm, which
was atrophied, extended only to the el-
bow. After consulting orthopedic sur-
geons, Stewart deduced that the arm
had been paralyzed by a birth injury and
that it was later deliberately cut off be-
low the elbow. Examining the teeth,
Stewart found them worn in a way
which suggested that the Neanderthal
had used them to help him hold objects.

The skeleton has other distinctions.
Although the skull as a whole is unmis-
takably Neanderthal, its rear section
might be taken for that of a more ad-
vanced human type. This raises the pos-
sibility that other well-known fossils have
been misclassified. Swanscombe man,
represented only by the rear portion of
the skull, has been generally considered
a very old example of a rather modern
man. Stewart thinks he too may have
been Neanderthal.

Tall Japanese

he short stature of the Japanese,

long thought to be genetically deter-
mined, actually must be attributed large-
ly to their diet and other environmental
factors, according to William W. Greu-
lich of the Stanford University School
of Medicine. Writing in the American
Journal of Physical Anthropology, he re-
ports that American children of Japan-
ese ancestry are consistently taller,
heavier and more advanced skeletally
than Japanese children of the same age.

On the other hand, the short legs of
the Japanese (a trait which they share
with some other Oriental peoples) seem
‘ to be a hereditary characteristic: the

legs of teenage Nisei children in the
U. S. are about the same length as those
| of teenagers in Japan.
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Even in Japan children are taller to-
day than in 1900, probably because of
improvements in diet and other factors.
The increase in height is particularly
marked among girls: Japanese teenage
girls are almost as tall as their American-
born counterparts. Greulich believes that
the girls’ greater response to an im-
proved environment “provides addition-
al evidence of the functional superiority
of the human female” over the male
[see “The Mortality of Men and
Women,” by Amram Scheinfeld; Sciex-
TIFIC AMERICAN, February].

Physics Teachers

Nlore than 90 per cent of U. S. col-

leges and universities are short of
physics teachers, according to a recent
survey by the American Institute of
Physics. In some cases they have had to
drop physics courses.

The 490 schools that replied to the
Institute’s questionnaire need a total of
688 more physics teachers with Ph.D.’s;
they now have 2,720. This year they
were authorized to hire 403 new teach-
ers but could find only 254. Small col-
leges with six or fewer physics teachers
have the most difficulty in attracting in-
structors, because their salaries are low
and they offer little opportunity for re-
search.

The Invisible Sell

For years psychologists have been ex-

perimenting with “subliminal” stimu-
lation—exposing  subjects to stimuli
which are too faint or too fleeting to be
noticed consciously but which never-
theless evoke a response. The technique
has become a public issue since a com-
mercial research firm announced that
it can be used to sell popcorn and Coca-
Cola to movie theater audiences. Last
month three psychologists of the Univer-
sity of Michigan presented their views
on the technology and ethics of sublimi-
nal advertising in The American Psy-
chologist.

The authors, James V. McConnell,
Richard L. Cutler and Elton B. McNeil,
dismiss the theater test as vague and
uncontrolled. According to the sublimi-
nal experimenters, they caused people
to buy by flashing the words “Eat pop-
corn” and “Drink Coca-Cola” on the
screen at subliminal speeds during the
showing of a film. But no account of
this experiment has been given in a
psychological journal, and the psycholo-
gists are skeptical. They ask: “Did mem-
bers of the audiénce rise like automa-
tons during the course of the movie . . . to



BARRETT REPORTS ON CHEMICAL PROCESSING

Phthalocyanine is made by combining
Jour molecules of phthalonitrile with a
metallic atom. In this diagram, blue 1s
used for carbon atoms, black for nitrogen,
gray for hydrogen and light blue for the
metal.

Phthalomtrlle petals of a dye molecule

In a kind of chemical hoedown , phthalonitrile molecules @ form a nng around,
an atom to create a flower-like dye molecule. This unique reaction is but one of
the fascinating properties that make phthalonitrile so promising commercially.

Take a benzene ring and replace two adjacent hydrogen
atoms with CN radicals and you have phthalonitrile, now
commercially produced by Plastics and Coal Chemicals
Division, Allied Chemical Corporation. Probe more
deeply and you will find the mark of a good interme-
diate. Those CN radicals have a talent for hooking up
with passing molecules, yielding enough new and dif-
ferent compounds to keep your applications lab busy
for months.

Given the chance, phthalonitrile molecules will join
to form a ring around a central atom of copper or some
other metal. (You see it happening in the kaleidoscope
pattern above.) This reaction results in a resonating
structure of remarkable stability and inertness, and can

PLASTICS AND COAL CHEMICALS DIVISION

Formerly part of the Barrett Division

40 Rector Street, New York 6, N.Y.

In Canada: Allied Chemical Canada Ltd., 1450 City Councillors St., Montreal.

be used to create a whole family of fast blue-green pig-
ments and dyes—the phthalocyanines. Their formidable
tinting power and unfading brilliance have been gratefully
seized upon by color makers in the printing, plastics, paint
and other industries. Now—just as they are coming into
widespread use—along comes phthalonitrile to provide a
simple, labor-saving method of manufacture.

Phthalonitrile also has some tantalizing properties of
its own. Its buff-colored crystals have been suggested as
a pesticide and, when hydroxylated, as a desensitizer and
preserving agent for photographic developers.

You take it from there. Tell us what you need to investi-
gate phthalonitrile. Write on company letterhead for
prices, sample, or developmental quantities.

llied
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man.

AZUSA, CALIFORNIA .

SENIOR RESEARCH SCIENTIST

INTERIOR BALLISTICS

Aevojet-General Corporation offers a challenging position on the staff of
a newly organized Department of Applied Mechanics & Systems Analysis

We are seeking an individual of broad, fundamental background capable
of original experimental and theoretical studies. The complex inter-
relations of mathematics, physics, and chemistry as applied to the interior
ballistics of rockets offer challenging problems to the creative research

The application of unsteady-state theory to ignition of propellants and
to the study of temperature-resistant materials is typical of the prob-
lems encountered. Combustion of solid propellants, the rheological be-
havior of solid propellants in complex grain configuration, and the gas
flow and heat transfer in nozzles are related important fields for research.

Particularly important is the ability to formulate experiments for the
verification of theoretical calculations, devise the necessary equipment,
conduct the experiments, and analyze the data using the most advanced
techniques, including digital and analog computers.

You are cordially invited to send a detailed resume to

E. P. JAMES, ENGINEERING PLACEMENT
P. O. BOX 1947D, SACRAMENTO, CALIF.

st -Gereratl osronssion

A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY

.
CALIFORNIA

SACRAMENTO,

How To Get Things Done
Better And Faster

BOARDMASTER VISUAL CONTROL

Y% Gives Graphic Picture—Saves Time, Saves
Money, Prevents Errors

Y% Simple to operate—Type or Write on Cards,
Snap in Grooves

Y% Ideal for Production,
Scheduling, Sales, Etc.

Y% Made of Metal. Compact and Attractive.
Over 250,000 in Use

Full price $4950 with cards
F R EE 24-PAGE BOOKLET NO. C-400
Without Obligation
Write for Your Copy Today

GRAPHIC SYSTEMS
55 West 42nd Streét e¢ New York 36, N. Y.

Traffic, Inventory,
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Can you think faster
than this Machine?

Control Panel of GENIAC® set up to do a problem

Be careful before you answer. GENIAC® the first elec-
trlcal brain construction kit is equipped to play tic-tac-
oe. er and encipher codes, convert from binary to

i (in syllogisms) as well as add, sub-

n Specific problems in a

variety of fields—actuarial, policy claim settlement,
physics, etc.—can be set up and solved with the com-
ponents. Connections are solderless and are completely
explained with templates in the manual. is covers
125 circuits and shows how new ones can be designed.

You will find building and using GENIACS@ a won-
derful experience; one kit user wrote us: ‘‘this kit has
opened up a new world of thinking to me.’” You actu-
ally see how computing, problem solving, and game
play (Tic-tac-toe, nim, etc.) an e analyzed with
Boolean Algebra and "the algebraic solutions trans-
formed directly into circuit diagrams. You create from
over 400 specially designed and manufactured com-
ponents a machine that solves problems faster than
you can express them

Schools and Colleges, teachers of science or math,
engineering, philosophy or psychology will find these
excellent demonstrators of circuitry, solutions in sym-

bolic logic, theory of numbers, cybernetics, and auto-
mation

SEND for your GENIAC® kit now. Only $19.95 with
over four hundred components and parts '7 fully illus-
trated manuals and wiring diag: arantee
that if you do not want to keep GENIAC@ after seven
days you can return it for full refund.

immmmmmeMAlL THIS COUPON' = mmmmms

SCIENCE KITS, Department SA88
Oliver Garfield Co., Inc.
108 East 16th Street, New York 3, N. Y.
Please send me:

1 GENIAC® Electric Brain Construction Kit and
Manual.

$19.95 (East of Mississippi)

$20.95 (Elsewhere in United States)

$21.95 (Outside the United States)
Returnable in seven days for full refund if not satisfied.
I enclose § .. in full payment.
My name and address are attached.

© 1958 SCIENTIFIC AMERICAN, INC

| satisfy a sudden craving for popcorn? Or
did they wait until [some time later] to
do their purchasing? . . . What if the
message had been ‘Buy Christmas
seals? ”

The psychologists concede that there
are well-authenticated demonstrations of
subliminal stimulation in the literature
of psychological studies. Experimenters
have found that subjects sometimes re-
spond to electric shocks they cannot
“feel,” to whispered sounds they cannot
“hear” and to pictures they cannot “see.”
The stimuli are always more effective the
closer they approach the threshold of
noticeability. Also, the threshold may
depend on how the subject feels: a hun-
gry man is more sensitive than a sated
one to words about food.

But the controlled laboratory experi-
ments fall far short of telling the sublimi-
nal advertiser what he needs to know.
They do not show what range of be-
havior can be influenced, how long a
subliminal message needs to be or how
often it can be repeated before sublimi-
nal annoyance sets in.

The authors point out that the psy-
chologist’s code of ethics forbids him
to use psychological techniques for
“devious purposes.” They also observe
that through “a kind of guilt by associa-
tion” psychologists may come into dis-
repute because of the public revulsion
against subliminal advertising.

The Color of Eggs

Why is a robin’s egg blue? Why isn’t

it white, like the hen’s egg? Why is
the thrush’s egg speckled? David Lack,
the noted University of Oxford ornithol-
ogist, was so intrigued by these almost-
too-obvious questions that he went on
a field hunt for the answers. He thinks he
has succeeded in unscrambling the egg-
color code.

The coloring, he found, tends to be
associated with the nesting site. Birds
that lay their eggs in a shallow nest or a
niche produce speckled or blue eggs
which blend into the surroundings. Simi-
larly, the eggs of species that nest in
bushes are blotched, often with shadow-
marks. Eggs laid on the ground or on
ledges tend to be brown, gray or olive.
White eggs usually belong to species
that deposit their eggs in deep holes,
where concealment is unnecessary and
the white color helps the parents find
the eggs in dim light.

Lack found no evidence for the notion
that eggs are sometimes conspicuously
colored as a warning of bad flavor. The
palatability of eggs is associated with
their size rather than with their coloring.




THE MAN
FROM
JACK &

hiEinliz . . looms larger than ever

in the field of missiles and their support

You can measure the size of his potential contribution to you by
reviewing the achievements of J&H research, development and
manufacturing in 19 years of service to aeronautics.

If your need lies in the following, or related, areas, 15 minutes
with this man could save you 15 months.

GROUND SUPPORT: development and production of portable
and stationary handling and check-out systems.

MISSILES: development and production of electric, hydraulic
and mechanical systems for power generation, conversion, actua-
tion and control.

Call the Man from Jack & Heintz! They did on the Bomarc
and he made significant contributions.

Jack & Heintz, Inc., 17639 Broadway, Cleveland 1, Ohio.

PJacxk &« HI=I1NTZ, Inc.

SYSTEMS FOR GROUND SUPPORT, MISSILES, AIRCRAFT
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Whenever you

remembe

Taillight lenses molded for Oldsmobile
by Guide Lamp Division of General Motors Corporation,
using Tenite Butyrate plastic.
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leed a tough, outdoor plastic...

his new use for Tenite Butyrate

Simple applications often do the best job of illustrating
the many advantages of Tenite plastics.

Take the taillight lenses of the 1958 Oldsmobile as an
example. They're a new use for Tenite Butyrate.

Reasons for the choice were many. Weather resist-
ance, of course, was of primary importance. Transpar-
ency and good optical properties were other requisites.
Impact resistance was needed, too, to take the shock
of hard knocks...and toughness, which would serve to
prevent cracking around the bolt holes should mount-
ing bolts be drawn up too tightly.

Expanding use of higher octane gasolines imposed
still another “must”: resistance to the aromatic solvents
that give the new gasolines their extra power.

Finally, since a lens should be expected to last the
life of the car, a material was needed with good aging
properties—i.e., a material that would stand up under
long service with little or no crazing, discoloration, or
embrittlement.

In Tenite Butyrate, designers found a plastic material
with properties that satisfied all these demands. The
toughness, weatherability and long life of this versatile
plastic had already been proved in numerous outdoor
applications such as oil field pipe, signs, fishing lures,
buoys and marine trim.

Is Tenite Butyrate a possible answer to one of your
own material problems? Easy and economical to injec-

tion mold or to extrude, it is available in crystal clear B U TY R AT E

or in any color you desire...transparent, translucent, .

opaque, or variegated. an Fastman pICIStIC
For more information on this useful plastic, write

EASTMAN CHEMICAL PRODUCTS, INC., subsidiary of

Eastman Kodak Company, KINGSPORT, TENNESSEE.
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MAGNETIC RESONANCE

Atomic nuclei and electrons, which spin on their axes like tops,

can be tipped over by magnetic fields. The technique furnishes

much information about complex molecules and chemical reactions

arly in 1946 Edward Purcell at
Harvard University and Felix

Bloch at Stanford University an-
nounced, almost simultaneously, an in-
teresting discovery in physics. They had
found a way to tune in on the magnetic
fields of the spinning nuclei of atoms.

by George I. Pake

The work was important enough to win
the 1952 Nobel prize in physics for
Purcell and Bloch.

It is doubtful that manv people out-
side the field of nuclear physics were
much excited by or even took notice of
these experiments at the time they were

announced. But by now the phenomenon
in question, called magnetic resonance,
has become a matter of very wide inter-
est indeed. Scientists in various distantly
separated lines of work—geologists,
chemists, biologists—are, if anything,
even more excited about the discovery

MAGNETIC-RESONANCE EXPERIMENT on electrons in chlo-
rophyll demonstrates that photosynthesis involves free radicals.
The sample of chlerophyll is in the upright tube in the center, be-
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tween the poles of the magnet. The light source which illuminates
sample is behind magnet. This photograph was made in the labora-
tory of Barry Commoner at Washington University in Saint Louis.



than nuclear physicists. For it has led
unexpectedly to the development of a
sensitive tool useful for a multitude of
purposes, from prospecting for minerals
in the earth to analyzing the chemistry
of living organisms.

We must start this story by giving
thought, as Purcell and Bloch did, to
the spinning behavior of the proton. Like
the rotating earth, a proton constantly
spins around its axis (as do all the other
elementary particles of the atom). It
spins eternally with a certain momen-
tum, reckoned in the proton’s case as
one-half unit. Since the proton carries
an electric charge, its spin generates a
magnetic field; in other words, the pro-
ton is a tiny magnet. Now we can ask
ourselves the intriguing question: What
will happen if we apply an out-
side magnetic field to this little magnet?
Purcell and Bloch fell to wondering (in-
dependently) whether it would be pos-
sible to use a magnetic field to manipu-
late the spinning protons in a piece of
matter: say, flip them over so that their
north and south poles were reversed.

Here it is useful to think of an ordi-
nary spinning top or a gyroscope. As
everyone knows, a gyroscope tipped
from the vertical does not fall down;
instead its upper end circles slowly (pre-
cesses) around the vertical. That is to
say, the downward gravitational pull of
the earth acts to swing the axis of the
spinning gyroscope around rather than
to tip it further. Similarly, if we apply
magnetic force to a spinning proton it
will make the proton precess, not tip
over. Brute force, in the form of stepping
up the strength of the magnetic field,
will avail us nothing: it will merely cause
the proton to precess faster.

But there is a way to outwit the spin-
ning particles. Suppose we apply a sec-
ond magnetic field at right angles to the
main field. Theory says that if we make
the second field rotate around the first
(by means of an alternating electric cur-
rent in a coil), and if we time the rota-
tion so that it coincides exactly with the
rate of the proton’s precession, we
should be able to tip the proton over. In
short, with proper tuning (at radio fre-
quencies) the feat may be achieved by
a magnetic-resonance effect.

A New Spectroscopy

The problem, then, was to find the
resonance frequency and to detect the
effect on the protons. Purcell and Bloch
employed different methods to look for
the effect. In Purcell’s apparatus the
sample of matter was placed between

a GRAVITATIONAL FIELD

N e MAGNETIC FIELD

N N MAGNETIC FIELDS

GYROSCOPIC ACTION of a spinning top or particle causes it to revolve or precess around
a vertical field tending to tip it over. Particle can be tipped, as shown in the diagram at the
bottom, by applying in addition a rotating horizontal magnetic field (right), which revolves
at exactly the same rate as the axis of the precessing particle in the vertical magnetic field.
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INDICATOR

RECEIVER

OSCILLATOR

——
—_—

SN
A

RECEIVER OSCILLATOR

INDICATOR

NUCLEAR-RESONANCE DEVICES designed by Edward Purcell and Felix Bloch are
diagrammed schematically. In Purcell’s arrangement (top) a single coil passes radio waves
from oscillator into sample (gray bar) and feeds into receiver. Resonance is indicated by a
dip in received energy. In Bloch’s apparatus (bottom) a separate coil picks up energy
from tipping particles. Resonance shows up as an increase in energy reaching the receiver.
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the two poles of a magnet and surround-
ed with a coil which produced the sec-
ond, rotating field [see upper diagram at
left]. When the frequency was just right,
energy passing along the coil was ab-
sorbed by protons in the sample of mat-
ter as they flipped over; this absorp-
tion of energy was recorded by a sudden
dip in the strength of the signal reach-
ing a radio receiver. Bloch’s group, on
the other hand, devised an instrument
which recorded the event by induction
of a voltage. As the protons flipped over,
the motion of their magnetic fields in-
duced a voltage in a second coil, and this
signal was registered on an oscilloscope
[see lower diagram at left].

The electron, like the proton, is a
charged particle; it, too, spins and has
a magnetic field—far stronger than the
proton’s, because it spins mueh faster.
The electron also exhibits magnetic res-
onance. Since it is a stronger magnet and
much lighter than the proton, it pre-
cesses much more rapidly in a given
magnetic field. Whereas the proton is
probed with radio waves in the range of
a few megacycles per second (near the
frequencies of ordinary home radio), for
electrons the frequencies employed are
in the microwave range, around 10,000
megacycles per second.

The magnetic resonance of protons
and electrons makes it possible to learn
many things about atomic nuclei, atoms
and molecules. The magnetic probe
amounts, in effect, to a new kind of spec-
troscopy. This brings us to the varied
uses of the discovery in chemistry and

biology.
The Structure of Molecules

Let us look, for example, at an or-
ganic compound such as cyclohexane
(CgH;2). We shall examine its resonance
spectrum by means of nuclear magnetic
resonance (NMR). We measure the sub-
stance’s resonance in terms of the pre-
cession speed at which the nuclei flip
over. That is, instead of tuning in to the
resonance by varying the frequency of
the rotating magnetic field, we use a
fixed frequency and vary the strength of
the main magnetic field, which controls
the precession speed; when the nuclei
flip, the resonance reading is taken as
the strength of the magnetic field at that
point (measured in gauss or oersteds).

When we subject a sample of cyclo-
hexane at room temperature to the prop-
er magnetic field, we get a sharp reso-
nance reading. The compound’s hydro-
gen nuclei flip simultaneously at a certain
field strength (the carbon atoms are not



affected). Now the sharpness of this re-
sponse has to be explained. In any collec-
tion of atoms we must reckon not only
with the applied magnetic field but also
with the little nuclear magnets of the
atoms themselves. Each nucleus is sub-
ject to the magnets of its neighbors as
well as to the applied field. The total
magnetic field acting on a nucleus must
vary from place to place in the material,
because of the varying orientation of the
nuclear magnets that happen to sur-
round it. As a result of these variations,
the responses to the external field should
vary: it should take a slightly stronger
applied field to flip some nuclei than
others. This means that the resonance
range for the whole group of nuclei
should be a broad band rather than a
sharp line. However, in a liquid the local
variations are so short-lived, because of
the rapid random motions and mixing of
the molecules, that in effect all the nuclei
are subject to about the same average
field. Thus cyclohexane, a liquid at room
temperature, gives a sharp magnetic-
resonance line.

The situation is different in a solid.
Because the molecules occupy fixed
positions, there are persisting local dif-
ferences in the magnetic field, and ac-
cordingly solids tend to have a broad
resonance. The resonance band may be
as wide as 20 gauss, as against a sharp
line as narrow as one 10,000th of a gauss
for some liquids. But here cyclohexane
offers an unusual and illuminating case.
When it is frozen to the solid state, it
still has a sharp resonance down to a
temperature of 90 degrees centigrade
below its freezing point. This tells us
that the molecules in the solid must be
in some kind of motion. Evidently they
rotate around their positions in the crys-
tal lattice, so that the magnetic field
averages out to uniformity.

More detailed study of various sub-

GYPSUM CRYSTAL contains molecules of water, indicated in
drawing at left as H-O-H. From the shape of the nuclear magnetic

SOLIDS

LIQUIDS

NUCLEAR-RESONANCE CURVES are broad for solids, narrow for liquids. The difference
is actually greater than indicated here: the ratio of widths may be as great as 100,000 to 1.

stances, solid and liquid, leads to still
more interesting developments. In 1947,
while working as a graduate student
with Purcell at Harvard, I found that
the resonance of the hydrogen nuclei in
gypsum was split into four distinct lines
[see chart below]. Clearly these must
reflect certain definite variations of the
magnetic field within the gypsum
crystal. By a theoretical analysis it was
possible to translate the information into
a picture of how the hydrogen atoms lie
in the crystal structure. Here, then, was
a new tool for analyzing the structure of
crystals—a supplement to probing them
with X-rays and neutrons. It is particu-
larly useful for locating light atoms such
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as hydrogen and lithium, which deflect
X-rays only weakly. Nuclear magnetic
resonance has now been applied to the
study of crystals by scientists in many
parts of the world.

From crystals it was a logical step to
go on to study the structure of giant
molecules, such as rubber, polyethylene
and other plastics. One of the problems
in analyzing such molecules is to find
out how much of their structure is order-
ly, or crystalline [see “Giant Molecules,”
a special issue of SCIENTIFIC AMERICAN;
September, 1957]. C. W. Wilson, III,
one of my graduate students at Wash-
ington University in Saint Louis, was
able to show that nuclear magnetic reso-

20 GAUSS=m=mm——mmmmmmm >

resonance (NMR) spectrum of gypsum (right) the positions of the
water molecules in the structure of the crystal can be calculated.
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ETHYL ALCOHOL, whose chemical formula appears at top, has a three-peaked NMR
spectrum (center) when examined with a uniform magnetic field. Letters match hydrogen
atoms in various sections of the molecule with their corresponding resonance curves. With
a still more uniform field the central part of each curve splits further, as shown at bottom.
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nance could be used to examine the
structure of these huge molecules.

Fingerprints of Molecules

It is in liquids rather than solids, how-
ever, that the technique of nuclear mag-
netic resonance has achieved its most
important triumphs of structural analy-
sis. As we have seen, liquids show sharp
resonances, because the magnetic field
through the material is almost complete-
ly uniform. But a few irregularities
can be detected when a liquid compound
is examined under a very uniform ap-
plied field. Under these circumstances it
becomes possible to read the resonance
spectrum as a “fingerprint” of the struc-
ture of the molecule.

For example, James Arnold and Mar-
tin Packard at Stanford University,
working with an extremely uniform ap-
plied field, were able to resolve the reso-
nance of the hydrogen nuclei in the ethyl
alcohol molecule (CH3CH,OH) into
three separate resonances [see upper
chart at left]. These singled out the
three different groups that make up the
molecule: CH;, CH, and OH. The ex-
planation is that the hydrogen nuclei in
the three groups respond differently to
the applied magnetic field because of a
shielding effect of the atoms’ electrons.
The electrons themselves show no mag-
netism, for in a molecular combination
electrons usually are paired off so that
each cancels its partner’s magnetic field.
But an applied magnetic field slightly
alters the motions of electrons around
their atomic nuclei; the induced motions
of the electrons in turn produce weak
magnetic fields opposed to the applied
field; this “diamagnetism” partly shields
the nuclei from the external field. The
amount of shielding differs in the differ-
ent groups of a molecule, and this ex-
plains why the hydrogen atoms in the
three groups composing ethyl alcohol
have different resonances.

With higher resolution (i.e., under a
still more uniformly controlled magnetic
field) the magnetic spectrum of the ethyl
alcohol molecule splits up into an amaz-
ing array of separate resonances [see
lower chart at left]. The spectrum is a
fingerprint of the molecule which not
only identifies it but also tells much
about its structure. Indeed, from such
a fingerprint a chemist can sometimes
predict the behavior of a molecule.

Chemists in all branches of their dis-
cipline are now busily employing nuclear
magnetic resonance to unlock the secrets
of structure of many kinds of substances,
from soap and motor oil to the extremely



complicated molecules of living matter.
One of the virtues of this new analytical
tool is that it does not destroy the chem-
ical under analysis. The chemist simply
puts the sample in a coil, turns on the
radio waves and the magnetic field, re-
cords the resonance spectrum and then
takes out the sample intact.

Measuring the Earth’s Field

As a final illustration of the versatility
of NMR let us look at a very different
use—namely, exploring the earth’s mag-
netic field. If very sharp precision in the
strength of the applied field is needed
to hit the resonance of a liquid, why not
reverse the procedure and use resonance
for precise measurement of magnetic
fields? The difficulty about the earth’s
field is that it is extremely weak—only
about half a gauss. To measure this by
the resonance phenomenon, which pre-
viously had been studied in the labora-
tory with fields of thousands of gauss,
posed quite a challenge. But Russell Va-
rian and Packard, now with the Varian
Associates, have solved the problem with
an ingenious device.

Their instrument first lines up the pro-
tons in a sample of liquid with a moder-
ately weak magnetic field. The protons
are all oriented in one direction so that
the whole sample, in effect, is a weak
magnet. Then the polarizing field is sud-
denly switched off; the magnetic rug is
pulled out from under the group of pro-
tons, so to speak. The nuclear magnets,
which have been lined up in a direction
not parallel to the earth’s field, now be-
gin to precess around the axis of this
field. Their alignment rapidly breaks
down, but in liquid benzene it lasts up
to 20 seconds. This is long enough to
measure the strength of the earth’s mag-
netic field to an accuracy approaching
one part in 10 million. The measurement
is made simply by tuning in to the pre-
cession rate of the group of protons:
since the earth’s field produces the pre-
cession, the rate is a measure of the
strength of the field.

Varian and Packard named their in-
strument the proton precessional mag-
netometer. Obviously this amazingly
sensitive device could serve to measure
variations in the earth’s magnetic field.
It has already been put to use in pros-
pecting for mineral deposits, from the
air and on the ground [see photograph
at right]. The instrument has also been
shot in rockets to measure the strength
of the earth’s field at various heights
above the surface. A magnetometer of MAGNETOMETER based on nuclear magnetic-resonance principle measures small varia-
this type is scheduled to go up in tions in the earth’s field. Here it is towed by a helicopter in a mineral-prospecting survey.
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ELECTRON-RESONANCE APPARATUS operates on the same principle as Purcell’s cir-
cuit shown on page 60. A microwave oscillator sends three-centimeter radio waves through
the waveguide. The sample (gray rectangle) is mounted on the inside of the guide. Reso-
nance is indicated by a decrease in the power delivered by the waveguide to the receiver.

HYPERFINE STRUCTURE (jagged splitting) of an electron-paramagnetic-resonance
(EPR) spectrum indicates various positions of the unpaired electron in a free-radical mole-
cule. This curve comes from naphthalene radicals. Gray dots in the structural outline of the
radical at bottom indicate that the free electron wanders over many parts of the molecule.
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one of the U. S. artificial satellites soon.
Surely Purcell and Bloch could hardly
have foreseen that their exploration of
the magnetism of the proton would lead
to such developments.

The Resonance of the Electron

Let us turn now to the magnetism of
the electron. The magnetic resonance of
this particle was discovered by a Soviet
physicist, E. K. Zavoisky, in 1944, before
Purcell and Bloch tuned in on the pro-
ton. But curiously enough the Russians
apparently were not as quick to exploit
the discovery as physicists in the U. S.,
Great Britain and the Netherlands. At
all events, the electron’s resonance,
called electron paramagnetic resonance
(EPR), has now been forged into a tool
as important in its area of usefulness as
nuclear magnetic resonance.

As we have seen, the electron, because
of its smaller mass and faster spin, is a
much stronger magnet than a pro-
ton. As a result, a given magnetic field
makes it precess far more rapidly. Its
precession rate in the standard labora-
tory magnetic field is in the range of the
frequency of radio microwaves—that is,
about 10,000 megacycles per second, or
a wavelength of about three centimeters.

When microwaves travel down a rec-
tangular waveguide (the tube used to
conduct such waves), they produce a
rotating magnetic field at any fixed point.
This field can serve to flip over the elec-
tron magnets in matter, just as a rotating
field in a coil flips protons. The experi-
menter may place the sample of material
on a side wall of the waveguide, turn on
the radio waves and apply an external
magnetic field to make the electrons pre-
cess. When the precession rate reaches
the resonance value and the electrons
flip, they extract energy from the radio
waves, and the reading on a receiver at
the end of the tube dips accordingly.

Now this technique obviously can tell
us nothing about substances in which
the electrons are all paired, i.e., where
the electrons’ magnetism is neutralized.
But it has proved very helpful indeed in
studying material with unpaired elec-
trons. Electron resonance was first ap-
plied to investigate crystals containing
elements with unfilled electron shells
(therefore unpaired electrons) —ele-
ments such as manganese and iron.
Much has been learned about substances
of this kind, particularly about those
used for “magnetic” cooling of matter to
very low temperatures.

But more exciting has been the dis-
covery that electron resonance can be
used to investigate free radicals, the
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CHLOROPHYLL SAMPLE gives sharp EPR
spectrum when irradiated with light. This
proves that free radicals are involved in
photosynthesis. Numbers at left indicate
minutes from the start of the experiment.
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transitory molecular fragments that play
a crucial role in many chemical process-
es, including the chemical activities of
living cells [see “Free Radicals,” by Paul
D. Bartlett; SciENTIFIC AMERICAN, De-
cember, 1953]. Free radicals, of course,
have unpaired electrons, and with the
electron-resonance technique it is some-
times possible to detect these fleeting
substances and to learn something about
their structure and behavior.

At first thought one might suppose
that the resonance spectrum of the un-
paired electron in a free radical should
always be the same—one free radical in-
distinguishable from another. But this is
not the case. The electron is affected by
the magnetic field of the nuclei in
whose neighborhood it happens to be,
and as the free electron wanders about
in the molecular fragment, it is subjected
to varying magnetic fields. As a result
its resonance may be split into a “hyper-
fine structure” [see chart on page 64].
From the splitting we may learn where
the electron spends its time and at what
rate the free radical is likely to enter
into chemical reactions.

Such studies are not limited to natural
free radicals. With high-energy particles
from an accelerator it is possible to break
a molecule into fragments, and the frag-
ments can sometimes be frozen in their
tracks, so to speak, by keeping the sam-
ple at a very low temperature. We can
then see what has happened to the mole-
cule by examining the electron reso-
nances of the fragments. This kind of
investigation could be useful for study-
ing the chemical effects of radiation on
certain plastics; irradiation is known to
strengthen some plastics by causing
them to form new chemical bonds. Mag-
netic resonance also looks promising as
a tool for investigating the free radicals
that catalyze the synthesis of high poly-
mers such as rubber or polyethylene [see
“How Giant Molecules Are Made,” by
Giulio Natta; SCIENTIFIC AMERICAN,
September, 1957].

Resonance in Living Cells

To illustrate the interest of biologists
in magnetic resonance, I shall close this
account with an episode that began in
Saint Louis one evening in 1951. After
attending a chamber music concert, a
few members of the Washington Uni-
versity faculty repaired to someone’s
home for coffee, and the conversation
turned (probably to the wives’ chagrin)
to shop talk. Barry Commoner of the
botany department fell to discussing the
theory that free radicals play an impor-
tant role in the processes of oxidation
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and reduction in living cells, and he re-
marked how difficult it was to detect
free radicals in living systems. I suggest-
ed that electron resonance might be
helpful, and offered to help Commoner
and his group learn how to use the
method. Thus began a most interesting
series of experiments.

The first results were disappointing.
Since the experiments involved cultures
of cells (yeast and other organisms),
there was moisture in the microwave ap-
paratus, and moisture absorbs micro-
waves. This absorption of course masked
the dip in radio energy produced by
magnetic resonance. Even so, the experi-
menters finally detected a weak reso-
nance from yeast and found that its in-
tensity varied with the rate at which
oxygen was consumed by the yeast cells.
Then a resonance was discovered in
green leaves ground up and quickly
freeze-dried to eliminate the absorption
by moisture.

To study the active process of photo-
synthesis in its necessary moist environ-
ment, however, called for a much more
sensitive apparatus. Jonathan Townsend
of the physics department succeeded in
devising one, and it became possible to
work with living cells. The cells selected
contained chloroplasts—the small, green,
chlorophyll-packed bodies which are
thought to carry out most if not all the
steps of photosynthesis.

The cells were placed in the sensitive
magnetic resonance apparatus and were
simultaneously irradiated with white
light from a 50-candle-power lamp. The
chloroplasts immediately showed a dra-
matic resonance spectrum [see charts at
left]. When the light was turned off,
the resonance soon weakened or disap-
peared entirely. Next the cells were ex-
posed to light of various specific wave-
lengths; it turned out that the resonance
appeared at the very same range of
wavelengths of light that produces pho-
tosynthesis.

Commoner and Townsend have gone
on to further experiments which not only
have linked free-radical activity firmly
to photosynthesis but have also indicated
that free radicals are involved in the
metabolism of cancer cells. And bio-
logical investigators in many other labo-
ratories have begun to adopt electronic
resonance as a tool in their researches.

That basic discoveries in science in-
variably bear fruits which cannot be
foretold is an old story to scientists. Even
so it has been a great thrill to see what
has grown out of the work of Purcell,
Bloch and Zavoisky, who were seeking
only to get a better understanding of the
magnetism of the particles in the atom.
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Our headline doesn’t mean that we are
going to tell you about a revolutionary
new kind of plastic material. Instead,
what follows is more in the nature of a
letter from some old friends—namely,
Alkyd, Urea and Nylon. It tells you
what these characters are up to these
days and may contain a hint or two
about why it may pay you to keep in
touch with them.

ALKYDS. Developed some years ago,
alkyd molding compounds began their
career in a specialized field—electrical
and electronic insulating components.
They did a fine job, too—and why not?
They have the best electrical proper-
ties of any plastic molding compound
we know. Their arc and heat resistance
are excellent, and they are extraordi-
narily strong and dimensionally stable.

More recently, however, Plaskon Al-
kyds have broadened their careers to
find many uses in fields other than the
electrical. Customers from all kinds of
businesses are coming to us with a host
of different applications in mind. (The
illustration above shows some of these
and you can see they are as diverse as
fishing reel parts and textile bobbins.)

It’s not hard to account for the present
popularity of alkyds. Besides excellent
electrical properties, these compounds
offer a combination of strength, dimen-
sional stability and rapid cure that can
“open a door” to many profitable new
applications for those who make or use
plastic parts.

WOOD-FILLED UREA. When is a 25-
year-old plastic “new”? Look at it this
way: woodflour-filled urea has been a
popular molding compound in England
for a quarter of a century. American

TO NEW DEVELOPMENTS IN PLASTICS

NEW USES FOR PLASKON ALKYD MOLDING COMPOUNDS: 1. Motor guard; 2. Cable
bracket; 3. Fishing reel part; 4. Support bracket; 5. Azimuth ring; 6. Textile bobbin;
7. Fire sprinkler head.

producers have never pushed it—as we
think it deserves to be pushed. Now—
through our new facilities—Allied is
making a major effort to bring this low-
cost, general-purpose compound into
wide use in this country. Plaskon Wood-
filled Urea is excellent for high-speed
automatic operations. It offers color-
fastness, superior electrical properties
and resistance to solvents. Parts molded
from it have hard, scratch-resisting,
nonelectrostatic surfaces. Uses? Clo-
sures and wiring devices chiefly—and at
present; but innumerable applications
may be expected as American industry
becomes increasingly aware of this eco-
nomical plastic “workhorse.”

EXTRUDED NYLON. Those familiar
with the advantages of tough, thermo-
plastic nylon for molded parts will im-
mediately appreciate the possibilities in

llied

hemical
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extrudable nylon. Plaskon Nylon for ex-
trusion is a special form of polycapro-
lactam (“Nylon 6”). It can be extruded
as tubing, tape or film. As instrumenta-
tion tubing, for example, it may replace
copper in many applications, costing
less both from a raw material and an
installation point of view. As tape, cov-
ered with leather or otherwise rein-
forced, it promises a new high in thin,
strong tapes. (Power transmission belt-
ing is now under development.) As film
—transparent, strong and resistant to
high heat—it becomes a kind of “Tif-
fany” plastic. Example: as a wrapping
for frozen food which is to be cooked
right in the pack.

IF YOU WOULD LIKE INFORMATION
or literature on any of these plastics de-
velopments from our PLASTICS AND
CoAaL CHEMICALS DIVISION, just write
us on your company letterhead. In ad-
dition to Plaskon alkyd, urea, nylon and
melamine molding compounds, we
make polyester, industrial and coating
resins. Perhaps information on one or
more may “open a door” to profits or
progress in your business. Address:
Allied Chemical, Dept. 88-S, 61 Broad-
way, New York 6, N.Y.

Plaskon is an Allied Chemical trademark.
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Repetition and Leaming

Is drill necessary in rote learning? The author’s experiments

indicate that we form mental associations instantly. The role

of repetition is to help us retain what we have already learned

Every school child, past and pres-
ent, knows the pain and humilia-
tion of learning by drill and repeti-
tion. In the prevailing opinion of teach-
ers and psychologists this procedure is
inescapable. Rote learning—the forming
of mental associations between two (or
more) initially unrelated entities—is
held to be akin to the process of con-
ditioning in laboratory animals that
associates the buzzer and the flow of
saliva.

On the other hand, we fix many asso-
ciations in our mind with ease. We asso-
ciate a name with a face, a word with
its meaning, and so it goes with much
of the “by-heart” learning that attends
daily life. Many psychologists hold that
all learning is by association. Such gen-
eralization is probably unwarranted.
School children also know the pleasanter
experience of learning by understanding
and thinking, and it can be argued that
this involves something more. Nonethe-
less it must be conceded that under-
standing requires the forming of asso-
ciations and that these associations also
often seem to form upon the instant.
Why then does some rote learning call
for drill? Perhaps we can go so far as to
ask whether repetition is ever really
necessary to learning.

It is an ancient tradition that exalts
drill as a method of learning. Of all the
many notions from the past, two in
particular have a firm place in modern
learning theory. One of these is the prin-
ciple of contiguity: we can associate two
things only if we experience them at ap-
proximately the same time. The second
is repetition: we form associations only
through repeated experience. Various
schools of psychology have put forward
other factors in learning, such as motiva-
tion (the intention or “set” to learn),
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reinforcement (the presence of reward
or punishment) and grouping (whether
or not the items to be learned are per-
ceived as a unity). Different theories as-
sign different weights to these additional
factors, but all agree on the central im-
portance of contiguity and repetition in
the forming of associations.

Contiguity is obviously the sine qua
non of learning. We associate thunder
and lightning, for example, because they
occur close together. If they were sepa-
rated by several hours, we would almost
certainly not associate them unless in-
vestigation had taught us that they were
related. Even when we associate a past
experience with a new one, contiguity is
at work. We evoke the memory of the
past experience (or its presumed phys-
iological “memory trace” in the nervous
system) contiguously with the direct
sensation of the new experience.

Repetition acquired its equally para-

mount position in modern experi-
mental psychology thanks to the work of
the pioneer German investigator Her-
mann Ebbinghaus. He published a now-
classic monograph on the subject of
learning in 1885 in which he described
experimental procedures that are the
prototypes of those used today. Ebbing-
haus made up random lists of nonsense
syllables and set out to learn them, keep-
ing records of his progress. He used non-
sense syllables to be sure that his items
of learning would have no prior associa-
tions attached to them. Syllables of this
sort are still widely used by experimental
psychologists. Ebbinghaus would read
them aloud, over and over, testing him-
self after each reading by trying to recite
the entire list after reading only the first
syllable. When he could do this without
error twice in a row, he considered the
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list learned. By this procedure Ebbing-
haus explored such problems as the con-
nection between length of lists and the
number of repetitions required to learn
them, and was able to measure also the
rate at which he forgot what he had
learned. From the latter experiments he
was able to plot the first “curve of for-
getting” [see illustration on page 70].

Ebbinghaus considered repetition bas-
ic to rote learning, and almost all psy-
chologists and educators today agree
with him. The accepted theory holds
that a single experience of two contig-
uous items establishes only a partial
connection between them in the nerv-
ous system, one that the learner can-
not as yet articulate. Additional ex-
perience strengthens this connection to
the point where the subject, upon ex-
posure to one item, can respond with
the other.

Now repetition often does seem
necessary to learning; this is no doubt
the genesis of the theory in the first
place. In the typical laboratory experi-
ment most subjects require repeated ex-
posure to the list of items to be learned.

On the other hand, the repetition
theory fails to account for the many
associations in daily life that seem to be
established by a single experience. One
explanation of the meaning of a new
word is often enough (this is particular-
ly the case with children, who learn new
words all the time). One introduction to
a person often suffices to teach us his
name. Even in laboratory experiments
most subjects, though they require many
repetitions to learn the entire list, learn
at least a few items on the first trial.
These apparent exceptions to the princi-
ple of repetition suggest that we might
well re-examine the principle itself.

Let us, for the sake of argument, adopt
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LEARNING RECORDS show the progress of typical subjects in
three experiments made under different conditions. In the control
group (top) subjects saw new pairs of nonsense syllables (light
type) on the first trial; these were repeated (heavy type) on sub-
sequent trials, in a different order. In the experimental group (mid-
dle) only the pairs learned on previous trials (light color) were

repeated; unlearned pairs were replaced with new ones. In the
second experimental group (bottom) unlearned pairs had their
syllables interchanged each time (underlined) . Subjects occasional-
ly forgot pairs previously learned (colored bar). All benefited from
“overlearning” (dark color) of pairs already learned; the pairs
learned on early trials were remembered best after a lapse of time.
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the contrary hypothesis and declare that
repetition has nothing to do with the
forming of associations. We will ex-
plain the necessity for repetition in psy-
chological experiments not on the
ground that associations are built up
gradually but simply because the list is
too long to be mastered on one trial. If
this reasoning is correct, items on the list
which are not learned do not leave be-
hind any increment of associative
strength. People should be able to learn
items which they have never seen just
as easily as items which they have seen
but not learned.

During the past few years I have
performed a number of experiments to
test this hypothesis. In the first of these
experiments two groups of subjects un-
dertook to learn eight pairs of nonsense
syllables. Each subject was shown the
pairs in succession, and was then tested
by being shown the first syllable in each
pair to see if he could respond with the
second. I chose this “paired-associates”
technique because it seems to isolate the
basic element of associative learning—
the individual association—more effec-
tively than Ebbinghaus’s linking to-
gether a series of items. In both learning
and testing the syllable pairs were pre-
sented in random order.

Subjects in the control group were
repeatedly shown the same eight pairs
until they had learned all of them—the
traditional procedure in learning experi-
ments [see illustration on preceding
page|. Subjects in the experimental

group, however, were shown a changing
series of pairs. Pairs which they learned
on the first trial were kept on the list, but
those which they failed to learn were re-
placed by new pairs. This procedure was
followed on each trial until the subject
had learned eight pairs, most of which
were not on the original list. Thus these
subjects had to learn their pairs on one
trial or not at all: they had no chance to
build up associations gradually. The
control subjects, on the other hand, saw
the same eight pairs from beginning to
end and had the benefit (if any) of
associative increments.

What was the difference in the per-
formance of the two groups? The
answer is: There was none! Both groups
learned at about the same rate [see il-
lustration on page 721, requiring on the
average about eight trials to learn eight
pairs. An experiment using letters paired
with numbers instead of pairs of syl-
lables gave the same result.

Perhaps, however, the control group
was under some special disadvantage as
compared with the experimental group.
Some control subjects, for example, in-
stead of simply failing to learn a partic-
ular pair learned it incorrectly, recall-
ing GAC-QET, say, as GAC-XIR. These
subjects obviously had to unlearn such
incorrect associations before they could
learn correct ones. The experimental
subjects did not have this disadvantage,
since the pairs which they learned incor-
rectly were stricken from the list, and
they could start afresh on new pairs.
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CURVE OF FORGETTING shows that material is forgotten most rapidly soon after learn-
ing. Broken lines show (top to bottom) retention after 20 minutes, one hour, and nine hours.
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To test this possibility I undertook a
further experiment in collaboration with
Walter Heimer. This time we did not
strike out unlearned pairs, but re-
shuffled them, pairing the first syllable
of one pair with the second syllable of
another. For example, if a subject failed
to learn Fax-soQ and GEY-NUR the first
time, or mislearned them, he might see
them the next time as FAX-NUR and GEY-
soQ; if he still failed to learn them, they
would be reshuffled in a different way.
We thus made sure that if any par-
tial bonds were established they would
be incorrect bonds which the subject
would have to overcome before he could
form-the correct association.

Despite this seeming further disad-
vantage, the third group did just as well
as the other two. Moreover, almost no
subjects in this group noticed the re-
shuffling. This fact further strengthened
our conclusion that pairs which are not
learned leave little if any trace in the
memory.

It could be argued that the experi-
mental group enjoyed other possible ad-
vantages that offset the absence of repe-
tition. For example, one could say that
the control group has an increasingly
difficult task since the people in it are
left with pairs which, for one reason or
another, they find hard to learn, where-
as the experimental group is confronted
with new pairs of average difficulty. It
is also possible that some future varia-
tion in experimental design will show
that our experiments were weighted in
some other way against the control pro-
cedure (although we found no such
weighting in testing several designs not
discussed here). But even if it could be
shown that the traditional control proce-
dure promotes faster Iearning, the ex-
cellent performance of the experimental
groups shows that at the very least a
considerable portion of learning in the
traditional procedure occurs on one trial.

[f associations are formed in one trial,

as these results indicate, how is it that
none of our subjects learned more than a
few items on any one trial? To answer
this question we must contend with
another factor which I have not men-
tioned: interference.

Ebbinghaus himself discovered that
the presence of a great many items in a
list interfered with the learning and re-
tention of any of them. He found that as
he increased the length of his lists the
time needed to learn them increased far
more rapidly. A list of 10 items might
require 52 seconds, or a little more than
five seconds per item, while a list of
36 items might require 792 seconds, or
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with revolutionary Solar turbines
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BOAT

Two V-drive Solar Jupiter® turbines produce 1000 hp
in this aluminum-hulled 52 ft work boat. Dry weight is
31,000 1bs. It will carry 25 passengers and crew at speeds
Detter than 40 mph.

Sewart’s new 55 ft work boat is powered by two
conventional-drive 500 hp Jupiter engines. Steel hull is
designed for open sea operation at speeds up to 35 mph.
Dry weight: 41,000 Ibs. Capacity: 50 plus crew.

Proven-in-service Solar gas turbines bring a
profitable new look to marine propulsion.
Small in size, light in weight, these powerful
new power plants offer unique advantages
over conventional marine engines. They start
instantly, take full load without laboring,
operate efficiently on almost any type of fuel.
And boats powered by husky, vibration-free
Solar turbines show vastly increased speeds
—with substantial savings on maintenance.

Dependable, high-performance commer-
cial boats powered by Solar turbines are in
the water now! For detailed information on
how Solar turbines can step up your com-
mercial boat operation, write to Dept. F-28,
Solar Aircraft Company.

SOLAR —

AIRCRAFT COMPANY DES MOINES

2200 PACIFIC HIGHWAY, SAN DIEGO 12, CALIFORNIA
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LEARNING CURVES show the average progress of three groups of subjects under the dif-
ferent conditions charted on page 69. The control group (solid line), experimental group
(broken line) and “interchange group” (gray line) all learned at about the same speed.

22 seconds per item. Interference shows
up in another way in an experiment
which the reader can try for himself. A
subject is exposed to a number of digits
and asked to repeat them back; he may
be able to repeat as many as eight digits
correctly. If he is exposed to nine or 10
digits, however, he will often not even
get eight. As the number of digits in-
creases beyond a certain critical point,
the number of correct responses invari-
ably decreases.

These experiments confirm a com-
mon experience of daily life. It is easy to
learn one person’s name in a single intro-
duction, but most of us will remember
few names or none by the time we have
been introduced to the last guest at a
social gathering.

Evidently, then, it was interference
that kept our subjects from learning all
eight pairs on one trial. This suggests
that if interference is kept to a minimum
(i.e., if the list is short enough), no repe-
tition will be needed. Franklyn Spring-
field, at the New School for Social Re-
search in New York, has tested this de-
duction by a simple experiment. He pre-
tended to be giving a lecture on memory,
and held up a pair of nonsense syllables
on a card as an example of those which
Ebbinghaus had invented. After differ-
ent intervals of time, he tested the stu-
dents. Virtually all of them had learned
the syllables upon this single exposure,
even though he had not asked them to
do so.
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Do these experiments mean that repe-
tition plays no part in learning? By no
means. Though repetition does not ap-
pear to help the forming of associa-
tions, there is ample evidence that it
strengthens them once they are formed.
If we meet a person only once, we may
forget his name a week later. If we meet
him repeatedly, however, we are likely
to remember his name for years. In-
vestigators from Ebbinghaus on have
found that “overlearning”—the repeated
recitation of already-learned material—
minimizes forgetting.

Our own experiments bear this out.
The control group provides a clear case.
These subjects, as the reader will re-
member, worked on the same list of
eight Pairs from beginning to end—i.e.,
they saw each pair the same number of
times. Yet when we tested them after
a lapse of time they recalled the pairs
they had learned during the first trials
much better than those they learned
later. Evidently their learning of the
first pairs had been strengthened by over-
learning.

Thus repetition does not seem to help
us learn. In the many situations where
we have too much material to learn on
one trial, it enters into learning, as such,
only in the sense that it provides oppor-
tunity to see again the material not
learned in earlier trials.

The real villain in memorizing, it
seems, is interference. Cut down inter-
ference, and learning speeds up. If we
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have to learn a long list of items by heart,
we will do well to concentrate on form-
ing only one or two connections on the
first trial. On the next trial overlearning
will begin to strengthen our recollection
of the first items learned, and we will be
free to concentrate on learning a few
more, and so on. If we try to memorize
everything on each trial, we may well
learn nothing at all.

It is undoubtedly too early to draw
policy from these findings, but they do
suggest a new approach to the learning
of rote subjects. A teacher who is in-
troducing the multiplication table, for
example, might do well to present only a
few numbers each day. She might even
concentrate on one (4 X 5 = 20, for ex-
ample), present it in the context of a
logical analysis of why 4 X 5 does equal
20, and let it go at that for the day. If the
teacher took this approach to other rote
subjects (spelling, for instance), she
might devote shorter periods each day
to a greater variety of subjects. There
may be many good, practical reasons
why this sort of curriculum would be un-
desirable. But it would certainly cut
down the drilling.

he relationship of associative learn-

ing to more complicated types of
learning, such as problem solving and
learning by understanding, is still far
from clear. But our finding that associa-
tions form instantly rather than gradual-
ly throws an interesting light on this
question. Many psychologists (notably
those of the Gestalt school) have stressed
the importance of insight—the sudden
flash of understanding often called the
“aha” experience. Sudden insight may
well be related to the sudden formation
of associations. Indeed a number of ex-
perimenters have found that associative
learning often involves the sudden dis-
covery of some mnemonic device for
linking together two items by means of
some intermediate idea. This closely re-
sembles the process by which we solve
problems.

The reader may wonder why this
article has said nothing about what goes
on in the brain during learning. The fact
is we simply do not know enough about
how the brain works to say anything
very helpful about the neurological
basis of higher mental processes. Most
investigators have preferred not to
speculate about the physiology of learn-
ing but to explore it by means of psy-
chological experiments. The knowledge
we are gaining in this way will not of
itself provide physiological answers, but
should eventually enable us to tell the
physiologist what to look for.



RARE EARTHS SERVE YOU EVERY DAY

A variety of common uses of these unique materials

We've often suggested on this page
that you might find interesting and
profitable uses for the rare earths in
your manufacturing processes. Here
are some of the common but none-the-
less exciting applications of rare earths.

Sl o

FROM

Kodak

If you are a camera fan, you've prob-
ably heard about rare element glass
developed by Eastman Kodak. It is
called “rare” because it contains,among
other things, lanthanum which is one
of the rare earths.

Kodak utilized the principle that
rare earth glass has a very high refrac-
tive index in relation to its dispersion.
It, therefore, bends light more and
spreads colors less. This permits pro-
duction of lenses with shallower curves
and, consequently, less inherent aber-
ration. The result: higher quality lenses
with fewer glass parts.

Rare element glass was perfected by
Kodak for high precision military needs
during World War II. The exciting part
of the story is that Kodak’s optical en-
gineers have now found a way to pro-
duce rare earth element glass lenses in
quantity at greatly reduced costs.

a report by LINDSAY

That’s why today you can get so fine a
precision Kodak lens so economically.

Next time you get color slides with
beautiful, needle-sharp images, shot
with your favorite camera (Kodak, of
course), you can thank the imaginative
engineering of the people at Kodak .. .
and think, too, of the amazing versatil-
ity of the rare earths.

IF YOU WEAR GLASSES
Chances are that your glasses were pol-
ished with ceria, a rare earth oxide pre-
ferred by many of the better optical
firms. Cerium oxide is also widely used
to polish high precision optical instru-
ments, mirrors and other glass special-
ties. Speaking of versatility, certain of
the rare earths are used to decolorize
glass; others add the lovely, delicate
colors so many people like in fine glass-
ware.

HAVE A LIGHT
Top quality lighter flints are made of
misch metal (an alloy of mixed rare
earths). Rare earth metals are also used
to create better alloy steels and mag-
nesium alloys for high temperature
service.

OUT OF
THIS WORLD
Thorium, intimately
associated with the
rare earths, is literally
out of this world — in
the outer atmosphere!
For thorium is an es-
sential metal in the
production of the alloy skin of the third

PLEASE ADDRESS INQUIRIES TO

stage of a rocket. Thorium has unique
qualities which make it possible to pro-
duce a thorium-magnesium alloy which
does not burn up at the fantastic speed
of the rocket—up to 18,000 miles per
hour.

AND A FEW MORE

More perhaps than you have suspected,
you enjoy every day the benefit of the
truly remarkable qualities of rare
earths. They are used in the production
of such widely diversified daily essen-
tials (to name only a few) as movie pro-
jectors, textiles, ceramics, paint, TV
picture tubes, petroleum, chrome plat-
ing, electrical resistance alloys, phar-
maceuticals, ink, X-ray machines. Does
all this give you an idea you can ex-
plore in your business?

THIS IS THE “COMMERCIAL”

As the TV announcer says, we pause
for a brief announcement. If you are
thinking about the possibility of using
rare earths, even in the high purities,
don’t worry about availabilities. Most
of them are available for prompt ship-
ment in quantities of an ounce to a car-
load. How much do you need? Even
more important, prices have been
sharply reduced during recent years.
You'll find the rare earths economically
practical . . . and wonderfully useful.

So here’s ample evidence that rare
earths touch you in some way virtually
every day. Certainly they are worth
your own critical investigation. What
helpful information would you like
from us — today?

J INDSAY (HEMICAL [)IVISION

American Potash & Chemical Corporation

264 ANN STREET e WEST CHICAGO, ILLINOIS
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Correct Lubrication in Action...

Production Increased

| »

from an injection press. Santay

¥
1%~
1 <
' Removing plastic radio cabinet

Corporation pioneered in plastics
technology, creating special

'. "1 ' machinery and processes. From

' here, intricate, highly finished
_— e . .
l plastic products are furnished to
America’'s most prominent

appliance manufacturers.

[
Complete Engineering Program Mobl I
Proved Petroleum Products

SOCONY MOBIL OIL CO,, INC, and Afhliates: MAGNOLIA PETROLEUM CO., GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL CO., INC.
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27_] 0/0 no additional capital investment!

Santay Corporation finds new ways to increase production
of plastics products with the help of Socony Mobil

Competition is at its fiercest in the plastics busi-
ness. Any unnecessary overhead costs can cut the
heart out of profits. For this reason Santay man-
agement continually looks long and hard for ways
to cut downtime, increase production.

In 1954 a Mobil Correct Lubrication Program
was installed throughout the plant. This compre-
hensive engineering service had these results, ac-
cording to Santay’s plant engineer: “The reduc-
tion in downtime, three years after the Mobil

program started, accounted for 27.1% increase in
production with no additional capital investment.”

This outstanding result was achieved by close
cooperation between Santay plant personnel and
Mobil. Press operations were closely studied . . .
lubrication procedures constantly improved . . .
records prepared to show downtime and service
frequency on every machine . . . cleanliness of

lubricant carefully watched. All this help is yours
when you rely on Mobil. Why accept less?

Problem: Downtime on a key press could result in a
loss of $250 per hour in product sales. Cause: Main-
tenance follow-through not fully developed. Solution :
Plant-wide Mobil Program that cut downtime over
25% in first year.

Oil Control saves 40% on oil purchases. Under Mobil
Program, hydraulic oil is reconditioned . . . oil
checked regularly for viscosity and contamination.
Result : Oil purchases kept to minimum, maximum
machine protection assured.

Problem: Matching molds on injection press worked
out of alignment. Cause: Excessive wear on toggle
pins and bushings. Lubricant didn’t stick to wear sur-
faces. Solution: Mobil recommended oil that “stays
put” ... avoided $800 shutdowns.

Cost Control: Every machine has its control card.
Alert watch is kept for press slowdowns, high main-
tenance. As a result, Santay maintenance personnel
with Mobil assistance can move quickly to keep pro-
duction high, costs low.

orrect Lubrication

Another reason Youre Miles Ahead with Mobil ¥
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SCIENTISTS AND ENGINEERS:

Awr Force space and operational
programs offer you,
unique professional challenge
and opportunity
as a cvlhan

Among the myriad current and projected programs of the U. S.
Air Force lies a challenge and opportunity for civilian scientists
and engineers with varying degrees of specialty and experience.
These areas include: the research, development and maintenance
essential to sustaining qualitative superiority for the operational Air
Force; research and development in IRBM and ICBM fields; the
projection into outer space and return of manned, piloted vehicles.

Stimulating assignments exist for qualified men in the following
categories:

ENGINEERS — Chemical, Aeronautical, Aero Plant Development,
Electrical, Electronic, Mechanical, Industrial.

SCIENTISTS — Chemists, Mathematicians, Meteorologists, Physi-
cists.

MEDICAL — Physicians.

As an Air Force Civilian Scientist or Engineer you:

WORK...in a fine creative atmosphere...with foremost men in the
field ... with most modern equipment and facilities...in more than
one specific program. .. in geographic location of your choice.

RECFEIVE ...assured income...low-cost life insurance...promo-
tions from within. .. excellent retirement and compensation plans...
protection from arbitrary separation...liberal sick and vacation
leave plans.

ENJOY...expanded scope of assignment...professional prestige
and recognition... job satisfaction... participation in opening new
frontiers and conquering space.

For full details mail the coupon below.

rrm A

I Paste on Postcard and Mail or Write to: |

I Air Force Civilian Personnel, Dept. SA 2 |

| Box 7608, Washington 4, D. C. |

| Please send me further information on U. S. | cHALLENGE
| Air Force Civilian Personnel opportunities. | SCOPE

| Name.. - S ———— | creATIVITY
: Degree(s) . Specialty |

| Ades | U.S. Air
I City. Zone___State l

e 4 Force
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A Universal Molecule
of Living Matter

The tetrapyrrole ring, a chemical structure made up of four smaller

rings, occurs in the chlorophyll of plants, the hemoglobin of blood

and many enzvmes which, like hemoglobin, take part in respiration

n biology, as in politics, we are con-
I tinually given fresh evidence of the
truth of the French saying: “The
more things change, the more they are
the same.” There are universal themes
that run through all the forms of life on
this planet, and nowhere is this more
strikingly illustrated than in biochemis-
try. Chemically speaking, a lettuce leaf
and an elephant are brothers under the
skin. Their chemical substances show re-
markable likenesses, and we can learn a
great deal about the nature of living
matter by studying the kinships. It is a
growing appreciation of this fact—as
much as powerful new tools such as
radioactive tracers, tissue-culture meth-
ods and the electron microscope—that
has produced the phenomenal progress
made in the last two decades toward un-
derstanding the basic processes of life.
I want to discuss here a particular
molecule—or rather a family of mole-
cules—built on a common ground plan.
The molecules in question are found in

@ cArBON

@® OXYGEN e o ®
® HYDROGEN

O NITROGEN ®
O SULFUR

TETRAPYRROLE RING is diagrammatically built up from am-
monia (molecular model at left). If two of the three hydrogen
atoms (see key at far left) of ammonia are replaced by a ring of

by Martin D. Kamen

practically all living organisms, from
bacteria to man. They differ from one
another in comparatively minor details,
like variations on a standard house-plan
—a porch added here, a wing lopped off
there, a stainless-steel kitchen instead of
wood, a different lock on the front door.
Yet these small modifications permit the
same basic structure to perform an amaz-
ing variety of living functions: namely,
distributing oxygen to an animal’s tis-
sues, converting food into energy, con-
ducting the photosynthesis of plants. To
be specific, chemical analysis shows that
the hemoglobin of blood, the chlorophyll
of plants and various enzymes involved
in metabolism are all built on one basic
blueprint!
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To see how the structure is formed,
let us begin with the simple ammonia
molecule—a nitrogen atom surrounded
by three hydrogens. If in place of the
hydrogens we attach to the nitrogen a
ring made up of four carbon atoms, we
get a compound called pyrrole [see dia-
gram second from right below]. Now let
us take four pyrrole molecules, join them
together with carbon atoms as links and
coil them into a closed ring structure
[diagram at right below]. We now
have a brilliant-red substance named
porphin. (Color is a characteristic prop-
erty of molecules with a highly “con-
jugated” structure of this kind.)

With porphin we have arrived at our
central ground plan. One more step com-

four carbon atoms, the result is pyrrole (model in middle) +If four
pyrroles are joined in a ring, the result is porphin (model at right) .
The tetrapyrrole ring of porphin is indicated by the broken line.
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PROTOPORPHYRIN IX has a tetrapyrrole ring to which smaller groups of atoms are
attached. The key on the preceding page identifies the atoms in all diagrams in this article.

HEMOGLOBIN has a tetrapyrrole called heme which is identical with that of protopor-
phyrin IX except that two hydrogen atoms inside the tetrapyrrole ring are replaced by an
iron atom (Fe). Protein (3) and water (4) are attached to the iron atom at right angles
to the plane of the ring. Protein is also attached at 1 and 2. There are four hemes in the
hemoglobin molecule. When hemoglobin performs its function of transporting oxygen, it
is called oxyhemoglobin. In this substance oxygen is attached at 4 instead of the water.
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pletes the plan: we attach wings, or side
groups, at certain points on the central
ring [top diagram at left]. The structure
is now called protoporphyrin IX, the
number designating the fact that this
is the ninth of 15 possible arrangements
of the three larger side groups on the
ring.

Here, then, is the framework of our
universal molecule, or molecules. If we
put an iron atom in the center, we have
the compound called heme, and heme
is the basis of the varieties of hemo-
globin, of the cytochromes and of the
various other catalysts involved in the
oxidative metabolism of all mammals.
Which of these it will be depends
only on what specific protein is at-
tached to the heme molecule [bot-
tom diagram at left and diagrams on
page 80].

But this is not all. If we put a magne-
sium atom in the center instead of iron
and make a few minor changes in the
side groups, we have chlorophyll, the
great catalyst of photosynthesis by
plants! Chemistry has few parallels to
the versatility of the tetrapyrrole struc-
ture, to which nature has allotted so
many tasks.

When we look at these molecules in
a little more detail, we discover other
remarkable facts about the chemistry of
living matter. Consider the hemoglobin
molecule. Its job is to pick up oxygen in
the lungs and transport it via the blood-
stream to the many organs of the body,
where it releases the oxygen to the cells.
The iron atom in the center of the heme
structure is the carrier of the oxygen; it
has one hook free for this purpose. But
note now that the iron atom is in its
“reduced,” or oxidizable, form, which
means that it should combine chemically
with oxygen and not release it easily.
Yet this iron refuses the normal chemical
reaction with the oxygen and merely
carries it as baggage, so to speak. Some-
how the protein attached to the iron
cools off the usual warm affinity between
iron and oxygen. Just how it makes the
iron inert to oxygen is still an unsolved
mystery.

The hemoglobin molecule has another
important carrier function; it picks up
carbon dioxide from the tissues and car-
ries it away as waste. Here again the
structure does its work with beautiful
efficiency, holding the carbon dioxide
neatly in special “baggage racks” on the
protein and dumping it in the lungs for
expiration from the body. And there is a
specialized form of hemoglobin which
performs still another task. It is muscle
hemoglobin, or “myoglobin,” a heme-
protein combination which holds oxygen



Why cyclotron
magnet frames
are made from
steel forgings

Man is in a desperate race to learn
more about magnetics. And for good
reason. Already we see evidence that
very strong magnetic fields may hold the
secret of one of man’s most sought-after
dreams—power generation through
sustained nuclear fusion.

And, if only a way could be found to
increase the magnetic field strength by
20 times, one famous acres-big cyclo-
tron could be reduced to the size of a
steamer trunk.

However, the attainment of these
highly desirable results presents formi-
dable problems, due largely to the fact
that when you double the strength of
a magnetic field, the energy density or
pressure increases fourfold. A not-un-
common 50,000 gauss magnetic field
exerts a pressure of about 1,400 psi; but
laboratory experiments have already
created fields of 1}4 million gauss for a
few microseconds, and they confidently
expecttohit 10 million gauss beforelong!

To contain the fantastic forces in-
volved, designers of very large electro-
magnets turn to high-quality forged
steel parts, and they very often come
to United States Steel to ask for USS
Quality Forgings.

The picture shows a cyclotron electro-

magnet frame that will go into service
at Oak Ridge National Laboratory,
Oak Ridge, Tennessee. It is made from
six USS Quality Forgings that total 193
tons including the two cylindrical pole
pieces. The pole pieces are machined to
a .005” flatness, and are parallel to
within .005”. These tolerances are es-
sential for close control over the bom-
barding particle beam —which often
operates at velocities which approach
50,000 miles per second. All six forgings
were melted, forged, machined, heat-
treated and inspected at our Homestead
Forgings Division.
They are typical of the many cyclotron
and nuclear reactor parts made from USS
Quality Forgings to most exacting specifi-
cations. United States Steel, 525 William
Penn Place, Pittsburgh 30, Pa.

United States Steel

TRADEMARK
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CYTOCHROME B, one of a family of respiratory enzymes, has a tetrapyrrole which is
identical with that of hemoglobin except for points at which protein is attached (1, 2, 3,4).
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CYTOCHROME C, another member of the cytochrome family, has a tetrapyrrole which
differs slightly from that of cytochrome b. Protein is attached to ring at 1, 2, 3, 4, 5 and 6.
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as a reservoir and releases it to the mus-
cle cells as they demand it.

Now we come to the cytochromes, the

catalysts that play the key role in
converting food into energy [see “Bio-
logical Oxidation,” by David E. Green;
SCIENTIFIC AMERICAN, July]. The job of
the cytochromes is to carry out the oxi-
dation of food substances in a series of
finely controlled steps which finally pro-
duce packaged chemical energy in the
form of adenosine triphosphate (ATP),
with carbon dioxide and water as the
waste products. Essentially this process
involves transmitting electrons to the
final products, by way of a chain of re-
ductions and oxidations. Obviously,
then, the carrier has to be a substance
which can readily be reduced or oxi-
dized. Strangely enough, nature has
chosen for this job the very same agent
that refuses to be oxidized in the hemo-
globin molecule—namely, heme with its
iron atom. The cytochromes, like hemo-
globin, are built on heme as the active
operator, but in their case the heme is
attached to a protein which allows the
iron atom to be oxidized, under precise
control. Three different cytochromes,
called a, b and ¢, perform the reduction-
oxidation job in the cells of a mammal,
and they are assisted by certain enzymes,
named catalases and peroxidases, which
likewise are built around heme.

Nature certainly shows a remarkable
lack of imagination, or remarkable econ-
omy and flexibility, depending on your
point of view. Here, monotonously re-
peating itself, it has made heme do the
double duty of carrying oxygen to the
cells and then helping the cell to use the
oxygen. And nature’s laziness—or bril-
liance—of invention does not stop there.
Having hit upon a good thing, it finds
still other employment for heme.

Until recently biochemists supposed
that, because heme is particularly fitted
for functions involving oxygen, it should
be found only in air-breathing (i.e.,
oxygen-using) organisms. But to their
surprise, cytochromes, containing heme,
have turned up in practically all living
matter, including organisms that live
without oxygen! For example, several
years ago John Postgate in England and
H. Ishimoto in Japan discovered a cyto-
chrome in certain bacteria which use
sulfur instead of oxygen for “oxidation”—
that is, for accepting electrons. These
organisms are extremely sensitive to
oxygen: one part per million of this gas
in their medium will kill them. The cyto-
chrome in their case serves to transfer
electrons to sulfur rather than to oxygen.
Yet this cytochrome is very similar
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cleaner disappear or appear...
all by itself,” says “GRIP” POWERS
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I.8. PowerGrip “Timi
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These four pulley

A small fat belt pulley idler (F) pro-
ap around the four driven

in turn, drive four specially
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late. The rollers, by rotating, drive the hose (also
¢ U.S. Rubber) either in or out, as required.

*Manufactured by Simplan Corp., Dearborn, Mich,

“Grip” Powers is holding the “business end”
of one of the most modern home appliances
—a vacuum cleaner, built into the wall, with

_hose that extends or retracts completely
automatically.

This cleaner can literally “put itself away,”
thanks to the U.S. PowerGrip “Timing’®
Belt drive on the hose retraction mechanism
{pictured above.) Because of PowerGrip’s
near-100% efficiency, the manufacturer was
able to combine simplicity of design with

Mechanical Goods Division

United States Rubber

WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS
Rockefeller Center, New York 20, N.Y.

exact response to constant changes
in tension. This is just one of count-
less examples of this unique belt’s
ability tosimplify and improve a power
transmission unit.

When you think of rubber, think of your “U. S.*
Distributor. He’s your best on-the-spot source of tech-
nical aid, quick delivery and the finest quality indus-
trial rubber products.

In Canada: Dominion Rubber Company, Ltd.
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CHLOROPHYLL A has a tetrapyrrole ring
with a magnesium atom (Mg) in place of
the iron atom of the tetrapyrroles of hemo-
globin and cytochromes. It is also charac-
terized by a long tail called a phytyl.
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up as much as 20 per cent of the chloro-
plast’s total protein content.

What do cytochromes have to do with

photosynthesis? We know what role
is played by their chemical relative, the
green pigment chlorophyll: it absorbs

© 1958 SCIENTIFIC AMERICAN, INC

sunlight as energy for the chemical
building activities of the plant. But what
function do cytochromes have to per-
form in plants?

Several years ago at Washington Uni-
versity in Saint Louis, Leo Vernon and I
began a series of researches on the chem-
istry of certain bacteria that carry on
photosynthesis. We found that all of
them contained large amounts of cyto-
chromes of the ¢ and b types, just like
those Hill had found in green plants and
algae. Particularly interesting was a new
variant of the ¢ which had not been
found before. This molecule was able to
react with oxygen without the help of a
special enzyme, apparently because one
or more of the protein bonds tying up
the central iron atom was loosened or
broken. It indicated, among other things,
that the basic function of the cyto-
chromes in plants, as in animals, is to
promote oxidation, or at least to trans-
port electrons. In any event, Hill’s re-
searches and ours show that chlorophyll
and cytochromes always go together in
the same part of the cell, and they sug-
gest that the two form a close partner-
ship in carrying out photosynthesis.

But most interesting is the fact that
we are led to a provocative, if obvious,
question about which no one has thought
much heretofore. It has to do with color.
We can easily understand what func-
tion color plays in chlorophyll, the mag-
nesium tetrapyrrole: the molecule has to
be a pigment to absorb sunlight. But
why should the iron tetrapyrroles—
hemoglobin, cytochromes and the rest—
be brightly colored? Color certainly does
not help them in their job of transport-
ing oxygen or electrons. Chemically or
physiologically, there is no reason why
blood needs to be red or any other color.
Is the high coloring of heme and its rela-
tives a mere accident, or does it tell us
something about the nature of these im-
mensely useful molecules which are so
beautifully designed for their manifold
functions?

The color of the heme compounds
arises, as we have seen, from their high-
ly conjugated structure. The four pyr-
roles form a ring with alternating single
and double bonds, and this type of
structure can retain unpaired electrons
for an appreciable time without reacting.
In other words, a tetrapyrrole can form
comparatively stable free radicals.
Whereas free radicals usually react
rapidly and indiscriminately with what-
ever substances happen to be at hand,
the tetrapyrrole radical, by virtue of its
structure, may be able to react in a con-
trolled and selective way to perform its
oxidation job.



PROGRESS REPORT FROM AVCO RESEARCH LABORATORY

NEW LIGHT ON MHD*

NO MAGNETIC FIELD. This shock tube photograph, taken by
emitted light only, shows the typical shock wave configuration
formed by high-velocity gas flowing around a pointed cone.

WITH MAGNETIC FIELD. Here is shown the magnetohydrodynamic
displacement of the shock wave. The magnetic field is caused
by electric current flowing through a coil of wire within the cone.
This experiment qualitatively demonstrates the interaction of
a high-temperature gas with a magnetic field. This effect would
be expected to produce drag and reduce heat transfer to the body.

Avco |

/ RESEARCH
LABORATORY

A Division of Avco Manufacturing Corporation/Everett, Mass.

The Avco Research Laboratory was
founded a little more than three years
ago for the purpose of examining high-
temperature gas problems associated with
ICBM re-entry. The success of this
research led to the birth of a new cor-
porate enterprise, Avco’s Research and
Advanced Development Division.

The Research Laboratory, now estab-
lished as a separate Avco division, has
expanded to embrace all aspects of physi-
cal gas dynamics. We are currently gravid
with several embryonic projects which we
anticipate will likewise grow into new
corporate enterprises. Our work in the
physics, aerodynamics and chemistry of
high-temperature gases is growing in the
following areas:

Magnetohydrodynamics —
Flight and industrial power-
generation applications

Space flight—
Manned satellites
Electromagnetic propulsion

These developments have created a num-
ber of openings for physicists, aerody-
namicists and physical chemists. If your
background qualifies you to work in any
of these areas, we would be pleased to
hear from you.

(il KT

Dr. Arthur Kantrowitz, Director
Avco Research Laboratory

P. S. A listing of laboratory research re-
ports indicative of the scope and depth
of our activities is available. Address
your request: Attention: Librarian, Avco
Research Laboratory, 2385 Revere Beach
Parkway, Everett, Massachusetts.

*Magnetohydrodynamics, the study of the dynam-

ics of electrically conducting fluids interacting
with magnetic fields.

Other divisions and subsidiaries are:

AK Division . Ezee Flow Division New Idea Division
Crosley Division Lycoming Division Moffats Limited

Crosley Broadcasting Corporation
Research and Advanced Development Division
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THE CEREBELLUM

Until recently the function of this part of the bramn was

unknown. Mapping of 1ts electrical circuits now indicates it

may be a monitor of communication between brain and bod.y

upon the brain stem under the over-

arching mantle of the great hemi-
spheres of the cerebrum, is a baseball-
sized, bean-shaped lump of gray and
white brain tissue. This is the cerebel-
lum, the “lesser brain.” In contrast to
the cerebrum, where men have sought
and found the centers of so many vital
mental activities, the cerebellum remains
a region of subtle and tantalizing mys-
tery, its function hidden from investi-
gators. Indeed, the cerebellum was once
regarded as a “silent area” of the brain.

ln the back of our skulls, perched

by Ray S. Snider

Today we know the brain has no such
areas. The cerebellum discloses an in-
tense activity of a highly distinctive kind
to the sensitive instruments of modern
brain physiology. Its elusive signals have
begun to tell us that, while the cerebel-
lum itself directs no body functions, it
operates as monitor and coordinator of
the brain’s other centers and as mediator
between them and the body.

The first men who ventured to dissect
the brain were struck by what they saw
when they came upon the cerebellum.
Its surface is even more intricately

RIGHT CEREBRUM

LEFT CEREBRUM

CEREBELLUM lies on the brain stem, under and behind the cere-
brum (left). The cross section of the cerebellum (right) shows its
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wrinkled and creased than the cerebrum.
The cerebellum constitutes only 10 per
cent of the brain’s total mass, yet it
has 75 per cent as much surface area as
either of the much larger cerebral hemi-
spheres. It represents nature’s supreme
effort to pack a maximum of cortex—
the brain “skin” which embeds the nerve
circuitry—into a minimum of cranial
space. The folds of the outer surface
elaborate into subfolds deep within the
organ; only 15 per cent of the cerebel-
lar cortex can be seen without dissection.
If the cerebellum is split along the mid-

tree-like pattern of folds and fissures, which led anatomists of the
medieval period to give it the name of arbor vitae (“tree of life”).



line, the folding makes a pattern like a
tree in full leaf. Medieval anatomists
called this the arbor vitae (“tree of
life”), and declared it to be the seat of
the soul.

Speculation about the role of the cere-
bellum continued in the same imagina-
tive vein until quite recent times. Franz
Joseph Gall, the 18th-century founder
of phrenology, noted the large size of the
cerebellum in bulls and stallions and
concluded that it must be the organ of
the procreative instinct. Gall would have
done better to relate the large size of the
cerebellum in these animals not to sex-
ual vigor but simply to their large body
size. Elephants and whales have the
largest cerebellum of all. Perhaps the
most original notion was that of Luigi
Rolando, the distinguished anatomist for
whom the “fissure of Rolando” in the
cerebrum is named. In 1828 he ventured
prematurely into biophysics and de-
clared that the cerebellum secreted nerv-
ous energy to excite and govern volun-
tary movement. The energy, he thought,
was generated deep in the folds of the
cerebellum by the alternate layers of
white and gray matter, acting like the
plates of a battery. As late as 1894
Frederick Courmont, a pioneer French
psychiatrist, located “psychic sensibili-
ty” in the cerebellum. He made the mis-
take of not distinguishing between
patients with cerebral and those with
cerebellar lesions.

r'rhe 17th-century anatomist Sir Thom-
as Willis came closer to the mark
when he “fancied” that the cerebel-
lum was an organ “for the execution
of involuntary or autonomatic actions
and movements.” In the 19th century
the great French physiologist Francois
Magendie conceived of it as a center for
some sort of muscular sense. However,
it was Luigi Luciani, an Italian physiol-
ogist, who performed the first controlled
experiments on the cerebellum at the
turn of the century and laid the founda-
tion for our present concepts of cerebel-
lar function. Luciani surgically removed
all or part of the cerebellum from cats,
dogs and monkeys and then observed
their behavior. The gross function of his
animals remained unimpaired, but they
suffered loss of muscle tone and disturb-
ance of coordination and equilibrium in
gait and posture. Since Luciani’s time
physicians have taken “drunken gait”
as a standard symptom of injury to the
cerebellum in man. (Indeed, people
with such an injury have occasionally
been arrested for drunkenness. Studies
of the effects of alcohol on the cerebel-

lum, however, do not justify the implica-
tion that it is any more a haven for high-
balls than other parts of the brain.)

Following up the clue furnished by
Luciani’s careful work, other investi-
gators soon traced out some of the major
circuits connecting the cerebellum to
the rest of the nervous system. They
found that the cerebellum is linked with
the motor centers of the brain and re-
ceives impulses from them similar to
those sent out to the muscles. At the
same time, they discovered, the cerebel-
lum receives impulses from the end or-
gans of the peripheral nervous system,
the so-called proprioceptive endings, in
the contracting muscles. The cerebellum
“compares” these two sets of impulses
and sends modified impulses back to
the motor centers in the brain and, in-
directly, out to the muscles. This check-
ing of response against command and
the modification of command in terms
of response smooths and coordinates the
action of the muscles, When action in-
volves two opposing sets of muscles, as
in the bending of the arm at the elbow,
the cerebellum integrates the data for
both, coordinating the contraction of the
flexor muscles on the front of the arm
with the relaxation of the extensor mus-
cles on the back. This function of the
cerebellum was recognized as early as
1898 by the great British physiologist
Charles Sherrington, who called it “the
head ganglion of the proprioceptive sys-
tem.”

For a time many of Sherrington’s con-
temporaries mistook his eloquence to
mean that this was the only function
served by the cerebellum. Further in-
vestigation, however, demonstrated that
the cerebellum plays a similar role in
maintaining the equilibrium of the body.
In this case the initial impulses arise in
the semicircular canals of the inner ear.
The cerebellum integrates these signals
with the proprioceptive data from the
opposing group of muscles that maintain
the body’s posture. As the product of
this integration it sends out impulses
to both lower and higher nervous centers
directing the intricate performance of
the many muscles that are in action even
when the body is merely standing still.

Thus in the first 40 years of this cen-
tury the cerebellum was established as
a center governing the musculature,
coordinating both consciously and un-
consciously directed action. In engi-
neering parlance, it is the control box
in the feedback circuitry of the nervous
system. Such a control box does not orig-
inate the input of commands to the
system, but is informed of them by the
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NERVE CIRCUITS connecting cerebrum,
cerebellum and muscle are outlined. The
main circuit (left), through which the cere-
brum commands the muscle, is supplement-
ed by feedback circuits to the cerebellum
(right) . Through these feedback circuits the
cerebellum monitors main circuit, compar-
ing command impulse from cerebrum with
response (sensory) impulse from muscle.

command center; for example, by the
setting of a dial. From the sensing in-
struments at the output end of the sys-
tem it receives the feedback of data on
the output. Comparing output with in-
put, it informs the command centers of
the corrections to be made or generates
correcting command signals itself. Con-
fident as we are that this is the function
of the cerebellum, we are a long way
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“HOMUNCULI” or projection areas show localization of function in the cerebellum. They
show some correspondence to similar projection areas of the cerebrum. Stimuli from the
sense organs of touch and from the “proprioceptive endings” that monitor muscle behavior
are projected both on the upside-down figure at top and on the partially split figure at
bottom. Another projection area, which differs from these in not resembling the body shape,
is indicated by the colored lines (center). Here auditory and visual stimuli are received.

from a complete understanding of how
it carries out this function.

To be sure, microscopic studies dem-
onstrate that the cerebellum is admira-
bly designed to function as a control box
for the musculature. The cerebellum
does its work in its gray matter, the
deeply wrinkled cortex. The cell struc-
ture of the cortex shows it to be a switch-
ing panel capable of establishing rich
and rapid interconnection between the
thousands of nerve circuits that tie it
to the brain and body. Its .01-inch cross
section separates discernibly into three
layers: an outer “molecular” layer, an
inner layer of “granule” cells, and, in
between these layers, a single thickness
of the all-important Purkinje cells,
named after the Czech physiologist
Johannes Evangelista Purkinje.

" he illustration on the opposite page,

showing a fold of the cerebellum in
cross section, suggests the efficiency with
which an incoming message is distribut-

86

ed in the cortex. As the message courses
into the fold through the central white
matter, it is picked up by one after an-
other of the little granule cells that are
tightly packed together in the innermost
layer of the surrounding cortex. Each of
these cells has four to six short fibers to
convey incoming messages into the cell
body—these are its “dendrites” or re-
ceiving apparatus. In addition, each
granule cell has a sending apparatus or
“axon”: a long, thin fiber that reaches
out through the Purkinje cell layer into
the outer molecular layer. There these
axons make contact with the dendrites
of the Purkinje cells, which also branch
out into the molecular layer. The Pur-
kinje dendrites form an ornate network
of tiny fibers, and each granule-cell axon
contacts hundreds of them. The nerve
messages gathered by these dendrites
are borne to the Purkinje cell bodies.

The Purkinje cell is the key unit of
the cerebellum; it is here that the in-
coming impulse becomes an outgoing

© 1958 SCIENTIFIC AMERICAN, INC

impulse. Each Purkinje cell sends its
message out of the cerebellum through a
long, threadlike axon that passes out of
the cortical fold through the white mat-
ter in its interior.

This, essentially, is the cerebellar
nerve circuit. Note that the nerve im-
pulse from each granule-cell axon reach-
es not one, but many Purkinje cells.
This spread-out is amplified, moreover,
by the basket cells of the molecular
layer which pick up impulses from the
granule cells and convey them directly
to the Purkinje cell bodies via long axons,
which embrace each of six to 12 Purkinje
cells in a basket of fibers.

The information carried by a single
impulse thus spreads widely in the cor-
tex of the cerebellum. The impulse first
excites a large number of granuvle cells.
Each of these in turn relays the signal
directly to hundreds of Purkinje cells
and, via the basket cells, ultimately to
thousands of them. The Purkinje cells
now fire a huge volley of outgoing im-
pulses, the original impulse many times
multiplied, back into the white matter
and thence to the brain stem.

Close study of the circuitry within the
cortex suggests that there are feedback
circuits within feedback circuits. This
is notably the case with the so-called
“climbing fibers,” whose function is not
yet clearly established, although the
Spanish physiologist Santiago Ramon
y Cajal observed them over 50 years
ago. These tiny axonal fibers ascend into
the cortex from the white matter, climb-
ing up the dendritic network of the Pur-
kinje cells, branching wherever the
dendrites branch—very much like a para-
sitic vine on a tree. It is possible that
these fibers carry feedback impulses to
excite or inhibit the Purkinje cells in
some way.

As in the cerebrum, the various func-
£+ X tions of the cerebellum are localized
in distinctly defined areas of its cortex.
Detection and plotting of the electrical
activity of the cortex has made it pos-
sible to map these areas. The control of
the body’s equilibrium, for example, is
localized in the extreme front and rear
surfaces of the cerebellum. The pro-
prioceptive areas appear as actual maps
of the body on the cortex: two distorted
“homunculi,” one face-on and the other
in double profile back-to-back as shown
in the illustration on this page.

For a long time it was thought that
the plotting of these areas had com-
pleted the map of the cerebellar cortex,
in line with the notion that the cere-
bellum was restricted to the management
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CROSS SECTION OF A CEREBELLAR FOLD is diagrammed to
show the network of cells which transmits nerve impulses through
it. Nerve impulses enter the fold through the white matter (broken
lines in center). These impulses are drawn into the cortex, or gray
matter, by the granule cells (a). Each granule cell receives an
impulse through its short dendrites. It transmits the impulse into
the outer, or “molecular,” layer of the fold through its long, T-
shaped axon. In the molecular layer the impulse passes from these
axons into the many-branched dendrites of the Purkinje cells (b).
The impulse then leaves the cerebellar fold through the axon of the
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Purkinje cell, embedded in the white matter at center. The process
by which impulses pass from granule cells to Purkinje cells is
abetted by basket cells (c). Each basket cell picks up impulses
from a granule-cell axon, then transmits them through a long
fiber to “baskets” of fibrils which surround the cell bodies of
several Purkinje cells. Other auxiliary cells are the “mossy termi.
nals” (d) and Golgi Type-II cells (e) which help diffuse incom-
ing and outgoing impulses respectively. Cell-types f and g are of
unknown function; h is a climbing fiber whose axon adheres to the
Purkinje cell dendrites and may serve to “switch” them on and off.
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REVERBERATING CIRCUITS link the cerebellum (the fissured the cerebrum, part detours through the cerebellum, then “reverber-

organ at right-center of each picture) to the sensory nerves which ates” through the cerebrum to the cerebellum. It is thought that
connect tactile, visual, proprioceptive and auditory sense organs to these circuits serve a feedback function. Proprioceptive impulses
the cerebrum. While part of the messages from these organs goes to from muscles (lower left) may reach more than one cerebral center.
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of the body’s equilibrium and muscular
activity. However, at the Johns Hopkins
University in 1942 Averill Stowell and
I undertook an investigation which has
established that the cerebellum is equal-
ly involved in the coordination of the
sensations of touch, hearing and sight.

We worked with animals and, by
touching hairs, shining a sharply focused
light on the retina or sounding a dis-
tinct sound at the ear, we were able to
pick up the resulting nerve signals with
probes applied to the cerebellar cortex.
Interestingly enough, the tactile area
coincides with the two proprioceptive
areas, while the auditory and visual
senses register in a separate overlapping
area that lies between them. This ar-
rangement reflects the close association
of these two pairs of sensations in be-
havior: when an animal feels a touch on
the leg, for example, its response is to
flex the leg; when it hears a sound, it
turns to look. In the cerebrum the visual :
and auditory centers occupy separate
areas, and their cellular complexity is
many times greater.

Our investigation showed also that the
tactile, visual and auditory centers of
the cerebellum are linked to the corres-
ponding centers in the cerebral cortex
by the same sort of feedback loop that
connects the proprioceptive areas. By
stimulating the appropriate areas in the
cerebellum directly with electrodes we

SCIENTIFIC
AMERICAN

CUMULATIVE

INDEX
1948-1957

SCIENTHHC
AMERICY “

The Editors of SCIENTIFIC AMERICAN take pleasure in announcing the
publication of a cumulative topical Index to all of the issues published
from May 1948 through December 1957. The Index covers all the issues
published under SCIENTIFIC AMERICAN’s present editorial direction and
marks the Tenth Anniversary of the "new’”” SCIENTIFIC AMERICAN.

The Index comprises :

60,000 topical references 200 pages, (same page size as

the magazine)
Parallel references—more than

1,000 articles listed by author
and by title

3 type columns to the page

Handsome binding in red library
buckram

The reduced facsimile sampling below will give you a notion of the
depth and completeness of the topical analysis.
Addison’s dlum“

SCIENTIFIC AMERICAN Subject Index

. PP 33 Accelerators, heavy-ion. 1951 Mar. 28; Achromatism. 1951 Mar. 49.

found we could project the stimulus to A ey R 1957 iy 1062 |
H N N " o . | Accelerators, linear. 1948 June 29; 1951  Acid- lnsemeuu

the rnatChlng areas of the cer ebl um, dlld Aamodt, R. L. 1957 Oct. 57-8. Feb. 22, 25; 1952 Nov. 42; 1953 Feb. Ackeret-Keller Iulbine. 1948 ]uly 55.

vice versa, and thus lay out the feedback

Aardvarks. 1951 July 62.
Aarhus Prehistoric Museum, Denmark.

40; 1953 May 40-1; 1953 Oct. 50; 1954
Mar. 86-90; 1954 May 52; 1954 Oct.

Acne. 1951 June 63.
Acoustics. See under Music; Shock waves;

circuits shown in the illustration on the 1953 Oct. 85. 40°; 1956 Feb. 52; mssjulyss' 1956  Sound waves; Ultrasonics. }

. . Abacus. 1949 Apr. 28, 32; 1956 May 54. Aug, 34-5; 1956 Dec. 80. Acoustics, architectural. 1948 July 41; |

opposite page. Our studies developed Abadan, Iran. 1948 Sept. 15. Accelerators, magnetic fields. 1952 July 1957 Aug. 71-2. i

. Abasand Oils Limited. 1949 May 53-4.  36; 1954 Oct. 40, 44; 1955 Dec. 47; Acwsﬁcs, underwater. 1957 June 102, |
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amus, the basal ganglia and the reticular
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feedback loops should stimulate the cere- S frclotrons:;  Syn-  Acrmtiakes ®

bral servomechanism of any student of
cybernetics. In sum, the cerebellar cir-
cuitry is an accessory_control system im-
posed upon the basic ascending (sens-
ory) and descending (motor) circuits
of the nervous system.

The big question remains: How does
the cerebellum play its role? We
know that removal of the cerebellum
produces severe disturbances in muscu-
lar coordination of the animal. On the
other hand, it is necessary to remove
large areas of the cerebellar cortex in or-
der to produce enduring loss of muscular
coordination. How does the nervous sys-
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sult? Does it mean that the cerebellum
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acts in such close harmony with some
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BRAIN STEM is diagrammed to show the
circuits linking its organs to the cerebellum.
Each one of these organs is involved in cere-
bellar feedback “reverberating circuits.”

does it mean that the cerebellum has
little functional significance? The cate-
gory of puzzles becomes larger when
one considers the cerebellar sensory
areas. Few, if any, measurable sensory
losses occur when these areas are des-
troyed.

The electrical characteristics of the
cerebellar cortex furnish the principal
clues for future investigation. The cere-
bellum generates electrical waves at the
highest frequency in the nervous system.
They range from 200 to 400 per second—
10 times faster than those of the cerebral
cortex. The amplitude of cerebellar dis-
charges, on the other hand, seldom ex-
ceeds 200 microvolts; this is a fraction
of the operating level of the cerebrum,
which runs 10 or more times higher. The
cerebellum imposes its peculiar high-fre-
quency, low-amplitude characteristics
upon all the impulses that pass through
it. Often it seems to “smother” the fre-
quency-amplitude characteristics of im-
pulses originating elsewhere in the nerv-
ous system. The characteristic electrical
signature of the cerebellum helped us
considerably to detect and map the sites
at which impulses from its cortex ar-
rive in the cerebrum.

But what purpose is served by this
peculiar electrical activity? Modulation
of signals is so common and so useful in
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radio technology that one is tempted to
see the cerebellum as the great “modu-
lator” of nervous function. The imposi-
tion of high-frequency rhythms on low-
frequency impulses would enable
appropriate  centers to discriminate
between impulses modulated by the
cerebellum and those not so modulated.
This is interesting speculation, but it
may not be the mechanism at all. The
cerebellum might equally well act as a
“band-pass” filter; that is, its fast activi-
ty may allow some wave patterns to go
through, while blocking or altering
others. Another line of speculation ar-
gues that wave frequencies have little
to do with the case, and holds that the
important thing is the total energy added
by the cerebellum to the outgoing im-
pulses. Whether these speculations (or
any added by the reader) may help to
solve the riddles of the cerebellum, only
time and more experimentation can tell.

'I' n the meantime we mayv have to con-
¥ tend with the possibility that the cere-
bellum is involved in still more diverse
aspects of the nervous svstem. It be-
comes increasingly evident that if “in-
tegration” is a major function of this
organ, trips into the realm of mental
disease may cross its boundaries more
frequently than the guards in sanatari-
ums suspect.

T (¥

m.hm.

ELECTRICAL ACTIVITY of the cerebel-
lum is traced by an oscilloscope. “Resting”
signal (top and bottom) has amplitude of
50 to 100 microvolts and frequency of 300
cycles per second. This activity is imposed
on larger-amplitude, lower-frequency im-
pulses which originate elsewhere (middle).
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POISONOUS TIDES

The explosive multiplication of certain marine mim'oorganisms

can kill fish by the millions. The mvestigation of these outbreaks 1s

now elucidating some fundamental questions of oceanic ecology

by S. H. Hutner and John J. A. McLaughlin

Yoward the end of 1946 the ocean
waters along the west coast of
Florida took on a turbid yellow

hue. The cause of this curious sea-change
was the explosive multiplication of a
particular species of one-celled marine
microorganism. Dead and dying fish

soon gave evidence that these creatures
were poisonous. By June the microor-
ganisms had multiplied so abundantly
that the water became thick and viscous.
Turtles, barnacles, oysters, shrimp and
crabs were killed. Stinking windrows of
fish piled up for 60 miles along the

FISH KILLED by one of the worst poisonous tides on record dot the water off the west
coast of Florida in August, 1947. They are part of a patch about five miles in diameter.
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beaches. Spray from the surf was so ir-
ritating to human beings that schools
and hotels near the shore had to close.

Poisonous tides, which may color
square miles of ocean yellow, red or
olive-green, bedevil fishermen and shore-
dwellers in many parts of the world.
Shellfish contaminated bv such tides
have killed at least 69 people since 1793.
The poisonous microorganisms that
cause them are an ever-present menace
to the shellfish-canning industry, and
they are implicated in the recurrent epi-
demics of fish poisoning which have af-
fected some 40,000 people in the Pacific
regions during the past five years.

Investigation of these catastrophic
outbreaks has now begun to uncover the
meteorological and oceanographic con-
ditions which trigger them. Biologists
are identifying the microorganisms and
learning to culture them in the labora-
tory. These studies, it may be hoped,
will lead eventually to techniques that
will prevent or suppress the poisonous
tides. They may also find the answer to
one of the fundamental questions of ma-
rine biology: why organisms multiply
prolifically in some parts of the ocean
and not in others.

he natural history of poisonous ocean

water, as compiled by the U. S. Navy
Hydrographic Office, has an orthodox
literary tradition, with references in
Homer, the Bible, Tacitus and Darwin’s
Voyage of the Beagle. The seventh chap-
ter of Exodus describes an outbreak in
the Nile: “And all the waters that were
in the river were turned to blood, and
the fish that was in the river died; and
the river stank, and the Egyptians could
not drink of the water of the river....”
Just how far down the estuary of the
river this outbreak occurred the Bible
does not say. No such catastrophe, either



DINOFLAGELLATES, one-celled creatures with both plant and here, magnified about 600 (1.5), 1,100 (69) and 1,300 (10-12)

animal characteristics, may produce poisonous tides when they times. Only No. 12 is definitely known to be poisonous. Several of
multiply. Twelve of the hundreds of known species are shown the others may be, but have not been studied in the laboratory.
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in the Nile or in the adjacent Mediter-
ranean, has been reported in recent
times. Biblical scholars and oceanogra-
phers are among the few who might wel-
come one.

Darwin saw red water 50 miles off
the southern coast of Chile. He observed
that the water was colored by some or-
ganism other than the red-pigmented
alga Trichodesmium, whose nontoxic
“blooms” are common in the tropics and
give the Red Sea its name.

Serious investigation into the problem
began in the 1940s after a series of out-
breaks which contaminated shellfish off
Monterey, Calif. The blame was soon
fixed on Gonyaulax catanella, one of the
dinoflagellates, an order of one-celled or-
ganisms found in most parts of the
ocean. Subsequent research indicates
that dinoflagellates are responsible for
most or all poisonous tides.

These fragile and beautiful little crea-
tures [see illustration on preceding page]
get their name from the whiplike flagella
with which they lash the water to keep
themselves whirling in the upper sunlit
layers of the ocean. Biologically the
dinoflagellates bridge the gap between
plants and animals. Some species con-
tain chlorophyll and live by photosyn-

thesis. Some are predatory and feed on
smaller organisms, including their own
photosynthetic kin. A few pursue either
way of life, as the opportunity occurs.
The dinoflagellates are a main founda-
tion stone of the ocean’s food pyramid,
consumed in countless numbers by shell-
fish, small crustaceans and other marine
animals.

So far as we now know these crea-
tures are the culprits in all poisonous
tides. Other microorganisms, the Red
Sea algae for example, can bloom; and
not all dinoflagellates are toxic. The
armored dinoflagellates, which have
skeletons of silica-impregnated cellulose,
have never been implicated in poison-
ings. The naked dinoflagellates, on the
other hand, seem to be poisonous as
often as not.

When a poisonous species blooms, it
may kill all the fish in the area. But even
when their multiplication is restrained
in the dynamic equilibrium of the
ocean’s economy, the poisonous dino-
flagellates remain an invisible menace.
The shellfish that consume them are pro-
tected by some capacity to segregate the
poison in one of their organs. On occa-
sion, this segregated and concentrated
poison makes shellfish dangerous to hu-

man beings. It happens also that the
shellish which survive a bloom may re-
main poisonous long after the waters are
restored to normal.

The peculiar nature of the dinoflagel-
late poison is suggested by this descrip-
tion of a victim’s experience: “She awoke
quite conscious but helplessly para-
lyzed—arms, legs and trunk. She could
not move in her bed or stand when
lifted to the floor. She was scarcely able
to speak for numbness about the face
and mouth; was violently sick but un-
able to vomit; had a severe headache
and backache and extreme dizziness.”
Her condition improved the following
morning, but she still could not leave
her bed a day later.

t the Haskins Laboratories in New
York we have been investigating the
effects of dinoflagellate toxins (under a
grant from the U. S. Public Health
Service Institute of Neurological Dis-
eases and Blindness). The paralyzing
action of these toxins indicates that they
are nerve poisons. Thus they join the
evil, distinguished company of atropine,
curare and the tetanus and botulinus
toxins. Though no dinoflagellate toxins
have yet been isolated in pure form, they

130

! |

| 120

g
=]
o
o

DISTRIBUTION OF POISONOUS TIDES (heavy color) gives
clues to their causes. In many regions cool currents (broken ar-

rows), tidal turbulence or winds produce upwellings of nutrient-
laden cold waters (light color). In other regions tides are
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seem to be just as deadly as botulinum,
which weight for weight is the most
poisonous substance known. They re-
semble botulinum also in the way they
work. Both poisons appear to block
nerve impulses by preventing the pro-
duction of acetylcholine, the substance
which acts on the “end plate” of a mus-
cle fiber to make the fiber contract [see
“Messengers of the Nervous System,” by
Amedeo S. Marrazzi; SCIENTIFIC AMER-
1caN, February, 1957].

No antidote to either toxin has yet
been found. A nerve poison such as
curare, which makes the end plate less
sensitive to acetylcholine, can be neu-
tralized by injecting substances which
prevent acetvlcholine from breaking
down. The increased concentration of
acetylcholine then overcomes the re-
duced sensitivity of the end plate. But
the botulinus and dinoflagellate toxins
cannot be offset in this way, because they
prevent the production of acetvlcholine
in the first place.

Even poisons have their uses. As the
great French physiologist Claude Ber-
nard long ago pointed out, they can
serve as powerful tools for investigating
normal functions. Several nerve poisons
have alreadv deepened our knowledge
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due to runoff from heavy rains on land
and to other causes which are still unknown.

of the physiology of the nervous system.
Dinoflagellate poisons may well prove
equally useful.

Curiously the capacity to manufac-
ture poison does not seem to serve a
useful function in the life of the dino-
flagellates themselves. There is no clear
evidence that it gives them a selective
advantage, any more than it does the
tetanus and botulinus bacilli. English in-
vestigators have isolated two dinoflagel-
lates which are almost identical in ap-
pearance: one is poisonous, the other is
harmless. Similar toxic-nontoxic pairs
have been isolated on this side of the
Atlantic. Such findings suggest the tox-
icity of dinoflagellates may be (uite un-
connected with their capacity to bloom.
On the other hand, it can be argued that
some poisonous blooms may generate
their explosiveness by a biological chain
reaction: the poison kills fish, decaying
fish increase the supply of nutrients in
the water, the increase in nutrients
vields a larger number of dinoflagellates,
they make more poison . . . and so on.

But what starts the bloom in the first
place? A survev of the world map of
dinoflagellate outbreaks [left] suggests
a number of oceanographic factors. In

many coastal waters thev seem to be as-
sociated with the sulfacmg of concentra-
tions of nutrients, bv the upwelling of
ocean currents or bv tidal turbulence
(as in the Bay of Fundy). In other areas
(such as the Florida coast) blooms seem
to be set off by heavy rains on land. The
runoff from these rains washes down
phosphates from sewage or phosphate
rock and lowers the salinitv of the water.
(In the laboratory many dmoﬂagellates
do best in scmewhat diluted sea water.)
Quantities of vitamin B-12, which is es-
sential to dinoflagellate metabolism, may
also be washed into the ocean from the
soil and from salt marshes where it is
manufactured bv bacteria and blue-
green algae.

The prospect for restraining blooms
by removing essential nutrients from the
water seems poor. Vitamin B-12, for ex-
ample, could conceivably be cut down
by dumping carboys of B-12-destroying
bacteria in the water, but truly enormous
quantities of bacteria would be required
to make any impression on several hun-
dred square miles of ocean. Around the
Gulf Coast scientists of the U. S. Fish
and Wildlife Service have poisoned
flagellate-breeding lagoons with copper
sulfate, the standard inhibitor of algae
in reservoirs. But dinoflagellates also
abound in open water where poisons
rapidly become diluted. A more prom-
ising attack seems to be the encourage-
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ment of natural predators, the technique
which has so often been successful with
insect pests. Dinoflagellate blooms are
often succeeded by blooms of creatures
that prey on them, most conspicuously
the ciliate protozoa and, in warm waters,
the luminous, predatorv dinoflagellate
Noctiluca. But we still know next to
nothing about how to cultivate these
microscopic creatures.

The picture of dinoflagellates in their
natural habitat will soon be high-
lighted by study of these creatures in
the laboratory. By comparison with most
microorganisms that are cultured in
glassware, however, the dinoflagellates
are delicate wildflowers. Not only are
theyv extremely fragile, but each species
also requires just the right combination
of temperature, salinitv and light. More-
over, they are choosy in their nutritional
preferences. Differences as small as one
part per million in the concentrations of
trace elements such as iron, zinc, mag-
nesium, cobalt or copper can determine
whether a particular species will repro-
duce or not. The ecological requirements
of some species can scarcely be repro-
duced in the laboratory. Certain dino-
flagellates, for example, are adapted to
live in beach sand under the battering
of surf; in fact, different species are
adapted to different types of sand. Out
of the hundreds of known species only
18 have thus far been successfully cul-
tured.

The laboratory experience makes it
clear that each species is adapted to its
own narrow niche in the life of the
ocean. When conditions are just right
for a particular species, it blooms. In the
process it probably secretes substances
(distinct from its toxin) to inhibit the
growth of related species which might
otherwise flourish almost as well under
the same conditions. What these sub-
stances are we do not vet know. Once
thev are isolated and analyzed, how-
ever, it will be surprising if many of
them do not turn out to be valuable
additions to the pharmacopeia of anti-
biotics, enzvmes and other biologically
active substances.

ne of the most interesting results

from controlled culture of dino-
flagellates concerns vitamin B-12. This
compound, which alleviates pernicious
anemia in human beings and steps up
the growth of pigs and chickens, turns
out to be an especially critical factor in
the metabolism of dinoflagellates and
probably many other marine microor-
ganisms. The large and complex B-12
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MUSCLE FIBER”

o

NERVE-MUSCLE CONNECTION shows the actions of different nerve poisons. Botulinus
and dinoflagellate toxins (horizontal hatching) prevent the synaptic region from producing

acetylcholine, whjch acts on the end plate to make muscle contract. Curare (vertical hatch-
ing) blocks the nerve impulse by making the end plate less sensitive to acetylcholine.
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molecule is built around an atom of
cobalt, much as chlorophyll is built
around magnesium and hemoglobin
around iron [see “A Universal Molecule
of Living Matter,” page 77]. All three
compounds are brightly colored: B-12 is
a beautiful purple. Like hemoglobin, it
can exist in many forms. By hitching
different rings or chains of atoms to its
basic structure it can be converted into
pseudo-B-12s with similar but not iden-
tical properties. Some of these imitations
occur in nature, and many others can be
built in the laboratory. All these pseudo-
B-12s are worthless to human beings,
but many species of dinoflagellates ap-
pear to thrive as well on them as on the
genuine vitamin.

The importance of these cobalt-con-
taining compounds to marine microor-
ganisms suggests that their absence in
some oceanic regions may account for a
lack of productivity which cannot be
explained by shortages of other, more
easily measured nutrients. We know that
there are “cobalt deserts” on land where
livestock die for lack of this element in
the soil. Perhaps some deserts in the sea
have the same deficiency.

A technique for measuring precisely
the amount of B-12 present in ocean
water would obviously be useful to ma-
rine ecologists. At present, however,
there is no simple way to make such
measurement. In fresh water the alga
Euglena is a sensitive indicator. The rate
at which this microorganism multiplies
in a solution provides a quite accurate
estimate of the amount of vitamin pres-
ent. Unfortunately Euglena tolerates
salt poorly. An international race is now
on to discover an organism which can
measure B-12 in the ocean.

QOme of the complexities of dinoflagel-
%’ late ecology are suggested by the
epidemiology of fish poisoning suffered
by people in the Pacific region. Many
U. S. servicemen in that theater during
World War II were numbered among its
casualties; more recently it has assumed
the status of an indigenous public health
menace. The whole problem is enmeshed
in a tangle of fish, coral, symbiotic algae
and South Sea taboos which we are just
beginning to unravel.

Many species of fish implicated in
these poisonings are reef dwellers and
feed on the coral polyps whose skeletons
build the limy structures of the reefs. It
has long been known that some species
of coral are crammed with zooxanthellae,
symbiotic algae whose role in the coral’s
economy is still obscure. The very sim-
ple and generalized structure of these
microscopic symbionts makes them hard
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SYMBIOTIC ALGAE from jellyfish tissues are shown magnified about 3,000 times. Normally
they are simple, motionless cells (top), but when they are cultured in artificial media they
change into smaller, mobile dinoflagellates (bottom). While this species is not poisonous,
similar symbionts of coral polyps may be. Fish which feed on coral would then be poisonous.

to classify, but several investigators have
suggested that they might be dinoflagel-
lates in disguise.

Recently Paul A. Zahl and one of us
(McLaughlin), working at the Haskins
Laboratories, were able to isolate some
zooxanthellae from a jellyfish, some sea
anemones and corals. After trying hun-
dreds of permutations of nutrient media
we hit on several which suited the micro-
organisms. A few days after being placed
in these media the hitherto simple and
immobile cells changed their shape,
grew flagellae and began to swim about
[see illustrations above]. We were able
to identify them as the dinoflagel-
late Gymnodinium adriaticum. While
this particular symbiont dinoflagellate is
not poisonous, other symbiotic zooxan-
thellae may be, and fish which feed on
coral containing them would presumably
become poisonous in turn.

Another possibility is that free-living
rather than symbiotic dinoflagellates are
to blame. Certain winds may favor the
upwelling of fertile cold waters around
coral reefs, as they are known to do
along many continental coasts. These
upwellings might set off poisonous
blooms in the endemic dinoflagellate
population. The coral animals and shell-
fish which feed on dinoflagellates would
then pass their poison up the food chain
to fish and predators which feed on fish.
South Sea islanders have elaborate tabus
governing how and when reef-fish may
be eaten. A comparison of these tabus
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with hydrographic data might yield in-
teresting results.

The sinister role played by poisonous
dinoflagellates can too easily obscure the
usefulness of their harmless relatives.
One of the main aims of laboratory work
with marine microorganisms is to learn
how to produce desirable species in
quantity for feeding to commercial fish
and shellfish. The Japanese are already
raising young oysters in great concrete
tanks containing decaying eel-grass, bac-
teria and brown flagellates (predatory
microorganisms allied to the dinoflagel-
lates). The bacteria feed on the eel-
grass, the flagellates on the bacteria, and
the oyster spat on the flagellates. As the
oysters grow bigger they are transferred
to beds in shallow water off the coast,
where this intensive feeding is contin-
ued. Researches along similar lines are
reaching the pilot-plant stage in Great
Britain and the U. S.

Dinoﬂagellates and the other marine

microorganisms which use chloro-
phyll to bind the sun’s energy into proto-
plasm have been called the grass of the
sea. They are the pasture on which all
other marine life ultimately depends. As
we learn more about the conditions un-
der which they flourish, we should some
day be able, not only to prevent poison-
ous tides, but to set off nutritious tides,
cultivating the sea as we now do the
land and producing more food for our

hungry planet.



THE INSIDE STORY...rings that

This control cylinder, nested against a flam-
ing turbojet engine, must handle hydraulic
fluids at 350°F. and 3000 psi pressure.
Wanted: piston rings that will operate with-
out lubrication inside the seething-hot tube.

Rings made of filled TFE-fluorocarbon
resins provide the answer, because TFE
resins perform flawlessly at a continuous
500°F. Their coefficient of friction is lower
than that of any other solid material, includ-
ing lubricants such as graphite and molyb-
denum disulphide. They are among the most

QP> TEFLON

BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY
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Piston Rings of TFE-fluorocarbon resin are used in control cylinder which regulates jet afterburner. (Rings by Koppers Company, Inc., Metal Products Division, Baltimore, Md.)

help throttle a fiery jet

chemically inert substances known toscience.

TFE resins may provide the opening
wedge to expanded operations in your scien-
tific or business future. If you want the inside
story on these Du Pont resins—with interest-
ing facts on their molecular structure and
useful properties—write to: E. I. du Pont
de Nemours & Co. (Inc.), Polychemicals
Department, Room 388, Du Pont Building,
Wilmington 98, Delaware. In Canada:
Du Pont Company of Canada (1956) Limited,
P. 0. Box 660, Montreal, Quebec.

TEFLON is Du Pont’s registered trademark for its
fluorocarbon resins, including the TFE (tetrafluoro-
ethylene) resins discussed herein.




Study at home

with the

TUNIVERSITY
of CEHHICAGO

Ambitious? Share the resources of the
University, WHEREVER YOU ARE, to achieve
your intellectual ambitions . . . whatever they
are: write a better report, increase your skill
with people, invest your money more wisely,
learn statistics, increase your understanding
of Aristotle's philosophy or of modern art.

For the mature mind . . . consider the
advantages of using your leisure creatively
—a life-long investment in intellectual self-
improvement, through our unique Home-
Study curriculum FOR ADULTS—in all, 150
courses in Mathematics, Statistics, Psychology,
Human Relations, Creative Writing, Astron-
omy, Archeology, Semantics, World Affairs,
Geography, and other fields.

Individual instruction . enjoy a
stimulating conversation-by-mail with a Uni-
versity instructor. Begin at any time . . . study
at your convenience, AT HOME . earn
academic credit. For full information, write
for the Home-Study ANNOUNCEMENTS; no
obligation, of course.

The Home-Study Dept.

UNIVERSITY of CHICAGO
Box SA-88 Chicago 37, III.

4

Associate Membership

in the

AMERICAN MUSEUM
OF NATURAL HISTORY

Membership in the AMERICAN MU-
SEUM—a national asset in which every
American can take pride—brings vou
and your family the cultural and edu-
cational benefits of a world-famous
center of learning devoted to man’s
bhetter appreciation of the world in
which he lives.

Your Membership brings the Mu-
seum to you, wherever you arve, and in-
cludes among other privileges a sub-
scription to  Natural History, the
Museum’s colorful magazine of won-
ders in science, exploration and nature.
Your Membership also helps advance
the Museum’s continuing program of
scientific research, world-wide expedi-
tions, publications. conservation edu-
cation, Museum-school programs and
other activities.

Associate Membership dues are only
$s annually. If you and your family
‘would enjoy participation in this dis-
tinguished program, you are invited to
write today to Dr. William A. Burns,
Membership Secretary.

THE AMERICAN MUSEUM OF NATURAL HISTORY
Central Park West at 79th St., N. Y. 24, N. Y.
Alexander M. \White, PRES. Albert E. Parr, DIR.
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MATHEMATICAL GAMES

A third collection

of “brain-teasers’

by Martin Gardner

n the 18 months since this depart-
ment was inaugurated, it has pre-
sented two collections of mathe-

matical “brain-teasers.” Here is the
third. None of these problems requires
advanced mathematics for its solution,
although the reader will find it easier to
compute the survival chances of the
three duelists in the final problem if he
is familiar with the theory of probability.
The answers will be given next month.

1.

Two identical bolts are placed to-
gether so that their helical grooves in-
termesh [illustration at the bottom of
this page]. If you move the bolts around
each other as you would twiddle your
thumbs, holding each bolt firmly by the
head so that it does not rotate, will the
heads (a) move inward, (b) move out-
ward or (c¢) remain the same distance
from each other? The problem should
of course be solved without resorting to
actual test.

2

A group of airplanes is based on a
small island. The tank of each plane
holds just enough fuel to take it half-
way around the world. Any desired
amount of fuel can be transferred from
the tank of one i)lane to the tank of an-

other while the planes are in flight. The
only source of fuel is on the island, and
for the purposes of the problem it is as-
sumed that there is no time lost in re-
fueling either in the air or on the ground.
What is the smallest number of planes
that will insure the flight of one plane
around the world on a great circle, as-
suming that the planes have the same
constant ground speed and rate of fuel
consumption and that all planes return
safely to their island base?

3.

What is the radius of the largest cir-
cle that can be drawn entirely on the
black squares of a chessboard with
squares that are two inches on a side?

A

4.

Many old puzzle books explain how
a cork can be carved to fit snugly into
square, circular and triangular holes [il-
lustration at bottom of page 102]. An
interesting problem is to find the volume
of the cork plug. Assume that it has a
circular base with a radius of one unit,
a height of two units, and a straight top
edge of two units that is directly above
and parallel to a diameter of the base.
The surface is such that all vertical cross
sections which are made perpendicular
to the top edge are triangles. The plug’s
volume can of course be determined by
calculus, but there is a simple and ele-
gant way to find it with little more in-
formation than knowing that the volume

Puzzle 1
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YORKTOWN RESEARCH CENTER,

Resolving deadlock situations

Deadlock in stored program computer systems has re-
cently been investigated at the IBM Yorktown Research
Center. A tvpical deadlock situation might occur, let us
assume, if Program A removes Record I from storage and
finds it needs Record II. By chance, Program B operating
concurrently, simultaneously removes Record II from stor-
age and finds it needs the Record I which is being held by
Program A. Program A now waits for Record II to be re-
turned to storage while Program B waits for Record I.
A deadlock exists—both programs would wait forever.

A deadlock detection technique is used to avoid this
situation. The computer keeps a “facility status table”
up to date showing the programs currently holding or

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

requiring storage facilities and the facilities they hold or
require. By means of a supervisory program, this table is
subjected to a reduction process that eliminates all pro-
grams and facilities except those in deadlock. Analysis by
a tracing process determines the optimum means of
breaking the deadlock. This is accomplished by depriv-
ing one program of a facility needed by another program
and allowing one of the programs to resume operations
by using the released facility.

Studies in programing techniques are part of basic
research in computer technology at IBM. It is hoped that
solving the program deadlock situation will lead to easier
and more automatic programing methods.

IBM SN
R

International Business Machines Corporation, Dept. 659T, 590 Madison Avenue, New York 22, New York.
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ENGINEERS
SCIENTISTS

advanced

missile
and space

vehicle engineering

A few high-level opportunities with
Missile & Ordnance Systems Dept.
of General Electric

TRANSDUCER AND SENSING
SYSTEMS ENGINEER

Physics degree preferred; 3 to 7
years’ experience in design of air-
borne transducers.

Design unique transducers such
as infrared attitude sensors, cosmic
ray sensors, biophysical measuring
devices, micrometeorite erosion de-
tectors, etc.

PHYSICIST ...
AEROSCIENCE LABORATORY

MS degree plus 5 to 8 years’ experi-
ence.

Investigate solid state phenomena
and shock hydro-dynamics asso-
ciated with development of struc-
tures for hypersonic vehicles.

RADIATION ENGINEER
NOSE CONE DEVELOPMENT

PhD in Physics, plus 8 to 10 years’
experience in radiation analysis and
advanced systems R&D ; knowledge
of space-motion problems and iner-
tial systems and/or components de-
sirable.

Integrate R&D studies for elec-
tronic, optical, and infrared systems
applicable to advanced missiles and
space vehicles.

The major technical programs at
MOSD are carried on under long-
term prime development contracts.
The climate here is one of scientific
curiosity pursued under ideal labo-
ratory conditions.

All resumes will be carefully re-
viewed by the MANAGERS of our
various technical components. If
qualified, you will be invited to
visit our offices and discuss the work
we are doing directly with the man-
ager with whom you would be work-
ing. All communications will be
entirely confidential. (You need not
reveal the name of your present
employer.)

Please send your
resume to:

Mr. Richard Eddy,
Div. 55-MT
MISSILE & ORDNANCE SYSTEMS DEPARTMENT

GENERAL @D ELECTRIC

3198 Chestnut Street
Philadelphia 4, Pa.

102

of a right circular cylinder is the area of
its base times its altitude.

5%

An amusing parlor trick is performed
as follows. Ask spectator A to jot down
any three-digit number, and then to re-
peat the digits in the same order to make

| asix-digit number (e.g., 394,394). With

your back turned so that you cannot see
the number, ask A to pass the sheet of
paper to spectator B, who is requested to
divide the number by 7.

“Don’t worry about the remainder,”
you tell him, “because there won’t be
any.” B is surprised to discover that you
are right (e.g., 394,394 divided by 7 is
56,342). Without telling you the result,
he passes it on to spectator C, who is told
to divide it by 11. Once again you state
that there will be no remainder, and this

also proves correct (56,342 divided by
11 is 5,122).

With your back still turned, and no
knowledge whatever of the figures ob-
tained by these computations, you direct
a fourth spectator, D, to divide the last
result by 13. Again the division comes
out even (5,122 divided by 13 is 394).
This final result is written on a slip of
paper which is folded and handed to
you. Without opening it you pass it on
to spectator A.

“Open this,” you tell him, “and you
will find your original three-digit num-
ber.” Prove that the trick cannot fail to
work regardless of the digits chosen by
the first spectator.

6.

Two missiles speed directly toward
each other, one at 9,000 miles per hour

Puzzle 4
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surface-air
time-division

ATA LINA

Developed and produced by Radio Corporation
of America for the U.S. Air Force, the Time-
Division Data Link system employs digital
transmission for the transfer of control informa-
tion between ground environments and airborne
systems. The use of digital techniques of high-
speed computers brings the concept of automa-
tion to the field of communications and guidance

Tmk(s) ®

of airborne weapons systems. Applications of
the system are: ground controlled intercept, mis-
sile gurdance and control, return to base, en route
awr traffic control, automatic landing systems,
tactical support. This new RCA development
is compatible with NATO Data Transmission
Specifications, and is of important significance
both to military and civilian flying.

RADIO CORPORATION of AMERICA

DEFENSE ELECTRONIC PRODUCTS
CAMDEN, N. J.
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SENIOR
STAFF
OPENINGS
IN
GAS DYNAMICS
RESEARCH

P -
P o o o

The Boeing Scientific Research Labo-
ratories offer scientists and engineers
an outstanding opportunity to con-
duct basic, long-range research in an
environment of scientific freedom.
Programs afford research scientists
and engineers the latitude and inde-
pendence needed to achieve and main-
tain leadership in their special fields.

Important staff positions are now
open in the Gas Dynamics Labora-
tory, for:

Aeronautical Scientists
Electrical and
Electronic Engineers
Physicists
Physical Chemists
and others with B.S., M.S,, and Ph.D. |

degrees, to work in such areas of in-
vestigation as

Re-Entry

Hypervelocity Flight
Rarefied Gas Dynamics
Magnetohydrodynamics
High Temperature Reactions
Propulsion Dynamics

Salary will be commensurate with
your education and experience back-
ground. For immediate response, ad-
dress your inquiry to the attention of
Dr. Yusuf A. Yoler,

c/o Mr. Stanley M. Little
Dept. BG-1, P. 0. Box 3822
Boeing Airplane Company

Seattle 24, Washington

BOEING
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Puzzle 7

and the other at 21,000 miles per hour.
They start 1,317 miles apart. Without
using pencil and paper, calculate how

far apart they are one minute before they
collide.

7.

Six pennies are arranged on a flat sur-
face as shown in the top illustration
above. The problem is to move them into
the formation depicted at bottom in the
smallest number of moves. Each move
consists in sliding a penny, without dis-
turbing any of the other pennies, to a
new position in which it touches two
others. The coins must remain flat on
the surface at all times.

[0
O.

Prove that at a recent convention of
biophysicists the number of scientists in
attendance who shook hands an odd
number of times is even. The same prob-
lem can be expressed graphically as fol-
lows. Put as many dots (biophysicists)
as you wish on a sheet of paper. Draw
as many lines (handshakes) as you wish
from any dot to any other dot. A dot can
“shake hands” as often as you please, or
not at all. Prove that the number of dots

© 1958 SCIENTIFIC AMERICAN, INC

with an odd number of lines joining them
is even.

9.

Smith, Brown and Jones agree to
fight a. pistol duel under the following
unusual conditions. After drawing lots
to determine who fires first, second and
third, they take their places at the cor-
ners of an equilateral triangle. It is
agreed that they will fire single shots in
turn and continue in the same cyclic
order until two of them are dead. At
each turn the man who is firing may aim
wherever he pleases. All three duelists
know that Smith always hits his target,
Brown is 80 per cent accurate and Jones
is 50 per cent accurate. Assuming that
all three adopt the best strategy, and
that no one is killed by a wild shot not
intended for him, who has the best
chance to survive? A more difficult ques-
tion: What are the exact survival prob-
abilities of the three men?

Est month a game with a single die was

described in this department. The
die is first rolled, then players alternate
in giving it a quarter-turn, keeping a
running total of points until a player
wins by reaching an agreed-upon goal
or forcing his opponent to go above it.
A chart was promised [see illustration
below] that would show the winning
first rolls for the nine possible digital
roots of the goal.

As the chart indicates, if the first
player is permitted to choose the goal,
he should pick a number with a digital
root of 7. It is the only root that has three
winning rolls, giving the first player a
chance of 1/2 to win if he and his oppo-
nent play the best possible game.

DIGITAL ROOT WINNING FIRST ROLLS

OF GOAL OF DIE
1 1S
2 2,3
3 3,4
4 4
5 ) 5
6 3,6
7 2,3 4
8 4
9 NONE

The answer to last month’s problem



OF A SERIES

Automatic camshaft assembly machine assures
bearing surfaces so perfect that every Oldsmobile
camshaft can be turned by hand.

Installing a camshaft in an engine is like threading a
needle. In the hand assembly of this critical part, the cam
lobes often score the bearing surfaces. This results in high
friction that will ‘freeze’ a camshaft so that it can be very
difficult to turn manually. Olds engineers, however, have
developed the only automatic camshaft assembly machine
in existence. It installs camshafts so precisely that every
one can easily be rotated by hand . . . a guarantee of un-
marred cam lobes, less friction and longer bearing life!

To go one step further in eliminating any possibility of
damaged cam lobes and journals, all handling is done
entirely by mechanical means. After grinding, polishing
and washing, camshafts are fed by conveyor to the installa-

BEARINGS SO PERFECT YOU CAN

‘““ROLL YOUR OWN"’

tion machine and mechanically loaded. As the camshaft is
properly installed and located in the engine block, a uni-
form protective coating of oil is applied for proper lubri-
cation before the engine is ever started. So precise is this
machine that cam bearings are never touched by the lobes
or journals passing through even though clearances are as
low as 0.0015 inches.

Attention to small, frequently hidden details is the true
mark of quality craftsmanship. At Oldsmobile, quality is
not “What will pass?”, but rather, “Is this the best way
to build automobiles?”. It is this search for better ways
to make better automobiles that makes Oldsmobile dis-
tinctive—a car in a class by itself. Discover the difference
for yourself. Your friendly Oldsmobile Quality Dealer has
a test drive reserved especially for you.
OLDSMOBILE DIVISION, GENERAL MOTORS CORP.

‘ Camshaft is rotated and
lubricated as it automatically
slides into engine block.

Scarred lobe on camshaft
indicates scored bearing and
may result in shorter cam-
shaft and bearing life.

OLDSMOBILE)

_

Pioneer in Progressive Engineering
...Famous for Quality Manufacturing
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It takes brains...

to guide a missile . . . mechanical brains,
that is, like this tough but tiny .amsne
digital computer module. 4ms74 has put
a great many brains to work designing a
fully transistorized and miniaturized digi-
tal computer, a critical part of amsza’s
all-inertial guidance system for the Air
Force ICBM Program.

More brains, the human kind, are now needed for amsr4a’s
inertial role in the Air Force ICBM Program. Specialized
senior engineering and technical management positions
with excellent growth potential are now available. Write
to amaza . . . Professional Personnel, Garden City, N. Y.
Prompt, convenient, confidential interviews.

AMERICAN BOSCH ARMA CORPORATION
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Conducted by C. L. Stong

espite their fascination with sci-
D ence, many amateur scientists
shudder at the thought of having
to use mathematics. When they encoun-
ter a problem which is essentially mathe-
matical, they will sometimes go to great
lengths to devise a solution which they
firmly believe is nonmathematical. For
example, amateurs have been known to
invent remarkably ingenious methods,
apparently involving no advanced math-
ematics, to determine the area of a flat
surface with an irregular boundary.

F. W. Niedenfuhr of the Ohio State
University writes to this department: “It
may come to these people as something
of a surprise to learn that they are skat-
ing dangerously close to the edge of in-
tegral calculus.

“Integral calculus is not nearly so
formidable as it sounds. It is a study, at
least in part, of the problem of measur-
ing area. In view of the fun that can be
got out of mathematics, and of the un-
derstanding of advanced work in science
which it can afford, it is unfortunate that
more amateurs do not devote some of
their time to the subject. Experiments
with problems of area can make an in-
teresting starting point. I will give an
example of a difficult problem later on,
but first let us look into an easier case.

“Imagine that we have drawn a sim-
ple closed curve on a sheet of writing
paper. (Simple means that the curve
does not cross itself.) This curve marks
out an area on our paper. How many
ways can you think of to find this area?

“The problem is interesting to me be-
cause I like to watch the ways in which
students at various stages of sophistica-
tion attempt to solve it. A third-year col-
lege student may begin by trying to
write the equations of the curve. A ma-
ture mathematician” will ask: ‘How ac-
curately do you want to know the area?

“ THE AMATELR SCIENTIS]

An excursion into the problem

()f measuring irregular areas

A graduate student in mathematics will
sometimes protest that he is not sure
he understands the problem, and that
anyway it probably cannot be solved.
An engineer may admit that he once
knew how to find the area but has
now forgotten, or he may produce a ma-
chine called a planimeter and proceed
to measure the area for you. Usually he
will not know why this machine works,
but he is pretty sure that it does. But
don’t press the poor fellow—he has an-
other job to do.

“I saw a very clever (and most sig-
nificant) solution to this problem at a
model-airplane meet some years ago.
The contest rules required that the mod-
els have a fuselage whose cross-sectional
area was not less than a certain mini-
mum. This area was easy to check in
the good old days when all the models
had rectangular cross sections, but with
the advent of more streamlined shapes
the judges began to have trouble making
sure that the rules were being followed.
They finally decided to find the required
area by first having an accurate drawing
of it, and then cutting out the drawing
and weighing it. Since the weight per
unit area of the paper was known, the
area of the cut-out drawing was easy to
obtain. Now this solution to the area
problem is a splendid example of applied
integral calculus. It is a little surprising,
then, that people who have actually
studied calculus will laugh at the meth-
od, or dismiss it as impractical. Yet when
an accurate balance or scale is at hand
it is the quickest way to determine an
area. (How many ways can you think
of for improvising a balance to ‘weigh
areas’?)

“Another obvious way to find an area
is to draw the figure on graph paper and
count the number of little squares in-
side the simple closed curve. Then if we
know the area of each square we find
the total area by multiplying the area
per square by the number of squares en-
closed by the curve. Of course near the
edges of the figure we will have to count
partial squares, and some error will be
introduced each time we estimate the
size of such a square. But the total error
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will generally be small for two reasons.
First, we will sometimes overestimate
and sometimes underestimate the area
of a partial square, and our errors from
this source will tend to cancel out. Sec-
ond, the human eye is an excellent judge
of the relative sizes of small areas. This
process is not so tedious as might be
imagined, because on the interior of the
figure we can count great blocks of
squares at once, rather than each square
individually. I find that making drawings
on 8%X11-inch paper with quarter-inch
squares printed on it provides excel-
lent accuracy and is not too time-con-
suming.

“A variation on the system of count-
ing squares is the Monte Carlo method.
You might like to try this one experi-
mentally. Draw the area on a piece of
paper again, and put your finger down
at random. One of four things will hap-
pen: (1) yow finger will come down on
the paper inside the unknown area, (2)
it will come down outside the area, (3)
it will come down on the boundary of
tl e area, or (4) it will miss the paper
entirely. Now on a separate tally sheet
keep track of the results as follows: In
the first case (your finger lands inside
the area) write ‘Yes’ on the tally sheet.
In the second case write No’ on the
sheet. In the third and fourth cases do
not write on the sheet at all. After a
large number of tallies have been made
you can find the unknown area by mul-
tiplying the total area of the paper by
the number of ‘Yes’ tallies divided by
the number of ‘No’ tallies. The accuracy
of the answer will depend on two things.
First, the number of tallies must be
large; second, you must put your finger
down in a random manner each time.
Obviously if you always put your finger
down outside the given area, you would
have no ‘Yes™ tallies, and the formula
given above would indicate that the un-
known area is zero.

“Pursued by hand, the Monte Carlo
method will only lead to bruised thumbs
and poor estimates of the area, but it
does appear to be a useful method when
automatic machines can be devised to
make and record a large number of tal-
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lies. Machines have been constructed
which integrate (calculate areas) by
this method, but they are handicapped
by the difficulty of providing random
numbers which tell the machine how to
‘put its finger down.” Any mechanical
device to produce random numbers will
be subject to wear, and this wear intro-
duces a bias in favor of a particular num-
ber. For a time it was thought that the
sequence of digits in pi (3.14159...)
would be random, but this is not the
case. There still is no completely satis-
factory way to produce random num-
bers. In spite of this practical difficulty,
the Monte Carlo method of integration
holds great promise.

“There is still another way in which
the original problem can be solved. Sup-
pose our unknown area has been divided
up into a large number of narrow strips
by equally spaced vertical lines drawn
on the paper [Figure 1]. By itself each
strip differs little from a long, narrow
rectangle. Suppose we have numbered
each strip for identification purposes and
measured its length. If the lengths of the
strips are Ly, Ly, Ly and so on, the fol-
lowing is an obvious formula for the

area:

b

\KJ/

Figure 1

Figure 2
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Area = (Ly + Ly + L;...) X B

“B is the width of the strips. Now the
ends of each strip will not be rectangular
but tapered or cut on the bias. If a strip
is rather wide, you may have difficulty
in deciding its length, and the accuracy
of the final result will depend on how
well you define the length of each strip.
If the strips are narrow, however, it will
be easy to decide the length. Imagine,
for instance, that each strip is as narrow
as the thickness of the paper. If the
strips were literally cut apart, we could
measure the length of a number of
threads. This would be tedious but not
difficult. Thus the accuracy of the formu-
la increases as B becomes very small,
and as the number of strips increases.
The ‘fundamental theorem’ of integral
calculus is based on this formula.

“The area given by the formula will
not be changed if the strips are moved
with respect to one another. This ex-
plains why the areas of the parallelogram
and the rectangle in the accompanying
illustration [Figure 2] are the same. The
parallelogram is just the rectangle with
its strips pushed over a little. The push-
ing process does not change either the
length or width of a strip.

“Another process for finding areas is
to divide the unknown area into a large
number of triangles, find the area of each
triangle, and add up the areas. We split
the area by drawing rays, each of which
has the same angular relationship to the
others [Figure 3]. Now look at a typical
element of this area [Figure 4]. Let C be
the center of AB, and R be the distance
from O to C. Imagine that we swing an
arc of radius R (OC) between the lines
OA and OB. If the angle AOB is very
small, this arc will appear to be practical-
ly a straight line of length W. The area of
the triangle is then one-half R X W.

“If the angle AOB is denoted by the
symbol (dg), you see that the two
lengths R and W determine the angle. In
fact, we may say by definition that
(dp)=W/R. You are familiar with
measuring angles in degrees, but this
new method of measuring angles is
generally more useful in mathematics.
The units of this measurement are called
‘radians.” For instance, if in the above
example R = 3 inches and W = .3 inch,
then (d¢) is an angle of .1 radian, which
is equivalent to just under six degrees.
Measurement of larger angles in radians
muy be done by drawing a circular sector
[Figure 5]. Let R be the radius of the
sector, and L be the length of the arc.
The angle ¢, expressed in radians, is
¢ = L/R. If we keep increasing the
angle ¢, the sector opens up into a
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Figure 4

Figure 5

Figure6

circle [Figure 6], and the angle ¢ be-
comes 360 degrees. How many radians
is this? The ‘arc length’ L has become
equal to the circumference of the circle,
which is 27R. Then ¢ = L/R = 2=R/R
= 27. Thus 27 radians equals 360
degrees. The advantage of using the
radian measure for angles lies in
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MEASURING NUCLEAR PROPERTIES
BY MOLECULAR BEAM TECHNIQUES

Nuclear theories are in the realm of idle speculation unless physicists are given the
opportunity to compare the predicted results with experiment. Molecular beam techniques
are one of the methods used at Argonne for investigating the properties of radioactive
nuclei. These provide tests for present theory and guideposts for the future.

Staff Positions Available For Qualified:
PHYSICISTS * CHEMISTS » PHYSICAL METALLURGISTS * CHEMICAL ENGINEERS * METALLURGICAL

ENGINEERS * MECHANICAL ENGINEERS * ELECTRICAL ENGINEERS * TECHNICAL WR”;‘y

NATIONAL LABORATORY

Operated by the University of Chicago under
contract with the United States Atomic Energy Commission.

PROFESSIONAL PERSONNEL OFFICE
P.O. BOX 299-C1 : LEMONT, ILLINOIS

© 1958 SCIENTIFIC AMERICAN, INC



the fact that if we say ‘angle equals
arc length over radius,” we may also say
‘arc length equals angle times radius.’
“Back to our little triangle. Since
(dg¢) = W/R, or W = R(dp), the area
of the little triangle is % RW = % R2
(dg). Let Ry, Ry, R, . . . be the radii of
the small triangular ‘slices” of the big
area. Then, since each ‘slice’ has the
same central angle (d¢), the big area is
given by the formula:
A=% (R + R +

Ra=5.5) [(!'q'f

“This represents the sum of the areas
of the little triangles. This formula too

point B moves
on this civcle

Figure 9
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is veryv close to a calculus formula. Its
accuracy will increase as (d¢) decreases
and the number of terms increases.

“You now have enough information to
build a machine to measure areas (a
planimeter). Imagine a straight bar
which serves as the axle of a knife-edged
wheel [Figure 7]. Now imagine that this
bar moves a small amount parallel to the
plane of the paper, while the wheel rolls
and slides on the paper. Let the bar
move from BC to B'C’ [Figure 8]. This
motion could be accomplished by first
moving the bar parallel to itself from BC
to B’C” and then rotating it about B’ until
it reaches B’C’. How far would the wheel
roll during this motion? In moving from
BC to B'C”, the wheel rolls (and slides
sideways a little) a distance (ds), and
in moving from B’C” to B’C” the wheel
rolls a distance a(d¢) . [Here again (d¢)
is measured in radians, and is a small
angle.] So the total distance the wheel
rolls is (dp), where (dp) = (ds) +
a(de).

“What area did the bar sweep out? In
moving from BC to B’C” the area cov-
ered was L(ds), and in moving from
B’C” to B'C’ the area covered was %
L?(dg), so if the total area swept out is
called (dA):

(dA) = L(ds) + % L*(d¢)
“Combining the last two equations:

(dA) = L(dp) — La(dg) + %L2(dg)
= L(dp) + (%L? — La) (d¢)

“Now you should know, if you have
not already guessed, that in the notation
of calculus if x is any quantity, the sym-
bol (dx) stands for a little bit of x. For
instance, if A is an area, (dA) is a very
small ‘slice’ of that area. If p is a distance,
(dp) is a short step along the way.

“Having mastered this much calculus,
we may now play a trick on our little
wheel and axle—or tracer arm, as it is
properly called. We attach another bar
to it at point B. This second bar is called
a polar arm. The polar arm has one end
hinged to the tracer arm at B, and one
end fixed (but free to pivot) at point O
[Figure 9].

“Now trace around the circumference
of an area with the tracer point C. The
area swept out by BC will be the area we
are attempting to measure plus the area
hatched in the illustration. But the
hatched area will be covered twice, once
with the wheel rolling forward and once
with the wheel rolling backward, so it
cancels out. If we consider the total
area swept out by the tracer arm as
being the sum of a large number of very
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small areas (dA), as described above,
we may write:

A= (dA), + (dA)y + (dA); + ...
=L[(dp); + (dp)s + ...]+
2 —La) [(dg); + (dg)s + ...]

“Now we must interpret each of these
sums. The total distance (p) through
which the wheel rolled is:

p=1[(dp), + (dp)s + ...]

“The total angle through which the
tracer arm BC turned is:

P = [(dCP)l + (dip)z + ...

“But since the polar arm forced the
tracer arm to return to its exact starting
point, the total angle turned is zero.
Thus A = Lp (p, again, is the distance
the wheel rolled ). This is easily obtained
from scale markings on the rim of the
wheel.

“The little instrument we have been
discussing is called a polar planimeter
[Figure 10]. There are several models
on the market—all rather expensive for
beginners, I fear. You can have more
fun constructing your own. An accurate
polar planimeter is a precision machine.
If you are not quite up to fine mechani-
cal work, there is another way out. Your
pocket knife can be used as a satisfac-
tory, if approximate, planimeter. Open
both blades as shown in the accompany-
ing drawing [Figure 11]. Make sure that
blade B makes contact on the cutting
edge, and that blade C makes contact
at its point when the opened knife is
held upright on a table. Determine the
distance L.

“Now pick an area to be measured.
The longest diameter of the area should
be considerably shorter than L; say, no
more than half as long. Locate the center
of the area approximately. Draw a
straight line (to be used as a reference
line) outward from the center of area
[Figure 12]. Now hold the knife so that
point C is at the center of area, and B is
on the reference line. Holding blade C,
push the knife along the reference line
until the point of C is on the boundary
of the curve. Then, keeping the knife up-
right, guide point C completely around
the area, tracing out the boundary line,
and finally pull it back to the center.
Meantime the supporting blade B will
have been riding freely on the paper.
When you return to the starting position,
blade B will no longer be on the refer-
ence line, and the line of the knife, BC,
will make an angle with the reference
line. Call this angle ¢ (measured in radi-



GET READY FOR THE SPACE ERA! SEE THE SATELLITES .

. THE MOON ROCKETS

“UNUSUAL TELESCOPE BUYS
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War Surplus American-Made
M 7x50 BINOCULARS

Brand new! Crystal clear
power. Every optical ele-
An excellent night

recommended  for
satellite viewing. Individual eye focus.

Big ~dv1ngs
viewing—7

Exit pupil 7mm. Approx. field at
1,000 yds. is 376 ft. Carrying case
included. American 7 x 50’s nor-

mally cost $195. Our war surplus price saves you real money.

Stock No. 1533-S......ccccevvnnninnnnd only $55.00 pstpd.

(Tax included)
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F/11 mlrror corrected to better than 4"

AND OTHER OPTICAL BARGAINS

ASTRONOMICAL TELESCOPE
MT. PALOMAR TYPE onLY

'l/ i
4
UP TO 270 POWER $7450
A REAL REFLECTOR TELESCOPE
Complete with Equatorial Mount, Tripod COMPLETE
double stars, or a

With this scope you can see the craters on the moon, rings of Saturn,
newspaper headline at a mile! Mirror guaranteed to give theoretical limit of resolution.
6X Finder. Rack and pin foe 1g, removahle mirror mount, real equatorial mounting—
only one adjustment follow: ars! Aluminum tube—takes standard eyepieces. You get
40X Kellner, %" TF. L. eyepiece, one Barlow lens to give you up to 270 Iower.

wavelength.
$74.50 f.0.b. Barrington, N. J.

Stock 185

DIRECT
IiE MEASURING
. OCKET
. MICROSCOPE
L «+ —50 POWER

No larger than an ordinary fountain pen, this handy pocket
instrument is ideal for making direct reading measure-
ments; for checking small parts and dimensions under
powerful magnification. Speeds up quality control. Instru-
ment contains a precision, glass etched reticle calibrated for
measurements up to 1/10” by .001"” divisions. Estimates to
[0005” can easily be made. Chrome reflector at base of in-
strument reflects light on object examined or measured.
Sturdy construction ass long, useful service.

Stock No. 30,225-S. ..$7.95 Postpaid
[ ——— o,
Take Telephoto

Shots Thru

7 x 50
MONOCULAR

This is fine quality, American made instrument—war
surplus! Actually % of U.S. Gort. 7 x 50 Binocular. Used
for general observation both day and night and to take
fascinating telephoto shots with your camera. Brand new.
$95 value. Due to Japanese competition we close these out
at a bargain price. Directions and mounting hints included.

Stock No. 50,003-S $15.00 Pstpd.

INFRARED SNIPERSCOPE
TELESCOPE & PARTS

See in the dark—without being ob-
served. War Surplus Sniperscope
M-2, contains the famous IP25A
image tube. Gov’t cost about $1200.
Instrument complete, ready to use.
Includes Power Pack, infrared light
source. Will operate from 6 V auto
ha;ler)a Battery or transformer avail-
able.

Stock No. 85,053-5..$150.00 fob.
Save still more money! Build your
own Sniperscope! We will furnish in-
structions—parts, including: Power
Packs, IP25A image tubes, light units, filters, etc. For de-
lallSVrequest FREE calalog 8.

NEW! STATIC ELECTRICITY

See a thrilling spark display as you
set off a miniature bolt of lightning.

Absolutelysafeand harmless. Sturdi-

ly made—stands 14” high. Turn the
handle and two 9” plastic discs ro-
tate in opposite directions. Metal
collector brushes pick up the static
electricity, store it in the Leyden
jar type condenser until discharged
by the jumping spark. Countless
tricks and experiments. 24 page
instruction booklet included.

..$10.95 Postpaid

BUILD A SOLAR
ENERGY FURNACE

Good Geophysical Year Project
A fascinating new field. You can
build your own Solar Furnace for
experimentation—many practical
uses. It’s easy—inexpensive—use
your scrap wood. We furnish in-
struction booklet. This sun pow-
ered furnace will generate terrific heat 2000° to
3000°. Fuses enamel to metal—produces many un-
usual fusing effects. Sets paper aflame in seconds.
Use our Fresnel Lens—143,"” diameter . . . f.1. 14",

Stock No. 70,130-S package of 1........ $ 6.00 Postpaid
Stock No. 70,131-S package of 2....... 11.00 Postpaid

snooping.

ORDER BY STOCK NUMBER

+SEND CHECK OR MONEY ORDER .

EDMUND SCIENTIFIC €O..BARRINGTON, NEW JERSEY
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Fine, American-Made Instrument at Over 50% Saving

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE

GRIND YOUR OWN ASTRONOMICAL MIRROR
Complete Kits Including Blank, Tool and Abrasives

All over America amateurs are grinding thei:
own mirrors and making expensive Telescopes
cheaply. You can do the same using our Kits.
These contain mirror blank, tool,
diagonal mirror and eyepiece lenses.
build instruments ranging
$75.00 to thousands of dollars.

Mew! 2 In 1| Combination! Pockef-Size

50 POWER MICROSCOPE
and 10 POWER TELESCOPE

T

ppd scope is wer. Micro-
scope maunifies 50 Times. Sharp Binoculars, Infrared Snip-

focus at any range. Handy
looking at small objects, just plain

Order Stock #30,059-S.
Send Check or

Satilaction Guarantesd’

See the Stars, Moon, Planets Close Up!
3" ASTRONOMICAL REFLECTING TELESCOPE
60 to 160 Power—An Unusual Buy!

Famous Mt. Palomar Type
the

ASSEMBLED
AND
READY TO USE!

You'll tihe

see Rings of Saturn, fascinating planct Mars,
buge craters on the Moon, Star’ Clusters, Moons of Jupiter in
detail, Galaxies! E quatorial mount with lock on. both

Aluminized and overcoated
Telescope comes equipped with
Barlow len:, giving you 60 to
Telescope, always so essential,
wood, portable tripod.
Free with scope: Valuable STAR CHART
and 272 page ‘‘Astronomy Book.’

Stock No. 85,050-S $29.50 f.0.b.

{Shipping wt. 10 Ibs.) Barrington, N. J.

3” diameter high-speed f/10 mvr
a 60X eyepiece and a m

160 power. An Optical
is also included. Sturdy.

h our Astr

1 student

f SALE! Terrific WAR SURPLUS BARGAIN! Made by B & L and EK.

AERIAL CAMERA LENSES Goveg Cogt 37210

Our Price
. $39.50 Used $59.50 New

24” F.L. /6, in 23” Long Lens Cone
Mounted in beautiful brass cells, lenses are 4" dia.—precision 4-element type,
Aero Tessar and Aero Ektar (no choice). Housed in cone—107 focal plane beyond
cone and permits building on a film holder, eyepiece, enses y removed
for other ‘uses. Diaphragm is Included—adjusts by flexibie rod (easily extended)
from £/G to /22, Opens approx. 1 to 314". Lens and cone—wt. 25 *Ibs, Sturdy
carrying trunk—wt. 26
USES 1. For use as long range, Big Bertha Telephoto lens.

*2. For richest field (wide field, low power) telescope.
3. As Opaque Projector lens. 4. For use in Operation

(photographing Artifigjal Satellites).

Stock No. 85,059-S 24", used. Price $39.50 f.o.b. Utah

Stock No. 85,060-S 24”, new. Price $59.50 f.o.b. Utah
Send Check or M.0.—Money-back guarantee

**Phototrack’’

For Industrial

STEREO MICROSCOPE (iosy Uee

Up to 3” Working Distance—Erect Image—Wide 3 Dimensional Field

Now, ready after years in development—this instrument answers the long standing need
for a sturdy, efficient STEREO MICROSCOPE at low cost. ed in production—in re-
search—in the lab, shop, factory, or at home; for mspectmns, examinations, counting,
checking, bling, dissecti ding up and improving quality control. 2 sets of
ob_yecuves on rotating turret. Standard pair of wide field 10X Kellner Eyepieces give you
23 power and 40 power. Additional eyepieces available for greater or lesser magnification.
Helical rack and pinion focusing. Precision, American-made! WE WILL SHIP ON
10-DAY FREE TRIAL . . . complete satisfaction or your money back.
Order Stock No. 85,056-S................ccoconeeen $99.50 f.o.b. Barrington, N. J.
Low Power Supplementary Lens Attachment for ahove Stere vides 1 down
to 6X with clear, extra large 112" field at 6X.
Stock #30,276-S.

$7.50

Stock Ne. Dia. Mirrer Thickness Price
i 70.003-5 A" E' $ 7.50 postpaid
e 70,0045 b 1195 postpaid
i 9 " 70,005.5 8" . posfpaid
invalue from 70/006-S 10" 30.75 postpaid
70,007-5 12" " 54.75 postpaid
w.lf[

FREE CATALOG-S

80 pages! Over 1,000 items. Optics for the
Space Era! Huge selection of lenses, prisms,
war surplus optical instru-
ments, parts and accesso-
ries. Telescopes, Micro-
scopes, Satellite Scopes,

Useful Telescope and Mi-
croscope combined in one
amazing, precision instru-
ment. Imported ) r
than a fountain he1

for sports,

erscopes, etc. Request
Catalog-S.

$4.50 ppd.

SATISFACTION GUARANTEED!

C



OPTICAL
COATINGS

Rigid military and com-
mercial specifications for
high vacuum evaporation
are being met daily in our
coating laboratory. Diam-
eters to 18 inches. Submit
your coating problem—
production or small runs
—to us for immediate

quotation.

H
ELERSON
OPTICAL COMPANY, INC.
Ocean Springs, Mississippi

Our selection of diame-
ters and focal lengths is
the largest in the United

“BIG” LENSES

States available for immediate delivery. Perfect magnesium
fluoride coated and cemented achromatic telescope objectives.
Aluminum tubing and cells available for lenses listed below.
Send for complete list of other diameters and focal lengths.

Dia, F.L. EACH Dla F.L. EACH
214" 107 12.50 34y’ 15" 21.00
21" 15 9.75 34" 2415 $22.50
2% 243" s|2 50 31" 407 $30.00
21" 40" 48" 42,& $67.50
23" 50" s|2 50 54" 415" $85.00

The finest American Made, hand-corrected
air-spaced astronomical objectives ;
IA mounted in black ano(lme(l aluminum ceils.

.L. PRICE

3'/4 48” Coated 32.00 Not Coated $28.00
415" 62" Coated $69.00 Not Coated $60.00
We can supply ALUMINUM TUBING for the above lenses.

MOUNTED 1%;” 0.D. EYEPIEGES

Ramsden
llamskl(‘n

. .. hoSCO D C
CoATING 75¢

8 POWER ELBOW TELESCOPE 8x50
This M-17 telescope has a rr|ll wnl hinag 1
degree apparent field—325 feel ubt L@ \.ul
The telescope can be adjustesl fur focusing 15
feet to infinity. It has a : ) ve, focos
ing eyepiece 28mm focal |
Amici erecting system.

filters, clear, red, amber atid neutral. Labip
housing to illuminate reticle for
night-time use. Truly the biggest
bargain you were ever offered.
Original Government cost $200.
BARGAIN PRICE ..$13.50 Ppd.

GIANT WIDE ANGLE EYEPIECE
‘L' Brand New—Focusing—Coated

'ﬁ‘,et ready for il I|v|| i a lifetime. Use
Y «these Erfle ryop II--- field is breath-

taking (*Illustraled )
F.L. Field Aperture Postnald
7% 68° 156" $18.50
1" 652 2" 95
12" 65 2Ys” 1

1%"” Dia. Adaptor for above eyepiece ...

ASTRONOMICAL TELESCOPE MIRRORS

Precision polished to 14 Dia F L Postpaid
wave and aluminized. Mir- 3% 2" $ 9.75
ror mount, rack and pin- 414" Pyrex 4'” $13.50
ion, tubing available. 6" Pyrex 60" $25.00
| Free Catalogue ‘' MILLIONS’" of Lenses, etc. I

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

A. JAEGERS

G91A Merrick Road
LYNBROOK, N.Y

112

MOUNTED AIR SPACED OBJE(TIVESI
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ans). The area you have traced around
is then given approximately by the for-
mula A = L2g. This is so easy to do that
it is worthwhile trying it on a few known
areas just to see how good your pocket
knife really is.

“If it is inconvenient to measure the

degrees, multiply by 27 and divide by
360, in accordance with the definition of
a radian given above. This sliding type
of planimeter is often called a hatchet
planimeter.

“Now for the more difficult problem I
promised earlier. It would seem natural,
in view of all the foregoing, to seek the
area of a curved surface by enclosing the
surface in a polyhedron of many sides
and then adding up the areas of the faces
| of the polyhedron. For example, the area

¢ | of a cylinder can be obtained approxi-

mately by adding up the areas of the
faces of an octagonal box in contact with
the cylinder [Figure 13]. The result
would be more accurate if instead of an
octagonal box we used a box with many
more sides. Just to show that this is not
always such an easy process, consider
the following. Cut the cylinder along a
vertical line and unroll it into a flat sheet.
The area of this sheet is the same as the

Figure 11
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area of the cylinder. Divide the flat sheet
into rectangles and triangles as shown
[Figure 14].

“Now roll up this sheet to form a cylin-
der again. Let each vertex of each of the
triangles stay on the surface of the cylin-
der. By connecting these vertices with
straight lines we form a polyhedron with
a large number of triangular faces which
is inscribed in the cylinder. The sides of
the triangles are not on the surface of the
cylinder, but run inside it from one sur-
tace point to another. It is tempting to
assume that the area of the polyhedron
more and more closely approximates the
area of the cylinder as the number of
triangles is increased, that is, as the grid
of rectangles and triangles becomes finer
and finer. This is in fact net true. If the
grid is chosen properly, the polyhedron
can be made to approach a kind of Jap-
anese-lantern shape [Figure 15]. The
area of such a polyhedron can be made
very much larger than the area of the
circumscribing cylinder. The reason for
this is that the planes of the triangles
slant in and out with respect to the sur-
face of the cylinder. If the number of
vertical divisions is very large as com-
pared to the number of horizontal divi-
sions, the triangles become almost per-

T,

/‘?:."cnter of area

C refevence line

Figure 12



“‘ROCKETS”, one of a series of paintings by Simpson-Middleman, a team of artists with
the rare ability to translate scientific fact into creative imagery. Here, the rocket’s
blast and its guiding beam are thought of as a single stream of light through the center.
Darks and lights of definite shape in a weak visual vector field are relied on to suggest
the dynamics caused by the acts of the servo-mechanisms in making their adjustments.
Painting courtesy John Heller Gallery, Inc.

mamn in space

Boeing has planned ahead to meet the problems and
develop the potentials of the space age—through
organizational structure, expanded facilities and
advanced fundamental research.

The Boeing Systems Management Office develops
proposals and provides management for all projects
employing space-age techniques. Advanced studies
include boost-glide vehicles, anti-ballistic missile
area defense systems, air-to-surface missiles, and
manned and unmanned space vehicles.

Boeing’s space-age orientation, its tremendous tech-
nical and research capability, and its outstanding

weapon system management experience earned for
the company and its associates an Air Force assign-
ment for Phase I development of Dyna-Soar. This
is a weapon system based on a manned boost-glide
vehicle that will orbit at speeds approaching 18,000
miles an hour, and be capable of re-entering the
atmosphere and making a normal landing.

Dyna-Soar and other space-age projects at Boeing
offer exceptional opportunities to engineers of all
categories, and to physicists, mathematicians and
scientists. Drop a note now to Mr. Stanley M. Little,
Dept. B-78, Boeing Airplane Co., Seattle 24, Wash.

BOEING
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the West's leader in advanced ¢lectronics

14

microwauve
engineers

o The Hughes Research and
Development Laboratories are
engaged in basic and applied
research and development pro-
grams in a wide variety of fields,
including antennas, radomes,
microwave and storage tubes,
masers, ferrite devices, micro-
wave circuitry, instrumentation,
and other fields.

One of the several interesting
problems is the design of feed-
back loops for locking the local
oscillator klystron to an availa-
ble reference signal, The re-
quirements —good stability and
low noise in a very trying en-
vironment.

Your inguiry is invited.
Please write Mr. John Bailey.

RESEARCH & DEVELOPMENT

LABORATORIES

Huighes Aircraft Co., Culver City, Calif.

Figure 13

pendicular to the curved surface. Thus
the area of these triangles bears no par-
ticular relation to the area of the cylin-

der.

ewis J. Grant, Jr., secretary of the
Chicago Rocket Society, calls atten-
tion to the fact that amateur science, like
most other human activities, can be dan-
gerous.

“I am glad,” he writes, “that you
helped popularize amateur rocketry in
your issue of June, 1957. Moreover, I
appreciate your warning to amateurs
against experimenting with fuels other
than the standard zinc dust and sulfur
mixture. This mixture is by any standard
the cheapest, safest and most effective
propellant for small rockets. You also
helped the cause of safety by pointing
out the value of heavy earthen bunkers
and of igniting rocket motors electrically
from a distance. Despite your article, I
still receive scores of inquiries from
amateurs anxious to experiment with
other fuels and other methods of firing.
I reply with long letters full of dire
warnings. I underscore the fact that in
this hobby we are trying to build vehi-
cles, not bombs. Amateurs are warned
against tampering with gunpowder, ni-
trates, chlorates and so on. But some-
times I feel I am fighting an octopus. It
is true that, of the thousands of test fir-
ings conducted by amateurs during the
past 18 months, fewer than a dozen re-
sulted in serious accidents. It is gratify-
ing to learn from you that none have oc-
curred in cases where your instructions
were followed. Nonetheless, I should
feel easier if you would devote a few
paragraphs to the topic of safety.

“Only one other experiment described
in your department thus far has made

Figure 15

me feel uneasy. It appeared in the issue
of July, 1956, and it described how to
make an X-ray apparatus. There are
plenty of readers of SciENTIFIC AMERI-
caN who can build these little monster-
makers but who have not reached the
mental age at which they start worrying
about side effects. For one thing, you
might point out that lead aprons don’t
do much good if you turn your back to
the machine, as I recently saw my doctor
do. Some of your younger readers may
be tempted to demonstrate their X-ray
machine effects to their girl friends. This
could mean a double ration of trouble.
The whole U. S. is getting too much
radiation today. Say a few words about
homemade film badges and you may
have another generation of readers. I am
glad rockets are so much more popular
now. At least the no-hands problem
lasts only one generation.

“Don’t censor ideas just because they
are dangerous. This is a dangerous age.
But please repeat your warnings. They
may sink in the second time.”

Grant’s anxiety is well taken. Ama-
teurs should not take chances when
tinkering with potentially lethal appara-
tus. This admonition, incidentally, is not
restricted to teenagers. The only person
killed by an amateur rocket last year
was a high-school science teacher. His
device was fueled by gunpowder.

When the editor of this department
was young, the hazards were posed not
by rockets or X-rays but by the deadly
wireless telegraph. A few impatient
youngsters and careless oldsters tangled
with the hot side of spark transmitters.
But the vast majority took pains in
learning to cope with nature, and among
them are those who later built the elec-
tronics industry.

Figure 14
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OU’VE SEEN the marvel of American

Machine & Foundry Company’s
automatic pinspotters in action— their
uncanny accuracy in clearing dead pins
and resetting the spares exactly where
they were before.

You might think this a far cry from the
awesome computers that, in mere min-
utes, do the lifetime work of a hundred
mathematicians. But both are sisters
under their metallic skins.

For activating the sensitive fingers, or
the lightning “brains,” of these machines
are the type of switches and relays which
Automatic Electric originated.

These components basically are tele-
phonic devices we make for some 4,100
independent telephone companies. From

Pin boy in this alley: AMF Pinspotter

This AE Type 44 Stepping Switch in the control box
tells the Pinspotter what to do next. For more
information on this versatile switch’s capabilities in all
automatic controls, write for Circular S-1698.

this, you may get some idea of the almost
surgical exactitude of the equipment that
serves all their customers in over three-
quarters of this country’s land area.

And, since Automatic Electric equip-
ment actually has been the father of
automation, it can play a vital part wher-
ever accurate and dependable controls
are needed. Frankly, we can’t yet imag-
ine all the needs it CAN serve in hundreds
of industries.

But we have a vast engineering research
laboratory—35 acres of superb manufac-
turing facilities—a long record of unusual
accomplishments. We're ready to throw
these against any need for the better pro-
duction of whatever the modern world
demands—from spades to spaceships.
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AUTOMATIC
& ELECTRIC

Northlake, Hlinois
Subsidiary of GENERAL TELEPHONE
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Fqr the intelligent reader in science

Subsonic flow on Della wing. Described ond
reproduced (1" x© 14"} in BSclentlsts' Choice

25th Anniversary Double Gift Offer

Membership in the Science Book Club provides two
valuable services. First, the Editors carefully evaluate
the new books in science, and from among them choose
the most significant volumes in all fields of inquiry.
Then, these books are made available to members at
substantially reduced prices. To demonstrate these serv-
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by George Gaylord Simpson

THE AuTOBIOGRAPHY OF CHARLES DAR-
1809-1882, witH ORIGINAL
Ontissioxs REsTORED, edited with ap-
pendix and notes by his granddaugh-
ter Nora Barlow. Wm. Collins Sons &
Co. Ltd. (16 shillings).

here was one great outward ad-
I venture in Charles Darwin’s life:
the voyage of H.M.S. Beagle.
From 1831 to 1836 that small surveying
vessel circumnavigated the globe, en-
abling its young volunteer naturalist to
observe and explore in South America,
Australia and Africa, as well as on many
islands of the Atlantic, Pacific and Indian
oceans. The voyage is well documented,
best of all in Darwin’s Journal, of which
two differing versions were soon pub-
lished (1839, 1845). This is one of the
great travel books of all time. It makes
most recent books in that genre seem
inane. A full narrative of the voyage was
also published (1839) by Robert Fitz-
roy, in command of the Beagle, afford-
ing an enlightening contrast with Dar-
win’s account. Much later one of Dar-
win’s granddaughters, Nora Barlow,
edited and annotated an edition (1933)
of Darwin’s original diary, on which his
published Journal was based, and pre-
pared a collection (1946) of letters and
passages from Darwin’s rough field note-
books written on the voyage.

Darwin’s work on that voyage alone
would have given him a permanent place
in the history of science. Descriptions of
his zoological and paleontological col-
lections, prepared by others under his
supervision, filled five large volumes
(1839-1843). A general naturalist as a
collector, Darwin then aspired to be a
geologist as a research scientist. He had
made two abortive starts toward profes-
sional training, one in medicine and the
other in theology. His amateur knowl-
edge of geology had been casually picked
up by association with Professor Adam
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Charles Darwin in

search of himself

Sedgwick at the University of Cam-
bridge and by study of Charles Lyell’s
great Principles of Geology during the
voyage itself. Despite this scanty prepa-
ration, Darwin’s three volumes of geo-
logical observations (1843-1846) are
historical landmarks. Most striking was
his theory of the formation of coral reefs,
islands and atolls by the gradual lower-
ing of land or rising of sea level. With
slight modifications, that theory still
stands, and it places Darwin among the
great geologists.

It is, however, well known to every
literate person that Darwin’s towering
position in the history of science—in-
deed, of mankind—is not derived di-
rectly from the voyage of the Beagle or
from his geological studies. After the
voyage, Darwin’s life was about as bar-
ren of overt adventure as a life could be.
While working on the Beagle reports, he
settled temporarily in London from 1837
to 1842. During that period, in 1839, he
married his cousin, Emma Wedgwood,
granddaughter (as Darwin was grand-
son) of the originator of Wedgwood
pottery. In 1842 Charles, Emma and
their constantly increasing brood of
children retired to a country house at
Down. From then until his death 40
years later, Darwin rarely left Down and
received few visitors except for the Dar-
win and Wedgwood families. Few
monks have lived in greater seclusion
from the world.

The retirement and seclusion were
geographical and social, not intellectual
or professional. Darwin’s life at Down
was in reality a period of high adventure
such as he had never surpassed on the
Beagle and such as few other men in
history have equaled. The adventures
ranged in space throughout the world
and in time from the origin of the earth
into our own future, but they occurred
within the unbounded mind of a genius.
The main results of these almost covert
and no longer ostensible adventures ap-
peared in a long series of volumes, from
a monograph on the Cirripedia (bar-
nacles) in 1851 to The Formation of
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Vegetable Mould through the Action of
Worms in 1881. All are important but
one is preeminent: On the Origin of Spe-
cies by Means of Natural Selection, the
first edition of which was published in
1859, and the sixth and last in 1872.

No other single human production has
had so great an impact on science or on
learning and thought in general as The
Origin of Species. The reasons for that
impact have often been stated, but a
brief restatement may not be amiss. The
reasons are two. First and most im-
portant, by the most painstaking mar-
shaling of facts and inspired induction
from them, in this book Darwin finally
and definitively established the fact of
organic evolution. Second, he proposed
a theory (Darwinism, strictly speaking)
as to how evolution has occurred. That
theory, the heart of which was natural
selection, made evolution plausible as a
natural phenomenon (and incidentally a
phenomenon congruent with concepts of
the universe developed by physical
scientists before and since Darwin). His
theory was insufficient, as Darwin him-
self perceived, but most biologists still
consider that it is essentially correct as
far as it goes.

All that is significant in Darwin’s
works for the history and later develop-
ment of science is set forth in full in his
own publications. There is, however, a
further, more personal, appeal in such a
life. What sort of man was this who so
revolutionized our view of nature and of
ourselves? How did he progress toward
his unexpected and remarkable achieve-
ments? Such questions are not answered
by Darwin’s scientific publications.
Those are impersonal even beyond the
scientist’s usual avoidance of personal
flavor. Moreover, they present final prod-
ucts with little mention of the mental
processes by which they were reached.
Darwin published few preliminary
papefs or progress reports. He waited
until he felt that he had done every-
thing humanly possible on a given sub-
ject, and then published the whole as a
book. He worked 21 years on the origin
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of species before publishing a word
about it. And then he felt that publica-
tion was premature, forced by the co-
incidence that Alfred Russel Wallace
had independently reached some of the
same conclusions.

Even Darwin’s autobiographical book
on the voyage of the Beagle is written
with such reserve as to give inadequate
clues to the development of his mind.
His personality does shine through, but
not the radical reorganization of his
whole outlook that went on at that time.
We know from later remarks that he was
a rigidly orthodox believer in special
creation when he left England and that
he was already imbued with the idea of
evolution when he returned. We know,
too, that the turning point was in the
Galapagos Islands. But this is not men-
tioned in the published Journal of Re-
searches . . . during the Voyage of
H.M.S. Beagle. Observing the high de-
gree of endemicity (as biologists would
now say) of the Galapagos species and
their relationships to mainland forms,
Darwin wrote: “Hence, both in space
and time, we seem to be brought some-
what near to that great fact—that mys-
tery of mysteries—the first appearance of
new beings on this earth.” In the light of
much later events that remark is ex-
tremely significant, but in its own con-
text it is not even a fair hint. And in
summing up his observations of the
Galapagos fauna Darwin still spoke in
terms of “creative force.”

In closer search of the man we natu-
rally turn to the document known as his
autobiography. This is hardly an auto-
biography in the usual sense, but a
series of unpolished notes inspired by a
request from “a German editor” and
written because, Darwin says, “the at-
tempt would amuse me, and might pos-
sibly interest my children or their chil-
dren.” The German editor, whoever he
was, seems never to have received the
notes. Most of the members of Darwin’s
family considered them strictly private.
They were nevertheless published after
Darwin’s death and over the violent ob-
jections of several of the family, espe-
cially Henrietta Litchfield, one of
Charles’s daughters. Emma Darwin,
Charles’s widow, did acquiesce, but only
after suggesting extensive deletions.
The expurgated version was included by
Charles’s son Francis in The Life and
Letters of Charles Darwin (1887). This
book has several times been reprinted
and has, of course, been taken into ac-
count by all of Darwin’s many subse-
quent biographers.

Now at last, near the centenary of The
Origin of Species, the full text of the
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autobiographical notes has been made
public by Lady Barlow, one of Darwin’s
children’s children whom he hoped to
interest. One’s first impulse is of course
to turn to the passages deleted by his
wife and children, which amount to
about a sixth of the whole document.
With quite unimportant exceptions, the
deletions were of three sorts: intimate
remarks about the family, critical or (at
the time) tactless statements about
others, and views on religion.

It is pleasing but not surprising to
find that Charles wrote, but the family
suppressed, statements of love and ap-
preciation for Emma, his “greatest bless-
ing,” and for their children, who made
him “most happy” and who never gave
him “one minute’s anxiety, except on
the score of health.”

It is more interesting and a little sur-
prising to find how critical Darwin, so
mild a man, could privately be of many
friends and acquaintances. Even in the
published journal and, still more, in the
expurgated version of the autobiography,
it was evident that Fitzroy and Darwin
were not entirely congenial. The hither-
to suppressed passages are almost bru-
tally outspoken, specifying Fitzroy’s
“moroseness, . . . on one occasion border-
ing on insanity,” calling him “utterly un-
reasonable,” and adding to a statement
that his character was “noble” the quali-
fication that it was “tarnished by grave
blemishes.” Others fare no better. Wil-
liam Buckland (professor of mineralogy
at Oxford) was “vulgar and coarse.”
Robert Brown (botanist, librarian to the
Linnean Society) was “a complete
miser.” Richard Owen (the greatest
19th-century anatomist, outspoken critic
of The Origin of Species) was “not only
ambitious, very envious and arrogant,
but untruthful and dishonest.” (Here
Darwin is quoting others, but with evi-
dent agreement.) Herbert Spencer was
“extremely egotistical,” and so it goes.
Even Thomas Huxley, fidus Achates,
although much appreciated by Darwin
here in private as he was in public, is
chided for scattering his talents and be-
cause “he attacked so many scientific
men, although”—Darwin adds—“I be-
lieve he was right in each particular
case.” It is pleasant to note, however,
that there is no hitherto suppressed
criticism of many others whom Darwin
might well have resented, notably Louis
Agassiz, one of Darwin’s bitterest scien-
tific opponents, and Wallace, who unwit-
tingly came so near to depriving Darwin
of well-deserved priority for the theory
of natural selection.

Even the expurgated autobiography
made no secret of the considerable
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liberalization of Darwin’s religious
views. Before the voyage Darwin “did
not . . . in the least doubt the strict and
literal truth of every word in the Bible”
and he persuaded himself that the creed
of the Church of England “must be fully
accepted.” After the voyage (by about
1839) he “gradually came to disbelieve
in Christianity as a divine revelation.”
Still later his belief in any sort of per-
sonal god was shaken, but he still felt
“compelled to look to a First Cause” and
considered himself a theist. There the
previously published version of the auto-
biography left the matter. Emma Dar-
win was a Unitarian, liberal in religious
matters although she firmly believed in
revelation, prayer and salvation. She
pleaded gently and touchingly with
Charles (especially in two letters repro-
duced as a note in this new edition of the
autobiography), but she did not object
to the world’s knowing him as a theist.
She did persuade Francis to suppress
much further discussion, in the course of
which Charles called the Christian con-
cept of salvation through faith “a dam-
nable doctrine,” argued cogently against
all revealed religion, and roundly pro-
claimed himself at the end no theist but
a thoroughgoing agnostic.

In one of the newly published pas-
sages Darwin proposes a naturalistic
ethic which rests essentially on dealing
with others so as to win their approba-
tion and love, and hence to promote
one’s own happiness. He senses the con-
tradiction in that his devoted labors
were not calculated to win him the ap-
probation of a majority of his fellow Vic-
torians. Here he invokes as a further
principle “the satisfaction of knowing
that he has followed his innermost guide
or conscience.” This unfortunately leaves
the problem unresolved. It is all very
well for a Darwin to follow his “inner-
most guide,” but we are not all Darwins.
Some of us are Hitlers.

The unmutilated autobiography, as
we now have it, takes us much nearer to
the goal of knowing the man and under-
standing how his ideas developed—and
yet it does not take us all the way. It
gives the impression that Darwin him-
self was seeking that goal and that he did
not reach it. When the sketch was writ-
ten, Darwin was a great man, assured of
one of the highest places in the history of
science; of course he was well aware of
that fact. Such unexpressed awareness of
fame is not immodest. With true humil-
ity, Darwin was evidently trying in
much of his autobiography to under-
stand how he became so eminent. He did
not find an answer really satisfactory to
himself, or to present readers. His record



in school was mediocre, and he was not
inspired by brilliant companions. In
another of the hitherto suppressed pas-
sages, he points out that none of his
schoolmates “ever became in the least
distinguished.” The voyage of the Beagle
reoriented his whole life and undoubted-
ly was crucial in his development, but
many other highly able men (Fitzroy for
one!) took such a voyage without be-
coming the “Newton of natural history,”
as Wallace justly styled Darwin.
Darwin also considers the argument
that the subject of evolution “was
in the air,” “that men’s minds were pre-
pared for it.” We mayv note that even if
this was so, it would not explain why
Darwin was the individual who plucked
evolution out of the air or how he ac-
complished the feat. Darwin himself re-
jected the argument out of hand because,
as he wrote, he “never happened to come
across a single naturalist who seemed to
doubt about the permanence of species,”
and he acknowledged no debt to his
predecessors. These are extraordinary
statements. They cannot be literally true,
yet Darwin cannot be consciously lying,
and he may therefore be judged uncon-
sciously misleading, naive, forgetful, or
all three. His own grandfather, Erasmus
Darwin, whose work Charles knew very
well, was a pioneer evolutionist. Darwin
was also familiar with the work of La-
marck, and had certainly met at least a
few naturalists who had flirted with the
idea of evolution. He actually specifies
one elsewhere in the autobiography: a
Robert Edmund Grant, professor at the
University of London. Of all this Darwin
says that none of these forerunners had
any effect on him. Then, in almost

the next breath, he admits that hear- |

ing evolutionary views supported and
praised rather early in life may have
favored his upholding them later.

Lady Barlow has devoted an appen-
dix to these contradictions, especially
with respect to Charles’s possible un-
acknowledged debt to his grandfather.
In this excellent, brief (18 pages) essay
she shows that the answer is really sim-
ple, and that it is significant for an un-
derstanding of Darwin’s genius. To
Darwin a hypothesis without adequate
evidence was a mere “speculation.” It
had no value or any real status in
science. Whatever it might be in the
way of literature or philosophy, it was
nonexistent as science. From this point
of view it was not only fair but also
necessary for Charles Darwin to ignore
the “speculations” of Erasmus Darwin,
of Lamarck, and indeed of all the pre-
Darwinian speculative or philosophical
evolutionists. That position can be ac-
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cepted by hard-headed historians. To
say that Erasmus Darwin or Buffon or
Maupertuis anticipated Charles Darwin
in the discovery of evolution is not much
truer than the absurd claim that science-
fiction writers invented the atomic bomb.
On the other hand, data without a hy-
pothesis are just as useless as a hypoth-
esis without data. Darwin remarks
elsewhere in the autobiography that “in-
numerable . . . facts were . . . in the
minds of naturalists ready to take their
proper place as soon as any theory which
would receive them was [proposed].”
Again that was not for Darwin an anti-
cipation of his work, nor did it mean to
him that the subject was in the air. The
whole thing started when theory and
data were brought together, and that
is what Darwin did. Lady Barlow has
neatly expressed this conclusion in a sen-
tence that comes close to revelation of
the elusive secret of Darwin’s success:
“The love of close observation of natural
fact, and his need for a theory to explain
everything he saw, form the closely
woven tissue which constituted his
genius.”

That Charles Darwin himself became
somewhat confused and contradictory
in discussing his predecessors, especial-
ly Erasmus Darwin, suggests an emo-
tional involvement. This seems to have
been due, at least in part, to attacks on
Charles, especially those by Samuel But-
ler, to which Lady Barlow devotes a long
(53 pages) appendix in this edition of
the autobiography. In a way, the Dar-
win-Butler controversy was like the
Sherlock Holmes clue of the barking
dog, the clue being that the dog did not
bark. The mystery of this controversy is
that it is not controversial, unless a con-
troversy can be entirely one-sided.

In youth (he was 24 when The Origin
of Species was published) Butler was an
admirer of Darwin. He went out of his
way to assure Darwin that Erewhon,
Butler’s utopian novel, was not meant to
satirize Darwinism—in spite of the fact
that it obviously does so. Although But-
ler disdained and disclaimed the scien-
tific approach, he wrote four serious
books (besides the satirical Erewhon)
on the scientific topic of evolution. Like
some later literary, as opposed to scien-
tific, writers he felt increasing distaste
for some aspects of natural selection,
which he attacked with better rhetoric
than logic. In his Evolution, Old and
New (1879) his thesis was that Charles
Darwin had derived his evolutionary
views from Erasmus, and that where the
two differed Erasmus was superior.
Shortly thereafter a brief critical remark
on Butler’s book was inserted, at the
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last minute and without Darwin’s knowl-
edge, in a translation of a German article
on Erasmus with a foreword by Charles.
On grounds almost impossible to com-
prehend, Butler accused Darwin of bad
faith in the matter, at first privately and
then publicly and repeatedly throughout
the rest of Darwin’s life and even after
his death.

Darwin’s impulse was to reply public-
ly to this wholly unjust goading, but
finally, after consultation with the fam-
ily and with Huxley, he decided to ig-
nore Butler. More than any possible
reply, this silence infuriated Butler, who
was deliberately trying to provoke a
publicity-laden controversy with his
more famous contemporary. The nature,
virulence and continuity of Butler’s at-
tacks can be explained in no other way.
The suppression of his normal reaction
seems to have given Darwin consider-
able pain and to have increased his un-
necessary insecurity concerning the in-
tellectual origins of his views. As for But-
ler’s status, it has been weighed well by
Norman Douglas’s South Wind, in a dia-
logue between Keith, the aging hedonist,
and Denis, the romantic youth.

Keith says: “It was an age of giants—
Darwin and the rest of them. Their facts
were too much for [Butler]; they im-
pinged on some obscure old prejudices
of his. They drove him into a clever per-
versity of humor. . ..”

Denis asks: “Did he not prove that
the Odyssey was written by a woman?”

To which Keith replies: “He did.
Anything to escape from realities—that
was his maxim. . . . He personifies the
Revolt from Reason. . . . He understood
the teachings of the giants. . . . But they
irked him. To revenge himself he laid
penny crackers under their pedestals.
His whole intellectual fortune was spent
in buying penny crackers. . ..”

In the privacy of his autobiographical
essay Darwin put Butler’s relationship
to himself more succinctly: “Every
Whale has its Louse.”

The Darwin-Butler incident is insig-
nificant in the whole sweep of Darwin’s
life, and Lady Barlow admits that her
treatment of it “may appear overempha-
sized.” Her book, however, is not in fact
or intention a balanced treatment of
Darwin’s life but a compilation of ma-
terials for the really adequate biography
that has never been but may yet be
written. In this light, the inclusion of
complete documentation on the Butler
episode is fully justified.

A far more important and still myste-
rious aspect of Darwin’s personal life is
briefly treated by Lady Barlow in a note
of four pages, consisting mostly of an-



notated references to discussions else-
where. This subject is Darwin’s ill
health, beginning with the voyage and
continuing to his death. The illness was
never diagnosed and, as Darwin empha-
sized, it “annihilated” several years of
his working life. However, he optimis-
tically said that it saved him from “the
distractions of society and amusement.”
Several later biographers have consid-
ered the invalidism as a blessing which
enabled Darwin to work in undisturbed
isolation. Some psychiatrists and psy-
choanalysts have considered the disease
purely psychological. Although Lady
Barlow cites these opinions with appar-
ent agreement, this reviewer wants to
enter a caveat.

As for the “blessing in disguise” the-
ory, the illness did not permit Darwin
to work undisturbed. Quite the contrary,
it prevented him from working at all for
months and years at a time. His char-
acter was such that he could and would
have renounced time-wasting contacts
and responsibilities, without needing ill-
ness as an excuse. From this point of
view the disability really seems an un-
mitigated calamity. As for the psycho-
neurotic theory, this is an easy way out
with any undiagnosed illness. But in
Darwin’s day many strictly organic dis-
eases went undiagnosed. To mention
only one, chronic brucellosis, unidenti-
fied but surely existent in Victorian
times, is an infectious, long-continuing
disease that frequently produces exactly
Darwin’s symptoms. Moreover, Darwin
was undoubtedly exposed to this infec-
tion at about the time when his invalid-
ism began, for he then visited areas
where we now know that brucellosis has
long been endemic. Any chronic illness
has some neurotic involvements; doubt-
less it was so with Darwin, but surely
we are not justified in concluding that
his illness was primarily neurotic.

At the end of his search for himself
in the autobiography Darwin sums up
for the negative: “I have no great quick-
ness of apprehension or wit. ...Tam...
a poor critic. . . . My power to follow a
long and purely abstract train of thought
is very limited. . . . My memory is ex-
tensive, yet hazy. . . .” On rereading his
brief for the affirmative, Darwin was
evidently embarrassed and confused, for
he inserted a long and completely irrele-
vant discussion of scientific hoaxes, as if
to lay a false trail for the reader (who
was, in fact, himself). Yet he does con-
clude with a statement of qualities that
made for his success: “The love of sci-
ence—unbounded patience in long re-
flecting over any subject—industry in ob-
serving and collecting facts—and a fair
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share of invention as well as of com-
mon sense.” Still, his accomplishment
remains for him “truly surprising.” Dar-
win had no theory that would explain
Darwin.

The mystery persists. The man is not
really explained, his inner adventures
are not fully revealed in his own auto-
biography, in the family biography by
Francis Darwin, or in the many other
biographical sketches and books. There
will always be something hidden, as
there is in every life, but a more com-
plete and penetrating study of Darwin
than any yet made is possible. When it
is written, the author will be greatly in-
debted to Nora Barlow.

Short Reviews

DIGGING Up JericHO, by Kathleen M.

Kenyon. Frederick A. Praeger
($5). Between the Sea of Galilee and
the Dead Sea, in the trough of Jordan
Valley, lies the site of the ancient city of
Jericho. What gives life to the region, a
vivid-green oasis surrounded by a flat,
arid, dead-white plain, is a spring,
Elisha’s Fountain, which takes its source
in an underground reservoir fed by rains
up in the Judean hills. There is debate
over whether Jericho is the oldest known
settlement, but no one can deny that it
is the lowest: 900 feet below sea level.
The site of the ancient city today is a
great oval mound, “a heap entombing
dead towns,” the Arabian name for
which is tell. From the beginning of
archaeological exploration in Palestine
the Jericho tell attracted attention. The
famous Old Testament story of the cap-
ture of the city by Israelites has con-
ferred upon this historic place a unique
and unending fascination. Modern ex-
cavations were begun in 1867 by a Brit-
ish party. This work was followed in
1908 by the diggings of an Austro-Ger-
man expedition. Between 1930 and 1936
the site was explored by the archaeolo-
gist John Garstang of the University of
Liverpool, and between 1952 and 1956
Miss Kenyon directed extensive excava-
tions of different sections of the tell. In
this engrossing and well-written book
she recounts the discoveries of her group
and attempts a reconstruction of life in
the Neolithic community and its succes-
sors. Miss Kenyon’s report is both schol-
arly and lively, scientifically objective
and dramatic. She describes how the
actual digging was done, the strenuous
daily routine of the members of her
party during the digging season, the
vicissitudes, the haggling and bargain-
ing with workers and local landlords,
the sorting, classification and repair of
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the various finds, the anxious day when
prizes are divided with the Jordanian
Director of Antiquities (he, of course,
has first choice), the harrowing task of
packing and shipping objects (there is
almost always breakage en route to mu-
seums). The first Jericho begins to tell
its own story in deposits found at-depths
of about 70 feet. This was a Neolithic
community which the author dates nine
or ten thousand years ago. Massive de-
fense walls were unearthed, along with
a number of houses of excellent construc-
tion. Stone was used for foundations;
brick set in thick layers of clay, for the
walls. The floors are of clay; the majority
have a surface of fine lime plaster, often
colored red or cream and finished off “by
burnishing to a high and beautiful pol-
ish.” Storage vats, clay-lined bins, and
drains were found in the houses. A great
stone tower with an interior staircase,
evidently part of the fortification, sur-
vives. Among other discoveries were ex-
quisite polished-limestone dishes and
bowls, various flint tools and weapons,
miniature amulets, small figurines of
possible religious significance and, most
exciting of all, actual human skulls cov-
ered with plaster and skillfully “moulded
in the form of features, with eyes inset
with shells.” There is reason to believe
that the first Jericho was a sizable town,
not a village, and that its people were
both culturally and technically highly
developed. Miss Kenyon carries the his-
tory of Jericho forward to its destruction
by the Israelites, which occurred some-
time between 1400 and 1260 B.C. The
excavations furnish no information about
the walls of Biblical Jericho nor why
they fell down flat as described in the
Book of Joshua. Perhaps, says Miss
Kenyon, the cause was an earthquake,
which the excavations have shown to
have destroyed a number of the earlier
walls, “but this is conjecture.” The
trumpet blasts and the shouting of the
Children of Israel marching around the
eight acres of the town might have ter-
rified the inhabitants, but very likely had
a less unsettling effect on the walls. On
the other hand, the decline of the city
after its greatness is fully in accord with
Joshua’s dread words: “Cursed be the
man before the Lord, that riseth up and
buildeth this city Jericho.”

()BSERVATION AND INTERPRETATION,

edited by S. Korner. Academic
Press Inc. ($8). This volume presents
a symposium of philosophers and physi-
cists held in the University of Bristol
in April, 1957. The contents, consist-
ing of the papers read and tape-record-
ings of the discussions following them,
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are concerned for the most part with
questions belonging to the philosophy
of quantum mechanics. Scientific meet-
ings rarely make a lively record, but this
is an exception. The discussions especial-
ly are full of interest, and reveal a
growing restiveness among physicists
over the foundations of their subject.
One of the highlights was the second ses-
sion, at which David Bohm gave his
proposed explanation of quantum theory
in terms of hidden variables at a sub-
quantum-mechanical level, and L. Ros-
enfeld attacked Bohm’s position in a
paper with the title “Misunderstandings
about the Foundations of Quantum
Theory.” Bohm’s views are substantially
those set forth more fully in his book
Causality and Chance in Modern Phys-
ics, reviewed here in January. Rosen-
feld sticks to the orthodoxies of the so-
called Copenhagen School. The tone of
his argument is not without revivalist
fervor, and he implies—as demonstrated
again this year in his review of Bohm’s
book in Nature—that any physicist who
challenges Niels Bohr’s opinions is a
fool, if not worse. Despite the vehe-
mence of the assault, Bohm stood his
ground; it is worth remarking that sev-
eral of the participants joined with him,
not perhaps so much because they ac-
cept his theory as because they enjoy
poking at the established theology. An-
other incisive paper of the symposium is
P. K. Feyerabend’s “On the Quantum
Theory of Measurement.” This examines
the inadequacies of the interpretations of
Bohr, Werner Heisenberg and John von
Neumann. In classical physics all proc-
esses which happen during measure-
ment can be analyzed on the basis of
the equations of motion only. This
means that physical theory is simply a
refined description of ordinary expe-
rience. But, says Feyerabend, when we
enter quantum mechanics “we are ap-
parently presented with a completely
different picture”; for according to cur-
rent opinion ordinary experience (and
this now means classical physics) and
physical theory (and this now means
quantum mechanics) belong to com-
pletely different levels, and “it is impos-
sible to give an account of the first in
terms of the second.” The quantum the-
ory of measurement, in its most sophisti-
cated form, requires, apart from the
equations of motion, such “independent
and unanalyzable processes as ‘quantum
jumps,” ‘reduction of the wave-packet’
and the like.” Feyerabend regards these
unanalyzable processes as confusing and
unnecessary; he attempts to show that it
is possible to give an account of measure-
ment, adequate to the needs of modern
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phvsics, which involves nothing beyond
the equations of motion and “statements
about the special properties of the sys-
tems involved.” This symposium shows
how hard it is to formulate the basic con-
cepts of physics in clear, unambiguous
terms, which is one of the reasons no two
practitioners coincide in their statements
about the foundations of the subject,
even when they claim to agree. Another
point which will strike the reader is that
it is time philosophers and physicists got
together to reduce some of the verbal
swelling that afflicts physics today. One
can, to be sure, squeeze the life out of a
subject by too much formalism and lin-
guistic analysis, but a little judicious
squeezing of phvsics may be the thing
to relieve its dropsy.

lgmns oF NEw GuiNEA, by Tom Ire-

dale. Georgian House ($60). These
two handsome volumes, a treat to the
eve in all respects, form the best avail-
able general guide to the marvelously
rich bird life of New Guinea. The text
of Iredale’s guide describes some 650
species and lists 1,500 subspecies. The
illustrations, drawn by Lilian Medland,
consist of 35 fine plates showing 347
birds in color. Information is given in
some detail about the birds” appearance
and habitat; nesting and other habits are
treated more briefly, and, in some cases,
omitted entirely. Among the birds dis-
cussed are the huge helmeted cassowary,
which cannot fly; the frigate bird, which
gets its food by bullying a weaker bird,
forcing it to drop the fish it has caught
(the frigate bird swoops down and
snatches the fish before it reaches the
water ) ; the phalarope, the male of which
species does all the work, even to the
stay-at-home job of sitting on the eggs;
the mound builder, which erects enor-
mous heaps of decaying vegetation—
sometimes 30 feet long and six feet high
—in which the bird deposits its eggs for
incubation; 27 species of birds of para-
dise, including the Magnificent Rifle-
bird (with black metallic sheen), the
Most Splendid Long Tail, Rothschild’s
Long Tail and Mrs. Reichenow’s Bird of
Paradise; the exquisite group known as
the Little King and his friends, which
includes the Lonely Little King (at first
named goodfellowi), the Exquisite Little
King and the Bare-Headed Little King.
Put out by an Australian publisher, these
volumes are available in the U. S.
through the Import Book Company of
Portland, Ore.

[ NTRODUCTION TO THE THEORY OF SETS,
by Joseph Breuer. Prentice-Hall, Inc.
(84.25). AN INTRODUCTION TO THE
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Founpations aND FunpamMENTAL CON-
CcEPTS OF MaTHEMATICS, by Howard
Eves and Carroll V. Newsom. Rinehart
& Company, Inc. ($6.75). Until a few
years ago set theory and the foundations
of mathematics were regarded as sub-
jects suitable only for graduate students
of mathematics. The minds of under-
graduates were supposed too tender for
such exertions. The new look in mathe-
matical education rests on a different
notion. Almost anyone, it is argued, can
learn almost anything if it is well taught.
The argument, and its implications, are
unacceptable to many educators, but
there can be no doubt that improvements
and modifications in mathematics teach-
ing are badly needed, and that high-
school and college students are capable
of digesting a good deal more than was
once thought possible. Here are two
books which skillfully introduce esoteric
subjects to undergraduates. Breuer’s
text, translated from the German by
Howard Fehr, fills a gap: there is no
other English book on set theory de-
signed for beginners. The approach is
intuitive, based on concrete and familiar
ideas; abstract theory based on an axio-
matic system is not treated. The topics
include finite, infinite and ordered sets,
and point sets; there is a brief chapter,
too sketchy to do more than tease the
imagination—which is not a bad thing—
on the paradoxes of set theory. Eves and
Newsom cast a- much wider net. Their
purpose is to give a primarily historical
account of the growth of ideas on the
foundations of mathematics and the con-
cepts basic to mathematical knowledge.
Beginning with pre-Hellenistic mathe-
matics, the authors survey the advance
in method of Euclid’s Elements, the rise
of non-Euclidean geometry, the contri-
bution of David Hilbert’s Grundlagen,
der Geometrie, the concept of algebraic
structure, the evolution of the modern
postulational method, the real-number
system, set theory, Boolean algebra, sym-
bolic logic, the modern crises in the
foundation of mathematics, various phi-
losophies of mathematics. A good bibli-
ography adds to the value of this attrac-
tive book. Both texts, it should be noted,
will appeal to teachers and general read-
ers as well as students.

S\VIFTS IN A Towkr, by David Lack.

Methuen and Co. Ltd. (21 shill-
ings). No one writes more knowledge-
ably about birds than the British orni-
thologist David Lack. His The Life of
the Robin is a classic of bird literature,
and his other monographs, on Darwin’s
finches for example, are of high interest
to the everyday reader and specialist
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alike. This study deals with a remark-
able but little-known bird which is “pre-
eminent in flight” and spends more of
its life in the air than any other bird.
There are some 70 species of swift in the
world, nearly all looking alike, with
slender wings, short legs, small bill,
large mouth, and usually sooty color.
The swift is known for its shrill scream
and its high-speed flight. It is a small-
bodied bird, about four inches from the
tip of its beak to the base of its tail, and
it weighs only about 1% ounces; yet it has
a wingspread of some 16 inches, which
makes it an incomparable little flying
machine. It is able to take its food and
nesting material in the air, “to drink and
to bathe without alighting, to mate in
the air and to spend the night on the
wing.” It nests under eaves or in holes,
usually high up, so that few have seen
it under these conditions. The present
account is based on a long study of a
colony of swifts in the tower of Oxford
Museum of Science, the very building in
which Bishop Wilberforce had his ears
pinned by T. H. Huxley in a memorable
debate on the question of man’s descent
from the ape. Behind the ventilator holes
in which the swifts nested, Lack and his
party built ingenious glass-backed nest-
ing boxes, in which the birds could be
watched from only a few inches away.
Ten years were spent in these observa-
tions, and we are now given the delight-
ful fruits of these labors. Various chap-
ters describe how the swifts build and
fight for homes, their courtship, egg-lay-
ing and incubation, their feeding habits,
flight and migration. There are excel-
lent discussions of swifts at night, of
their winter sleep, their death and its
causes, the meaning of adaptation. Lack
gave a briefer account of his work on the
swifts in this magazine some time ago,
and it is gratifying now to have the
full story told in this lovely book.

ownN-BuiLpinG 1x HisTory, by Fred-
Terick R. Hiorns. Criterion Books
($15). The author, a leading British ar-
chitect, describes his book as an attempt
to set out historically “the broad circum-
stances, causes, and methods by which
towns came into being, were re-formed,
or subjected to abuse” within a space of
some 5,000 years. City-building is an
ancient art. In its evolution since antiqui-
ty it showed a remarkable consistency
and steady progress, “to be broken only
when civilized control lapsed with the
[post-18th-century] Machine Age.” The
overcrowding, confusion, decay, crude-
ness, ugliness and other evils of many
modern cities degrade life, not only with-
in their boundaries but also in adjacent
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areas. By studying the conditions, influ-
ences, ideas and methods which affected
planned towns in the past; Hiorns be-
lieves that much can be fearned toward
the town-planning of the future. Fresh
thought is needed and a re-evaluation of
urban requirements in light of modern
circumstances. Lewis Mumford de-
scribes this volume as “unique in the
literature of cities, the only book in
English that covers the whole field.”
Copiously illustrated.

GEORGIA Birps, by Thomas D. Bur-

leigh. University of Oklahoma
Press ($12.50). Georgia’s relatively mild
climate, varied physiography and lush
vegetation combine to provide an ideal
setting for many species of bird. Some
160 different species nest in the state and
300 others winter there or pass through.
This well-designed book of 750 pages,
generously stocked with photographs
and with reproductions of original water-
color paintings by the well-known bird
artist and ornithologist George Miksch
Sutton, presents all that is known di-
rectly about the bird life of Georgia. A
brief history of ornithology in Georgia
by William W. Griffin, and a survey of
the physiographic regions—beaches,
swamps, forested highlands, valleys,
piedmont plateau—by Robert A. Norris,
are followed by a systematic description
of each species and information on dis-
tribution, occurrence records, habits and
recognition. The book has an excellent
bibliography.

OEUVRES DE LAVOISIER: CORRESPOND-

ANCE, Vol. II, edited by René Fric.
Editions Albin Michel (2,750 francs).
The second fascicule of the correspond-
ence of Lavoisier, now being published
by the Academy of Sciences of Paris as a
supplement to the 19th-century edition
of his writings, covers the years 1770 to
1775. As in the first volume, the letters
and other documents exhibit the variety
of Lavoisier’s interests and activities.
These include a continuation of his work
in detecting the adulteration of tobacco;
preparation of a mineralogical atlas of
France; research on the problems of
combustion; studies in astronomy, me-
teorology and optics; administrative
labors. A photograph appears in this
volume of Lavoisier’s famous secret
memorandum deposited with the secre-
tary of the Academy, intending to estab-
lish Lavoisier’s priority in discovering
that sulfur and phosphorus become
heavier when burned in combination
with air; this contradicted the accepted
belief that combustion involves a loss in
weight. The editor has added many bio-
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graphical notes about Lavoisier’s scien-
tific contemporaries.

\ [ ILTON AND ScIENCE, by Kester
- Svendsen. Harvard  University
Press ($5.50). Paradise Lost is not or-
dinarily thought of as a scientific treatise,
yet, as this book shows, the great epic
drew heavily upon the scientific knowl-
edge of the 17th century. John Milton
had read extensively in medieval and
Renaissance encyclopedias of science; he
was well acquainted with their content
and that of other scientific books. His
prose as well as his poetry abounds in
scientific images. Astronomy, natural
history, psychology and physiology were
among the branches of learning which
informed his art. The author has made
an intensive examination of Milton’s use
of scientific sources; his essay will in-
terest a variety of students.

ARCHAEOLOCICAL DisCcOVERIES 1IN

SoutH ARraBIA, by Richard LeBaron
Bowen, Jr., Frank P. Albright et al. The
Johns Hopkins Press ($10). Between
1950 and 1953 four archaeological ex-
peditions were mounted to South Arabia,
sponsored by the American Foundation
for the Study of Man, and under the suc-
cessive archaeological direction of W. F.
and F. P. Albright. This volume, the
first of a series reporting the material
found, deals with sites in the Wadi
Beihdn (western Aden Protectorate)
and at Marib (Yemen). Among the top-
ics discussed are the wells, canals, cis-
terns, tanks, springs and other parts of
the ancient irrigation system in Wadi
Beihan, of the utmost importance to ag-
riculture; ancient trade routes; burial
monuments; bronze statues of infant
riders mounted on lions, found at Timna‘;
excavations of walls, houses, mauso-
leums, temples; inscriptions related to
the house called Yafash unearthed at
Timna‘; pottery and glass. Many maps,
plans and photographs.

Notes

EFrFECTs OF RADIATION ON MATERI-
aLs, edited by ]. ]J. Harwood, H. H.
Hausner, J. G. Morse and W. G. Rauch.
Reinhold Publishing Corp. ($10.50).
Papers delivered at a Johns Hopkins
University colloquium dealing with the
changes that radiation produces in met-
als, ceramics, plastics and a wide variety
of other materials.

BropHysicaL CHEMISTRY, VoL. I, by
John T. Edsall and Jeffries Wyman.
Academic Press, Inc. ($14). This first
volume of what promises to be a com-
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prehensive and clearly written treatise
covers thermodynamics, electrostatics
and the biological significance of the
properties of matter.

SELECTED WRITINGS OF JouN HucGh-
LINGS Jacksox, edited by James Taylor.
Basic Books, Inc. ($15). A two-volume
selection of the writings of a 19th-cen-
tury pioneer of neurology, known for his
researches into the nature of epilepsy,
chorea and hemiplegia.

FunpaMENTALS OF Gas DynaMics,
edited by Howard W. Emmons. Prince-
ton University Press ($20). This volume
in the High Speed Aerodynamics and
Jet Propulsion series presents those as-
pects of the behavior and properties of
gases in motion of most interest to aero-
nautical scientists.

A SHORT HISTORY OF ANATOMY AND
PHYs10LOGY FROM THE GREEKS TO HAR-
VEY, by Charles Singer. Dover Publica-
tions, Inc. ($1.75). A corrected paper-
back edition of Singer’s brief, scholarly
monograph, originally published under
the title The Evolution of Anatomy, and
for many years out of print. Attractive,
interesting, splendidly illustrated.

BriTisH  BATTLESHIPS, by Oscar
Parkes. Seeley Service and Co., Ltd.
(six guineas). An exhaustively detailed
history of British battleships from 1860
to 1950, describing design, construction
and armament, the personalities of
sea lords, builders, and politicians in-
volved in naval affairs, the history of
each ship in peace and war, “the be-
havior of the ships in battle and in heavy
weather.”

THE SciexTiFic PAPERS OF SR GEOF-
FREY INGRaAM TAYLOR, VoL. I: MECHAN-
1cs oF Sorips, edited by G. K. Batchelor.
Cambridge University Press ($14.50).
The first volume of the scientific papers
of a pioneer investigator of the mechan-
ics of solids and fluids. Subsequent vol-
umes will contain papers on meteorol-
ogy, oceanography and turbulent mo-
tion of fluids; high-speed flow and me-
chanics of explosions; and miscellaneous
topics in fluid dynamics.

THE Oricins oF CULTURE, by Edward
Burnett Tylor. Harper and Brothers
($3.50). A two-volume paperback re-
issue of a famous work first published in
1871, which was the first to achieve “a
coherent and compelling monument of
the cultural approach to primitive so-
ciety,” and which had a decisive influ-
ence on the course of anthropology.
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When the first Soviet satellite was
fired into orbit, many anxious
glances were suddenly directed at
America's technological ability and
progress. Yet today, as a result of
our own primer occasions into Space,
the old bugaboo of complacency
tends to infect us again.

America must still worry. But above

all, we must work! This means vig-

orous, unending work, with empha-

‘ ‘ 70rr sis in two demanding areas. One—

y coordinated effort between our in-

dustrial, scientific and military men

1 to speed progress. The other, gen-

—but \/‘/ Ork o vine action to appreciate our tech-
nical community with better salaries,

more recognition and a fast over-
haul of our academic curricula.

Here at Hewlett-Packard, our part of
the nation’s new work load is to con-
tinue to create, faster than ever, the
new electronic tools future break-
throughs will require. To this end,
we're increasing our scholarship pro-
gram, hiring more engineers, speed-
ing both research and production.
And, in the first part of 1958, we
delivered 20 totally new, advanced
electronic instruments.

This is the most significant group of
new electronic instruments our Com-
pany has ever brought into being at
any one time. It shows what work
can do, and it is only the beginning.

Satellite tracker: Hewlett-Packard electronic
counters, digital recorders and oscilloscopes
chart in-orbit performance of satellites,
among many other scientific, defense and
industrial jobs.

World leader in electronic
INeASUTING INSEVUINENLS

®

HEWLETT-PACKARD COMPANY

275 Page Mill Road * Palo Alto, California, U.S.A.
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