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Both tires shown here have traveled
14,000 miles under identical conditions.
Sidewall on rightwas made with PLIOFLEX
""C'" type rubber stabilized with new
WING-STAY 100.

Now-—-rubber that keeps its age a secret

Whirling around a test track—or spinning through
traffic—tiresage with wear. The effects of this aging proc-
ess show up most often in the sidewalls, where small
cracks appear. Not only do they mar the looks of the
tire, they rob it of strength and cut into its service life.

What causes cracking? Two things, mainly—atmos-
pheric oxygen and ozone. To combat them, antioxi-
dants have been developed. So have antiozonants. But
not until now has a truly effective combination of
antioxidant and antiozonant been perfected. And that’s
‘WinG-StAaY 100 by Coodyear.

CHEMICAL DIVISION

‘Wing-Stay, Plioflex—T. M.’s The Goodyear Tire & Rubber Company, Akron, Ohio

The superior protection of Wing-Stay 100 can be
yours in four new PLIOFLEX rubbers. Dynamic aging
resistance thus becomes another key advantage of
PrLioFLEX 1500C, 1710C, 1712C, and 1714C — along
with assured processability, high uniformity and excel-
lent physical characteristics.

For more information and complete technical service
on PLIoFLEX “C” type rubbers—plus other rubber chem-
icals and a full line of synthetic rubbers—write:
Goodyear, Chemical Division, Dept. K-9457,
Akron 16, Ohio
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NEW ARGUS
DIRECT-WIRE TV CAMERA .- $595!"

Argus ...the bright
new name in audio-visual systems

presents...

Argus Direct-Wire TV is the first closed-circuit TV system
ever developed for mass production and
mass use. It’s yours for 14 the cost of other systems!

No installation . . . set it up anywhere—Argus Direct-
Wire TV weighs only 16 pounds, mounts on a standard
tripod indoors or out. Normal room illumination is all
you need for a sharp, steady picture.

Direct hook-up to any TV receiver —Argus Direct-Wire
TV transmits over standard co-ax cable, which connects
directly to the antenna connection of any standard TV
set. Transmits a perfect picture up to 1000 cable feet
without boosters. With boosters, the range is unlimited.

Built-in flexibility . . . three-lens turret— Argus Direct-
Wire TV feeds any number of receivers under the same
conditions mentioned above. Up to five cameras can be
used with one receiver, each with its own channel.
*Standard equipment: three-lens turret mount and one
1-inch, f:1.9 lens. Argus Telephoto and Wide-angle
lenses, shown above, are available as accessories.

Exclusive Argus features — e Matching, companion
Argus TV receivers and monitors are available from
$179.95. ¢ Can be serviced by any Radio-TV repairman.
e All parts are standard TV parts. You can own a com-
plete, balanced Argus Direct-Wire System for less than
the cost of a competitive camera alone.

a rgé‘ s Audio-Visual Systems Department, Building B

Division of Sylvania Electric Products, Inc., Ann Arbor, Michigan

I'd like more information on Argus Direct-Wire TV.

Organization

Address

|
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|
|
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|
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This is the one computer you can take W|th you
Canoameing To Chwnor 500

SMALLEST ANALOG COMPUTER EVER MADE

FITS YOUR LAP, YOUR DESK, YOUR BENCH!

Until now, the engineer, teacher, or scientist who
needed an analog computer on the job faced an
awkward situation. He could take his problem or
class to a computing center and wait his turn or,
after a thoroughly cumbersome undertaking, set up
a big computer on the site. In any event, the task
was costly and time consuming.

WEIGHT: 23 POUNDS

A complete computer is only 5%” high, 19” wide,
and 10%” deep. By simply removing a few screws,
the problem board tilts up for rack mounting.
The Donner 3500 furnishes big computer perform-
ance in a tiny package. Up to three computers can
be slaved together for 10, 20, or 30 amplifier problem
solving capacity. Choose 0.1 or 1.0 percent computing
components. Amplifiers are available in both stabi-
lized and unstabilized forms. Anytime, unstabilized
amplifiers can be converted by adding a plug-in
component.

OPERATION SIMPLE, APPLICATIONS BROAD

If you can run a slide rule, you can use the Donner
3500. It’s just that easy. Most dynamic equations

can be solved and demonstrated. You can solve servo-
loop and process control problems on the job with no
loss in time. Alternately, use it in the lab as a pre-
cision power supply, a low-frequency oscillator, wave
analyzer, or function generator.

PRICE

Prices for the Donner 3500 complete and ready to
work including the “extras” range from $1200 to
$1800. This includes potentiometers and a nominal
selection of computing components. A full comple-
ment of accessory equipment such as function gen-
erators, transport delay generators, and multipliers
is available.

WANT MORE INFORMATION?

Your nearby Donner engineering representative will
be happy to give you complete information on the
Donner 3500 and arrange a demonstration. Or you
may write Department 7011.

DONNER commanv @

CONCORD, CALIFORNIA
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With Tape Recorders you get

PRECISION +
PORTABLLITY

-

Here’s a portable 14-channel magnetic tape recorder/reproducer
with performance specs that meet or exceed 1,000-lb. models
requiring 1000 watts.

Yet this Precision Instrument Co. recorder (largest of 3 portable
models) weighs only 100 lbs. and uses just 275 watts!

There’s no mystery about it. By combining transistorized, top-
grade electronics and stacked reel tape magazines, Pl produces
recorders 1/10th the size and weight of 19-inch rack installations
without sacrificing precision or flexibility.

That's why you'll ind PI recording and reproducing test data
in hard-to-reach locations, where space is limited or wherever
portability is an advantage. For example, at missile sites, on
mountain tops, aboard subs, even in a bathysphere.

In the laboratory, you can move a PI recorder from job-to-job,
bench-to-bench as easily as any other item of test equipment.
Pl recorders use standard tapes and heads, are completely com-
patible with other makes of recording apparatus.

PI's portability is apparent. Now let us prove performance.
Call your PI representative for literature and to arrange a
demonstration, or write us direct. Please address Dept. 7011.

Precision Is Portable

THE COVER

The painting on the cover is a rep-
resentation in color of a mathemati-
cal curiosity known as a Graeco-
Latin square of order 10 (“Mathe-
matical Games,” page 181). The
large square is a 10-by-10 array of
smaller squares, each containing a
pair of colors, one outside and one
inside. There are 10 colors in all. In
every row and column each color
appears once and only once as an
outside color and as an inside color.
The great mathematician Leonhard
Euler conjectured that such squares
of order 10, or any other even num-
ber not divisible by four, could not
exist. The refutation depicted here
was discovered only last year.
Graeco-Latin  squares provide a
method for designing experiments
that involve a number of variables.

THE ILLUSTRATIONS
Cover painting by Emi Kasai

Page Source

62 Irving Geis

63-66 David Linton

67 I. Fankuchen and A.

Amendola, Polytechnic

Institute  of  Brooklyn
69 John Langley Howard
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Institute of Technology
71-75 John Langley Howard
77-84 James Egleson

98 U. S. Patent Office

101 Edison Library

102-105 New York Public Library
106 Emi Kasai

108 New York Public Library

110-112 Edison Library
119-120 Eric Mose

122 Bell Telephone Labora-
tories

124-126 Eric Mose

134 Bruno Rossi, Massachu-
setts Institute of Tech-
nology

136-146 Bunji Tagawa
151-158 William Hovanitz

167 New York Public Library
168 Bunji Tagawa
170 New York Public Library

181-184 Emi Kasai

PRECISION INSTRUMENT COMPANY 194-204 Roger Hayward

1011 COMMERCIAL STREET « SAN CARLOS, CALIFORNIA * PHONE: LYTELL 1-4441
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THE TIME: Early 1940. THE ACHIEVEMENT: A small, compact ballistic computer
for the U.S. Navy. THE RESULT: The beginning of Librascope’s leadership in
the design, development, and production of weapons and navigation control
systems and components.

Today, Librascope-designed and manufactured electronic and mechanical
equipment for the MK 113, MK 111, MK 110, MK 107, and MK 105 under-
water fire control systems include computers, attack directors, torpedo and
missile angle solvers, attack plotters, depth plotters, position keepers, target
motion analyzers, stabilization computers, roll and pitch computers, and vari-
ous indicators and control instruments. ® Librascope’s simulation laboratories
provide the Navy with a means for testing and analyzing the performance of

TODAY'S ANTISUBMARINE equipment under “real attack” conditions. In the field, our engineers assist
WEAPONS CONTROL COMPUTER in the maintenance and improvement of Librascope systems.

answers
when
you need

COURTESY NBC-TV FILMS’ ‘'THE SILENT SERVICE*"

For information on career opportunities at Librascope,

write Glen Seltzer, Employment Manager. us.e
Librascope’s experience creating new concepts in computer - A
—control systems for both military and industrial use can IBR‘\QCOP[‘ GENERAL
be accurately applied to your specific needs. m For detailed e PRECISION
information and solutions to your computer problems, write... COMPANY

LIBRASCOPE, INC.*» 808 WESTERN AVENUE * GLENDALE, CALIF. ¢ A Subsidiary of General Precision Equipment Corporation

5
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target . ..

The development and production of high energy fuels and components is a major objective of the missiles
program now under way at Celanese. It is part of a coordinated effort by Celanese manufacturing companies and
research groups—working through Amcel Propulsion, Inc., a Celanese affiliate. As a volume producer of organic
chemicals, Celanese Chemical Company is uniquely qualified to contribute significantly to the chemistry and
technology of high energy fuels and systems. Many Celanese basic chemicals offer important potential in this
field. In addition, Celanese diversified production experience, backed by 35 years of applied research in physical
chemistry, provides a solid basis for the development of new and improved propulsion systems. For specific
information and technical assistance regarding monomers, polymers, organic and nitratable chemicals, write:
Celanese Chemical Company, a Division of Celanese Corporation of America, Dept. 582-K, 180 Madison Ave., N. Y. 16.

Celanese®
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high energy chemical fuels to speed the space program

CHEMICALS

Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver
Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Ave., New York 16
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METALGRAMS

(o7.\zi{:]le ] METALS
« o o news about metals and metal chemicals

Electromet Brond Ferroalloys
and other Metallurgical Products

NOVEMBER - DECEMBER, 1959

With 100 million pounds of polypropylene predicted for 1960 production,
Union Carbide Metals' titanium trichloride will reach commercial status as a
polymerization catalyst. But the Company's researchers are also looking to other
fields for new uses of this high-purity compound. Areas of interest include the
chemical and pharmaceutical industries where titanium trichloride has potential as
a strong reducing agent (E° = —1.5 volts) for nitro compounds, biologicals, and
other organics. Request Bulletin TT1-S4 for more details.

sk E3 e

Columbium metal has finally yielded to casting techniques due to the
efforts of engineers at Materials Manufacturing Department of the Westinghouse
Electric Corporation, Blairsville, Pa. What is believed to be the first columbium
casting made is an experimental tube blank measuring 4 in. 0.D. by 1% in. I.D.
and 10 in. long. Using "ELECTROMET" columbium roundels, the metal was melted in
a vacuum-arc skull furnace and cast in a graphite mold. Bulletin CB2-S4 gives
information on columbium metal and sheet.

* e #

Chloride derivatives of lower valent transition metals are Union Carbide
Metals' latest contribution to chloride chemistry. The Company's research team
has produced, in experimental quantities, subchlorides of Cb, Cr, Ti, V, W, and
Zr. Some of these have not been made before. "Electromet” subchlorides are
potentially applicable as catalysts, metal-plating compounds, reductants in organic
syntheses, and as intermediates for new organometallics. Bulletin MC1-S4 available.

* * *

The largest order for wrought vanadium ever placed was recently awarded
to Union Carbide Metals Company. The contract calls for approximately 300 pounds
of vanadium mill products which will be used in an undisclosed military application.
The Company's continuing efforts to increase the purity of vanadium metal have led
to mill products with improved workability. Get Bulletin VM1l-S4 on vanadium metal.

%* = %*

In resistance to oxidation and corrosion, chromium carbide excels most
other metal carbides. Its high hardness makes it useful when bonded with nickel
or other metals. For use in the tool industry, Union Carbide Metals' chromium carbide
is being pressed or sintered into dies and gage blocks whose thermal expansion
characteristics are close to those of steel. This refractory compound has also
been applied to surfaces by various metallizing methods. Send for Bulletin CCl-S4.

* 2 %k

Silicon nitride which is 100% beta phase has recently been made possible
by improved manufacturing techniques at Union Carbide Metals. Fabricated shapes
of this new form of silicon nitride have extraordinary thermal shock resistance
compared to previous alpha-beta mixtures. Foreseen applications include a
refractory exposed to the combustion products of rocket fuels. See Bulletin SN1-S4.

* # o

Union Carbide Metals Company, Division of Union Carbide Corporation, P. O.
Box 330, Niagara Falls, N. Y. In Canada: Union Carbide Canada Limited, Toronto.

The terms "Electromet" and "Union Carbide" are registered trade marks of Union Carbide Corporation
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The Silicon Controlled Rectifier
how will it affect your business?

General Electric’s revolutionary Silicon Controlled Rectifier was introduced just two
short years ago. The SCR has already proved it lowers costs, improves performance
and solves old problems in radically new ways. It can replace thyratrons, magnetic
amplifiers, power tubes and transistors, relays, switches, and many other devices.
These are a few of the changes the SCR is now bringing about:

Vastly superior motor control systems for
industry. Faster, more precise, smaller, more
versatile, non-mechanical.

AC current for vehicles and aircraft. The SCR
is the first really practical means of getting
high power AC from variable DC. Static in-
verters with ratings of several kilowatts are
possible.

Simple temperature controls accurate to 1/10th
degree or better. Practical for all types of
industrial furnaces.

Superior DC motor operation from an AC
source. Extends the use of DC where desirable.
Eliminates motor generator sets or magnetic
amplifiers. Replaces mechanical speed and di-
rection changers.

Stage lighting dimmer controls. Small, precise,
reduces cost of installation for the entire
system.

Current-limiting circuit breaker. Opens in less
than twelve micro-seconds, long before a fault
current can reach its peak.

More efficient lighting systems. Much more
light per bulb through small, efficient SCR fre-
quency converters that result in higher fre-
quency and smaller ballasts.

How will it affect your business?

You’ll be better able to judge after you have
read our informative new folder. Write today
to General Electric Company, Semiconductor
Products Department, Section S85119, Elec-
tronics Park, Syracuse, New York.

Progress ls Ovr Most Important Product

GENERAL @ ELECTRIC

Semiconductor Products Department
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BENDIX COMPUTERS HELP KEEP GASOLINE
QUALITY UP—THE PRICE DOWN

The motorists of this country burn
oil and gasoline at a staggering rate.
Annual consumption of oil is 3.2
billion barrels, or an average of 800
gallons for every man, woman and
child.

To produce better oil and gasoline
at the lowest possible cost, Bendix
G-15 Electronic Computers are oper-
ating in every phase of the petroleum
industry . . . exploration, drilling,
refining and transportation. For
example, where additional oil is to
be recovered from an old field, the
engineering involved may require as

A thousand diversified products

many as 300,000 computations. A
staggering job when done manually,
but quick work for a G-15.

Problems that were impossible to
solve by former methods are now
entrusted to these machines while
engineers are relieved for other work.
Often, in fact, these computers are
instructed at the end of the day to
complete involved problems at night
—having the answers ready in the
morning.

Bendix Computers are used where-
ever speed and accuracy of complex
mathematical calculations are nec-

zﬂdjl/

AVIATION CORPORATION
Fisher Bldg., Detroit 2, Mich.

© 1959 SCIENTIFIC AMERICAN, INC

essary. The Highway Program
depends on their speed and reliabil-
ity for survey, earthmoving and
construction data. You find them in
the machine tool, metalworking,
textile, optical instrument, marine,
power, aviation and missile indus-
tries, solving both engineering and
data processing problems. These
proven, low-cost Bendix Computers
have a money-saving application
in your business, too. Write our
Bendix Computer Division, 5630
Arbor Vitae Street, Los Angeles
45, California.

a million practical ideas



Quarter-scale model of experimental gas tur
bine being developed by Cooper-Bessemer
and Pratt & Whitney Aircraft. Units should
be ovailoble for use within 18 months.

How Cooper-Bessemer is teaming up with Pratt & Whitney
Aircraft to develop JET TURBINE POWER for industry

The cutaway model shown is a revolutionary new concept in
gas turbines. The generating unit is a new Pratt & Whitney
Aircraft jet engine—a modification of the famous J-57 air-
craft engine, designed for gas fuel. The companion power
unit is a new Cooper-Bessemer power turbine. This combi-
nation, now in the advanced experimental stages, represents
the hottest development in industrial power in 20 years. It will
mean drastic economies in installations of engine-driven
compressors, generators and other rotating machinery.

For example, in gas compressor stations, it is expected to
reduce total station cost by 50% !

Plans call for this new gas turbine to be available for

broad application within 18 months. In the meantime, watch
for reports on further developments in this pioneering team-
work by Cooper-Bessemer and Pratt & Whitney Aircraft.

BRANCH OFFICES: Grove City « New York « Washington » Gloucester
Pittsburgh + Chicago  Minneapolis « St. Louis « Kansas City s Tulsa
New Orleans « Shreveport « Houston « Greggton « Dallas « Odessa » Pampa
Casper ¢ Seattle » San Francisco » Los Angeles

SUBSIDIARIES: Cooper-Bessemer of Canada, Ltd. ... Edmonton « Calgary
Toronto « Halifax

C-B Southern, Inc. ... Houston

Cooper-BessemerInternational Corporation...New York * Caracas » Mexico City
Cooper-Bessemer, S.A. ... Chur, Switzerland » The Hague, Netherlands

GENERAL OFFICES: MOUNT VERNON, ONIO

ENGINES: GAS - DIESEL - GAS-DIESEL
COMPRESSORS: RECIPROCATING AND CENTRIFUGAL,
ENGINE, TURBINE OR MOTOR DRIVEN
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IMAGINATION IN SPACE

Since Creation, man has looked out on space. At first, unknowing and
incurious; then with the beginnings of understanding; now free and able to
explore. Yet to move in space calls for wholly new concepts of energy.

This, then, is the working philosophy of Hercules in chemical propulsion:
To design and manufacture highly concentrated packages of energy as
propellants and rocket motors; each compatible, controllable, predictable;
and each perfected for its specific mission.

HERCULES’ BACKGROUND: A half-century of creative imagination in the
evolution of propellants, from shotgun powder to the manufacture of the propellants
for all the U. S. rockets fired during World War II, and now to space propulsion.
Hercules factlities today encompass research, design, engineering, and staff
organization for the production of the most advanced propellants. lllustrated brochure
available on request.

HERCULES POWDER COMPANY

INCORPORATED

900 Market Street, Wilmington 99, Delaware

XP59-6

TAN
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In the electronic logic elements of the RCA “'501'* data processing sys-
tem, transistors and other small components are mounted on plastic wafers
with printed-circuit wiring (small units right and left, above). The wafers,

in turn, are mounted on thin plastic boards, also with printed circuits
(center, above). This modular construction reduces size of the system by
75%,, increases reliability, reduces maintenance.

PRINTED CIRCUITS OF COPPER AND ALL-TRANSISTOR DESIGN
HELP MAKE 75% SIZE REDUCTION IN RCA DATA PROCESSOR

Modularized circuit elements are installed in the system by sliding them
in place. Contacts on outside edge make possible quick checkout and
testing without removing boards. Many thousands are used in each system.

ITH the growing importance of miniaturization and

Ni reliability in electronics and nucleonics, Anaconda

electrical copper products take new and varied forms—find
new and more sophisticated uses.

In the compact new all-transistor data processing system
shown above, the printed circuits are etched from Anaconda
“Electro-Sheet” copper foil. This is electrodeposited paper-
thin copper with quality carefully controlled to meet NEMA
specifications. Bright on one side, it has a matte finish on
the other for a firm bond to the circuit board. “Electro-
Sheet” is furnished in various thicknesses to exceptionally
close tolerances.

In other fields, the growing need for compact electrical
assemblies which can handle high current densities calls for
hollow copper conductors for fluid cooling. And for new

The ''501°* is designed to handle paper work—bills, reports, payrolls,
etc.—accurately, economicaliy, and at extremely high speed. It serves
businesses ranging from banks and utilities to steel mills.

environmental conditions, more difficult application needs,
there are new copper alloys.

METALLURGICAL ASSISTANCE. Whatever your problem in elec-
trical conductors, Anaconda metallurgical specialists will
gladly help you select the metal—and the form or shape—
best suited to your needs. See your American Brass rep-
resentative or write: The American Brass Company, Water-
bury 20, Conn. In Canada: Anaconda American Brass Ltd.,
New Toronto, Ontario.

ANACONDA

ELECTRICAL COPPER PRODUCTS
Made by The American Brass Company

5046
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The femur... friction. « ..
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and a greaseless

Try as she did, nature couldn’t quite make
a greaseless joint. Even the near-perfect joint
of the femur and acetabulum requires a lu-
bricant to overcome inherent friction.

But man is now able to fabricate non-lu-
bricated joints, thanks to the unique fric-
tional properties of a synthetic fiber —
“Teflon” TFE fluorocarbon fiber.

With the lowest coefficient of friction of
any known solid (as low as 0.01), and a high
resistance to abrasion, this fiber is well suited
to a multitude of joints and bearings— par-
ticularly in high-load,low-speed applications.

We submit “Teflon” for your appraisal.

Du Pont’s family of man-made fibers offers
you exceptional versatility. Even now—tai-
lored to specific needs, or combined with other
materials—fibers can outperform such ma-
terialsassteeland wood. .. or evenlubricants.

Please tell us your requirements. We’ll be
happy to provide any information or tech-
nical assistance regarding your use of Du Pont
fibers for industry.

Textile Fibers Department, E. I. du Pont
de Nemours & Co. (Inc.), 5518-A Nemours
Building, Wilmington 98, Delaware.

NYLON

‘““DACRON"'* polyester fiber
“ORLON"** acrylic fiber
“TEFLON"* TFE fluorocarbon fiber

“SUPER CORDURA"* high tenacity rayon yarn

Du Pont Fibers for Industry ﬂmﬂﬂm

BETTER THINGS FOR BETTER LIVING . .
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A Critical De-Icing Problem

Solved by COX
for SIKORSKY

The unique electric de-icing heaters for the
Sikorsky HSS-2 turbine engine air inlets were
designed and are produced by Cox.

These dependable heaters with tapering watt
density and compound curvature provide a
large weight saving over other types.

Cox & Company, Inc. is a major source for new
design and volume production in the fields of
de-icing, temperature control and special
heating elements for military equipment.

COX & COMPANY, INC.

115 EAST 23 STREET, NEW YORK 10, N.Y.
Engineering Representatives Coast to Coast

© 1959 SCIENTIFIC AMERICAN, INC

LETTERS

The summary by James R. Arnold and
E. A. Martell of the geophysical appli-
cations of radioisotopes was a welcome
contribution to your issue on ionizing ra-
diation [SCIENTIFIC AMERICAN, Sep-
tember]. I was especially pleased to see
many of the views on fallout distribution
first expressed in 1957 by N. G. Stewart
and colleagues in England and by R. J.
List and myself in this country described
to your readers. 1 presume from past
contacts that most of the arguments on
this field were advanced by Martell.
However, Martell’s meteorological inter-
pretation of the distribution of global
fallout differs from my own at least in
the following respects:

Martell argues that strontium 90 from
an equatorial stratospheric cloud spreads
more or less evenly over the earth when
it falls out. I contend that these equa-
torial clouds will be deposited preferen-
tially in the hemisphere of the atomic
test. We share the belief that the bias
toward greater fallout in the test hemi-
sphere is more marked for temperate or
polar than for equatorial latitude explo-
sions. The fact that equatorial strato-
spheric injections, which took place
mainly in the Marshall Islands (11 de-
grees North), are preferentially depos-
ited in the Northern Hemisphere is at-
tested to by observations of tungsten
185, a 74-day half-life radioisotope,
which prior to a recent special release

Scientifiec American, November, 1959; Vol. 201,
No. 5. 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 1o
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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,
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Subscription rates: one year, $6; two years, $11;
three years, $15. These rates apply throughout
the world. Subscribers in the United Kingdom may
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tific American, Inc.: one year, two pounds four
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three years, five pounds eight shillings.
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AT RAYTHEON

Scientific imagination focuses on SONICS

Sound waves generated by electro- and hydro-
acoustic transducers are used in a wide variety
of applications. Flow metering, medical ther-
apy and diagnosis, and degreasing of small
parts are a few. Covering about 25 octaves, the
sonic spectrum ranges from audible to ultra-
sonic frequencies as high as 10° cycles.

Raytheon scientists have made noteworthy
contributions to transducer technology and
acoustic propagation techniques. Examples:
the development of the first low-cost depth
sounder, the practical application of ultra-

RAYTHEON COMPANY, Waltham, Mass.

sonics in machining refractory materials, and
the use of electromechanical filters for spec-
trum analysis. Currently, Raytheon is produc-
ing for the Navy the AN/BQQ-1 sonar—the
most comprehensive underwater sound system
yet devised for detecting, tracking and attack-
ing enemy submarines.

Among the distinguished scientists at Raytheon
who are expanding basic knowledge of sonics
is Dr. Theodor F. Hueter of the Government
Equipment Division’s Sonar Department.

Excellence
in Electronics
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SYLVANIA ELECTRONIC SYSTEMS ... IN REGONNAISSANGE

. » » advanced systems

for advance intelligence

As the world’s capabilities for elec-
tronic warfare expand, early warning
and countermeasure systems depend
more and more on advance intelligence.
Electronic reconnaissance is the new
watchword of the day.

Such systems, if they are to keep pace
with offensive measures, demand the
utmost in technical research, develop-
ment and production capacities.

Sylvania has long occupied a leading
position in supplying airborne and
ground-based passive reconnaissance

Sylvania Electronic Systems
A Division of Sylvania Electric Products Inc.

63 Second Avenue, Waltham, Mass.
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systems and subsystems to the Armed
Forces. A very large part of Sylvania’s
research and development program is
engaged in this work.

Sylvania assumes full responsibility
in such advanced projects . . . from sys-
tem analysis, through research, engi-
neering, production . . . and on into
field engineering, training of operating
personnel, as well as supervision and
maintenance. A Sylvania Systems rep-
resentative will be happy to discuss
these capabilities with you.

¥ SYLVANIA®

Sudsidiary of

GENERAL TELEPHONE & ELECTRONICS
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was not a constituent of the atmosphere.
According to Martell’s thesis, this sub-
stance should be uniformly spread over
the globe after several months. But the
observed ground distribution of tungsten
185 is almost as nonuniform as the accu-
mulated strontium-90 in soil. There is a
major peak in the North Temperate
Zone, a minor peak in the South Tem-
perate Zone and a minimum in equato-
rial latitudes. The tungsten-185 fallout
is evidence of unequal partitioning be-
tween hemispheres from medium-yield
explosions. A similar case can be made
for high-yield explosions, whose clouds
rise to greater altitudes.

French Hagemann et al, in a recent
issue of Science, provided the strato-
spheric distribution of bomb carbon-14
in 1955. The sources of the carbon 14
are the Ivy (1952) and Castle (1954)
high-yield tests in the Marshall Islands.
The greater concentrations in the North-
ern than in the Southern Hemisphere are
immediately evident from the data.

It is puzzling that Martell has pub-
lished his ideas on uniform equatorial
stratospheric fallout considering that
these and other observations were well
known to him over four months before
publication of his article.

Our differences can be expressed
quantitatively. Martell would claim that
all Southern Hemisphere fallout and
roughly one third of the Northern Hemi-
sphere fallout is from an equatorial
source up to October, 1958. I would
agree that all the Southern Hemisphere
fallout is equatorial in origin but would
prefer to attribute about two thirds of
the Northern Hemisphere fallout to
equatorial sources.

These remarks are not offered to re-
assign “blame” for the fallout, but rather
to point out that the apportionment of
the fallout is important in deciding the
| nature of the meteorological models of
stratospheric transport needed to explain
the observations. Continued studies of
natural and man-made radioactive trac-
ers by Arnold, Martell and others will,
I am confident, resolve our differences.

LESTER MACHTA

Chief, Special Projects Section
Office of Meteorological Research
Weather Bureau

Washington, D.C.

Sirs:

My co-author James R. Arnold and I
are gratified by Lester Machta’s favor-
able reaction to our recent article in Sci-
.. entific American. Since Machta has




More than SO years

of Continuous Research
stands behind the Quality “Family” of

Allen-Bradley Variable Resistors

The original patent

issued to Mr. Lynde Bradley
in 1906 is reproduced above.

Tiny Type G, 15"
dia. Rated 14 watt,
70°C. Type L, %
watt, 100°C.
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New Type R ad-
justable fixed resis-
tor rated 14 watt at
70°C ambient.
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Popular Type J is 1" in
dia. Rated 2 watts, 70°C.
High temp. Type K rated
2 watts, 100°C.
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For over half a century, Allen-Bradley has set the
pace in the development of quality variable resis-
tors—and continues to do so today! With the
original patent, illustrated above, Allen-Bradley
introduced a new concept in the field of vari-
able resistors. And in the early days of radio,
Allen-Bradley variable resistors were so universally
accepted for their smooth control that famous
“‘Bradleystats’” were a byword of the wireless era.

- __...,-"’-* — TN ——

L. BRADLEY.

RESISTANCE DEVICE FOR ELECTRIC CURRENT CONTROLLERS.
APPLIOATION FILED JULY 28, 1903.

"

{

PATENTED MAR. 13, 190s.

.:1-"'., -~V

7

From this unique background comes today’s
famous A-B family of variable resistors, all of
which feature the solid, hot molded resistance ele-
ment—an exclusive A-B design that has proven
unequaled for reliability and long life. It is because
of this superlative performance that Allen-Bradley
variable resistors enjoy the enviable reputation of
being “‘required” in so many critical military and
industrial applications.

Allen-Bradley Co., 134 W. Greenfield Ave., Milwaukee 4, Wis.
In Canada: Allen-Bradley Canada Ltd., Galt, Ont.

ALLEN-

BRADLEY

Quality Electronic Components
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Tubexperience in action (]

Specials are Superior’s Specialty

Superior is equipped to supply the un-
usual—its facilities and experience enable
it to produce tubing in many analyses
and shapes for such diversified appli-
cations as waveguides for solid-state
masers or bushings for high-temperature
spark plug terminals. Typical of the
products incorporating Superior tubing
are those shown here.

Flexible waveguides of beryllium copper
are used to conduct microwaves along de-
sired path in radar systems. Customer
selected Superior tubing because it met
grain size and temper specifications, it was
fabricated to the close tolerances required,
had the ability to withstand repeated
flexures when hardened, could be convo-
luted in the annealed state, and could be
precipitation hardened after forming.

Ses

1 I
- |

Cable bushings in silicone spark plug
terminals that are not adversely affected by
heat or electrolysis, yet are both machin-
able and workable. Type 304 stainless steel
tubing, as supplied by Superior, was selec-
ted. This resulted in a completely reliable
terminal that stands up under elevated
temperature application without corrod-
ing. Machinability and workability were
achieved by drawing the tubing to a
special 14 hard temper.

Solid-State masers. Power is coupled in
and out of the cavities by stainless steel
coaxial lines or waveguides. The Superior
tubing, fabricated into close tolerance
rectangular waveguides, helped minimize
the problem of heat transfer in units using
liquid helium.

Superior has long been one of the out-
standing suppliers of tubing for unusual
applications. And only Superior can
offer more than 120 analyses, in a range
of ID, OD and wall thicknesses, and
thus meet almost every requirement for
small tubing—in standard forms or in a
wide variety of shapes. The analyses
available and the characteristics of each,
with production sizes and recommended
applications, are given in Bulletin 41.
Write for your copy today. Superior
Tube Company, 2052 Germantown
Ave., Norristown, Pa.

Sz;ae/'/é/v Je

The big name in small tubing
NORRISTOWN, PA.

All analyses .010 in. to 3 in. OD—certain analyses in light walls up to 2V5 in. OD
West Coast: Pacific Tube Company, California ¢ FIRST STEEL TUBE MILL IN THE WEST

20

© 1959 SCIENTIFIC AMERICAN, INC

taken exception to one of my statements
in the article bearing on the distribution
of stratospheric debris from equatorial
tests, I am pleased to have the oppor-
tunity to clarify my views on the sub-
ject. It should be mentioned that my in-
terpretation of the atmospheric aspects
of global fallout has differed from

| Machta’s in several significant respects

other than the point raised, as the pub-
lished record will show.

The question of the partitioning of
stratospheric debris from past equatorial
tests between hemispheres remains, in
my opinion, an open one. There is
mounting evidence that stratospheric
debris will not mix between hemispheres
on a time-scale of several months or
more. However, the crux of the question
raised by Machta is the hemispherical
division of stratospheric debris from
Operation Castle, the major source of
fallout from equatorial tests. Both the
Operation Hardtack tungsten-185 activ-
ity and the bomb carbon-14 data have
numerous obvious objections as indexes
of equatorial strontium-90 fallout.

I have assumed approximately equal
contribution of equatorial-test debris to
each hemisphere on the basis that the
greater heights of stabilized clouds for
higher-yield shots will be associated
with longer stratospheric storage times,
thus allowing more time for horizontal
mixing. If mixing between hemispheres
is inhibited on a time-scale of years, then
the initial conditions at cloud height will
play a decisive role. Machta’s assign-
ment of two thirds of strontium-90 fallout
from equatorial sources to the Northern
Hemisphere is apparently based on the
very qualitative evidence from the
tungsten-185 and carbon-14 data. Un-
certainties in both the strontium-90 fall-
out budget and in our knowledge of
stratospheric circulation afford ample
latitude for the differences in our respec-

| tive assumptions and estimates.

The several interesting meteorological
questions relating to the mixing history
for high-yield tests near the Equator
should be clarified considerably by at-
mospheric radioactivity studies already
in progress. However, I consider it high-
ly improbable that estimates of the hemi-
spherical division of debris from past
equatorial tests can be improved suffi-
ciently to distinguish meaningfully be-
tween a 50-per-cent or a 67-per-cent
contribution to Northern Hemisphere
fallout.

E. A. MARTELL

Air Force Cambridge Research Center

| Bedford, Mass.



Manned
Orbital Flight

For details on provocative job openings in Advanced Scientific Engineering Areas, write to: Professional Employment
Supervisor, 3607 Arlington Blvd., Falls Church, Virginia, in historic Fairfax County, 10 miles from Washington, D.C.

When the National Aeronautics and Space Administration’s Project
Mercury’s man is orbiting in space, he will be as alone as
man’s ever been. His electronic communication from far beyond
earth is an essential element of our exploration of space
within the solar system. The nation’s first manned-satellite fired
into orbit will carry microwave antennas conceived, designed, and
produced by Melpar, under contract to McDonnell Aircraft Corporation,
prime contractor for the Project Mercury Capsule. The electronic
creativity in our plants and laboratories is dedicated to
world-wide governmental, industrial and space application.

—
—

MELPAR © inc

A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY

21

© 1959 SCIENTIFIC AMERICAN, INC



Lockheed’s endless-loop tape recorders

DEVELOPED FOR SPACE COMMUNICATIONS, the recording
capabilities of Lockheed’s new endless-loop tape recorders
are creating interest wherever the need exists for stored data
in a critical environment. The original design is now opera-
tional in delayed and continuous recording and playback of
stored data. Its endless-loop mechanism records and plays
back in the same direction of tape travel. .. without rewind.

Variations of this lightweight, small size, low power con-
sumption unit are available in a wide range of tape speeds
and multiplicity of tracks. For more information on ad-
vanced recording techniques to meet your recording needs,
write Marketing Branch, Lockheed Electronics and
Avionics Division, 6201 East Randolph Street, Los
Angeles 22, California.

Look to Lockheed for LEADership in Electronics

AVIC

REQUIREMENTS EXIST FOR STAFF AND SUPERVISORY ENGINEERS
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EXTENSIVE DOW PRODUCTION
FACILITIES FASHION VARIED
NEW MAGNESIUM WARES

Coiled sheet, thin wall castings, many
other production items are now avail-
able from Dow’s big rolling mill, foun-
dry and fabrication facilities.

Manufacturers on the alert for im-
proved materials and production meth-
ods would enjoy a quick tour of the
four Dow plants that turn out mag-
nesium products. New ways of forming
and fabricating magnesium now being
practiced in these plants open up new
areas of use for the lightweight metal.

TOOLING PLATE, extra flat, is annealed to
eliminate residual stresses.

At the huge Madison, lllinois, rolling
mill, for example, they’re making mag-
nesium sheet that doesn’t require stress
relief after welding. This is a major
step forward in light metal technology
and a boon to manufacturers using
magnesium assemblies. Madison has
also increased the maximum width of
sheet to six feet. Five different sheet
alloys, including elevated temperature
alloys, are now available either flat or
in coils.

To keep abreast of the rapidly increas-
ing demand for precision jigs and fix-
tures, Madison keeps a close watch on
the tolerances of Dow magnesium
tooling plate. Typical flatness toler-
ances, for example, are 0.010 inches
in any six feet. This means greater ac-

WRITE TODAY for

hion o hes. ke

COMPANY, Midiand, Michigan, 5ale

THE DOW METAL PRODUCTS COMPANY

curacy and less machining for users of
Dow tooling plate. A mammoth 13,200
ton extrusion press, also located at
Madison, is now turning out magnesi-
um extrusions up to 30-inch circum-
scribed circle in size.

Over in Bay City, Michigan, interesting
things are happening, too. At the well-
equipped Dow magnesium foundry,
largest in the U. S., sand and perma-
nent mold castings of all sizes and
shapes are being produced on a volume
basis. Complete facilities are main-
tained for heat treatment, styrene DMI
impregnation and chemical treatment.
A well-staffed quality control team
makes sure that all specifications are
met or exceeded, and that the most
modern equipment and techniques are
fully utilized.

The Bay City foundry casts many com-
plex and difficult designs. Large cast-
ings with walls as thin as 0.100 are now
being produced. Other useful develop-
ments include cast-in tubeless passage-
ways for use as hydraulic lines, special
coring techniques for casting enclosed
shapes and new magnesium casting
alloys.

DOW FOUNDRY offers production capacity for
sand and permanent mold castings of all sizes.

wre
Die Costir =
Department

about Dow's mognesium produc-
. ""Foundry Brochure',
THE DOW METAL PRODUCTS
1351EQ1

A new die casting plant is now on
stream at Bay City. This facility houses
the most advanced magnesium die cast-
ing equipment, including cold chamber
metering units which automatically feed
metal to the machines and contribute
to unusually high production rates. To
assure close alloy composition control
in both die casting plant and foundry,
a direct reading spectrometer provides
frequent and precise analyses of the
molten metal. Similarly, X-ray equip-
ment is also available where radiogra-
phy is needed in quality control.

The Dow fabrication plant, also in Bay
City, offers capacity for volume work
on magnesium assemblies. Here, too,
developmental work on magnesium is
constantly in progress. The plant is set
up to handle large or small jobs, and
plenty of both. Its activities include
deep drawing, bending, spinning,

stamping, piercing, machining, arc and
spot welding, assembly, chemical treat-
ment and painting. This plant has
pioneered many “firsts” in magnesium
production, such as hot drawing, spot
welding and automatic welding.

LARGE DRAW PRESS at Dow’s fabrication
plant forms magnesium sheet in one operation.

Midland, Michigan
Division of The Dow Chemical Company
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A. The tools of progress in both fields are forged
Jfrom products developed and produced by Merck.

For example, Merck is the world’s largest producer of
vitamins and other micronutrients that contribute to
the “grow-power” of today’s poultry feeds. These mod-
ern rations help poultrymen to raise the highest-quality
broilers in about half the time and on one-half the amount
of feed than was possible before nutritional supplements
were discovered.

Too, poultrymen are sending a higher percentage of
each flock to market. Products of Merck research—re-
sulting in therapeutic feed supplements and medications
that control many previously rampant poultry diseases
—have, in a large measure, contributed to this result.

MERCK & CO., INC. - Chemical Division + Rahway, New Jersey |{;

©Merck & Co., Ino.
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Q. Why are

Poultrymen
like
Research Chemists?

Equally impressive—to the chemical research worker
—are the many hundreds of Merck Laboratory Chemi-
cals designated “precision tools for accurate analysis.”

Noted particularly for their high-quality standards,
many Merck reagents and solvents are actually purer
than required by the standards of the American Chem-
ical Society. Because of their outstanding dependability
Merck laboratory chemicals are invaluable in analytical
work, and play a vital role in some of the most important
research projects of our time.

Laboratory chemicals, feed supplements and animal
medications are representative of Merck products that
help speed progress in nearly every field served by chem-
istry. For technical information bulletins on the prod-
ucts mentioned above write to Department SA.5.

N
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INSTRUMENT CORPORATION

amiliar

{0

missile
engineers
everywhere

From R & D labs to launching
pads ... up and down the
firing ranges . . . around the
world at centers and outposts
of global defense .. . as

well as in the guidance and
control packages of prototype
and operational missiles . . .
Reeves is the known and
respected nameplate of

an experienced,

PROVEN facility.

Qualified engineers seeking reward-
ing opportunities in these advanced
fields are invited to get in touch
with us.




The snap-brim stays home

HARD HATS are turning up in a lot of unexpected places
in New York State these days. They’re being worn by
men who get things done: the experienced business
and professional men who now occupy key positions in
Governor Nelson Rockefeller’s new cabinet.

To create more and better job opportunities through-
out the state, these hard-hat ‘“‘doers” have launched
dozens of new programs for industry. State programs
are under way to improve the administration of laws
affecting business. Still other programs are helping to
upgrade public facilities and services offered by local
communities . . . cement the already favorable rela-
tionships between business and labor...streamline

-

-Ff ny W
T

state and regional tax policy...and weld urban and
suburban areas into economically sound units. In fact,
73 New York State communities have already entered
the Federal-State Urban Planning Assistance Program.

If you agree that your company could grow in this
hard-hat businessman’s climate, why not get in touch
with Commissioner of Commerce Keith S. McHugh?
He will provide you with free, up-to-date reports on
sites, labor, transportation, markets, raw materials,
water. The reports are comprehensive, confidential,
and tailored to your needs. Write Keith S. McHugh,
New York State Department of Commerce, Room 262,
112 State St., Albany, N. Y., or phone ALbany 5-7521.

GET UP TO DATE ON INEW YORK STATE
where they're talking the businessman’s language
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with digital printout
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this fine equipment have
gone all the design skills which
distinguish Picker medical and

industrial x-ray equipment.

it stands the Picker service
organization—a nationwide
network of local sales and service
depots staffed with trained
engineers—to assure dependable
performance and uninterrupted

functioning.

25 South Broadway, White Plains, New York.

Get the story from your local Picker
man, There’s probably a District Office
near you (see local phone book)
or write Picker X-Ray Corporation,
27
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SAC’s BOEING B-52’s will have Sperry Countermeas-
ures System to confuse enemy radar and also throw
missiles off course. System is designed to assure the
effectiveness of our strategic bombers by preventing
detection on their missions.

ENEMY EARLY WARNING RADAR, similar to our own
shown here, would provide first obstacle for sac
bombers to “deceive” in event of hostilities. ..

STRATEGIC TARGETS, like the one shown below, are
protected by area defense radars, antiaircraft missiles
and fighter interceptors. Countering all these weap-
ons is a critical role of Sperry-designed countermeas-

ures equipment.

ONE OF A SERIES:

THE STORY BEHIND THE STORY
of Sperry Countermeasures Division

While every effort is being made to make
America’s radar defense more effective—
equal effort is being made by a group of
Sperry engineers to make radar defenses
less effective — if the defenses are those
of a possible enemy.

In World War 1II foil called “chaff”
dropped from Allied planes cluttered
enemy radarscopes—made it difficult to
see the attackers. Then came “carpet”—

AT 455° BELOW ZERO, Fahrenheit, components are tested by Sperry scientist for use in
advanced countermeasures system. Super-cold temperature obtained by liquid helium within
cryostat makes some materials super-conductors, allowing electric current to flow forever
without adding power. Such experiments assure even more effective jamming of enemy radars
and missiles.

Spreading Confusion

Out of a growing bag of electronic tricks, Sperry engineers are creating new and better
ways to mislead potential enemies.

a means of creating noise which again
concealed the approach of planes. Since
then the task of spreading confusion has
become increasingly difficult with the
development of sophisticated radars,
fighter interceptors and missile defense.

The Sperry Countermeasures System
designed for use aboard USAF’s Boeing
B-52’s represents a revolutionary advance
in deliberate confusion of the enemy,
which greatly enhances the success of
the strategic bombing mission and
assures protection for plane and crew.
In addition to its work with the B-52

© 1959 SCIENTIFIC AMERICAN, INC

program, the Sperry division is also
devoted to finding ways of countering
every new advance in offensive weapons
with even more effective defensive con-
fusion systems. Countermeasures Divi-
sion, Sperry Gyroscope Company,
Division of Sperry Rand Corporation,
Great Neck, New York.

SPERRY



BEARINGS FIT INTO YOUR PLANS

You’ll find that high quality St¢® anti-friction bear-  assurance of receiving unbiased advice from expe-
ings fit readily into any design. St<® makes a com-  rienced SiSF engineers. Plan now to simplify the
plete line of the four basic types, in over 3,000 sizes,  problem of selecting the right bearing for your appli-
ranging from the smallest to the largest—your best  cation. Just call the nearest teF district office today.

ek

EVERY TYPE— EVERY USE'

Spherucal, Cylindrical, Ball, and “Tysow Tapered Roller Bearings
A 1.

Res. . 3. Pat. ON1.
SKF INDUSTRIES. INC. PHILADELPHIA 32. PA.
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Rama-Wooldridge Infrared-Electronics equipment. Photograoh by Don Mannix.

ELECTRONICS

The sphere of electronics expands...to meet the complex challenges
of modern technology.

At Thompson Ramo Wooldridge Inc. electronic developments include:
harnessing infrared radiation for target detection; translating languages
automatically; controlling entire industrial processes, such as oil refining;
automating machine tools and assembly lines; regulating airline, street and
highway traffic for greater safety; building precision switches and controls for
missiles; increasing business and industrial efficiency as well as home safety
with closed-circuit television; providing stereophonic and high-fidelity music
with tape cartridges and sound systems; decreasing circuit size with
micro-miniature semiconductors and diodes; all this and more. TRW offers
its many customers—commercial, industrial, consumer and military—
dependable performance, from basic research through volume production, in
the electronics, missile, nuclear, automotive, automation and industrial fields.

TAPCO, Cleveland 17, Ohio
THE THOMPSON-RAMO-WOOLDRIDGE PRODUCTS CO., Beverly Hills, California
BELL SOUND SYSTEMS, Columbus, Ohio

DAGE TELEVISION DIVISION, Michigan City, Indiana

PACIFIC SEMICONDUCTORS, INC., Culver City, California

RAMO-WOOLDRIDGE, Los Angeles 45, California

AUTOMOTIVE GROUP, Cleveland 17, Ohio
KOLCAST INDUSTRIES, Minerva, Ohio

The new Ramo-Wooldridge Laboratories, 8433 Fallbrook Avenue, Canoga Park, California.

Leamm.  Thompson Ramo Wooldridge Inc.

MAIN OFFICES - CLEVELAND 17, OHIO - LOS ANGELES 45, CALIFORNIA
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VERSATILE

ACCELERATORS
for fundamental
or applied

NEUTRON
RESEARCH

B
L

-

NEUTRON SOURCES
now available from
HiGH VOLTAGE
ENGINEERING
CORPORATION
range from
compact, low-cost
Van de Graaff
positive-ion accelerators
to large
linear electron accelerators
for energies up to
100 Mev and higher.

Pulsed or continuous operation.

PN-400 Van de Graaff — Lowest cost.
Ideal for reactor engineering, nu-
clear training courses, pulsing
subcritical assemblies.

KN Van de Graaff — Powerful and
precise for broad research pro-
grams including nuclear physics,
advanced neutron work, biology,
reactor engineering, and activa-
tion analysis.

LS Series Linear Accelerators —

Electron energies of 6 Mev and
above. Optimum neutron yield per
kilowatt obtained above 30 Mev.
Useful for nuclear physics, neutron-

damage studies, time-of-tlight re-
search, high-energy radiography.
High flux density suitable for iso-
tope production.

Particle Pulse : .
Total Neutron-yield Pulsing and
Model E';;;gy miI(I:iuarr:ﬁlnetres Rates during Pulse Repetition Rates
- 10 uSecrange
PN-400 04 0.10 10" n/sec T 110,000 pps
millimicrosecond
KN 3 0.40 2X10"n/sec ¥ to usec range;
1-10,000 pps
LS Series . * 0.01-10 psec
Example 40 350 10% n/sec 1-2500 pps

+ T(d, n) He reaction t Be? (d, n) B™®

* Photo-nuclear and photo-fission reactions.

Other accelerators, rated for operation at intermediate and
higher outputs, are also available. Write High Voltage
Technical Sales Department for specific performance data.

HIGH VOLTAGE ENGINEERING

CORPORATION

BURLINGTON,

32

MASSACHUSETTS, U.S.A.
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20 AND 100
YEARS AGO

NOVEMBER, 1909: “After examin-
ing the documents presented for con-
sideration by Lieutenant-Commander
Peary, the National Geographical So-
ciety has come to the decision that he
reached the North Pole, and has de-
cided to award him a gold medal for his
exploit.”

“The $1,000,000 given by John D.
Rockefeller will go a long way toward
eradicating the hookworm. The worm
was identified in 1903 by Dr. Charles
Wardell Stiles of the Rockefeller Com-
mission. It is about half an inch long and
lives in the small intestine. Soil pollution
is responsible for the existence and
spread of the worm. It can be eliminated
from the human body by a simple treat-
ment of thymol and Epsom salts, the
patient in most cases being cured in a

few days.”

“Wilbur Wright has finished teaching
Lieuts. Lahm and Humphreys the oper-
ation of the new government biplane at
College Park, Md. After being taught
for a fortnight how to operate the ma-
chine, Lieuts. Lahm and Humphreys on
October 26th made their first flights in
it alone. Lieut. Humphreys made the
first flight, which consisted of two cir-
cuits of the field, in three minutes. Lieut.
Lahm next flew six times around, and
described some small circles as well, his
time being 13 minutes. On November
5th, when the two officers were making
a flight early in the morning, the motor
began missing, and the machine got
dangerously near the ground. The end
of the lower plane struck in making a
turn, and the machine was rather badly
smashed, although neither of its occu-
pants was hurt.”

“It is probably little realized outside
of Southern California that the Los
Angeles aqueduct, now about half com-
pleted, is by far the largest hydraulic en-
gineering work now in progress, with
the exception of the Panama Canal. This
immense undertaking was designed to
meet the serious problem of a waning



At Bell Laboratories, Holmdel, N. J., a horn reflector antenna is beamed skyward by scientists Edward Ohm, David Hogg and Robert DeGrasse. The maser amplifier,
which employs a ruby cooled in liquid helium, is inside building at right. Over-all '"noise'' temperature of antenna, amplifier and sky is only 18°K at 5600 megacycles.

ANOTHER STEP TOWARD

The above antenna is part of a new ultra-sensitive radio
receiving system under development at Bell Telephone Lab-
oratories. It has extraordinary directivity. Beamed skyward,
it ignores radio “noise” from the earth, yet picks up ex-
tremely weak signals from outer space.

The signals are amplified by the latest Bell Laboratories
“maser” amplifier. The maser principle was first demon-
strated, using gas, by Prof. C. H. Townes and his collabo-
rators at Columbia University. Bell Laboratories scientists
applied it to the solid state guided by a theoretical proposal
of Prof. N. Bloembergen of Harvard University. Their latest
traveling wave maser amplifier employs a ruby mounted in
a waveguide. The ruby is excited to store energy. As signals
pass through, they absorb this energy and are thus amplified.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

SPACE COMMUNICATIONS

The device uniquely combines the characteristics needed for
practical space communication: extremely low inherent noise
and the ability to amplify a broad frequency band.

At present the receiving system is being used to pick up
and measure minute radio noise generated by the atmos-
phere. It also foreshadows important advances in long
distance communications. For example, it could extend the
range of space-probe telemetering systems, could help make
possible the transatlantic transmission of telephone and TV
signals by bouncing them off balloon satellites—and has nu-
merous applications in radio astronomy and radar.

This pioneer development in radio reception is one more
example of the role Bell Laboratories plays in the pursuit
of better communications technology.
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HURRICANE- pROOF

"OVERCOAT"
FOR THE
JUPITER...

MISSILE SHELTER-PANELS RAISED MISSILE SHELTER-PANELS OPEN

“buttoned up” by 24 Saginaw ?/» Screws

Buttoning up the “overcoat” for the Jupiter IRBM is a cinch for the Saginaw Ball
Bearing Screw! The “overcoat” is a portable prefab standby shelter designed by
Barnes & Reinecke, Chicago, and U. S. Army Engineer Research and Development
Laboratories, Fort Belvoir, Va., to protect the missile’s tail and personnel working on
it. The shelter has 12 base sections with hinged panels raised electrically to form a
weather-tight seal around the Jupiter's hull.

The Saginaw b/b Screw converts rotary motion into linear motion with over 90%
efficiency. This enables the Saginaw Screws to dependably raise or lower these
panels—and hold the shelter securely in place—even in the face of 76 mph
hurricane winds. In fact, each Saginaw Screw is able to withstand a combined
wind and weight stress of almosi five tons! Another great advantage of the Saginaw
Screw is the substantial savings in space, power and weight which make the shelter
easier to transport and assemble.

The Saginaw Screw may be able to give your products that valuable Sales
Appeal you're looking for. To find out, write or telephone Saginaw Steering
Gear Division, General Motors Corporation, Saginaw, Michigan—world’s largest
producers of b/b screws and splines.

Give your products
NEW SALESC APPEAL ... switch to the

WORLD'S MOST EFFICIENT ACTUATION D(VICE/@o.d
ng Creayv
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water supply coupled with a growing
population in Los Angeles. The aque-
duct will be 230 miles long, and will be
capable of conveying 280 million gallons
of water per day from the Sierra Nevada
across the Mojave Desert to the San
Fernando Valley, providing water for
power purposes and irrigation of the
district, as well as for the city supply.”

“At the second regular session of the
New York Section of the American
Chemical Society on November 5th, Dr.
Leo H. Baekeland, president of the
Electro-Chemical Society, was presented
with the Nichols Medal for his papers
“The Synthesis, Constitution, and Indus-
trial Application of Bakelite’ and ‘Soluble
and Fusible Resinous Condensation
Products of Formaldehyde and Phenol.”
In accepting the medal Dr. Baekeland
voiced his thanks for this expression of
regard for his work. He then exhibited
several industrial applications of the new
compound Bakelite, and made an experi-
mental comparison of the resiliency of a
ball of Bakelite the size of a billiard ball
with an ivory billiard ball. Each ball was
dropped from a stand three feet high, the
height of its rebound was noted, and
the length of time of the rebound until
it came to rest. The ball of Bakelite,
showing much greater resiliency than
the ivory, rebounded at least six inches
higher than the ivory ball and took sev-
eral seconds longer to come to rest.”

“Capt. Roald Amundsen, the discov-
erer of the Northwest Passage, arrived
in the United States recently. Capt.
Amundsen has come here to make prepa-
rations for an expedition to the Arctic
which he calculated would keep him
away from civilization probably more
than five years. His primary object will
be to explore the ocean depths of the
region, to study the currents and tem-
peratures and the character of the ocean
bottom. He will start from San Fran-
cisco in July, 1911, in the 400-ton gaso-
line auxiliary schooner Fram, which
was used by Nansen in his trip to the
North.”

“Uranium is found commercially in
only two minerals in the United States,
pitchblende and carnotite. Pitchblende,
which is widely known because of its
use as an ore of radium, occurs in quan-
tity in the United States only in Gilpin
County, Colo. Carnotite occurs as a
bright yellow powder in sandstones in
Utah and Colorado. Uranium minerals
ave radioactive. Uranium has not yet
been put to many practical uses. Ura-
nium salts are used in iridescent glass



Where
can we get a

power transistor
that will meet
the rigid
requirements
for
missiles?

-

Westinghouse 2N1015 and 2N1016 Silicon Power
Transistors meet the transistor requirements for
missile application.

High Operating Temperature—Westinghouse
2N1015 (2 amp) and 2N1016 (5 amp) silicon power
transistors are designed to operate at 150°C junc-
tion temperature.

High Power— Westinghouse 2N1015
and 2N1016 power transistors deliver
maximum power in minimum space
and weight because of their very low
saturation resistance (0.5 ohms) and _
extremely low thermal resistance |

B

High Efficiency—Westinghouse 2N1015 and
2N1016 power transistors operate at the highest
efficiency obtainable in the power range of one
kilowatt.

Maximum Reliability—Westinghouse Quality
Assurance Programs include 100% power testing
to maximum rated voltage and current, environ-
mental testing, life testing, and other
tests that insure extreme reliability.

For additional information on West-
inghouse Silicon Power Transistors,
contact your local Westinghouse rep-
resentative or write to Semiconductor

]

(0.7°C/watt). F - = Department, Youngwood, Penna.
o
YOU CAN BE SURE...u: s " veStl gh()use
| - St r{ Semiconductor Dept. Youngwood, Pa
| ¥
-" i
i

.
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to a customer who
wants to buy a
hand made instrument?

We built this DC power supply for our own laboratory use. For our purposes it
proved very useful and reliable. We were quite proud of it and often demon-
strated it to visiting engineers from customers who came on a tour of inspection
or for directing tests on equipment we were building to their specifications.

Not only one, but many of these engineers became so intrigued by the perform-
ance of this power supply that they pressed us to build a duplicate for their use.
So we quoted a price on a “made-by-hand, one-at-a-time” production cost basis.
And, the orders came in. Word gets around, and inquiries and orders still are
being received. How can you say NO to a customer?

If there is really a wide use for this — that is — if a reasonable number of engi-
neers want to buy one of these instruments, we propose running a reasonable
production quantity and sell them at a popular price — more economical than
similar instruments for the same purpose.

Here are the specifications:
Input: 95/130 volts; 60 cycles
Output: 0/45 volts DC, 0/2.5 amperes

These are the features:
Output voltage and current are stabilized =15 % regardless of AC voltage
fluctuation. Continuously adjustable, stabilized at any setting.

Use it for transistor testing, circuit testing, regulated voltage for light testing,
battery elimination and similar requirements.

If this instrument holds any interest to you send us a note on your company
letterhead addressed to Mr. Lou Danko, Special Products Department.

ACME ELECTRIC CORPORATION

6911 WATER STREET
WEST COAST: 12822 YUKON AVENUE

CUBA, NEW YORK
HAWTHORNE, CALIFORNIA

Aeme<®>Flectric

© 1959 SCIENTIFIC AMERICAN, INC

and in pottery glazes, and uranium com-
pounds are employed in chemistry and
medicine. Uranium and uranium salts
were imported into the United States in
1918 to the value of $7,145.”

“The well-known explorer and sports-
man, Prince Scipio Borghese, has tabu-
lated the number of dirigibles and
aeroplanes in existence in the world on
September 30th. The former number 36;
the latter 76. In addition, 68 dirigibles
are in course of construction. France pos-
sesses more than one third of the aero-
planes in existence and is therefore
considerably farther advanced than oth-

er nations in this respect.”

NOVEMBER, 1859: “Quite recently
there was a considerable excitement
caused by the discovery of a rich oil
spring at Titusville, in the northwestern
part of Pennsylvania. This excitement is
unabated, as extracts from papers issued
in the oil region demonstrate: It appears
that the ‘Pennsylvania Rock Oil Com-
pany’ purchased the spring of Brewer,
William & Co., for the sum of $5,000,
and in 1858 leased it to Mr. E. L. Drake,
with the understanding that he should
gather the oil at his own expense, and
pay them 12% cents a gallon for it. His
lease extended for 15 years, with full
privilege of working it at his own option.
In May last he commenced looking for
salt, and after sinking a shaft 71 feet,

on the first of last month, he struck a
fissure through which he was boring,
and the discovery of the subterranean
| spring of oil was the resuit. The yield
per day, up to the period of the recent
fire, had increased from 400 to 1,600
gallons.”

“Hitherto the public parks of New
York City have been so small as to ex-
| cite the derision of foreigners; but this
| city has at last nobly redeemed itself in
| this respect by the purchase and arrange-
| ment of the ‘Central Park, which, when
completed, will be one of the largest and
most beautiful in the world. The Central
Park of New York embraces an area of
843 acres, and is two and a half miles
long by half a mile wide. Three arti-
ficial lakes are being laid out, one of
which covers 20 acres, and forms the
| skating pond. A large extent for fields
and lawns is assigned for the evolu-
tions of military companies, games of
' ball, cricket and other athletic sports.”



“GO"’ or “NO GO"’

APCHE (Automatic Programmed Checkout Equip-
ment) is a solid-state, universal, high-speed, highly

reliable, compact general-purpose tester designed
especially for automatic checkout of aircraft, missile
and space systems and their supporting systems.
In its various versions (differing in input media,
size and weight) APCHE installations may be
fixed, mobile, airborne or submarineborne. APCHE
was designed and is being produced as a part of
RCA’s ground support electronics subcontract from
the Convair (Astronautics) Division of General

Tmk(s) ®

The Checkoui :
that says ‘I

) i H .‘..
) 1 G S
— " E AJ:
b= < / Q‘ 3

Dynamics Corporation, prime contractor for the
ATLAS Intercontinental Ballistic Missile.

The system being supplied to Convair for the
ATLAS Program includes a console and four rack
cabinets providing both analog and discrete test
functions with a resulting printed and GO-NO GO
indication. As a product of RCA’s Missile Elec-
tronics and Controls Department, Burlington,
Massachusetts, APCHE is one of the latest RCA
developments in the field of military weapon readi-
ness equipments.

RADIO CORPORATION of AMERICA

DEFENSE ELECTRONIC PRODUCTS « CAMDEN, NEW JERSEY
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(Pronounced
“AP-SHE")



TECHNOLOGICAL LEADERSHIP

How rigorous quality

on Sylvania

38

TODAY, Sylvania Semiconductors are
meeting tougher quality standards
than ever before. Yet production vol-
ume is climbing at an accelerating
rate and has already been responsi-
ble for repeated reductions in both
diode and transistor prices.

Behind this combination of tight
quality control with high volume pro-
duction stands Sylvania’s technolog-
ical leadership in semiconductors.
Through exclusive production and
processing techniques developed by
Sylvania engineers, quality in quantity
has been achieved.

Here are some of the outstanding
quality-control advances made at
Sylvania’s Semiconductor Division
in the basic steps of semiconductor
manufacturing:

COMPOSITION CONTROL — Sylvania sci-
entists have developed revolutionary dop-
ing processes that achieve a new uniformity
in silicon for semiconductor devices.

These precesses also prevent unwanted
crucible contamination of the silicon.

The result: silicon for microwave diodes
of greater uniformity than previously
possible.

This uniformity can determine, more
than any other single factor, the basic
quality of the finished semiconductor
device.

At Sylvania, technological achievements in die sizing, testing, material
preparation and in other areas such as mechanized assembly are in
progress every day. Always, the objective is to produce the best possible
semiconductor device at the lowest possible cost.

© 1959 SCIENTIFIC AMERICAN, INC



IN SEMICONDUCTORS

control lowers prices

Semiconductors

DIE UNIFORMITY —Precise die thickness is
vital to the transistor’s performance and must
be maintained within a ten thousandth of an
inch. Highly accurate control of this critical
thickness has been achieved by Sylvania
through a process that automatically controls
die-sizes to microscopic limits. The operation
is performed on a mass production basis and
is so precise that thickness measurement
checks are employed only on a statistical
basis. As a result a new standard of uni-
formity and quality in mass-produced semi-
conductors has been achieved.

AUTOMATIC TESTING — Now in operation at
Sylvania’s Semiconductor Division is a Digital
Automatic Tester and Classifier. Designed and
developed by engineers of the division it auto-
matically subjects finished semiconductors to 16
separate tests and classifies them into as many
different categories at a speed of 1500 per hour. It
rates each semiconductor on each test. It compares
the final test results with predetermined standards
and then places each unit in its proper category.
Replaceable plug-in test modules enable the device
to test for an almost infinite variety of electrical
and mechanical characteristics.

Sylvania Semiconductor Division
100 Sylvan Road, Woburn, Mass.

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS
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THE
SCIENCE
OF
PRACTICALITY

The ability to move a highly complex prototype product from the

research laboratory into economical quantity production is an important
reason for the rapid growth of Varian Associates—major producer of
microwave tubes, instruments, electronic components and scientific equipment.

And with the recent acquisition of Bomac Laboratories by
Varian Associates, depth and versatility have been added to the volume
production capacity of microwave tubes and other Varian products.

Advance production techniques are the “science of practicality”

at Varian, and in large measure account for the extraordinary performance
standards of Varian products. .. the frequency stability of Varian

Klystrons, high resolution of the NMR Spectrometers, the high order

of vacuum achieved by the Vaclon® pumps and the field

homogeneity of Varian laboratory magnets. The maintenance of

highest standards while at the same time achieving volume production,
is an example of Varian creativity at work for science, industry

and the military establishment.

A VA RIAN associates
611 HANSEN WAY « PALO ALTO, CALIFORNIA

BOMAC LABORATORIES, INC., BEVERLY, MASSACHUSETTS / VARIAN ASSOCIATES OF CANADA, LTD., GEORGETOWN, CANADA / S.F.D. LABORATORIES, INC., SUMMIT, NEW JERSEY

40
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General Electric RTV silicone rubber

New liquid rubber cures without heat, useful from — 70 F to 4 600 F, ideal for

sealing, electrical insulation and flexible molds.

HEAT RESISTANT SEALING, such as shown on this
Douglas DC-8 Jetliner, is made possible with RTV
(room temperature vulcanizing) silicone rubber. RTV
cures without application of heat; won’t shrink (no sol-
vents) ; forms no voids. It has excellent bond strength,
plus resistance to high temperatures, moisture, weather-
ing, ozone, aircraft fuels and solvents.

PRECISION MOLDING of proto- LOW-COST TOOLING with flexible
type and engineering models RTV mold material offers added
and replacement parts is simpli-  savings in time and expense. RTV’s
fied and improved with RTV flex- ~ “built-in” release agent provides
ible mold material. G-E RTV’s  easy removal of this epoxy coil-
low shrinkage permits close tol-  winding form from mold. Total cost
erances and fine surface detail. reduced 81%, delivery time 90%.

N

ENCAPSULATION OF STATOR WINDINGS, POTTING OF AIRBORNE EQUIP- RTV COIL IMPREGNATION enables this

introduced by General Electric motor depart- MENT provides protection from high  Hughes Aircraft Co. transformer to pro-
ments, extends service life of motors. RTV’s re-  altitude arc-over and corona as well ~ vide top performance at 250°. Unlike
sistance to moisture and other contaminants as vibration and moisture. RTV  other insulations tried, G-E RTV com-
enables these dripproof motors to meet certain  silicone rubber protects this cath- pounds proved successful both for coil
applications formerly requiring enclosed units. ode ray tube up to 70,000 feet. impregnation and full encapsulation.

For application data and samples of General Electric RTV silicone rubber write Section U1114, General Electric Company,
Silicone Products Department, Waterford, New York

GENERAL @ ELECTRIC
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¢ Our engineering
unit costs

dropped drastically
after installing

the Bendix G-15
digital computer.?”?

MORMAN W BiMMER
CHIEY PRODUCTS ENGINEER,
BUILDINGS DIVISION,

BUTLER MANUFACTURING COMPANY,
HAMIAL CITY, MISSOURE

Butler’s progressive engineering program requires a fast, versatile, and low-cost computer.
It must handle complex structural problems and still be simple enough to be used by engi-
neers with no programming experience. The computer’s mission: cut engineering unit
costs. “Our own survey proved that the Bendix G-15 digital computer could best do this
job,” says Mr. Rimmer, “and it does.”

42

For Butler, part of the cost-cutting versa-
tility of the G-15 stems from the variety
of programming methods they can use.
For the solution of repetitive problems at
highest speeds, they use the machine lan-
guage system. With the simplified Inter-
com 1000 system, the entire staff uses the
computer for structural design problems.
This versatility also means the G-15 can
be used for business data processing as
well as scientific and de-
sign calculations.

Butler is also pleased with
the expandability of the
G-15. They know that as
their computing require-
ments grow, they can add

magnetic tape units, punched card equip-
ment, digital differential analyzers, plot-
ters, and other accessories. Remember,
however, that the basic G-15, which in-
cludes a unique photo-electric tape reader-
punch and alphanumeric typewriter, is
more than adequate for most problems.

Find out more about this computer — the
only medium-scale computer in the low-
price field. Inquiries regarding specific
applications are welcomed.

Computer

|
DIVISION OF BENDIX AVIATION CORPORATION

DEPT. C-16
LOS ANGELES 45, CALIFORNIA
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A rocket engine capable of more than 50,000 lbs. of static thrust, developed and built
by Reaction Motors Division of Thiokol Chemical Corporation, will soon send the fabulous
X-15 searing into outer space. To protect the engine from its own fierce blast, key metal
surfaces are coated with ROKIDE “Z" coating.

... but ROKIDE® Coating
will protect the X-15's
engine during critical

burning time

As the manned X-15 bores into the sky
for 100 miles or more in its forthcoming
tests, rocket-powered flight will last only
for about a minute and a half. However,
protecting the engine from the tremendous
heat and erosive force of its propellants for
even that brief span posed a major design
problem. Engineers solved it by coating
critical metal surfaces with ROKIDE “Z”
zirconium oxide — one of today’s most
rugged refractory materials.

This is typical of the new and challeng-
ing requirements which all three types of
hard, crystalline ROKIDE spray coatings
(“A”, “ZS” and “Z’) are meeting in the
ever-expanding air and space programs.
These outstanding members of Norton
Company’s large family of refractory ma-
terials, as well as other experimental coat-
ings such as chrome oxide, spinel, etc., are
providing protection against high heat and
abrasion, corrosion and severe thermal
shock in supersonic aircraft, missiles and
rockets.

Norton Company maintains ROKIDE
coating facilities on both coasts: at the
main plant in Worcester, Mass., and at its
plant in Santa Clara, California. For de-
tails, write NORTON COMPANY, Refractories
Division, 550 New Bond St., Worcester 6,
Massachusetts.

*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries

WUNORTON)

REFRACTORIES
Engineered...R_...Prescribed

Making better products ... to make your products better
NORTON PRODUCTS Abrasives » Grinding Wheels o Grinding Machines e Refractories o Electrochemicals — BEHR-MANNING DIVISION Coated Abrasives o Sharpening Stones o Pressure-Sensitive Tapes
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<GS | NEW MATERIALS GIVE PRODUCT PLANNERS FREE REIN

A few years ago, the management man with
new products on his mind had to think of how

to make them in terms of the limited choice of
materials then available. Now, he first dreams
up the desirable qualities his product should
have, then selects the materials that meet these
requirements. Plastics are one important reason

for this big difference between yesteryear and
today. Many different combinations of prop-
erties are available in plastics formulations and
the selection grows wider every day. New de-
velopments in plastics materials, such as those
reported below, provide plenty of ideas for new
product planners.

NEW PLASTIC MAKES
LUMINOUS CEILING IDEA COME TRUE

Unique suspended ceiling material
made of Dow thermoplastic
forms an unbroken luminous ceiling
line, yields more light.

An architectural products manufac-
turer recently approached Dow with
an idea for a new product. They knew
exactly what they wanted, but knew of
no material that would meet their re-
quirements. They wished to manufac-
ture a grid panel for use in suspended
ceilings that would diffuse light to
create the effect of a continuous
luminous expanse of infinite dimension.
The material they sought must be

molded into intricate shapes, be dimen-
sionally stable and have exceptional
non-yellowing and light diffusing
characteristics.

Fortunately, Dow was getting ready
to introduce a new material that met
these requirements perfectly. In a short
time the manufacturer had his material
and was in full production . . . an
example of how manufacturers fre-
quently find that the one right material
for the job is already under develop-
ment—or in production—at Dow.

This new material, called Styron®
Verelite 672, was developed specifically

© 1959 SCIENTIFIC AMERICAN, INC

for such applications. It possesses
unique light transmitting and diffusing
properties, and has an exceptionally
high resistance to yellowing, a malady
common to many materials under pro-
longed exposure to fluorescent light.

The grid panels, which fit together to
form a continuous pattern for areas of
any dimension, are finding extensive
use as room dividers and display
boards, as well as in ceilings. Light
fixtures, sprinkler heads and other
equipment can be installed above the
ceiling level and thus be hidden from
view.



HARDHEADED SALES GAINER

When professional gridmen make and
take those earth-shaking tackles their
heads need all the protection they can
get. That’s why several pro teams equip
their players with helmets made of
lightweight, super-tough Ethocel®,
Dubbed the “aristocrat™ of all thermo-
plastics, high-impact Ethocel takes
shock well over a wide temperature
range. It has a high gloss and can be
matched to many colors. Its excellent
strength and molding characteristics
permit large one-piece moldings for
many rough and tumble applications.

THIS DRAWER WON'T WARP
OR SPLINTER

This plastic drawer for the home is
another example of creative engineering
with Dow plastics in the building
products field. Vacuum-formed of
Styron® 475, it offers the last word in
convenience and durability wherever
built-ins are applicable. The manufac-
turer also supplies the glides and
framing, leaving only the decorative
exterior to be applied. The outstanding
forming characteristics of Styron 475
keep production men happy. Rounded
corners make the drawer easy to oper-
ate and easy to clean and, of course,
it’s splinter-free. It’s long on looks as
well as service life . . . cannot swell or
warp because of the extremely low
moisture absorption of Styron.

DON’T FREEZE THAT DESIGN until
you've checked with Dow. Chances are,
one of the many Dow thermoplastics will
fit your materials requirements ‘to a
tee’’. To find out, write today to THE bOW

CHEMICAL COMPANY, Plastics Sales Depart-
ment 1514EQ11.

e o o
INDUSTRIAL MOLDING
MATERIALS

PACKAGING MATERIALS

PAINT AND COATING
MATERIALS

BUILDING PRODUCTS

THE DOW CHEMICAL COMPANY
Midland, Michigan

TWO MORE PRODUCT IMPROVEMENT
IDEAS WITH DOW PLASTICS

STYRON

Great fun for the junior homemaker!
This complete miniature washer-dryer
contains several parts made of dif-
ferent Styron formulations. Properties
demanded by this application include
toughness, structural strength, smooth
surface, clarity and resistance to
soap chemicals. Styron also gives
the production man a break with its
excellent moldability.

PVC RESINS

These see-through tubes typify the
many uses being made of formula-
tions utilizing Dow PVC. The result-
ing high quality compound is then
extruded into tubing, filled, sealed
and crimped to make an attractive,
low cost package. Two reasons Dow
PVC is often selected: its high proc-
essing uniformity and resistance to
many chemicals.
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For cooling water systems,

the latest word

is ENDCOR®

ENDCOR-new from Dearborn's research
laboratories, gives better corrosion control at lower
cost in open recirculating cooling water systems.

ENDCOR - promotes rapid film formation . . . is
completely stable against oxidizing agents.

ENDCOR-sharply reduces corrosion rates and
deposit formations . . . minimizes sludge
adherence to heat exchange surfaces.

ENDCOR - permits operating any open system
at higher pH readings . . . saves on acid.

Developed after exhaustive experiments, ENDCOR
has been incorporated in Dearborn’s Polychrome and
non-chromate treatments and successfully tested
under severest laboratory and operating conditions in
customer plants for over a year. Available now in
powder or briquette form. Your Dearborn engineer
will be happy to fit these new treatments to the
specific needs of your system. Call him today or
write for detailed Technical Bulletin.

DEARBORN CHEMICAL COMPANY

FEzxecutive Offices: Merchandise Mart, Chicago 54
Plants and Laboratories: Chicago * Linden, N.J. ¢« Los Angeles
Toronto « Honolulu « Havana « Buenos Aires

EFFECT OF ENDCOR ON
CORROSION RATE

CORROSION — WEIGHT LOSS 1M MG /DAY

TIME DATS

L]
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dearborn

! H. TRACY HALL (“Ultrahigh Pres-
sures”) is director of research and pro-
fessor of chemistry at Brigham Young
University in Provo, Utah. He was born
in Ogden, Utah, in 1919, and acquired
his B.S., M.S., and Ph.D. degrees at the
University of Utah. From 1942 to 1946
he was with the Bureau of Mines in
Utah, with time out for service in the
Navy. He became interested in synthe-
sizing diamonds in 1942, and, he says,
“read everything I could find on the sub-
ject and conducted many experiments in
which T hoped to synthesize diamonds
without the use of high pressures and
high temperatures. This research was
aside from my masters’ degree project,
which was in the field of electrochemis-
try.” Hall joined the General Electric
Research Laboratory in Schenectady in
1948, and in 1951 he “eagerly accepted”
the company’s offer to work on synthe-
sizing diamonds. The group in which he
worked devised the high-pressure, high-
‘temperature apparatus that made the

synthesis possible, and Hall himself dis-
covered the proper chemical constitu-
‘ ents, geometrical arrangements, pres-
| sures and temperatures necessary for the
first reproducible synthesis of diamonds.
| He left General Electric in 1955 to take
up his present position in Provo, where
he lives with his wife and seven children.

R. W. SPERRY (“The Growth of
Nerve Circuits”) is Hixon Professor of
| Psychobiology at the California Institute
of Technology. He graduated from
Oberlin College in 1935 and took his
Ph.D. at the University of Chicago in
1941. Then he was a National Research
Fellow at Harvard University and a re-
search associate at the Yerkes Labora-
tories of Primate Biology. In 1946 he
returned to Chicago, serving first as as-
sistant professor of anatomy and later as
associate professor of psychology. He
spent a year at the National Institutes of
Health as chief of the section on devel-
opmental neurology, and in 1954 went
to his present position at Cal Tech. An-
other article by Sperry, “The Eye and
the Brain,” appeared in the May, 1956,
issue of SCIENTIFIC AMERICAN.

ELIJAH ADAMS (“Poisons”) is pro-
fessor of pharmacology and director of
the pharmacology department of the
Saint Louis University School of Medi-
cine. He is a graduate of Johns Hop-
| kins University and took his M.D. at




He took the luck out
of heads or tails

This AMF engineer had a delicate
problem: to accomplish the separa-
tion of the expended stages of a
multi-stage rocket. If separation
occurs too soon, thrust in the nearly
burned out stage may exceed the
aerodynamic drag, the tail overtakes
the head, and...boom. A million dol-
lar collision and no insurance.

His solution: An acceleration
switch that turns the burned out
stage loose at the right split second
...a switch that makes rockets think
for themselves.

His switch is compact. It is de-
signed to work in any missile at any
range with any payload. It is ingen-
iously simple in conception, design,
and operation. A spring is attached
to a free swinging hammer, the
spring force acting to pull the ham-
mer against the contact plate. At
calibration the spring can be set to
oppose any G from 1 to 100. When
the missile is launched, the hammer
is held back by the acceleration
forces until the stage decays to the
desired separation G. When the
spring force overcomes the forces
of acceleration, the hammer comes
forward, strikes the contact plate,
and the circuit required to make
separation is closed automatically.
No guesswork, no luck, no collision.

Single Command Concept

This simple solution to a tricky
problem reflects the resourcefulness
of AMF people.

AMF people are organized in a
single operational unit offering a
wide range of engineering and pro-
duction capabilities. Its purpose: To
accept assignments at any stage
from concept through development,
production, and service training...
and to complete them faster...in
* Ground Support Equipment
» Weapon Systems
» Undersea Warfare
* Radar
o Automatic Handling & Processing
* Range Instrumentation
* Space Environment Equipment
* Nuclear Research & Development

GOVERNMENT PRODUCTS GROUP,
AMPF Building,261 Madison Avenue,
New York 16, N. Y.

In engineering and manufacturing AMF has ingenuity you can use... AMERICAN MACHINE & FOUNDRY COMPANY
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INTRODUCING THE SIGMA MODELS FOR

Total newness is only one of the ex-
citing features of these 1960 Sigma relays.
Eager in performance, nimbly darting
around the worst circuit parameters, they
bring back that forgotten thrill of the first
time you got a relay to work in a circuit
—and they win the respectful admiration
of all your electronic colleagues. No mat-
ter what your reason for owning a relay,
there’s a new Sigma model — standard
luxury or fully equipped —to make every

magnetic excursion fun again!

All 1960 models come with coils wound
with genuine wire, potentially movable
armatures, and 100% fresh magnetic
fields created by Sigma master craftsmen,
at no additional cost. (Models illustrated

include optional extras available at added
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cost —ohm grown resistance values, dry
circuit quencher and Braintree Beige

enclosures.)

Decide now to be unhappy with any-
thing less than a 1960 Sigma relay. Make
your status clear — fulfill your desire to be
known as one who dares to be different
...one who uses Sigma relays. And al-
ways remember: when better relays are
built, Buick will build them,

SIGMA INSTRUMENTS, INC.
40 Pearl St., So. Braintree 85, Mass.
Au Affiliate of The Fisher-Pierce Co. (since 1939)

© 1959 SCIENTIFIC AMERICAN, INC

the University of Rochester in 1942.
An Army physician in World War II, he
left medicine after the war for research
in enzyme biochemistry, later teaching
pharmacology at the New York Univer-
sity College of Medicine. He wrote the
article “Barbiturates” in ScienTtiFic
AnERICAN for January, 1958.

MATTHEW JOSEPHSON (“The In-
vention of the Electric Light”) is a for-
mer magazine editor and the author of
many books and articles. He received his
B.A. degree at Columbia University in
1920, and was successively an editor of
Broom, Transition and The New Repub-
lic, which he left in 1932. Among his
books are Zola and His Time, The Rob-
ber Barons, The Politicos and Stendhal:
Or the Pursuit of Happiness. He was
elected to membership in the National
Institute of Arts and Letters in 1948, and
has held a Guggenheim traveling fellow-
ship for creative literature.

HUBERT AND MABLE FRINGS
(“The Language of Crows”) are a hus-
band-and-wife team at Pennsylvania
State University, where they study the
responses of animals to sound. Hubert
Frings took his degrees at Penn State,
the University of Oklahoma and the Uni-
versity of Minnesota, where he received
his Ph.D. in 1940. He joined the Penn
State faculty in 1949 and is now profes-
sor of zoology. He and his wife first
studied chemoreception in insects but
later became “impressed with stories
about insects being chased by various
sounds.” The Fringses sought advice on
this phenomenon in the acoustics divi-
sion of the physics department at Penn
State, but there were sidetracked into
studying the effects of high-intensity
ultrasound on animals. This led to the
development of standardized tests for
audiogenic seizures in mice, and to the
production of stocks of mice with pre-
dictable susceptibilities to these seizures.
They started their work on birds in 1952
by studying the response of starlings to
sounds. The Air Force sponsored this
project in the hope of getting rid of
starlings around aircraft hangars. Frings
and Joseph Jumber, a graduate student,
stumbled upon the fact that the recorded
distress call of the starling causes a star-
ling flock to leave its roost. Mrs. Frings,
a research associate at Penn State, from
which she graduated, has collaborated
in most of this work.

BRUNO ROSSI (“High-Energy Cos-
mic Rays™), professor of physics at the
Massachusetts Institute of Technology
since 1946, has been studying cosmic



Titan’s Accurate Guidance System

It has only a few minutes after lift-off to set a 110 ton ballistic
missile on course to pinpoint a target area quarter-way ’'round the world.

“Threading a needle in space in order to drop a missile
on target up to 6,000 miles away.” This is the task
accomplished by the Command Guidance System now
used for the Titan intercontinental ballistic missile.

Command guidance is a system developed by the
Bell Telephone System’s research-production team . . .
Bell Telephone Laboratories and Western Electric. The
science that developed this and so many of the almost
magical electronic devices essential in today’s national
defense is in large part the same science that provides
your Bell telephone service.

The “ballistic” missile
To appreciate the task confronting the Command Guid-
ance System requires a basic understanding of the
ballistic missile itself.

Titan is propelled hundreds of miles above the atmos-
phere at speeds of more than 17,000 miles per hour and
with range limits of 6,000 and more statute miles. The
missile engines propel it for a fraction of the total dis-
tance, guidance being applied only during the powered
phase. For the rest of the trip, the missile —including
the subsequently detached nose cone —Aflies like a pro-
jectile shot from a gun. It follows a ballistic trajectory
to the target.

Classically, the ballistic trajectory or orbit is an
ellipse with the center of attraction—in this case the
center of earth—at one focus. Determining the exact
trajectory required, however, is complicated by such
things as earth rotation and the not-exactly spherical
aspect of our globe.

Typical ICBM trajectory showing (A) falling booster stage, (B) end of
powered flight, (C) apogee or point of greatest separation from earth,
(D) re-entry of detached nose cone into earth’s atmosphere.

Need for extreme accuracy

To assure impact on the distant target, six parameters —
the positions and velocities along each of three coordi-
nate axes at the instant of termination of thrust—must
meet prescribed conditions at a point in space far short
of its target—the “needle’s eye”! This is to say, the mis-
sile must be minutely controlled to satisfy the condi-
tions of position and velocity appropriate to the desired
ballistic flight path.

Out at the “needle’s eye”’—
when the missile may be going
25,000 feet per second—an
error of one foot per second
can cause a miss of one mile at
the target.

How the system works
A single ground-based radar
continuously determines the
position of the missile during
powered flight. A Remington
Rand-Univac digital computer
—also on the ground —accepts :
these data and, by reference Titan, America’s newest ICBM,
to previously stored trajectory 5,510, on ivestaze cket
information for the particular warhead in the nose cone at-

. tached to the second stage.
target, computes appropriate
orders to steer the missile on its proper flight path.
These orders are transmitted by radio to the missile’s
autopilot and control system—hence the term “com-
mand guidance.”

Since the radar and computer are ground-based,
they can be used over and over again. The expendable
portion of the system—in the missile—is kept to a
minimum, promoting reliability and reducing cost and
weight.

An outgrowth of Nike

The radar employed in the research and develop-
ment Titan Guidance System at Cape Canaveral is an
outgrowth of the target-tracking radar of the Nike-
Hercules System. Western Electric—which has been
prime contractor of Nike Systems from the beginning
—is now producing a new radar redesigned specifically
for operational use with Titan.

Proved in flight

The Titan Command Guidance System installed at
Cape Canaveral has been put to test in another missile
... the THOR-ABLE II. With the aid of the guidance
system, two nose cones have been recovered after
flights of over 5,000 miles. This versatile system is now
contemplated for precision guidance of satellite vehi-
cles and space probes in other programs.

Product of telephone teamwork

From the time the Air Force decided to move ahead on
the Titan project and entrusted the guidance system to
the Bell Laboratories-Western Electric team, Western
Electric engineers have worked closely together with
those of the Laboratories . . . much as they do in the
design and manufacture of reliable equipment needed
for Bell telephone service.

MANUFACTURING AND SUPPLY

UNIT OF THE BELL SYSTEM
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What
we mean by

RESEARCH

at the G.E. Electronics Laboratory

...and why this concept is so fruitful
in valuable findings and

individual achievement

Any problem — chosen from the entire field of elec-
fronies — that becomes of interest to the Laboratory is studied
simultancously from all relevant technical angles, by speeial-

ized professional groups. The men in these groups maintain
direct eontaet with each other, exchanging information on all
phases of a program.

Current instances of this stimulating professional
interaction at the Laboratory are the programs for developing

radically new radar techniques including the application of
electronically scanned antennas and parametric and maser type
low noise amplifiers. Scientists and engineers of many Labora-
tory groups from the materials, devices, cireuits, equipments,
and systems points of view will make important contributions
to these efforts. Such programs will lead to the development of
significant improvements of the data handling capacities of
complex radar systems.

Significant progress in these and other programs is
regularly covered in formal and informal conferences ani in
technical reports circulated to all groups. Representative re-
port titles listed below indicate how far-reaching are the inter-
acting investigations involved:

Ferrite Materials for Fundamental Radar Sensors
Microwave Frequencies Limitations of for Reconnaissance
by J. B. Linker and External Noise Satellites

H.C. Rothenbery by H.H. Grimm by F. R. Dickey, Jr.
Parametric Converters MASER work in the Binary Asynchronous
and Amplifiers Electronics Laboratory Multiplex Systems
by C. 8. Kim by . K. Wessel by F. A. Reibert
Multiple Frequency On a Theory of An Electro-Optical
Parametric Devices Boolean Functions Shift Register

by H. Hsn by S. B. Akers by T.E. Bray

Laboratory-wide Integration of varied talents is
credited by scientists and engineers here with contributing sig-
nificantly to their professional accomplishments and personal
development. It is also valued as a prime ingredient in the con-
tinuing intellectual appeal the Professional Staff finds in the
Laboratory’s diverse R & D undertakings.

PROFESSIONAL OPPORTUNITIES AT ELECTRONICS LAB
The Electronics Laboratory engages in applied research and advance
development covering the entire field of electronics. More than 70 per-
cent of the Professional Staff have advanced degrees. Openings for
PhD’s and experienced MS men exist in the following areas:

Solid State Materials - Solid State Devices « Network Synthesis « Advanced
Circuitry « Electron Devi «C ication Theory « Recording Devices «
Display Techniques « Light Optics « Electron Optics + Radar Techniques °
Antennas - Microwave Devices

For further information about current openings in any
of the above areas, contact Mr. Robert F. Mason, Dept. 59-MK

ELECTRONICS LABORATORY Located at Electronics Park

GENERAL @D ELECTRIC

Syracuse, New York

© 1959 SCIENTIFIC AMERICAN, INC

rays since 1930. An article he read at
that time inspired him to build his first
Geiger-Miiller counter; he has been in-
vestigating “the mystery of this extraor-
dinary phenomenon” ever since. He was
born in Venice in 1905 and studied at
the universities of Padua and Bologna.
He took his Ph.D. in physics in 1937.
He taught at Florence and Padua until
the Mussolini government forced him to
resign in 1938. After a year in Denmark
and England, he came to the U. S. Rossi
was an associate professor of physics at
Cornell University from 1940 to 1946,
with three years out for work at Los
Alamos.

WILLIAM HOVANITZ (“Insects
and Plant Galls™) is an entomologist at
the California Institute of Technology.
He acquired his B.S. at the University
of California in 1938, and his Ph.D. at
Cal Tech in 1943. He was a National
Research Fellow in South America,
Florida and Michigan for two years.
Then he was on the faculties of the Uni-
versity of Michigan, Wayne University
and the University of California at San
Francisco. He went to Cal Tech in 1956.

GLYN E. DANIEL (“The Idea of
Man’s Antiquity”) is a lecturer in archae-
ology and fellow and director of studies
in archaeology and anthropology in St.
John’s College of the University of Cam-
bridge. A Welshman, he went to Cam-
bridge as an undergraduate in 1932 and
has been there ever since, with time out
to serve as an intelligence officer in the
Royal Air Force during World War II.
In archaeology he is mainly interested in
megalithic monuments, prehistoric art
and the history of archaeological
thought. He has excavated in England
and Wales and traveled extensively
throughout Europe. Daniel has pub-
lished a number of archaeological books
and for six years was chairman of a
popular archaeological program of the
British Broadcasting Corporation en-
titled “Animal, Vegetable, Mineral?”
He originated another program, called
“Buried Treasure,” and is now planning
a new one called “Man before History.”
Daniel is the editor of Antiquity, the
only archaeological journal in the world
that is not the organ of any society or

| museum. He has written two detective

stories: The Cambridge Murders and
Welcome, Death.

ERNST MAYR, who reviews Ger-
trude Himmelfarb’s Darwin and the
Darwinian Revolution in this issue, is
Louis Agassiz Professor of Zoology at
Harvard University.



alloy properties in
heat-after-heat ?

100 per cent compositicn control
assured by vacuum
induction melting

o aaiel il bt

Highly reactive elements enhance
high-temperature alloy properties.
Today, only one production metal
refining process can effectively con-
trol the action of these elements,
and—heat-after-heat—meet the
most exacting alloy specifications.
The process is vacuum induction
melting, and the only specialist in
this process is the Metals Division,
Kelsey-Hayes Company.

In a specially designed plant which
contains seven vacuum induction
furnaces with a monthly capacity of
1 million Ib, the Metals Division
produces over 50 alloys for critical
high-temperature, high-stress ap-
plications such as aircraft gas tur-
bine buckets and wheels, missile
and nuclear components. Alloys like
Udimet 500 and 700 were devel-
oped by Metals Division. The
Division is the leading producer of
vacuum induction melted Waspaloy,
M-252, and other alloys. Kelsey-
Hayes Company, Detroit 32, Mich.

KELSEY
HAYES
CONIRANNG

Automotive, Aviation and Agricultural Parts
Hand Tools for Industry and Home

18 PLANTS: Detroit and Jackson, Michigan;
Los Angeles; Philadelphia and McKeesport,
Pennsylvania; Springfield, Ohio; New Hartford
and Utica, New York; Davenport, lowa;
Windsor, Ontario, Canada.

5000 Ib high vacuum induction furnace at Metals Division.

© 1959 SCIENTIFIC AMERICAN, INC



£G. U.5. PAT. OFF

SEO'I'CII BRAND MAGNETIC TAPE

FOR INSTRUMENTATION USE

MAGNETIC MEMORY OF

AN OIL RESERVOIR

3 MILES DOWN ...
“FOUND” AT THE SURFACE

The boom of a dynamite “shot” sounds in
desert stillness. Vibrations reflect from the
earth below. Methodically moving across the
surface, the geophysicist records messages
from the earth’s depths on “SCOTCH” BRAND
Magnetic Tape.

Rebounding from the stratified earth to a
series of geophone pick-ups above, all the
reflections are simultaneously taped. These
faithful magnetic records of shots—evalu-
ated later—trace the profile of a rock-capped
oil reservoir 3 miles down.

“ScoTcH” BRAND Magnetic Tape—the first
practical magnetic tape made—will serve
you, too, as it keeps its lead in the develop-
ment of newer, more sensitive instrumenta-
tion tapes for science, business, and industry.
For information on tape applications, write
Magnetic Products Division, Dept. MBo0119,
3M Company, 900 Bush Ave., St. Paul o,
Minnesota. © 1959 3M co.

“SCOTCH” BRAND Magnetic Tape
— for instrumentation use

P2 SN
a [N

The term “SCOTCH" s a registered trademark Minnesora VininG anp JVIANUFACTURING COMPANY / Y

of 3M Company, St. Paul 6, Minnesota. Export: \ y

99 Park Avenue, N.Y. Canada: London, Ont. ...WHERE RESEARCH 1S THE KEY TO Ilillll.ﬂlﬂI?l-'l'u'AAé Ll'k
S ST r 2
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With Sinclair petrochemicals you can open a dozen doors
to more profitable production. For example, U. S. farmers
can now harvest the world’s most abundant corn crop,
using fertilizers made from Sinclair nitrogen products.

Industry, too, has many profitable applications for
Sinclair Anhydrous Ammonia.

The Sinclair Organization is proud of its reputation for

a ALl BABA OPENED ONLY ONE DOOR TO WEALTH...

performance. Sinclair plants built to supply requirements
of chemical users have gone on stream in advance of
scheduled completion date with products substantially
exceeding customers’ specifications—a direct benefit to
the chemical manufacturer.

For prompt, dependable supplies of the finest petrochem-
icals available —see

SINCLAIR PETROCHEMICALS, INC.

Subsidiary of Sinclair Oil Corporation, 600 Fifth Avenue, New York 22, N.Y.

PARAXYLENE (98%) » PROPYLENE (99+%) » DURENE (1,2,4,5-TETRAMETHYBENZENE) ¢« ANHYDROUS AMMONIA « AMMONIUM NITRATE SOLUTIONS ¢« AQUA
AMMONIA ¢ NITROGEN FERTILIZER SOLUTIONS ¢ ALIPHATIC SOLVENTS ¢« ODORLESS SOLVENTS ¢« AROMATIC SOLVENTS ¢ HEAVY AROMATIC SOLVENT
TOLUENE (NITRATION GRADE) ¢ XYLENE (FIVE DEGREE) ¢ SULFUR ¢ SULFONATES (OIL SOLUBLE) » CORROSION INHIBITORS o LUBE OIL ADDITIVES
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DEFENSE
SYSTEMS
DEPARTMENT

ORDNANCE
DEPARTMENT

LIGHT
MILITARY
ELECTRONICS
DEPARTMENT

HEAVY
MILITARY
ELECTRONICS
DEPARTMENT

MISSILE
AND SPACE
VEHICLE
DEPARTMENT

GENERAL ELECTRIC’'S
DEFENSE ELECTRONICS DIVISION

Organized for a Full Range
of Systems Requirements

The Defense Systems Department, Syracuse, N. Y. — newest of the Division's five
functionally organized departments — is the focal point of those integrating capa-
bilities so vital to major prime and support systems for national defense. Made up
of the Company’s top systems management and technical talents, DSD is G.E.’s
single point of authority and responsibility for major, long-range defense programs.

POLARIS

. . . whose inertial guidance and fire control equip-
mentswillbe provided by the Ordnance Department,
Pittsfield, Mass. — center of the Division’s ca-
pabilities in precision electro-mechanical elements of
sea and land-based weapons systems. In addition to
POLARIS equipments, the Department produces
radar antennas, directors, launching and handling
equipment and underwater ordnance.

} SIDEWINDER

... the deadly air to air missile whose infrared
guidance and control units are provided by the
Light Military Electronics Department, Utica,
N. Y., is representative of its capabilities for mili-
tary electronic subsystems and equipments con-
tained in, or launched from, air vehicles. Its
additional contributions range from electronics
countermeasures to integrated avionic systems.

DATA PROCESSING AND DISPLAY EQUIPMENT

.. . for air space management is being developed
and produced by the Heavy Military Electronics
Department, Syracuse, N. Y. — center of the
Division’s capabilities for the design, production
and installation of land-based and sea-borne detec-
tion, guidance and control equipment. Major con-
tributions of this Department range from long-
range sonar to the largest known radar systems.

RE-ENTRY/RECOVERY VEHICLES

. ..such as the ATLAS experimental nosecone —
largest re-entry vehicle ever recovered from space
— are designed and built by the Missile and Space
Vehicle Department, Philadelphia, Penna. Experi-
enced in space technology, MSVD developed opera-
tional ATLAS and THOR re-entry vehicles. Other
responsibilities range from certain missile arming
and fuzing projects to the re-entry/recovery vehicle
of the DISCOVERER satellite. 2263

DEFENSE ELECTRONICS DIVISION

GENERAL @3 ELECTRIC

SYRACUSE, NEW YORK
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“Warp” It-

There is a loom that changes weaves on command. It’s at work
today, thanks in part to Automatic Electric.

The secret: the same basic components used in automatic tele-
phone exchanges. These units make it possible to weave patterns
for pretties one minute, an intricate drapery the next. A pre-
determined design is set up on a “programming plug.” When
the plug is changed, so is the pattern that is woven.

Making machines like this act automatically is AE’s business.
Because automatic control is a telephone art—and AE was one
of its earliest practitioners.

In fact, almost every device or system that is operated automat-
ically uses the type of switching and relay units originated or
manufactured by Automatic Electric.

AE has solutions searching for problems in communications and
control. We may have what you want—whether it involves
basic components or a control “package.” Why not find out by
writing the Director, Industrial Products Engineering, Automatic
Electric, Northlake, Illinois.

“Woof” It-Weave It-Automaticatly:

CAN

5 AUTOMATIC ELECTRIC (&38)

Subsigiary of
|

: ..-" GENERAL TELEPHONE & ELECTRONICS

-\i;ll
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PRODUCT-DESIGN BRIEFS FROM DUREZ

REDSTONE DIV., THIOKOL CHEMICAL CORP.

It's warm in there

That’s the exhaust pattern of a solid-
propellant rocket motor. Temperature in-
side sometimes hits 6000°F.

At the nozzle, fuel-burning releases its
full fury. To keep the bird’s metal skin
from buckling under the combined heat
and stress, rocket engineers line many noz-
zles with a glass-reinforced phenolic,
Durez 16771. During flight this plastic
liner chars—at a predictable rate. It pro-
tects the metal nozzle wall from thermal
failure.

Equally dramatic, if less spectacular,
are the design improvements that /6771
is making possible because of its impact
strength (up to 15 ft.-lb.fin. Izod) and
other properties. One manufacturer molds
it into a rugged pump base that won’t cor-
rode and that outwears many metals. The
U. S. Signal Corps puts its strength to work
in boxes that protect the parachutes on
droppable radios. Automotive engineers
save two-thirds of the cost of automotive
oil-pump gears by replacing metal with
1677 1—and get gears that run almost three
times as long as before.

New bulletin: To help you evaluate Durez
16771, we’ll be glad to send you Bulletin
D203. It gives a good idea of the proper-
ties you can expect, discusses current ap-
plications, and includes helpful advice on
molding, machining, and finishing. If you’d
like a copy, just check the coupon.

¢ Phenolic for a rocket motor

¢ Heat-stable, moisture-stable insulation

¢ Compounds for dip coating

Insulation at close range

The push for good, compact insulating
materials grows stronger. More electronic
engineers are cramming more perform-
ance into fewer cubic inches than ever be-
fore. Under these conditions, cost of an
insulator means little—when a pound of
the right one will make smaller compo-
nents, and perhaps twice as many of them.

Such a material is Durez 16694 diallyl
phthalate molding compound. We believe
it to be the cream of the current plastics
crop for molding components and larger
parts in which circuits must function with
sterling reliability despite heat, moisture,
electrical and mechanical stress, and nar-
row working quarters.

This orlon-filled compound molds well,
is not brittle, machines easily with little
wear on tools. Its molding characteristics
are unvarying from shipment to shipment.

It produces pieces that have very high
arc resistance, consistently reproducible.
It retains dimensional stability and high
insulation values over extended periods at
relative humidities above 90%. It does not
corrode metal contacts and is virtually
free from cold flow and creep.

Durez Bulletin D400 lists the proper-
ties of this compound and other electrical-
grade materials. The data sheet on Durez
16694 diallyl phthalate goes into detail on
electrical test results. To get both pieces,
check the coupon.

latest uses of Durez materials.

For more information on Durez materials mentioned above, check here:
[0 Durez 16771, impact phenolic (Bulletin D203 )

[0 Durez 16694, diallyl phthalate (Bulletin D400 and data sheet)

[0 Phenolic resin compounds for dip coating

O “Durez Plastics News,” mailed periodically, shows and describes

Clip and mail to us with your name, title, company address. (When requesting
samples, please use business letterhead.)

DUREZ rLasTICSs DIVISION

9411 WALCK ROAD, NORTH TONAWANDA, N. Y.

Helping resistors resist

Problem: Find a coating material that
keeps tiny components like these protected
against humidity—and won’t peel back
under the heat of a soldering gun.

Solution: A dip-coating compound based
on Durez phenolic resins.

This thermosetting compound goes on
smoothly without running or sagging. It’s
just porous enough to take a protective
wax sealing coat. It cures hard, to allow
stamping or color coding. It doesn’t mi-
grate or peel back during soldering.

Durez research men worked closely
with electronic engineers for more than
seven years to develop compounds like
this. Improved each year, Durez dip-coat-
ing compounds are the most widely used
of their type. A check mark on the coupon
will bring you specifics about them.

© 1959 SCIENTIFIC AMERICAN, INC
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TORRINGTON NEEDLE BEARINGS...STILL GROWING

Through Torrington research, the Needle Bearing,
developed by Torrington over 25 years ago, con-
tinues to grow in range of sizes, types and applications.

For example, large Torrington Needle Bearings are
available for shaft sizes up to 7%-inch diameter. The
whole family of Needle Bearings provides unusual
economy in price and installation cost over other anti-
friction bearings of comparable size, and insures the

highest radial capacity for a given cross section. Supe-
rior lubrication qualities and efficient anti-friction
operation mean years of extra, rugged service life.

Torrington Needle Bearings have made invaluable
contributions to the improvement of countless prod-
ucts in simplicity, economy and reliability. They are
typical of Torrington’s continuing efforts to improve
bearings in design, material and performance.

THE TORRINGTON COMPANY

Torrington, Conn. * South Bend 21, Ind.

RESEARCH FOR PROGRESS IN BEARING DESIGN AND PERFORMANCE
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@1959 SERVO CORPORATION OF AMERICA

MOVES AND COUNTERMOVES AT MACH 30
, are characteristics of the international
chess game now being played.
Our safety in America rests on our poten-
tial for making moves and countermoves
swiftly...on our ability to take the neces-
sary measures and countermeasures if a
showdown is called for.

In that way we keep the game where it belongs
—on maps and boards and in bound copies of
strategic plans, all marked “TOP SECRET.”

Here's the way it works:

The first successful self-powered homing guided
missile was developed in the United States eleven
years ago. Its guidance system was designed by
systems engineers of SERVO CORPORATION OF
AMERICA.

That was a move.

Countermove: The enemy could jam our radar
signal.

Next move: Devise a guidance system that did
not depend on a radar signal. Instead, let it
‘““home in’’ on the infrared radiation of plane and
missile propulsion systems.

Thus SERVO CORPORATION engineers were respon-
sible for the first infrared search and lock-on self-
powered homing guided missile system. Today
vast numbers of Sidewinder missiles using infra-
red guidance systems stand ready for instant
action at supersonic speeds.

Events move ever more swiftly. Seconds become
precious. To gain those seconds, an early warning
radar detection system was established. That was
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a move. Next step: find a way to counteract a
countermove.

SERVO CORPORATION worked with the Air Force
to develop the first combination of a computer
with a ground search radar station and worked
out the necessary circuits so that a single radar
could track-while-scan. Now one radar station
can track hundreds of flying objects at one time.
So it goes ... every move demanding a counter-
move.

The complex ‘‘chess game’ of military systems
for our nation’s safety leads to systems for peace-
time safety as well. Track-while-scan radar lends
itself to Air Traffic Control.

But even here, moves and countermoves are
called for. Our enemy ? — atmospheric conditions,
unforeseen eventualities, human limitations. So
SERVO CORPORATION engineers found a way to
utilize the Doppler Effect to provide more depend-
able and accurate direction finding systems for
air traffic control.

This led to the first VCR Compatible Doppler
Omnirange System to provide truly world-wide
safe air navigation.

Infrared detection systems, first used on missiles,
now provide safe-control devices for industrial
processes.

The SERVOSAFE® Hot Box Detective*, now in
use on railroads from coast to coast, uses infra-
red detection to protect against derailments due
to overheated journal boxes.

With its skill at Systems and Functional Engineer-
ing, SERVO CORPORATION is truly serving safety
through science.

SERVO CORPORATION OF AMERICA

111 New South Road, Hicksville, L. I.,

New York >

e

*Protected by U.S. Patent No. 2,880,309. Other U.S. & Foreign Patents Applied For.
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Claude Bernard...on giants and pygmies

“In the experimentai sciences, great men are never the
promoters of absolute and immutable truths. . . .
Great men may be compared to torches shining at long
intervals, to guide the advance of science. They iight up
their time, either by discovering unexpected and fertile
phenomena which open up new paths and reveal un-
known horizons, or by generalizing acquired scientific
facts and disclosing truths which their predecessors had
not perceived. . . . Great men have been compared

to giants upon whose shoulders pygmies have climbed,
who nevertheless see further than they. This simply
means that science makes progress subsequent to the
appearance of great men, and precisely because of their
influence. The result is that their successors know many
more scientific facts than the great men themselves had
in their day. But a great man is, none the less, still a
great man, that is to say, a giant.”

— L'introduction & l'étude de la médecine expérimentale, 1865

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonproiit organization engaged in research on probiems related to national security and the public interest
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Ultrahigh Pressures

Laboratory apparatus is now capable of maintaining steady

pressures of more than two million pounds per square inch.

Under such extreme conditions matter exhibits new properties

here is a nice symbolism in the
I fact that man was able to hit
the moon before he could sink a
three-mile shaft through the earth’s
crust. Standing on the threshold of space
he has even anticipated by his experi-
ments much of what he will find there.
The light, the heat, the nuclear reac-
tions of the stars themselves have been
duplicated in miniature. But man has
barely begun to approach in his labora-
tories the outstanding characteristic of
the nether world—its enormous static
pressure.

The highest steady pressure yet at-
tained in the laboratory is 200,000 at-
mospheres, almost three million pounds
per square inch. (One atmosphere is
14.7 pounds per square inch, the aver-
age atmospheric pressure at sea level.)
At the center of the earth the pressure
is three million atmospheres; at the cen-
ter of the sun, 100 billion; in white-
dwarf stars, something like 10 million
billion. On such a scale our efforts seem
puny indeed. Viewed in other ways,
however, they are nothing to sneeze
at. Two hundred thousand atmospheres
is the pressure exerted by a column of
granite 400 miles high, or a stack of
4,000 \Washington Monuments. It is
more than enough to manufacture dia-
monds and other minerals, and it can
force matter into entirely new forms
never before seen on earth.

This is just a beginning. In the past
not nearly so much effort has gone into
high-pressure work as into attempts to
produce other extreme conditions, such

by H. Tracy Hall

as high temperature and high voltage.
Now the pace is quickening and im-
portant discoveries can be expected.

Like temperature and voltage, pres-
sure is a component of energy: mechan-
ical energy is associated with matter
under pressure just as heat energy is
associated with temperature or electrical
energy with voltage. Variations in these
components cause changes in the be-
havior of matter: melting, boiling, ion-
ization and so on. When the range of
variation for pressure is extended as far
as it has been for other components,
important new phenomena will surely
come to light.

In a general way we know what sort
of structural changes pressure induces
in matter, but the important details can
only be discovered by experiment. If
we start with a sample of matter in
its least compressed, or gaseous, state,
the application of pressure eventually
liquefies it (unless its temperature is
too high). Further increase in the pres-
sure squeezes out the holes in the com-
plex but not completely disordered
arrangement of atoms or molecules in
the liquid, decreasing its fluidity. Still
higher pressures force the molecules into
the highly ordered lattice-structure of a
crystalline solid. In many such solids
several types of arrangement are pos-
sible, and increasing pressure pushes
the material into a succession of different
“phases” in which the molecules fall into
different geometrical patterns as they
are packed closer and closer together.
After the closest possible packing has
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been achieved, the atoms themselves
begin to deform, their electrons being
forced into abnormal quantum orbits.
With still higher pressure some electrons
will actually be squeezed out of their
usual molecular orbits and freed to
move through the material. At this point
the substance has become a metal. With-
in the range of laboratory pressures now
attainable, samples of all these effects
can be observed.

At tremendous pressures, beyond any-
thing that can be imagined in the labo-
ratory but existing in the interiors of
stars, matter becomes completely “de-
generate.” All the electrons have been
stripped from their nuclei. Conceivably
still higher pressure could bring the
nuclei so close together that they would
begin to fuse.

Alother way of looking at pressure
effects is from the viewpoint of
thermodynamics and reaction rate.
Thermodynamics is the science of the
possible. It specifies the conditions—
temperature, pressure, electronmgnetic—
field strength and so on—under which a
given reaction can occur. A rise in pres-
sure may transform an impossible
change into a possible one.
But to say that something can happen
is not to say that it will happen in a
finite length of time. It is the province
of reaction-rate theory to predict how
tast reactions will go and to tell how to
speed them up or slow them down. In
their effects on reaction rates (and on
many other properties of matter) pres-
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sure and temperature are opposites. In-
creasing temperature tends to loosen
matter, shaking up its atoms and making
them react faster. Increasing pressure
makes matter more dense, diminishing
the mobility of the atoms and slowing
down reaction rates.

Thermal energy has been widely used
to control thermodynamic conditions
and reaction rates ever since man
started playing with fire. Pressure has
rarely been exploited for these purposes,
although it can be equally effective.
Furthermore, the combined action of
pressure and temperature as levers for
manipulating a reacting system offers far
greater possibilities than does either
alone, as we shall see. In fact, many
transformations (e.g., graphite into dia-
mond) become possible only under con-
ditions of both high pressure and high

temperature.

PRESSURE
[ATMOSPHERES) (MILES)
0 4,100
1 4,007
1,000 4,0003
200,000 3,600—
1,400,000 2,000—
3,000,000 0

TERRESTRIAL PRESSURES range from zero at the top of the
atmosphere to three million atmospheres (44 million pounds per
square inch) at the center of the earth. Discontinuities, as between

62

How are high pressures produced in
the laboratory? Basically by the applica-
tion of principles that have been well
known since the time of Archimedes.
Pressure is the force exerted per unit
area of surface. To make the pressure
large, use a large force or a small area.
The typical high-pressure device does
both. A comparatively small force is ap-
plied to a piston in a narrow-bored cyl-
inder filled with liquid. Suppose that the
force is 500 pounds and the area of the
piston half a square inch. Then the pres-
sure exerted by the piston on the liquid
ahead of it will be 1,000 pounds per
square inch.

The narrow cylinder connects with a
wider one, also filled with liquid. Ac-
cording to an elementary law of physics
the pressure is transmitted undiminished
through all of the liquid and against the
walls of the container. Thus against

DISTANCE FROM CENTER OF EARTH

9]
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every square inch of the large cylinder
and its piston there is a force of 1,000
pounds. Let us say that the large piston
has an area of 200 square inches. The
total force pushing it must then be 200
times 1,000 or 200,000 pounds.

Now let the large piston push against
a thin rod, say a third of a square inch
in cross section. All the force is concen-
trated on this small area, and the pres-
sure is 600,000 pounds per square inch
(about 40,000 atmospheres). Ahead of
the rod, and receiving this pressure, is
the sample to be studied.

heoretically there is no limit to the

pressure that such an arrangement
could produce. In practice the limit is
set by the strength of the materials of
which the apparatus is made. Eventually
the cylinders will burst or the pistons
and connecting rods crumble under the

air and water or water and solid earth, are marked by abrupt
changes in pressure. The transition from lithosphere to core may
be a change in crystal structure, not a change from stone to iron.



huge forces. Of the materials now avail-
able cemented tungsten-carbide has the
greatest compressive strength‘ In sim-
ple piston-and-cylinder devices it with-
stands pressures up to 50,000 atmos-
pheres. Although it has a high resistance
to crushing, its tensile strength is rather
low. Consequently tungsten-carbide cyl-
inders must be supported by massive
alloy-steel binding-rings to prevent them
from bursting. When the cylinder is ade-
quately reinforced, the pressure can be
increased until the piston fails.

One conceivable way to increase the
effective strength of construction mate-
rials is to “cascade” piston-and-cylinder
combinations, nesting one inside the
other. Failure results from differential,
not absolute, pressure; thus a cylinder
containing a pressure of 100,000 atmos-
pheres, but located inside a second cyl-
inder where the pressure is 50,000 at-
mospheres, is subject to a net pressure
of only 50,000 atmospheres. By linking
the nesting units so that the large piston
of one stage activates the small piston
of the next, tremendous pressures could
be attained. However, mechanical diffi-
culties have thus far restricted cascading
to two stages, and the presses that have
been built in this way afford no method
of heating the compressed sample.

The most successful and versatile de-
vices now operating above 50,000 at-
mospheres stem from the apparatus or-
iginally developed by Percy W. Bridg-
man of Harvard University, a lifelong
pioneer in high-pressure research. Ob-
viously the weakest link in the pressure
chain of the hydraulic arrangement de-
scribed above is the thin rod that con-
centrates the thrust of a large piston into
a small area. Bridgman replaced the rod
by a thick cylindrical “anvil” bluntly
tapered at one end. The tapering cone
does not extend to a point but is cut off
to expose a circular face about a fifth of
a square inch in area. This is the work-
ing surface, where the total force is fi-
nally concentrated. The tremendous
load on the face fans out through the
mass of material behind it and is thus
dispersed. Some of the dispersed force
tends to make the anvil explode lateral-
ly, and is counterbalanced by steel bind-
ing-rings.

The complete assembly consists of a
pair of opposed anvils, each impelled by
a piston-and-cylinder device. The sam-
ple to be compressed is prepared in the
form of a disk about .01 inch thick and
a diameter slightly less than that of the
anvil faces. To prevent the sample from
being squeezed out from between the
anvils Bridgman surrounded it with a

CONVERSION of graphite (top) to diamond (bottom) is accomplished by applying
high pressure and high temperature, and then lowering temperature before pressure.

thin circular gasket made of catlinite, or
pipestone. This fine-grained silicate
mineral is easily compressible. Further-
more, its surface friction is high under
large forces, and in thin sections it has
considerable strength in directions per-
pendicular to the force. Thus the gasket
can be compressed without being ex-
truded, and it holds the sample in place.

Bridgman’s anvils can operate at pres-
sures up to 200,000 atmospheres. One
of their major applications has been to
determine how the electrical resistance
of many substances varies with pressure.
They have also been used to study the
formation of minerals. This process re-
quires high temperatures as well as pres-
sures, so the anvils must be placed in a
furnace. Heating weakens them, how-
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ever. At 1,000 degrees centigrade they
can develop only about 20,000 atmos-
pheres before failing. At this tempera-
ture and pressure the carbide begins to
yield or flow. Another drawback of the
Bridgman anvils is the small size of the
samples they can handle.

Both these difficulties have been con-

siderably reduced in a device known
as the tetrahedral-anvil apparatus. It em-
ploys four tungsten-carbide anvils, ta-
pered to end in triangular rather than
circular faces [see illustration on page
65]. The anvils are arranged sym-
metrically around a central point and are
forced together by a hydraulic mecha-
nism. If they came into contact, they
would enclose a volume in the shape of
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TETRAHEDRAL-ANVIL APPARATUS consists of four high-

pressure cylinders whose pistons actuate the anvils. Three of the

cylinders are seen in side view; the fourth, head-on at bottom cen-
ter. The anvils themselves protrude from the ends of the cylinders.
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a regular tetrahedron, or pyramid. In-
stead they press against the faces of a
slightly larger pyramid made of pyro-
phyllite, a mineral closely related to cat-
linite. This solid tetrahedron serves as a
pressure-transmitting medium, a thermal
and electrical insulator and a gasket.
The sample is placed in a tunnel drilled
through the pyrophyllite [see top illus-
tration on page 66]. Around the sample
is a carbon or metal sleeve that heats up
when an electric current passes through
it. Metal tabs run from the ends of the
heater tube out to the faces of the tetra-
hedron, where they pick up current sup-
plied through the anvils themselves. As
the anvils move together, the edges of
the pyrophyllite are squeezed out and
form a gasket.

Tetrahedral anvils have worked at
pressures as high as 130,000 atmos-
pheres simultaneously with tempera-
tures up to 3,000 degrees C. During an
experiment the sample is of course com-
pletely enclosed. The effects of pressure
are determined by noting changes in its
electrical resistance and by measuring
its temperature with a thermocouple.
Soon it may be possible to make X-ray
diffraction pictures during an experi-
mental run so that structural changes
can be followed in greater detail.

With the pressures and temperatures
now available it is possible to duplicate
some of the geologic processes that have
taken place tens of miles below the
earth’s surface. Many of the earth’s min-
erals have been synthesized, including
all the natural garnets (cubic silicate-
crystals), some aluminum silicates and
other substances known as pyroxenes
and epidote-group minerals. Knowing
the temperature and pressure required
to make these substances, we can de-
duce the conditions of their natural
formation. For example, phase-stability
studies on the constituents of so-called
eclogite rock show that it could not have
been made at a pressure less than
30,000 atmospheres. This means that
it originated at least 72 miles below the
earth’s surface. As these studies con-
tinue, the geological history of the earth
will become clearer.

At this point experiments can throw
only an indirect light on conditions in
the deep interior of the earth, where
pressures far exceed the capacity of
laboratory equipment. As is well known,
the density of matter in the earth in-
creases abruptly from the mantle to the
core. It has been generally supposed that
this sharp increase represents a change
in composition from olivine (an iron-
magnesium silicate) in the mantle to

iron in the core. Recently, however, some
geophysicists have suggested that the
core too is composed of olivine. The sud-
den jump in density is explained by as-
suming that the tremendous pressure at
the bottom of the mantle (1.4 million
atmospheres) is just enough to convert
the material from its normal state, with
a density of 3.3 grams per cubic centi-
meter, to a metallic substance with a
density of 10 grams per c.c. Assuming
that all the planets have the same aver-
age composition, this idea gains support
from the fact that the smallest ones,
Mars and Mercury, appear not to have
a core. Their interior pressure is pre-
sumably not high enough to force olivine
into the metallic phase.

Nor, by a long shot, is the pressure
attainable in the laboratory. However,
similar transitions can be observed. Tin
exists in a nonmetallic gray form with
a density of 5.75 grams per c.c. Pressure
converts it to metallic white tin with a
density of 7.28 grams per c.c. Arsenic
and phosphorus are other examples of
two-phase elements.

In this connection it is interesting to
note that according to theoretical calcu-
lations ammonia should change to a
metal at something over 200,000 atmos-
pheres, and hydrogen at about 400,000.

Such pressures do not seem very far out
of reach. Soon it may be possible to cre-
ate, in effect, a whole new periodic table
of the elements!

Of all the naturally occurring sub-
stances to be synthesized by high pres-
sures, diamond is undoubtedly the most
glamorous [see “Synthetic Diamonds,”
by P. W. Bridgman; SCIENTIFIC AMERI-
caN, November, 1955]. Thousands of
carats of man-made industrial diamonds
have been produced since their synthesis
was announced four years ago. Although
these diamonds still cost somewhat more
than natural ones, their superior per-
formance in certain grinding processes
makes them worth the difference. As far
as is known no one has yet made dia-
monds of gem quality and size, but it
will surely be done.

With its separate control over tem-

perature and pressure the tetrahe-
dral-anvil device is a more versatile cre-
ator than the earth itself. By means of a
four-step operation it can make materials
that are not found in nature. The steps
are: (1) raise the pressure to a point
where a desired transition becomes
thermodynamically possible; (2) raise
the temperature, increasing the reaction
rate enough to make the transition pro-

ANVILS, made of cemented tungsten-carbide, taper to triangular faces about .25 square inch
in area. When the four anvils are pushed together, they enclose a tetrahedral volume.
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TETRAHEDRAL GASKET on which anvils exert pressure is made of a mineral called
pyrophyllite. At top left is an assembled gasket. At top right a gasket is stripped to show
hole in which sample is placed. At bottom, from the center out, are the tube which con-
tains the sample, plugs to close the tube, conducting metal tabs and pieces to cover the tabs.

GASKET IS DEFORMED (right) by pressure of anvils. The pyramidal structure holds the

sample in place, transmits pressure and serves as an electrical and thermal insulator.
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ceed at a reasonable speed; (3) after the
reaction is complete, lower the tempera-
ture, decreasing the reaction rate; (4)
lower the pressure. The newly formed
material may now be in a metastable
state. According to thermodynamics it
should revert to its original condition.
But it has been frozen into permanence:
at the lower temperature the change
takes place with almost infinite slowness.

This sequence does not usually occur
in nature. When a substance is heaved
up toward the surface from a deep re-
gion where the temperature and pressure
are high, the two variables generally de-
crease simultaneously. Hence a meta-
stable material will have a chance to
change back to its stable low-pressure
form. Diamonds are metastable at at-
mospheric pressure. Rare as they are, it
is almost a miracle that they are found
in nature at all. Created under conditions
of high pressure and high temperature
deep in the earth, they should change to
graphite as they are brought toward the
surface.

Among the most interesting laboratory
creations are the new “minerals” coesite
and borazon. The former is composed of
silicon dioxide (SiO,), as is quartz. Its
density is three grams per c.c., as com-
pared with 2.7 for quartz. Coesite has
the remarkable property of resisting at-
tack by hot hydrofluoric acid, which
makes it an ideal material for special
laboratory apparatus.

Borazon is a crystal of boron nitride
(BN) in which atoms of boron and ni-
trogen form a cubic array. In its normal,
low-pressure form the atoms of boron
nitride form a hexagonal array like that
of graphite; it is similar to graphite in
being a slippery solid, although it is
white instead of black. Borazon, the
high-pressure form, is completely analo-
gous to diamond. It is about as hard, and
apparently more resistant to oxidation
and heat. Very likely it will take a place
alongside diamond as an industrial abra-
sive.

Also like diamond, borazon has enor-
mous compressive strength, greater than
that of tungsten carbide. It may eventu-
ally be used to make cylinders, pistons
and anvils which will make possible
higher pressures than can now be
achieved. Thus high-pressure research
may hoist itself by its own bootstraps,
manufacturing materials that will carry
it into new regions.

The melting point of solids is strik-
ingly sensitive to pressure. Most sub-
stances expand upon melting, the liquid
being less dense than the solid. As might
be expected, increasing the pressure



GRAPHITE has an X-ray diffraction pattern that reveals its hexa-
gonal crystal structure. The sharp luminous bands around the hole

DIAMOND diffraction pattern indicates a cubic crystal. X-ray
beam passed through holes in strip of film which surrounded the

raises the melting point of such solids.
A higher pressure makes it harder for
them to expand, so to speak; therefore
they must be heated to a higher tem-
perature in order to melt. Under a pres-
sure of 100,000 atmospheres the melting
point of some silicates increases more
than 1,000 degrees! Again we have a
bootstrap effect. Silicates used as gaskets
in the anvil apparatus become increas-
ingly resistant to heat as the pressure
goes up, so that experiments can be car-
ried out at higher temperatures than
might have been expected.

As a matter of fact it is quite possible
to work with “liquid” refractories under
high pressure. A liquid can flow only if
it contains holes into which molecules
can move. At pressures of the order of
100,000 atmospheres the number of
holes is greatly reduced, and the mate-
rial becomes extremely viscous. It main-
tains its position and shape even though
nominally liquid, continuing to serve as
a useful container.

There are a few solids, among them
ice, bismuth and germanium, that con-
tract upon melting, the liquid having a
higher density than the solid. In these
abnormal materials pressure lowers the
melting point. The melting point of ice
decreases uniformly with increasing
pressure, from zero degrees C. at one
atmosphere to —22 degrees at 2,045 at-
mospheres. At this point a new ice forms
which is denser than water. Hence a
further rise in pressure now raises the
melting point in the normal way. In fact,
as pressure goes higher and higher, ice
passes through several different phases,
all of them normal with respect to melt-
ing point. The same thing happens with
bismuth. Its melting point decreases
from 271 degrees C. at one atmosphere
to 186 degrees at 16,900. Between
16,900 and 120,000 atmospheres seven
additional solid phases of bismuth have

been discovered, all normal. Germani-
um’s melting point, 936 degrees at one
atmosphere, goes down to 360 degrees
at 180,000. No new phases have been
encountered.

Abnormal solids offer another way of
producing high pressures. By enclosing
water in a strong, inexpansible vessel
and then freezing it, a pressure of 2,045
atmospheres could be attained. Using
germanium it should be possible to go
higher than 100,000. So far these possi-
bilities have not been exploited in a prac-
tical way.

As in the case of melting, the transition
+ % between liquid and gas is also re-
lated to pressure. The condensation
point of a gas or vapor, i.e., the pressure
at which it condenses to a liquid, in-
creases with temperature. Every gas has
a so-called critical point—a temperature
above which no pressure can liquefy it.
Do normal liquids have a similar critical
point for freezing? Is there a tempera-
ture above which no amount of pressure
can force the liquid to freeze? Physicists
have debated the question for years. It
has not yet been answered, but with the
help of apparatus to produce high tem-
perature and pressure, it may be soon.

Other intriguing questions suggest
themselves. Electrical conductivity in-
creases with pressure. At 100,000 atmos-
pheres the increase is about 20 per cent
for most metals, but in a few cases it is
as much as 400 per cent. What would
happen at still higher pressures? Would
some metals become superconducting?

Almost anywhere that physical or
chemical change occurs, high pressure
has potential applications. As a final ex-
ample, let us consider the field of metal-
lurgy. Many metals are hardened by heat
treatment: they are raised to a high
temperature, then plunged into a bath to
cool off as fast as possible. Since pressure
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at left were formed by X-rays scattered in a forward direction; the
faint bands surroundinghole at right, by X-rays scattered backward.

sample. These X-ray photographs were made by I. Fankuchen
and A. Amendola of the Polytechnic Institute of Brooklyn.

and temperature are opposites, one won-
ders whether the same effect might not
be obtained in another way: Instead of
rapidly lowering the temperature, sud-
denly raise the pressure. It works. A
quick application of high pressure does
harden steel and other metals. Further-
more, the hardening extends throughout
the mass of the material. In cooling, a
hot metal unavoidably loses heat faster
from the surface than from the inside.
This produces a hardened skin and a
softer interior. Pressure, on the other
hand, is spread throughout the material
almost instantaneously and all parts are
equally affected.

When a molten metal solidifies, the
process also takes place from the outside
in. Again application of high pressure
could make all parts solidify simultane-
ously, giving a product with different
properties.

It is common knowledge that metals
are not nearly so strong as they might be.
Imperfections in the crystal lattices
(missing or misplaced atoms and faulty
arrangements, or “dislocations”) make
actual crystals much weaker than perfect
ones would be. Furthermore, practically
every sizeable piece of metal is an ag-
glomeration of small crystals that does
not have nearly the strength of a single
large one. All lattice imperfections, and
the grain boundaries between small crys-
tals, take up space. The metal occupies
a larger volume than if its atoms were
all in place in an ideal lattice. High pres-
sure could literally squeeze out imper-
fections, forcing the metal to become
more nearly a perfect single crystal and
thus making it stronger.

A new era in high-pressure work, both
in the laboratory and on the production
line, is clearly on the way. The race to
skim the cream is beginning. It should
be a fascinating and rewarding sweep-
stakes.
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The Growth of Nerve Circuits

Recent studies of the process of nerve repair have led to

a new theorv of how the complex networks and pathways

of the central nervous system are formed in the embryo

nerve of the face may leave a per-

son afflicted with a condition known
as “crocodile tears.” As the injured
nerve regenerates, fibers that originally
activated a salivary gland can go astray
and connect themselves to the lachrymal
gland of one eye. Thereafter every situ-
ation calling for salivation induces weep-
ing from that eye. Often the regenerating
salivary fibers invade sweat glands and
related organs in the skin, causing pro-
fuse sweating and flushing in areas of
the face and temple. The random shuf-
fling of motor-nerve connections to the
muscles of the face characteristically
deranges facial expression, causing a
grimace-like contraction of the affected
side. Sometimes, to prevent atrophy of
the facial muscles when the injured
facial nerve fails to regenerate, surgeons
will connect the denervated facial mus-
cles to a nearby healthy nerve: the motor
nerve of the tongue or the motor nerve
of the shoulder muscle. The restored
facial movements still lack meaningful
expression and tend to be associated
with the chewing movements of the
tongue or the action of the shoulder
muscles.

Naturally the primary concern of the
patient in such cases is whether or not
normal function can be restored. If the
symptoms do not clear up spontaneously,
can they be corrected by training and re-
education? By faithful practice in front
of a mirror, for example, can a patient
learn to inhibit the crocodile tears and
regain control of facial expression?

Not so long ago the reply to such ques-
tions was a confident “Yes.” For most
of the present century investigators and
physicians were agreed that the central
nervous system is plastic enough so that
any muscle nerve might be reconnected
to any other muscle with good function-

f ;evere damage to the principal motor

68

by R. W. Sperry

al success. Sensory-nerve fibers were
thought to be equally interchangeable
within a given sensory system. It was be-
lieved that the central pathways in the
nervous system were first laid down in
the embryo in randomized equipotential
networks. By use and learning these path-
ways became channelized; connections
that proved adaptive in function were
reinforced, while the nonadaptive ones
underwent “disuse atrophy.” Learning
thus determined not only the function
but also the structure of the nervous
system. This theoretical picture was
sustained by experiments on animals in
which, according to the literature, the
crossing of major nerve-trunks was fol-
lowed by full restoration of function. In
the prevailing mood of optimism phy-
sicians were able to report encouraging
progress by their patients.

During the past 15 years, however,
scientific and medical opinion has un-
dergone a major shift, amounting to an
almost complete about-face. No longer
do physicians encourage the patient with
a regenerated facial nerve to try to re-
gain control of facial expression by train-
ing; their advice today is to inhibit all
expression, to practice a “poker face” in
order to make the two sides of the face
match in appearance. The outlook is
equally dim for restoration of coordina-
tion in cases of severe nerve injury in
other parts of the body.

This changed viewpoint reflects a
revision in the picture of the entire
nervous system. According to the new
picture, the connections necessary for
normal coordination arise in embryonic
development according to a biochem-
ically determined plan that precisely
connects the various nerve endings in
the body to their corresponding points
in the nerve centers of the brain and

spinal cord. Although the higher cen-
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ters in the brain are capable of ex-
tensive learning, the lower centers in
the brain stem and spinal cord are quite
implastic. Because their function is
dictated by their structure, it cannot be
significantly modified by use or learning.
Nor can the disordered connections set
up by the random regeneration of in-
jured nerves be corrected by re-educa-
tion.

The evidence for this view, which
comes from new experiments and
from exacting clinical observations, is so
persuasive that it is difficult to under-
stand how the opposite view could have
prevailed so long. It appears that most of
the earlier reports of the high functional
plasticity of the nervous system will go
down in the record as unfortunate ex-
amples of how an erroneous medical or
scientific opinion, once implanted, can
snowball until it biases experimental
observations and crushes dissenting in-
terpretations.

Hundreds of experiments seemed to
support the now-discounted opinion. One
of the experiments most frequently
cited was first reported in 1912 and was
repeated with concurring interpretation
as recently as 1941. In several monkeys
opposing pairs of eye muscles were in-
terchanged to reverse the movement of
one eye. Upon recovery from surgery,
the movements of the abnormally con-
nected eye were said to coordinate with
those of the normal one. In another oft-
repeated experiment the nerves that con-
trol the lifting of the foot were crossed.
Instead of a reversal of foot action, the
animals showed recovery of muscle co-
ordination hardly distinguishable from
that on the normal side. Even when
nerves from the forelimb were cross-con-
nected to nerves of the hindlimb, the
animals appeared to make complete



CROSSED SENSORY NERVES produce incorrect postural reflexes
in the frog. The normal connections shown in the cross section of
the spinal cord at top left cause the frog to withdraw an extended
leg (top center) and to extend a flexed leg (top right) when a

stimulus (colored pointer) is applied. If the sensory root entering
the right side of the spinal cord is cut and surgically attached to
the left side, as shown in the cross section at bottom left, the reac-
tions of the left leg will be determined by the posture of the right.

69

© 1959 SCIENTIFIC AMERICAN, INC



functional readjustment. With such re-
sults in the literature there secemed to
be few limits to the restorative possi-
bilities of peripheral nerve surgery.
The doctrine of the functional plas-
ticity of the nervous system was sharply
challenged in 1938 by Frank R. Ford
and Barnes Woodhall of the Johns Hop-
kins School of Medicine. In an account of
their clinical experience with functional
disorders following the regeneration of
nerves, they declared that these dis-
orders persisted stubbornly in many of
their patients for years without improve-
ment. Their report cast serious doubt
upon the accepted methods of therapy
and the theory that rationalized them.
That same year I began a series of ex-
periments in the laboratorv of Paul
Weiss at the University of Chicago. The
initial aim of this investigation was to
find out if functional plasticity was a
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property of the higher brain-centers only
or whether it extended to the lowest
levels of the spinal cord as alleged in
some earlier reports. To explore the
question I started to experiment on the
simple reflexes involved in coordinating
the foot movements of the rat. These
reflexes depend upon a relatively simple
circuit called a reflex arc. The fibers that
activate the muscle connect to an as-
sociation neuron in the spinal-reflex
center; the association neuron is con-
nected in turn to a particular type of
sensorv cell, the proprioceptive neuron,
the terminal fibers of which are embed-
ded in the muscle. This circuit, with the
sensory nerve indicating the state of con-
traction or relaxation of the muscle and
its orientation in space, provides the
feedback necessary for proper muscle
timing and coordination.

I switched the nerve connections be-

(]

Ay, @Y -
POST-MORTEM VIEW of the frog’s crossed sensory root (magni-

fied 500 diameters) shows that the cut nerve-fibers have regenerated
into the spinal cord. Despite their tangled appearance, the fibers
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tween opposing muscles in the hindlimb
of rats in such a way as to reverse the
movement at the ankle joint. The nerves
were cut, crossed and reunited end-to-
end within tubes of dissected rat artery.
Now whenever a nerve is severed, all
fibers beyond the break degenerate and
are absorbed. Even when they are united
with the mechanical aid of an arterial
tube, cut nerves do not heal together
directly. New fibers sprout from the end
of the central stump and grow into the
mauscles within the degenerate frame-
work of the old nerve. After the surgery,
I assumed, new coordinating circuits
would be established and functional ad-
justment would follow quickly.

Much to my surprise the anticipated
adjustment never occurred. The rats
seemed unable to correct the reversals of
motor coordination produced by the
operation. When they tried to lift the

have formed the connections necessary for proper muscle timing
and coordination. Because the nerves have been transposed, how-
ever, frogs display abnormal reflexes shown on preceding page.



affected foot, it pulled downward; when
they tried to rise on the ball of the foot,
their toes swung up and they fell back
on their heels [see illustration on next

page .

[n a parallel experiment I presented

the rats with a simpler readjustment
problem by switching muscles instead
of nerves. The muscles involved were
transposed by cutting and crossing their
tendons. Strong muscle-action was re-
stored within two or three weeks. Yet
the rats were still unable to correct the
reversal of ankle movement. To check
the experiment I tried crossing both
muscles and nerves in a control group.
Here the two reversals mutually can-
celed their effects, and the rat was able
to raise and lower the foot in proper
timing.

The rats with reversed foot-move-
ments were put on a program of special
training: they were forced to climb lad-
ders and stretch upward on their hind-
legs many times a day to get food pellets
from automatic feeders. Yet the affected
feet continued to work backward in ma-
chine-like fashion. We carried out a
similar series of experiments on the fore-
limb, in which voluntary movements are
under better control. But the rats still
could not adapt to the rearrangement of
the nerve connections.

When it became clear that re-educa-
tion had little or no effect in the rat’s
motor system, we turned to the sensory
system. In the laboratorv of Karl S. Lash-
ley at Harvard University I transposed
the nerves connecting to the skin of the
left and right hindfeet [see illustration
at right]. As the crossed hindlimb nerves
regenerated, the rats began to exhibit
false reference of sensations. In response
to a mild electric shock to the sole of the
right foot, the animals withdrew their
left foot. This movement shifted their
weight to the right foot, thereby increas-
ing its contact with the offending elec-
trode.

During the course of these experi-
ments several rats developed a per-
sistent sore on the sole of the right foot.
Until the sores responded to medication,
the animals hoppad about on three feet
with the fourth raised protectively—but
it was alwayvs the wrong, uninjured foot
that they raised. When they were
prompted to lick the injurv, they re-
peatedly licked the uninjured foot. Al-
though this accidental soreness in the
re-innervated foot presented the best
kind of training situation, the rats still
were unable to readapt.

Having concluded that it would be
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INCORRECT WITHDRAWAL REFLEX and referred sensations appear in the rat after
two sensory nerves are crossed. Here the main trunk-nerve to the left foot (broken line)
has been crossed and connected to the corresponding nerve on the right side (colored
solid line). Afterward, when sole of right foot is stimulated electrically, rat withdraws
its left foot; if the shock is strong enough to produce soreness, rat licks its uninjured foot.
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CROSSED MUSCLES produce the same effects as crossed nerves.
In a normal rat (top right) the leg muscles are connected as shown
at top left. When these connections are transposed (bottom left),
the posture and movements of the ankle joint are reversed (bottom

difficult or impossible to demonstrate
any sort of plasticity in the rat, we began
a similar experiment on monkeys at the
Yerkes Laboratories of Primate Biology
in Orange Park, Fla. At first the mon-
keys seemed to make more progress than
the rats: After we had transposed the
nerves of the biceps and triceps muscles
of the upper arm, they were quick to
notice and to halt the reversed arm-
movements that began to appear as the
nerves regenerated. Thereafter the mon-
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keys did attain a minor degree of read-
justment in arm movement under the
most simplified training routine. But
after three years of testing and observa-
tion, they too failed to achieve any gen-
eralized positive correction in the action
of the cross-innervated muscles.

T he marked conflict between our re-

sults and those previously reported
prompted us to reproduce the proce-
dures of the earlier studies more closely.
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right). When the rat attempts to lift the affected foot, it pulls
downward ; when the animal tries to rise on the ball of the foot, the
toes swing up and it falls back on its heels. Even with prolonged
training, the rat can never learn to correct these movements.

Instead of crossing isolated branch-
nerves to single muscles I now crossed
large trunk-nerves carrying motor im-
pulses to many different muscles. All
the muscles in the region were left in-
tact and the nerves were permitted to
regenerate into their respective areas at
random.

In the hindlimb of the rat this oper-
ation produced neither a reversal of
movement nor good functional read-
justment; instead it caused a spastic con-



traction of all the muscles of the lower
leg. Because of the greater strength of
the postural or antigravity muscles, the
contraction produced a stiltlike stiffen-
ing of the ankle joint in the extended
position. This result was highly illumin-
ating. Although the extended leg-posture
was clearly abnormal in the rat, it could
very easily be mistaken for a return of
normal coordination in an animal that
walks on its toes, like a dog or a cat. The
fact that dogs and cats had been used in
most of the earlier investigations made it
apparent that nearly all of the hundreds
of earlier reports of good functional re-
covery were subject to reinterpretation.

We know that central nervous system
plasticity can be substantiated to some
extent in cases where muscles have been
transplanted in human patients. But
even here we must make a distinction
between the degree of plasticity demon-
strated after muscle transposition and
that shown after nerve regeneration.
When a muscle is transplanted with its
nerves intact, the motor cells that acti-
vate it continue to work together as a
unit. On the other hand, in human be-
ings and higher animals the fibers of a
regenerating motor-nerve become hap-
hazardly redistributed among the mus-
cles it previously supplied. To restore
these muscles to their previous control
and coordination the reflex connections
in the spinal cord would have to be re-
established down to the level of indi-
vidual nerve cells. Even man’s superb
nervous system does not possess this
degree of plasticity.

In most cases humans can learn to
control transplanted muscles only in
simple, slow, voluntary movements. The
control of complex, rapid and reflex
movements is limited at best, and is sub-
ject to relapse under conditions of fa-
tigue, shock or surprise. Humans seem
to have a much greater capacity for ad-
justment than the subhuman primates.
Such re-education as does occur must
therefore be due to the greater develop-
ment of higher learning-centers in the
human brain. Contrary to earlier suppo-
sition it does not reflect an intrinsic
plasticity of nerve networks in general.

The nervous systems of reptiles, birds,
and mammals other than primates show
even less functional plasticity than those
of primates. Farther down the evolution-
ary scale in the lower vertebrates, how-
ever, we find an entirely different type
of neural plasticity: a structural plastic-
ity not possessed by higher animals.
Fishes, frogs and salamanders can re-
generate any part of the central nervous
system—even the tissue of the brain it-

self. Furthermore, if one of the large
motor nerves of a salamander or a fish
is cut, the animals re-establish normal
reflex-arcs and recover coordination.
This occurs even if several nerve stumps
in a limb or fin are deliberately cross-
connected to produce gross abnormal-
ities in the distribution of the regener-
ating fibers.

111 his pioneering investigations during
the 1920’s Paul Weiss was able to
rule out the possibility that these spec-
tacular recoveries could be based on
learning or any other sort of functional
plasticity. He transposed the developing
forelimb buds of salamander embryos
and reimplanted them with their front-
to-back axes reversed. When function
later appeared, the motor coordination
in the transplanted limbs was perfectly
normal, indicating that normal reflex-
arcs had been established. Because the
forelimbs were reversed in orientation,
however, they pushed the animal back-
ward when it tried to go forward, and
vice versa. The perfectly coordinated re-
versed action persisted indefinitely with-
out correction.

I was able to confirm the absence of
any appreciable functional plasticity in
amphibians in a set of experiments on
the visual system of frogs and salaman-
ders. In some I inverted the eyeballs
surgically, producing upside-down vis-

ion; in others I cross-connected the eyes
to the wrong sides of the brain, pro-
ducing vision that was reversed from
side to side. The animals never learned
to correct the erroneous responses caused
by this surgical rearrangement of their
eyes [see “The Eye and the Brain,” by
R. W. Sperry; SCIENTIFIC AMERICAN,
May, 1956]. Even when the eyes of
frog and salamander embryos were ro-
tated prior to the onset of vision (in
later experiments by L. S. Stone at Yale
University and George Szekely in Hun-
gary), the same visual disorientation
developed and persisted throughout life.

The evidence at present thus indicates
that the structural plasticity observed in
lower vertebrates is inherent in the
growth process and is quite independent
of function. It is as if the forces of em-
bryonic development that laid down the
circuits in the beginning continue to
operate in regeneration. We have as yet
only preliminary insight into the nature
of these forces.

In studies now in progress at the
California Institute of Technology Har-
bans Arora has made an interesting
observation on the regeneration of the
nerve controlling the eye muscle in
fishes. His findings suggest that fibers
directed by chance to their own muscles
make connections more readily than
foreign fibers reaching the same muscle.
As a result the fibers that originally con-

ABNORMAL REFLEX ARCS develop when a hindlimb bud is grafted onto the back of a
tadpole. As the tadpole grows, sensory nerves destined for the skin of the back, flank and
belly invade the nerveless extra limb and form spinal connections appropriate for limb re-
flexes. When grafted limb is stimulated in adult frog, muscles of the right hindlimb respond.
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trolled the muscle tend to recapture
control in regeneration. Such selective
reaffiliation of nerve and muscle indi-
cates that some chemical specificity must
match one to the other.

Selective outgrowth of regenerating
nerves to their proper end-organs seems
not to be the rule, however, even in
lower forms. Among mammals it has not
been found at all, except on the much
more gross scale that differentiates sen-
sory from motor endings, smooth mus-
cle from striated muscle, muscle from
gland, and so on. Nor does simple se-
lective outgrowth account for the resto-
ration of function in salamanders. The
early studies by Weiss showed that fiber
outgrowth and muscle re-innervation
generally proceed in these animals in a
random, nonselective manner, compara-
ble to that in mammals. Upon re-inner-
vation, however, salamander muscles
regain their former coordination and
timing, even when their function is dis-
oriented by nerve-crossing.

These observations suggest that the
rearrangement of connections in the pe-
riphery of the salamander nervous sys-
tem has chemical repercussions that re-
sult in a compensatory shift of reflex
relations at the centers. It is postulated
that the motor-nerve cells regenerating
into new muscles take on a new chemical
flavor, as it were. Thereupon their old
central associations dissolve, and new
ones form to match the new terminals in
the periphery. The reflex circuit would
thus be restored to its original state,
with the peripheral and central terminals
linked by a new pathway. Higher ani-
mals, lacking this embryonic type of

ROTATED PATCH OF SKIN demonstrates how embryonic nerves
respond to the biochemical “flavor” of the tissues they innervate.
Here a strip of skin was removed from a tadpole, cut free of all
connections, and replaced so that the skin of the back now covered
the belly and vice versa. In the grown frog the skin retained its
original color and flavor despite its location, as shown in the dorsal

74

structural plasticity, show no restoration
of function.

This explanation at first seemed rath-
er far-fetched, especially from the
standpoint of electrophysiology, which
offers no evidence for such qualitative
specificity among nerve fibers. However,
the underlying idea is well supported by
recent experiments on the regeneration
of sensory nerves.

At the University of Chicago Nancy
M. Miner, one of my former associates,
is responsible for a significant series of
experiments indicating the role of some
sort of chemical specificity in the hookup
of the nervous system. She grafted extra
hindlimb buds onto the backs of tad-
poles; the buds became connected to the
sensory fibers that would normally in-
nervate the skin of the belly, flank and
back [see illustration on preceding page].
The grafted leg served only as a sensory
field for the nearby sensory nerves be-
cause there are no nearby limb nerves to
invade it. When a stimulus was applied
to the grafted limb in the mature frog,
the animal moved the normal hindlimb
on the same side, just as it would if the
normal limb had received the stimulus.
The belly and trunk nerves connected to
the grafted limb had evidently taken on
a hindlimb “flavor” and then formed the
appropriate reflex connections in the
central nervous system. In another ex-
periment Miner removed a strip of skin
from the trunk of a tadpole, cut its nerves
and replaced it so that the skin of the
back now covered the belly, and vice
versa [see illustration below]. When the
grown frogs were stimulated in the
grafted area of the back, they responded
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by wiping at the belly with the forelimb;
when they were stimulated in the grafted
area on the belly, they wiped at the back
with the hindlimb.

To account for these experimental
findings it is necessary to conclude that
the sensory fibers that made connections
to the grafted tissues must have been
modified by the character of these tis-
sues. It is therefore unnecessary to pos-
tulate that each nerve fiber in embryonic
development makes some predestined
contact with a particular terminal point
in the skin. Growing freely into the near-
est area not yet innervated, the fibers
establish their peripheral terminals at
random. Thereafter they must proceed
to form central hookups appropriate for
the particular kind of skin to which they
have become attached. It seems clearly
to be some quality in the skin at the
outer end of the circuit that determines
the pattern of the reflex connections es-
tablished at the center.

No attraction from a distance need
be invoked in this selective patterning
of the central hookup. The multiple
branches of each nerve fiber undergo
extensive ramification among the central
nerve cells, with the tips of the branches
making numerous contacts with all the
cells in the vicinity. Presumably most of
the contacts do not affect the growing
fiber-tips. It is only when contact is made
with central nerve cells which have the
appropriate chemical specificity that the
growing fiber adheres and forms the spe-
cialized synaptic ending capable of
transmitting the nerve impulse.

In man these observations and inter-
pretations provide the basis for the new

and ventral views (left and center, respectively). The cutaway

view at right (made along broken lines) shows how new nerves
have invaded the graft and formed spinal reflex-arcs appropriate to
the skin’s flavor rather than to its location. Thus when the belly
skin on the back is stimulated, the frog wipes at its belly; when the
back graft on the belly is stimulated, the frog wipes at its back.



view of the nervous system which holds
that its networks are determined by bio-
chemical processes in the course of em-
bryonic growth. Let us consider this
scheme in connection with the extreme
localization of skin sensations that makes
it possible to locate a pinprick, for ex-
ample, anywhere on the body surface.
This “local sign” quality depends upon
the precise matching between the cen-
tral and peripheral connection of each
one of thousands upon thousands of cu-
taneous nerve fibers connecting the skin
surfaces to the spinal cord and brain.
During embryonic growth we may as-
sume that the skin undergoes a highly
refined differentiation until each spot on
the skin acquires a unique chemical
make-up. A mosaic is not envisaged here
but rather smooth gradients of differen-
tiation extending from front to back and
from top to bottom, with local elabora-
tions of these basic gradients in the re-
gions of the limbs. Each skin locus be-
comes distinguished by a given latitude
and longitude, so to speak, expressed in
the tissues as a combination of biochemi-
cal properties. The cutaneous nerves, as
they grow out from their central ganglia,
may terminate largely at random in their
respective local areas. Through intimate
terminal contacts the specific local flavor
is imparted to each nerve fiber. This
specificity is then transmitted along the
fiber to all parts of the nerve cell includ-
ing its ramification within the central
nervous system. In this way the local-
sign properties of the skin become
stamped secondarily upon the cutaneous
nerves and are carried into the sensory
centers of the brain and spinal cord. Pre-
cise localization is further enhanced by
the overlapping of the terminal connec-
tions formed by the fibers in the skin
[see illustration at right].

[mplicit in this theory is the assumption
X that in the embryo the cerebral cor-
tex and the lower relay-centers also un-
dergo a differentiation that parallels in
miniature that of the body surface. In
other words, just as from the skin to the
first central connection point in the
spinal cord, so from relay to relay and
finally to the cortex the central linkages
arise on the basis of selective chemical
affinities. At each of its ascending levels
the nervous system forms a maplike pro-
jection of the body surface.

This mechanism presumably operates
not only in the sensory system but in the
nervous system in general. Since the or-
ganization of the lower nerve centers
and the peripheral nerve circuits in high-
er animals seems to take place only in the

OVERLAP OF SENSORY FIBERS permits a subject to localize a pinprick accurately.
The schematic diagram at top shows the terminal branches of a single cutaneous fiber; the
branches are most abundant at the center of the area they innervate (broken circle). Bottom
diagram shows how this area overlaps those of three other fibers. As shading indicates,
each of the areas transmits a recognizably different signal to the central nervous system.

early plastic stages of growth, it is clear
that injury to them later on cannot be
repaired by any amount of re-education
and training. In the structural plasticity
of the system in lower animals, however,
we are able to observe the processes by
which our own nervous systems develop.

The new approach provides a sound
biological basis for the explanation of
built-in behavior mechanisms generally,
from the simplest reflexes to the most
complicated patterns of inherited behav-
ior. It brings the study of behavior into
the realm of experimental embryology on
the same basis as other organs and organ
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systems. Although learning must now
yield its former monopolistic status, we
must not infer that it has no role in brain
development. Particularly in man, whose
brain grows and matures for many years,
learning is a powerful method of im-
posing additional organization on the
higher levels of the nervous system. Un-
til the neural basis of learning is dis-
covered, however, we cannot say wheth-
er it produces this added organization
by changing the actual layout and
hookups of cerebral networks or simply
by increasing the conductance of cer-
tain pre-established pathways.
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POISONS

What 1s the molecular mechanism by which a toxic substance pl'oduces

its effect? In seeking the answer for various poisons, investigators

have found invaluable tools for the study of normal cell physiology

"'Poisons can be employed as agents
of life’s destruction or as means
for relief of disease, but in addi-
tion to these universally recognized uses
there is a third that particularly interests
the physiologist. For him the poison be-
comes an instrument that dissociates and
analyzes the most delicate phenomena
of the living machine, and by studying
attentively the mechanism of death in
diverse types of poisoning he can learn
indirectly much about the physiological
processes of life.”

After almost a centurv these words
of the eminent French physiologist
Claude Bernard still summarize con-
cisely the scientific significance of poi-
sons. Curare, the specific agent that he
was discussing, remains one of the best
examples of the tripartite nature of this
loose category of substances. When
curare first came to Bernard’s attention,
Europeans knew it only as an arrow poi-
son used by Indians in South America
to kill game and enemies. Bernard him-
self first applied it as a physiological
scalpel in his pioneering studies of nerve
and muscle function. More recently
curare has become a “means for the re-
lief of disease”: as an adjunct to surgery
it relaxes the muscles and thereby obvi-
ates dangerously deep levels of anes-
thesia.

A poison is difficult to define with
legalistic rigor. Even distilled water is
toxic when it is consumed by the gallon,
and considerably smaller quantities of
water can cause death when they are
inhaled. The accepted pharmacologi-
cal definition follows popular usage: A
poison is any substance that in rela-
tively small quantities can cause death
or illness in living organisms by chem-
ical action. The last clause rules out
such mechanically lethal effects as those
produced by a small quantity of lead
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entering the body at high velocity.

The list of poisons furnished ready-
made by nature has been extended
mightily in recent vears by human in-
genuity and the chemical industry. No
reasonable definition of poisons can ex-
clude the thousands of substances which
in small doses produce physiological
changes but which, being used custom-
arily for the treatment of disease, are
identified as drugs. Another deceptive
category is that of the pesticides, espe-
ciallv those designed to kill our close
physiological relatives the rodents. It is
not surprising that poisons represent a
major public hazard, particularly to chil-
dren. In 1955 about 8,000 Americans
died of poisons (exclusive of ethyl alco-
hol). The fatalities were about equally
divided between accidents and suicides;
homicides accounted for only .5 per cent
of the total. Non-fatal poisonings are
estimated at a million or more per year,
about 25 per cent of them in children
under five.

The term “poison” (akin to “potion”)
originally included medicinal as well as
lethal draughts. For example, digitoxin
—the medication of choice in certain
cardiac conditions—is among the most
toxic substances known; its use as an in-
dustrial chemical would necessitate elab-
orate safety precautions. Courses in
pharmacology properly emphasize the
broad overlap between drugs and poi-
sons, and physicians, nurses and phar-
macists dare not forget it.

To the physiologist, on the other hand,
poisons are no more interesting than any
other physiologically active compound.
Like all such substances, they challenge
him to interpret their gross effects in
molecular terms—to elucidate the chemi-
cal mechanisms by which they derange
or destroy cells and thereby induce more
obvious disturbances of the entire organ-
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ism. So far the attempt to reduce toxicity
to molecular mechanisms has succeeded
in only a few cases. As Bernard antici-
pated, however, it has meanwhile
taught us a good deal about the chemis-
try of living matter.

rl‘he corrosive poisons—strong acids
and alkalis—have the most obvious
effects. At first glance their mode of ac-
tion seems simple enough. By massive
destruction of cells they can produce
death from shock, hemorrhage or in-
capacitation of some vital organ. Thus
the corrosive gas phosgene, used in
chemical warfare during World War I,
reacts with water in the lungs to produce
hydrochloric acid. This destroys lung
tissue and by its irritant action fills the
lungs with fluid. Death ultimately re-
sults from asphyxiation. With most cor-
rosive poisons, however, the mode of ac-
tion is not so clearly discernible. Con-
centrated sulfuric acid, for example, does
so many things to the body that its spe-
cifically lethal activities are hard to iso-
late. Moreover, its catastrophic effects on
tissue leave little for the physiologist to
examine. Some corrosive poisons may
produce death simply by shifting the
delicate acid-alkaline balance of the
body to the point where vital chemical
reactions can no longer occur.

More subtle in their effects are the
metabolic poisons, a group that in-
cludes most of the drugs in the phar-
macopoeia as well as many other sub-
stances that have no place in medicine.
These compounds do not destroy tis-
sues; many of them produce no visible
tissue-change whatever. Instead they ac-
complish their lethal work by disrupting
one or another of the intricate chemical
reactions upon which life depends.

The effects of two common metabolic
poisons were explained many years ago
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in biochemical terms. One is carbon
monoxide (CO), a major constituent of
automobile-exhaust gas and currently
the leading chemical agent of suicide in
the U. S. Its lethal effects seem largely
attributable to its strong affinity for
hemoglobin, the protein in red blood
cells that transports oxygen from the
lungs to the tissues. Carbon monoxide
combines with hemoglobin 200 to 300
times more readily than does oxygen.
Thus a carbon monoxide concentration
in the air only .5 per cent of the oxygen
concentration will convert half the hemo-
globin in the blood into carboxyhemo-
globin, a compound that cannot trans-
port oxygen. Moreover, the presence of
carboxyhemoglobin alters the properties
of normal hemoglobin so that even the
remaining fraction functions with re-
duced efficiency. The victim undergoes
a sort of internal asphyxiation.

The treatment of acute carbon mon-
oxide poisoning is based on the fact that
the association between carbon mon-
oxide and hemoglobin is reversible. If
the victim is removed from the contam-
inated atmosphere and given pure oxy-
gen to breathe, the carboxyhemoglobin
gradually gives up its carbon monoxide

to yield active hemoglobin. Its “half
life” in the blood is about 30 minutes.
Unfortunately a few persons who recover
from carbon monoxide poisoning suffer
damage to vision or to the nervous sys-
tem that mav be permanent.

Cyanide (CN~), a homicidal and sui-
cidal agent notorious in both medical and
fictional literature, resembles carbon
monoxide in that it cuts down the body’s
supply of oxygen. It does so, however, not
by hindering the intake or transport of
oxygen outside the cells but by inter-
fering with the utilization of oxygen
in the cells. The crucial step blocked
by cyanide is thought to be the energy-
yielding reaction catalyzed by the en-
zyme cytochrome oxidase. This protein,
somewhat similar to hemoglobin, plays
an almost ubiquitous role in cellular
respiration. The cyanide ion, introduced
into the body in the form of hydrocyanic
acid or its salts, is believed to inactivate
cytochrome oxidase somewhat as carbon
monoxide inactivates hemoglobin. This
reaction, though it is possibly not the
only significant one, adequately explains
the deadly effects of small quantities
of cyanide (the lethal dose for man is
about a millionth of the body weight).

Since the process postulates the almost
instantaneous choking-off of cellular
respiration, it also explains the notor-
iously rapid action of cyanide. A few
tenths of 1 per cent by volume of hvdro-
cyanic acid gas in air can cause death
within minutes. The gas facilitates its
own lethal action by provoking deep
breathing, thus ensuring the rapid ab-
sorption of even low concentrations.
These properties make it a hypothetical-
ly humanitarian agent for gas-chamber
execution in several states and aggra-
vatz the problem of therapy after acute
accidental exposure to large doses.

Current treatment of cvanide poison-
ing is based upon suggestions made by
K. K. Chen of Eli Lilly & Company.
Chen took advantage of the fact that
sulfur-containing compounds in the
body can transfer their sulfur to cyanide
ions, converting them to relatively harm-
less thiocvanate (SCN-) ions. His treat-
ment neutralizes the cyanide by admin-
istering thiosulfate (S,0;7), the sodium
salt of which (“hypo”) is used in photo-
graphic development.

Subsequent investigations have shown
that the transfer of sulfur to cyanide is
catalyzed by rhodanese, an enzyme of

TOXICITY PRACTICALLY SLGHTLY MODERATELY VERY EXTREMELY SUPERTOXIC
RATING NONTOXIC TOXIC TOXIC TOXIC TOXIC
GLYCERIN, ETHYL METHYL TOBACCO, MORPHINE, POTASSIUM
EXAMPLES WATER, ALCOHOL, [WOOD) ASPIRIN, BICHLORIDE CYANIDE,
GRAPHITE, LYSOL, ALCOHOL, BORIC ACID, OF HEROIN,
LANOLIN CASTOR O, KEROSENE, PHENOL, MERCURY ATROPINE
SOAPS ETHER CARBON
TETRACHLORIDE
PROBABLE
LETHAL DOSE MORE 5,000 500 50 5 LESS
THAN TO TO 70 TO THAN
[MILLIGRAMS 15,000 15,000 5,000 500 50 5
PER KILOGRAM |
PROBABLE
LETHAL DOSE /)
FOR A =
70 KILOGRAM
(155 POUNDI ‘ ‘
MAN ‘—@ [eJXe]
| [e)le)le]
18 - o O O o
MORE ONE PINT ONE ONE SEVEN DROPS A TASTE
THAN TO OUNCE TEASPOON 7O (LESS THAN
ONE QUART ONE QUART TO 7O ONE SEVEN
ONE PINT ONE OUNCE TEASPOON DROPS]

SCALE OF TOXICITY rates substances according to the size of the

water, whiskey, ether, aspirin, morphine and cyanide, the last three:
depicted in terms of aspirin-sized tablets. The scale was suggested
by Marion N. Gleason, Robert E. Gosselin and Harold C. Hodge.

probable lethal dose. As the examples indicate, many drugs fall into
the highly toxic categories. Drawings suggest the fatal doses of
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obscure function found in many mam-
malian tissues. The recent availability of
purified rhodanese has suggested the ad-
ministration of the enzyme along with
the thiosulfate. Animal experiments in
Sweden by Bo Sorbo and his colleagues
indicate that the combined treatment is
more effective than the thiosulfate alone.
Chen also introduced a parallel thera-
peutic measure: the administration of
compounds such as sodium nitrite that
oxidize part of the blood’s hemoglobin
to methemoglobin. The latter compound
combines avidly with cyanide and thus
protects the vital cytochrome oxidase
at the cost of a little hemoglobin.
These antidotes have proven their ef-
ficiency in animal experiments, but are
generally most effective when given be-
fore or simultaneously with the poison.
Few victims of massive cyanide poison-
ing survive long enough to be treated.

1’he nervous system, so vital to the

regulation and coordination of the
body’s activities, is the target of a wide
spectrum of toxic agents, ranging from
classical poisons such as strychnine and
atropine to the “nerve gases” developed
during World War II. All of these neuro-
toxins in one way or another disrupt the
microchemical mechanisms that trans-
mit nerve impulses. Though their exact
mode of operation is in most cases still
unknown, many of them have advanced
our knowledge of neurophysiology.

Nerve poisons have helped to estab-
lish, for example, that the synthesis and
breakdown of the compound acetylcho-
line plays a central role in the body’s in-
ternal communications. Studies extend-
ing over 40 years have identified this
substance as the chemical messenger
that transmits impulses between motor
nerves and voluntary muscles. The list
of “cholinergic” nerves also includes
important portions of the autonomic
nervous system, which controls respira-
tion, digestion and the rest of the body’s
involuntary activities | see illustration on
next page|.

A nerve impulse reaching the end of
a cholinergic nerve rapidly liberates a
minute quantity (less than 10 gram)
of acetylcholine. This activates a recep-
tor on the adjacent nerve fiber, muscle
fiber or gland, causing the nerve to fire,
the muscle to contract or the gland to
secrete. To leave the receptor free to re-
ceive further impulses the acetylcholine
must then be inactivated. The enzyme
cholinesterase, present in all nerve tis-
sue, performs this essential task by cleav-
ing the acetylcholine molecule into
choline and acetic acid. Other enzymes
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ACETYLCHOLINE CYCLE, a basic mechanism in the transmission of nerve impulses, is
the target of many poisons. In the normal cycle an impulse reaching a nerve ending liberates
acetylcholine, which stimulates a receptor. To free the receptor for further impulses, the
enzyme cholinesterase breaks down acetylcholine into acetic acid and choline which other
enzymes resynthesize into new acetylcholine. The “anticholinesterase” poisons prevent the
breakdown of acetylcholine by inactivating cholinesterase (solid color). Botulinus and
dinoflagellate toxins hinder the synthesis or the release of acetylcholine (light color). Cu-
rare and atropine make the receptor less sensitive to the chemical stimulus (hatched color) .
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“CHOLINERGIC” NERVES, which transmit impulses by means
of acetylcholine, include nerves controlling both voluntary and
involuntary activities. Exceptions are parts (gray) of the “sym-
pathetic” nervous system that utilize norepinephrine instead of
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acetylcholine. Sites of acetylcholine secretion are circled in color;
poisons that disrupt the acetylcholine cycle can derange the body’s
communications at any of these points. The role of acetylcholine
in the brain is uncertain, as is indicated by the broken circles.



then reconstitute the two substances into
acetylcholine, thus completing the cycle
[see illustration on page 79].

The nerve poisons that are best under-
stood are those that block the action of
cholinesterase. This group includes the
alkaloid physostigmine, its synthetic rel-
ative neostigmine and the nerve gases.
By inactivating the enzyme they pre-
vent the breakdown of acetylcholine.
The resulting excess of acetylcholine
hyperstimulates nerves, glands and mus-
cles, producing convulsions, choking,
heart irregularities and other distressing
symptoms. If the victim survives these
disorders, the rising level of acetylcho-
line ultimately brings on flaccid para-
lysis and death.

Physostigmine (sometimes called es-
erine), a poison once used in West
African ordeal trials, has in recent years
worked its way up to clinical respecta-
bility. It can temporarily restore muscu-
lar strength to an individual suffering
from the disease myasthenia gravis and
can relieve pressure within the eyeball
in the serious eye disorder glaucoma [see
“Glaucoma,” by Sidney Lerman; Sciex-
TIFIC AMERICAN, August]. Neostigmine,
an improved synthetic substitute, has
found additional uses in slowing the rap-
idly beating heart and in relieving the
intestinal paralysis that sometimes fol-
lows abdominal surgery.

Both substances are classed as revers-
ible anticholinesterase poisons. Similar
in structure to acetylcholine [see illus-
tration on next page], they attach them-
selves semipermanently to the cholines-
terase molecule. Their high affinity for
it—about 10,000 times that of acetyl-
choline—ensures that even minute doses
can inactivate a dangerously high pro-
portion of the enzyme. If their concen-
tration in the body does not reach fatal
levels, however, they slowly dissociate
from cholinesterase and are eliminated.

The nerve gases, including DFP (di-
isopropylfluorophosphate), TEPP (tet-
raethylpyrophosphate), Sarin and tab-
un, are termed irreversible poisons. They
too attach themselves to cholinesterase,
but so tightly that for practical purposes
the restoration of normal nerve function
must await the formation by the body of
new cholinesterase molecules free of the
poison.

Their toxic action, theatrical enough
to satisfy the most demanding detective-
story addict, has been well documented
in a number of laboratory accidents and
in their field use as insecticides. Expo-
sure to even traces of the vapor pro-
duces rapid contraction of the pupils and
usually transient constriction of the res-

piratory passages. Larger doses of vapor
bring death in a matter of minutes from
asphyxia, heart failure or shock. Some of
the nerve gases are as lethal as cyanide
and more easily absorbed. Because they
are soluble in fat, they can enter the
body through the unbroken skin. In one
case a five-minute fingertip contact with
a few drops of Sarin produced unpleas-
ant symptoms for weeks.

The original treatment for both revers-
ible and irreversible anticholinester-
ases involved the administration of two
counter-poisons: atropine and curare.
These substances combat the effects of
excess acetylcholine by making nerve,
muscle and gland receptors less sensitive
to it. The atropine-curare treatment pro-
duces only symptomatic relief, however;
full recovery must await the elimination
of the poisons and (in the case of the
nerve gases) the gradual manufacture
of unpoisoned cholinesterase. More re-
cently Irwin B. Wilson and David
Nachmansohn of the Columbia Uni-
versity College of Physicians and Sur-
geons have produced an antidote for the
nerve gases based on a new principle.

The new treatment is the fruit of fun-
damental research into the mechanism
by which cholinesterase breaks down
acetylcholine. Investigators have hypo-
thesized that the enzyme has two “active
sites” which interact with different parts
of the acetylcholine molecule. By at-
taching itself to these two sites, the
molecule splits into free choline and an
acetyl group (CH;CO") that remains
bound to the enzyme. The acetyl group
then reacts with water, forming free
acetic acid and liberating the enzyme
for further work [see illustration on
page 83].

The nerve gases, probably by means
of the electron-seeking phosphorus
atoms which all of them contain, tena-
ciously preempt the site on the cholines-
terase molecule that normally accepts
the acetyl group. However, Wilson and
his colleagues were able to devise a
compound (pyridine aldoxime methio-
dide) that can pry the nerve gas loose
from the enzyme by attaching itself at
one end to the phosphorus group in the
nerve-gas molecule and at the other to
the choline-accepting site of the enzyme
[see illustration on page 84]. As antici-
pated, this compound not only reacti-
vates inhibited cholinesterase in the test
tube but also protects experimental ani-
mals against otherwise lethal doses of
nerve gas.

Though interest in the nerve gases
originally stemmed from their possibili-
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ties in chemical warfare, the compounds
have yielded an abundant nonmilitary
harvest. For example, DFP has helped
to unravel the fine structure of several
enzymes which, like cholinesterase, bind
it tightly at their active sites. Molecules
of trypsin and chymotrypsin (protein-
digesting enzymes secreted by the pan-
creas) can be labeled with DFP con-
taining radioactive phosphorus atoms
and then be degraded into small frag-
ments; the labeled fragments identify
the active segment of the molecule. In
medicine the nerve gases serve much the
same therapeutic purposes as physostig-
mine and neostigmine; their use as in-
secticides represents another nonmilitary
application.

The toxic protein secreted by the
botulinus bacillus, occasionally a cause
of human food-poisoning, disrupts the
acetylcholine cycle no less efliciently
than do the anticholinesterase poisons,
but is believed to work the opposite side
of the biochemical cycle. Instead of
raising the concentration of acetylcho-
line, it lowers it to paralytic levels by
preventing its synthesis or its release
from nerve endings. Botulinus toxin has
the distinction of being the most poi-
sonous substance yet discovered. As
methods for purifying it have improved,
the apparent minimum lethal dose has
correspondingly decreased. According to
a recent estimate the lethal dose for a
mouse may be as little as 1,000 mole-
cules—less than 1013 gram per kilogram
of mouse! Similar in action to botulinus
toxin and almost as deadly is the toxin
secreted by the poisonous dinoflagellates.
These microscopic marine organisms can
kill fish by the millions when they
multiply explosively in “red tides”; the
concentration of their toxin in the di-
gestive tracts of mollusks accounts for
many cases of shellfish poisoning in man.

Another potent metabolic poison that
is fairly well understood is fluoroacetic
acid. This simple compound constitutes
the active ingredient in the gifblaar
plant, notorious in South Africa as a
cattle killer. Pharmacological studies
place it, with cyanide and the nerve
gases, in the supertoxic class. Dogs,
which seem especially sensitive to its
effects, may succumb to a dose of .05
milligram per kilogram of body weight.
Curiously the fatal concentration of this
poison is about 100 times greater for
rats and 10,000 times greater for toads.
The lethal dose for man, rather unreli-
ably estimated from a few cases of acci-
dental poisoning, is about 2.5 milligrams
per kilogram of body weight.

Fluoroacetic acid acts relatively slow-

8l



lv: even when it is injected directly into
the bloodstream the svmptoms often take
several hours to develop fully. They vary
in different animals, but involve chiefly
the heart and central nervous system.
As with many metabolic poisons, the
damage is purely functional; examina-

ACETYLCHOLINE

\

® O @ ®
&

NEOSTIGMINE

tion of the tissues shows no distinctive
changes.

A decade ago Sir Rudolph Peters of
the University of Oxford and the Ger-
man biochemist Carl Martius inde-
pendently suggested that fluoroacetic
acid interferes with the citric acid cycle.

This is the basic biochemical mechanism
by which foodstuffs are oxidized to yield
energy. The intermediate breakdown-
products of sugar and fatty acids enter
the cycle as a form of acetic acid, which
combines with oxalacetic acid in the next
step of the cycle to vield citric acid.
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STRUCTURES OF ANTICHOLINESTERASE POISONS help to
explain their toxic properties. Acetylcholine attaches itself to the
cholinesterase molecule by means of an ester bond and a positively
charged nitrogen atom, both shown in color. The poisons neostig-
mine and physostigmine are structurally analogous (the nitrogen
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atoms in physostigmine become positively charged in an acid en-
vironment) . They combine similarly with cholinesterase, but more
tenaciously. The “nerve gases” at right all contain a phosphorus
atom with an easily broken bond (also shown in color). These poi-
sons inactivate cholinesterase as shown in illustration on page 84.
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Peters and Martius proposed that fluoro-
acetic acid, which is structurally simi-
lar to acetic acid, can enter the cycle
at the same point, forming fluorocitric
acid. This is a lethal error, because
the fluorocitric acid powerfully inhibits
the next enzyme in the sequence, which
catalyzes the reorganization of citric
acid into isocitric acid [see illustration
on page 77].

Peters and his colleagues have but-
tressed this hypothesis with many ob-
servations. In test tube preparations of
liver cells, fluoroacetic acid and oxala-
cetic acid yield fluorocitric acid as pre-
dicted. Citric acid accumulates in the
tissues of poisoned animals, indicating
that its conversion into isocitric acid is
indeed blocked. At present, however,
there are still some inconsistencies that
need explaining. It may be that other
toxic biosynthetic products of fluoroa-
cetic acid, such as fluorinated amino
acids, play a significant part in the chem-
ical pathology.

There is a rich variety of ways to

wreck the machinery of a cell, and a
corresponding diversity of poisons. Un-
doubtedly the future will uncover many
new poisons, both by accident and de-
sign. It seems currently impossible to
classify poisons in consistent and logical
categories. Such a system might identify
each poison by the metabolic reaction
which is its target, assuming that toxic
mechanisms prove to be that simple
when we understand them. Apart from
the examples already cited, however,
the metabolic targets remain uncertain.
Thus the classic poison arsenic, like sev-
eral other metallic poisons, is known to
inactivate enzymes by attaching itself
to sulfhydryl (SH") groups in their struc-
ture, but we can as yet only guess which
enzymes are the crucial ones.

The animal venoms alone constitute a
remarkably varied group of poisons. All
animal phyla, from single-celled proto-
zoans to mammals, include species that
produce toxic compounds. Snakebite
causes thousands of deaths in tropical re-
gions every year, yet we know little about
the chemistry of snake venoms. They are
known to contain many enzymes, some
of which can break open red blood cells
and cleave protein molecules. Rattle-
snake venom has become a commercial
source of enzymes used to study the
structures of proteins and nucleic acids.
The truly potent constituents of many
venoms, however, appear to be nerve
poisons whose specific mechanisms still
elude us. Some of these neurotoxins
are extraordinarily powerful: the fresh
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BREAKDOWN OF ACETYLCHOLINE probably takes place as shown in these diagrams.
The cholinesterase molecule (hatched) is thought to include a negatively charged anionic
site, which attracts one end of the acetylcholine molecule, and an esteratic site whose “nu-
cleophilic” group (large gray sphere) attracts the other end. When acetylcholine attaches
itself to these sites (1, 2), it breaks into free choline and an attached acetyl group (3). This
group then reacts with water (4), forming free acetic acid and returning the enzyme to its
active state (5). This scheme was proposed by Irwin B. Wilson and David Nachmansohn.
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INACTIVATION OF CHOLINESTERASE by a nerve gas, according to Wilson and Nach-
mansohn, is illustrated above. The phosphorus atom in the nerve gas binds itself tightly
to the nucleophilic group in the enzyme, liberating hydrofluoric acid (1, 2). The compound
pyridine-2-aldoxime methiodide (iodide ion is not shown) reactivates the enzyme. By attach-
ing itself to the anionic site and the phosphorus atom (3) it pries the nerve gas loose from
the nucleophilic group, presumably forming the unstable molecule shown in brackets (4).
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venom of the Australian taipan can
kill guinea pigs at a concentration of
.025 milligram per kilogram of body
weight, even though a considerable frac-
tion of the crude venom must be rela-
tively inert.

The alkaloids furnish another inex-
haustible list of poisons, many of which
double as drugs. In crude form, indeed,
these plant compounds represent both
the earliest drugs and the earliest poisons
of mankind; the opium poppy is said to
have been cultivated in the Stone Age.
The alkaloids include, in addition to atro-
pine and curare, such well-known drug-
poisons as quinine, morphine, cocaine,
strychnine and nicotine. Among the
many mysteries surrounding these com-
pounds is why plants produce them [see
“Alkaloids,” by Trevor Robinson; Sciex-
TIFIC AMERICAN, July].

The profusion of toxic substances in
common circulation and use in this coun-
try has created a growing problem for
the physician. The pediatrician in partic-
ular may at any moment receive a tele-
phone call from a frantic mother whose
child has swallowed one of the dozens of
household cleaning preparations or one
of the 80,000-odd formulations of pesti-
cides. Many of these substances are
relatively innocuous, in which case re-
assurance is the chief therapy, but some
represent true pharmacological emer-
gencies requiring prompt and speciﬁc
treatment.

No physician, of course, can possibly
identify by memory the ingredients of
these thousands of products, let alone
recall the prognosis and therapy appro-
priate to each. Accordingly health de-
partments in a number of U. S. cities
have organized poison-control centers
which provide around-the-clock infor-
mation to physicians and parents on the
ingredients of brand-name products and
on emergency therapy. Since the estab-
lishment of the first of these centers six
years ago in Chicago, their number has
grown to more than 200. Some have ac-
cumulated extensive reference-libraries
and have even gone into toxicological re-
search. In 1956 the U. S. Public Health
Service organized a national clearing-
house for poison information.

The wide realm of poisons thus in-
cludes the savage tending a curare pot,
the organic analyst at his microbal-
ance, the pediatrician on the telephone
and the industrial physician calculating
the tolerable maximum of a toxic vapor.
Last and by no means least, it encom-
passes the biochemist, who is learning
to employ an almost infinitely varied
set of probes for sounding the recesses
of cell physiology.



_ Kodak reports on:

the nylon rope trick...the restraining effect of our inhibitions ... microfilming
brought down to the scientist’s level

A polyamide condensation for
the kids to watch but keep their
little hands off

|

collopsed film of
nylon; de net lowch until
theroughly wathed; con
be dried, melied, and
pulled inte threads

—

4.4 groms of L&-
Hexcnedicmine
(Eastman P5932)

2mi of Sabocyl ’ in 50 ml of H,0,

Chioride (East-
man &2368) in
100 ml of CCL,

caratully poured on

Du Pont, which doesn’t ordinarily manu-
facture its nylon this way, was kind enough
to publish this in J. Chem. Education 36,
182. We have been kind enough to prepare
an abstract. Price for our minimum pack-
age quantities of the two reactants comes
to $6.05. Teachers and Yuletide-bent dad-
dies are reminded of the insidious nature of
chlorinated hydrocarbons. Anyone inspired
to commercial thoughts is advised to consult
with his lawyer about U. S. Patent No.
2,708,617. Everyone who wants these or any
of the approximately 3700 organic chemi-
cals we stock (and catalog in Eastman
Organic Chemicals, List No. 41) should
get in touch with Distillation Products
Industries, Eastman Organic Chemicals
Department, Rochester 3, N. Y. (Division
of Eastman Kodak Company).

Color for facts, not kicks

If we wanted to, we could in good con-
science call “S.O. 260 the fastest
color film ever made. We don’t want to.

There are other reversal color films
you can expose on the assumption of
an outrageously high index, force-
develop, and obtain an image out of.
All we’re saying is that outrage for out-
rage, “S.0. 260” loses less in color
saturation, maximum density, and fine-
ness of grain than others. This advan-
tage can be so important in data ac-
quisition—flame studies, aerodynamic
studies, attitudes of informatively
painted flying objects, for example—
that we had better not rely on rumor
and word of mouth to spread the news
of its existence.

This is not intended for the photo-
hobbyist who gets his thrills by brag-
ging to his buddies, “I shot this at an
Exposure Index of 600.”* Wise or
foolish, we dislike to see him sacrifice
the potentiality of pictorial excellence
instead of contriving to put a little
more light through his lens. Maybe it’s
none of our business, but such are our
inhibitions. We draw to his attention
Kodak High Speed Ektachrome Film,
Kodak Ektachrome Film (Process E-3),
Kodak Ektachrome Film (Process E-2),
and Kodachrome Film, any of which
can yield him beautiful and impressive
transparencies.

“S.0. 260 currently takes the form of
16mm film with a perforation pitch of
.3000" in 100°, 200, and 400" lengths and
35mm film of .1870" perforation pitch in
100" and 400’ lengths. These are pitches for
high speed motion picture cameras. If you
recognize that and have a need for data
from color changes (changes, not so much
the colors themselves) photographed under
very unfavorable conditions, initiate an in-
quiry about ““S.0. 260" Film with Eastman
Kodak Company, Photorecording Methods
Sales Division, Rochester 4, N. Y. You will
be put in touch with the proper parties.

Less than a laundry

Our subsidiary, Recordak Corpora-
tion, has recently come out with a
portable microfilmer that weighs only
24 pounds and lists for only $845. Do
you ask what this has to do with sci-
ence? Then we are wracked by ambiv-
alent feelings toward you. On the one
hand, we feel extra respectful in your
presence; a mind so obviously unac-
customed to seek solace in gadgetry is
*The fastest black-and-white instrumentation film
we currently recommend for esoteric conditions of
short exposure is often handled on the basis of an
Exposure Index of 1600. It comes in 16mm, 35mm,

and 70mm widths as Kodak Royal-X Pan Recording
Film.

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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scarce. At the same time, we want to
turn you gently toward the light. Cer-
tainly you’re not the type to seek your
solace in paper-shuffling, but you have
to prove that, if only to yourself.

Think for a moment like that fabled
monster, the efficiency expert. His
baleful eye casts about for concentra-
tions of paper. When he sees informa-
tion being extracted from one pile of
papers for summary on yet another
piece of paper, his mouth waters. When
he sees some poor soul toiling at a task
that could go undone but for the neces-
sity of preserving proof of the finer
details, he pounces. Our subsidiary,
Recordak Corporation, watches from
the bushes and purrs benevolently.
Get the picture?

It all began in banks a generation
ago, spread to department stores and
phone companies, and in the last
decade has reached enterprises like
dry-cleaning establishments, dairies,
and medical clinics. Now the idea of
microfilming while summarizing has
been brought down to the scientist’s
level. The Recordak ['ortable Micro-
filmer is of the right scale in size and
cost for work of lesser magnitude
(from Recordak’s special viewpoint)
than getting out the monthly state-
ments of a prosperous laundry.

Documents are fed into the machine
face up and returned face down in their
original sequence. They are freed for
other use, or they can be dumped and
yet remain retrievable. They can be up
to 12 inches wide and of any length.
Reduction ratio is 20:1. Forty-six 815"
x 11” sheets can be microfilmed in a
minute, smaller documents propor-
tionally faster. Two 100-foot rolls of
film can be exposed simultaneously to
the same subject matter. Film units are
readily removable so that ‘“‘one-sub-
ject” records can be kept separate even
though microfilming be done inter-
mittently.

Recordak Corporation, 415 Madison
Avenue, New York 17, N. Y., has a nation-
wide chain of branch offices and processing
stations. It is just possible that your prob-
lem will remind the salesman of one he
solved for the wholesale chicken business

and that he will take you out and show you
how it works there.

Prices are list and subject t0
change without notice.
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. equipment . . .

HOWARD GILBERT,
Hayes Asst. Sales Mgr., tells
about the . ..

“VACUUM AGE”
OF HEAT TREATING

A major New York manufacturer
of aircraft equipment recently re-
ported their Hayes Vacu-Master
Cold Wall Furnace was paying off

in many ways— providing rapid '

cycling, simplified work handling,
and complete production flexibility.
Additionally, the vacuum furnace
has eliminated need for atmosphere
and produced work
(stainless steel brazing) of maxi-

mum strength {'Q: .
LL_
¢ ) 4

and finest grain
,”‘%)

structure.
Best of all, it's |
economic !

Similar Success Stories come to
us from other users of Hayes Fur-
naces. Successful heat treating of
“exotic” metals (tan-
talum, titanium, nio-
bium, etc.) in the 2600
to 4500°F range. Suc-
cessful sintering, hard-
ening, annealing, and
degassing at high pro-
duction rates. Success
stories all around!

The “Universal Atmosphere’’
has Universal Applications
Unlike other “atmospheres,” vac-
uum has virtually no job limita-
tions. Here’s where the ingenuity of
Hayes development
engineers comes
into play. By coor-
dinating furnace
design with job e
requirements . . . and by PROVING
RESULTS in the Hayes lab . . . Hayes
vacuum furnace engineers assure
the customer a “RESULTS GUARAN-

. TEED” installation every time. I'd

like to invite you to advance your

heating into the “vacuum age” . .. }

with HAYES!

! Write for vacuum Bulletin 5709A.

C. 1L HAYES, nc.

Established 1905

835 WELLINGTON AVE. « CRANSTON 10, R. 1.

It Pays To See Hayes for mefallurgical

guidance, lab. facilifies, furnaces, atmas.
generators, gos and liguid dryers,

s

e
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Intelligence from Space

he exploration of space is now a
going concern, with a past as well
as a future. From the front pages

of newspapers and from technical jour-
nals information is flowing in a broad-

ening stream.
1

To the accompaniment of the biggest
headlines since the first Sputnik, the
U.S.S.R.’s moon rocket hit its target at
5:02:24 p.m. (New York time) on Sep-
tember 14, opening the era of lunar ex-
ploration. Three weeks later, on Oc-
tober 3, the frontier was extended with
the firing of the second rocket, which
went beyond the moon.

The first moon-probe, a spherical con-
tainer weighing with its instruments
8584 pounds, plowed into the lunar
surface at about 7,500 miles per hour. It
had begun its gently hyperbolic journey
some 35 hours earlier, at a time of the
month when the trajectory would be
most nearly parallel with the earth’s
surface to minimize the backward pull
of the earth’s gravity. A near-miracle
of aiming, the flight was guided from

| the ground only during its powered

stage. (Rocket guidance consists chiefly
in adjusting speed rather than direc-
tion.) As an aid to tracking, the ve-
hicle released a visible cloud of sodium
vapor after entering its orbit. The rock-
et was sterilized before launching to
prevent contamination of the moon by
terrestrial organisms. Some fears were
expressed, however, that dead micro-
organisms might serve as templates on

which lunar material could organize it-

self into living matter.
According to Soviet announcements
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the vehicle contained instruments for
studying “the magnetic pole of the earth
and the magnetic poles of the moon, the
radiation around the earth, the inten-
sity and variation of cosmic radiation,
heavy nuclei in cosmic radiation, the gas
components of interplanetary substance
and . . . meteor particles.” Two transmit-
ters telemetered information to ground
stations, and an altimeter went into op-
eration a few minutes before the con-
tainer crashed.

A week after the landing the U.S.S.R.
released some preliminary data. As to
the moon’s magnetic field (the most
eagerly awaited result), none was de-
tected. Nor was there evidence of radi-
ation belts around the moon resembling
the Van Allen belts around the earth.
Since these belts are held in place by
magnetic fields, their absence is con-
sistent with the finding that the moon
has no magnetism. The sensitivity of the
Soviet magnetometer, however, was not
disclosed. Some authorities believe that
the moon may have a very weak field,
perhaps a thousandth of a gauss. (The
earth’s field is believed to arise from
the dynamo action of convection cur-
rents in its molten interior. The moon
is generally thought to be solid through-
out, but the possibility that it has a
small, viscous liquid core has not been
definitely excluded. If there is such a
core, it might give rise to a very weak
field by a similar mechanism.) Until
details on the threshold of the measur-
ing instruments become available the
point is still unsettled.

The density of ionized particles was
said to have increased sharply within
about 6,000 miles from the moon. This
evidence of a lunar ionosphere puzzled
U. S. experts, who had not expected it,
at least at such a height.

Four days after the moon shot the
U. S. closed out its Vanguard program
with a third successful launching. Van-
guard II1, a 50-pound instrument pack-
age, is in an orbit that takes it 319 miles
above the ground at the lowest point
and 2,329 miles at the highest. It is
equipped to measure the earth’s mag-
netic field, the temperature inside the
vehicle, the intensity of solar X-rays,
erosion of its skin by atmospheric parti-
cles and the impacts of micrometeorites.

There are now nine earth satellites

aloft. One is the U.S.S.R.’s Sputnik III;
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the others are American: three Van-
guards, three Explorers, two Discov-
erers. In addition two vehicles are be-
lieved to be in orbit around the sun:
the Soviet Lunik (or, to give it its Rus-
sian name, Mechta) and the U. S.
Pioneer IV.

From Explorer VI, the “paddle-wheel”
satellite launched in August, came some
crude television pictures of the earth
and its cloud cover, made at altitudes up
to 26,000 miles. In addition, the satel-
lite’s radiation counters have revealed
a radiation belt beneath the two Van
Allen belts; the new belt consists of
energetic protons.

A new estimate of solar temperatures,
obtained from rocket flights, was also an-
nounced last month. A series of Nike-
Asp rockets, fired to altitudes of 150
miles, detected X-rays from the sun with
energies of 80,000 electron volts, far
higher than any that were previously
known. Originating in solar flares, such
energetic radiation implies a tempera-
ture as high as 100 million degrees cen-
tigrade in the regions where it was pro-
duced. These spots would then be about
10 times hotter than had been thought.

In a report in Nature James A. Van
Allen and Louis A. Frank of the State
University of Iowa described the results
of radiation measurements out to 400,-
000 miles, obtained from Pioneer IV. In
the outer Van Allen belt this probe
registered levels of radiation about 10
times greater than those detected pre-
viously, by Pioneer 111 (which remained
aloft for 38 hours) and by Lunik. Since
the Pioneer 1V flight followed a period
of intense solar activity, where the pre-
vious flights were made during intervals
of comparative calm, the new measure-
ments, according to the authors, “pro-
vide the most persuasive direct evidence
thus far available for the solar origin
of (at least) the outer radiation zone.”

The intensity of trapped particles is
an index to the strength of the earth’s
magnetic field. The Pioneer IV data in-
dicate that this trapping ability extends
outward to about 66,000 miles (14 earth
radii). Direct magnetic-field measure-
ments by Lunik had shown that, in the
range from 8,700 to 13,100 miles, the ac-
tual field is substantially weaker than
would be expected from extrapolating
the values at lower altitudes. The maxi-
mum difference came at 13,000 miles,

they’re performing
a vacvum first!

At Ohio Steel Foundry, an acid open hearth steel heat was split
into a conventional air poured roll and a vacuum stream degassed
roll for side-by-side evaluation.

This was United States’ first acid open hearth, vacuum stream
degassed-air poured steel heat. Specially designed Stokes vacuum
equipment made it possible.

OBSERVATIONS

4:23 Open hearth tap started; chamber evacuated to 150 u.

4:31 Heat transported to foundry, pony ladle filling.

4:33 Degassing started. 1%2” diameter nozzle flowing @ 3.5 tons
molten steel/min. Vacuum maintained at 450-510 .

4:37 17 tons of alloy steel degassed; inert and atmosphere vacuum
breaked.

4:43 Pony ladle and chamber cover away. Cover slag made.

4:51  Roll casting topped off.

4:57 Air roll (balance of heat, non-degassed) poured.

Result: successful heat. Ohio Steel reports hydrogen contents of
vacuum cast ingots normally in 0.8-1.3 PPM. Ohio Steel
metallurgists were much pleased with inclusion reduction and
ductility improvement.

Perhaps Stokes can assist your operation with another vacuum
first. Stokes’ great backlog of experience in vacuum technology
can help lead the way to better operating efficiencies and higher
quality products. Your nearby Stokes field engineer will be glad
to discuss your particular requirements. Why not call him
. .. today.

Vacuum Equipment Division
F. J. STOKES CORPORATION
5500 Tabor Road, Philadelphia 20, Pa.
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Meeting the need for
high-temp bearings

Running dry at 1000° F. for 250 hours,
under load and at 1000 rpm, are tough
bearing requirements. These, however,
are actual operating conditions for an ITI
ball bearing used in an evaluation test
program for application in high-tempera-
ture ball screw assemblies produced by
VARD, INC., Pasadena, California.

This bearing met these severe require-
ments and remained in good working con-
dition, with no visible scoring or Brinelling

Unretouched photo of ball thrust
bearing (shown actual size) after 250-
hour test run without lubrication at
1000° F. Rings are M-2 tool steel;
balls are tungsten carbide.

of the raceways. The balls were worn
slightly but uniformly, with no apparent
scoring, pitting or loss of sphericity.

At elevated temperatures, bearing ma-
terials having the required hardness, wear
and corrosion resistant properties are
often marginal as to load-carrying and
fatigue characteristics — especially at
temperatures too high for available lubri-
cants. As a result, most heat-resistant
bearings must be custom-engineered with
special materials.

Industrial Tectonics has pioneered in
the selection and processing of high-tem-
perature materials for both redesigned
standard bearings and prototype bearings
— meeting a wide variety of speed, load,
temperature and service life requirements.

If you have a “hot” bearing problem,
get in touch with ITI’s staff of engineers
and metallurgists. They are more than
willing to take the time to discuss your
special bearing needs.

BULLETIN AFB-2 will acquaint you
with designs and materials for bearings
having heat resistance, corrosion resist-
ance, unusual configurations and other
special properties. May we send you a

copy?

INDUSTRIAL TECTONICS, Inc.

3698 Jackson Rd., Ann Arbor, Mich
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the inner edge of the outer Van Allen
belt. Soviet physicists N. Pushkov and
S. Dolginov have explained the discrep-
ancy by assuming a strong ring of electric
current flowing westward through the
charged particles. The magnetic field of
such a current would offset that of the
earth. “The understanding of the de-
tailed relationship between the Dolgi-
nov-Pushkov ring current and the
trapped radiation now becomes one of
the most challenging and timely prob-
lems of geophysics,” say Van Allen and
Frank.

Astronomical Blackout

he ether-borne chatter of man may
+ soon drown out the music of the
spheres, virtually destroying the young
discipline of radio astronomy. Leading
radio astronomers fear that all but pos-
sibly one narrow radio band will be re-
served for non-astronomical purposes at
the current Geneva meeting of the In-
ternational Telecommunications Union.
Decisions made at this meeting cannot
be changed until the Union meets again
in 10 years.

Representing the country of the birth
of radio astronomy, the U. S. delegation
to the meeting is asking that only the
band from 1,400 to 1,427 megacycles,
where the hydrogen in space emits its
signals, be reserved for radio telescopes.
The delegation is thus ignoring a recom-
mendation made in April at a meeting in
Los Angeles of the Consultative Com-
mittee on International Radio, which
asked in addition that a number of nar-
row bands above 30 megacycles be re-
served for detecting radio emissions from
our own and other galaxies. The astrono-
mers grant that the frequencies they seek
are worth perhaps $100 million a year
to the communications industry, but they
point out that these bands cover only a
fraction of 1 per cent of the available
frequencies.

So faint are celestial signals and so
sensitive are the receivers used to detect
them that they can be obliterated by
signals of the same frequency from a
moderately strong transmitter almost
anywhere on earth. The important radio
observatory at Leiden in the Netherlands
has already suffered interference from a
radio station in Alaska. Thus radio as-
tronomers must have bands free of man-
made signals if they are to continue their
contribution to knowledge of the uni-
verse. Leo Goldberg, director of the Uni-
versity of Michigan Observatory and a
vice president of the International As-
tronomical Union, has said that with
only the 1,400-to-1,427-megacycle band
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radio astronomy may soon become “a
fossil science.”
Man and Man-Ape Linked
A Olduvai Gorge in Tanganyika, L. S.
B. Leakey has uncovered, almost in-
tact, a skull that may furnish “the con-
necting link between the South African
near-man or ape-man—Australopithecus
and Paranthropus—and true man as we
know him.” Leakey believes that his find
is between 600,000 and a million years
old. If this estimate is supported by
radioactive-dating tests soon to be un-
dertaken at the University of California,
the skull is the oldest yet discovered of
a tool-making man.

The skull, that of a youth of about 18,
was found with “examples of the very
primitive stone culture called Oldowan,”
which Leakey had previously identified
in his 27-year investigation of the Gorge
[see “Olduvai Gorge,” by L. S. B. Lea-
key; SCIENTIFIC AMERICAN, [January,
1954]. The bones of mammals, birds and
reptiles indicate that the youth and his
contemporaries had begun to diversify
a diet that had been composed princi-
pally of nuts. According to Leakey, the
skull is in some respects (its large teeth
and palate) more primitive than that of
Australopithecus, but in other respects
closer to Homo sapiens. The lack of fos-
sil evidence had made it difficult to de-
termine whether Australopithecus was a
well-developed ape or a poorly de-
veloped man. Leakey’s find suggests that
he was definitely a man.

One reason for the scarcity of Lower
Paleolithic human fossils was suggested
by Leakey in his article for this maga-
zine. The ape-men did not bury their
dead but left them exposed to scaven-
gers. The present specimen may be the
remnant of a scavenged corpse left in a
propitious location and preserved by
the flooding of the Gorge.

Plant Growth and Light

In plants as diverse as apple trees and

lettuce, investigators at the U. S. De-
partment of Agriculture Research Cen-
ter in Beltsville, Md., have found a light-
sensitive enzyme that regulates plant
growth at all stages from germination to
the ripening of fruit. They have partial-
ly isolated the substance, which is effec-
tive in minute quantities, and have re-
produced what is apparently its critical
reaction in the test tube.

The enzyme exists in two forms and
transforms reversibly from one to the
other upon exposure to appropriate
wavelengths of light. One form absorbs



Idea: Transparent pipe that won't corrode!

You’'ll find pipe like this used for
drainlines in industrial labs, hospitals,
schools, chemical plants, and photo-
engraving shops.

The reason? No corrosion. Which
means no leaks, no costly downtime,
no expensive patchwork maintenance.

Such piping is made from PYREX
brand glass No. 7740. Besides being
resistant to corrosion, it’s unaffected by
heat. It’s smooth, inhibits build-up. It
is inert, neither adding to nor taking
from what comes in contact with it.

CORNING CAN DO ALMOST ANYTHING WITH GLASS

All good reasons why people use
this pipe for delicate substances, too—
like foodstuffs, beverages and pharma-
ceuticals.

Glass piping is only one of the thou-
sands of forms in which you can get
glass from Corning. And PYREX brand
glass No. 7740 is only one of more
than 65,000 different types of glasses
in our files.

From laboratory ware to lighting
ware, from radiation shielding to ra-
diant heating, from hermetically sealed
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capacitors to sparkling cooking ware
—Corning can do almost anything with
glass.

More facts? Ask for “This Is Glass,”
64 pages crammed with exciting and
profitable ideas. Or ask for Bulletin
PE-3 on pipe, Bulletin PE-30 on drain-
lines. Write to 49 Crystal Street,
Corning, N.Y.

CORNING GLASS WORKS

CORNING MEANS RESEARCH IN GLASS




Diversified elee!‘q nechanical

system's é'ai‘pability

AiResearch Actuation Systems For

R
\\.,_

Portable Radar represent a typical electromechanical systems
application in ground support equipment. Two types of AiResearch actuation systems
are now in production for the Army’s mobile trailer-mounted ground radar unit. They
consist of a manually operated antenna folding storage system and an electrically

powered antenna elevation system.

Designed to operate under the most severe
environmental conditions, this type of
electromechanical system can operate on
60 cycle A.C., 400 cycle A.C., or 28 volt
D.C.Other suggested applications include:
missile launchers, missile ground handling
and support equipment, armored vehicle
fire control and ballistic handling systems,
and mobile communications equipment
requiring servoed actuating systems.

THE

AiResearch leadership in the development
and production of electromechanical
equipment for aircraft, ground handling,
ordnance and missile systems of all types
also includes such recent examples as
spoiler servo control systems, magnetron
and Klystron tuning devices, and safe-arm
mechanisms for missile igniting. We invite
vou to submit a problem statement of your
electromechanical requirements.

CORPORATION

U.S. Army Signal Corps ground

portable radar unit operated with
two AiResearch electromechani-
cal actuation systems.

AiResearch Manufacturing Divisions

Los Angeles 45, California ¢ Phoenix, Arizona

Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS
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light in the orange to red range; the other
absorbs far-red light, near the limit of
the visible spectrum. The first form trig-
gers such effects as the reddening of ap-
ples and the germination of lettuce seed,;
the other form promotes flowering and
regulates growth.

The predominant form of the enzyme
in the plant depends upon the color of
light to which the plant is exposed. Both
forms are present in about equal amounts
after exposure to light in the middle of
the red range. At longer wavelengths
the reaction favors the orange-red-ab-
sorbing form, while shorter wavelengths
(toward the yellow) stimulate the pro-
duction of the far-red-absorbing form.
In the living plant the intensity as well
as the wavelength of the light influences
the function of the enzyme. The inves-
tigators found that soybean plants will
flower after an extremely short exposure
at night to far-red light but will not
flower if the intensity of the light is
increased 100 times. Exposure at low in-
tensity to the same wavelengths stimu-
lates germination in lettuce seed; ex-
posure at high intensity reduces ger-
mination almost to zero.

The research group, led by H. A.
Borthwick and Sterling B. Hendricks, is
now seeking to purify the enzyme for
use in controlling plant development.
The discovery may eventually make it
possible to grow crops to heights ideal
for harvesting or to set flowering times
for the farmer’s convenience and the
avoidance of plant pests.

Transducers in the Skin

To register a sensation such as touch

- or pressure, the nerve endings in the
body must somehow convert mechanical
stimuli into electrical impulses. In elec-
tronics the task would require a trans-
ducer, a device that changes one form
of energy into another (a familiar ex-
ample is the crystal in a phonograph
pickup, which uses mechanical energy,
in the form of variable stress, to generate
an electrical signal).

There is evidence that in the body the
pressure-sensitive nerve endings known
as Pacinian corpuscles work in much the
same way. From their locations in the
skin and in connective tissue, these re-
ceptors transmit signals that indicate the
position of muscles and joints, thereby
supplying some of the feedback neces-
sary for proper muscle-coordination.

To determine how the Pacinian cor-
puscles generate their electricity, Werner
R. Loewenstein of the Columbia Univer-
sity College of Physicians and Surgeons
connected one corpuscle to a miniature

SUCCESSFUL LAUNCH...

Ta'Pot®, the “tape-slidewire”
potentiometer used as
the key measuring unit
to check, before launch,
The Martin Company’s
USAF TM-76 “Mace”
engine r.p.m. and temperature systems—
and which is the go/no-go
control during launch.

The Ta’Pot is a straight wire (or helically wound!), embedded
within the edge of a polyester tape. With calibration printed on
the tape, this 12-feet long slidewire pot has up to 1200 readout
scale 'points; or it may be geared to an in-line counter, and
servo-driven in either case. Or the Ta'’Pot may be manually
operated for exact readout of functions...or for control of
functions...or for computer inputs. Electronic calibration of
Ta'Pot slidewires regularly achieves better than 0.05% con-
formity to either linear or non-linear functions. The Ta'Pot is
presently used in test cells, in jet engine analyzers, in jet aircraft
cockpits and in a host of other critical applications.

HOWELL INSTRUMENT COMPANY
3101 Trinity Street, Fort Worth 7, Texas
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to different recording media with

HERMES TIMING EQUIPMENT

Model 270
DIGITAL
TIMING GENERATOR

Model 220 -
RETARDED

BIT RATE UNIT

Model 202
MAGNETIC
TAPE SEARCH UNIT

H,

Hermes Timing Equipment is specifically designed
to correlate precise timing signals with data on differ-
ent recording media such as recording cameras,
plotting boards, strip charts and high or low speed
oscillographs. This timing equipment consists of a
Digital Timing Generator and Retarded Bit Rate
Unit which operate during periods of data acquisition
and a Magnetic Tape Search Unit which operates
during periods of data reduction.

Digital Timing Generator, Model 270, is an all
solid-state instrument which generates binary coded
decimal signals as recorded on magnetic tape pro-
viding a precise digital index in terms of elapsed time.
The Generator also visually displays the exact time
in hours, minutes, and seconds as illuminated digits.
An Airborne Digital Timing Generator, Model 206A,
which meets all the essential requirements of MIL-E
5400 is also available.

Retarded Bit Rate Unit, Model 220, operates in
conjunction with Timing Generators, Models 270 or
206A, to provide a pulse-height, pulse-width signal,
for recording time on equipments other than mag-
netic tape recorders.

Magnetic Tape Search Unit, Model 202, is used
to control a magnetic tape transport during periods
of data reduction for automatically searching the
tape on the basis of time indices previously recorded
by any one of the two Timing Generators. The
Retarded Bit Rate Unit, Model 220, can also be used
with Model 202 for reproducing time on oscillographs
as previously recorded on the tape.

Auxiliary equipment including a Run Code Selec-
tor, Model 225, for inserting data run code numbers
and a Tape Input Programmer, Model 230, for auto-
matically programming tape search are also available.

Write for Technical Bulletins
on Hermes Timing Equipment.

The new name for HYCON EASTERN, INC. is

Hermes Electronies Co.

E

75 Cambridge Parkway
FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE

Dept. AA * Cambridge 42, Massachusetts

COMPANY, WRITE TO MR. E. E. LANDEFELD, PERSONNEL DIRECTOR
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circuit, then stimulated it mechanically
with a vibrating glass rod. Writing in
Annals of the New York Academy of
Sciences, he states that his first experi-
ments revealed that the many-layered
covering that gives the corpuscles their
characteristic onion-like appearance un-
der the microscope could be almost com-
pletely removed without impairing the
corpuscle’s transducer function. Appar-
ently the covering is only protective,
although it may also help to distribute
pressure stimuli over a larger area.
The transducer itself proved to be an
unmyelinated nerve fiber projecting into
the corpuscle from a sensory axon. Ac-
tually the fiber is not a single transducer
but many: When stimulated by the vi-
brator, independent active sites along
the membrane of the bare nerve become
depolarized, each producing a voltage
that is added to that of the others. By
summing up these voltages the fiber
produces a “generator potential” directly
proportional to the strength of the me-
chanical stimulus. If the generator po-
tential exceeds a certain threshold, it
triggers an “all-or-nothing” impulse. This
impulse is then propagated along a
myelinated sensory axon that carries the
signal to the appropriate reflex centers.

Stone Age Navigators

Although they had no written language
4+ X and no navigational instruments,
the Polynesians used celestial navigation
to roam the Pacific, according to Frank
M. Bateson of Rarotonga in the Cook
Islands. He believes that these Stone
Age people could find their way around
the vast ocean at a time when European
navigators were reluctant to get out of
sight of land.

In an article in Publications of the
Astronomical Society of the Pacific, Bate-
son explains that Polynesian astronomer-
priests “knew the names of a large num-
ber of stars. More important, they knew
at what seasons each was visible and
what path it took across the sky. They
also understood something of the move-
ments of the sun, moon and planets,” as
well as of weather, wind and currents.

Bateson says the Polynesian navigator
would set out just before dawn. He
would note what stars were rising or
setting directly over the bow or stern
after he had pointed his vessel in the
correct direction according to land-

| marks. He navigated at night by these

stars, replacing them, as they set, with
others having the same path. By day he
steered by the sun and by the direction
of waves moving under the influence of

| the wind and currents. The Polynesians



HOW THE SILICONES LA HELPED...
Stop Costly Water Damage /n Masonry

Weather—rain and cold—is masonry’s most costly
and devastating enemy. When water penetrates, it
weakens structures, stains surfaces, ruins plaster
and spoils carefully planned interior decoration.
Falling temperatures freeze the entrapped water,
cracking the masonry. Solution? A water repel-
lent coating based on UNION CARBIDE Silicones.
Applied by spray or brush on new or old sur-
faces, water repellents hased on UNION CARBIDE
Silicones give masonry buildings an invisible rain-
coat. But the silicone still allows the masonry to
“breath,” freezing entrapped moisture. Proven?
Churches, hotels, schools and industrial buildings

The term “Union Carbide” is a registered trade-mark of UCC.

In Canada: Bakelite Company, Division of
Union Carbide Canada Limited, Toronto 7, Ontario.

in all climates have been successfully protected.
And one application lasts up to ten years.
This is another example of how the Silicones

Man has helped solve an “impossible” problem.
You can obtain further information by writing for
the booklet “A Protecting Hand for Masonry” to-
day. Address Dept. KF-104, Silicones Division,
Union Carbide Corporation, 30 East 42nd Street,
New York 17, N. Y.

CA“I?_BJPE SILICONES
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associated a particular star with each
island group, according to Bateson, and
therefore knew that when this star was
directly overhead they had reached the
correct latitude. If the islands were not
visible, they presumably sailed due east
or west until they found them. Bateson
concludes that these island dwellers
There are 7,500 dots shown here. “were the greatest navigators of the
Stone Age.”

This is the number of engineers in the

etght divisions of Martin. And 40 percent How Large the Moon?
of these—the 3,000 dots in the cirele— \X’hy does the moon appear larger
when it is near the horizon than
when it rides high in the sky? Since
classical times philosophers and psychol-
ogists have puzzled over this problem
capability that enables Martin to develop and have evolved a number of ingenious
explanations, none of which has won
ffffff - general acceptance. Some findings by H.

are clectronics/electrical engineers.

It is this specialized

exacting demands of the missile-space age. Leibowitz and T. Hartman of the Uni-
versity of Wisconsin, reported in a re-
Example: A Martin electronic cent issue of Science, may help to resolve

the dispute.
The two experimenters sought to du-
has been a vital factor in the exceptional performance plicate the “moon illusion” by extending
. a 20-inch disk from the roof of an 85-
of TITAN. By automatically foot building. Subjects seated directly
below the disk were asked to compare it
with disks of different sizes which were
to successful flight, displayed at the same distance but in the
horizontal plane. In every case the hori-
zontal disk matched to the overhead one
from complicated countdown procedures. was physically smaller, that is, it ap-
peared larger in proportion to its size.
In both experiments children among
the subjects underestimated the size of
the overhead “moon” more markedly
than did adults. The youngest children
underestimated the size by about 50 per
cent; they matched a 10-inch horizontal
disk to the 20-inch vertical one. Adults
underestimated an average of 16 per

_ cent.

Leibowitz and Hartman believe that
M A R T ' ~ these results bear out the theory that
relates the moon illusion to “size con-
stancy”—the process by which the brain
“corrects” the small image of a distant
object so that the object appears to be
its proper size. The correction is pre-
sumed to be the fruit of experience. At

system known as Master Operations Control (MOC)

checking the hundreds of systeins necessary

MOC has removed much of the lnonan error

The eight divisions of The Martin Company are lﬂl’ge distances it often becomes inaccu-
Aetivation, Baltimore, Cocoa, rate, especially in children.
Denver, Nuclear, Orlando, RIAS, and Space Flight. As a result of size constancy an ob-

ject whose image is over- or underesti-
mated will appear larger or smaller than
it really is. Thus the low-hanging moon,
lying in the familiar horizontal plane in
which we customarily estimate distances,
is judged to be farther away than the
moon at the zenith and therefore appears
larger. To children overhead objects are
especially unfamiliar, and the illusion is
therefore more pronounced.
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It marks an expanding universe
of research, development, production

This new symbol is the mark of the accelerated ex-
pansion and diversification at Autolite.

Traditionally a major supplier to the automotive indus-
try, Autolite is expanding on a wide industrial front.
A new manufacturing complex is carrying the Autolite
name into the areas of plastics, ceramics, hydraulics,
instrumentation, metalworking, die casting, electronics,
military aircraft and missile components, and into
other important fields.

When you see the card with the new Autolite symbol,
you can be assured that it puts you in touch with
extensive technical, research, and manufacturing re-
sources. They are ready to serve you and your company.

+ GENERAL PRODUCTS GROUP-—Wire and Cable -

Gauges and Instrumentation - Plastics « Metalizing -
Optics « Mechanical, Electrical, Hydraulic, Pneumatic
and Acoustical Devices and Mechanisms « Light-metal
Fabrications and Finishing « Gray Iron Castings

+ ELECTRICAL PRODUCTS GROUP—AC and DC
. Motors « Coils « Condensers « Distributors « Generators -
Relays « Solenoids « Starters « Voltage Regulators

METALWORKING GROUP—Heavy-metal drawing,
stamping, fabrication, polishing « Functional and orna-
mental zinc and aluminum die casting, machining, paint-
ing, sub-assemblies « Heavy nickel and chromium plating

SPARK PLUG AND CERAMIC GROUP—Spark Plugs
—Aircraft « Automotive « Marine « Farm « Transport
Ceramic products for electrical, mechanical, thermal, and
nuclear applications

$ ELECTRO-CHEMICAL AND BATTERY GROUP—Air-
craft (Rebat) « Automotive « Marine « Farm « Industrial «
Bus « Truck « Diesel

AUTOLITE &

For further information on research, development, products, or
production facilities of Autolite’s 23 plants in 18 communities in
the United States and Canada, write to Autolite, Toledo 1, Ohio.

Autolite brings you NBC “NEWS ON THE HOUR"” Monday through Friday.

Photograph courtesy Mount Palomar Observatory
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T. A. EDISON.
Electric-Lamp.

No. 223,898. Patented Jan. 27, 1880.
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EDISON’S PATENT on the incandescent lamp was accompanied thickened ends of filament (c), platinum wires (d), clamps (h),
by this drawing. The labeled parts are the carbon filament (a), leading wires (x), copper wires (e), tube to vacuum pump (m).
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The Invention of the Electric Light

It is generally assumed that Thomas Edison’s incandescent lamp was

the product of inspired tinkering. Actually it was but one element

in a much deeper invention: an entire system of electric lighting

‘e can hire mathematicians, but
I mathematicians can’t hire me!”
By such declarations in the time
of his success and world-wide fame
Thomas Alva Edison helped to paint his
own portrait as an authentic American
folk hero: the unlettered tinkerer and
trial-and-error inventor who achieved
his results by persistence and a na-
tive knack for things. He is said, for ex-
ample, to have tried more than 1,600
kinds of material (“paper and cloth,
thread, fishline, fiber, celluloid, box-
wood, coconut-shells, spruce, hickory,
hay, maple shavings, rosewood, punk,
cork, flax, bamboo and the hair out of a
red-headed Scotchman’s beard”) until
he hit upon the loop of carbonized cot-
ton thread that glowed in a vacuum for
more than half a day on October 21,
1879. Today, in a world that relies for
its artificial illumination largely on his
incandescent lamp, this invention is not
regarded as an especially profound con-
tribution to technology. It rates rather as
a lucky contrivance of Edison’s cut-and-
try methods—of a piece with his stock
ticker, mimeograph machine, phono-
graph and alkaline storage-battery—in
the esteem of a public that has come to
appreciate the enormous practical signif-
icance of higher mathematics and ab-
struse physical theory.

If Edison’s contribution to the light
of the world consisted solely in the se-
lection of a filament, this estimate of his
person and achievements might be al-
lowed to stand. But the history that is
so obscured by legend tells quite an-
other story. Edison’s electric light was
not merely a lamp but a system of elec-
tric lighting. His invention was an idea
rather than a thing. It involved not only
technology but also sociology and eco-
nomics. Edison was indisputably the
first to recognize that electric lighting

by Matthew Josephson

would require that electricity be gen-
erated and distributed at high voltage
in order to subdivide it among a great
many high-resistance “burners,” each
converting current at low amperage
(that is, in small volume) with great
efficiency into light.

In the 15 months between the time
he conceived his invention and the date
on which he demonstrated it to the pub-
lic, Edison and his associates designed
and built a new type of electric genera-
tor, successfully adapted the then much-
scorned parallel or “multiple-arc” circuit
that would permit individual lights to
be turned on or off separately and, last
of all, fashioned a lamp to meet the
specifications of his system. The labora-
tory notebooks of those months of fran-
tic labor show the Wizard of Menlo Park
endowed with all the prodigious capaci-
ties attributed to him by contemporary
legend. They show in addition that this
self-taught technologist was possessed of
a profound grasp of the nature of elec-
tricity and an intuitive command of its
logic and power.

It was on September 8, 1878, that
Edison was inspired to devote his talents
full time to the challenge of electric
lighting. On that day he went to An-
sonia, Conn., to visit the brass-manufac-
turing plant of William Wallace, co-
inventor with Moses G. Farmer of the
first practical electric dynamo in the
U. S. Wallace showed Edison eight bril-
liant carbon-arc lights of 500 candle-
power each, powered by a dynamo of
eight horsepower. It was with such a
system that Wallace and Farmer, as well
as Charles Brush of Cleveland, were
then beginning to introduce the electric
light on a commercial scale, for street-
lighting and for illuminating factories
and shops. Farmer had made the first
demonstration of arc-lighting in this
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country two years earlier, at the Cen-
tennial Exposition in Philadelphia, and
John Wanamaker’s store in that city was
already illuminated with arc lights.

Carbon arcs are still employed in
searchlights and in theater floodlights
and projectors to produce light of high
intensity. The current crossing a small
gap between the electrodes creates an
arc. Ionization and oxidation of the car-
bon in the heat of the arc generate a
brilliant blue-white light.

In the 1870’s Europe was a decade
ahead of the U. S. in the technology of
arc-lighting. Stores, railway stations,
streets and lighthouses in Britain and
France were equipped with arc lights.
Shedding an almost blinding glare, they
burned in open globes that emitted nox-
ious gases, and they could be employed
only high overhead on streets or in pub-
lic buildings. Since they consumed large
amounts of current, they had to be wired
in series, that is, connected one to an-
other in a single continuous circuit so
that all had to be turned on or off to-
gether. The multiple-arc circuit, with the
lights connected as in the rungs of a lad-
der between the main leads of the cir-
cuit, was not adapted to such systems
and was considered prohibitive in cost.

Edison himself had experimented
with arc lights, using carbon strips as
burners. He had also investigated the

Epitor’s NoTE

The author has based this article
on material in his biography Edi-
son, justpublished by the McGraw-
Hill Book Company. Copyright ©
1959 by Matthew Josephson.
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incandescent light, as had many inven-
tors before him. But the slender rod or
pencil of carbon or metal would always
burn up, sooner rather than later, upon
being heated to incandescence by the
current. It would do so though substan-
tially all of the air had been pumped out
of the glass envelope in which it was
contained. Edison had abandoned the
effort to devote himself to a more prom-
ising invention: the phonograph.

Now at Wallace’s establishment, con-
fronted with the achievements of others
in the field, he regained his earlier en-
thusiasm. As an eyewitness recalled,
“Edison was enraptured. . .. He fairly
gloated. He ran from the instruments
[the dynamos] to the lights, and then
again from the lights back to the electric
instruments. He sprawled over a table
and made all sorts of calculations. He cal-
culated the power of the instruments
and the lights, the probable loss of power
in transmission, the amount of coal the
instrument would use in a day, a week,
a month, a year.”

To William Wallace he said challeng-
ingly: “I believe I can beat you making
the electric light. I do not think you are
working in the right direction.” They
shook hands in friendly fashion, and
with a diamond-pointed stylus Edison
signed his name and the date on a goblet
provided by his host at dinner.

From Edison’s own complete and ex-
plicit notebooks and from the buoyant
interviews that he gave to the press at
this time we know what made him feel
in such fine fettle as he left Wallace’s
plant. “I saw for the first time everything
in practical operation,” he said. “I saw
the thing had not gone so far but that I
had a chance. The intense light had not
been subdivided so that it could be
brought into private houses. In all elec-
tric lights theretofore obtained the light
was very great, and the quantity [of
lights] very low. I came home and made
experiments two nights in succession. I
discovered the necessary secret, so sim-
ple that a bootblack might understand
it. . . . The subdivision of light is all
right.”

The Subdivision of Light

At this time there flashed into Edison’s
mind the image of the urban gas-lighting
system, with its central gashouse and gas
mains running to smaller branch pipes
and leading into many dwelling places at
last to gas jets that could be turned on
or off at will. During the past half-cen-
tury gas-lighting had reached the stature
of a major industry in the U. S. It was
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restricted, of course, to the cities; three
fourths of the U. S. population still lived
in rural areas by the dim glow of kero-
sene lamps or candles. Ruminating in
solitude, Edison sought to give a clear
statement to his objective. In his note-
book, under the title “Electricity versus
Gas as a General Illuminant,” he wrote:

“Object: E. . . . to effect exact imita-
tion of all done by gas, to replace light-
ing by gas by lighting by electricity. To
improve the illumination to such an ex-
tent as to meet all requirements of nat-
ural, artificial and commercial condi-
tions. . . . Edison’s great effort—not to
make a large light or a blinding light,
but a small light having the mildness of
gas.”

To a reporter for one of the leading
New York dailies who had shadowed
him to Ansonia, Edison described a vi-
sion of a central station for electric light-
ing that he would create for all of New
York City. A network of electric wire
would deliver current for a myriad of
small household lights, unlike the daz-
zling arc lights made by Farmer and
Brush. In some way electric current
would be metered and sold. Edison said
he hoped to have his electric-light in-
vention ready in six weeks! At Menlo
Park, N.J., where his already famous
workshop was located, he would wire all
the residences for light and hold a “grand
exhibition.”

Thus from the beginning Edison riv-
eted his attention not so much upon the
search for an improved type of incan-
descent filament as upon the analysis of
the social and economic conditions for
which his invention was intended. As he
turned with immense energy to expand-
ing the facilities at Menlo Park and se-
curing the essential financing, he con-
tinued his studies of the gas-lighting in-
dustry. In parallel he projected the eco-
nomics of the electric-lighting system he
envisioned.

Gas had its inconvenience and dan-
gers. “So unpleasant . . . that in the new
Madison Square theater every gas jet is
ventilated by small tubes to carry away
the products of combustion.” But what-
ever is to replace gas must have “a gen-
eral system of distribution—the only pos-
sible means of economical illumination.”
Gathering all the back files of the gas
industry’s journals and scores of volumes
bearing on gas illumination, he studied
the operations and habits of the indus-
try, its seasonal curves and the layout of
its distribution systems. In his mind he
mapped out a network of electric-light
lines for an entire city, making the
shrewd judgment: “Poorest district for
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light, best for power—thus evening up
whole city.” He meant that in slum dis-
tricts there would be higher demand for
small industrial motors. Against tables
for the cost of converting coal to gas he
calculated the cost of converting coal
and steam into electric energy. An ex-
pert gas engineer, whose services Edison
engaged at this time, observed that few
men knew more about the world’s gas
business than did Edison.

Edison had a homo oeconomicus with-
in him, a well-developed social and com-
mercial sense, though he was careless of
money and was not an accountant of the
type exemplified by his contemporary
John D. Rockefeller. Before the experi-
mental work on his invention was under
way, he had formed a clear notion,
stated in economic terms, of what its ob-
ject must be. This concept guided his
search and determined the pattern of his
technical decisions, so that the result
would be no scientific toy but a product
useful to people everywhere. By his ini-
tial calculation of the capital investment
in machinery and copper for a whole
system of light distribution he was led
to define the kind of light he sought and
the kind of generating and distributing
system he needed.

Backers of the Electric Light

In the crucial matter of financing his
inventive work Edison had the generous
and imaginative aid of Grosvenor Low-
rey, a patent and corporation lawyer
well established in the financial com-
munity of Wall Street. Lowrey had fall-
en completely under Edison’s spell and
regarded him much as a collector of
paintings regards a great artist whose
works he believes are destined for im-
mortality. Using his extensive connec-
tions and the favorable press-notices that
he encouraged Edison to secure during
late September and early October, 1878,
Lowrey assembled a sponsoring syndi-
cate of some of the most important fin-
anciers of the time. The underwriters
of the Edison Electric Light Company,
which was incorporated in mid-October,
included William H. Vanderbilt and
J. P. Morgan’s partner Egisto Fabbri.
This was an unprecedented develop-
ment in U. S. business. Inventors had
been backed in the development of in-
ventions already achieved; Edison’s fi-
nanciers were backing him in research
that was to lead to a hoped-for invention.
In many respects the venture marks the
beginning in this country of close rela-
tions between finance and technology.

“Their money,” Edison said, “was in-



EDISON AND HIS PHONOGRAPH were photographed in 1878 turned to the more promising phonograph. In the year that this
by Mathew Brady. He had worked with electric lights but had photograph was made, however, he resumed his work on lighting.
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MENLO PARK was depicted in Frank Leslie’s Illustrated News-
paper for January 10, 1880. The barnlike “tabernacle” of Edison’s

vested in confidence of my ability to
bring it back again.” The 3I-year-old
Edison was by now a well-known figure
in Wall Street. His quadruplex telegraph
system, by which four separate messages
could be transmitted over a single wire,
had furnished the pivotal issue in the vast
economic war waged between Western
Union and the rival telegraph empire of
the robber baron Jay Gould. Edison’s
carbon microphone had transformed the
telephone from an instrument of limited
usefulness to an efficient system of long-
range communication that was now ra-
diating across the country. The shares of
gas-lighting enterprises had tumbled on
the New York and London exchanges
upon Edison’s announcement, in the
press campaign instigated by Lowrey,
that he was now about to displace gas
with electricity in the lighting of homes
and factories.

The alliance between Edison and his
sponsors was nonetheless an uneasy one.
The first rift appeared before the end of
October, when the rival inventor Wil-
liam Sawyer and his partner Albon Man
announced that they had “beaten” Edi-
son and applied for a patent on a carbon-
pencil light in a nitrogen-filled glass
tube. There was a flutter of panic in the
directorate of the Edison Electric Light
Company. The suggestion was made
that Edison should join forces with Saw-
ver and Man. Lowrey passed the sug-
gestion on to S. L. Griffin, a former
junior executive at Western Union whom
Lowrey had hired to help Edison with
his business affairs.

Griffin sent back a hasty “confiden-
tial” reply: “I spoke to Mr. Edison re-
garding the Sawyer-Man electric light.
. . . I was astonished at the manner in
which Mr. Edison received the informa-
tion. He was visibly agitated and said it
was the old story, that is, lack of confi-
dence. . .. No combination, no consoli-
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dation for him. I do not feel at liberty to
repeat all he said, but I do feel impelled
to suggest respectfully that as little be
said to him as possible with regard to
the matter.”

In view of Edison’s talent for candid
and salty language Griffin’s reticence is
understandable. After that there was no
further talk of consolidation with Saw-
yer or any other inventor.

The Menlo Park Laboratory

In his belief that he would “get ahead
of the other fellows” Edison was sus-
tained by his unbounded confidence in
his laboratory, its superior equipment
and its staff. The Menlo Park laboratory
was still the only full-time industrial re-
search organization in the country, in
itself perhaps Edison’s most important
invention. During this period the physi-
cal plant was greatly expanded; a sep-
arate office and library, a house for two
80-horsepower steam engines, and a
glass blower’s shed were added to the
original barnlike “tabernacle.” Even
more important, Edison had collected a
nucleus of talented engineers and skilled
craftsmen, who were of inestimable help
to him in working out his ideas.

The seif-taught Edison thought pri-
marily in concrete, visual terms. When
he was at work on the quadruplex tele-
graph, he had even built a model made
up of pipes and valves corresponding to
the wires and relays of his system, and
with running water replacing the elec-
tric current, so that he could actually see
how it worked. But now he would have
to depend far more on theory and mathe-
matics.

One of the happiest effects of Gros-
venor Lowrey’s personal influence was
the hiring of Francis R. Upton, a young
electrical engineer who had worked for
a year in the Berlin laboratory of the
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laboratory is visible at ihe far right. In its windows passengers on
the nearby railroad could see his experimental lights burning.

great physicist Hermann von Helmholtz.
Edison jocularly nicknamed Upton “Cul-
ture,” and, according to an oft-told story,
put the “green” mathematician in his
place with one of his scientific practical
jokes. He brought out a pear-shaped
glass lamp-bulb and gave it to Upton,
asking him to calculate its content in
cubic centimeters. Upton drew the
shape of the bulb exactly on paper, and
derived from this an equation for the
bulb’s volume. He was about to compute
the answer when Edison returned and
impatiently asked for the results. Upton
said he would need more time. “Why,”
said Edison, “I would simply take that
bulb, fill it with a liquid, and measure
its volume directly!”

When Upton joined the staff late in
October, Edison had already committed
himself to the incandescent light. This,
rather than the arc light, was the way to
imitate the mildness of gas. But the fila-
ment glowing in a vacuum had been
sought in vain by numerous inventors
for half a century. In choosing the in-
candescent light rather than the arc
light he was “putting aside the technical
advance that had brought the arc light
to the commercial stage.” No one, in-
cluding himself, had succeeded in mak-
ing an incandescent lamp that would
work for more than a few minutes.

Edison’s first efforts in 1878 were not
notably more successful. Knowing that
carbon has the highest melting point of
all the elements, he first tried strips of
carbonized paper as “burners” and man-
aged to keep them incandescent for
“about eight minutes” before they
burned up in the partial vacuum of his
glass containers. Turning to the infusi-
ble metals, he tried spirals of platinum
wire; they gave a brilliant light but
melted in the heat. Edison accordingly
devised a feedback thermostat device
that switched off the current when the



heat approached the melting point. The
lamp now blinked instead of going out
entirely. Nonetheless, with his eye on
the problem of financing, Edison filed a
patent application on October 5 and in-
vited the press in for a demonstration.

As this discouraging work proceeded
in the weeks that followed, Edison
turned, with Upton’s help, to calculating
the current that would be consumed by
a lighting system equipped with a cer-
tain number of such lamps. They as-
sumed that the lights would be con-
nected in parallel, so their imaginary
householder could turn one light in the
circuit on or off at will, as in a gas-light-
ing system. Thinking in round numbers,
they assumed that these lamps, when
perfected, might have a resistance of one
ohm and so would consume 10 amperes
of current at 10 volts. Allowing in addi-
tion for the energy losses in the distribu-
tion system, they found that it would
require a fabulous amount of copper to
light just a few city blocks. Such a sys-
tem of low-resistance lights was clearly
a commercial impossibility.

This was the gist of the objections
which had greeted Edison’s first an-
nouncements that he would use an in-
candescent bulb in a parallel circuit.
Typical of the scorn heaped upon him
was the opinion expressed by a commit-
tee set up by the British Parliament to
investigate the crash of gas-lighting se-
curities. With the advice of British sci-

INTERIOR OF EDISON’S LABORATORY at Menlo Park was
also depicted in the January 10, 1880, issue of Frank Leslie’s

entists, the members of the committee
declared that though these plans seemed
“good enough for our transatlantic
friends,” they were “unworthy of the at-
tention of practical or scientific men.”
From Ohm’s law, which governs the re-
lationship between voltage, amperage
and resistance in a circuit, the report
argued that if an electric light of 1,000
candlepower were divided into 10
smaller lights and connected in parallel,
each of the smaller lights would radiate
not one tenth but “one hundredth only of
the original light.” In this judgment such
figures as Lord Kelvin and John Tyndall
concurred. Before the Royal Institution
in London the distinguished electrician
Sir William Preece declared: “Subdivi-
sion of the electric light is an absolute
ignis fatuus.”

Ohm’s law does indeed show that the
amount of current (amperes) flowing in
a circuit is equal to the electromotive
force (volts) divided by the resistance
(ohms) in the circuit. Edison’s contem-
poraries reasoned that an increase in the
number of lights in a circuit would in-
crease the resistance and therefore re-
duce the flow of current to each. It was
thought that the only way to provide
these lights with sufficient current was to
reduce the resistance in the distribution
system. In a parallel circuit this meant
increasing the thickness of the copper
conductors to an impractical degree.
Such were the limits on the operation
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of arc lights, with their low resistance
and huge appetite for current. Upton’s
calculations showed that this conclu-
sion also applied to Edison’s first low-
resistance incandescent lamps.

Edison now confounded his collabora-
tor by proposing that he make the same
sort of estimates for an entirely different
kind of circuit. This time he would
assume lights of very high resistance,
supplied with current at high voltage
and low amperage. In November and
December Upton made calculations on
the basis of the same number of lights,
but lights with the high resistance of
100 chms each. These lights were to
operate on the low current of only one
ampere. Their high resistance was to be
offset, in accord with Ohm’s law, by the
high voltage of 100 volts in the circuit.
The result was astonishing: A high-
resistance system would require only
one hundredth of the weight of copper
conductor needed for a low-resistance
system. And copper was the most costly
element involved—the decisive eco-
nomic factor.

The High-Resistance System

Here was the crux of Edison’s insight
at Ansonia. He had recognized there
that the subdivision of light called for
lamps of high resistance which would
consume but little current; to balance
the electrical equation it would be neces-

Illustrated Newspaper. At the time of the work on the electric
light the laboratory had expanded into several other buildings.
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sary to supply the current at high volt-
age. This was the “necessary secret” that
was “so simple.” Today every high-
school physics student learns that the
power lost in transmitting electric ener-
gy varies with the square of the current.
Thus a tenfold reduction in current
meant a decrease of a hundredfold in the
energy wasted (or a hundredfold de-
crease in the weight of the transmis-
sion line). It was a conception easily
reached by an elementary applica-
tion of Ohm’s law, but it had not oc-
curred to any of Edison’s contem-
poraries. Even Upton did not immedi-
ately grasp the full import of Edison’s
idea. As he said later: “I cannot imagine
why I did not see the elementary facts
in 1878 and 1879 more clearly than I
did. I came to Mr. Edison a trained man,
with a year’s experience in Helmholtz’s

laboratory, ... a working knowledge of
calculus and a mathematical turn of
mind. Yet my eyes were blind in com-
parison with those of today; and...I
want to say that I had company!”

With Upton’s figures before him Edi-
son was convinced that a new and strate-
gic invention lay surely within his grasp.
It was clear what kind of distributing
system he wanted. And he knew what
form of incandescent burner would serve
his purpose. To offer the necessary re-
sistance to the passage of current it must
have a small cross section and so would
have a small radiating surface.

By January, 1879, Edison was testing
his first high-resistance lamp. It had a
spiral of very fine platinum wire set in
a globe that contained as high a vacuum
as could be achieved with an ordinary
air pump. The results were encourag-

ing; these lamps lasted “an hour or two.”
He then attacked the dual problem of
getting a higher vacuum and improving
his incandescing element. After another
trial with carbon, he returned to metals:
platinum, iridium, boron, chromium,
molybdenum, osmium—virtually every
infusible metal. He thought of tungsten,
but could not work it with existing tools.
Discouraged by the problem, Edison
tried nitrogen in his globe and then re-
sumed his efforts to obtain a higher
vacuum. Hearing of the new and effi-
cient Sprengel vacuum pump, which
used mercury to trap and expel air, he
sent Upton to borrow one from the near-
by College of New Jersey (now Prince-
ton University). When Upton returned
with the pump late that night, Edison
kept him and the other men on the staff
up the rest of the night trying it out.

GENERATOR which Edison developed for the needs of electric
lighting appears at right in this engraving from SciENTIFIC AMERI-
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cAN for October 18, 1879 (at that time this magazine appeared
weekly). The generator was called the “long-waisted Mary Ann.”



At this stage Edison made a useful
finding: “I have discovered,” he noted,
“that many metals which have gas with-
in their pores have a lower melting point
than when free of such gas.” With the
aid of the Sprengel pump he devised a
method of expelling these occluded
gases, by heating the element while the
air was being exhausted from the bulb.
The platinum wire within the bulb
thereupon became extremely hard and
could endure far higher temperatures.
Edison later said that at this stage he
“had made the first real steps toward the
modern incandescent lamp.”

Meanwhile the spirits of his financial
sponsors had begun to droop. Their bril-
liant inventor, far from having achieved
anything tangible, was hinting plainly
that he needed more money. The first
Brush arc lights were ablaze over lower
Broadway, and more were being in-
stalled elsewhere with impressive effect.
Edison’s backers began to have serious
doubts as to whether he had pursued the
right course. To shore up their morale
Lowrey arranged to have Edison give
them a private demonstration.

In April, as one of Edison’s associates
recalled it, “They came to Menlo Park
on a late afternoon train from New
York. It was already dark when they
were conducted into the machine shop
where we had several platinum lamps in-
stalled in series.” The “boss” showed his
visitors pieces of platinum coil he was
using in the lamps, pointed out the
arrangement of the lights and described
the type of generator he hoped to build.
Then, the room having grown quite
dark, he told “Honest John” Kruesi to
“turn on the juice slowly.”

“Today, I can still see those lamps
rising to a cherry-red . .. and hear Mr.
Edison saying ‘A little more juice’ and
the lamps began to glow. ‘A little more,’

.and then one emits a light like a
star, after which there is an eruption
and a puff, and the machine shop is in
total darkness. ... The operation was
repeated two or three times, with about
the same results.”

The platinum coils still consumed a
lot of power for the light they gave, and
they were costly and short-lived. The
temporary Wallace-Farmer dynamos
heated up badly, and were not powerful
enough to enable Edison to connect his
lamps in parallel. Edison admitted that
the system was not yet “practical.”

It was a gloomy gathering that broke
up on that raw April evening. All of
Lowrey’s abounding faith would be nec-
essary to rally the spirits and funds of
Edison’s despondent backers. Some

VACUUM PUMP used to remove air from lamp bulbs (top center) was of a new iype about
which Edison had read in a scientific journal. The man is holding a vessel of mercury.

rumors of the disappointing demonstra-
tion leaked out; the price of Edison stock
tell sharply, while that of gas-lighting
securities rose. “After that demonstra-
tion,” Edison’s associate relates, “we
had a general house cleaning at the labo-
ratory, and the metallic lamps were
stored away.”

Edison now rallied his staff to efforts
on a much broader area of the front
“under siege.” He followed three main
lines of investigation. One group he
detailed to the task of developing the
dynamo to supply the constant-voltage
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current required by his high-resistance
system. He set another group to pulling
down a still higher vacuum in the glass
bulbs. The third team, under his watch-
ful eye, carried out the series of experi-
ments in which 1,600 different materials
were tested for their worth as incan-
descent elements.

The “Long-Waisted Mary Ann”
To subdivide the electric current for

numerous small lights in parallel Edison
needed a dynamo which would produce

105



CREATIVE
IMAGINATION
PAPERS”

Y Can paper be held to several
critical limits simultaneously?

A leading manufacturer of x-ray film
needed a wrapping paper that would be
1) opaque; 2) free of trace radioactivity
commonly present in paper; and 3) of
uniform thinness for ease of packing and
dispensing film. Knowlton came up with a
duplex paper — pure white on one side,
pure black on the other — which consis«
tently meets all three specifications.
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engineering vision.
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formity, availability, economy — but une
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~ WRITE for free copy of
the helpful book, “Crea-
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and Industrial Papers.”
PHONE or WIRE for a
sales engineer to call,
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a higher voltage than any dynamo in ex-
istence, and which would maintain that
voltage constant under varying demands
for current from the system. Existing
dynamos were designed around the fal-
lacious notion, held by most electrical
experts, that the internal resistance of
the dynamo must be equal to the ex-
ternal resistance of the circuit. Through
study of battery circuits they had proved
that a dynamo could attain a maximum
efficiency of only 50 per cent. In 1877 a
committee of scientists appointed by the
Franklin Institute in Philadelphia had
been impressed to discover that the most
successful European dynamo, designed
by Zénobe Théophile Gramme, con-
verted into electricity 38 to 41 per cent
of the mechanical energy supplied to
it. The efficiency of the Brush dynamo
was even lower: 31 per cent. These ma-
chines and their theoretically successful

contemporaries all produced current at
a relatively low voltage.

Edison had concluded, however, that
he must produce a dynamo of reduced
internal resistance capable of generating
current at a high voltage. Such a ma-
chine would not only meet the needs of
his lighting system but would also con-
vert mechanical energy to electrical en-
ergy with far greater efficiency. As his
associate Francis Jehl recalled, Edison
said that “he did not intend to build up
a system of distribution in which the ex-
ternal resistance would be equal to the
internal resistance. He said he was just
about going, to do the opposite; he
wanted a large external resistance and
a low internal resistance. He said he
wanted to sell the energy outside the
station and not waste it in the dynamo
and the conductors, where it brought no
profits.” Jehl, who carried out the tests
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SERIES CIRCUIT (top) requires that a number of electric lights (circles) be turned on
or off at the same time by a single switch (break in circuit). Parallel circuit (bottom),
| which was adopted by Edison, makes it possible to turn lights on or off one at a time.
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Who put the cart before the horsepower?

Autonetics did. Autonetics foresaw that the
electronic systems inside a modern weapon
would become as important as the frame that
enclosed them...foresaw that the twin buga-
boos would be time and talent : the time it
would take a swarm of skilled technicians with
meters and hand probes to make a thorough
maintenance test—and the scarcity of such
technicians. That’s why Autonetics, together
with the Department of Defense, set out to
automate the whole procedure.

Result: carts that contain today’s most
versatile automatic checkout systems. These

systems match the needs of the majority of
manned and unmanned weapon systems.
Adaptive equipment for testing special elec-
tronic systems can be packaged in similar
carts and plugged into the basic cart. The sys-
tem is thus complete and readily mobile.

Here’s the payoff : as part of the Naval Avi-
onics Support System, these new automatic
checkout centrals will do the job 100 times as
well —and with infinitely greater accuracy. All
the operator needs to know is which button to
push. This is the reliable way to find fault
before you fly.

@
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[he Great Inventor’s Triumph in
Eleetric  Tllumination.

e

A SCRAP OF PAPER.

It Makes a Light, Without Gas or
Flame, Cheaper Than Oil.

TRANSFORMED  IN' THE  FURNACE.

Complete Details of the Perfected
Carbon Lamp.

FIFTEEN MONTHS OF

TOIL.

Story of His Tireless Bxperiments with Lamps,
Burcers and Generators

SUCCESS IN A COTTON THREAD.

The Wizard's Byplay, with Eodily Pain
and Gold “Tailings.”

HISTORY OF ELECTRIC LIGHTING.

The near approach of the first public exhibition of
Edison’s long looked for electric light, announced to
take place on New Year’s Eve at Menlo Park, on
whicli occasion that place will beilluminated with
the new light, has revived public interest in the
great inventor’s work, and throughout tke civilized
world scientists and people generally are anxiously
awaiting the result. From the beginning of his ex-
periments in electric lighting to the present time
Mr. Edison has kept his laboratory guardedly
closed, and no authoritative account (except that
published in the HERALD some months ago relating
to bis first patent) of any of the important steps of
his progress has been made public—a course of pro-
cedure the inventor found absolutely necessary for
his own protection. The HERALD is now, however,
euabled to present to its readers a full and accurate
account of his work from its inception to its com-

plotion,
A LIGHTED PAPER.

Edison’s electric light, incredible as it may ‘appear,
1s produced from a little piece of paper—a tiny strip
of paper that a breath would blow away. Through

FIRST NEWSPAPER ACCOUNT of Edi-
son’s brilliant success appeared in The
New York Herald for December 21, 1879.
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of resistance, also remarked that the art
of constructing dynamos was then as
mysterious as air navigation. All elec-
trical testing was in the embryonic stage.
“There were no instruments for measur-
ing volts and amperes directly: it was
like a carpenter without his foot rule.”

Upton himself had his difficulties in
this hitherto unexplored field: “I re-
member distinctly when Mr. Edison gave
me the problem of placing a motor in
circuit, in multiple arc, with a fixed re-
sistance; and I ... could find no prior
solution. There was nothing I could find
bearing on the [effect of the] counter-
electro-motive force of the armature . . .
and the resistance of the armature on the
work given out by the armature. It was a
wonderful experience to have problems
given me by him based on enormous ex-
perience in practical work and applying
to new lines of progress.”

The problem of a constant-voltage
dynamo was attacked with the usual
Edisonian élan. Seeking to visualize
every possible structural innovation for
his dynamo armature, he had his men
lay out numerous wooden dummies on
the floor and wind wire around them,
spurring them on in their task by laying
wagers as to who would finish first.

After Edison had decided upon the
form of winding and type of electromag-
nets to be used, Upton made drawings
and tables from which the real armatures
were wound and attached to the com-
mutator. Edison eventually worked out
an armature made of thin sheets of iron
interleaved with insulating sheets of
mica; this armature developed fewer
eddy currents and so produced less heat
than the solid armature cores then used.
When the new cores were test-run, it
was Upton who made the mathematical
calculations from these tests and drew
up the final blueprints.

The self-effacing Upton can be given
principal credit for interpreting Edi-
son’s ideas and translating them into
mathematical form. A careful student of
contemporary electrical knowledge, he
seems to have been conversant with, and
to have guided himself by, the design of
a German dynamo, made by the Siemens
works, that employed an auxiliary source
of current to excite its field magnets.

The new Menlo Park dynamo com-
prised many admirable features for that
period. With its great masses of iron and
large, heavy wires, it stood in bold con-
trast to its contemporary competitors.
Owing to the two upright columns of its
field electromagnets, it was nicknamed
“Edison’s long-waisted Mary Ann.”

When the dynamo was run at the cor-
rect speed, the voltage between its arma-
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ture brushes was approximately 110,
and remained fairly constant, falling but
slightly when increasing amounts of cur-
rent were taken out of the machine.
Edison and Upton also contrived a sim-
ple but ingenious dynamometer by
which the torque of a drive belt was
used to measure the work output of the
steam engine that powered the dynamo.
When Kruesi completed the first oper-
ating machine, Upton carefully checked
the results. To his astonishment—and
quite as Edison had “guessed’—the new
dynamo, tested at full load, showed 90-
per-cent efﬁciency in converting steam
power into electrical energy.

Edison was as jubilant as a small boy.
As was usual with him, the world was
soon told all about his “Faradic ma-
chine.” It was described and depicted in
ScienTiFic AMERICAN for October 18,
1879, in an article written by Upton.

Once more there was scoffing at
Edison’s “absurd claims.” The hectoring
of Edison by some of the leading U. S.
electrical experts, among them Henry
Morton of the Stevens Institute of Tech-
nology, now seems traceable to their
ignorance. Reading Morton’s predictions
of failure, Edison grimly promised that
once he had it all running “sure-fire,”
he would erect at Menlo Park a little
statue to his critic which would be eter-
nally illuminated by an Edison lamp.

As a matter of fact, this allegedly
ignorant “mechanic” was to be found
reading scientific journals and institu-
tional proceedings at all hours of the day
and night. It was thus that he had
learned about the Sprengel vacuum
pump. This device enabled him to
achieve an increasingly greater vacuum
and to test a broad variety of metals, rare
earths and carbon compounds under
hitherto unexplored conditions.

The globe itself was also much im-
proved, by the inventor’s own design,
after he had brought to Menlo Park an
artistic German glass blower named
Ludwig Boehm. Edison one day drew a
sketch of a one-piece, all-glass globe
whose joint was completely sealed, and
late in April, 1879, Boehm, working skill-
tully with hand and mouth, fashioned
it in the small glass blower’s shed in back
of the laboratory.

“There never has been a vacuum pro-
duced in this country that approached
anywhere near the vacuum which is
necessary for me,” Edison wrote in his
notebook. After months of effort he could
say exultantly: “We succeeded in mak-
ing a pump by which we obtained a
vacuum of one-millionth part of an
atmosphere.”

In the late summer of 1879 he realized
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with growing excitement that a kev posi-
tion had been won. He had a dynamo
supplying constant high voltage, and a
tight glass globe containing a high vacu-
um. In his mind’s eye he saw what might
be done with an extremely fine, highly
resistant incandescing substance under
these conditions. His state of tension is
reflected in the laboratory notebooks by
such exclamations as: “S---! GClass
busted by Boehm!” All that remained for
him was to discover a filament that
would endure.

The Carbon Filament

In late August or early September—
about a year after he first took up his
search—he turned back to experiment-
ing with carbon, this time for good. The
rods of carbon he had tried earlier had
been impossible to handle, as he now
understood, because carbon in its porous
state has a marked propensity for ab-
sorbing gases. But once he had a truly
high vacuum and a method for expelling
occluded gases he saw that he might
achieve better results with carbon than
with platinum.

In a shed in back of the laboratory
there was a line of kerosene lamps always
burning, and a laborer engaged in scrap-
ing the lampblack from the glass chim-
neys to make carbon cake. But lampblack
carbon by itself was not durable enough
to be made into fine lamp filaments. Edi-
son and Upton had arrived at the conclu-
sion that, given a 100-volt multiple-arc
circuit, the resistance of the lamps should
be raised to about 200 ohms; this meant
that the filament could be no thicker
than a 64th of an inch.

Through the summer months Edison
and his staff worked at the tantalizing
task of making fine reeds of lampblack
carbon mixed with tar. His assistants
kept kneading away at this putty-like
substance for hours. It seemed impos-
sible to make threads out of it; as an
agssistant complained one day, the stuff
crumbled.

“How long did vou knead it?” Edison
asked.

“More than an hour.”

“Well just keep on for a few hours
more and it will come out all right.”

Before long they were able to make
filaments as thin as seven thousandths
of an inch. Edison then systematically
investigated the relations between the
electrical resistance, shape and heat
radiation of the filaments. On October
7, 1879, he entered in his notebook
a report on 24 hours of work: “A spiral
made of burnt lampblack was even bet-
ter than the Wallace (soft carbon) mix-
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ture.” This was indeed promising: the
threads lasted an hour or two before
they burned out. But it was not yet
good enough.

As he felt himself approaching the
goal Edison drove his co-workers harder
than ever. They held watches over cur-
rent tests around the clock, one man
getting a few hours’ sleep while another
remained awake. One of the laboratory
assistants invented what was called a
“corpse-reviver,” a sort of noise machine
that would be set going with horrible
effect to waken anyone who overslept.
Upton said that Edison “could never
understand the limitations of the
strength of other men because his own
mental and physical endurance seemed
to be without limit.”

The laboratory notebooks for October,
1879, show Edison’s mood of anticipation
pervading the whole staff. He pushed on
with hundreds of trials of fine filaments,
so attenuated that no one could conceive

EARLY EXPERIMENTAL LAMP is de-
picted in one of Edison’s notebooks. This
lamp had a filament of platinum. It meltted.
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how they could stand up under heat.
Finally he tried various methods of
treating cotton threads, hoping that their
fibrous texture might give strength to
the filament even after they had been
carbonized. Before heating them in the
furnace he packed them with powdered
carbon in an earthenware crucible
sealed with fire clay. After many failures
in the effort to clamp the delicate fila-
ment to platinum lead-in wires, Edison
learned to mold them together with
lampblack and then fuse the joint be-
tween them in the act of carbonization.

Then, as Edison later related, it was
necessary to take the filament to the
glass blower’s shed in order to seal it
within a globe: “With the utmost pre-
caution Batchelor took up the precious
carbon, and I marched after him, as if
guarding a mighty treasure. To our con-
sternation, just as we reached the glass
blower’s bench, the wretched carbon
broke. We turned back to the main
laboratory and set to work again. It was

late in the afternoon before we produced
another carbon, which was broken by
a jeweler’s screwdriver falling against
it. But we turned back again and before
nightfall the carbon was completed and
inserted in the lamp. The bulb was ex-
hausted of air and sealed, the current
turned on, and the sight we had so long
desired to see met our eyes.”

“Ordinary Thread”

The entries in the laboratory note-
books, although bare and impersonal,
nonetheless convey the drama and sense
of triumphant resolution pervading the
laboratory that night: “October 21—
No. 9 ordinary thread Coats Co. cord
No. 29, came up to one-half candle and
was put on 18 cells battery permanently
at 1:30 AM....No. 9 on from 1:30
A .M. till 3 P.M.—13} hours and was then
raised to 3 gas jets for one hour then
cracked glass and busted.”

As the light went out the weary men

FRANCIS R. UPTON made invaluable calculations for Edison’s system. An electrical en-

| gineer who had studied with Hermann von Helmholtz, he was named “Culture” by Edison.
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In development test...

This directly-recorded Visicorder chart shows a
canceller test of a number of letters through a
new mail-handling machine developed by Emer-
son Research Laboratoriesfor the U.S. Post Office
Department. The Visicorder test took only 3
hours to solve a 3-week problem: Why letters
changed speed as they went through the machine.
Constant speed is necessary to register cancella-
tion on the stamp every time. Motor speed varia-
tions, belt slippage, and letter slippage in the
drive rollers were responsible. A synchronous
drive motor, a timing-belt drive, and a better
grade of rubber in the drive rollers were added
to solve the problem at a vast saving in engineer-
ing time. The Emerson machine is designed to
cancel 30,000 non-uniform letters per hour. It is
under evaluation tests in the Post Office Depart-
ment Laboratory, Washington, D.C.
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In production...

This comparison test of a production gyroscope
was directly-recorded on a Model 906A Visi-
corder oscillograph by the test department of
Whittaker Gyro, Van Nuys, Calif. Whittaker is a
division of Telecomputing Corporation. The
record shows how the Visicorder compares con-
trolled angular velocities as a reference base to
simultaneously-recorded variables, and how a
dual static reference trace galvanometer simul-
taneously establishes a base line and a calibra-
tion line on the chart. In these and in hundreds
of other scientific and industrial applications,
Visicorders are bringing about new advances in
product design, computing, control, rocketry,
nucleonics and production.

For information on how to apply the unlimited use-
[fulness of the Visicorder to your specific problems,
phone your nearest Honeywell Industrial Sales Office.

T he Honeywell Visicorder
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high-sensitivity data at frequencies
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waiting there jumped from their chairs
and shouted with joy. Edison, one of
them recalled, remained quiet and then
said: “If it can burn that number of hours
I know I can make it burn a hundred.”
Yet all the workers at Menlo Park—Edi-
son, Upton, Kruesi, Boehm and the rest—
were completely astonished at their suc-
cess. They had become accustomed to
laboring without hope. “They never
dreamed,” as one contemporary account
put it, “that their long months. .. of
hard work could be ended thus abruptly,
and almost by accident. The suddenness
of it takes their breath away.”

For once Edison tried to be discreet
and keep his momentous discoveries a
secret until he could improve upon his
lamp filament. At length, after experi-
menting with various cellulose fibers,
he found that paper, in the form of tough
Bristol cardboard, proved most endur-
ing when carbonized. Edison was ex-
ultant when this filament burned for 170
hours, and swore that he would perfect
his lamp so that it would withstand 400
to 1,000 hours of incandescence before
any news of it was published.

On November 1, 1879, he executed a
patent application for a carbon-filament
lamp. Its most significant passage was
the declaration: “The object of the in-
vention is to produce electric lamps giv-
ing light by incandescence, which lamps
shall have high resistance, so as to allow
the practical subdivision of the electric
light. ... The invention consists in a
light-giving body of carbon wire . .. to
offer great resistance to the passage of
the electric current, and at the same
time present but a slight surface from
which radiation can take place.” The
specifications called for a distinctive
one-piece all-glass container, lead-in
wires of platinum that passed through
the glass base and were fused to the
carbon filament, and joints that were
sealed by fusing the glass.

Here were the essential features of
the basic Edison carbon-filament lamp,
in the form that was to be known to the
world during the next half century. It
was not the “first” electric light, nor
even the first incandescent electric
lamp. It was, however, the first practical
and economical electric light for uni-
versal domestic use.

Edison had spent more than $42,000
on his experiments—far more than he
had been advanced by his backers. Now
he asked for more money so that he
might complete a pilot light-and-power
station at Menlo Park. But the directors
were still uncertain about the future of
the invention. Was it “only a laboratory
toy,” as one of them charged? Would
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it not need a good deal of work before it
became marketable? Grosvenor Lowrey
stoutly defended his protégé. He got no
results until he prematurely, and over
Edison’s objections, made the secret of
the electric lamp public.

Rumors had been spreading for sev-
eral weeks. New Jersey neighbors told
of brilliant lights blazing all night at
Menlo Park, and railroad passengers be-
tween New York and Philadelphia also
saw the bright lights with astonishment
from their train windows. In Wall Street
there was a flurry of speculation in
Edison stock; the price rose briefly to
$3,500 a share.

Then came a front-page story in The
New York Herald on Sunday, December
21, 1879. There followed an exclusive
article about the inventor’s struggles for
the past 14 months, told to the world,
con amore, by Marshall Fox, who had
written much of Edison before. The de-
tailed treatment of such an adventure
in applied science as a feature story was
something of an innovation. Also some-
what unusual in the journalism of the
time was its relative accuracy of detail,
owing to help provided by Upton, who
also supplied drawings for the Herald’s
Sunday supplement. The writer did his
best to explain how this light was pro-
duced from a “tiny strip of paper that
a breath would blow away”; why the
paper filament did not burn up but be-
came as hard as granite; and how the
light-without-flame could be ignited—
without a match—when an electric cur-
rent passed through it, giving a “bright,
beautiful light, like the mellow sunset
of an Italian autumn.”

In the week following Christmas hun-
dreds of visitors made their way to the
New Jersey hamlet. Edison hurried with
his preparations for an announced New
Year’s Eve display as best he could, but
was forced to use his whole staff of 60
persons to handle the crowds. He could
do no more than put on an improvised
exhibition, with only one dynamo and
a few dozen lights.

The closing nights of the year 1879
turned into a spontaneous festival that
reached its climax on New Year’s Eve,
when a mob of 3,000 sight-seers flooded
the place. The visitors never seemed to
tire of turning those lights on and off.

The inventor promised the sight-seers
that this was but a token of what was
in store. He was awaiting the completion
of a new generator, he said, and intended
to illuminate the surroundings of Menlo
Park, for a square mile, with 800 lights.
After that he would light up the dark-
ness of the neighboring towns, and even
the cities of Newark and New York.



Perhaps you, too, can profit from

Fer Podicts

...INCORPORATED

... capacity to design, produce, install and operate
complete systems for separation, purification and
liquefaction of gases — systems that provide

profitable advantages and opportunities throughout industry.
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Liquefied gases from Air
Products equipment supply
all major U.S. missiles.

o

OU will find here tangible evidence of

HOW THE MILITARY SERVICES . C
a growing technology. Applying “Cryo-

use Air Products genics” (the science of low temperatures)
and engineering broad new routes to low-cost,
Large-scale low-temperature systems, ultra pure gases and high-purity industrial gases is the main busi-

liquids, and a broad range of specialized cryogenic ‘‘hardware’”
are supplied by Air Products to the military. When large quantities
of liquefied gases were needed for rocket engine development
and missile testing, Air Products quickly designed, manufactured
and put on stream complete production facilities. Typical facili-
ties paid for themselves in less than a year’s time. Air Products
also provides a broad line of portable air separators for field and
shipboard use. .. and has advanced the development of exotic
fuels. And, Air Products produces advanced design liquefied-gas
pumps, cryogenic storage and transfer systems, electronic cool-
ing devices and refrigeration and distillation equipment for
military uses.

ness of Air Products.

Air Products combines original research
knowledge with engineering and manufactur-
ing capabilities and substantial operating
experience. These integrated activities have

; are the be
d by Air ProdL
in Nz St

Petrochemical plants
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HOW THE STEEL INDUSTRY %
uses Air Products CAPACITY -
In the blast furnace, the open hearth and the new
converter processes — Air Products oxygen effi-
ciently increases steel mill capacity. Annealing
nitrogen and other gases are also provided on a
low-cost tonnage basis.

Air Products’ complete gas supply systems are
installed at steel mills without capital investment
or operating worries on the part of the users.
Continuity and reliability of supply are assured.
On-site facilities pioneered by Air Products
reduced the cost of oxygen 809% in 12.years -—
transforming oxygen from a costly chemical to
a practical working utility.

Further progress marks on-the-job development
work now continuing around the clock at major
steelmaking facilities. Entirely new metallurgical
techniques . .. and new profits . . . are available
through Air Products.

helped provide many Air Products customers
with distinct competitive advantages.

Air Products is the world’s leader in
APPLIED CRYOGENICS — the practical
and profitable use of low-temperature science
for industry.

Perhaps this CAPACITY can help solve
your problems — in cryogenics, in industrial
gassupply systems, or in some new area where
“ground rules” are yet to be established.

Air Products pipeline oxygen
serves the Basic Oxygen Fur-
nace Process.

HOW THE CHEMICAL INDUSTRY

uses Air Products CAFPACITY HIGH PURITY GASES AND LIQUIDS |
Air Products low-temperature systems permit —available like any other utility

many modern chemical plants to improve operat- with the help of Air Products

ing' efficiency and end-product quality — and to

develop new processes and products. This results CAPACITY

from the ready availability of low-cost tonnage

quantities of oxygen, nitrogen, hydrogen, ammonia ... The supply is dependable. ..

and methanol syn-gas, carbon monoxide and the price guaranteed ... with

hydrocarbons such as purified methane, acety-
lene and ethylene. Low-temperature separations
of gaseous mixtures now make it practical to
recover valuable components from natural gas,
refinery off-gases, coke-oven gas and other
‘‘waste’’ gases. The versatility of cryogenics—as
applied by Air Products—works profitably for the
chemical industry today ... offers unparalleled
future opportunity in this fast-growing industry.

Air Products on the job.

...INCORPORATED
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“ULTIMATE" FUEL ON TONNAGE SCALE

... from pilot operation to tonnage

production through .

Air Products

Liquid hydrogen, identified by the Air Force as an “ultimate”
chemical fuel with three times the energy content of present
fuels, is in production at this facility in Palm Beach County,
Florida. Built and operated for the Air Force by Air Products.

Perhaps you, too,
can profit from

A Podiidts
CAPACIT

sk To find the new opportunities Applied Cry- 3 To put entire gas supply complexes to work

ogenics may offer in the manufacture, sepa- for you without capital investment on vour

ration and purification of Industrial Gases. part.

Air Products CAPACITY has helped our

K To provide integrated research, engineer- "
. customers to step out ahead of competition

ing, manufacture and operation...complete ; T :
. TAAE . Ol : ) comps in familiar fields. .. to open up entirely new
services under a single responsibility. :
: areas of opportunity through new products

or processes. A letter or telephone call will
¥ To forecast accurately and guarantee total put Air Products CAPACITY to work for

cost, superior performance and reliability. you,

L4 Information is available on: superconductivity * frozen free radicals »
biological preservation + environmental control + low-temperature cata-
lytic reactions « infrared detection » masers » purification and liquefaction

of: argon * carbon monoxide * ethylene * fluorine + helium * hydrogen
AL ) f E
NCORPORATED krypton « methane « neon * nitrogen + nitrogen trifluoride * oxygen

ALLENTOWN, PENNSYLVANIA oxygen difluoride * ozone * xenon
Air Products (Great Britain) Ltd., London Dynamic Research, Inc., Los Angeles Air Products, S.A., Caracas
K-G Equipment Co., Allentown Industrial & Medical Gas Div., major U. S. cities
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The Language of Crows

One group of American eastern crows responds to recorded distress

calls of French jackdaws, but another group does not. The more

cosmopolitan life of the former may account for this difference

person who has spent all his life
A in one place and has heard only
. his local dialect may find it diffi-
cult to understand people speaking other
dialects of his own language. A person
who has traveled more widely, on the
other hand, may understand not only
other dialects, but also words in lan-

TWO CROWS that live together in southern coastal regions during
winter are the fish crow (with fish) and the American eastern

by Hubert and Mable Frings

guages he does not know. Recently we
have been studying the calls of crows
and have found a corresponding distinc-
tion between the provincial and the cos-
mopolitan members in this ubiquitous
family of birds. For example, American
eastern crows that breed in Pennsylva-
nia and winter in the southern states

© 1959 SCIENTIFIC AMERICAN, INC

among fish crows will respond to the
distress call of the French jackdaw, a
relative they have never seen. Eastern
crows that breed in Maine and never
live with other crows do not react to the
cry of the French bird.

We have been studying international
understanding among birds by exchang-

crow. The latter learns to respond to calls of the fish crow and
later “understands” the recorded distress cry of French jackdaws.

19



ing tape recordings with René-Guy Bus-
nel, Jacques Giban and Philippe Gramet
of the Laboratoire de Physiologie Acous-
tique in Jouy-en-Josas, near Paris. From
our laboratory at the Pennsylvania State
University College of Agriculture we
sent to France recordings of two differ-
ent calls of the American eastern crow.
Busnel and his colleagues sent us the

distress calls of three French crows: the
so-called jackdaw, the rook and the car-
rion crow, which live together in winter
in mixed flocks. All four birds are mem-
bers of the genus Corvus, but are of dif-
ferent species. We shall call them all
crows for convenience, though it is not
strictly accurate to do so.

To make our recordings we concealed

microphones in places near the Mount
Desert Island Biological Laboratory at
Salisbury Cove, Me., where the birds
rested or fed. The process was slow and
taxed our patience; whole reels of tape
were often devoid of any recognizable
cries. However, we did learn a good deal
about the behavior of crows during these
sessions, and we frequently recorded

THREE FRENCH “CROWS” that understand each other are the

rook (top),the carrion crow (center) and the jackdaw. The smaller

120
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bird on twig at right is the European starling. These birds and
American crows on preceding page are drawn to the same scale.



Challenging jobs requiring engineering skill as well as metal fab-
ricating experience have a way of coming to Bliss. They may be
projects involving massive size, like the 140-foot diameter radio
telescope shown above ... or the precision machining of missile
parts similar to the one at the left.

Whatever it is, if it's made of metal, you'll find that Bliss has
the skills and facilities to take it from idea to completed project.

These abilities have made Bliss a leading producer of steam
catapults for carrier aircraft, overrun barriers, precision machined
missile parts, antennas, atomic assemblies and special ma-
chinery; everything from small parts with tolerances running to
the ten-thousandths to complete turn-key plants.

What does your job involve?

BLISS is more than a name
... Iit's a guarantee B H
E. W. BLISS COMPANY

Canton, Ohio SINCE 1857 ®
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CAW OF THE CROW is shown here in a sound spectrogram made the authors. Frequencies are shown vertically and time horizon-
at the Bell Telephone Laboratories from recordings supplied by tally. A crow will emit only one to five caws at any one time.

" Lo f'url”“
ASSEMBLY CALL of the American eastern crow is usually given out pattern like the caw, indicating that it too is quite raucous.
hundreds of times over several minutes. Here it has a smeared- Songbird calls create much more delicate spectrogram patterns.

ALARM CALL of the same crow is short and generally falls in a darker areas in these spectrograms indicate frequencies at which
higher frequency-range than the caw and the assembly call. The the crow produces sound that most nearly resembles a definite note.
122
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whispered sounds not ordinarily heard
by man. Crows are great conversational-
ists, if we can assume that all their
sounds have meaning. From our tapes
we finally selected four distinct cries to
play back to the birds. We transferred
these to continuous-loop tape cartridges
that play the same sound over and over.
Then we broadcast the cries through a
loudspeaker. Two of the calls drew no
observable response. The third caused
flocks of crows to gather nearby, while
the fourth dispersed them. We labeled
these two cries the assembly call and the
alarm call respectively. A crow that sees
an enemy such as an owl or a cat be-
comes very excited and gives the assem-
bly call. This happens fairly often, so we
had no trouble recording the call. The
crows give their alarm or dispersal call
only rarely, however, and we spent a
month obtaining a satisfactory tape of it.

To test our recordings we took our
loops of tape and loudspeaker to a spot
where we could see no crows for some
distance around. Within a few minutes
after we had broadcast the assembly call,
groups of crows appeared, gathering
where they could see us. They would
come closer, we found, if we put a
stuffed owl out in plain view. The crows
would then wait around, talking among
themselves. When we wanted to get rid
of them, we played the alarm call, and
away they went.

"I he French workers had tested several
calls of their crows and then concen-
trated on what they called the distress
cry. Such a call is given by each of the
three species of French crow when one
of the birds is held by a man or attacked
by a falcon. In response to the call as
given by any one of the three species,
members of all of the species would first
approach the loudspeakers and then
withdraw singly or in a group. In 1955
we sent Busnel our tape of the assembly
and alarm calls. His group discovered
that all three French species respond to
the assembly call just as they respond to
their own distress cries. The French
birds, however, did not react at all to the
American crow’s alarm call. We found
it quite remarkable that the French birds
had responded to even one of the calls of
the American crow.
That same summer we received tapes
from Busnel and broadcast them to

American eastern crows in Maine. The |

birds ignored all three French distress
calls in repeated tests under varied con-
ditions all over the island. Yet the crows
gathered around each time we played
the assembly call of the American east-
ern crow, and they dispersed when we

F.xeplore new areas at IBM in

PHYSICS

At IBM, scientists, mathematicians and engineers are currently engaged in many
unique assignments in advanced physics. For example:

1. Photoelasticity is being studied to determine strain propagation as a
function of time in solids. This work is designed to clarify laws governing
impulse strain waves, as well as to determine dynamic stresses that exist
in impact and other phenomena.

. Fundamentals of the magnetic properties of materials are under study.
The immediate interests are spin-wave investigations, particularly those
relating to the switching times of remagnetization and spin-wave propaga-
tion in polyecrystalline materials.

. Optical techniques, with organic and inorganic thin films, are being used to
examine the properties of absorption phenomena in surfaces and substrates.

You’ll find a wide range and diversity of career areas at IBM. Advancement
is rapid, due in part to the demands of a constantly expanding program of
research and development, and in part to a long-continued record of promoting
from within, based on individual merit and achievement. Depending on your
field of interest and on your abilities, you may work alone or as a member of
a small team. You'll be given the specialized assistance you need.

Qualifications: B.S. or Advanced Degree in
Physics, Electrical Engineering, Engineering
Physics, or Mathematics—plus proven ability to
assume a high degree of technical responsibility
in your sphere of interest.

Write, outlining background and interests, to:
Mr. R. E. Rodgers, Dept. 659K1

IBM Corporation

590 Madison Avenue

New York 22, N.Y.

INTERNATIONAL BUSINESS MACHINES CORPORATION
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played the alarm call. We repeated these
tests in Pennsylvania during the winter
of 1955-56, with the same results. Obvi-
ously American eastern crows did not
understand the Gallic crows. This obser-
vation was interesting but not too en-
lightening. What happened next, how-
ever, was downright puzzling.

In the spring of 1956 Busnel came to
visit our laboratory and brought a new
recording of the distress cry of the jack-
daw that he and his co-workers were
using for most of their tests. To demon-
strate to him the total lack of reaction
of American crows to the French signal,
we broadcast the tape in early June in

the mountains of central Pennsylvania.
To our amazement, crows assembled.
We thought that perhaps this new
recording had something the old one
lacked. We could not tell the difference,
but maybe the birds could. Then we
tested the old jackdaw recording that
had previously produced such clearly

FOUR GULLS that were tested by the authors for responses to
various calls are shown in this drawing. At top is the herring gull.

124
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The large bird in the center is the great black-backed gull. At bot-
tom left is the black-headed gull; at bottom right, the laughing gull.
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Count the other ways
Buick uses x-ray emission
spectrometry

o Evaluation of heat-treatment processes

® Identification of engine deposits

® Analysis of purchased lubricants “in less
time than it would take a chemist to set up
his glassware”

® Routine analysis of structural and tool
steels, bearing metals, copper base mate-
rials and others

Heartheat

of a brake drum

Buick uses G-E x-ray emission spectrometry to
promote uniform brake drum metal quality.

Product development . . . that highly stressed interval
between an engineering conception and a smoothly func-
tioning production line . . . is the time of great imbalance

in the ratio of Questions to Answers. Buick has found the
General Electric XRD-5S x-ray emission spectrometer a
great help in balancing this ratio. Analyzing their foundry
slag for FeO content, they can keep close tabs on cupola
combustion efficiency. Spectrometry shines again in fur-
nishing fast, accurate analyses of Mn, Ni, Cr, and Mo
samples from the melt. That’s not all . . . look at the other
applications at left.

Producing recordings on film or charts (like that shown
above), General Electric XRD-5 units accept large or
small samples with equal readiness . . . perform both quali-
tative and quantitative analysis. And fast! One case — a
typical one — saw a two week wet-chemical analysis
slashed to one hour.

Where can x-ray spectrometry . . . or its versatile com-
panion, diffraction . . . fit in your production plans? Find
out from your GE x-ray representative. Or write General
Electric X-Ray Department, Milwaukee 1, Wisconsin for
Pub. TT-114.

Progress ls Ovr Most Important Prodvct

GENERAL @D ELECTRIC
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CONTROLLED

POWER
AT WORK

Controlled power is playing a bigger part
than ever in today’s technology.

Here are a few novel problems solved by
Sorensen controlled power:

Playback from space. Obtaining the
voltage to operate satellite communications
equipment from batteries was solved neatly
in one project by a miniature Sorensen sup-
ply. Similar transistorized, compact, light-
weight units are available commercially as
dc-to-ac inverters, dc-to-dc converters, and
highly-regulated d-c supplies.

Missile ground checks. Critical voltages
in a large missile test-stand come from a
highly-regulated Sorensen 28-volt d-c sup-
ply. 2:1 voltage adjustment and *+0.25%
regulation greatly facilitate reliable tests.

‘“Drive-it-itself’’ car. An experimental
setup for automatic automobile steering
used a 2000-cycle signal in a buried roadway
cable to keep the car on the road. Signal
came from a Sorensen Variable Frequency
Power Source (frequency changer). Bread-
and-butter job for VFPS is powering 400-
cycle (also 45-2000 cps) gear, single and
three-phase, from 60-cycle line.

“True-blue’’ photos. Color photography
and related measurements depend for good
results on light intensity and composition.
These in turn depend on line voltage. Soren-
sen A-C Line-Voltage Regulators, to 15 kva,
provide easy answers to this problem for
labs, processors and instrument makers.
Regulations to =0.01% available.

Perhaps one of these applications will
spark a controlled-power idea for you. If so,
remember, Sorensen gives you the widest
choice in controlled-power sources. They in-
clude a-c regulators, regulated or unregu-
lated d-c supplies, variable-frequency power
sources (frequency changers), and high-volt-
age products covering the range to 600

kilovolts. Sorensen application engineers are,

always glad to discuss your special power

supply problems. Write: Sorensen & Co.,

Richards Avenue, South Norwalk, Conn.
9.44

CONTROLLED
Sonensesn  POWER
PRODUCTS

...the widest line lets you make the wisest choice

A SUBSIDIARY OF RAYTHEON COMPANY
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EASTERN CROWS GO SOUTH FOR WINTER, as indicated by the arrows on this map.
Those from Canada and New England move into New York and Pennsylvania, where there
are no other varieties of crow. Pennsylvania crows move into southern coastal areas with
fish crows. Hatched area along Eastern and Gulf coasts indicates range of the fish crow.

negativeresults. This, too, now attracted
the American crows! What had hap-
pened?

We considered the possibility that the
crows were merely jumpy and respon-
sive to any strange noise, since they
were breeding and were simultaneously
being heavily hunted by farmers. To try
out this idea we broadcast many re-
corded sounds—the quacks of ducks, the
cries of herring gulls, the distress calls
of starlings and even the whine of mos-
quito wings and the chirps of crickets.
The crows ignored all of these. Obvious-
ly American eastern crows now under-
stood the distress cry of the French jack-
daw, but why?

Two other ideas seemed worthy of in-
vestigation: that the new reaction was
seasonal, possibly related to the breed-
ing cycle, or that the reaction was geo-
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graphical. To test both hypotheses si-
multaneously we took our equipment to
Maine to broadcast the jackdaw dis-
tress-call to the Yankee crows. They
were breeding, as were the crows in
Pennsylvania, whereas they had been
past the breeding season when we tested
them in 1955. The Maine crows, how-
ever, did not understand French crows
any better in the breeding season than
they did at any other time.

The crows we had tested in winter in
Pennsylvania had also ignored the jack-
daw call. We were forced to consider
how the crows that live in Pennsylvania
in the spring differ from those living
there in the winter. The answer, we de-
cided, can be found in the seasonal
movements of the crow population. In
general all eastern crows move south-
ward when cold weather comes. The
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F TOMORROW TODAY

ac S-2000 ... the system

with built-in longevity

The Philco Transac $-2000 all-transistor dato processing
system will keep pace with your business today ... and for
generations to come. True asynchronous operafion permits
system updaling and expansion without reprogramming.

It performs with incredible speed, delivering 213,000
arithmetic calculations per second Transac $-2000

also offers major savings in space, installation, operation
and maintenance. If your company s ready for

large scale data processing, look ahead to Transac. ..
first in fully transistorized data processing ..

. the computer

that brings you the world of tomarrow today !
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Missile
tray

made by
B&P

beats target weight by 300 [bs.

Air transported missiles require minimum weight handling equipment so that
important defense weapons can be moved efficiently and on schedule. Recently,
Brooks & Perkins was given the responsibility for engineering, designing, building
the prototype and manufacturing an aluminum missile tray, shown above.

Unusual loading problems and the extreme importance of deflection required
a dimensional tolerance of =+ 14,” in the 33-foot over-all length at 68°F. B & P
not only met all tolerance requirements, but also reduced the initial target weight

by 300 lbs.

The aluminum missile tray is another example of Brooks & Perkins skill and
experience in the fabrication of light metal products for ground support equipment.

For more information and details of this and other GSE programs, write direct

to Brooks & Perkins, Detroit.
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BROOKS & PERKINS, Inc.

1920 W. FORT ST., DETROIT 16, MICH.
Offices in Washington and New York

60-T-7

MICROMETER
MEASURING MICROSCOPE

All dams move. Even the Hungry Horse
flexes its millions of tons of concrete in
cautious accommodation to the thrusts of
Montana’s Flathead River.

Deep within the dam, engineers preside
over its well-being with special Gaertner mi-
crometer measuring microscopes zeroed in
on plumb lines suspended through the
structure.

As a section of the dam moves, the plumb
line travels across the instrument’s field of
view gauging the subtle shifting of the dam.

This almost bizarre application is typical
of Gaertner’s ability to find a way to make
the toughest measurements. If your problem
is precision optical instrumentation for sci-
entific measurements or for industrial quality
control, a standard or special Gaertner in-
strument may well be your answer. Write for
literature, please state your area of interest.

Ga,e r tner 1236 Wrightwood Ave.

SCIENTIFIC CORPORATION  Chicago 14, lllinois
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| birds from New England move into New

York and Pennsylvania, and those that
breed in Pennsylvania fly to the southern
states. Thus the crows we had tested in
winter in Pennsylvania probably had es-
sentially the same background as those
we tested in Maine in the summer. We
could therefore expect similar reactions.

But what of the crows found in Penn-
sylvania during the spring? The re-
sults of the tests in France helped us
form a reasonable hypothesis about
these. The three different French species
responded to each other’s calls apparent-
ly because they fed and roosted together
in large communal flocks. It seemed
probable that they had learned to re-
spond not only to the specific features of
their own signals but also to the more
general characteristics of crow signals,
since the distress calls of most crows are
similar. They therefore reacted as if to
their own distress calls when they heard
the assembly call that is given by the
American crow under similar circum-
stances. The French workers even cut
the tape-recorded French calls in half or
played them backward; their birds still
assembled, plainly indicating that their
response was to the most general fea-
tures of the calls. Had our Pennsylvania
crows been in circumstances during the
winter that might have enabled them to
learn the calls of related species?

The answer seems to be that they had.
A second species of crow, the fish crow,
lives in the southern states; the eastern
crow from Pennsylvania moves in with
it in the winter. The fish crow of course
has its own calls. They are much coarser
than the cries of the eastern crow and are
more like the calls of the French birds.
But the basic patterns of fish-crow calls
are like those of its cousin from the north-
eastern states. The most reasonable hy-
pothesis would therefore seem to be that
the crows in Pennsylvania in the spring
have just returned from their southern
sojourn, during which they were prob-
ably exposed to the calls of the fish crow.
They had thus learned to respond to the
more general features of crow calls.
These particular American eastern
crows, then, would react to the calls of
their French relatives. The crows from
Maine, on the other hand, had not lived
with other crows at any time of the year
and so did not react to the calls of other
species.

This means that the reactions to the
calls are at least partly learned by the
crows and are not strictly inborn. W. H.
Thorpe and his students at the Univer-
sity of Cambridge and Donald J. Borror
of Ohio State University have shown



no.9Y

OF A SERIES

Oldsmobile Engineering Leadership sets the
industry pace with a unique electronic wheel
alignment device that dynamically computes
“toe-in” measurements for precision steering

and handling.

Handling and steering ease depend upon precise,
minute measurement and control of front wheel align-
ment. Because wheels have a tendency to “toe-out”
when in motion, they must be adjusted for a slight
amount of “toe-in” to eliminate “wheel fight”, wander
and undue tire wear.

To meet the requirement of rapid, yet extremely accu-
rate measurements on the production line, Oldsmobile
engineers developed an electronic computor—a linear-

OLDSMOBILE ‘“TOES THE MARK”’
-« ELECTRONICALLY'!

differential-variable transformer—that dynamically and
accurately measures the average amount of toe-in within
.030 inches. As the car is brought into position, the
wheels are rotated by rollers to simulate actual driving
conditions and to eliminate errors caused by variations
in tire run-out. By watching the visual gauges, an oper-
ator can quickly make the necessary adjustments to the
steering linkage.

By using the most up-to-date electronic measuring tech-
niques in engineering and manufacturing, Oldsmobile
is able to offer safe, accurate steering and handling . . .
a controlled, comfortable ride. Visit your local Oldsmo-
bile Quality Dealer, take a ride in a 60 Oldsmobile and
see why it’s the value leader of its class!

OLDSMOBILE DIVISION ® GENERAL MOTORS CORPORATION

OLDSNMIOEBILE )_ Where Proven Quality is Standard!
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PROGRESS REPORT

FM Video
Telemetry Systems

130

THE NEED

FUNCTION-Many modern experimental programs and weapons
systems require extremely reliable video transmission of information
from vehicle-to-vehicle or vehicle-to-ground. Although the video
source is usually a rugged TV camera, the transmission system is
equally suited to radar video, photographic information, and other
sources of wide-band video information. These applications require
extremely stable picture transmission and reception and use video
band widths up to 6 megacycles.

APPLICATION—Video telemetry is practical with manned aircraft,
drones, missiles, satellites, balloons, space stations and even land-
based vehicles such as tractors and bulldozers. These potential appli-
cations require a telemetry system flexible enough to operate over
distances from one mile to over 500 miles.

TAPCO’'S APPROACH

PERFORMANCE-The Tarco video telemetry systems are built around
an exclusive new FM circuit design. These systems have a video band
width up to 6 megacycles. Transmitter frequency stability is .01 %
and receiver frequency stability is .001 % . Power outputs are available
from | to 30 watts. These systems also have the advantage of true
FM modulation. Considerable flexibility exists in output frequency;
however, present units operate in the range of 800-900 megacycles.

CIRCUITRY—The TaPco transmitter utilizes a unique system of signal
synthesis which combines the advantages of wide-deviation FM
modulation with the high frequency stability of crystal-controlled
equipment. The circuitry is entirely fixed and there are no manual
controls of any sort.

PACKAGING—The entire airborne transmitter is assembled out of 6 to
8 rugged modules chosen to provide proper power level and to facili-
tate weapons-systems integration. The modules can be packaged in
a variety of physical configurations, either with or without a power
supply module. The total volume of the seven modules required for
a 20-watt system is less than 95 cubic inches.

RELIABILITY —This equipment has been proved in a vigorous flight
program, including the wide range of environments, altitudes, and
speeds encountered by advanced aircraft. A Tapco Video Telemetry
System was used to televise information from F-104 aircraft during
the Air Force’s Seventh Annual World-Wide Weapons Meet at
Tyndall Air Force Base in October, 1959.

FLEXIBILITY —Considerable system flexibility is available from the choice
of several transmitter powers, the choice of antennas, and the selec-
tion of different alternates in the pre-amplifier section of the com-
patible receiver developed by the Tapco Group.

COMPLETENESS—TRW can provide complete or partial telemetry
systems, including transmitters, receivers, antennas, and the video
camera and terminal equipment.

For further information, specifications or a demonstration of
miniaturized video telemetry systems, write to :

TAPCO GROUP

rw'S, Thompson Ramo Wooldridge Inc.

s Dept. SA-211 59 e Cleveland 17, Ohio
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that the basic patterns of bird songs are
inborn, but features that differentiate the
calls and songs of individual birds seem
to be the result of copying from other in-
dividuals [see “The Language of Birds,”
by W. H. Thorpe; SCIENTIFIC AMERI-
can, October, 1956]. It is probable that
reactions to calls are also partly inborn
and partly learned.

Our observations of crows and herring
gulls in Maine support this idea. On
Mount Desert Island the two species
rarely feed together, and each responds
only to broadcasts of its own calls. But
on the nearby Schoodic Peninsula tour-
ists feed both the crows and the gulls,

| and the birds fraternize. There the two

unrelated species respond to each oth-
er’s calls. We have additional evidence
from other birds that the response to
calls can be learned. Sometimes a few
cowbirds and blackbirds roost with
flocks of starlings, and they will respond
to the starling distress-call just as star-
lings do—by leaving the roost and even
by staying away if the call is broadcast
under the proper conditions. In Maine
herring gulls and great black-backed
gulls live together, with the former by
far predominating. We have found that
the black-backs always respond to the
herring gull’s calls. In New Jersey the
laughing gull lives with the herring gull

and similarly responds to its cries.

W{’ e have also encountered the reverse
situation, in which members of the
same species do not respond to calls
from other members of the same species.
In 1954 we studied the cries of the her-
ring gull in Maine and found calls that
induced clearly identifiable responses.
The gull emitted a distinctive cry upon
sighting food, and this attracted large
numbers of other gulls. Another cry,
given when a gull sights a captive or
dead gull, scatters the flock. Our broad-
casts of recordings of these calls at-
tracted or repelled herring gulls at dis-
tances of at least a mile over open water.
In 1955 and 1956 Busnel broadcast our
recordings of these two calls to flocks of
exactly the same species of gull and to
flocks of the related black-headed gull,
both of which live on the French coast.
Busnel had seen the clear-cut reactions
in Maine, but he found that the French
gulls completely ignored these American
calls, even when he broadcast them at
high intensities at close range. Appar-
ently the signals of the herring gull liv-
ing in Europe differ from the calls of
its brothers and sisters in the U.S. In-
vestigators who have heard gulls in Eu-
rope tell us that the calls are similar to
but not exactly like those of the Ameri-



can gulls. If this is the true explanation, |
we have found dialects or brogues with- |
in the same species. I

It would be satisfying to be able to |
tie all these facts and ideas together in
some principles of avian linguistics. Un-
fortunately we cannot yet do this. We
should have tape recordings of bird calls
from birds of known sex and age taken
throughout the geographic ranges of the
species. Then we could test for local
dialects and perhaps discover the sig-
nificance of these in the general patterns
of communication within the bird popu-
lation. Such recordings must in turn be
tested with related and unrelated spe-
cies in many places. These studies may
incidentally give us the means to con-
trol crows and other birds in situations
where they become nuisances. Working
out the details of such controls for
crows, gulls, starlings and other birds is
a technical problem that can be solved.

It is from the standpoint of funda-
mental biology, however, that recorded
communication signals of birds, insects
and other creatures hold the most prom-
ise. The tape recordings can add a new
dimension to our studies: time. We can
store recordings, and workers perhaps
a century in the future can compare calls
then and now. In fact, there is already
a growing international repository of
such recordings at Cornell University.

Through recordings we can study
certain aspects of evolution without
waiting for a century to pass. For ex-
ample, many animals use sound for sex-
ual signaling, and the first step in the
evolution of a new species may be a |
change in sound production by deviant
individuals. If these patterns were gen-
etically determined, they could result in
selective mating, producing a separate
breeding population within a general
population of individuals having a sim-
ilar appearance. The student who bases
his classifications on structure alone
would see the population as relatively
uniform and would think that its mem-
bers bred freely with each other. Once
this behavioral isolation had occurred—
and acoustical behavior is only one of
many types of sexual behavior by which
this could happen—it would be only a
matter of time until other genetic
changes produced structural differences
within the subpopulations. Thus seem-
ingly uniform populations, as judged by
structure alone, may in reality be com-
posed of subgroups of differing degrees
of separateness. Studies of insects and
amphibia by Busnel and others tend to
support this concept. Further work
along these lines should produce details
of which we have only hints today.

TV SHOW
FROM 200 MILES OUT

People on the ground need to see 'way, way up. Even 200 miles out,
or more . . . from an aircraft, missile or rocket.

Now they can do it . . . with new, ultra-compact Tapco FM
video telemetry systems that read an instrument panel, look out the
window, or keep an eye on an aircraft’s maneuvers . . . then instan-
taneously send the story back to earth for viewing on a monitor.

The Tapco video telemetry system uses an exclusive new elec-
tronic design for greater picture clarity and frequency stability . . .
and does this with a modular design which permits the selection of
just the right components for each system application.

TV cameras and monitors developed by TRW’s Dage Division
and antennas developed by the Ramo-Wooldridge Division can team
up with Tapco video transmitters and receiver units to make a job-
matched TRW trio for long, long video telemetry from aircraft,
satellites, space stations, missiles or ground to ground.

For further information, specifications, or a demonstration of
miniaturized video telemetry systems, write to:

TAPCO GROUP

TRW Thompson Ramo Wooldridge Inc.

e T e, DEPT.SA-11159 ¢ CLEVELAND 17, 0HIO
DESIGNERS AND MANUFACTURERS OF SYSTEMS, SUBSYSTEMS AND COMPONENTS

FOR THE AIRCRAFT, MISSILE, ORDNANCE, ELECTRONIC, AND NUCLEAR INDUSTRIES

131

© 1959 SCIENTIFIC AMERICAN, INC



Sliding contacts for printed circuits are plated
with rhodium, over nickel, to obtain tarnish-free,
hard surfaces for long and economical service
life. (The illustration is rose-tinted . . . rhodium
derived its name from its salts of this hue.)

CONTACT SURFACES OF PRINTED CIRCUIT SWITCHES...

Where any metal
but Rhodium

would cost too much...

Not so long ago, switch contact
surfaces of printed circuits going
into computers, guidance devices
and advanced instrumentation
wore out much too soon.

To Litton Industries, U.S. Engi-
neering Co. Division, the problem
was important and they soon came
up with the answer. Investigation
proved non-tarnishing rhodium,
plated on nickel, was the metal for

the job.
And it paid off! What started as

an engineers’ dilemma ended as an
important contribution by Litton to
printed circuit designing.
Rhodium proved easy and de-
pendable to electroplate and the
contact surfaces had the desired
wear resistance. The rhodium-
finished switch contact surfaces
now give long life and reliable ser-
vice. What’s more, rhodium pro-
vides this superior performance
for less than five cents per board.
A platinum metal may economi-
cally solve your problems
Where a hard surface, immune
to tarnish, is required, as in elec-
trical contacts...where conditions
involve high temperature and prod-
uct purity, as in the production of

lens glasses...where peak catalytic
efficiency is needed, as in the re-
fining of high octane gasoline...or
where a combination of severe cor-
rosion or erosion must be met, as
in the case of spinnerettes for rayon
production . . . the platinum metals
often prove to be the most economi-
cal materials for critical equipment.

Industry is going to higher tem-,
peratures and higher pressures.
Perhaps your own progress has
been blocked by the limitations of
materials to withstand such severe
conditions. The platinum metals
have removed many barriers. Have
you considered them for your prob-
lems?

Platinum, palladium, rhodium,
ruthenium and iridium have unique
potentials, well worth your atten-
tion. Specialists are prepared to
work closely with you in evaluating
these metals for new commercial
and scientific uses.

As a first step, write us for ad-
ditional data on the outstanding
characteristics and successful ap-
plications of the six platinum metals
and their alloys — indicating your
field of interest or how we might
be of assistance.

/,.\
,M), PLATINUM METALS DIVISION
The International Nickel Company, Inc., 67 Wall Street, New York 5, N.Y,
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CAN THESE PROPERTIES OF THE
PLATINUM METALS HELP YOU?
Superior Wear Resistance
Exceptional Chemical Inertness
High Temperature Stability
Peak Catalytic Activity

Low Vapor Pressure

The six platinum metals are:
PLATINUM * PALLADIUM * RHODIUM
RUTHENIUM °* IRIDIUM * OSMIUM

© 1959 SCIENTIFIC AMERICAN, INC
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HIGH-ENERGY COSMIC RAYS

(Joming from outer space with energies greater than a billion

billion electron volts, they provide a clue to the origin of

cosmic radiation and suggest a new picture of our ga]axy

very second nearly a billion billion
E cosmic-ray particles plunge into
the earth’s atmosphere from
space. An overwhelming majority of
them have about as much energy as the
particles produced by today’s most pow-
erful accelerators: a few billion electron
volts. But a tiny fraction of the cosmic
rays have somehow been pushed to ener-
gies enormously greater than the aver-
age—more than a billion times greater.
Astrophysicists are keenly interested in
these few particles of exceptionally high
energy; they may furnish a key to the
still-unsolved puzzle of the origin of cos-
mic radiation.

The chief difficulty we face in trying
to find out where cosmic rays come from
is that the directions from which they
bombard the earth have no discernible
connection with their possible points of
origin. As they travel through space the
charged particles (bare hydrogen nu-
clei, or protons, together with a few
heavier nuclei, also stripped of their
electrons) are acted upon by interstellar
magnetic fields. These fields force them
into spiral paths [see top illustration on
page 138]. The lower the energy of a
particle, the tighter its spiral. Those ar-
riving at the earth with energies of a few
billion electron volts have twisted so
many times that their paths give no in-
dication of where they started from.
Some cosmic rays can be identified as
coming directly from the sun during pe-

COSMIC-RAY SHOWER is seen develop-
ing in a cloud chamber. Metal plates
(horizontal bars) provide a dense collec-
tion of and fre-
quency of collisions. High-energy particle
struck upper plate, producing bundle of
electron tracks at top. Most of the subse-
quent tracks are also paths of electrons.

nuclei increase the

by Bruno Rossi

riods of violent solar activity. The rest
arrive in equal numbers from all direc-
tions. But this does not necessarily mean
that their sources are evenly distributed.
It can be explained by the magnetic
scrambling of their directions.

As we have mentioned, the curvature
of interstellar trajectories depends on
energy. The greater the energy, the less
the particle is deflected. At very high
energies the particles will travel along
almost straight lines and thus reveal the
direction of their source.

There are at present two competing
theories of the origin of cosmic radiation
[see “Where Do Cosmic Rays Come
From?,” by Bruno Rossi; SciEnTIFIC
AMERICAN, September, 1953]. Accord-
ing to one theory the particles are emit-
ted with their full energies by certain
localized objects in our galaxy, such as
supernovae. The low-energy portion of
this radiation will be thoroughly de-
flected, and will give no hint as to its
source. But the “stiffer” high-energy
particles should tell a different story.
When the radius of curvature of the
spiral paths becomes comparable with
the thickness of the galactic disk (about
1,000 light-years), then particles mov-
ing toward the boundaries of the galaxy
will pass freely out into extragalactic
space rather than curve inward again.
From the strength of the galactic field
(several millionths of a gauss) we can
calculate the energy at which this should
begin to happen. It turns out to be be-
tween 1017 (100 million billion) and
10® (one billion billion) electron volts.

Particles at or above this critical en-
ergy can reach the earth only if they
were aimed at it from the start. Because
the diameter of the galaxy is roughly
100 times its thickness, straight lines
from the earth to most cosmic-ray
sources must lie in or near the central

© 1959 SCIENTIFIC AMERICAN, INC

plane of the disk. There can be very few
sources at right angles to this plane in
the short distance to the top or bottom
of the disk. Thus particles with energies
of more than about 1017 electron volts
should come preferentially from the
part of the sky within the Milky Way.
If the sources are distributed uniformly
throughout the galaxy, the radiation will
be equally strong from all directions in
the plane; if the sources are not evenly
spread, it will be stronger from some di-
rections than from others.

The second theory, originally pro-

posed by the late Enrico Fermi,
holds that all cosmic-ray particles are
emitted at low energy, presumably by
stars like the sun. Then the particles are
gradually accelerated as they wander
around the galaxy. No one yet knows
exactly how the acceleration mechanism
works, but the general idea is as follows:
Magnetic fields in interstellar space are
known to be associated with moving
clouds of ionized hydrogen. As the
clouds travel about, they carry with
them the magnetic lines of force. It is
the moving lines of force which accel-
erate the cosmic-ray particles.

The same magnetic fields produce the
spiral paths that trap the particles in the
galaxy for millions of years, allowing the
slow acceleration process to build up
high energies. However, as the energy
increases, the trajectories of the particles
become less and less curved. When the
radius of curvature becomes comparable
with the thickness of the galaxy, the par-
ticles will escape. In our galaxy, as we
have seen, the energy of escape lies be-
tween 1017 and 1018 electron volts.
Therefore, on Fermi’s theory, we should
not find cosmic-ray particles of energy
much greater than this critical value.

In any case we should be able to ob-
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serve some sort of effect in the region of
1017 or 1018 electron volts, where the
magnetic field becomes incapable of
holding particles within the galactic
disk. If cosmic rays originate in localized
sources, we should see the beginning of
an uneven distribution, with particles
coming chiefly from directions within
the Milky Way. If cosmic rays are ac-
celerated as they travel through inter-
stellar space, the number of incoming
particles should abruptly drop to zero at
energies slightly above the critical value.
Moreover, under the assumption of a

FAIRLY LARGE SHOWERS, of more than two million particles,

were recorded in equal numbers from all parts of the celestial
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gradual acceleration it would not be sur-
prising to find asymmetries in the direc-
tion of arrival as the critical energy is
approached, due to possible irregulari-
ties in the magnetic field around the
solar system.

]t was to find out just what does happen

in the critical-energy range that our
group at the Massachusetts Institute of
Technology set up an elaborate experi-
ment for detecting cosmic-ray particles
with energies around 1017 or 10™ elec-
tron volts. We were by no means certain
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that such particles existed. If they did,
the difficulties involved in finding them
would be formidable. Each square meter
at the top of the atmosphere is crossed
by an average of some 1,000 particles
each second. But before we started we
knew that less than one in 10 billion ar-
rives with an energy greater than 106
electron volts. This means that a detec-
tor one square meter in area at the top
of the atmosphere would record only a
few such particles a year. We also knew
that the curve of the energy spectrum is
very steep, so that if particles with more

H \
|||||‘\||| ”“w\

sphere accessible to the Agassiz Station. The dots represent the
directions of origin of showers; hatched curve, the Milky Way.



than 1018 electron volts existed at all,
they would be at least 10,000 times less
abundant than those of 1016 electron
volts. This would mean one particle per
square meter every few thousand years
or so. Obviously in order to find them
our detector would have to have an ef-
fective area of thousands or millions of
square meters.

Luckily the earth’s atmosphere, which
often makes the observation of extra-
terrestrial radiations difficult or impossi-
ble, provides exactly the detector we
need for high-energy cosmic-ray parti-

cles. This is how it works: A primary
cosmic-ray particle travels, on the aver-
age, through only about a 10th of the
atmospheric blanket before it hits an
atomic nucleus. The collision produces a
number of secondary particles; some are
fragments of the struck nucleus and oth-
ers are created at the moment of impact.
Many of the secondary particles strike
other nuclei in the atmosphere, giving
rise to still more particles, and so on.
Thus a single primary initiates a “show-
er” of many particles.

At each successive generation the en-

VERY LARGE SHOWERS, of more than 100 million particles,
were also widely distributed over the sky. Starred dot at left

cles.
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ergy of the particles decreases. If the
primary energy is modest, say of the or-
der of 1010 electron volts, the shower
will die out before it reaches the ground.
If the primary energy is very large, the
process continues through several gen-
erations, giving rise to an enormous rain
of particles (numbering in the millions
for a primary energy of several times
1016 electron volts) at the surface of the
earth [see bottom illustration on next
page]. Most of them are electrons, with
mu mesons the second most abundant
component. As they descend, the atmos-

center represents largest shower, of more than one billion parti-
Energy of primary must have been 5 X 1018 electron volts.
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CONVENTIONAL PICTURE OF OUR GALAXY, drawn sche-
matically in cross section, is a disk about 100,000 light-years in di-
ameter, with a thickness of 1,000 light-years at the edge and 5,000 at

the center. Dot indicates the location of the solar system. Helical
line traces path of low-energy particle through magnetic fields of
the galaxy; gently curved line, path of a high-energy particle.

phere scatters them sideways. By the
time the shower reaches the ground it is
spread over a wide area. The density of
particles is greatest near the center—the
point where the primary would have hit
if there had been no collision. But even
at large distances from the center there
are enough particles to measure: A de-
tector one square meter in area will re-
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spond to a million-particle shower out to
about 150 meters from the center, and
to a shower 100 times as big out to about
700 meters.

In our experiments the detectors are

disks of fluorescent plastic, with an
area of about one square meter and a
thickness of 10 centimeters. Each show-

NUCLEAR COLLISION

er particle that passes through a disk
causes a brief flash of light, the total
brightness depending on the number of
particles. At the center of the disk is a
photomultiplier tube that converts the
light flash into an electric pulse propor-
tional to the brightness. The pulse from
each disk travels through a cable to a
central station and is recorded as a spike

Ol
=1
<

SHOWER DEVELOPMENT starts with collision of primary
particle, usually a proton, with an oxygen or nitrogen nucleus
(top). Products include neutrons (n), protons (p), neutral pi
mesons (7°), charged pi mesons (#* and v7), antiprotons and anti-
neutrons (p and n), heavy mesons (K) and hyperons (Y). Neutral
pi mesons decay to gamma rays (y), which in turn materialize in-

138

to positive and negative electrons (e* and e”). Charged mesons may
strike other atmospheric nuclei or decay into mu mesons (u* and
1) and neutrinos (v). The electrons radiate part of their energy
into gamma rays in the process known as bremsstrahlung. Broken
lines indicate that further interactions will take place. Most charged
particles arriving at the surface of the earth are electrons.
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UNITS that are smaller, lighter, more reliable...

constantly, the search goes on for better missile

and aircraft components. Notable among recent
advances in this field is the AMPLISOLVER
pictured here...a product of the Instrument
Division of American Electronics, Inc.
Located in Culver City, California, the Instru-
ment Division of AElI manufactures a
complete line of Servo Assemblies and
Servo Rotary Components used
in many of our latest weapons
systems for national defense.

AMPLISOLVER

AMERICAN ELECTRONICS' NEW
AMPLIFIER/RESOLVER MODULE

FOR THE FIRST TIME, a Size 8 winding
compensated resolver and a dual
channel buffer amplifier are available within
a Size 15 frame. The AMPLISOLVER
weighs only 8 ounces, is only 3 inches long,
yet it has weathered the severe environ-
mental testing which is mandatory under Military
Specification MIL-E-5272C. If you would like
further information on AMPLISOLVER please write
directly to the Instrument Division at 9503 West
Jefferson Boulevard, Culver City, California.

PRODUCT LINES AND SERVICES OFFERED BY AMERICAN ELECTRONICS, INC.

Actuators « Electro-Mechanical Assemblies « Electro-Mechanical Rotary Components « Ground Support Equip-

ment « Leak Detection Equipment . Leak Detection Service « Magnetic Tape Recorders « Measuring and

Readout Equipment « Peripheral Data Processing « Precision Boring Machines « Reliability and Environmental

Testing Service « Revenue and Traffic Control Systems « Rotary Components — Mechanical and Electro-

Mechanical « Rotary Power Equipment « Servo Assemblies « Servo Rotary Components « Special Mechanical

and Electro-Mechanical Assemblies « Static and Solid State Equipment.

An American Electronics sales engineer will call on you in response to your inquiry regarding products in any of
the above categories, or will send you information. Please address the Corporation at the address shown below.

AMERICAN ELECTRONICS, INC.

1025 WEST SEVENTH STREET, LOS ANGELES 17, CALIFORNIA

MANUFACTURING AND SERVICE PLANTS IN LOS ANGELES, CULVER CITY, EL MONTE
AND FULLERTON, CALIFORNIA; BROOKLYN, NEW YORK, AND NORWOOD, MASS.
TECHNICAL REPRESENTATIVES LOCATED THROUGHOUT THE UNITED STATES.
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AIR-SHOWER FRONT is a disk of charged particles (dotted area) shown descending
obliquely in the direction of the arrow on a detecting array (large black dots). The
broken colored ellipse outlines area on the ground that will be struck by advancing front.

ITIIIIX

[

COINCIDENCE

s

SWEEP <

SHOWERS ARE RECORDED as traces on cathode-ray tubes. Plastic disks, of which
three are shown at top, emit light flashes when struck by charged particles (colored dots).
At the center of each disk is a photomultiplier tube that converts the light into an electric
pulse whose strength is proportional to the brightness. Pulses travel to vertical-deflection
plates of cathode-ray tubes (circles) through transmission lines containing delay circuits
which equalize the electrical lengths of their paths. Horizontal sweeps of all tubes are
triggered at the same time whenever three or more pulses pass through coincidence circuit
simultaneously. Heights of spikes indicate number of particles striking the corre-
sponding detectors; spikes’ horizontal positions show particles’ relative times of arrival.
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on a separate cathode-ray oscilloscope.
The height of the spike varies with the
strength of the pulse. All the oscillo-
scopes are mounted together, and each
time a shower occurs an automatic cam-
era takes a picture of the whole array
George Clark, William Kraushaar, John
Linsley and I have recently completed
a series of observations using 11 detec-
tors distributed over a circular area 460
meters in diameter on the grounds of the
Agassiz Astronomical Station of Harvard
University.

Because air-shower particles travel at
nearly the speed of light, they fan out
into a thin, flat disk with a sharply de-
fined front [see top illustration at left].
Thus the particles traversing a given de-
tector produce practically simultaneous
flashes. These combine to give a single
electrical pulse whose amplitude is pro-
portional to the number passing through.
If the shower comes down vertically, it
strikes the various detectors at the same
time. If it comes from an inclined direc-
tion, some of the detectors are struck a
little sooner; others, a little later. The
horizontal sweeps of our oscilloscopes
are all triggered simultaneously, so that
the position of the spikes on different
tube-faces measures the time intervals
between pulses from the corresponding
detectors [see bottom illustration at left].
Knowing the time when the shower front
hits each disk, we can compute the di-
rection from which it came. The height
of the spikes tells us the density of show-
er particles at each detector.

We then combine this information to
determine the center of the shower and
the total number of shower particles.
This is done by trial and error. We in-
spect the record and make a first guess
at the position of the center. Next we
plot the number of particles recorded by
the various detectors against the dis-
tances of the detectors from the pre-
sumed center. Since the density of show-
er particles decreases in a gradual and
regular way with increasing distance
from the center, the points should lie on
a smooth curve. If they do not, we try
a second guess, using the observed de-
viations to figure out how to move the
center to obtain a better fit, and so on
[see illustration on page 142]. Once the
center is located, we can infer the total
number of particles in the shower from
the number that struck each detector.
The entire analysis is carried out by an
electronic computer.

In the course of a little more than a
year, during which the Agassiz experi-
ment was in operation, we recorded sev-
eral thousand large showers. We found
that the number of showers striking a



WHEN YOU WAN'T TO
SEE THE UNSEEN

You may be designing better optical tracking equipment . . .
more powerful microscopes . . . or cameras that “see” in

the dark. Whatever you design, if you use precision instru- !:.1;;‘; '?.;E ﬁb:_ A
ment ball bearings, look to Fafnir. You’ll find Fafnir offers >/ = Vi v
the diversity — a choice of shields, flanges, retainer designs, Fafnir Instrument Ball Bearings are available in SAE
. . . 52100 steel for normal applications; 440C stainless
lubricants, fits, curvatures, etc. — plus the uniform high for mildly corrosive conditions and elevated tem-
. . . peratures; tool steels for high temperature applica-
standards of quality to meet your needs. For diversity . . . tions; and, in miniature ball bearings, vacuum melt
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bearings. The Fafnir Bearing Company, New Britain, Conn.

L -

PERKIN-ELMER ROT! MISSILE TRACKING CAMERA

s FAFNIR

BALL BEARINGS

141

© 1959 SCIENTIFIC AMERICAN, INC



given area in a given time drops off
sharply but smoothly with size. For
every million showers containing a mil-
lion particles there are approximately
1,000 showers of 10 million particles,
and approximately one of 100 million.
Since the number of particles in a show-
er depends on the energy of the primary,
we can compute the energy spectrum of
the primary radiation. In the interval be-
tween 1015 and 1018 electron volts the
spectrum turns out to be a smooth curve.
Furthermore, this curve is the natural
continuation of the spectrum for lower
energies, which had been previously de-
termined by other means [see illustra-
tion on page 145]. There is no indica-
tion of a break between 1017 and 1018
electron volts, such as we were entitled
to expect. In fact, we observed a few
showers so big that their primary par-
ticles must have had energies well above
1018 electron volts. The largest one re-
corded by our array contained 2.6 billion
particles. Its primary must have had an
energy of about 5 X 1018 electron volts.
Similar results have been obtained by
cosmic-ray groups at the British Atomic
Energy Establishment and at Cornell
University.

The results of the directional measure-
ments are also puzzling. Particles with
energies up to a few times 1016 electron
volts appear to arrive with practically
uniform intensity from all regions of the
sky that are visible from our station [see
illustration on page 136]. Concerning
larger showers our information is still
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SHOWER CENTER IS LOCATED by trial and error. Black dots
in space between the two grids represent detecting disks. Accom-
panying numerals show number of particles striking each disk.
Cross at B is a first guess at the location of the center. Curve at
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rather spotty, but we have detected pri-
maries with energies of the order of 1018
electron volts coming from many differ-
ent directions. There is as yet no clear-
cut indication that they originate prefer-
entially in regions of the sky near the
Milky Way [see illustration on page
137]. However, the present results can
only whet our curiosity; they do not en-
able us to draw any definite conclusion.

In any case our results do not confirm
either of the two predictions outlined
earlier. These, of course, were based on
the assumption that the ionized gases in
the galaxy, and their associated mag-
netic fields, are confined to a region
shaped like a thin grindstone with a
bulge in the center. But we find particles
with energies substantially higher than
could be achieved in such a region by an
acceleration mechanism, and they do not
all come from the Milky Way, as the
theory of localized sources requires.

It seems difficult to escape the con-
clusion that our picture of the galaxy
and its magnetic fields needs a thorough
revision. Possibly the gas clouds and as-
sociated fields extend beyond the flat
disk to form a roughly spherical halo.
This picture is also suggested by certain
radio-astronomical observations which
indicate that many galaxies, including
our own, indeed have such a halo. It may
also be that galaxies are not the sharply
defined objects we have considered
them. Perhaps ionized gases and mag-
netic fields spread through all space,
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reaching their maximum concentration
in those regions we call galaxies, which
contain most of the stars. Either assump-
tion would explain why high-energy par-
ticles do not arrive preferentially from
the direction of the Milky Way. A halo
would enable the Fermi mechanism to
accelerate particles up to a maximum
energy of about 10'° electron volts,
slightly more than the greatest value ob-
served so far. Magnetic fields in inter-
galactic space might permit acceleration
to even higher energies.

To test these hypotheses we have en-
larged the scope of our experiments. In
the first place we wish to look at regions
of the sky that are not accessible from
our latitude. In collaboration with the
cosmic-ray group at the University of
Ahmedabad we installed an air-shower
array of modest dimensions at Kodai-
kanal in India. More than 100,000 show-
ers, representing primary energies of
101 to 1015 electron volts, have been
recorded. Again the intensity was uni-
form in all directions. Moreover, early
last winter we shipped the equipment
from our Agassiz experiment to Bolivia,
where it is being operated by the Uni-
versity of San Andres in La Paz.

In the second place we need more in-
formation about primary particles with
energies greater than 1018 electron volts.
In particular we would like to find out
whether there are showers even larger
than those recorded so far, with primary
energies over 1019 electron volts. If such
showers exist, they are extremely rare,
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right is a plot of particle numbers against distance of the corre-
sponding detectors from the presumed center. Deviations of points
from the best-fitting curve provide data for improving the guess.
Cross at A is the best choice, its plot (left) lying close to curve.
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“WHAT HATH GOD WROUGHT!”

When Samuel F. B. Morse tapped out this
immortal phrasein 1844, the wildest dreams couldn’t
have imagined the wireless wonders of the 20th
century.

Pictures and sound plucked from the air—*‘con-
ditions” relayed from outer space—volumes of Math
computed in seconds. All this in four decades—since
the development of the electron tube.

Advancements in power and frequency capabil-

ities of the electron tube have been so rapid, the days
of the first crude telegraph key seem hard to recall.

Refinement of the electron tube is a special art
at Sylvania where highly automated production
techniques have created a new standard for preci-
sion in mass production.

Today’s electron tubes offer the equipment de-
signer vital tools for meeting exacting needs in
every phase of modern electronics.

¥ SYLVANIA®

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS

ANATOMY OF AUTOMATION

Precision winding of the electron tube grid is
completely automatic and represents an important

Sylvania contribution to the tube making art.
Human hands never touch the grid—not even in

tube assembly. The result is more reliable tubes
with better performance and greater uniformity.

A specially prepared booklet describing these
tubes is available. Address your request to
Sylvania, 1740 Broadway, New York 19, New Yor.

v ELECTRON TUBES—-—MASS PRODUCED WITH MACHINE PRECISION
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/raff7e cop for Corross/on/

“Let the power-making neutrons go through but stop corrosion!” That was the first assign-
ment for Zirconium by Carborundum as used in nuclear reactors to clad fuel elements. Since
then, industrial designers have found Zirconium’s properties ideal for use in different types
of processing equipment that handle many severe corrosives—see the opposite page. Because

of outstanding corrosion resistance Zirconium is now being used in tanks, pumps, valves and
fasteners. For more data, write to Dept. AMT, Carborundum Metals Co., Akron, New York.

Where conventional materials fail... call on

- CARBORUNDUM®

MATERIALS
TECHNOLOGY
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KINETIC ENERGY (ELECTRON VOLTS)

ENERGY SPECTRUM of primary cosmic-ray particles decreases smoothly with increasing
energy. Vertical hatching at bottom of curve shows region covered by the experiments
described in this article. Height of hatching lines gives the limits of error in measurements.
Dots represent data from other types of experiment, with limits of error indicated by hori-
zontal and vertical bars. Vertical axis measures number of particles per second crossing
each square centimeter of surface at top of atmosphere; horizontal axis measures energy.

and so we must have a detector array
with an area enormously greater than
that of the Agassiz experiment—an area
of at least thousands of acres.

Such an array has now been set up

near Albuquerque, N.M., on a prop-
erty called the Volcano Ranch. The site
is a flat, semidesert area at an altitude
of about 6,000 feet. Although not abso-
lutely essential to our purpose, the high
elevation will make the experiment
much easier. Air showers reach their
maximum development at high altitudes
and are considerably depleted by atmos-
pheric absorption by the time they reach
sea level.

In the Volcano Ranch experiment we
use plastic disks just like those in the
Agassiz experiment, but each detector
consists of four disks instead of one.
There are 19 detectors arranged in a
regular hexagonal pattern two kilo-
meters across [see illustration on next
page]. We plan to run the experiment
for about six months with this setup and

then to double the separation of the de-
tectors. The total surface will then meas-
ure about 12 million square meters, or
3,000 acres. Showers produced by pri-
mary particles of more than 10'® electron
volts, which struck in the Agassiz layout
once every two months, will hit the ex-
panded Volcano Ranch system at the
rate of about one a day. If there is no
break in the spectrum, we should record
several showers per year with primary
energies of more than 10! electron
volts.

It is not only astrophysicists who are
interested in superenergetic cosmic-ray
particles. Students of the fundamental
constitution of matter would very much
like to know what happens when one of
these objects strikes an atomic nucleus.
How is its energy distributed among the
immediate products of the collision? Just
what are these products?

Experiments at lower energies such as
are available from existing accelerators—
indeed, from any accelerator yet envis-
aged—give no hint as to the behavior of

© 1959 SCIENTIFIC AMERICAN, INC

ZIRCONIUM offers
unique resistance to
powerful corrosives

Zirconium by Carborundum 1s a metal
with broad potential for the chemical
processing and other industries. That
is because of its ability to withstand
the corrosive effects of concentrated
hot mineral acids, strong alkaline so-
lutions and many organic compounds.

In one corrosive application where
stainless steel failed after 80 hours,
Zirconium by Carborundum has been
used continuously for over three years.

SAVES ON COSTS
Longer service-life, lower maintenance
and down-time costs result when Zir-
conium equipment is used.

EASILY FABRICATED

Equipment made from zirconium can
be fabricated by conventional meth-
ods. The metal is cast, rolled, spun,
machined and welded. Typical equip-
ment produced and in operation in-
cludes valves, impellers, spindles, heat
exchangers and pressure vessels.

AVAILABLE IN MANY FORMS

Zirconium by Carborundum is avail-
able roday in these forms: sheet, plate,
rod, tube and wire. Cast shapes up to
300 lbs. have been made. Carborun-
dum’s modern plant produces ingots
up to 2,000 Ibs.

For complete data on Zirconium by
Carborundum — metals or compounds
—write to Dept. AMT, Carborundum
Metals Co., Akron, New York.

\ send for your
FREE COPY of
ADVANCED
MATERIALS
TECHNOLOGY

A new quarterly publication published by Carborun-
dum, dealing with materials for severe opplications
involving high temperature, abrasion, chemical attack
and/or corrosion. For your FREE subscription, write
to Carborundum, Research & Development Division,
Dept. SA-11, Niagara Falls, New York.

CARBORUNDUM

145



Narda SonBlasters...

for lowest-cost, mass-produced
ultrasonic cleaners!

The most complete line of ultrasonic cleaners
at lowest prices in the industry, available off-
the-shelf for immediate delivery. And with a fuii
two-year warranty besides!

No matter what you want to clean —“hot” lab
apparatus, medical instruments, electronic com-
ponents, automotive, missile and avionic parts
and assemblies, optical and technical glassware,
timing mechanisms — Narda SonBlaster ultra-
sonic cleaners will do the job faster, better and
cheaper! Write for more details now and we'll
include a free questionnaire to help determine
the precise model you need. Address: Dept. SA-32.

Generator G-202, 35 watts;
U Transducerized Tank NT-202,
Capacity: 3 gallon. 3220.

Generator G-601, 60 watts; Transducerized Tank NT-602,
Capacity: 1 gallon. $350

Transducerized Tank NT-1505, Capacity: 5 gallons;
Generator G-1501, 300 watts. $695

Transducerized Tank NT-5001, Capacity: 10 gallons;
Generator G-5001, 500 watts. ;1325

Transducerized Tank
NT-25001,

Capacity: 75 gallons;
Generator G-25001,
2500 watts.  $4360.

Consult with Narda for all your ultrasonic
requirements. The SonBlaster catalog line of
ultrasonic cleaning equipment ranges from 35
watts to 2.5 KW, and includes transducerized
tanks as well as immersible transducers which
can be adapted to any size or shape tank you
may now be using. If ultrasonics can be applied
to help improve your process, Narda will recom-
mend the finest, most dependable equipment
available—and at the lowest price in the industry!

matter at the fantastically high energies
of which we have been speaking. To ap-
preciate just how high these energies are
we may recall that in normal circum-
stances the energy stored in the rest mass
of a piece of matter (given by the now-
familiar expression E = mc?) is vastly
greater than any mechanical energy it
may have, as witness the atomic bomb.
But at 109 electron volts a proton’s
kinetic energy is something like 10 bil-
lion times the energy stored in its mass.
In fact, this almost unimaginably tiny
object carries enough energy to keep a
one-watt light bulb burning for about a
second!

In order to answer the nuclear physi-
cists’ questions we shall have to study

air showers in greater detail. We need to
know the different kinds of particles they
contain and the numbers of each, the
division of energy among the particles
and how they are distributed laterally in
the shower. It would also be desirable to
study the vertical development of show-
ers, observing them at various heights.
One way of doing this might be to place
detector arrays at several altitudes, sup-
porting them with captive balloons.

So far our group has concentrated on
detecting larger and larger showers. But
some detailed studies of the kind men-
tioned above are already under way, no-
tably in the U.S.S.R. and Japan. We also
are about to expand our efforts in this
direction.
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DETECTOR ARRAYS for various experiments described in this article are illustrated
schematically. Dots in Volcano Ranch array show how the detectors are laid out at present.
After a few months of operation the array will be expanded to cover the area enclosed by
| the hexagonal outline. The dimensions of each array of detectors are indicated in meters.

625 MAIN STREET, WESTBURY, L. I, N.Y.
3259 Wilshire Boulevard, Los Angeles 5, Calif.
Subsidiary of The Narda Microwave Corp.
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news of advanced systems and
instruments from Perkin-Elmer

TV-EQUIPPED SOLAR TELESCOPE TAKES ’
SHARPEST-EVER SUN SPOT PHOTOGRAPHS s

This past summer’s Stratoscope 1 flights employed a
closed-circuit television hook-up for ground-based aim,
control and focus of a sun telescope borne 80,000 feet
high in an unmanned balloon. Result: sun spots were
photographed with unprecedented sharpness, as the
accompanying photo shows.

This is an active group of sun spots that caused a
magnetic storm on earth the day before the flight. The
spots are dark cores of relatively cool gases imbedded
in a strong magnetic field. Enveloping them are wispy
filaments of outward-moving warmer gases.

These balloon telescope experiments—sponsored
jointly by the Office of Naval Research and the National
Science Foundation, and under the direction of Dr.
Martin Schwarzschild of Princeton University — are
providing fundamental data value in such fields as
communications, thermo-nuclear reactions and space
travel. In this year’s flights, the same basic 12-inch
telescope-camera system designed and built by Perkin-
Elmer for the first successful high-altitude telescope
flights in 1957 was used. Perkin-Elmer now is designing
a much larger 36-inch balloon telescope, known as
Project Stratoscope II, to be flown in 1961 for the study
of planets, galaxies and nebulae.

GAS CHROMATOGRAPHY GIVES FOOD INDUSTRY
‘ SENSITIVE PALATE FOR FLAVOR RESEARCH

Analytical instruments cannot approach the amazing
sensitivity of the human nose for qualitative deter-
mination of flavor components in foods. One that comes
pretty close—and provides quantitative data as well—
is the gas chromatograph.

In an increasing number of food laboratories, for
example, gas chromatography is one of the most impor-
tant tools for achieving gourmet qualities in foods and
flavors. Many organic chemicals and natural products
used in flavor formulations can be evaluated by VPC
for their odor and taste characteristics. Often, the pres-
ence of off-flavors and odors is detected even before
checking by a taste panel.

VPC is equally valuable for maintaining flavor uni-
formity when a new food product is scaled up to pro-
duction. One large company reports a recent experi-
ence in whieh its Perkin-Elmer® Model 154 Vapor
Fractometer averted a costly error during scale-up of
a new flavor. Development work had gone smoothly,
but when a large batch of one ingredient was made up,
the taste panel found an off-flavor. VPC identified the
offending components and ultimately verified their

elimination.
% . * *

Perkin-Elmer has professional openings in analytical
instrumentation, infrared, reconnaissance and electro-
optical systems. Write Mr. Russ Byles, Perkin-Elmer
Corp., 915a Main Avenue, Norwalk, Connecticut.

Perkin-Elmer Goan

-

. -~ NORWALK, CONNECTICUT

" ANALYTICAL INSTRUMENTS . MILITARY SYSTEMS
FINE OPTICS . PRECISION ELECTRONIC COMPONENTS
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Here are the cold facts about

Since installing the first oxygen liquefaction plant in
America in 1907, LINDE has continuously expanded its Cryogenics
capacity—scientific, engineering, and production.

HIGHLIGHTS FROM THE RECORD
| 1907 Linoeinstalled first air liquefaction plant in America I
1912 Built the first American-made air liquefaction plant

1914 Established scientific laboratories for gas and chemical research, experimentation, and testing
1916 First commercial argon production

1917 First natural gas liquefaction plant to produce helium designed and built for U.S. government
1917 LiNnDE became a part of UNION CARBIDE

1918 Operations extended to Canada i
1922 Began commercial production of neon

I 1928 Started development of system for liquid oxygen and nitrogen

1932 First customer liquid oxygen storage and conversion unit installed
1932 First liquid oxygen truck delivery to customer units

1935 High-pressure conversion equipment adapted to truck use

1937 Powder-vacuum insulation reduced heat leak to contents by a factor of 10 I
1939 First vacuum-insulated railroad tank car shipment of liquid oxygen

1944 Liquid oxygen producing plants, transport containers, and storage units made for government
1946 Basic patent for powder-vacuum insulation issued

1946 First 25,000,000 cu. ft. liquid storage reservoirs for oxygen, nitrogen, or argon

1948 First 140 ton a day low-purity oxygen-producing unit

1949 First 360 ton a day on-site oxygen-producing unit for chemical industry I
1951 Heat leak to contents further reduced by a factor of 10

1953 First 450,000 cu. ft. capacity vacuum-insulated trucks

1955 First 3000 cu. ft. compact cylinder for storage, transport, and conversion of liquid oxygen
1957 3000 cu. ft. cylinder adapted to shipment of liquid nitrogen, argon, and hydrogen

1957 Continuing progress in decreasing heat leak to contents

I 1957 Liquid oxygen distribution system requiring no external power source |

1957 First automatically-operated 120 ton a day on-site oxygen plant
1958 Super insulations developed—hold evaporation of liquid oxygen to less than 5%, per year
1959 NASA contracts for large volumes of liquid hydrogen from LINDE built and operated plant, Torrance, Cal.

STORAGE & STORAGE-CONVERSION UNITS

Portable

Aircraft storage-conversion—oxygen—Capacity: 5, 10, 25
liters

Storage-conversion cylinders—liquid oxygen (adapted also
for liquid nitrogen, argon, neon, hydrogen service)—Capacity:
3,000 cu. ft.

Special liquefied gas refrigerator containers for biologicals,
cryogenic research—Capacity: 25 and 640 liters

Others with capacities up to 450,000 cu. ft., including mobile
pumping units

Stationary

About 650 liquid storage or combination storage and conver-
sion units in service at customer, distributor, or mass-plant
locations —Capacity: 10,000 to 75,000,000 cu. ft.
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CRYOGENICS and LINDE

PRODUCTION More than 50 plants for producing liquid
or gaseous, oxygen, nitrogen, argon, hydrogen, and rare gases
(neon, krypton and xenon).
Here are the capacities of a few centrally-located plants pro-
ducing liquid:
Essington, Pennsylvania—500 tons a day (12,000,000 cu. ft.)
Fontana, California—175 tons a day (4,200,000 cu. ft.)
Ashtabula, Ohio—500 tons a day
Others at Kittanning (700 tons), Seattle (20 tons), Houston
(40 tons), Birmingham (20 tons), East Chicago (900 tons),
etc. ...
Most on-site plants operated for single-customer use pro-
duce high-purity gaseous oxygen. Capacities range from 10

tons a day to more than 500 tons a day. (One ton equals
24,150 cu. ft.,, N.T.P.)

DISTRIBUTION oOver 100 storage and distribution in-
stallations, plus hundreds of customer units are serviced
by a LINDE built fleet of :

More than 500 liquid-carrying railroad box tank cars. Stand-
ard capacity: 1,000,000 cu. ft. (gaseous equivalent)

Over 350 liquid-carrying trucks and trailers: Capacity:
60,000 to 450,000 cu. ft.

(More than %5 of these are equipped to convert liquid to gas
at 3000 psi pressure)

RESEARCH & ENGINEERING Of the combined staff of 1300 at three

laboratories, more than 1000 engineers. scientists, and technicians are con-
stantly adding to LINDE's knowledge of Cryogenics and supporting sciences.
Years of solving low-temperature problems, plus our up-to-date know-how of
Cryogenic engineering, equipment, and liquefied gas applications are yours
when LINDE becomes your source for cold facts and materials.

Put LINDE’s vast experience in Cryogenics to work for you
LINDE engineers, experts in the latest developments in cryogenics for missiles, are at
your call with technical service at every stage. Write Dept. SA-11, Linde Company,
Division of Union Carbide Corporation, 30 East 42nd Street, New York 17, N.Y.
In Canada, Linde Company, Division of Union Carbide Canada Limited, Toronto,
“Linde” and “Union Carbide” are registered trade-marks of Union Carbide Corporation.

énde

UNION

CARBIDE
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The Missile Train—Mobile Sunday Punch

In the foreground above is the mis-
sile train—a hit-and-run Sunday
punch for our modern Army. In
event of war, the train could fire a
missile with nuclear warhead, move
rapidly miles away, then fire other
missiles . . . without becoming a
vulnerable stationary target itself.
The missile train would be an ever-
present threat to the enemy’s tac-
tical units over a wide area.

For such imaginative projects as
the missile train, which combines
maximum mobility with maximum
firepower, ARMAhasdeveloped an
equally imaginative universal navi-
gation system. Not only can ARMA
systems rapidly locate and aim all
types of Army missiles, but they
are applicable to all types of land,
sea and air operations. To the
Army, ARMA offers precise vehic-

ular navigation systems for use in
artillery and missile survey, com-
batvehicles, tanks, and helicopters
as well as remote control types for
mine detection and atomic blast
survey. Precision navigation sys-
tems are ARMA’s business from
ships to ICBM’s and—beyond.

ARMA, Garden City, N. Y., a divi-
sion of American Bosch Arma
Corp....thefutureisourbusiness.

Attention, Engineers: Write to E. C. Lester, Emp. Supv., about career openings in R&D programs.

AMERICAN BOSCH ARMA CORPORATION
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INSECTS AND PLANT GALLS

Certain 1nsects lay their eggs m specific plant tissues, causing

the formation of a protuberance that nourishes the insect larva.

How does the insect induce the plant to grow this abnormal tissue?

he “sere and yellow leat” of

I autumn is likely to bear a tumor.
These tumors, called galls, may de-

velop in any part of a plant—leaf, stem,
flower or root—provided the part contains
vascular tissue to keep it supplied with
nutrient. The derangement of growth
and structure may form a tiny wart or a
bulging mass the size of a baseball.
Such growths are frequently seen in the
fall on the withered stalks of goldenrod.
Plant galls inevitably bring to mind
their counterpart in animals: the cancer
tumor. In support of this analogy the gall
always contains in its interior a mass of

by William Hovanitz

amorphous cells. We know, however,
that galls are caused by insects or by
viruses, molds and other microorganisms.
The parasite supplies some sort of stimu-
lus to initiate abnormal growth, and the
galls seem to grow only so long as the
stimulus persists. Many animal cancers
appear to grow indefinitely without ex-
ternal stimulation. On the other hand, it
may turn out that these tumors too are
caused by viruses or by some other in-
fectious process.

But the plant gall is no mere eccentri-
city of growth. In the insect-induced
leaf gall that we have been studying in

the Earhart Plant Research Laboratory
at the California Institute of Technology
the parasite provokes its host to grow
what is in effect a new organ, specifically
adapted to shelter and nurture the insect
egg and larva. Gall growth always orig-
inates in unspecialized tissue; the insect
causes this to differentiate into spe-
cialized cells and promotes continued
growth where no further growth would
ordinarily occur. The amorphous cells
within the gall which feed the larva are
enclosed in an intricate structure of sup-
porting tissues covered on the outside by
epidermal tissue characteristic of the

FEMALE SAWFLY, here enlarged about 20 diameters, pushes its
sawlike ovipositor into the midrib of a willow leaf preparatory to

© 1959 SCIENTIFIC AMERICAN, INC

laying an egg. With the egg the wasp injects a glandular fluid that
stimulates the plant tissue to start forming a gall a few days later.
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plant stem. No new types of cell appear
in the gall; all are duplicated elsewhere
in the plant. From the cellular point of
view a leaf gall resembles stem more
than leaf. The globular gall forms as an
appendage to the leaf, a kind of fruit in
which the insect embryo takes the place
of the plant seed. The insect thus exerts
a regulatory power over the growth pat-
tern of the plant that suggests a new
line of experimental attack on the secrets
of cellular specialization and growth.

Almost every order of insects has its
gall-inducers; of the 2,000 such insects
in the U. S., some 1,500 are species of
gall wasps and gall midges. The oak
tree is the particular target of attack by
a large variety of wasps; of 591 kinds of
wasp-induced gall, 41 occur on roots, 45
on buds, 175 on stems, 275 on leaves, 21
on flowers and 34 on fruits (acorns). In
every case the gall is the product of a
close relationship between host and para-
site. A particular species of insect is
adapted to a specific organ of one species
of plant and induces the growth of a
characteristic type of gall. For this rea-
son it is not easy to study gall formation
in the laboratory. We have found that
the galls produced on the leaf and stem
of the willow by various species of wasp
are best suited to our purpose.

FIVE DAYS after an egg was laid in a willow leaf, a gall is starting to form around it (lower
right). There is also growth near other wounds in which only glandular fluid was inserted.

these wasps are medium-sized and
are called sawflies because of the
large, sawlike egg-laying apparatus or
ovipositor by which they attack the
plant. In the case of the leaf-gall species
the female seeks out a new leaf and takes
up a position over the midrib on the
-~ - i ) underside of the leaf’s growing tip.

TR - . Working its ovipositor into the midrib,
EIGHT DAYS after the egg was laid, the larva has hatched inside the large gall and is feed-  the wasp makes a hole of considerable
ing on it. The two galls lacking eggs have developed slowly and now virtually cease to grow. size. Fluid, presumably of g]andular

- origin, is injected into the hole; finally

A yF & .2y the egg is pushed through the midrib
" : : . to lie in the “mesophyll” space between
v . ; ' the upper and lower epidermis of the
leaf blade.

About two days after the egg has been
laid, the area around it begins to bulge
out. After another four or five days, dur-
ing which the gall continues to grow,
the larva hatches out of the egg. The
larva remains inside the gall and feeds
on the inner mass of plant tissue. Never-
theless the gall continues its growth; in
fact, the more the larva eats, the more it
stimulates the gall to grow. After a few
weeks the gall no longer increases in
size, and new tissue grows merely to re-
place what is eaten.

The larva of the strain we are using
: i . pupates 30 to 45 days after hatching
NINETEEN DAYS after the egg was laid, the large gall has grown enormously, stimulated and SPendS a Couple of weeks as a pupa
by the feeding of the larva inside. The barren galls have increased very little in size. before emerging as an adult. At the lat-

W
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SNARK
NIKE B
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SPARROW |
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Ny Adols Mew Dimensions
Jo High Speed Gyro Roror Bearings/
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At speeds up to 24,000 RPM precision rotor bearings in
inertial guidance and navigational systems are highly
critical components. Early research and development in
design and manufacturing at New Departure is solving
the problem and thus winning vital roles for N.D.
integral rotor bearings in missile projects. For example,
"'B"" Series bearings with separable inner ring developed
by N.D. are helping set performance records in such
inertial guidance systems as the AChiever.

New Departure is also supplying high-precision rotor
bearings for the inertial guidance system in Polaris.

These bearings, through advanced manufacturing tech-
niques, exacting inspections and controlled environmental
tests, backed by 50 years of laboratory testing experi-
ence, give precision and uniformity far above the most
precise industry standards. They promise new perform-
ance and reliability for the submarine-launched IRBM.

You can look to improved performance and reliability
when you include an N.D. Miniature/Instrument Bearing
Specialist in early design level discussions. Call or write
Department L.S., New Departure Division, General
Motors Corporation, Bristol, Connecticut.

7
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MINIATURE syénumzu-r BALL BEARINGS
Droved reliability you can burld around
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WHATEVER
MATERIAL
ADVANTAGES
YOU NEED...
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YOU'LL FIND THEM

INA FELTS!

Felt is one of the most diverse and
universally useful of all basic design
materials. You find it in beautiful
fashions . . . and hard at work in
nuclear power plants, filtering out
radioactive particles, making lig-
uids pure! A+ felts, by American
Felt Company, are produced as
soft as fleece or tough as canvas.
They form superior filters, cushions,
buffers and gaskets. They absorb
sound, clean the air . . . perform a
thousand useful tasks. Send us your
design problems in any of these
areas. Our engineers will follow
through promptly.

American felt
Com Yy

®

211 Glenville Road, Glenville, Conn.

Among our famous trademarks: **SOLEIL*"

| itude of Pasadena about half the off-

spring are males, but in Canada only 2
per cent of a related species are males,
the ratio of male to female being associ-
ated, it seems, with climate. The males
are not needed, however, to fertilize the
eggs. This is a fortunate circumstance
for the experimenter, because partheno-
genesis yields uniform strains. The fe-
male is built strictly for reproduction.
| Its day or two of adult life is an orgy of
egg-laying during which it deposits from
50 to 100 eggs. The insect does not eat,
and its tiny remnant of a gut is probably
without function. Its huge abdomen is
two thirds filled with eggs, and the re-
maining third is occupied by accessory
glands that produce the fluid injected
| with the eggs.

Our study has disclosed that the saw-
fly is attracted to the host plant by a
chemical factor that is somewhat affected
by the conditions in which the plant has
grown. Willow leaves raised at relatively
low temperatures are more attractive to
the sawfly than those raised in a warmer
environment. The midrib of the leaf
must be of the right consistency and size
to permit the wasp to push the fragile
ovipositor through the plant tissue and
place its tip just inside the mesophyll so
that the egg can be laid parallel to and
alongside the midrib structure. Few
strains of willow are suited to any strain
of sawflies. Some willows are too tough

for the insect to penetrate at all. The
midribs in other willow leaves are of the
wrong diameter; thus the eggs may
protrude on the opposite side of the leaf
or may not get all the way in through
the midrib to lodge in the mesophyll
layer.

The initial growth of the gall consists
of undifferentiated “callus” cells like
those that cover a stem wound when a
cutting is taken. Cells of this type occupy
the interior of the gall all through its
life and continue to multiply so long as
the larva feeds. Cells on the outer sur-
face of the gall differentiate into vascu-
lar tissue and a covering of epidermis
that has tiny holes and pores (stomata
and lenticels) resembling those in the
stem. With callus tissue filling its center,
the gall is a fairly solid mass. The gall
grows most rapidly over the site of feed-
ing by the larva, but the constant turn-
ing of the larva within its cell gives fairly
even impetus to growth all around the
gall. In gross appearance and cellular
structure it contrasts markedly with the
leaf from which it grows. The structure
of the leaf is basically a sandwich con-
sisting of two layers of green, chloro-
phyll-containing cells (the palisade and
spongy layers) located between an up-
per and a lower epidermis and strength-
ened by numerous branching veins that
also carry substances to and from the
leaf. Leaves generally cease growing

-
B i iihes Sk .3

YOUNG WILLOW LEAF was photographed shortly after a female sawfly had laid its eggs.

FELT—quality millinery; FEUTRON— . ’ A
One forms a bulge to the upper left of the midrib; another at the lower right of the midrib.

synthetic fiber felts; OIL FOIL—bearing seals.
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POLYFILM

An improved, new film with proven benefits as an adhesive separator.

BOTALRITN

| Polyfilm, embossed polyethylene film by Dobeckmun is being widely used as a.
separation stock for highly adhesive rolls of “Camelback” rubber used in the
tire recapping pfocess. Its consistent quality protects the adhesion strength of
the rubber yet' releases quickly and émoothly in productibn. Its double gloss
- surface and uniformity of gauge guarantees faster, easier running and more
economical yield. Polyfilm from Dobeckmun is ideally suited as a separator
stock for many highly adhesive materials. And Dobeckmun will work with
you in developing the best possible a.pphca.tmn and process techniques. Write

for detailed information. THE DOBE CKMUN COMPANY

A mvl-ion of The Dow Chamjca.l CQmpmy Cleveland 1 Ohlo . Berlmluy 10, cnulurntn + Offices in most principal cities. »
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Corrosionand wear come
in many combinations
... S0 does

KENNAMETAL

Components like those shown below are
made from Kennametal to withstand
varying combinations of corrosion and
wear as well as erosion, impact, heat and
abrasion. To solve such problems effec-
tively, yet most economically, Kenna-
metal is made in many different grades.

For example, when corrosion is too
severe for ‘“‘standard’ tungsten carbide
compositions, new Kennametal Grade

K701 may provide the answer . . . at little |

more cost than the standard grades. If
not, another new grade, K601 has still
greater resistance. And, for maximum re-
sistance to corrosion and abrasion, Ken-
nametal K501 is available. In use more
than 10 years, this platinum bonded hard
tungsten alloy has established outstand-
ing service records . . . has succeeded
where all other materials failed.

Or, for strength at extremely high (to
2200°F) temperatures, try Kentanium.**

If you have corrosion-wear problems

. including high or sub-zero tempera-
ture conditions . . . chances are one of
the many Kennametal compositions can
provide an economical solution. For more
information, send for booklets B-111-A,
“Characteristics of Kennametal,” and
B-444-A on “Kentanium.” Or, we will
gladly help you select the composition
that has the required properties at the
most economical price. KENNAMETAL
INc., Dept. SA, Latrobe, Pa.

*Trademark of a series of
hard carbide alloys of
tungsten, tungsten-
titanium and tantalum.

**Trademark of a series of
hard titanium carbide
alloys.

Successful applications
of Kennametal and
Kentanium compositions
include:

spray nozzles, seal
rings, missile and
aircraft parts, bushings,
pulverizing hammers,
parts for chemical
equipment, compacting
dies, non-lubricated
guides, gripping jaws,
valving parts, gas
turbine sensing
elements, flame burner
nozzles, wear rings,
slitter knives.

97245

INDU TRY AND

upon maturity, unlike gall tissue, which
is capable of continuous growth. A gall
can remain alive and green even though
the leaf bearing it withers and falls; the
gall may then put out roots, as if it were
attempting to cling to life.

In our experiments with the rigor-
ously determined host-parasite relation-
ship of the sawfly and its willow plant,

we found that the presence of the egg is
not necessary to the first phase of gall-
growth which precedes the hatching of
the larva. We halted the insects in their
labors at various times after they had
inserted their ovipositors into the leaf.
Because the egg is deposited at the end
of the process, only those wasps allowed
to carry their work to completion actually

EGGS PLACED WRONGLY by sawflies in a willow to which they were not adapted

will not hatch and no galls will form. Instead of being placed wholly within the leaf, the
egg at top has been pushed through the tissue on the opposite side of the midrib. The egg
at bottom evidently was not inserted far enough and can be seen at the right of the hole.
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SILICONE NEWS from Dow Corning

Semper Flexibilis

Sealing the nose cone on the Army Red-
stone is an extrusion of Silastic. Silastic
maintains a positive seal despite long
periods of storage under load and adverse
operating temperatures.

A similar application for Silastic, this
time on the Army-developed Jupiter IRBM,
another Chrysler-produced missile, is the

seal on the angle-of-attack transducer com-
Sll‘ﬂs IIE seals missile Sections; partment. Silastic was specified because

it resists high temperatures encountered
EIEEEENEEES withstands -130 to 500 F in re-entry.

Till the moment when it separates during trajectory, the Army Redstone’s
warhead sits on a flexible seal of Silastic®, the Dow Corning silicone
rubber. In fact, all sections of the missile are joined in this manner,
to maintain pressure. Chrysler Missile Division engineers also utilize
Silastic for many other applications, including ducting, wire bundle
clamps and access door seals.

Silastic does these jobs so well because it offers reliability at all times . . .
remains flexible even after long storage, at high skin temperatures, under
compressive loads, in presence of ozone, cold, moisture. It is unaffected
by weathering: 9 years exposure at a South Florida test station has failed
to damage sample Silastic parts.

When your “bird is in the hole” and exposed to an environment of
weathering, ozone, storage effects and a wide temperature range, you want
reliability of rubber parts. Your rubber company supplier can engineer . le

a part made of Silastic to suit your particular requirements. For more on both Redstone and Jupiter missiles are
. . . fabricated of Silastic. Electrical properties
information, write Dept. 9823. of this material are excellent.

Chrysler Missile Standard Bundle clamps

If you consider all the
properties of a silicone rubber, you’ll
specify Silastic.

Dow Corning CORPORATION

MIDLAND. MICHIGAN
ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, D. C.
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“We find
great things
are made of

little things...”

Robert Browning

Concerning the relative values of
material sizes, large and small,
Browning simply rephrased an
ancient truism. But he went about as
far as any logician can go.

For, greatness — in the sense of
worth — depends not only upon an
entirety but upon each of its parts,
however small. And today, as man
builds larger, more complicated
mechanisms he must also produce
smaller, more precise components
than ever before.

MPB bearings, backed by long
leadership in miniaturization for
scientific and industrial applica-
tions, are available in over 500
types and sizes. O.D.'s range from
1/2” to 1/10”, with specials pro-
vided on request. For a complete
catalog, write to Miniature
Precision Bearings, Inc.,
1211 Precision Park, Keene, N.H.

MPB helps you perform miracles
in miniaturization

MINIATURE PRECISION
BEARINGS, INC.
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SAWFLY EGG developing inside a willow-leaf gall was exposed on the fifth day after it was
laid by cutting the gall open. The eggs normally hatch on about the sixth or seventh day.

placed eggs in the plant tissue. When
we examined the plants a few days later,
the points attacked for a very short
time showed no growth at all-merely a
wound. The points where the female had
injected fluid but had not laid an egg
showed the beginnings of normal gall-
development and differed from areas
with an egg only in the size of the grow-
ing region. Because fluid alone occupies

only a fraction of the space taken up by
the egg together with fluid, somewhat
less plant tissue appeared to be affected
in the absence of the egg. If we killed
the eggs by puncturing them with a
fine needle, the gall nonetheless com-
pleted the first phase of growth in about
eight days, as usual.

We found that beyond this point, con-
tinued growth requires the presence and

NEWLY HATCHED SAWFLY LARYV A was exposed by opening a willow gall on the eighth
day after the egg had been laid. The glistening sphere (bottom right) is the larva’s head.
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Why you can
always depend on
Asarco high

purity elements

1. ASARCO examines every lot of material
by chemical, spectrographic, and other
instrumental techniques and reports all
detectable impurities. This assures you of a
uniform quality of material from a
dependable source of supply.

2. ASARCO supplies for you with each
purchase an actual analysis of impurity
elements detectable and the probable level
at which these impurities are present.

3. ASARCO has been a pioneer in the
production of high purity elements for over
25 years. ASARCO high purity elements
have been used for research in this country
and abroad for fundamental studies in

metal-physics and semi-conductor technology.
The High Purity Metals Staff is always
available to discuss your individual problems.

=
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2

The above information is among the pertinent °

data compiled by ASARCO’s Central Research
Laboratories in a catalogue, now available to users of
high purity elements. For copy, write on your

letterhead to American Smelting and Refining Company,
120 Broadway, New York 5, N. Y.

(If you use high purity elements, save this page as @ current buying guide)
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structural members.

HAPPY HARMONY

Beawty and Stieagh

expressed in the

s
Imperial

Inclined Panel Console

The most graceful of all consoles, the Imperial
line has pleasing proportions and presents a
picture of strength and simplicity well deserv-
ing the finest instrumentation. A fresh, creative
approach in a production model with custom
quality and appearance.

Structural members are sturdy aluminum extrusions and all corners are
fully radiused aluminum castings. The inclined panel is set at 2215° for
comfortable viewing. As illustrated, top, bottom and sides are .050 aluminum
while the rear door is reinforced and hung by two cast brass hinges.
Extrusions for top, inclined panel and front are drilled and tapped to accept
standard rack panels. Available in four sizes. Light gray panels with black

Inspect the Imperial Inclined Panel Consoles at your nearest Authorized
Bud Distributor or write us for literature.

BUD RADIO, INC.

2121 East 55th Street ® Cleveland 3, Ohio

Are You interested in

‘Quick-T.ook" Capalbilities?

DATASYNC Photo-Tape can permanently capture intimate,
synchronized relationships of time, temperature and
photogrammetric space-measurements, plus the ‘‘scientific
shorthand” of multi-color radar and oscilloscope curves, and
even the ‘‘inter-com’ voices of engineers and technicians
during the final count-down. These are all of vital importance
for reliable evaluation, when synchronized data is all that
remains by which to judge the ‘‘success’ or ‘‘failure” of a
multi-million dollar test!

Write for your free copy of this 40-page full-color
Datasync “Catalog of Ideas.” ’

DDA T ASYNGCG

A DIVISION OF

BERNDT-BACH, INC.

6948 Romaine St., Los Angeles 38, Calif. / HOllywood 2-0931

Photo-Tape
System prices
start at
$12,000,00
and up

»

MANUFACTURERS OF ELECTRONIC-OPTICAL RECORDING EQUIPMENT SINCE 1931
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activity of the larva. Galls lacking eggs,
or containing killed eggs, stop growing,
and there is evidence that a killed egg
may be detrimental to the growth of
other galls on the same leaf. Completely
normal growth of one gall, with a larva
feeding inside it, apparently promotes
the growth of adjacent galls even though
the latter have no eggs or larvae within
them. When we removed a feeding larva
trom a gall, growth stopped in two days;
the same surgery performed without re-
moval of the larva did not inhibit gall-
growth.

These observations plainly suggest
that the fluid injected by the egg-laying
wasp must initiate the growth of the
gall, and that some similar factor sup-
plied by the larva sustains it. Accord-
ingly we exposed cultures of willow-
plant tissues to the contents of the fe-
male sawfly’s glandular sac. In a few
cases the plant tissue produced a tre-
mendous mass of filamentous strands.

| In other cases the glandular material did
| not produce any noticeable effect. Arti-

ficial injection of the contents of the
glandular sacs into willow leaves also
had variable results. Small growths ap-
peared in a few instances, but we could
not be sure that they were attributable
to the glandular fluid because similar
growths often result from damage alone.
However, the insertion of minute needles
of steel or glass into the midrib did not
produce any kind of growth.

The stimulating effect of fluid seems
to wear off in about eight days. In the
second phase of growth a larval secre-
tion apparently supplies the necessary
stimulus. We asked ourselves: If the
larval secretion could maintain growth,
could not a renewal of the glandular
fluid of the adult do the same thing
throughout the second phase? About a
week after larvae had hatched we re-
moved them from several galls and re-
placed them with gland sacs. These galls
grew almost as rapidly as a normal gall
for a time, but then the growth tapered
off. When we supplemented the supply
of gland material by repeated injections
at intervals of several days, however, the
gall continued to develop to normal size.
Injections of plain water had no such
effect. An oversupply of glandular ma-
terial killed the gall, just as in nature
the insect’s injection sometimes kills the
leaf.

Clearly the glandular fluid stimulates

plant tissue. The next step is ob-
viously to analyze it and determine what
produces this remarkable effect. Unfor-
tunately the fluid is difficult to handle;
in the open air it quickly hardens into a



Effortlessness is the essence of a power-steering mech-
anism. In the unit shown above, a piston ring made
with a tough TeEFLoN TFE resin assures smoother
steering and easier parking. TEFLoN TFE resins have
the lowest static coefficient of friction of any solid
materials — less than 0.04. Their static coefficient is
even lower than the dynamic value. Result: the ring
reduces break-away effort and allows the shaft to turn
freely.

In all types of seals, the unique combination of
properties offered by TFE resins have lengthened the
life, broadened the use and improved the design of
seals. They often make possible the use of non-lubri-
cated seals. Their chemical inertness and exceptional

A

TEFLON

TFE-FLUOROCARBON RESINS

THE INSIDE STORY: Tough seals for a smoother turn

thermal stability make them ideal for applications
under adverse conditions. Even in everyday seal de-
signs, TFE resins at the heart of the seal provide the
utmost reliability and savings in maintenance and re-
placement costs.

If you would like more information on the proper-
ties of TFE-fluorocarbon resins and the ways in which
they have been used to improve seals and other me-
chanical or electrical designs, write to: E. I. du Pont
de Nemours & Co. (Inc.), Advertising Department,
Room 3911, Nemours Building, Wilmington 98,
Delaware.

In Canada: Du Pont of Canada Limited, P.O. Box 660,
Montreal, Quebec.

TEFLON is Du Pont’s registered trademark for
its fluorocarbon resins, including the TFE (tetra-
fluoroethylene) resins discussed herein.
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MISSILE DESIGN

HITCO is one of the world’s leading developers and manu-
facturers of ultra-performance thermal materials capable
of resisting extremely high temperatures, even up to
15,000°F. for short duration! Call or write us for
Capabilities Brochure and complete Technical Data.
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JAGE

« REFRASIL Materials

* HITCO Metal Blankets

+ THERMO-COUST! Materials

* THOMPSOglas Materials

« ASTROLITE Reinforced Plastics

* HITCORE Structural
Core Materials

« HITCO Electric Blankets

SUPER-VISION TV
breaks another sight barrier
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. Dage closed-circuit TV installation
at Line Material Industries Short

Circuit Laboratory, Franksville, Wis.

Dage Television systems provide detailed, visual information even in high-
hazard areas. Other sight barriers involving security, safety, product inspection,
manufacturing processes, etc., are also surmounted by our
complete line of standard and special design closed-

circuit TV equipment. Write to Dage about any sight
barrier problem affecting your business operation.

Free literature or consultation on request.

Dage Model 70-A
TV Camera

DAGE TELEVISION DIVISION
Thompson Ramo Wooldridge Inc. v ‘
1911 W. 10th St., Michigan City, Ind. |
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transparent crystalline mass. It is a very
complex substance rich in nucleic acid
and protein; it also contains carbohy-
drates and precursors of silk. As yet it
has not been possible to isolate or iden-

| tify the active fraction. Heating, which

generally inactivates proteins, does not
destroy the effectiveness of the material.
It is perhaps significant that the glandu-
lar fluid contains nucleic acid, the sub-
stance that conveys the hereditary char-
acteristics of cells from one generation
to the next.

Even less is known about the pre-
sumed secretions of the larva. Because
we cannot see into the gall to observe
the larva’s activity, we have attempted
to substitute cultures of willow tissues
for the interior of the gall. In tissue-
culture medium the willow cells form a
mound of undifferentiated cells not un-
like the callus cells. Larvae taken from
galls will live in such cultures, provided
the cells come from the same kind of
willow as the larva. The presence of the
larva stimulates the growth of the cul-
tured tissue in varying degrees. In some
cases the larva burrows into the interior
of the tissue, and new tissue seals it off.
In other cases the larva may feed on the
surface; the cells on the edges of the area
in which it feeds then increase their rate
of growth.

In another type of experiment we have
transferred bits of gall tissue to culture
medium. Those bits close to the region
that had been occupied by the larva
grow rapidly; those from other parts
grow more slowly or not at all. Thus
there is no doubt of the growth-stimu-
lating activity of the sawfly larva.

The larvae of some strains of sawfly
do not grow and feed uniformly through-
out their life. They grow only in the
early spring just after hatching and in
the fall before pupating for the win-
ter. For four or five months through the
summer season they remain inactive
and feed little, if at all. When they
are transferred to tissue-culture test
tubes, larvae of such a strain cease feed-
ing after a while, as they would in the
wild. Although the larvae remain alive,
they no longer stimulate the growth of
the plant tissue around them. Evidently
the larvae secrete the stimulating sub-
stance when they eat, probably by
means of their salivary glands. We do
not yet know whether the active factor
in the larval secretion is the same as
that in the glandular fluid of the adult.

L This question cannot be answered un-

til we have succeeded in identifying the
active fraction of the adult fluid, the
problem we are presently preparing to
attack.
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About the earthly side of Canaveral—Only recently, it spawned little
more than snakes and other crawling creatures. Today, high flying birds
are poised there, and because they can't jump off from sand, most of
the Canaveral manpower and materials go into ground support equip-
ment. And virtually all the steel material required can be purchased
from one source—United States Steel. Whether we're talking about
carbon steel, high-strength low-alloy steel, constructional alloy steel,

or stainless steel, steel fence, electrical cable, wire rope or cement,
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On this vertical oscillating radar tracking unit, Thedoortothe U. S. Air Force Atlas blockhouse weighs The mobile transporter for the Thor is strong
every nut, bolt, and insulator collar is Stainless 24 tons. It is solid manganese steel about eight inches but light on its wheels because it was de-
Steel. To the right, is a Stainless Steel fuel tank, thick. At X minus 15, the door automatically locks and signed with weight-saving high - strength
and beyond that rises the U. S. Air Force Thor it is blast-proof and vapor-proof. steels. Slanting to the left is the steel um-
gantry tower, with a structural steel frame similar bilical tower which carries Stainless Steel

to a nine-story building.

fuel lines and control lines.

© 1959 SCIENTIFIC AMERICAN, INC



United States Steel maintains
the technical services to provide
the proper assistance to cope
with any problem on these
materials for ground support.
When a ground support pro-
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These pressure vessels for the U. S. Air Force Bomarc A system
are seamless steel cylinders about 20 inches in diameter and 264
feet long. The cylinder walls are slightly more than an inch-and-a-
half thick and will contain gas at pressure up to 4500 psi.

Stainless Steel pipes and Stainless Steel flexible tubing carry the
fuel for the Thor complex. Fuel lines must be almost surgically clean
to prevent explosions and assure proper flow. Inspectors check the
lines with everything from microscopes to ultraviolet lamps. | 4
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Columbus’ entire voyage faced one crisis after another ...
and for lack of intermediate information, was very nearly
destroyed by a mutinous crew. A crew suffering from the
shock of new experiences. .. and having only the unknown

to look forward to.

Today there is no need for man to face these experiences
unprepared . . . and in the case of the military, it is

costly from the standpoint of time and money to learn

through actual experience the operation of complex

equipments which make up our nation’'s defenses.

Theory represented by scientific formula is passive . ..
and as in Columbus’ case, it does not include the
moment-to-moment experience. ERCO, through unique

special-purpose computers, transforms the inert

equations into active environments with almost every

conceivable experience . . . and the opportunity for

a man to live and re-live an event hundreds of

times before it ever happens.

ERCO ability and leadership in the area of special-purpose
computation has as its foundation hundreds of real experi-
ences creating and building systems and equipments which
give precise reproductions of what will happen.

For a prompt engineering review of your project write Manager-Marketing
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The Idea of Man’s Antiquity

When Father MacEnery found flint implements in the same stratum
with the fossils of extinct animals, he pushed human history far
beyond 400+ B.C., the date most people took as man’s beginning

igging near the Bavarian city of
D Bayreuth in 1771, Johann Fried-
rich Esper found human bones

at the same level as the remains of ex-
tinct animals. He was more startled than
elated by his find, because it confronted
him with a disturbing anachronism in
the then-accepted timetable of the
world’shistory. In the preceding century
Archbishop Ussher had worked out this
chronology from the complicated gene-
alogies of Genesis; he concluded that the
world and man had been created in 4004
B.C. Six millennia took in everything,
and man was only a trifle younger than
time itself. In this view of human history
there was no inkling that sources other
than written ones existed. The anti-
quaries of the time were concerned with
describing monuments and cataloguing

by Glyn E. Daniel

portable relics; they had no idea that
history lay in the soil, much less any
notion of how to wrest it from its grave.
Samuel Johnson spoke for the pre-
archaeological scholar when he declared:
“All that is really known of the ancient
state of Britain is contained in a few
pages. . . . We can know no more than
what old writers have told us.”

Except for a few pagan myths, the old
writers did not suggest that there were
men before Man. Geology in Esper’s and
Johnson’s time was little more than an
elaboration of the Biblical story of Cre-
ation and the Flood. In accordance with
that tradition it was easy, and not with-
out logic, to explain fossils and river
gravels in terms of the Flood, or some-
times of several floods. This was catas-
trophist or diluvialist geology. There

was, to be sure, some talk of animals
antedating 4004 B.C., but their fossils
were believed to be the remains of crea-
tures discarded by the Creator before
his culminating creation: the world of
Genesis. But with the creation of Adam,
according to the doctrine, further crea-
tion ceased. Opposed to this account
were the antediluvians—the near-here-
tics who held that man may have lived
before Adam. This was the danger ap-
prehended by Esper, and it caused him
to ask: “Did [the bones] belong to a
Druid or to an Antediluvian or to a mor-
tal man of more recent time? I dare not
presume without sufficient reason these
members to be of the same age as the
other animal petrifactions. They must
have got there by chance.”

The “sufficient reason” Esper asked

FLINT TOOL FROM HOXNE IN SUFFOLK is typical of the
discoveries that caused speculation about man’s antiquity. This
hand-axe, dated according to the stratum in which it was found and

© 1959 SCIENTIFIC AMERICAN, INC

the workmanship it displays, belongs to the Lower Paleolithic of
about half a million years ago. The illustration appeared in 1800 in
Archeologia, a publication of the Society of Antiquaries of London.
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DEVON CAVES IN ENGLAND figured prominently in establish-
ing the antiquity of man. Kent’s Cavern (left) was the earlier find.
Under surface layer (A) lay a stalagmite stratum (B) which sealed
the cave earth (C) containing human artifacts amid the remains of
extincet animals. Layers D and E are stalagmite and breccia. The

for was soon to be forthcoming. James
Hutton, in his Theory of the Earth, pub-
lished in 1785, offered the first persua-
sive alternative to cataclysmic geology.
He suggested that the stratification of
rocks was due not to floods and other
supematural calamities but to processes
still going on in seas and rivers and
lakes. He wrote: “No processes are to be
employed that are not natural to the
globe, no action to be admitted except
those of which we know the principle.”
Hutton’s reasoning was carried forward
by William Smith—"Strata” Smith as he
was called—who assigned relative ages
to rocks according to their fossil con-
tents, and who argued for an orderly,
noncatastrophic  deposition of strata
over a long period of time—much longer
than 6,000 years.

But the climate of opinion was still
catastrophist. In 1797, just 26 years
after Esper’s discovery, John Frere, a
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gentleman of Suffolk, sent to the Secre-
tary of the Society of Antiquaries of
London some hand-axes and other im-
plements of flint found at Hoxne, near
Diss. In his accompanying letter he
wrote: “If [these] weapons of war, fab-
ricated and used by a people who had
not the use of metals . . . are not particu-
larly objects of curiosity in themselves,
they must, I think, be considered in that
light from the situation in which they
are found, [which] may tempt us to refer
them to a very remote period indeed,;
even beyond that of the present world.”

They were indeed to be referred “to a
very remote period”: modern archaeolo-
gists would place them in the Lower
Paleolithic of perhaps half a million
years ago. But at the time no one took
Frere’s speculations seriously.

William Buckland, Reader in Geology
at Oxford and later Dean of West-
minster, perhaps typified catastrophist
thinking. In 1823 he published his great

© 1959 SCIENTIFIC AMERICAN, INC
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floor of the 600-foot long Brixham Cave (right) had once been at
A, but when excavated in 1858 the stalagmite at B was the cave
floor. In the six feet of cave earth (C) were remains similar to
those found in Kent’s Cavern. Level D is gravel bed. Both the
caves measure more than 20 feet from roof to gravel-bed bottom.

book Reliquiae Diluvianae, or Observa-
tions on the Organic Remains contained
in Caves, Fissures and Diluvial Gravel,
and on Other Geological Phenomena at-
testing the Action of an Universal Del-
uge. Buckland himself had found evi-
dence of the antiquity of man, but he
refused to believe it. He had excavated
Goat’s Hole Cave near Paviland in South
Wales and amid Upper Paleolithic im-
plements had found the skeleton of a
young man. (He believed it to be that
of a young woman, and it is still referred
to as the Red Lady of Paviland.) But he
insisted that the skeleton was “clearly
not coeval with the antediluvian bones
of the extinct species” of animals. He
made similar discoveries in the caves of
the Mendip Hills of southwestern Eng-
land but again refused to believe they
were antediluvian. He argued instead
that the caves had “been used either as
a place of sepulture in early times or
resorted to for refuge by the wretches
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that perished in it, when the country was
suffering under one of our numerous
military operations. . . . The state of the
bones affords indication of very high an-
tiquity but there is no reason for not
considering them post-Diluvian.”
When a Roman Catholic priest, Fa-
ther MacEnery, discovered some flint
implements at Kent’s Cavern near Tor-
quay in Devon, he wrote of them to
Buckland. Buckland reacted characteris-
tically. The flints had been found amid
the stratified remains of rhinoceros and
other animals under the unbroken, sta-
lagmite-sealed floor of the cave. Buck-
land avoided the implications of this
sealed evidence and offered another in-
genious and tortured explanation that
preserved catastrophist doctrine. He told
MacEnery that ancient Britons must
have camped in the cave; they had
probably scooped out ovens in the sta-
lagmite and in that way-the flint imple-
ments had got below. Thus, according
to Buckland, the association of the flints
with the skeletal remains of extinct ani-
mals was only apparent. It was all very
reasonable, except that, as MacEnery
noted, there were no such ovens in the

cave. But Buckland was insistent, and
out of deference to his views MacEnery
did not publish his evidence.

At about this time, however, the Na-
tional Museum in Copenhagen had been
opened to the public with its antiquities
arranged in three ages: Stone, Bronze
and Iron. This classification was the work
of Christian Jurgenson Thomsen, direc-
tor of the Museum, and he set forth its
underlying idea in a treatise that served
as a guidebook to the display. His three-
age system has been described very
properly as “the cornerstone of modern
archaeology”; it helped to secure recog-
nition for the view that the human
species had come through a long pre-
history. (The word “prehistory” did not
appear in print until 1851, when Daniel
Wilson used it in The Archaeology and
Prehistoric Annals of Scotland.)

T he 1830’s were eventful for the

- emerging new science of archaeolo-
gy. In 1833 Sir Charles Lyell published
his Principles of Geology, a powerful
contribution to the cause of the fluvial-
ists, as the supporters of Hutton and
Smith were called. This book was in its
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SKULL OF NEANDERTHAL WOMAN was found in Forbes Quarry at Gibraltar in 1848.
First believed to be a new species, Neanderthal was later seen to be a human variant. Missing
portions of skull are outlined in this drawing from Hugo Obermaier’s Fossil Man in Spain.
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way as important as Darwin’s Origin of
Species. Lyell took the many fragmen-
tary observations and insights of the flu-
vialists and organized them into a co-
herent system. He stated the principle
of uniformitarianism: the central geo-
logical idea that strata could only be
interpreted correctly by assuming that
the agencies that formed them had oper-
ated at a uniform rate and in a uniform
way, just as they work in the present.
Lyell’s great book was a staggering blow
to catastrophist geology. But though the
discoveries of Esper and Frere were thus
rationalized, and the work of Hutton and
Smith endorsed, this was not yet suf-
ficient to swing general opinion be-
hind belief in the true antiquity of man.
More evidence was needed to shatter
the old view and establish the new one;
it soon came from Devon and northern
France.

Boucher de Perthes was a customs of-
ficial at Abbeville in the north of France.
He had become interested in archaeolo-
gy when he encountered neolithic arti-
facts and bones—“Celtic” remains as they
were called—brought up by the dredg-
ing of the Somme Canal. His interest
grew as more remains of “diluvial” man
and animals were found in the quarries
of nearby Manchecourt and Moulin-
Quignon. By 1838, some five or six years
after Lyell’s Principles had appeared, de
Perthes set forth his views in a five-
volume work entitled De la création:
essai sur l'origine et la progression des
étres. At about the same time he was
exhibiting haches diluviennes, roughly
chipped hand-axes, before the Société
Imperiale d’Emulation de la Somme in
Abbeville and at the Institut de Paris.

He was received with the same cold-

| ness suffered by his fellows in England,

and like them he was regarded as a
crank. “At the very mention of the words
‘axe’ and ‘diluvium,” ” he once remarked,
“I observe a smile on the face of those
to whom I speak. It is the workmen who
help me, not the geologists.” But de
Perthes worked on and accumulated
more evidence. The association he ob-
served of human artifacts and extinct
animals in the Somme gravels was com-
pelling and no longer to be explained
by the diluvial theory. In 1847 he pub-
lished the first part of a three-volume
work entitled Antiquités celtiques et
antédiluviennes. The very title of the
work indicates the effect his researches
had on his thinking: the haches diluvi-
ennes were now haches antédiluviennes.

In England, meanwhile, the new ar-
chaeology had found other champions.
William Pengelly, a schoolmaster, re-
worked MacEnery’s cavern in Kent and,



viewing the evidence there in terms of
Lyell’s uniformitarianism, saw it as
proof of man’s antiquity. But he realized
that objections could be raised because
the cavern had been disturbed by other
workers. He found an entirely new site
in an undisturbed cave across the bay in
Devon above Brixham Harbour—Wind-
mill Hill Cave. To supervise his excava-
tions here he enlisted a committee of
distinguished geologists in London. Pen-
gelly, carrying out the actual digging,
worked from July, 1858, to the next sum-
mer. It was a successful year. On the
floor of the cave “lay a sheet of stalag-
mite from three to eight inches thick
having within it and on it relics of lion,
hyena, bear, mammoth, rhinoceros and
reindeer”” Below the floor Pengelly
found flint tools.

’I‘he Brixham discoveries were com-

pelling. Sir Charles Lyell said of
them: “The facts recently brought to
light during the systematic investigation
of the Brixham Cave must, I think, have
prepared you to admit that scepticism
in regard to the cave evidence in favour
of the antiquity of man had previously
been pushed to an extreme.”

The revolution was nearing a crisis:
within the immediately foreseeable fu-
ture man’s history was to reach back
beyond Archbishop Ussher’s 6,000
years. The catastrophist theory was once
and for all to be discarded and with it
the Biblical notion that the world and
man represented unalterable acts of spe-
cial creation.

In 1858, while Pengelly was digging
in the Brixham cave, the Scottish geolo-
gist Hugh Falconer visited Boucher de
Perthes at Abbeville. De Perthes’ evi-
dence of man’s antiquity immediately
convinced Falconer. When he returned
to London, he persuaded the geologist
Joseph Prestwich and the antiquary John
Evans to go and see the finds of Abbe-
ville for themselves. As Evans was leav-
ing for France, he wrote of the widely
separated events that were revising
men’s beliefs: “Think of their finding
flint axes and arrowheads at Abbeville in
conjunction with the bones of elephants
and rhinoceroses 40 feet below the sur-
face in a bed of drift. In this bone cave
in Devon now being excavated . . . they
say they have found flint arrowheads
among the bones and the same is re-
ported of a cave in Sicily. I can hardly
believe it. It will make my ancient Brit-
ons quite modern if man is carried back
in England to the days when elephants,
rhinoceroses, hippopotomuses and tigers
were also inhabitants of the country.”

Evans then records what happened
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Advancement of Science, with Prince

when they got to France. De Perthes |
showed them his collection of flint axes
and implements “found among the beds
of gravel, . ..the remains of a race of
men who existed at the time when the
deluge or whatever was the origin of
these gravel beds took place. One of the
most remarkable features of the case is
that nearly all . . . of the animals whose
bones are found in the same beds as the
axes are extinct. There is the mammoth,
the rhinoceros, the urus, . .. etc.” Then
they arrive at the actual gravel pits:
“Sure enough, the edge of an axe was
visible in an entirely undisturbed bed of
gravel and eleven feet from the surface.
We had a photographer with us to take
a view of it so as to corroborate our testi-
mony.”

The evidence at Abbeville convinced
Evans and Prestwich as it had con-
vinced Falconer, and this, with Pen-
gelly’s work at Windmill Hill Cave,
brought the whole matter to a head.
When they got back to London, Prest-
wich read a paper to the Royal Society
in which he said: “It was not until I had
myself witnessed the conditions under
which these flint implements had been
found at Brixham that I became fully
impressed with the validity of the doubts
thrown upon the previously prevailing
opinions with respect to such remains in
caves.” That famous meeting of the Roy-
al Society was on May 26, 1859, and of
it John Evans wrote: “There were a good
many geological nobs there: Sir Charles
Lyell, Murchison, Huxley, Morris, Dr.
Perry, Faraday, Wheatstone, Babbage,
etc. ... Our assertions as to the finding
of the weapons seemed to be believed.”

A week later Evans read a paper on
the same subject to the Society of An-
tiquaries of London. In his account of
this meeting he remarked: “I think I was
generally believed in.”

In August Sir Charles Lyell himself
went to see the evidence of the Abbeville
pits. He too was convinced, and a month
later, in his presidential address to Sec-
tion C of the British Association for the

Albert presiding, he said: “I am fully
prepared to corroborate the conclusions
recently laid before the Royal Society
by Mr. Prestwich.” The battle was over;
the great antiquity of man was an estab-
lished fact. Victorian thought had to ad-

just itself not only to organic evolution
but also to the antiquity of man; 4004
B.C. was forgotten.

lt is perhaps strange that Charles Dar-
XL win himself was not at first impressed
by the findings of de Perthes. Later in
life he confessed: “I am ashamed to

© 1959 SCIENTIFIC AMERICAN, INC

EXECUTIVES...
“site-see”
INDUSTRIAL COLORADO

o
__w_ —

@® Discover how your company can profit
positively in Colorado.

@® Learn why Colorado has become ‘‘the
State that more than meets your site
requirements.

@ Examine the documented facts on Colo-
rado’s great wealth of Manpower, Ma-
terials, Markets.

@ See why Pleasant Living, a product of
Colorado’s magic climate, is such a
valuable bonus to industry.

This revised-to-the-minute booklet portfolio,

“Industrial Colorado,’” presents an informa-

tive, concise analysis of the opportunities

awaiting new and expanding industry in

Colorado.

WRITE FOR YOUR COPY TODAY!

CorLorAaDO

DEPARTMENT OF DEVELOPMENT
60 STATE CAPITOL BLDG., DENVER 2, COLO.
Your inquiry will be held in strictest confidence.

For the answer to this, and

an interesting article on
Relays, write to Sam Kass,
component specialist,
careof...

n  It's free, of course!

S Adhveber

"ELECTRONICS

60 HERRICKS ROAD, MINEOLA, L. 1., N. Y.
PIONEER 6-6820. TWX G-CY-NY-580U




Preserve
your coples

of

SCIENTIFIC
AMERICAN

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

( Both styles bound in dark green li-
brary fabric and stamped in gold leaf.

FILE (shown at right):

Holds 12 issues. Single copies easily
accessible. Price: $2.35 (U.S.A. only).

BINDER (shown at left):

Holds 6 issues. Copies open flat.
Price: $2.50 (U.S.A. only).

Residents of New York City
please add 3% sales tax

Address your order, enclosing
check or money order, to:

T
= Department F (File) or A (Binder) |
| SCIENTIFIC AMERICAN :
| 415 Madison Avenue |
: New York 17, N. Y. =
h e e -

think that I concluded the whole was |
rubbish. Yet [de Perthes] has done for
man something like what Agassiz did for
glaciers.” Perhaps Darwin held back be-
cause he did not want to involve his
theory of evolution, at least at the out-
set, in anything so controversial as the
ancestry of man. In the first edition of
the Origin of Species he refused to dis-
cuss the relationship of evolution to man,
and made only one cryptic statement on
the general thesis of his book: “Light
will be thrown on the origin of man and
his history.” In later editions this sen-
tence was modified to: “Much light will
be thrown....”

But Darwin threw no light, not at any
rate until 1871, when he published his
views on the relation between man and
general evolutionary theory in his De-
scent of Man. But this was eight years
after T. H. Huxley’s Evidence as to Man’s
Place in Nature had been published, and
a dozen years after the climactic events
of 1859. Thus whatever contribution
Darwin made to the discovery of the
antiquity of man, it was indirect and un-
witting. It consisted entirely in the new
way of thinking that he exemplified:
uniformitarianism and evolution. The
doctrine of evolution had man evolving

| from a prehuman ancestor; obviously

there must somewhere be evidence of his
passage from savagery through barbar-
ism to civilization. The roughly chipped
tools from Devon and the Somme now
were more than credible, they were es-
sential. People now had to accept the
discoveries of de Perthes and Pengelly,
where only a generation or two before,
when the immutability of the species
and catastrophist diluvialism were the
domirant ideas, such discoveries had
been scorned or ignored. Thus though
Darwinism did not create prehistoric
archaeology, it did give a great impetus
to its acceptance and study; it helped
set the stage for the acceptance of the
idea of man’s antiquity.

But even after the idea seemed well
established, many students of the mid-
century discoveries had misgivings
about them. There was one particularly
troublesome point: Men had left their
axes but no trace of their physical selves,
no bones. “Find us human remains in
the diluvium,” some of de Perthes” coun-
trymen said to him, “and we will be-
lieve you.” For de Perthes it was a sad
challenge; this was 1863 and he was an
old man of 75. Unable to dig for him-
self, he offered a 200-franc reward to
the first quarryman to find human re-
mains. With four months’ wages as the
prize, the quarrymen could not leave it

to honest luck. Soon after the offer was
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The first new edition of THE MERCK
INDEX in seven years is now on press.
Published on a nonprofit basis to serve
the professions, it is completely up-
dated, increased in size, and expanded
by 2,300 new chemical monographs.
New cross-indexing quickly leads you to
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SPECIAL KIND
OF MEN

IN A SPECIAL KIND OF WORK

To help meet the urgent and continuing problems of national
security, RCA has created an Advanced Military Systems Depart-
ment at Princeton, New Jersey. There, in an atmosphere of complete
intellectual freedom, men of a very special kind are engaged in the
analysis and study of our national defenses—present and future—
and how they can be made most effective to meet any future
enemy capability.

THE MEN—The men who form the technical staff are a group of
mature scientists and engineers. They are accustomed to responsible
positions in industrial research, advanced development, or systems
planning. Most of them have an extensive background in the broad
fields of electronics, vehicle dynamics (space, marine or terrestrial),
physics (astro, nuclear, or plasma), or operations research (military
science). All are temperamentally suited for performing highly sophis-
ticated, comprehensive analysis and planning. They are men who
enjoy seeing the fruits of their work create afar-reaching effect on the
defenses of the country.

THE WORK—Studies by this group are of the broadest scope and
cover such diverse areas as physical and engineering sciences,
military science, economics and geophysics. Accordingly, each
member of the technical staff operates either independently or as a
consultant in interdisciplinary groups. He is generally free to select
his own area of work, but results must have a direct application to
problems of national defense.

As a staff member, he is provided with every opportunity, facility
and detail of environment to use creative and analytical skills to
maximum advantage and at the highest level. He has no respon-
sibility for administrative details. He can call in any specialists he
may need. He has full access to all available information—military,
academic and industrial. Furthermore, specialized research projects
and laboratory work can be carried out at his request by other
departments of RCA.

THE LOCATION—Princeton offers unique civic, cultural and
educational advantages. The RCA Advanced Military Systems
Department itself occupies a new, air-conditioned building on the
quiet, spacious grounds of RCA’s David Sarnoff Research Center.
Working in individual, well-furnished offices, staff members find
their associates and surroundings highly conducive to creative
activity, and the community ideal for gracious living in a univer-
sity atmosphere.

INQUIRIES ARE INVITED—If you are interested in learning
more about this far-reaching program and the unusual opportunities
it offers to qualified men, write:
Dr. N. I. Korman, Director,
Advanced Military Systems, Dept. AM-3K,
RADIO CORPORATION OF AMERICA,
Princeton, New .Jersey.

RADIO CORPORATION
of AMERICA
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made, they “found” human remains;
first a human tooth; five days later a
human jaw.

Boucher de Perthes was vindicated,
and his French colleagues were at last
satisfied. But the drama had not played
out. Some British archaeologists had
long suspected that de Perthes’ gravel
pits were being salted, and they proved
that the jaw and several hand-axes had
been inserted into the gravel faces by
some of his workmen. It was a cruel
blow.

Fortunately the case did not hang by
so meager a thread. There was genuine
skeletal evidence of man’s antiquity.
Two years before the 1859 pronounce-
ments about the antiquity of man, the
long bones and skullcap of a manlike
being had been discovered in a lime-
stone cave in the ravine of Neanderthal
near the Rhenish city of Diisseldorf.
Hermann Schaaffhausen, who first de-
scribed these remains, noted the large
size, low forehead and enormous brow-
ridges of the skullcap. He believed that
the Neanderthal skeleton belonged to “a
barbarous and savage race,” and he re-
garded it “as the most ancient memorial
of the early inhabitants of Europe.”

er here was still more evidence. A fe-
- male cranium had been found nine
years before that, in 1848, during blast-
ing operations in the Forbes Quarry at
Gibraltar. The significance of the relic
was not realized at the time, but at this
juncture, in 1859, George Busk read a
paper on it before a meeting of the
British Association. The ebullient Fal-
coner, who had persuaded Evans and
Prestwich to visit de Perthes six years
before, again apprehended the impor-
tance of a crucial find. He perceived
that here was a new species of man; he
proposed to name it Homo calpicus,
after Calpe, the ancient name for Gibral-
tar. He wrote his suggestion to Busk,
referring somewhat redundantly to his
“Grand, Priscan, Pithecoid, Agrioblema-
tous, Platycnemic, wild Homo calpicus
of Gibraltar.” It was only later realized
that this “grand, primitive, manlike,
wild-eyed, flat-headed, wild Calpic man
of Gibraltar” was not one of a new spe-
cies but a member of that curious human
variant, Neanderthal man.

And so by 1859 all the evidence for
proper recognition of the antiquity of
man was available: artifacts from the
Somme and south Devon and fossils
from Neanderthal and Gibraltar. The
century since then has been given to
building on that premise, to filling in its
outlines with new evidence of man’s
physical and cultural evolution.
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environment. Space engineering programs
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SPACECRAFT U. S. A.

Look for these spacecraft in the banner headlines of tomorrow . . . look for
them in the history books of the future. All these fantastic craft will affect the
shape of things to come in the dawning space era.

And Westinghouse will be a part of every flight. With a universe of research,
development, and production facilities, Westinghouse contributes to every
space mission. Sixty-one major manufacturing plants, 112,000 employees with
10,904 graduate engineers and scientists among them — this is the reality of
Westinghouse today. Here is complete capability — in all these areas:

Airborne and spaceborne equipment: alloys e avionic components ¢ com-
munications equipment e electricity generation, distribution, controls e fire
control systems ® heaters e homing, propulsion, reconnaissance systems
e space guidance and control systems

Base installation equipment: air conditioning ® communication systems *
data reduction equipment e drive systems for missile erectors and shelters,
for radar antennas e elevators e lighting systems and components ¢ gui-
dance, control and tracking systems e handling, checkout and launch equip-
ment ¢ power supply generation, distribution and control systems

Shock proof equipment: components, subsystems and systems for soft or
hardened missile bases

R & D equipment: wind tunnel compressors and drive equipment e power and
control for high temperature test systems e rotating equipment test stands
* shock test equipment.
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Westinghouse Electric Corporation, 3 Gateway Center, Box 868, Pittsburgh 30, Pennsylvania,

Free full-color reprint of this spacecraft panorama will be sent to you upon request.
Oversized (30” x 20”) full color reprints without advertising copy available for $1.00 each.
These quality reproductions are printed on heavy stock, are suitable for framing. Send all
requests for reprints to: Remsen Advertising Agency, Inc., 155 Whitney Ave., New Haven 9, Ct.

@ Copyright 1959 by the Westinghouse Electric Corporation.
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e il - 1. two-man deep space ship 2. Thor-Hustler booster vehicle 3. radar reflector
Sy g . satellite 4. The X-15 — first piloted space-airplane 8. Scout satellite launcher
' 7 P j_. - S Vega satellite- and spaceprobe launcher 7. Dyna-Soar glide bomber
o ~“ I""we. ®. Pioneer I moon probe ®. reconnaissance satellite 10. Nova space ship boos-

— ' ter 11. Pioneer 1V moon probe %2. Discoverer second stage 13. Centaur sec-
ond and third stage %4. Saturn booster configuration with Titan second stage
18. Venus probe with solar batteries mounted on paddles 18. 100-foot foil sat-
ellite for global communications 7. Mercury capsule for manned satellite.
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: PeaeR T AS WELL AS WORK

-
Home shouldn’t be simply a place to eat and sleep. It is Connecticut . .. the trees ablaze with color, the sparkling
the wellspring of your relaxing hours and the backdrop days and cool nights... the nostalgic fragrance of burning

for your children’s growth. Connecticut is a region rich leaves. Yes, it is a good place to live... particularly if you
in cultural and historical heritage...and abundant with have invested your talents in a
recreational facilities. Picture a New England fall in

CAREER POSITION WITH
MISSILES & SPACE SYSTEMS

United Aircraft Corporation’s Newest Division

Positions offering unprecedented advancement opportunities in the field
of Weapons Systems are open for qualified engineers and scientists with
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® MATHEMATICS © WEAPONS RESEARCH e RECONNAISSANCE SYSTEMS
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©® INTELLIGENCE SYSTEMS
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Please reply to Mr. Jobn North

Engineering Department

MISSILES & SPACE SYSTEMS A Division of UNITED AIRCRAFT CORPORATION
433 Main Street, East Hartford, Connecticut
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MATHEMATICAL GAMES

How three modern mathematicians disproved

a celebrated conjecture of Leonhard Euler

by Martin Cardner

he history of mathematics is filled
with shrewd conjectures—intui-

tive guesses by men of great
mathematical insight—that often wait for
centuries before they are proved or dis-
proved. When this finally happens it is
a mathematical event of first magnitude.
Not one but two such events were an-
nounced in April at the annual meeting
of the American Mathematical Society.
We need not be concerned with one of
them (a proof of a conjecture in ad-
vanced group-theory), but the other, a
disproof of a famous guess by the great
Swiss mathematician Leonhard Euler,
is related to many classical problems in
recreational mathematics. Euler had ex-
pressed his conviction that Graeco-Latin
squares of certain orders (to be ex-
plained below) could not exist. Three
mathematicians—E. T. Parker of Rem-
ington Rand Univac, a division of the
Sperry Rand Corporation, and R. C.
Bose and S. S. Shrikhande of the Uni-
versity of North Carolina—completely
demolished Euler’s conjecture. They
have found methods for constructing an
infinite number of squares of the type
that experts, following Euler, for 177
years had believed to be impossible.
The three mathematicians, dubbed
“Euler’s spoilers” by their colleagues,

have written a brief account of their
discovery. The following quotations
from this account are interspersed with
comments of my own to clarify some of
the concepts in it or to summarize its
more technical passages.

“In the last years of his life Leonhard
Euler (1707-1783) wrote a lengthy
memoir on a new species of magic
square: Recherches sur une nouvelle
espéce de quarres magiques. Today
these constructions are called Latin
squares after Euler’s practice of label-
ing their cells with ordinary Latin let-
ters (as distinct from Greek letters).

“Consider, for example, the square at
the left in the accompanying illustration
[below]. The four Latin letters a, b, ¢
and d occupy the 16 cells of the square
in such a way that each letter occurs
once in every row and once in every
column. A different Latin square, its
cells labeled with the four correspond-
ing Greek letters, is shown in the middle
of the illustration. If we superpose these
two squares, as shown at the right, we
find that each Latin letter combines once
and only once with each Greek letter.
When two or more Latin squares can be
combined in this way, they are said to
be orthogonal squares. The combined
square is known as a Graeco-Latin
square.”

The square at the right provides one
solution to a popular card puzzle of the
18th century: Take all the aces, kings,
queens and jacks from a deck and ar-

range them in a square so that every
row and column will contain all four
values and all four suits. Readers may
enjoy searching for another solution in
which the two main diagonals also show
one of each suit and one of each value.
Even with this added feature there are
72 different solutions, not counting ro-
tations and reflections. One solution will
be given in this department next month.

“In general a Latin square of order n
is defined as an n-by-n square, the n?
cells of which are occupied by n distinct
symbols, such that each symbol occurs
exactly once in each row and once in
each column. There may exist a set of
two or more Latin squares such that
any pair of them is orthogonal. In the
second illustration [next page] are
shown four mutually orthogonal Latin
squares of order 5, which use digits for
their symbols.”

In Euler’s day it was easy to prove
that no Graeco-Latin square of order 2
is possible. Squares of orders 3, 4 and 5
were known, but what about order 6?
Euler put it this way: Each of six dif-
ferent regiments has six officers, one be-
longing to each of six different ranks.
Can these 36 officers be arranged in a
square formation so that each row and
file contains one officer of each rank
and one of each regiment?

“Euler showed that the problem of n?
officers, which is the same as the prob-
lem of constructing a Graeco-Latin
square of order n, can always be solved
if nis odd, or if n is an ‘evenly even’
number (that is, a number divisible by
4). On the basis of extensive trials he
stated: ‘I do not hesitate to conclude
that it is impossible to produce any com-
plete square of 36 cells, and the same
possibility extends to the cases of n=10,
n=14 and in general to all unevenly
even numbers’ (even numbers not di-
visible by 4). This became famous as
Euler’s conjecture. It may be stated
more formally as follows: There does not

aa  bB cy dd
by a8 da cgB
cd dy aB ba
dB8 ca b ay

The Graeco-Latin square (right) is formed by superposing two Latin squares (left and center)
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It’s rumored that Rodin’s masterpicce went
off his pedestal when he saw these literate
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I 2 3 4 0

Four mutually orthogonal Latin squares of order 5

exist a pair of orthogonal Latin squares
of order n=4k+2 for any positive in-
teger k.

“In 1901 the French mathematician
G. Tarry proved by exhaustive enumera-
tion that Euler’s conjecture is indeed
true for a square of order 6. The labor
involved in this type of proof goes up
rapidly as n increases. Even the next
case, n=10, is beyond the range of
paper-and-pencil trial, and almost be-
yond the range of modern digital com-
puters. Marshall Hall reported in Vol.
IV of Surveys in Applied Mathematics:
‘Extensive searches on SWAC, the com-
puter at the University of California at
Los Angeles, have failed to produce an
orthogonal 10-by-10 pair. But even with
more than 100 hours of high-speed
search, the part of the possible cases
tried is so microscopic that no conclu-
sion may be drawn.” Had Euler’s con-
jecture been true for the 10-by-10
square, it would have taken the fastest
modern computer at least a century to
prove this by running through all possi-
ble arrangements of the symbols.

“The last sentence of Euler’s memoir
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reads: ‘At this point I close my investi-
gations on a question, which though of
little use in itself, led us to rather im-
portant observations for the doctrine of
combinations, as well as for the general
theory of magic squares.” It is a striking
example of the unity of science that the
initial impulse which led to a solution of
Euler’s conjecture came from the prac-
tical needs of agricultural experimenta-
tion, and that the investigations which
Euler thought useless have proved to
have enormous value in the design of
controlled experiments.”

Sir Ronald Fisher, now professor of
genetics at the University of Cambridge
and one of the world’s leading statisti-
cians, was the first to show (in the early
1920’s) how Latin squares could be
used in agricultural research. Suppose,
for example, one wishes to test with a
minimum waste of time and money the
effects of seven different agricultural
chemicals on the growth of wheat. One
difficulty encountered in such a test is
that the fertility of different patches of
soil usually varies in an irregular way.
How can we design an experiment that



Report from IBM ‘ Yorktown Research Center, New York

OPTIMUM CONTROL OF DYNAMIC SYSTEMS

A dynamic system is one whose present output depends not
only on the present value of the input but also on its past
history. To maintain the output as close as possible to a set of
desired values, the input is generated from a knowledge of
this historvas expressed by the state of the system, which must
be constantly monitored, and the input-output relationships.

Since the contribution of random disturbances and the
effect of the monitoring process itself cannot be preciselv
determined, statistical procedures must often be relied upon.
The difficulties owing simply to the large number of inter-
relationships involved are magnified in practical cases by the
need to perform calculations in real time and to take into
account the cost of the control effort. A group of scientists and
engineers at the IBM Yorktown Research Center are trying
to make this problem manageable through work in stability
theorv and the development of analvtical techniques that
take full advantage of the capabilities of digital computers.

The group has employed the Second Method of Lyapunov
(a 19th Century Russian mathematician) to distill the neces-
sary and sufficient conditions for the control of certain classes
of nonlinear systems. The virtue of this method is that it
allows properties of a solution to be studied from the struc-
ture of the differential equation, independent of particular
solutions. The aim is to set up a scalar function over the state
space so that the energy along each solution decreases. This
assures that the svstem—linear or nonlinear—is globally stable.

Members of the group have demonstrated the unifying
effect of working directly in the time domain. They have
also attempted to simplify the computation through dvnamic
programming —a technique for solving multistage problems
one stage at a time, successively embedding each solution
into the next more general solution. The next step is to bring
together the various results in a theory of self-optimizing
control systems.

IBM.

Investigate the many career opportunities available in exciting new fields at I1BM.
International Business Machines Corporation, Dept 659K,590 Madison Avenue, New York 22, New York
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FISSION PRODUCTS
NOW AVAILABLE

For the first time, kilocurie quantities of
long-lived radioactive fission products
are available for your development
work. The new Fission Products Pilot
Plant at Oak Ridge National Labora-
tory makes it possible to distribute
theseisotopes at greatly-reduced prices:

® Cerium-144

® Cesium-137

® Promethium-147
® Strontium-90

® Technetium-99

As the nation’s principal supplier of
isotopes, the Laboratory offers more
than 300 radioactive and stable isotope
products. Requests are invited for in-
formation concerning compounds for
source fabrication. Oxides, fluorides,
chlorides, and plate sources are avail-
able.. Whatever your needs, we are
ready to help you. Write to: Isotopes
Division, Oak Ridge National Labora-
tory, P.O.Box X, Oak Ridge, Tennessee.
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OAK RIDGE
NATIONAL LABORATORY

Operated by
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will simultaneously test all seven chemi-
cals and at the same time eliminate any
“bias” due to these fertility variations?
The answer: Divide the wheat field into
“plots” that are the cells of a 7-by-7
square, then apply the seven “treat-
ments” in the pattern of a randomly
chosen Latin square. Because of the pat-
tern a simple statistical analysis of the
results will eliminate any bias due to
variations in soil fertility.

Suppose that instead of one variety
of wheat for this test we have seven. Can
we design an experiment that will take
this fourth variable into account? (The
other three variables are row fertility,
column fertility and type of treatment.)
The answer is now a Graeco-Latin
square. The Greek letters show where
to plant the seven varieties of wheat
and the Latin letters where to apply
the seven different chemicals. Again the
statistical analysis of results is simple.

Graeco-Latin squares are now widely
used for designing experiments in biolo-
gy, medicine, sociology and even mar-
keting. The “plot” need not, of course,
be a piece of land. It may be a cow, a
patient, a leaf, a cage of animals, the
spot where an injection is made, a pe-
riod of time or even an observer or group
of observers. The Graeco-Latin square is

00 | 47 18 76 29
86 1 57 28 70
Q5 80 22 67 38
59 | 96 = 81 33 07

73 0 69 90 82 44
68 74 09 91 83
37 1 08 | 75 | 19 | 92

14 25 36 40 51

21 32 43 54 | 65

42 53 64 | 05 @ 16

simply the chart of the experiment. Its
rows take care of one variable, columns
take care of another, the Latin symbols
a third and the Greek symbols a fourth.
For example, a medical investigator may
wish to test the effects of five different
types of pill (one a placebo) on persons
in five different age brackets, five differ-
ent weight groups and five different
stages of the same disease. A Graeco-
Latin square of order 5, selected ran-
domly from all possible squares of that
order, is the most efficient design the in-
vestigator can use. More variables can
be accommodated by superposing addi-
tional Latin squares, though for any or-
der n there are never more than n—1
squares that are mutually orthogonal.
The story of how Parker, Bose and
Shrikhande managed to find Graeco-
Latin squares of orders 10, 14, 18, 22
(and so on) begins in 1958, when
Parker made a discovery that cast grave
doubt on the correctness of Euler’s con-
jecture. Following Parker’s lead, Bose
developed some strong general rules for
the construction of large-order Graeco-
Latin squares. Then Bose and Shrik-
hande, applying these rules, were able
to construct a Graeco-Latin square of
order 22. Since 22 is an even number
not divisible by 4, Euler’s conjecture

93 85 34 6l 52
39 94 45 02 @ 63
71 49 56 13 04
48 72 60 @ 24 15

17 58 | 01 35 26
55 27 12 46 30
84 66| 23 50 4
62 03 77 88 99
06 10 | 82 | 97 78

20 31 ?8 79 87

E. T. Parker’s Graeco-Latin square of order 10, a counter-example to Euler’s conjecture
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MIXED TRICKS

... for strategic penetration

Like the Oriental juggler, strategic weapons systems need
a mixed bag of tricks to be successful. Modern legerdemain
for effective penetration may include camouflage, tactics,
radar and infrared decoys, radar-busting missiles, bomber
defense missiles, and radar jammers. The problem is to
select and design the optimum combination of these possi-
bilities for a particular weapon system.

The Bendix Systems Division is working on penetra-
tion aids for advanced manned weapons systems. It has
also worked on deceptive and jamming countermeasures
for unmanned weapons, and has investigated effectiveness

Bendix Systems Division -S89

ANN ARBOR, MICHIGAN

of these techniques against defensive systems. Through
analysis, simulation, and field experimentation, Bendix
has established a broad experience in the capabilities and
interactions of weapons systems of the future.

Bendix experience in penetration aids, countermeasures
and counter-countermeasures is being applied to strategic
manned and unmanned weapons systems, to air defense
systems, and to the EAGLE Missile System.

Opportunities are available to better engineers and
scientists who would like to participate in these and other
systems programs of the highest technical integrity.

AVIATION CORPORATION
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Interested in Systems Engineering?

...and systems

...and TOTAL systems
in which the big bird and support

equipment may rank only
as a component.

This difference between systems can make
a big difference in your career

IF YOU ARE QUALIFIED and interested in contributing to programs of
“total” scope, it will be of value to you to investigate current oppor-
tunities with General Electric’s DEFENSE SYSTEMS DEPT., whose
work lies primarily in providing total solutions to large scale defense
problems of the next 5, 10 and 20 years.

The work here lies almost entirely in the areas of systems engi-
neering and systems management.

Inquire about these positions:

Guidance Equation Engineers Systems Test Evaluation Engineers

Systems Logistics Engineers Engineering Psychologists

Electronic Systems Radar Equipment Engineers
Management Engineers Weapons Analysis Engineers

Operations Analysis Engineers Weapons Systems Integration

Systems Program Engineers Engineers

Data Processing Engineers Engineering Writers

Forward your confidential resume at an early date.
Whereas the growth potential is evident — both for DSD and the
engineers who join us — the positions we fill during these early
months will carry significant “ground-floor” benefits.

Write fully to Mr. E. A. Smith, Room 11-SA

@ DEFENSE SYSTEMS DEPARTMENT

A Department of the Defense Electronics Division

GENERAL @B ELECTRIC

300 South Geddes Street, Syracuse, N. Y.
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| was contradicted. It is interesting to note

that the method of constructing this
square was based on the solution of a
famous problem in recreational mathe-
matics called Kirkman’s schoolgirl prob-
lem, proposed by T. P. Kirkman in 1850.
A schoolteacher is in the habit of taking
her 15 girls for a daily walk, always ar-
ranging them three abreast in five rows.
The problem is to arrange them so that
for seven consecutive days no girl will
walk more than once in the same row
with any other girl. The solution to this
problem is an example of an important
type of experimental design known as
“balanced incomplete blocks.”

When Parker saw the results obtained
by Bose and Shrikhande, he was able to
develop a new method that led to his
construction of an order-10 Graeco-
Latin square. It is shown in the illustia-
tion on page 184. The symbols of one
Latin square are the digits 0 to 9 on the
left side of each cell. The digits on
the right side of each cell belong to the
second Latin square. It is this square,
given a quarter-turn clockwise, that is
shown on the cover of this issue of Sci-
ENTIFIC AMERICAN; the 10 colors in the
cover painting correspond to the 10
digits. You will note that each cell con-
tains a uniquely ordered pair of colors.
The outside colors of each cell form one
Latin square; the inside colors form the
other. In every row and column each
color appears only once as an outside
color and only once as an inside color.
With the aid of this square, the very ex-
istence of which is denied in many cur-
rent college textbooks on experimental
methods, statisticians can now design
for the first time experiments in which
four sets of variables, each with 10 dif-
ferent values, can be kept easily and
efficiently under control.

(Note that the gray-black-white 3-
by-3 square at the lower left corner of
the cover painting is an order-3 Graeco-
Latin square. Bose, Shrikhande and
Parker have constructed many different
squares of order 10, but none that does
not contain an order-3 square. It is an
open question whether all order-10
squares possess this feature.)

“At this stage,” the three mathemati-
cians conclude their report, “there en-
sued a feverish correspondence between
Bose and Shrikhande on the one hand
and Parker on the other. Methods were
refined more and more; it was ultimately
established that Euler’s conjecture is
wrong for all values of n=4k+2, where
n is greater than 6. The suddenness with
which complete success came in a prob-
lem that had baffled mathematicians for

| almost two centuries startled the authors



Allied Research scientists, engineers

and technicians in the Geophysics Division,
are working directly on the frontier of
knowledge utilizing the latest scientific and
engineering technological advancements to

perform studies in . . . satellite meteorology . ..
radar meteorology . . . short-range weather forecasting
... cloud and fog dispersal . .. and other areas as

diverse as the weather itself.

Contributions to

this and other fields of interest are greatly
enhanced by completely equipped
laboratory, testing and production facilities.
The unusually

broad capabilities of Allied Research

have created outstanding opportunities for
those dedicated to working on

the frontier of knowledge in .. .

SOLVING THE PUZZLES OF METEOROLOGY

Aerodynamics

Applied Mechanics

Aircraft Operations
Chemistry

Electronics and Instrumentation
Geophysics

Nuclear Weapons Effects
Physics Research
Propulsion

Systems Engineering
Vibration Isolation
Weapons Systems Analysis

Our latest capabilities and facilities
brochure available on request.

Allied Research and Vertol
Aircraft Corporation, the

parent company, offer unusually
broad abilities and potentials
both in terms of experienced
personnel and physical facilities.
Why not investigate the
Vertol/Allied joint capabilities!

ALLIED RESEARCH ASSOCIATES, INC.

43 LEON STREET. BOSTON, MASSACHUSETTS + GARRISON 7-2434

A S UBSIDIARY O F VERTOL AI RCRAFT CORPORATION
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ADVAINCED
DECREES

... another plus benefit ar the Los Alamos
Scientific Laboratory.

Graduate programs for advanced degrees in
nuclear, mechanical and electrical engineering,
chemistry, physics and mathematics are
available to qualified employees of the
Laboratory at the Los Alamos Graduate Center
of the University of New Mexico. With
tuition support from the Laboratory,
employees may meet requirements for masrers’
degrees entirely in Los Alamos evening
classes, and for Ph.D. degrees with courses

at Los Alamos and a minimum of one
academic year at the University of New
Mexico campus. Frequently, research for
dissertation may be done in the Laboratory
with some of the world's finest facilities

and equipment.

College graduates in engineering and science
who want fascinating research assignments
while continuing their advanced education
may write to:

Director of
Personnel
Division 59-110

“alamos

scientific laboratory

OF THE UNIVERSITY OF CALIFORMIA
LOS ALAMOS, NEW MEXICO
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| (probability 1/6).

| as much as anyone else. What makes
this even more surprising is that the
concepts emploved were not even close
to the frontiers of deep modern mathe-
matics.”

" he answer to last month’s problem

of the three prisoners is that A’s
chances of being pardoned are 1/3, and
that B’s chances are 2/3.

Regardless of who is pardoned, the
warden can give A the name of a man,
other than A, who will die. The warden’s
statement therefore has no influence on
A’s survival chances; they continue to be
1/3. The situation is analogous to the
following card game. Two black cards
(representing death) and a red card
(the pardon) are shuffled and dealt to
three men: A, B, C (the prisoners). If a
fourth person (the warden) peeks at all
three cards, then turns over a black card
belonging to either B or C, what is the
probability that A’s card is red? There
is a temptation to suppose it is 1/2 be-
cause only two cards remain face-down,
one of which is red. But since a black
card can always be shown for B or C,
turning it over provides no information
of value in betting on the color of A’s
card. This is easy to understand if we
exaggerate the situation by letting death
be represented by the ace of spades in a
full deck. The deck is spread, and A
draws a card. His chance of avoiding
death is 51/52. Suppose now that some-
one turns face-up 50 cards that do not
include the ace of spades. Only two face-
down cards are left, one of which must
be the ace of spades, but this obviously
does not lower A’s chances to 1/2.

What about prisoner C? Since either
A or C must die, their respective proba-
bilities for survival must add up to 1.
A’s chances to live are 1/3; therefore
C’s chances must be 2/3. This can be
confirmed by considering the four pos-
sible elements in our sample space, and
their respective initial probabilities:

1. C is pardoned, warden names B
(probability 1/3).

2. B is pardoned,
(probability 1/3).

3. A is pardoned,
(probability 1/6).

4. A is pardoned,

warden names C

warden names B

warden names C

In cases 3 and 4, A lives, making his
survival chances 1/3. Only cases 1 and
3 apply when it becomes known that B
will die. The chances that it is case 1
are 1/3, or twice the chances (1/6) that
it is case 3, so C’s survival chances are
two to one, or 2/3. In the card-game
model this means that there is a proba-
bility of 2/3 that C’s card is red.



Frontiers are
extended by

the practical
visionary

Abppointments at APL offer
exceptional opportunities. For detailed information,
address your inquiry to-

Professional Staff Appointments

It is the practical visionary who has given us much of what
we enjoy today. And it will be the visionary—the man with
ability to seek concepts beyond the existing limitations of science
—who will guide our developments of tomorrow.

The Applied Physics Laboratory (APL) of The Johns Hopkins
University seeks men who will be engaged in advanced research
problems—who will find solutions to problems yet to be posed.
Their findings will provide guidelines for the space and missile
hardware research of the future.

Your endeavors will be heightened by the professional atmos-
phere of APL. This atmosphere, created by men dedicated to
the furtherance of science, has earned APL a reputation as a
leader in programs vital to the national security.

The Johns Hopkins University
Applied P hysics Laboratory

8641 Georgia Avenue, Silver Spring, Maryland
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at the “Atoms for Living” Center. . .

10 companies share Honeywell

This view shows the top of the “swimming
pool” and the reactor control room. A core
of enriched uranium is located at the bottom
of the pool, 30 feet below. 136,000 gallons
of demineralized circulating water provide
additional shielding and remove heat from
the core when the reactor is operating.
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Honeywell instruments for startup, linear, log N, and
safety channels, along with auxiliary equipment, are
mounted on the panel to provide good readability
from the operator’s position at the console. Rod drive,
power set, range selector, rod position indicators,
scram button, scram warnings, and secondary annun-
ciator system are on the console within easy reach.

An 87-foot-high aluminum-sheathed concrete dome houses the

reactor, and is designed to provide maximum safety from
radiation hazards.

instrumentation for safe reactor control

Ten non-competing industrial companies were in
need of facilities for nuclear research in their re-
spective fields of interest, so they pooled their
resources to form Industrial Reactor Laboratories,
Inc.—an “Atoms for Living’’ center near Plains-
boro, N.J. Now, each company has at its disposal
the world’s largest privately owned nuclear research
reactor—at one-tenth the cost of single-company
ownership. IRL owners are American Machine &
Foundry Company, American Tobacco Company,
AtlasPowder Company,Continental Can Company,
Corning GlassWorks, National Distillers and Chem-
ical Corporation, National Lead Company, Radio
Corporation of America, Socony Mobil Qil Com-
pany, Inc., and United States Rubber Company.

The reactor is a 5-million-watt ‘‘swimming pool’
type, designed and built by American Machine &
Foundry Company. Like many major nuclear in-
stallations in the country, Industrial Reactor
Laboratories use Honeywell instrumentation for
safe, accurate, dependable control. In your own
project, use Honeywell’s extensive experience in
control of nuclear processes—experience that in-
cludes design and construction of reliable com-
ponents, building complete reactor control systems,
and actual installation and startup. Call your
nearby Honeywell field engineer. He’s as near as
your phone.

MINNEAPOLIS-HONEYWELL, Wayne and Windrim
Avenues, Philadelphia 44, Pa.

Honeywell
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How to put wings on a warehouse

Giving overseas air bases what amounts to local warehouse service on
important parts is an Air Force objective. Its present system has slashed
delivery schedules up to 20 times...saved taxpayers several bi/llion dollars
over the past decade. To improve it further, Douglas has been selected to
develop specifications for a comprehensive Material Handling Support
System involving better communications, control, cargo handling and
loading, packaging and air terminal design. Douglas is well qualified for
this program by its more than 20 years in all phases of cargo transport. Air
logistics is only one area of extensive Douglas operations in aircraft, missile
and space fields in which outstanding openings exist for qualified scientists
and engineers. Write to C. C. LaVene, Box 620N, Douglas Aircraft Company,
Santa Monica, California.

Schuyler Kleinhans and Charles Glasgow, Chief Engineers of the Santa
Monica and Long Beach Divisions, go over air transport needs relating

to advanced cargo loading techniques with DOUGLAS
Donald W. Douglas, Jr., President of

JETLINERS Hl MILITARY AIRCRAFT ll CARGO TRANSPORTS M MISSILE SYSTEMS Ml SPACE SYSTEMS Ml AIRCOMB M GROUND-HANDLING EQUIPMENT
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by C. L. Stong

hirty-four years ago this month
an article in SCIENTIFIC AMERI-

caN described how a group of
amateurs in Springfield, Vt., made a
reflecting telescope powerful enough to
show the mountains of the moon, the
rings of Saturn, the Great Nebula in
Andromeda and comparable astronomi-
cal objects. According to the article the
instrument could be duplicated by any-
one for $25 and a few hours of labor.
The details of construction had been
worked out by Russell W. Porter, en-
gineer and explorer, and were described
in collaboration with the late Albert G.
Ingalls, an editor of SCIENTIFIC AMERI-
canN. Within a year some 500 laymen
had completed similar telescopes and
were well on their way to becoming
amateur astronomers.

I was one of them. Like many laymen
I had wanted to see astronomical objects
close-up, but could not afford a ready-
made telescope of adequate power. Nor
was I acquainted with the owner of one.
The description of the Springfield tele-
scope solved the problem. I immediately
set out to make a six-inch instrument,
and I had scarcely begun to use it when
half a dozen of my neighbors started
telescopes of their own.

It was not a very good instrument by
the standards of present-day amateurs,
but it showed the markings of Jupiter
and the polar caps of Mars. The fact
that scattered light gave the field of view
a bluish cast which tended to wash out
the contrast, and that the stars wore
curious little tails, detracted not a bit
from the satisfaction of observing. So far
as I knew this was the normal appear-
ance of the sky when it is viewed through
a telescope! Over the years I made and
used better instruments, and on one oc-
casion I even enjoyed a turn at the eye-
piece of the 60-inch reflector on Mount

7 THE AMATELR SCIENTIST

How to construct a remarkably simple but

serviceable siv-inch reflecting telescope

Wilson. By then, however, I had found
observing almost routine. Even the
Mount Wilson experience did not give
me the same thrill as that first squint
through my crude six-incher.

In my opinion the beginner should
not attempt to make a really good tele-
scope on the first try. Too many who
do grow discouraged and abandon the
project in midstream. The application
of the tests and figuring techniques
through which the surface of the princi-
pal mirror is brought to optical perfec-
tion is a fine art that is mastered by few.
I have made more than 50 mirrors and
have yet to polish a glass with a perfect
figure to the very edge. For all but the
most talented opticians neither the tests
nor the techniques are exact. After mis-
interpreting test patterns and misapply-
ing figuring techniques for some months
the beginner is tempted to give up the
project as impossible and discard a mir-
ror that would operate beautifully if
used. Conversely, spurious test-effects
have been known to trick veteran ama-
teurs into turning out crude mirrors by
the score under the prideful illusion that
each was perfect. That such mirrors
work satisfactorily is a tribute to the
marvelous accommodation of the eye
and to lack of discrimination on the part
of the observer.

Beginners may nonetheless undertake
the construction of a reflecting telescope
with every expectation of success. If the
amateur has enough strength and me-
chanical ability to grind two blocks of
glass together, his efforts will be re-
warded by an instrument far superior to
that used by Galileo. He need not con-
cern himself either with tests or elusive
figuring techniques.

The simplest reflecting telescope con-
sists of four major subassemblies: an ob-
jective mirror which collects light and
reflects it to a focus, a flat diagonal mir-
ror which bends the focused rays at a
right angle so that the image can be
observed without obstructing the incom-
ing light, a magnifying lens or eyepiece
through which the image is examined,
and a movable framework or mounting
which supports the optical elements in

© 1959 SCIENTIFIC AMERICAN, INC

alignment and trains them on the sky.
About half the cost of the finished tele-
scope, both in money and in labor, is
represented by the objective mirror.

The mounting can be made by al-
most any combination of materials that
chances to be handy: wood, pipe, sheet
metal, discarded machine parts and so
on, depending upon the resourcefulness
and fancy of the builder. The mounting
designed by Roger Hayward, illustrated
on the next page, is representative. The
dimensions may be varied according to
the requirements of construction.

Materials for the objective and di-
agonal mirrors are available in kit form
from dealers in optical supplies such as
the Edmund Scientific Corp. of Bar-
rington, N.J., and A. Jaegers of Lyn-
brook, N.Y. Amateurs with access to
machine tools can also make the re-
quired eyepieces. The construction is
rather tedious, however, and ready-made
eyepieces are so inexpensive that few
amateurs bother to make their own.

The beginner is urged to start with a
six-inch mirror. Those of smaller size
do not perform well unless they are
skillfully made, and the difficulty of
handling larger ones increases dispro-
portionately. Kits for six-inch mirrors
retail for about $10. They include two
thick glass “blanks,” one for the objec-
tive mirror and one (called the tool) on
which the mirror is ground. The kits
also supply a small rectangle of flat
plate-glass that serves as the diagonal,
a series of abrasive powders ranging
from coarse to fine, a supply of optical
rouge for polishing and a quantity of
pine pitch.

As Russell Porter explained 34 years
ago, “In the reflecting telescope, the mir-
ror’s the thing. No matter how elaborate
and accurate the rest of the instrument,
if it has a poor mirror, it is hopeless.”
Fortunately it is all but impossible to
make a really poor mirror if one follows
a few simple directions with reasonable
care. The idea is to grind one face of
the six-inch mirror-blank to a shallow
curve about a 16th of an inch deep,
polish it to a concave spherical sur-

face and then, by additional polishing,
193



This Xmas, Give or Get
a UNITRON Refractor!

Orders shipped same day as received

The beginner, advanced amateur, and pro-
fessional alike turn to UNITRON for com-
bined optical and mechanical excellence.
Invest in a UNITRON—the telescope that
has stood the test of time.

UNITRON 2.4~ Altazimuth Refractor with UNIHEX
Complete with eyepieces for 100X, 72X, 50X, 35X;
UNIHEX Rotary Eyepiece selector; altazimuth
mounting with slow motion controls; tripod; 5X
only

viewfinder; sunglass; and cabinets.

UNITRON’S 6 and 4” Equatorial Refractors ‘
17 UNITRON REFRACTORS TO SELECT FROM

SATELLITE TELESCOPE.. $ 75
1.6" ALTAZIMUTH 75
2.4" EQUATORIAL 225
3" ALTAZIMUTH 265
3" EQUATORIAL . 435
4" ALTAZIMUTH 465
4" EQUATORIAL 785
6" EQUATORIAL 5125

All instruments fully guaranteed. Shipment express col-
lect. Prices include Standard accessories. Send check or
M.O. or 20 % deposit with balance C.0.D.

TIME PAYMENT PLAN AVAILABLE!

GET UNITRON'S FREE CATALOG and 38 page
OBSERVER'S GUIDE. This valuable introduc-
tion to astronomy is yours for the asking.

Contents include—

® Observing the sun,

moon, planets and

wonders of the sky
® Constellation map
® Hints for observers
® Glossary of telescope termi
s How to

choate 4 tilewcape

® Amateur clubs

Send for your copy to Dept. 6-W

INSTRUMENT DIVISION of UNITED SCIENTIFIC CO.
204-206 MILK STREET « BOSTON 9, MASS.
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deepen it increasingly toward the center
so that the spherical curve becomes a
paraboloid. The spherical curve is
formed by placing the mirror blank on
the tool, with wet abrasive between the
two, and simply grinding the mirror over
the tool straight back-and-forth
strokes. Nature comes to the aid of the
mirror-maker in achieving the desired
sphere, because glass grinds fastest at the
points of greatest pressure between the
two disks. During a portion of each
stroke the mirror overhangs the tool;
maximum pressure develops in the cen-
tral portion of the mirror, where it is
supported by the edge of the tool. Hence
the center of the mirror and edge of the
tool grind fastest, the mirror becoming
concave and the tool convex. As grind-
ing proceeds, the worker periodically
turns the tool slightly in one direction
and the mirror in the other. In conse-
quence the concavity assumes the form
of a perfect sphere because only mating
spherical curves remain everywhere in
contact when moved over each other in
every possible direction. Any departure
from a true sphere-is quickly and auto-
matically ground away because abnor-
mal pressure develops at the high point
and accelerates local abrasion.

The grinding can be performed in any

in
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convenient location that is free of dust
and close to a supply of water. The op-
eration tends to become somewhat
messy, so a reasonably clean basement
or garage is preferable to a kitchen or
other household room.

A support for the tool is made first.
This may consist of a disk of wood
roughly half an inch thick fastened to
the center of a square of the same mate-
rial about a foot on a side. The diam-
eter of the wooden disk should be
about half an inch smaller than that of
the tool. All surfaces of this fixture, ex-
cept the exposed face of the wooden
disk, should receive two coats of shellac.
The glass tool is then cemented sym-
metrically to the unfinished face of the
wooden disk by means of pitch. Melt a
small quantity of pitch in any handy
vessel. Warm the tool for five minutes
in reasonably hot water, then dry it and
rub one face lightly with a tuft of cotton
saturated with turpentine. Now pour a
tablespoon of melted pitch on the unfin-
ished face of the wooden disk and press
the tool against it so that pitch squeezes
out all around the joint. After the tool
and supporting fixture cool, they are a
unit that can be removed from the bench
conveniently for cleaning, which is fre-
quently needed. Some workers prefer to

1"pipe
tyunnion

The mounting of a simple reflecting telescope
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career interests are in electronics and missile sciences
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you will logically investigate Martin Orlando

Many engineers and scientists who make continuing
appraisals of their futures are investigating new professional
engineering positions with the Orlando, Florida, Division of
The Martin Company. Our unusual growth record has
opened many ground-floor opportunities for creative engi-
neers who can manage and staff ambitious new programs.

Because Martin Orlando has prime responsibility for 5 major
weapon systems, you are offered many channels for growth.
Engineers find professional development is faster in the
creative climate of Martin Orlando’s new $20 million plant.

PLEASE SEND MY FREE COPY OF *280 SECONDS."

|
| [
- - ' NAME !
To help you make a realistic evaluation of what your part | — |
can be in the engineering success story at Martin Orlando, | STREET i |
send for the free bulletin which gives you facts youneed | CITY ZONE__STATE 1

to reach a rewarding conclusion. Use the handy coupon. |_
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FAST, SIMPLE,

ECONOMICAL
METHOD TO
CUSTOM BUILD
SCIENTIFIC
ENCLOSURES

prefabricoted cabinet
frime components
over 300 styles and
Eypen in & radii

€=,
g

7|22 | %= | B

Design and assemble fully radlused cabinets to spe-
cific without Prefabricated die
cast duraluminum corners and extruded duraluminum
sections. Unlimited versatility! Currently used by lead-
ing manufacturers and laboratories. The answer for
any scientific, commercial or government application.

Sam| For literature, write Dept.YS-429
?E BRITISH INDUSTRIES GORP.
d Port Washington, L. 1., N
ASTRONOMICAL
6” DIA. AIR SPACED
TELESCOPE OBJECTIVE

Hard coated on 4 surfaces

£/10—60"  focal length MOUNTED $175.00
UNMOUNTED $150.00
£/15—90" focal length MOUNTED $175.00

UNMOUNTED $150.00

The effective aperture of the above lenses is six inches.
The black anodized aluminum mount fits into seven

inch dia. aluminum tubing.

BEAUTIFUL IMPORTED BINOCULARS

COATED

Zeiss Type

American type

American Type
Complete with carrying case and straps.
offers a superior one-piece frame and clean design.

E TYPE FOCUS

siz
6 x 15 Opera 2.75%
6 x 30 Zeiss 18.75* 16.75*
7x 35 Zeiss 20.75% 17.95%
7x35 American 23.50*
7x35 American_ Wide
Angle 11° 35.00*
7 x50 Zeiss 24.95% 22.50%
7x50 American 32.50* —_—
8 x 30 Zeiss 21.00% 18.25*
10 x 50 Zeiss 28.75* 26.75*
20 x 50 75% 31.75%

Zeiss 33.75
% Plus 1095 Federal Excise Tax

8 POWER ELBOW TELESCOPE 8x50
This M-17 telescope has a brilliant image 48
degree apparent field—325 feet at 1,000 vards.
It has a 2” objective, focusing eyepiece

28mm focal length with an Amici erecting
amber and neutral. Lamp housing
to illuminate reticle for night-
time use. Truly the biggest bar-
gain you were ever offered. Origi-
nal Government cost $200.

COATED $17.50
| @ Free Catalogus “MILLIONS” of Lenses, ete. @ ]
pay the POSTAGE IN U.S.—C.0.D.’s you pﬂ¥
sansfachon guaranteed or money  refunded
within 30 day:

system. Turret mounted filters, clear, red,
UNCOATED  $13.50
A. JAEGERS

\
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G91A Merrick Rond
LYNBROOK, N.Y
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the stroke

Details of the stroke used in grinding the objective mirror of the telescope

attach the wooden disk to a large circu-
lar base. The base is then secured to the
bench between three wooden cleats
spaced 120 degrees apart. This arrange-
ment permits the base to be rotated con-
veniently.

The tool assembly is now fastened on
the corner of a sturdy bench or other
working support, and a teaspoon of the
coarsest abrasive is sprinkled evenly
over the surface of the glass. A small
salt-shaker makes a convenient dispen-
ser for abrasives. The starting abrasive
is usually No. 80 Carborundum, the
grains of which are about the size of
those of granulated sugar. A teaspoon of
water is added to the abrasive at the
center of the tool and the mirror low-
ered gently on the tool. The mirror is
grasped at the edges with both hands;
pressure is applied by the palms. It is
pushed away from the worker by the
base of the thumbs and pulled forward
by the fingertips. The length of the
grinding strokes should be half the di-
ameter of the mirror. In the case of a
six-inch mirror the strokes are three
inches long—a maximum excursion of an
inch and a half each side of the center.
The motion should be smooth and
straight, center over center, as depicted
in the drawing above. Simultaneously a
slight turn is imparted to the mirror dur-
ing each stroke to complete a full revo-
lution in about 30 strokes. The tool
should also be turned slightly in the
opposite direction every 10 or 12 strokes,
or, if he prefers, the worker may shift
his position around the tool. Learn to
judge the length of the stroke. Do not
limit it by means of a mechanical stop.
Beginners will tend to overshoot and un-
dershoot the prescribed distance some-
what, but these errors average out.

Fresh Carborundum cuts effectively,
and the grinding is accompanied by a
characteristic gritty sound. Initially the
work has a smooth, well-lubricated feel.
After a few minutes the gritty sound
tends to soften and the work has a
gummy feel. Stop at this point, add an-
other teaspoon of water and resume
grinding until the work again feels
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gummy. Both the mirror and tool are re-
moved from the bench and washed free
of “mud,” the mixture of pulverized
glass and powdered abrasive that results
from grinding. This marks the end of
the first “wet.” Fresh Carborundum is
now applied, and the procedure is con-
tinued for three additional wets. The
stroke is then shortened to a third of the
diameter of the mirror (two inches in
the case of a six-inch mirror) for two
more wets. The mirror should now show
a uniformly ground surface to the edge
of the disk in every direction. If not, con-
tinue grinding until this is achieved.
The ground surface now has the form
of a shallow curve and must be tested
for focal length. This is easily accom-
plished on a sunny day. The test equip-
ment consists of a square of light-colored
cardboard about a foot across which
serves as a screen on which the image of
the sun is projected, and a supply of wa-
ter to wet the roughly ground surface
of the mirror and thus improve its effec-
tiveness as a reflector. Stand the card-
board on edge at a height of about six
feet so that one side faces the sun square-
ly; then take a position on the shady side
about 10 feet from the screen. Dip the
mirror in the water and, with the ground
surface facing the sun, reflect sunlight
onto the screen. The image will appear
as a fuzzy disk of light, doubtless some-
what smaller than the diameter of the
mirror. The size of the image will change
as the mirror is moved toward or away
from the screen. Find the distance at
which it is minimum. This is the ap-
proximate focal length of the mirror. At
this stage of grinding, the focal length
will doubtless be of the order of 15 feet.
The object is to shorten it to six feet by
additional grinding. Wash the tool, ap-
ply fresh abrasive, grind for five minutes
and repeat the test. It is advisable to
make a chart on which the focal length
is recorded after each spell of grinding.
The chart aids in judging progress to-
ward the goal of six feet. When the de-
sired focal length is attained, thoroughly
scrub the mirror, tool, bench, utensils
and all other objects likely to be con-



EXCELLENCE
IN ELECTRONICS

We Were Created to Create ...
SYSTEMS. Not just electronics.

The systems we foresee will establish new dimensions: In “gaming” and
logistical data processing; Undersea; Communications; Continental air
defense, ground support; IPV (interplanetary vehicle) control; Missile,
Sdtellite Check-out; Our RAMP microwave platform. And, a variety
of non-military systems.

We seek men to generate these systems.

Most are outstanding systems or project engineers. Some are physicists.
A few are geo-political analysts.

Each is a broad thinker, experienced at systems planning, hardware, analyti-
cal approaches. Aware of the increasing electronic content of systems, each
knows that the minds which comprehend this content determine the future
influence of systems upon civilization.

To these men, Raytheon’s new SYSTEMS MANAGEMENT offers
unparalleled professional satisfaction. They are invited to inquire of:
Mr. Donald Sweet, Engineering & Executive Placement, Raytheon Com-
pany, 6241, Worcester Road, Framingham, Mass. (suburban Boston).

SYSTEMS MANAGEMENT

GOVERNMENT EQUIPMENT DIVISION
f“i

&

SYSTEMS AIRBORNE SUBMARINE HEAVY SANTA
MANAGEMENT ELECTRONIC SIGNAL ELECTRONIC BARBARA
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Infrared
Optical Systems

Prototypes or production
runs in Cassegrain or cata-
dioptic forms—short and
long focus—have been sat-
istactorily supplied. If you

have a problem we will be

pleased to discuss it.

Herson

OFTICAL COMPANY INC

o= Satisge Misliilie

You Get Things Done With

Boardmaster Visual Control

v Gives Graphic Picture of Your Operations—
Spotlighted by Color

Facts at a glance — Saves Time, Saves
Money, Prevents Errors

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

Ideal for Production,
Scheduling, Sales, Etc.

Made of Metal. Compact and Attractive.
Over 400,000 in Use

s49s0
24-PAGE BOOKLET NO. C-400
Without obligation

Traffic, Inventory,

¥

Complete price including cards

Write for Your Copy Today

GRAPHIC SYSTEMS

55 West 42nd Street ® New York 36, N. Y.
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| taminated with No. 80 abrasive. Grind-
ing is then continued with successively
finer grades of abrasive. The same stroke
is used: two inches in length and center-
over-center. Usually the second grade is
No. 180, which has the texture of finely
powdered sand. The grinding technique
is precisely the same for all subsequent
grades of abrasive; each stage of grind-
ing is continued until all pits made in
the glass by the preceding grade have
been removed. Usually six wets with
each grade is adequate. On the average
each wet will require about 15 minutes
of grinding. Examine the ground surface
by means of a magnifying glass after the
sixth wet. If any pits larger than average
are found, continue grinding for another
wet or two and examine again. Persist
until all pits larger than average dis-
appear. There is one exception to this
procedure. Sometimes a stray grain of
No. 80 or one of the intermediate grades
will find its way into work that has
reached the terminal stages of fine grind-

paper lining

square
are warmed

ing. A scratch or groove will appear that
is so deep that it cannot be removed by
a reasonable amount of fine grinding.
The only solution is to return to the of-
fending grade and repeat all the inter-
mediate work. Gloves are notorious
grit-catchers. Never wear them when
grinding. Try to prevent clothing from
coming into contact with loose grit.
Abrasives supplied with representative
kits include Nos. 80, 180, 220, 280, 400,
600, FFF and rouge.

The beginner is urged to purchase an
extra mirror-blank. The object is to
make two mirrors simultaneously, select
one for immediate use and reserve the
second for subsequent refinement.
Those following this suggestion should
grind the mirrors alternately. Complete
a wet of a given grade on the first mirror
and proceed with the same wet on the
second. After all grinding is completed,
the mirrors are polished independently.

The operations of grinding and pol-
ishing glass are similar in that both re-

Nd
N R
| and stuck on ) 3
the glass ‘_&F ~o

AW

= 4

tool

Details of the construction of a pitch lap
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"AMAZING OPTICAL BUYS

*.and OTHER SCIENTIFIC BARGAINS

Terrific Buy! American Made!
OPAQUE PROJECTOR

Projects illustrations up to 3” x
3%"” and enlarges them to 4 ft.
wide. No film or negatives
needed. Projects charts, dia-
grams, pictures, photos, letter-
ing in full color or black-and-
white. Operates on 115 volt, A.C. current, 6-ft. ex-
tension cord and plug included. Operates on 60 watt
bulb, not included. Size 12” x8” x 41/o” wide. Weight

1 1b., 2 oz. Plastic case with built-in llandle
Stock No. 70,199-S $7.95 Postpaid

American Made—
Over 50°: Saving
STEREO MICROSCOPE
Years in development. Equals $300 to
$400 instrument. Precision American
made. Used for checking, inspecting,
small assembly work. Up to 3” work-
ing distance. Clear, sharp, erect
image. Wide, 3 dimensional field. 2
sets of objectives on rotating turret.
23X and 40X. 10 Day Free Trial.
Stock No. 85,056-S..........$99.50
f.0.b. Barrington, N.J.
Low Puwer Supplementary Lens Attachment for above Qtereu
—vprovides 13X down to 6X with clear, extra large
field at 6X.
Stock No. 30,276-S.

NEWBINO(UI.AR TO-CAMERA HOLDER

For Exciting
Telephoto Plciures
Bring distant objects 7 times
nearer with a 35 mm. camera,
| 0 binocular and our NEW
BINOCULAR - TO - CAMERA

HOLDER. Ideal for long-

range shots of wild life, ships,

planes, people, etc. Camera
and binoculars attach easily. Use any binocular or monocu-
lar—any camera, still or movie. Take color or black and
white. Full directions for taking telephotos.

Stock No. 70,223-S........................$11.50 postpaid

NEW! STATIC ELECTRICITY
GENERATOR

Educational and Lots of Fun!
a thrilling spark diaplay as ye

A minlature it of I|._r
Absalutely wiad |rr|||

$7.50

Hses
Metal collertor
vlootricit

“1
v \;.r r m

anid 1
rluded

I mlr-lh
| page inveriction hooklet

$12.95 Fostpoid

ASTRO COMPASS AND STAR FINDER
Gov't Cost $75—Price $14.95 postpaid

Determines position of stars quickly.
Shows various celestial coordinates. An
extremely useful star finder which can be
rotated through 60° angles along calibrat-
ed degree scale. Has single eye lens with
viewing stop, two spirit levels for align-
ing, tangent screw with scale for five pre-
cision readings, azimuth scale graduated
in two-degree intervals, adjustable tilting
azimuth scale for angle reference of stars
on distant objects. War Surplus. Gov’'t

’.

cost $75. Instructions, carrying case in-
cluded.
Stock No. 70,200-S................ Only $14.95 postpaid

GIANT MAGNETS! TERRIFIC BARGAINS'

War surplus—Alnico V type ! Horse- T

shoe shape. Tremendous lifting
power. 3 lb. si/e Dimensions: A—
31,7 B—23"; 316" : D—114" ; r 1 IJ
E—11"; F "%; .%trength is about

2,000 Gauss. Will lift over 125 Ibs.
Stock No. 70,183-S.....5 SIZ€seennes 58.50 Pos'puid
15-3, Ib. size. Approximately 5,000-6,000 Gauss rating.

Will lift over 250 Ibs.
Stock No. 85,088-S....153; 1b. size....$22.50 F.O.B.

Shipping wt. 22 lbs, Barrington, N, J.

1b.

ORDEIR BY STOCK NUMBER .

ASSEMBLED ]
AND

READY TO USE!

(=

Photographers! This is an 2ctual photograph
of the moon taken through our Astronomical
Telescope by a 17-year-old student.

You’ll

detail,

wood,

Stock

“EASY-CARRY"'SLIDE PROJECTOR V"
Ideal for travel or oc-
casional use. PROJECT
and SHOW 2x2 35mm
slides or 35mm film strips,
single or double frame. No
cumbersome equipment to
lug. 100-watt, 120-volt
Projector folds to 212" wide, 41%” high, 4’/2
long. Opens to 8” long. Wt. less than 3 lbs.
3-element f. 3.5 lens with 80mm focal
length. Plastic leatherette carrying case. 6’
cord included.

Stock No. 70,232-S....$22.95 postpaid

Same Tel
Stock No.

NOTICE! EDMUND IS
NOW HEADQUARTERS
FOR MATH LEARNING
AND TEACHING AIDS!
See Ofering Below—Plus Dozens
More In FREE CATALOG
Play This New game-MATH MAGIC ..
The Fun-Way To Math Skill!
inaling games in onel I{<4|
rewses aklll
Ineli

Shape Your ldeas Fast!

Scientists, executives, planners, d
signers—all find D-STIX simplify vis-
ualization and demonstration of complex
ideas. D-STIX—colored wood sticks 18”
thick and ‘easy-on’’ rubber joints ap-
prox. 3/16” diam.—help you work cut
molecular structures, geometric figures,
structural members, shapes, models of
scientific apparatus. Used by profession-
al men, educators, hobbyists. Big basic kit contains 230 or
370 pieces. Additional parts in supplementary Kit. Far
superior to kits of wood or metal. Money-back guarantee.

Stock No. 70,209-S (230 pcs) .$3.00 ppd.
Stock No. 70,210-S (370 pcs) .$5.00 ppd.
Stock No. 70,211-S (452 pcs)............ $7.00 ppd.

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE

GRIND YOUR OWN ASTRONOMICAL MIRROR
Kits contain mirror blank, tool, abrasives, diag-
onal mirror and eyepiece lenses. You build instru-
ments ranging in value from $75.00 to thousands
of dollars.

Stock No. Dia. Mirror Thickness Price
70,003-S LAY %" $ 7.50 postpaid
70,004-S 6" 11.95 postpaid
70,005-S 8" 13" 19.50 postpaid
70,006-S 10" 134" 30.75 postpaid
70,007-S 12" 28" 54.75 postpaid

BUILD A SOLAR
ENERGY FURNACE
A Fascinating Science Project!
A tremendous new field. You can build
your own Solar Furnace for experi-
mentation—many practical uses. It’s
easy — inexpensive — use your scrap
wood. We furnish instruction booklet.
This sun powered 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—1434” diameter . . . f.1. 14

Stock No. 70,130-S package of 1....$ 6.00 Pstpd.

Stock No. 70,131-S package of 2 11.00 Pstpd.

SEND CHECK OR MONEY ORDIR .,

huge craters on the

Stock No. 85,006-S

ee the Stars, Moon, Planets Close Up!
3”7 ASTRONOMICAL REFLECTING TELESCOPE
60 to 180 Power—An Unusual Buy!

Famous Mt. Palomar Type
the Rings of Saturn, the fascinating planet Mars,
he Moon, Star Clusters, Moons of Jupiter in
both

see

Galaxies! Equatorial mount wit on

ock
Aluminized and overcoated 3” diameter high-: speed f/10 mirror,

Telescope comes cquipped With ‘a 60X evepiece and a mounted
Barlow Lens, giving 6 80 power. An Optical Finder
Telescope, aiways so es:entlal. is also included. Sturdy, hard-

porlable tripod.

FREE with Scope:—Valuable STAR CHART plus 272 page ‘‘H
BOOK OF HEAVENS’’ plus ‘‘HOW TO USE YOUR TELESCOFE" BOOK

No. 85,050-S $29.95 Postpaid

lEFL!CTING TELESCOPE! Up to 270X!

With this scope you can see everything as
o

light gathering power. Mirror guaranteed
to give theoretical limit of resolution.
Rack and pinion focusing, hardwood tri-
pod, real equatorial mounting—only one
adjustment follows stars! Aluminum tube.

7
able’ for‘ hi; gh

EAVEN

TO USE YOUR TELESCOPE" Book. Shipe
ping weight 25 Ibs.

$74.50 f.0.b.

escope as above but equipped with Electric Clock Drive
85-094-5.. 50 F.0.B. Barrington, N. J.

50-150—300 POWER MICROSCOPE

Amazing Value—Equal of a $75.00 In-
strument! 3 Achromatic Objective Lenses
on Revolving Turret! Imported ! The color-
corrected, cemented achromatic lenses in
the objectives give you far superior results
to the single lenses found in the micro-
scopes selling in this range. Results are
worth the dlﬂerence' Fine rack and
pinion focusin

Stock No. 70 008-S....$14.95 Pstpd.
MOUNTED 500 POWER OBJECTIVE

. . Threaded for easy attachment on
above microscope. Achromatic, lenses for
fine viewing. 3 mm. focal length.

Stock #30,197-S.......$5.00 Pstpd.
CIRCULAR SLIDE RULE!

Pocket Size—Fast—Easy to Use!

Be a Math Whiz! New Circular
Slide Rule multiplies, divides,
figures fractions, percentages,
squares, cubes, roots, proportions,
circumferences, areas, retail
prices, fuel consumption. Elimi-
nates the confusions of ordinary
slide rules. Priced far lower.
Faster, easier to learn and use. Constructed of 2 alumi-

NEW!

num discs with plastic indicator. 3%” diameter. Direc-
tions included.
Stock No. 30,336-S $4.95 postpaid

REPLICA GRATING—Llow, Low Cost
Take Unusual Color Photos At Night!
:© It’s here—after decades of effort. Replica
Grating—on film—at very low price.
Breaks up white light intc full spectrum
colors. An exciting display. 13,100 lines
per inch. Diffraction Grating has been
used to answer more questions ahout the
structure of the material world and the
universe than any other single device.
Use it for making spectroscopes, for experiments, as a
fascinating novelty. First time available such large size—
s0 cheaply—comes in clear plastic protector.
Stock No. 50,202-S—includes 2 pes. 8” x 5316"—1
transmission type, 1 reflecting type. $2.00 pstpd.

WRITE

Yorr FREE CATALOG-S
100 Pages! Over 1000 Bargains! Optics
for the Space Era!l Huge selection of lenses,
prisms, war surplus optical instruments, parts
and accessories. Telescopes,

Microscopes,Satellite Scopes, °; rig
Binoculars, Infrared Sniper- r:s’g
scopes, science experiment e
items, math learning and g

teaching aids.
Request Catalog-S. =

SATISFACTION GUARANTEID!

EDMUND SCIENTIFIC €O.,8ARRINGTON, NEW JERSEY
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CAREER
OPPORTUNITIES

AT

CIRCUIT DEVELOPMENT
ENGINEER

your future:

a challenging opportunity
with an industry leader

At Texas Instruments, your future
is filled with specific, stimulating
growth assignments in evaluating
and characterizing transistors and
special semiconductor devices. You'll
participate in such transistorization
projects as:

AM, FM, and TV receivers

audio and video, i-f and r-f amplifiers

hi-fi and electronic organs

nonlinear and switching circuits

computer system logic

o servo and power amplifiers

With TI...receive liberal company-
paid benefits, including profit shar-
ing (last year 15% of base salary)
...enjoy premium living in a mod-
erate climate with excellent neigh-
borhoods, schools and shopping
facilities.

Interviews will be held in your area
soon. If you have an Electrical Engi-
neering degree and/or knowledge of
transistor circuitry, please send a
resume to:

H. C. Laur, Dept. 200-E- SA
(for immediate Eastern appointment)

1141 E. Jersey Street, Elizabeth, New Jersey

or o

C. A. Besio, ,{? Dept. 200- SA
e

TEXAS INSTRUMENTS
INCORPORATED

SEMICONDUCTOR - COMPONENTS DIVISION
POST OFFICE BOX 312 ¢« DALLAS. TEXAS

200

this becomes

the |
stroke

this becomes

C‘\t.hc.‘: overhang ©

-
onvex overhang

Overhang

Details of the stroke used to parabolize the objective mirror

quire the use of a material which is
harder than glass. In grinding, the abra-
sive material is used between a pair of
hard surfaces, either two pieces of glass
or glass and cast iron. In rolling between
the surfaces under pressure the hard
particles erode the glass by causing tiny
conchoidal fractures in its surface.
Glass can be polished with the same
hard particles merely by replacing the
hard tool with an appropriately soft and
yielding one. The theory of the polishing
action is not well understood. It is clear,
however, that the abrasive particles do
not roll. Held firmly by a yielding me-
dium, their protruding edges may act
like the blade of a plane.

Most amateurs use a polishing tool, or
“lap,” of pine pitch divided into a pat-
tern of facets and charged with rouge.
To make the facets, pitch is first cast into
strips about an inch wide, a quarter of
an inch thick and eight or 10 inches
long. An adequate mold of wood (lined
with moist paper to prevent the strips
of pitch from sticking) is depicted on
page 198. Melt the pitch over a hot plate,
not over a direct flame. Do not overheat
the pitch; it burns easily. The fumes
(largely vaporized turpentine) are high-
ly combustible, so prevent direct flame
from reaching the open part of the con-
tainer.

The strips of cool pitch are cut into
square facets by means of a hot knife
and stuck to the ground surface of the
tool in a checkerboard pattern as shown.
Begin by locating one facet somewhat
off-center in the middle of the tool, and
work outward. Adhesion is improved by
first warming the tool, smearing it with
a film of turpentine and warming the
face of each square of pitch before plac-
ing it in contact with the glass. The pitch
facets should be beveled, which can be
accomplished in part by cutting the
edges of the wooden divider-strips of the
mold at an angle. This also facilitates the
removal of the strips from the mold.
Pitch yields under pressure, so unless the
facets are beveled the space between ad-

© 1959 SCIENTIFIC AMERICAN, INC

jacent facets soon closes during the pol-
ishing operation.

Trim all boundary facets flush with
the edge of the tool by means of the hot
knife. Then invert the completed lap in
a pan of warm water for 10 minutes.
While the pitch is warming, place a
heaping tablespoon of rouge in a clean
wide-mouthed jar fitted with a screw
cap, and add enough water to form a
creamy mixture. Remove the lap from
the pan, blot it dry and, with a quarter-
inch brush of the kind used with water
colors, paint the pitch facets with rouge.
Now place the mirror gently and square-
ly on the lap and apply about five pounds
of evenly distributed weight to the
mirror for half an hour until the pitch
facets yield enough to conform with the
curve of the glass. This process is called
cold-pressing. At the end of the cold-
pressing interval slide the mirror from
the lap and bevel the edge facets to re-
move any bulges that have formed.

The mirror must now be fitted with a
shield to insulate it from the heat of
the worker’s hands. In the case of a six-
inch mirror cut a disk of corrugated
cardboard eight inches in diameter and
notch its edge every inch or so to a
depth of one inch. Center the cardboard
on the unground side of the mirror, press
the notched edges down along the side
of the glass and secure them with sev-
eral turns of adhesive tape. The card-
board form now resembles the lid of a
wide-mouthed jar.

Paint the facets with fresh rouge, add
half a teaspoon of water to the center of
the lap and, with the heat-insulating
shield in place, lower the mirror gently

~onto the lap. Polishing proceeds with

strokes identical with those used in
grinding; they are two inches long and
center-over-center. When the work de-
velops a heavy feel, stop, add half a tea-
spoon of water and resume. Continue
polishing for 20 minutes. Then cold-
press for 10 minutes. Proceed with this
alternating routine until no pits can be
detected when the surface is examined



perations
Research
. Scientists:

Need time to develop
your ideas?

Most scientists engaged in operations research
work seem to feel that they cannot do their most
productive work when they are constantly
fighting unrealistic deadlines.

The operations research programs at System
Development Corporation are carefully planned
to provide ample time for the development of
new ideas that apply to the development of large-
scale, computer-based information-processing
systems.

The following are just a few examples of the
areas in which Operations Research Scientists
work at SDC: (1) simulation and operations
gaming techniques in problems of control
systems; (2) mathematical logic applied to
universal computer languages; (3) medical data
processing; (4 ) stochastic modeling of man-
machine interactions; (5) logistics; (6) test
design for operational computer programs.

Operations Research positions are now open for
scientists at several levels of experience. Please
send your inquiry to Mr. E. A. Shaw, SDC,
2420 Colorado Avenue, Santa Monica, Calif.

“Application of Computer Simulation to
Production System Design,” a paper by Allen

J. Rowe, is available upon request. Send request
to Mr. Rowe at SDC.

SYSTEM DEVELOPMENT
CORPORATION

Santa Monica, California » Lodi, New Jersey
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engineers

What kind of
professional

000000000000 000000000000000

climate

1s essential
to you
as a

creative man?

The “‘right’’ Professional Climate
doesn’t just happen. It has to be
created — painstakingly, with care-
ful planning, foresight and creative
inspiration.

If you would like to know how
General Electric's Advanced Elec-
tronics Center at Cornell Univer-
sity has built an ideal creative
environment — and the many op-
portunities and rewards that await
you as an engineer or scientist at
the Center —please clip and return
the coupon below for your free
copy of the brochure entitled
“*Professional Climate."”
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| with a high-powered magnifying glass.
If the fine grinding has been performed
as directed, the mirror can be brought to
full polish in three hours or less. When
work must be suspended for some hours,
coat the lap with rouge and cold-press
without added weight. It is well to brace
the mirror around the edges when it re-
mains on the lap for some hours, because
pitch flows slowly and may deposit an
unbraced mirror on the floor.

The shape of the mirror is now close
to a perfect sphere. The center will
doubtless have a somewhat longer
radius than the region near the edge.
Precisely the reverse situation is desired:
a curve whose radius increases from the
center outward. A minute thickness of
glass must therefore be removed from
the center of the mirror and a somewhat
lesser amount removed toward the edge.
The mirror is put back on the lap and,

safety clips
keep mirror
from Ffalling
out

mirror

mivror supports
ave three 1-inch
“10/32 machine
screws vun into
[ unthre aded *15
drill holes.

supports

with a fresh charge of rouge, polished
by a modified stroke. The length of the
stroke is not altered, but the mirror is
now made to follow a zigzag course lat-
erally across the lap at right angles to
the worker. The first stroke follows the
conventional center-over-center course
away from the worker but on the return
stroke and subsequent strokes it is
pushed about an inch to the right side.
It is then gradually worked back across
the center until it overhangs the lap on
the left hand side by an inch. This op-
eration is repeated over and over for 15
minutes. Simultaneously the mirror is
rotated slightly in one direction during
each stroke and the tool is periodically
rotated in the other direction to distrib-
ute the abrasive action uniformly.
After a thorough cleaning the mirror
is ready for silvering. Amateurs formerly
coated their mirrors at home. But silver

AN\

four cork pads barely
touching the mirror
form the edge supports

backbone

Details of wooden cell for the objective mirror
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ASTRO HEEN

Air-Space Travel Research Organization of The Marquardt Corporation . . .

Offers exceptional engineers and scientists
a unique environment for creative research

ASTRO is expanding its facilities, its breadth
of interest, and its organization — now offers
exceptional career opportunities to outstand-
ing scientists and professional engineers.

Marquardt’s ASTRO Division offers creative
people a unique environment combining
unusually challenging active projects and a
lively interest in new ideas. The result:
genuine opportunity for significant creative
satisfaction.

The men who qualify will join this long-range
research group in its new, ultra-modern

SPACE TECHNOLOGY

Senior Controls System Engineer — For specifica-
tion generation for systems and for components
based on system requirements. Preparation and
direction of test programs for systems — per-
formance and environmental. Analysis of closed
loop systems, including electronic, pneumatic,
and hydraulic components. Components in-
clude transducers, prime movers, amplifiers,
dampers, etec.

Telemetry Specialist — For applications of tele-
metry to instrumentation and control systems.
A knowledge of instrumentation and controls
desired.

Digital Control Expert — For state-of-the-art work
in applying digital techniques to guidance and
control of space vehicles. Airborne computer
experience desired.

Microwave Research Specialist — For research in
microwave theory and techniques, both experi-
mental and theoretical.

Research Physicist — For state-of-the-art work
in magnetohydrodynamics and related fields.
Theoretical and experimental work. Back-
ground and experience in field theory or in
work related to magnetohydrodynamics.

Energy Conversion Specialist — Broad experience
in energy conversion or energy addition in non-

For a copy of our informative
brochure “Environment For
Engineering,” Engineers

and Scientists are invited

to contact:

Mr. Floyd Hargiss, Manager
Professional Personnel, Dept. G-1
16555 Saticoy Street

Van Nuys, California

research center at Marquardt-Van Nuys. The
new facility includes a variety of specialized
laboratories designed and equipped for applied
research in the broad areas of advanced elec-
tronics, powerplants, direct energy conver-
sion systems, optics, mechanics and space
medicine. From these laboratories will come
the new products of Marquardt’s Divisions.

If you are a creative scientist or engineer —
capable of probing the future, originating
new concepts, and then establishing their
feasibility — you are invited to consider the
following opportunities:

chemical power systems. Knowledgeable in
both mechanical and electrical systems.

Senior Circuitry Engineer — For design and devel-
opment of control system circuitry for nuclear
power plants.

Guidance Research Specialist — For advanced
R & D in guidance systems, and consultation
on guidance problems for space vehicles.

Infrared Research Specialist — To study applica-
tions of infrared to satellite control, high tem-
perature measurements, horizon scanners, and
mapping systems.

Accessory Engineer — For state-of-the-art work
in high speed rotating machinery such as hot
gas servos, pumps, turbines, bearings,

PROPULSION RESEARCH

Fuels Research Chemist — Experienced in fuels
development and combustion process. Familiar
with set-up and operation of laboratory con-
ggrned with fuel handling, mixing and applica-
ion,

Aero-thermodynamicist — For advanced air-
breathing engine development. Know, or be
familiar with internal aero, gas dynamics in-
cluding dissociation and recombination, chemi-
cal kinetics, heat transfer. Prefer B. S. ChE.
with advanced combustion system experience.

%rguardf

CORPORATION
OPERATIONS AT: VAN NUYS & POMONA, CALIFORNIA — OGDEN, UTAH

SUBSIDIARY: COOPER DEVELOPMENT CORPORATION, MONROVIA, CALIFORNIA

CORPORATE OFFICES: VAN NUYS, CALIFORNIA
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Senior staff

openings in

basic research

THE BorinG ScientiFic RE-
SEARCH LABORATORIES are en-
gaged in a program of funda-
mental research designed to
make contributions to the pro-
gress of the physical sciences.
High-level staff positions are
open now in the fields of

Gas Dynamics
Plasma Physics
Mathematics

Solid State Physics
Electronics
Physical Chemistry
Geoastrophysics

Boeing grants scientists the
latitude and independence
needed to achieve and maintain
leadership in their special
fields.
carrying on their work in this
kind of stimulating research

Scientists interested in

environment are invited to
communicate with Mr. G. L.
Hollingsworth, Director, Boe-
ing Scientific Research Labo-
ratories.

P. 0. Box 3822 - STC
Boeing Airplane Company
Seattle 24, Washington

BOLEING

...environment for
dynamic career growth
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Details of fixture to support the diagonal mirror

is difficult to apply and tarnishes quickly.
Most reflecting telescopes are now
aluminized, a process too tricky to be
undertaken by beginners. The mirror is
placed in a highly evacuated chamber
and bombarded with vaporized alumi-
num. On being exposed to air the metal
acquires a transparent and durable film
of oxide. Firms that specialize in this
work charge about $5 to aluminize a six-
inch mirror. The beginner is urged to
have both his objective mirror and the
diagonal coated in this way.

The mounting may be constructed
while the mirrors are being coated. In
designing the mounting never permit
appearance to compromise sturdiness.
This telescope will have a maximum
magnifying power of about 250 diam-
eters and any jiggle arising in the mount-
ing will be magnified proportionately.
The objective mirror is supported in a
wooden cell fitted with screw adjust-
ments, as shown in detail on page 202.
Fine-grinding and polishing will have
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reduced the focal length to about five
teet. The center of the diagonal mirror is
spaced approximately six inches from
the focal point of the objective (about
4.5 feet from the objective), thus bend-
ing a six-inch cone of rays into the eye-
piece, as shown in detail above.

After assembly the optical elements
must be aligned. Remove the eyepiece,
look through the tube in which it slides
and adjust the diagonal mirror until the
objective mirror is centered in the field
of view. Then adjust the tilt of the ob-
jective mirror until the reflected image
of the diagonal mirror is centered. Re-
place the eyepiece in its tube and you
are in business.

Those who construct this telescope
will ultimately discover that it is not the
best that can be built. To improve it con-
sult the books recommended in the
bibliography on page 232 and tackle the
fine art of figuring the second mirror by
means of the fascinating tests and tech-
niques described therein.



Today mankind is embarked on the most
exciting voyage of discovery since Colum-
bus sailed beyond the rim of the known
world.

In a physical sense, it is a voyage that
ranges from investigation of the infinitesi-
mal components of matter to exploration
of the vastness of the cosmos.

But at Sandia Laboratory it is a voyage
of the mind— a voyage beyond the rim of
our present comprehensions, to unlimited
destinations. Here at Sandia, we perform
research and development pertaining to
nuclear weapons and certain allied non-
military projects for the Atomic Energy
Commission. We need men with the knowl-
edge, the experience, and the desire to ven-
ture beyond the rim in many fields of science
and engineering. At present, we have chal-
lenging opportunities in many fields.

In particular, physicists at the PhD level
will find many new and challenging fron-

tiers of research in such fields as solid
state physics, physical electronics, hydro-
magnetics, radiation effects, combustion
processes, high temperature physics, theo-
retical mechanics, and geophysics. Typical
programs now being carried out include
studies of electronic versus ionic nature of
ferroelectricity, structural changes induced
in polymers by radiation, the preheat zone
in propellant combustion, charge exchange
in gaseous discharge, and neutron-induced
defects in semiconductors. Others concern
the examination of physical phenomena
involved in ferroelectric and ferromagnetic
transducers under explosively-produced
stresses, refraction of blast waves in the
atmosphere, energy transfer at high alti-
tudes, earth motion close to underground
nuclear bursts, and neutron diffusion cal-
culations.

Sandia Laboratory offers many advanced
and specialized facilities to further work

of its scientists and engineers. Equipment
available, or in the process of installation,
includes an electron and positive ion Van
de Graaff accelerator, a 5-megawatt tank-
type heterogeneous nuclear reactor, a wind
tunnel operating in subsonic through hyper-
sonic ranges, digital and analogue com-
puters, and various devices developed for
specialized uses.

Liberal employee benefits, including gen-
erous vacations and holidays, insurance
and retirement plans, educational aid pro-
gram, add to Sandia’s attractiveness as a
place to work. And Albuquerque, a city of
over 225,000 with a mild, dry climate and
friendly Southwestern atmosphere, is a
delightful place in which to live.

IF YOU ARE INTERESTED in a career at
Sandia, our illustrated brochure will tell
you more about the opportunities we offer
to advanced scientists and engineers. Write
to Staff Employment Section 569F.

SANDIA

© 1959 SCIENTIFIC AMERICAN, INC

| CORPORATION

ALBUQUERQUE. NEW MEXICO



A new dimension in

206

© 1959 SCIENTIFIC AMERICAN, INC



bubble blowing

This plastic bubble protects the antenna of a
radically new aerial three-dimensional radar
defense system.

Sensitive to the inadequacies of conventional radar
systems, engineers at Hughes in Fullerton devised
a radar antenna whose pointing direction is made
sensitive to the frequency of the electromagnetic
energy applied to the antenna. This advanced tech-
nique allows simultaneous detection of range, bear-
ing and altitude...with a single antenna.

Hughes engineers combined this radar antenna with
“vest-pocket sized” data processors to co-ordinate
antiaircraft missile firing. These unique data proc-
essing systems provide:

1. Speed—Complex electronic missile firing data was
designed to travel through the system in milli-
seconds, assuring “up-to-date” pinpoint position-
ing of hostile aircraft.

2. Mobility—Hughes engineers “ruggedized” and
miniaturized the system so that itcould be mounted
into standard army trucks which could be de-
ployed to meet almost any combat problem —even
in rugged terrain.

3. Reliability — By using digital data transmission
techniques, Hughes engineers have greatly re-
duced any possibility of error.

Result: the most advanced electronics defense
system in operation!

Falcon air-to-air guided missiles, shown in an en-
vironmental strato chamber are being developed and
manufactured by Hughes engineers in Tucson, Arizona.

Reliability of the advanced Hughes systems can be in-
sured only with the equally advanced test equipment
designed by Hughes El Segundo engineers.

Other Hughes projects provide similarly stimulating
outlets for creative talents. Current areas of Re-
search and Development include advanced airborne
electronics systems, advanced data processing
systems, electronic display systems, molecular elec-
tronics, space vehicles, nuclear electronics, electrolu-
minescence, ballistic missiles...and many more.
Hughes Products, the commercial activity of Hughes,
has assignments open for imaginative engineers to
perform research in semiconductor materials and
electron tubes.

Whatever your field of interest, you’ll find Hughes
diversity of advanced projects makes Hughes an
ideal place for you to grow...both professionally
and personally.

Newly instituted programs at Hughes have created immediate
openings for engineers experienced in the following areas:

Thin Films

Microwave Tubes

Digital Computers Circuit Design & Evaluation
Field Engineering Systems Design & Analysis
Quartz Crystal Filters Logical Design
Communications Semiconductor Circuit Des.

Infrared
Plasma Physics

Write in confidence to Mr. Mike Welds
Hughes General Offices, Bldg. 6H11, Culver City, Calif.

© 1959, H.A.C.

The West’s
leader in

HUGHES

advanced

HUGHES AIRCRAFT COMPANY

Culver City, El Segundo, Fullerton, Newport Beach,
Malibu and Los Angeles, California
Tucson, Arizona
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Introducing the Young Adults’ Division, a program of unique
firsthand experiences in science for gifted young adults, aged 12-16

'The Library of Science offers
your child [Iree| either of these
fascinating “portable laboratories”

RIGINALLY created for the children of

50,000 scientists and educators enrolled
in The Library of Science, the Young Adults’
Division is now open to other young people
whose parents wish them to share in a unique
educational program.

To this select group of 12 to 16 year old
boys and girls, The Library of Science sys-
tematically offers the finest science materials
—pre-tested, age-graded kits, instruments,
equipment and books—illuminating the basic
areas of science.

All materials and literature distributed by
the Young Adults’ Division are evaluated by
science teachers and tested in classroom situ-
ations by our educational department, which
surveys the field of available science equip-
ment and originates new materials.

For example, now being developed in co-
operation with science teachers, school
supervisors and museum curators, are Young
Adults’ kits and instruments in microbiology,
telescope-making, electrons and isotopes,
robot construction, and many other subjects.

EXPERIMENTS WITH
GALSULDS
Analcg

Computer
a L4
CALCULO ANALOG COMPUTER KIT
Scores of fascinating problems in mathematics and
physics can be set up and solved with this remark-
able new kit, which brilliantly demonstrates the
fundamentals of computer theory. Easily assem-

bled. With 36-page instruction manual.
LIST PRICE $16.95

To introduce your child to the benefits of
membership, you are invited to choose—
Free—either of the valuable “portable
laboratories” pictured. With it, we will send
the first Membership Selection of your choice.
As few as 3 more Selections need be taken
during the next 12 months—and, as sponsor,
you are billed at reduced Member’s Prices.

L L LT LT T L)

MO

MICROSCOPE KIT

An ideal introduction to microscopy, slide prep-
aration and photomicrography. Kit contains
superior imported microscope, exclusive 32-page
manual presenting 38 fascinating experiments, 10

ALSO FREE to members—a subscription to
Science World, the famous bi-weekly magazine
for young adults. Here are exclusive articles by
leading scientists; news of research developments,
young scientists’ activities, educational and career

essential accessories. o . .
opportunities; suggestions for projects, etc.

LIST PRICE $19.95

YOUNG ADULTS’ DIVISION, The Library of Science Y-13 I
59 Fourth Avenue, New York 3, N. Y.

Please enroll the following new member in the YOUNG
ADULTS’ DIVISION, open his subscription to Science
World, and send him the Membership Gift and first Mem-
bership Selection shown below. Bill me for the latter at
the reduced Member’s Price, plus postage. He need take — -
as few as 3 more Selections during the next 12 months at
reduced Member’s Prices, for which bill me as adult sponsor.

I MEMBERSHIP GIFT.
FIRST SELECTION

EDITORIAL ADVISORY BOARD

ROBERT H. CARLETON GEORGE W. CORNER
Professor of Executive Secretary  Historian, The
Geochemistry National Science Rockefeller Institute
California Institute Teachers Association  for Medical Research
of Technology

HENRY MARGENAU
Professor of Physics
and Natural
Philosophy

Yale University

HARRISON BROWN

OTHER SELECTIONS.

LIGHT AND COLOR KIT. Two ingenious

ENROLL NEW MEMBER BELOW

scientific instruments—Spectroscope and
Light Polarizer—make possible dozens
of experiments in spectrum analysis,
wave nature of light, diffraction, reflec-

PRE-ELECTRICITY PHYSICS KIT. Ma-
terials for over 100 experiments and
projects demonstrating the basic prin-
ciples of magnetism and static electricity.
Includes alnico magnets, compasses, neon

ALl Age tion, absorption, and stress patterns. 44- bulb, ores and minerals, tapes and plas-
Address. page instruction book. List Price $6.20 tics, two 48-page manuals.

i Member’s Price $4.95 List Price $5.95
City Siate Member’s Price $4.50
SPACE BELOW FOR ADULT SPONSOR FRONTIERS IN SCIENCE, Edited by ~ DR. EDWARD TELLER SPEAKS. 12” long-
Rlama Edward Hutchings, Jr. Linus Pauling, J. playing (33% rpm) record presenting
Robert Oppenheimer, Fred Hoyle, Lee the famous nuclear physicist in authori-
Addres: A. DuBridge, George Beadle, Harrison tative, witty, non-technical discussions
: - Brown, and 24 other prominent scientists of The Size and Nature of the Universe

City State. explain the latest findings in the major  and The Theory of Relativity.
areas of research today. List Price $6.00 List Price $5.95
————— " | Member’s Price $4.95 Member’s Price $4.95
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by Ernst Mayr

DarwiN axDp THE DarwiNiaN ReEvoLu-
TI0N, by Gertrude Himmelfarb. Dou-
bleday and Company, Inc. ($5.95).

he hundred years that have passed
I since the publication of Charles
Darwin’s Origin of Species have
enabled us to evaluate the book far more
objectively than Darwin’s contempo-
raries could. The Origin is one of those
fortunate works that seem to gain in
stature as time goes by. H. J. Muller has
written: “Darwin’s theory of evolution
through natural selection was undoubt-
edly the most revolutionary theory of all
time. It surpassed even the astronomical
revolution ushered in by Copernicus in
the significance of its implications for
our understanding of the universe and of
our place and role in it.” Surely no other
theory has had such a heavy impact on
politics, economics, religion and culture.
In view of these ramifications, it is not
surprising that hardly anyone seems able
to regard Darwin and his work without
emotion. Evaluations range all the way
from that of Louis Agassiz—who referred
to the theory as a “scientific mistake, un-
true in its facts, unscientific in its meth-
ods, and mischievous in its tendency”—
to complete hero-worship. This may ex-
plain why we still lack an outstanding
biography of Darwin. It should be add-
ed, however, that Darwin’s autobiogra-
phy has preempted the field, and that
many potential biographers have doubt-
less been scared off by the need for a
deep understanding of evolutionary
theory which the task would demand.
Gertrude Himmelfarb has attempted
to fill this deficiency with a Darwin biog-
raphy that has been widely praised in
reviews. Dr. Himmelfarb is not a scien-
tist but a historian and a biographer of
Lord Acton. Her specialty is England in
the mid-19th century. What interests her
most about Darwin is his impact on the
contemporary scene, as opposed to his
impact on the development of biology.

BOOAY

Concerning a new biographv of Charles

Darwin, and its scientific shortcomings

Her principal method is in the tradition
of historians: she examines Darwin on
the basis of his own writings. The ap-
proach is on the whole successtul in the
first 14 chapters of her book, wh'ch deal
with Darwin’s life and intellectual de-
velopment, with the emergence of his
theory and with the reception of the
Origin. Her narrative and evaluation are
intelligent, critical and well informed.
Many of the small inaccuracies copied
from one Darwinian author to the next
are corrected. She gives a stimulating de-
seription of Darwin’s scientific method,
which was neither pure induction nor
pure deducticn. Though this method
was not originated by Darwin, no one
before him had applied it so consistently
and to such good advantage. Chapter 6
(“Portrait of the Scientist”) contains a
penetrating and altogether sympathetic
picture of Darwin. It places just the
right stress on Darwin’s admirable quali-
ties and on his foibles and weaknesses.
His “modesty of manner,” “sense of dedi-
cation” and dogged determination to
pursue his scientific career in spite of all
obstacles are admirably portrayed. Dr.
Himmelfarb’s grasp of mid-19th century
English literature has enabled her to use
many previously untapped sources. In
Chapter 10 she gives an excellent survey
of the climate of opinion in England pre-
ceding the publication of the Origin.
Herbert Spencer’s evolutionism, Alfred
Tennyson’s poems, the fashion of geolo-
gizing—all were the expression of a
general movement. To emphasize the
widespread speculation on evolutionary
themes prior to Darwin is important be-
cause it has often been minimized by
Darwin’s idolators. This is one of the best
and most original chapters of the book.
Yet Dr. Himmelfarb does not explain
(nor, for that matter, has anyone else)
the paradoxical fact that the joint publi-
cation by Darwin and Alfred Russel
Wallace of the theory of natural selection
in 1838 fell so completely flat. Instead of
causing an explosion, as did the publica-
tion of the Origin one and a half years
later, it caused hardly a ripple.

The competence of Dr. Himmelfarb’s
treatment of historical and biographical
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matters is not matched in scientific mat-
ters. Indeed, she almost totally ignores
the more recent biological literature.
This leads to misinterpretations, a neg-
lect of important developments and a
general unevenness. An example is
her treatment of the pre-Darwinian his-
tory of evolutionary theory. Here she
gives an excellent account of Erasmus
Darwin and demonstrates convincingly
how similar some of his ideas were to
those of his grandson. She points out
how unaware Darwin was of most of his
predecessors, vet to my mind she fails to
bring out how different most of the earli-
er notions were from a genuine theory
of evolution. This is precisely why Dar-
win’s forerunners failed to convince con-
temporary authorities such as Baron
Cuvier, Richard Owen and Agassiz. She
does not appreciate the role that Lin-
naeus played in preparing the ground
for a sound evolutionary theory by his
insistence upon the fixity of species
and his opposition to prevailing no-
tions of spontaneous generation. Like
other historians she misinterprets the
celebrated discourse in 1830 between
Cuvier and Geoffroy Saint-Hilaire. This
was not primarily a dispute between
an evolutionist and an anti-evolutionist,
but rather a debate between two schools
of comparative anatomy. Here again
Cuvier’s victory ultimately made things
easier for the evolutionists. Her un-
familiarity with creationist literature
prevents her from giving Darwin full
credit for his discoveries in the Gala-
pagos Islands and in South America.
If she had thoroughly understood the
core of the argument, she could not
have claimed that what Darwin had
discovered in the Galapagos was old
stuff known to such men as the Comte
de Buffon, Alexander von Humboldt
and Charles Lyell. The observation
that so excited Darwin had been known
to others before him, but they had
failed to see its evolutionary signif-
icance. This observation was that each
species is localized and may be replaced
by related species in adjacent areas with
an essentially identical geology and cli-
mate. The conclusions that Darwin based
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THE COMBINATION TO
NATURE'S SECRETS

YBERNETICS
of CREATION

The book that defines the forces of
Nature and how they integrate to form
matter.

First by forming electrons; then how
electrons unite to form the atoms of each
element.

Then how atoms of various elements
unite to form an infinite variety of mole-
cules, and how molecules unite to form
matter of all conceivable characteristics.

The description of these processes in-
volve explanations of the entire spec-
trum of radiation and its reactions at
various frequencies thot produce Na-
ture’s other forces, including electricity,
gravitation, heat, light, sight and color.

In other words, how and why we see,
and why sight seems to be instantaneous
whereas radiation travels at definite
speeds.

Why and how all substances whether
inorganic, organic or vital, grow by inte-
grotion of lesser units of energy.

In short, the processes of creation,
which every researcher must clearly
understand to effectively pursue his
avocation,

THE GREAT GIVE AWAY

With each book we give a copy of the
PRICELESS CHART OF NUCLIDES pro-
duced by the Gen-
eral Electric Co. at
the Knolls Atomic
Power Laboratory.
The modern bible of
physicists, chemists,
electronic engineers.
It tabulates known
characteristics of
atoms of all ele-
ments and 1300 isotopes. Costing the
Atomic Energy Commission millions of
dollars to produce, it made possible the
atom and hydrogen bombs and nuclear
energy. With it chemists design new
formulas and physicists can unravel the
geometry of association of atomic struc-
tures.

Please Mail This Coupon

———— e e e ————
Send me on approval [} copies @ $5.95 l
of Cybernetics of Creation with the chart

|

l of Nuclides. I
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I Address e 2 e - |
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TECHNIBOOK, INC.

P.O. Box 2 * Newport Beach * Calif.
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on this fact were essentially new and
not at all anticipated by Lyell, although
Buffon had guardedly played with them.
The distribution of related species was
crucial in the refutation of creationism,
as-was demonstrated by the famous dis-
pute between Agassiz and Asa Gray in
1858. This relation in space was similarly
the crux of Darwin’s argument on the
South American faunas. Dr. Himmelfarb
entirely misses the fact that a succession
of fossil faunas in different geological
strata was not the point. Such a succes-
sion was not claimed by Darwin as anew
discovery; indeed, it was readily admit-
ted by antievolutionists like Cuvier and
by out-and-out creationists like Agassiz.
What Darwin saw—and he was decided-
ly the first to see it clearly and to appre-
ciate its deadly impact on creationism—
was (1) that the different fossil faunas in
South America were more closely related
to one another and to the modern South
American fauna than to the faunas of
other continents, (2) that the different
climatic zones of South America were
inhabited by different adaptive types of
a single fauna rather than by separate
creations and (3) that the faunas of ad-
jacent islands like the Falklands and
Galapagos were not independent crea-
tions but were clearly derived from the
mainland fauna. Creationism was un-
able to account for such regularities in
the pattern of distribution.

Here as in many other places Dr.
Himmelfarb seems to have been misled
by a peculiar urge, so often encountered
in biographical literature of the debunk-
ing sort, to prove that Darwin’s ideas
were neither new nor correct. In short,
she is sympathetic to Darwin the man
and hostile to Darwin the scientist. In
her introduction she refers to him as
“limited intellectually and insensitive
culturally,” and from then on she misses
no opportunity to denigrate him. Her
arguments in this regard are, to put it
mildly, eccentric. On one page she
speaks of “the laws [Darwin] claimed to
have deduced from” his fossil discov-
eries; a few pages later she makes the
contradictory statement: “Darwin never
claimed that such principles . . . were
original to him.”

The last six chapters of Dr. Himmel-
farb’s book are devoted to the “analysis
of the theory” and to “Darwinism.” It
is here that she entirely oyerlooks the
modern literature on evolution. She
fights the 19th-century battles of “miss-
ing links,” “nature red in toothand claw,”
“cooperation versus selection,” but is
unaware or disdainful of recent develop-
ments. It is evident from her acknowl-
edgments that she did not show her
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manuscript to a single evolutionist. The
evolutionary theory has remained re-
markably alive and has within the past
30 years undergone dramatic changes,
most of them of direct relevance to the
interpretation of Darwinism. All of this
is ignored in Dr. Himmelfarb’s account.
Her lack of knowledge of modern evolu-
tionary literature is nowhere more ap-
parent than in her discussion of the old
claims of absence of intermediates in the
fossil record. In discussing the evolution
of the eye she makes the curious state-
ment: “. . . the eye is obviously of no
use at all except in its final, complete
form.” The fact is that even among liv-
ing animals we find almost every inter-
mediate step in the development of the
eye, from a light-sensitive pigment spot
to the superb optical mechanism of the
vertebrates. It is not surprising that the
discussion based on this ill-advised as-
sumption is quite meaningless. Even
more damaging to Dr. Himmelfarb’s
argument is her lack of knowledge of
modern genetics. Without such knowl-
edge it is quite impossible to discuss
many of the phenomena that puzzled
Darwin. To ignore genetics is to ignore
the causal basis of the Darwinian theory.

Dr. Himmelfarb’s bias is nowhere
more conspicuous than in her discussion
of the cornerstone of Darwin’s theory:
natural selection. She misses no opportu-
nity to discredit it and labors mightily to
refute it. Darwin was rather puzzled at
the extreme hostility with whichhis prin-
ciple was received by many of his con-
temporaries, and this puzzlement is
shared by the modern evolutionist. After
all, natural selection is not even a theory;
it is merely the statement of an observa-
ble fact. In any species far more individ-
uals are produced in every generation
than will be able to become the progeni-
tors of the next generation. Since no two
of these individuals are genetically iden-
tical (in sexually reproducing species),
the probability of being among the sur-
vivors that reproduce depends partly on
luck and partly on genetic endowment.
Because each species is composed of
hundreds of thousands or millions of in-
dividuals, each gene is found in thou-
sands of them. Genes which on the aver-
age add to the fitness of the organism,
that is, to the probability of its survival,
will automatically increase in frequency.
This, in brief, is the principle of natural
selection. Actually, as many recent au-
thors have stressed, it is not so much
survival that counts but the probability
of reproducing more copiously, that is,
of adding more genes to the gene pool
of the next generation. This is why natu-
ral selection is so often referred to in the



Sometimes forgotten during the thundering ascent of

a space probe rocket are months of meticulous

analysis, engineering and planning. The staff of

Space Technology Laboratorie: now engaged

in a broad program of space research for the Air Force,

the National Aeronautics and Space Administration

and the Advanced Research Projects Agency under the

direction of the Air Force Ballistic Missile Division.

For space probe projects STL provides the total concept

approach, including preliminary analysis, sub-system

development, design, fabrication, testing, launch

operations and data evaluation. The total task

requires subtle original analysis in many fields as

well as sound technical management.

The STL technical staff brings to this space research

the talents which have provided system engineering

and technical directipn since 1954 to the

Air Force Ballistic Missile Program. Major missile

systems currently in this program are

Atlas, Titan, Thor and Minuteman.
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engineers, physicists and mathemati

unusual opportunities to see their ideas tested in

working hardware. Inquiries are invited regarding

staff openings in the areas of Advanced Systems

Analysis, Rocket Propulsion, Space Flight Mechanics,

Dynamics, Structural Analysis, and Aerodynamics

Space Technology Laboratories, Inc.
P. 0. Box 95004, Los Angeles 45, California
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Complete practical guide to
telescope making—easy to
use—scientifically accurate

For the first time, the amateur astrono-
mer with no knowledge of the mathe-
matical theories of telescope-making
can build a perfect mirror and a tele-
scope to be proud of—simply by follow-
ing the detailed step-by-step instructions
and illustrations in this book. The au-
thor tells how to set up an inexpensive
workshop and how to choose the right
kind of telescope for you. Then, he
guides you safely through each step in
construction, from mirror-grinding to
tube-fitting and mounting. Included are
complete plans for building an observa-
tory and detailed instructions on how
to photograph the stars. Fully illus-
trated with drawings and photographs.

$5.95

STANDARD HANDBOOK
FOR TELESCOPE MAKING

by N. E. HOWARD

An indispensable guide to
satellite watching

“This extremely well written small vol-
ume is a basic primer on satellites, ex-
plaining the fundamental principles of
scientific law by which they behave, and
offering simple experiments that can be
done at home to demonstrate the physi-
cal laws governing satellites. ... A glos-
sary of satellite-watching terminology,
and appendices of data charts for ob-
serving and calculating satellite orbits
adds to the completeness of this unique
volume.”—Air Force Magazine.

Generously illustrated with line drawc-
ings and photographs. $2.50

HANDBOOK FOR OBSERVING
THE SATELLITES

by N. E. HOWARD

THOMAS Y. CROWELL COMPANY
432 Fourth Ave.,
New York 16, N, Y,
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modern literature as “differential repro-
duction.” Theory starts where one inter-
prets specific evolutionary phenomena
as the result of natural selection.

The hostility of many historians and
sociologists toward natural selection ap-
pears to have two sources. The first is
that they interpret it as an all-or-nothing
phenomenon in which the “fittest” sur-
vive and all others are exterminated. The
| unfortunate pre-Darwinian terms and
slogans—e.g., “nature red in tooth and
claw” and “struggle for existence”—are
in part responsible for the misinterpreta-
tion. Darwin himself was too good a
biologist to hold this gory view. In Chap-
ter 3 of the first edition of the Origin
Darwin says: “I use the term struggle
for existence in a large and metaphorical
sense, including dependence of one be-
ing on another, and including (which is
more important) not only the life of the
individual, but success in leaving prog-
eny.” He was fully aware of the statistical
nature of natural selection and indeed
stated the principle so well that its defi-
nition could hardly be improved.

The other source of hostility is egal-
itarianism. The idea of a biological non-
identity among individuals on the basis
of different genetic endowments has al-
ways been an anathema to certain ideol-
ogies. Yet the biological fact of such
difference has been so decisively estab-
lished, in literally thousands of selection
experiments, that it would seem time to
stop fighting the battle. Egalitarians have
tried to expand the principle of democ-
racy—“equality of opportunity, equality
before the law, and equality before
God”—to “biological identity.” They sel-
dom perceive that equality in spite of

principle than equality because of identi-
ty. Dr. Himmelfarb’s statement that
“one of the . . . least appreciated aspects
of Darwin’s theory [is] the location of
the struggle for existence primarily with-
in species rather than between species”
indicates a total misunderstanding of the
essence of natural selection. “Least ap-
preciated” when Darwin and his fol-
lowers have stressed this point above all
others! Darwin devoted more chapters
of the Origin to variation within species
than to any other subject, and later he
wrote a two-volume work about it. The
primary signiﬁcance of intraspecific var-
iation is its role as the raw material for
selection within species.

Evolutionary biology has never been
closer to Darwin’s original concepts than
it is today. It can be stated dogmatically
that the few who still object to natural
selection are among those who have not
kept up with genetic theory. I flatly
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challenge Dr. Himmelfarb’s statement
that “a growing number of scientists . . .
have come to question the truth and ade-
quacy of natural selection.” The exact
opposite is true. Natural selection as a
principle is inseparable from variation,
its raw material, and in the understand-
ing of variation great progress has been
made since Darwin. What is evaluated
by selection is not a mutation, not a
“naked” gene, but the finished organism
that results from the interaction of all its
genes. Selection deals with combina-
tions; this is why today it is quite rightly
considered a creative process. It brings
together novel combinations of genes
and characteristics which, as a new com-
plex, may add far more to fitness than
the separate components individually.
Those who stress the negative aspects of
selection—the elimination of the unfit—
do so because they fail to perceive the
creative aspects. In her accounts of sexu-
al selection and of “cooperation” Dr.
Himmelfarb follows the 19th-century
writers who accepted these principles as
alternatives to natural selection. She fails

to understand that sexual selection isI

only one of many forms of natural selec-

. . |
tion, and that cooperation (part of Dar-

win’s “dependence of one being on an-
other”) has high selective value when-
ever the “unit of selection” is more than
a single individual. If she had had a
better understanding of modern genet-
ics, she could never have arrived at her
judgment: “. . . the difficulty with nat-
ural selection . . . is that if it explains too
much, it also explains too little, and that
the more questionable of its hypotheses
lie at the heart of its thesis. Posing as a
massive deduction from evidence, it ends
up in an ingenious argument from ignor-
ance.”

Dr. Himmelfarb’s chapter on the ori-
gin of man is one of the most astonishing
in the whole book. The discovery of fossil
man is entirely post-Darwinian except
for some poorly understood Neanderthal
remains. A wealth of “missing links” has
been discovered in the last half-century:
Australopithecus (the South African
“man-ape”), Pithecanthropus and early
Homo sapiens, all of which cast an en-
tirely new light on the history of man.
Yet Dr. Himmelfarb manages to discuss
the origin of man in total seriousness by
analyzing statements in Darwin’s The
Descent of Man as a philologist would
analyze a literary text. She makes a sin-
gle exception by discussing Piltdown
man, which never fitted into any restora-
tion of hominid phylogeny and was long
ago declared an artifact by Franz Weid-
enreich and other outstanding workers.
Piltdown man had to be “explained

5750 Ellis Avenue, Chicago 37, Illinois
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away” in everv discussion of human an-
cestry, and it was reinvestigated again
and again because it did not fit; this, in-
deed, is how the clever fraud was even-
tually discovered. Dr. Himmelfarb’s as-
sertion that “its exposure as a fraud
leaves the theory, after a century of
search, without the much-desired miss-
ing link,” carries little conviction be-

cause it had been accepted as a missing
link only by a few chauvinistic anthro-
pologists.

Her treatment of other achievements
of Darwin is not much better. In her dis-
cussion of Darwin’s theory of the origin
of coral reefs by subsidence she speaks
of the fallaciousness of Darwin’s meth-
od, the result of which was “that the
theory eventually gave way.” The fact
of the matter is that much recent geolog-
ical work, particularly deep drillings in
| the West Indies and in the Marshall
' Islands, have brilliantly confirmed Dar-
| win’s theory. This theory is not in the
' least weakened by the fact that the mod-

ern synthetic theory of coral-reef forma-
tion allows for the contribution of addi-
tional geological events, such as the rise
of submarine volcanoes and Pleistocene
fluctuations of the sea level. Here as in
so many places Dr. Himmelfarb seems to
think that any one theory excludes all
others, and that there is only a single
pathway toward a given end product.
Just as disturbing as these erroneous
evaluations is the author’s lack of inter-
est in much of Darwin’s life work. Six of
his publications are dispatched in a sin-
gle sentence by listing their titles. That
Darwin was the founder or at least a
| major pioneer in whole branches of bi-

ology, such as ecology and biogeogra-
i phy, is not even mentioned by this Dar-

win biographer.

In her discussion of Darwin’s scien-
tific method Dr. Himmelfarb stresses,
quite rightly, how much he “speculated,”
or, as we would now say, how readily he
would develop new working hypotheses.

| She does not seem to appreciate how
| much collecting of facts and observations
| usually preceded the formulation of
these “speculations.” For example, she
takes great pains in her chapter on the
voyage of the Beagle to disprove the no-
tion that this voyage was “a preview of
the Origin.” She evidently does not rea-
lize that Darwin’s observations on the
Beagle revealed to him discrepancies in
the accepted theories of creationism.
‘ From that point on it was only a matter
of time, of the leisure for further think-
ing and of additional reading until he
had his flash of inspiration. To claim, as
| Dr. Himmelfarb does, that “there is, in
| fact, no real continuity between the
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Beagle and the Origin” reveals a failure
to understand the working of the scien-
tific mind. How often has a scientist had
the experience that an observation lies
dormant in his mind for years, like a
time bomb, only to “explode” quite un-
expectedly at the appropriate time.

Dr. Himmelfarb criticizes Darwin re-
peatedly for his “ineptness” as a phi-
losopher. Yet she does not seem to realize
that this very weakness was Darwin’s
strength. Instead of getting tangled up
in philosophical premises, as did Agassiz
and the highly competent contemporary
German and French zoologists and bot-
anists, Darwin was able to pursue his
biological speculations unfettered. In-
deed, one might go further and say that
Darwin was an important philosopher,
even though he himself never articulated
and formalized his philosophy. To me it
seems a major gap in Dr. Himmelfarb’s
presentation that she nowhere discusses
the enormous impetus Darwin gave to
“population thinking,” and the mortal
wound he inflicted upon “typological
thinking” (idealism). It is Darwin more
than anyone else who rescued us from
Plato’s eidos. Darwin’s role in the argu-
ment between continuism and discon-
tinuism, his particular contribution to
materialistic thinking (so utterly differ-
ent from the materialism of philosophers
like Julien Offray de la Mettrie and
Baron d’Holbach) and his clear separa-
tion of ontogenetic and phylogenetic
evolutionism are mentioned by Dr. Him-
melfarb, but nowhere analyzed in the
way one would expect in a volume de-
voted to the “Darwinian revolution.”

Her discussion of Darwin’s relation to
teleological thinking fails to penetrate
to the core of the issue. Neither she nor
the majority of philosophers seem to
realize that the “Why ?” that Darwin asks

so often is not the teleological “What |

for?” but the scientific “How come?.”
The investigator who asks, “Why are
there tides in the ocean?,” is inquiring
into their causation. The anti-teleologi-
cal impact of this kind of “Why?,” cor-
rectly emphasized by John Dewey, is
missed by Dr. Himmelfarb entirely when
she calls Darwin’s questioning a “pre-
eminently teleological inquiry.” No won-
der she is puzzled “that Darwin, the
least philosophical of men, should have
fastened upon that most philosophical
and metaphysical of all questions [and
yet that] his questions, while fundamen-
tal, were never abstract.” The reason is
that Darwin was intensely interested in
ultimate causes, but never in “final”
causes.

One might claim that these errors are

irrelevant in a book primarily concerned |
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with the Darwinian revolution, the im-
pact of Darwin on the contemporary
scene. But even here I feel that Dr. Him-
melfarb has not done Darwin justice.
She describes quite correctly how be-
wildered Darwin was about the social
and ethical applications of Darwinism.
He certainly would not have excused
war, class struggle, robber baronism and
racism as logical consequences of Dar-
winism. Yet she nowhere points out that
it is totally unjustifiable to interpret such
things in terms of Darwinism. It does not
matter which of Darwin’s basic princi-
ples one takes: the population principle
or the principle of the biological contri-
bution to the next generation (the true
touchstone of natural selection); apply-
ing either of these principles to “social
Darwinism” shows that they are in com-
plete opposition to it. The adoption of
pseudo-Darwinism by all-or-nothing
philosophers, by typologists and by oth-
ers unable to think statistically has led to
all sorts of monstrous ideologies that no
true Darwinian could ever have con-
ceived. It is the term “struggle,” which
Darwin so unfortunately took over from
Thomas Malthus and Lyell, that seems
to have given misinformed laymen the
idea that physical struggle was the basic
principle of Darwinism.

What final verdict can a biologist ren-
der on Dr. Himmelfarb’s book? As I have
indicated, the first half of her narrative,
which is mostly concerned with Darwin
and the intellectual milieu of the Origin,
is one of the better contributions to Dar-
winian literature. The less said about the
second half of the book, which deals with
Darwinian theory, the better. I can only
hope that it will spur evolutionists to
redouble their efforts to make the find-
ings of evolutionary biology available
to the nonspecialist.

Short Reviews

MY PHiLosoPHICAL DEVELOPMENT,
by Bertrand Russell. Simon and
Schuster, Inc. ($3.75). For Bertrand
Russell both art and life have been long,
a fact for which the world should be
grateful. His work is for the moment less
in fashion than it once was (he speaks
wryly of being regarded as antiquated),
but one doubts that this causes him se-
rious distress. Nor should it. Almost any-
thing in contemporary philosophy worth
looking at reflects his influence: much of
what is now being said he once said
better, or else what is now being said
attempts to refute one of his earlier
views. He has, to be sure, held many
views, and nothing is easier than to find
conflicting statements in his philosophi-
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cal writings. This has therefore become
a favorite pastime among the small fry.
But the pastime lacks savor because no
one has exposed more contradictions in
Russell’s work than Russell. Alan Wood
reminds us of Napoleon’s reassurance to
the innkeeper in Bernard Shaw’s The
Man of Destiny: “You will never be
hanged. There is no satisfaction in hang-
ing a man who does not object to it.”
Philosophers of mettle have better things
to do than to search for Russell’s faults
and weaknesses. This book itself is an
exercise in self-criticism—an enthralling
intellectual autobiography. Of Leon-
hard Euler it was said that he calcu-
lated without apparent effort, “as men
breathe, or as eagles sustain themselves
in the wind”; it does not strain the image
to extend it to Russell’s philosophizing.
This is not to say that he is a stranger to
intense and prolonged concentration,
that his ideas and insights have come
easily, that he has not known the strug-
gles, torments and frustrations of other
philosophers. But two things are alto-
gether clear from his work: He sought

out the hardest problems, and he has |

been able to say what he has to say about
them with unsurpassed lucidity.

His philosophical development, he
tells us, began at the age of 15. It was
dominated by mathematics, but, he
writes, “the emotional drive which
caused my thinking was mainly doubt as
to the fundamental dogmas of religion.”
The specimens he offers of his philo-
sophical reflections recorded in a note-
book at the age of 16 (he used Greek
letters and phonetic spelling “for pur-
poses of concealment”) are extraor-
dinarily sensitive and moving. His grow-
ing disbelief first in free will, then in
immortality and finally in God fright-
ened and confused him, for these were
the teachings of his youth. “I do not
think,” one entry reads, “it [the search
for truth] has in any way made me hap-
pier; of course it has given me a deeper
character, a contempt for trifles or mock-
ery, but at the same time it has taken
away cheerfulness and made it much
harder to become bosom friends and,
worst of all, it has debarred me from
free intercourse with my people, and
thus made them strangers to some of my
deepest thoughts which, if by chance I
do let them out, immediately become the
subject for mockery which is inexpressi-
bly bitter to me though not unkindly
meant.” But neither then nor afterward
would such painful experiences deter his
desire to know and “to clear away mud-
dles.” As the story unfolds we learn of
his excursion into idealism, his early pas-
sion for Hegel, his revolt, in company
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ENGINEERING OCEANOGRAPHER

NEEDED: A unique engineer to plan, instrument, and interpret
measurements of underwater sound ... to analyze signals charac-
teristic of submarine echoes and noise under active and passive
search conditions...to prepare range predictions for sonar
search. Requires MS or PhD in oceanography — 5-10 year’s expe-
rience in measurements of underwater acoustics, instrumentation
selection; know bathythermograph techniques, ocean structure
and marine life as related to sound propagation and measurement.
Write in confidence to John R. Pinkston, Department 113.
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METAMORPHOSIS

See your R&D metamorphose into
usable hardware. Our Inertial
Guidance System contracts require
that we add to our staff. If you have
3 to 5 years of experience, you
probably qualify for a position of
responsibility. Inquire today of Mr.
C. T. Petrie, Manager, Research &
Engineering Staff,

LITTON INDUSTRIES Electronic Equipments Division
Beverly Hills, California
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with G. E. Moore, into- pluralism. He
avidly took up questions of mathematics
and the philosophy of physics, wrote
long papers and books about them, some
of which acted like a cathartic. His first
major work, An Essay on the Founda-
tions of Geometry, he now dismisses as
containing nothing valid; of a mathe-
matical paper he remarks that it was
“unmitigated rubbish”; of other early
efforts, that they were “complete non-
sense.” His mother-in-law, a famous and
forceful religious leader, assured him
that philosophy “is only difficult because
of the long words it uses. I confronted
her with the following sentence from
notes I had made that day: ‘What is
means is and therefore differs from is,
for “is is” would be nonsense.” It can-
not be said that it is long words that
make this sentence difficult.” But as time
went on he ceased to be troubled by
such problems.

The chapters on his introduction to
mathematical logic, and to the work on
the Principles of Mathematics and the
Principia, are fascinating. Taken in con-
junction with his discussion of Ludwig
Wittgenstein, they evidence his candor,
for he shows us the shatteringly self-
defeating climax of his prodigious labor.
Having entered upon the mathematical
task in search of “splendid certainty,”
Russell brilliantly frustrated himself by
finding contradictions not to be reduced
(except by adopting theories “which
may not be true and are certainly not
beautiful”). And the whole of mathe-
matics, as he has come to believe, though
very reluctantly, consists of tautologies,
so that “to a mind of sufficient intellec-
tual power” the entire subject would ap-
pear trivial, “as trivial as the statement
that a four-footed animal is an animal.”
Russell sets before us the development
of his beliefs as to consciousness and ex-
perience, language, the nature of truth,
the theory of knowledge. In his view we
do not directly perceive the external
world; what we see are images in our
heads from which the world is inferred.
But a certain Correspondence of struc-
ture must be supposed between percep-
tions and the facts of nature, otherwise
understanding would be impossible.
This is one of the five principles of “non-
demonstrative inference” at which he

| has arrived. With the whole of Russell’s

thought synoptically spread out, one is
struck by two major tendencies. At times
he is a merciless dissector of ideas and
language; nothing is accepted at face
value, there are no agreed-upons, he cuts
familiar notions into thinner and thinner
slices as with a microtome. In the Prin-



cipia, for example, it takes a formidable
apparatus to prove that one plus one
equals two, and he will examine a single
word as if it were an infinitely complex
crystal, with depths within depths. On
the other hand, he will even in a tech-
nical philosophical discourse use a plain
man’s language, now appealing to com-
mon sense, now accusing a critic of |
drowning an issue in subtleties. An In- |
quiry into Meaning and Truth is devoted
to demonstrating that, despite the com-
plexity of apparently simple things, and
the uncertainty that infects even the
most plausible premises, probably the
best answer to the question: “How do
you know I have two eyes?” is “What a
silly question! I can see you have.” Rus-
sell’s easy use of the word “science” (as
if its meaning were as univocal and
transparent as “Mount Everest”), con-
trasted with the exhaustive analysis of a
word such as “the,” must disconcert even
his most faithful disciples. His justifica-
tion for the use of “common sense meta-
physics” on some occasions, and the pre-
cision machinery of mathematical logic
and analysis on others, is that both are
needed to make even a little temporary
sense of the world. The philosopher’s
task is to trv to understand the world;
but he must recognize that this is impos- |
sible, that the most he can hope for is to
expose illusion, to demonstrate what is
false rather than to establish what is
true. Complete skenticism is self-anni-
hilating and insincere; this is where
common sense comes in. On the other
hand, one must not be too certain of any-
thing, and analysis is needed to show the
fugitiveness of timeless truths. Russell’s
reconciliation of his passion for mathe-
matics and his sympathy for mysticism,
of his common sense and scientific out-
look, of his reverence for cold and stern
perfection and his interest in the less
sublime concerns of man is summed
up in these words ne once wrote: “I
have always ardently desired to find
some justification for the emotions in-
spired by certain things that seemed
to stand outside human life and to
deserve feelings of awe,...the stary
heavens, . . . the vastness of the scien-
tific universe, . . . the edifice of imper-
sonal truth which, like that of mathe-
matics, does not merely describe the
world that happens to exist. Those who
attempt to make a religion of humanism,
which recognizes nothing greater than
man, do not satisfy my emotions. And
yet I am unable to believe that, in the
world as known, there is anything I can
value outside human beings. . . . Imper-

sonal non-human truth appears to be a
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This is the superfine Questar telescope. Its wonderful compactness is
achieved by the perfect marriage of a correcting lens to an f/2 mirror,
whose figure is accurate to 1/64 wavelength of light. Each element is
singly made, and each matched set of Questar optics slowly brought to
perfection by a series of high power performance tests, until it is truly
an individual triumph of the optician’s art.

This whole portable observatory, with the precise controls of great in-
struments, occupies but one-half cubic foot of space and weighs eleven
pounds. At left, the seven-pound Questar is shown ready for celestial use.
The base casting houses a synchronous electric drive and safety clutch. A
seated observer using Questar from a table top is in the easy attitude ot
study, and, being freed from strain and fatigue, finds his eyesight unim-
paired as he examines Questar’s rock-steady images in luxurious comfort.

Questar costs only $995,
postpaid, as shown with
case. Terms are avail-
able. May we send you
our 32-page booklet?

+ NEW HOPE - PENNSYLVANIA
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delusion. And so my intellect goes with
the humanists, though my emotions vio-

lently rebel.”

rIWHE MaxMmAaLS OF NORTH AMERICA,
by F. Raymond Hall and Keith R.
Kelson. Ronald Press Company ($35).
This huge technical work of some 1,250
pages, with 500 distribution maps, 538
figures of skulls and 186 life drawings
of mammals, is a systematic reference
compilation, primarily based on previ-
ously published material, treating the
more than 3,800 named kinds of mam-
mals inhabiting the region from Green-
land to Panama. The authors provide
information on taxonomy, distribution,
habits, ecology, dimensions; there is an
extensive bibliography and 158 pages of
indices to vernacular and technical
names. Only professional mammalogists,
for whom this publication is intended,
can judge its merits, and then only after
continued use; that it will be used, and
that despite possible shortcomings it will
become a standard, is beyond question.

SIGMUND Freup, COLLECTED PAPERS,

edited by Ernest Jones. Basic Books,
Inc. ($25). Freud’s major studies of
dreams, sexuality, totemism and so on
have long been available to the English-
speaking public; his clinical investiga-
tions, however, which may be regarded
as the basis of his grand system, were
long buried, as Ernest Jones observes, in
a foreign tongue. This central lacuna was
filled with the publication in Britain
some years ago (and extending over a
considerable period) of the International
Psycho-Analytical Library, of which five
volumes were devoted to English trans-
lations of Freud’s Sammlung kleiner
Schriften zur Neurosenlehre. Basic
Books has now made these volumes
available in a U. S. edition. The papers
go back almost to the beginning of
Freud’s professional career—the first, an
essay on J. M. Charcot, appeared in a
Vienna medical weekly in 1893—and
conclude with a fragment, “Some Ele-
mentary Lessons in Psycho-Analysis,”
written in 1938 and published posthu-
mously in 1940. Thus they afford a
unique picture of the development of
Freud’s work, disclosing, Jones says, “a
beautiful example of the way in which
ideas are gradually unfolded—and con-
stantly extended and modified—under
the pressure of widening and deepening
experience.” One need not fully accept
the editor’s opinion that the papers as a
whole represent “the very antithesis of
the promulgation of an a priori philo-
sophical system such as has sometimes
been ignorantly imputed to [Freud]” to



realize that Freud was not inflexible, |
that he was sensitive to fresh material,
could learn, could make detours, embark
on new paths, even “retrace his steps.”
But his basic beliefs, as is plain to see,
remained pretty firm, and he possessed
the necessary skill and imagination to
make the windings artistically fit the
core. This is what gives his system its
coherence, strength and symmetry; this
is why it continues to exercise a formid-
able influence, almost as much upon
those who would modify or even repudi-
ate it altogether as upon those who re-
gard it as sacred and complete. To
whichever group one belongs, one can-
not deny that the papers record one of
the great intellectual adventures. The
five volumes of the papers comprise the
following contents. The first contains
miscellaneous early papers and a history
of the psychoanalytic movement up to
1914; the second consists of clinical pa-
pers and papers on technique; the third
is made up of five case histories, includ-
ing the noted, analysis of a case of hys-
teria, the analysis of a phobia in a five-
year-old boy and notes upon a case of
obsessional neurosis; the fourth presents
eight papers on metapsychology and 16
papers on applied psychoanalysis; the
fifth assembles miscellaneous papers,
some omitted in earlier collections. The
translations by various hands have been
carefully supervised and are satisfactory;
those by James Strachey are first-rate.

VISUAL ProBLEMS or CoLour. Her

Majesty’s Stationery Office ($7.56).
The appreciation of color by the human
eye formed the theme of the British Na-
tional Physical Laboratory’s Eighth
Symposium, held in September, 1957.
Research workers on vision from Eu-
rope, Canada and the U. S. contributed
40 papers dealing with recent develop-
ments in the field; the papers and ensu-
ing discussions are contained in these
two volumes, together with the Selig
Hecht Commemorative Lecture “Ret-
inal Chemistry and the Physiology of
Vision,” with which George Wald
opened the Symposium.

A Stupy oF Bracksirps, by D. W.
+X Snow. George Allen and Unwin,
Ltd. (21 shillings). The author spent
four years studying a small community |
of blackbirds in the Oxford Botanic Gar-
den, which he could see from his win-
dow at the Edward Grey Institute. He
concentrated on aspects of the black-
birds’ life that interested him, and now |
offers a modest essay on what he learned.
He describes the birds’ plumages and
moults, their food and feeding habits,

15 SECONDS
AT 9000°R AND MACH 15

How do you exactly simulate the flight of hypersonic missiles
and space vehicles in the earth’s atmosphere for realistic time
periods?

ie Up to now it couldn’t be done!

But now CAL is developing and building for the Air Force the world’s
first test device achieving temperatures up to 9000°R, speeds up to
Mach 15 and test times as long as 15 seconds.

In this Wave Superheater Hypersonic Tunnel it will be possible to
examine the large scale models, materials, structures and aerodynamic
problems arising in the hypersonic flight regime.

For this and other significant research, the mechanical design of
structures and equipment to withstand extreme temperatures and loads

. and for advanced nozzle systems studies . . . we seek capable aero-
nautical and mechanical engineers. To those who join us, we offer the
opportunity to undertake research work most suited to their specific
background and interests. Interested? Write today. Your inquiry will
receive prompt, confidential attention.

/_\ i\ CORNELL AERONAUTICAL LABORATORY, INC.
K @ of Cornell University, Buffalo 21, New York

J. S. Rentschler
CORNELL AERONAUTICAL LABORATORY, INC.
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RESEARCH IN CANADA

THE RCA VICTOR COMPANY, LTD.
RESEARCH LABORATORIES

have a limited number of vacancies for scientists
with the Ph. D. degree, or other high qualifica-
tions, and experience in the following fields:
THEORETICAL SOLID STATE PHYSICS
SEMICONDUCTOR DEVICES AND ELECTRONICS
TRANSISTOR CIRCUITS AND MEASUREMENTS
SYSTEMS ANALYSIS AND INFORMATION THEORY
MICROWAVE PROPAGATION AND PLASMA PHYSICS
The Research Laboratories, now in their fourth
year of operation, offer attractive modern facilities
and opportunities for advancement in an expand-
ing group. The Laboratories only undertake pure
and applied research. Product development and
design engineering are the responsibility of separate
engineering groups.

Applications should be addressed to:

Dr. J. Rennie Whitehead
Director of Research, RCA Victor Company, Ltd.
1001 Lenoir St., Montreal, P. Q., Canada.

VIVALDI

SCIENTIFIC? No. . . . But “Sheer listening joy!” is what
Leonard Bernstein calls the Library of Recorded Master-
pieces” new VIVALDI recording project.

For the first time, the music lover gets “recording in
depth” of the entire work of a great composer in perform-
ances following the authentic scores as they appear in the
composer’s handwriting—especially recorded for you by
leading artists with the most advanced high fidelity tech-
niques—with a remarkable written and recorded musical
index—unlimited exchange of worn or damaged records—
and the authentic Ricordi scores of all the recorded music—
all at less than the scores alone would cost.

Write today without obligation for a free copy of the
VIVALDI Prospectus to Library of Recorded Master-
pieces, Dept. SA-1, 150 W. 82nd St., New York 24, N.Y.
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their strongly territorial disposition (in
the Botanic Garden the average size of
a territory was about half an acre), their
songs and calls, their threatening and
fighting practices. He discusses popula-
tion problems, the hazards of city life,
sexual displays, pair formation and pair-
bond, nesting, care of the young, breed-
ing season, clutch size and so on. This
story of birds living their lives and
making a society in a tiny green world
surrounded by buildings and busy
streets has gentle charm as well as scien-
tific merit. Pleasing illustrations.

QOAP BussLes, by C. V. Boys; Mac-
\ xETs, by Francis Bitter; ECHOES OF
Bats axp MEN, by Donald R. Griffin;
Tae NEeuTrRON STORY, by Donald J.
Hughes; How OLp Is THE EARTH?, by
Patrick M. Hurley. Doubleday Anchor
Books (95 cents each). The appearance
of this new series of science paperbacks
has been preceded by considerable fan-
fare. The books are published as part of
a program, based at the Massachusetts
Institute of Technology, for reforming
the teaching of physics; the program in-
cludes the writing of a new textbook, the
preparation of a film series and the de-
sign of laboratory apparatus. The Fed-
eral Government and private founda-
tions have supported the work with large
grants, and a group of physicists, high-
school teachers, journalists and others
have cooperated in designing and creat-
ing aids to the learning of physics. It
cannot be said that the division of the
program represented by these books ex-
hibits a soaring flight of imagination,
either in planning or individual perform-
ance. With the exception of Boys’s
charming late-19th-century lectures on
soap bubbles, a small classic of populari-
zation which one is glad to see back
in print, the other four 156-page mono-
graphs, though competent, do not
sparkle. Bitter’s book, subtitled “The
Education of a Physicist,” combines
autobiography—how he got interested
in physics and how he tackled prob-
lems of research—with a resumé of
what is known about magnetism and
electricity, ferromagnetism, nuclear
magnetism and related matters. The au-
tobiographical parts are more interesting
than the straight exposition. Not to men-
tion electron spin is a curious omission
even in a book for beginners; and it is
something of a feat to make occasional
references to the history of magnetism,
as the book does, without even mention-
ing Michael Faraday. Griffin’s story is in
many respects a shorter version of his
excellent Listening in the Dark, re-
viewed in this department some months



ago. He discusses, among other things,
the nature of sound waves, airborne
echoes of audible sounds, the language'
of echoes, sonar and radar, echo-location
as a tool for the blind. The Neutron
Story is a pallid affair. It presents the
fundamentals of atomic and nuclear

physics; then explains how neutronswereC h r I St m a S
discovered, what they do, what is known

about their structure and how they are
used. Other writers with more verve and
imagination have told this story much
better. Hurley’s primer deals satisfac-
torily with questions about the structure
of the earth, radioactivity as a major
heat-producer, the measurement of geo-
logic time, memorable dates of surface
history, the earth’s beginnings. Illustra-
tions for the series are of average qual-
ity, neither original in conception nor
conspicuously well drafted; any good
physics text published in recent years is
likely to have far superior pictures. The
merit of the books is that they usually
approach their business directly and do
not evade or dulcify the hard problems
in the way that popularizations are apt
to do. This at least is the way to talk to
high-school students; if they care for sci-
ence let them face some of its intricacies
and headaches right off. The Science
Study Series is a sound idea, and one
hopes to see it better served in future
volumes; the first batch gets off the
ground with a ladder, but not very high.

RECORDS OF THE AMERICAN-AUSTRAL-
1aN  ScienTiFic EXPEDITION TO
ARNHEM Lanp, VoL. III: BoTtany aND
PLanT EcoLocy, edited by R. L. Specht
and C. P. Mountford. Cambridge Uni- |
versity Press ($19.50). The first volume
of this fine expedition report, dealing
with the art, myth and symbolism of
Arnhem Land in Australia was re-
viewed in these columns some time ago.
Volume III treats of the history of bo-
tanical exploration in the Aboriginal Re-
serve, of the botanical specimens col-
lected by the party, of the climate,
geology, soils and plant ecology of north-
ern Arnhem Land, and of the geographi-
cal relationships of the flora. There are
many illustrations. The two volumes still
to follow will cover natural history, an-
thropology and nutrition.

"I HE MoOLECULAR Basis or EvoLuTiON,
by Christian B. Anfinsen. John Wiley
& Sons, Inc. ($7). The principal aim of
this book is to examine a method for the
study of evolution based on the hypothe-
sis that the individual proteins which |
characterize a particular species are
unique reflections of the genes which
control their synthesis. According to the !
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author, the evidence thus far available,
though limited, suggests that the struc-
ture of proteins may be a relatively di-
rect expression of gene structure and
that comparative protein chemistry may
furnish a qualitative view of genotypic
differences and similarities. If we accept
the general hypothesis, we are led to in-
fer, for example, that the “insulin-de-
termining” genes of the pig and the
sperm whale are identical, like the in-
sulins whose structures they determine.

rFHE Puma’s CLaw, by Simon Clark.
1 Little, Brown and Company ($4.95).
A very well-written, zestful, unpreten-
tious story of seven young Englishmen,
the oldest 24, who went to Peru to climb
Pumasillo, a 20,490-foot terror of a
mountain, hitherto unconquered and al-
most unknown. Clark says the climb was
made “for the hell of it” and was not
intended to prove anything; he and his
companions had a dangerously exciting
and gratifying adventure; they enjoyed
themselves immensely and so will the
reader.

NANCER IN FamiLies, by Douglas P.
(«‘ Murphy and Helen Abbey. Harvard
University Press ($2.50). This book re-
ports on a study of the male and female
relatives of 200 women who had suf-
fered from cancer of the breast. One hun-
dred ninety-eight control families were
investigated in a similar manner. Earlier
studies in this field yielded contradictory
results as to whether or not cancer oc-
curs with unusual frequency among the
relatives of cancer probands; on the oth-
er hand, there seemed to be “almost uni-
versal agreement” that breast cancer
occurs with unusual frequency in the
relatives of patients who have the disease
at that site. The present carefully
planned and executed inquiry produced
no evidence that the disease occurs more
frequently, either in the breast or else-
where, among the relatives of breast-
cancer patients than among the relatives
of the controls.

INYANGA, by Roger Summers and oth-

ers. Cambridge University Press
(%9). A description of an archaeological
investigation into the ruins and terraces
of Inyanga, a mountainous region on the
eastern borders ot Southern Rhodesia.
The monuments include roads and path-
ways, water furrows, pits, enclosures,
forts, cairns and monoliths; and while
these are only a few hundred years old,
it was necessary in reconstructing the
past, because of the absence of written
evidence, to make use of archaeological
methods such as are used in studying



the prehistoric cultures of older civiliza-
tions. A beautifully produced volume.

HE SILENT LANGUAGE, by Edward T.

- Hall. Doubleday & Company, Inc.
($3.95). It is an important part of our
culture to talk without saying anything;
but in our culture, as in many others, a
great deal can be said without talking.
The silent language is in fact capable of
conveying more deeply felt meanings
than words. Its vocabulary is large and
varied; manners, gestures, the way we
regard property, our notions and prej-
udices of social order, our everyday use
of time and space concepts, are essential
parts of this vocabulary. Indeed, this
book makes the point that culture in its
entirety is a form of communication. The
author is an anthropologist who has done
field work in different parts of the world
and has directed a training program in
the State Department for overseas tech-
nicians and administrators, instructing
them on the local traditions and taboos
of the countries to which they were to
be sent. He gives many examples of how
we and other people express ourselves
by actions or in coded speech, and he
shows how easy it is to misunderstand
messages of a silent language if one is
ignorant of the culture of which it is a
part. This is an interesting essay, but it
bogs down when it tries to be profound.

THE Haxp oF L1FE, by Ritchie Calder.
4 Weidenfeld and Nicolson (30 shil-
lings). This year marks the 10th anni-
versary of the foundation of the Weiz-
mann Institute of Science at Rehovoth, |
Israel. It has become, despite severe

handicaps, one of the scientific centers

of the world, conducting research in

geology, agriculture, nuclear physics,

chemistry, biochemistry, animal-breed-

ing, pure and applied mathematics, elec-

tronics, experimental biology and bio-

physics. Its success is attributable to

Chaim Weizmann’s original leadership,

to the memory of his devotion to the

highest scientific ideals, and to the pas-

sion and skill of young men and women

from all over the world who have dedi-

cated themselves to serve not only the

needs of their country but of the wider

world of science. The story is sketched

in this well-illustrated book by an able

British science-journalist.

Notes

THERMODYNAMICS AND STATISTICAL
THERMODYNAMICS, by John Geldart As-
ton and James John Fritz. John Wiley &
Sons, Inc. ($8.25). A survey of recent
advances in methods for calculating

Silence deep as death

e “There was silence deep as death, and the boldest held his
breath, for a time.” Thomas Campbell was describing the
Battle of the Baltic, in 1801. But many a submariner will
recognize the moment in modern underwater combat, when
complete silence is the only way to survival.

Modern submarines make the problem of silence tougher,
for in these modern boats, some machinery must always be
running. This is why tech/ops is probing, for the Navy’s
Bureau of Ships, the transmission of noise through water pipe
lines through structure and into the sea . .. to be picked up
by enemy ears. And tech/ops has found new ways of testing
for such noise . . . methods that light the way toward ‘“‘silence
deep as death” for our Navy’s pigboats.

Another typical break-through in tech/ops’ broad scientific
research and development for business, industry and govern-
ment.

Technical Operations, Incorporated

Central Research Laboratories / Burlington, Massachusetts

WASHINGTON, D.C. ® MONTEREY, CALIFORNIA ¢ FORT MONROE, VIRGINIA

tech/ops personnel requirements e address: Robert L. Koller

at Washington, D. C.: Unusual opportunities for qualified scientists interested in more sophisti-
cated disciplines related to mathematics, digital computer programming, operations analysis,
statistical mathematics.

at Burlington, Massachusetts: Scientists and engineers with experience in simulation tech-
niques, programming research, operations research, systems analysis, mathematical statistics,
for long-term program to provide integrated weather observing, forecasting, data handling and
transmission system.

at Fort Monroe, Virginia, Research Office: Experienced computer programmer; statistician
interested in development and use of operational simulations; senior scientist experienced in
Army weapons and support assistance.

at Monterey, California, and Honolulu, Hawaii, Research Offices: Senior mathematician-
programmer for program integration including large file maintenance and informal retrieval
problems; operations analyst to develop operational simulations and subsequent programming;
junior programmer with large computer experience.
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thermodynamic properties through the
use of statistical mechanics.

THE ASTRONOMER’S UNIVERSE, by
Bart J. Bok. Cambridge University Press
($3.75). This little book based on
lectures given at the University of Can-
berra is a readable report, designed
for the nonspecialist, on recent advances
in astronomy: problems of the solar sys-
tem, studies of stellar populations, work
on the age and evolution of the galaxies,
developments in radio astronomy.

COMPREHENSIVE ANALYTICAL CHEM-
1sTRY, edited by Cecil L. Wilson and
David W. Wilson. Elsevier Publishing
Company; D. Van Nostrand Company,
Inc., Distributors ($17.50). The first of
five volumes of a detailed reference
work covering all types of analytical
determination from the theoretical and
the practical aspects. This volume
deals with the introductory and gen-
eral material usually called classical
analysis.

ExXPERIMENTAL NUCLEAR PHYSICS,
VoLuMme III, edited by Emilio Segre.
John Wiley & Sons, Inc. ($23). Papers
on radioactive decay, alpha radioactivi-
ty, gamma rays, beta rays, particle ac-
celerators, experimental techniques,
significant facts and data, theoretical in-
terpretation.

FroMm EucLip To EppINGTON, by Sir
Edmund Whittaker. Dover Publications.
Inc. ($1.35). A paper-back reprint of
Whittaker’s Tarner Lectures of 1947, in
which he attempted to trace the develop-
ment of theories in natural philosophy
from the rediscovery of Euclid by West-
ern scholars to the present time.

A Symposium oN MOLECULAR Broro-
cy, edited by Raymond E. Zirkle. The
University of Chicago Press ($7.50).
Lectures in a seminar series and sym-
posium held at the University of Chicago
in 1956-57, dealing with various aspects
of research on the problem of explaining
life phenomena in terms of molecules
and their properties.

TexTBOOK OF PHysIcs, edited by R.
Kronig in collaboration with others.
Pergamon Press ($15). A revised Eng-
lish edition of a Dbetter-than-average
Dutch survey of classical and modern
physics, including new material on
atomic structure, instrumentation and
measurement, and medical physics. The
preceding edition, which was 10 per cent
shorter, cost only $10; why should stu-
dents be held up in this way?
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FOR ENGI/NEERS

Electrical, chemical and mechanical engineers now have
the opportunity to apply their engineering training to

the problem areas of nuclear power development by

using such tools as differential equations, digital computers
and analog computers, to solve mathematical models

of reactor and system thermodynamic conditions,

fluid system analyses and system steady

state and transient operation.

ONLY THE
COEFFICIENTS ARE
DIFFERENT

If you are an electrical, chemical
or mechanical engineer and are
interested in the career possibilities
offered by the Bettis Atomic
Power Laboratory and are a U. S.
Citizen, write to: Mr. M. |. Downey,
Bettis Atomic Power Laboratory, Box 1526,

Dept. B-z, Pittsburgh 30, Pa.

2.
3 |

Transmission Line V 1 — LC ! =
dt

Heat Conduction

Neutron Diffusion

DVO—-32a®=0

BETTIS ATOMIC POWER LABORATORY

Westinghouse

BETTER YOUR FUTURE AT BETTIS
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LuMm Cymosum aAND RerLaTep Com-
pounps. Rudolph A. Peters in Ad-
vances in Enzymology, Vol. 18, pages
113-160; 1957.




MEASURING LIFETIMES OF
EXCITED STATES OF NUCLEI
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Cut the beam of particles from an electrostatic accel-
erator into pulses one millimicrosecond long and 140
millimicroseconds apart. Allow this beam to impinge
on a target and produce nuclear excitation at precise
moments. Observe the rate of decrease of gamma-ray
emission following each pulse and from this obtain
the lifetime of the excited state.

This pulsed-beam technique has been applied at
Argonne to the study of a number of excited states
of stable and unstable nuclei. Coulomb excitation,
(p,n) and other reactions have been used to produce
the excitation. Lifetimes as short as 10-° second
have been measured.

STAFF POSITIONS AVAILABLE FOR QUALIFIED

Physical Metallurgists, Chemical Engineers, Physi-
cists, Mechanical Engineers, Metallurgical Engineers,
Chemists, Electrical Engineers, Mathematicians, Tech-

Aygonne

NATIONAL LABORATORY

Operated by the University of Chicago under a
contract with the United States Atomic Energy Commission

The graph depicts the
result of a measurement
of the mean life

(12.7 x 109 second) of
the second excited

state of iron-57 produced
by alpha particles.

Direct Inquiries To:
DR. LOUIS A. TURNER, DEPUTY DIRECTOR
P.O.BOX299-Tl * LEMONT, ILLINOIS

%
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What
makes a
missile
tick?

At Raytheon, successful design and de-
velopment of advanced missile weapons
systems are the result of a closely knit
team effort . . . the combined contributions
of many engineering minds. And at
Raytheon, Missile Engineers enjoy the
exceptional rewards and advantages of-
fered by its largest and fastest growing
division.

Location: Bedford, Mass. Suburban
New England living . . . only minutes from
Boston’s unexcelled educational oppor-
tunities. Relocation allowance. Pick your
spot on the Raytheon team. Immediate
openings for Junior and Senior Engineers
with missile experience in the following
areas:

MICROWAVE DESIGN
(Component and Antenna)

AERODYNAMICS
COMMUNICATIONS SYSTEMS
DIGITAL PROGRAMMING
GUIDANCE SYSTEMS
RADOME DESIGN
COMPUTER SYSTEMS

HEAT TRANSFER

RADAR SYSTEMS
OPERATIONS ANALYSIS
INERTIAL REFERENCE SYSTEMS
FEED-BACK CONTROL
AUTO-PILOT

GROUND SUPPORT
ELECTRONIC PACKAGING
TEST EQUIPMENT DESIGN

ELECTROMECHANICAL
ENGINEERING
(Background in missile control and
auto-pilot design)

MECHANICAL ENGINEERING
(Background in ground handling of
large missile systems)

MICROWAVE TUBE DESIGN

Please send resume to Mr. W. F. O’Melia,
Employment Manager, Raytheon Com-
pany, Bedford, Massachusetts, or call col-
lect: CRestview 4-7100, Extension 2138.

M/SS/ILE
SYSTEMS
D/IVIS/ON

—p—
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La Sciexce EXPERIMENTALE. Claude
Bernard. Librairie J.-B. Bailliere &
Fils, 1878.

THE INVENTION
OF THE ELECTRIC LIGHT

Epison. Matthew ]osephson. McGraw-
Hill Book Co., 1959.

THE LANGUAGE OF CROWS

INTERSPECIFICITE DE SIGNAUX ACOUS-
TIQUES AYANT UNE VALEUR SEMAN-
TIQUE POUR DES CORVIDES EUROPEENS
ET NORD-AMERICIANS. René-Guy Bus-
nel, Jacques Giban, Philippe Gramet,
Hubert et Mable Frings et Joseph
Jumber in Comptes rendus hebdoma-
daires des Séances de I’Académie des
Sciences, Vol. 245, No. 4, pages 105-
108; 1 Juillet, 1957.

PRELIMINARY STUDIES ON THE USE OF A
SpPECIFIC SOUND TO REPEL STARLINGS
(STUurRNUS vULGARIS) FROM OBJEC-
TIONABLE Roosts. Hubert Frings and
Joseph Jumber in Science, Vol. 119,
No. 3,088, pages 318-319; March 5,
1954.

THE PROCESS OF SONG-LEARNING IN THE
CHAFFINCH AS STUDIED BY MEANS OF
THE Souxp SpEcTrROGRAPH. W. H.
Thorpe in Nature, Vol. 173, No. 4,402,
pages 465-469; March 13, 1954.

ReEAcTIONS OF AMERICAN AND FRENCH
Species orF Corvus AND Larus ToO
RECORDED COMMUNICATION SIGNALS
Testep RecrprocaLLy. Hubert and
Mable Frings, Joseph Jumber, René-
Guy Busnel, Jacques Giban and
Philippe Gramet in Ecology, Vol. 39,
No. 1, pages 126-131; January, 1958.

Recorpep CaLrs oF HerrinG GuLLs
(LARUS ARGENTATUS) AS REPELLENTS
axD ATTRACTANTS. Hubert Frings,
Mable Frings, Beverley Cox and Lor-
raine Peissner in Science, Vol. 121,
No. 3,140, pages 340-341; March 4,
1955.

HIGH-ENERGY COSMIC RAYS

DISTRIBUTION OF ARRIVAL TIMES OF AIR
SHoweR ParTIcLES. P. Bassi, G. Clark
and B. Rossi in The Physical Review,
Vol. 92, No. 2, pages 441-451; Octo-
ber 15, 1953.

AN EXPERIMENT ON AIR SHOWERS PRro-
pucep BY HicH-ENERGY Cosmic Rays.
G. Clark, J. Earl, W. Kraushaar, ]J.
Linsley, B. Rossi and F. Scherb in
Nature, Vol. 180, pages 353-356,
August 24, 1957; and pages 406-409,
August 31, 1957.

FrucruaTtions oF THE ELECcTRON-PHO-
TON CAascADE—MOMENTS OF THE Dis-



NUCLEAR PRUGRESS at Air Force Plant 67

Now in operation on a 20 square mile tract of hilly, 1solated Above aerial view shows the housmg of the 10 megawatt reactor
woodland in the north Georgia mountains, the Georgia Nuclear and the six railroad tracks, leading into building, over which sys-
Laboratories is the nation’s only facility which can perform and tems and components can be transferred to the reactor for above-
evaluate radiation-tests on complete operating subsystems —and ground irradiation. The reactor is controlled, and TV-monitored
other large components — with thoroughness, accuracy and speed. from a nearby underground Reactor Operations building.

10 megawatt reactor (shown above) can irradiate six flatcar Disassembly of irradiated subsystems takes place in one of four
loads of subsystems and components simultaneously in actual huge completely equipped hot cells of Radiation Effects Labora-
operational environments. Throughout the irradiation testing, data  tory—to which they are moved by flatcar. Hot cells are supported
is gathered through 1200 channels and recorded for processing. by warm labs and shops for analysis of the irradiated components.

LOCKHEED NUCLEAR PRODUCTS

GEORGIA DIVISION: DAWSONVILLE, MARIETTA, ATLANTA

LOCKHEED
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PHYSICS IN ELECTRONICS

A challenging opportunity is offered for participation in a

rapidly growing research program using revolutionary new

methods for the synthesis of semiconductors, dielectrics, ferro-

magnetics, and other electronic materials.

A Ph. D. or equivalent experience in one of the physical

sciences is required. Equally important is the ability and initiative

to carry out independent research.

The position is in a new growth field for 108-year-old Corning

Glass Works, recognized for its pioneering research achievements.

New modern laboratories are located in the heart of the beautiful

Finger Lakes Region.

For full information, write to Mr. James L. Knapp, Staff Man-

ager, Research and Development Division.

CORNING GLASS WORKS

Corning, N. Y,

B - ' P

H

NEW RESEARCH CENTER o
NEEDS PHOENIX

ELECTRONIC AND MECHANICAL N

ENGINEERS !

X

FOR

ADVANCED AUTOMATION PROJECTS

A large well-known company
offers research and development
opportunities in rubber and
plastics.

Work is by nature creative and
challenging. Incentive plans are
in operation for the recognition
of personal contributions to
company profits.

Ideally located in the foothills of
the Ramapo Mountains in north-
ern New Jersey—only 40 min-
utes from New York City.

Applicants who possess BS and/
or MS in electrical or mechanical
engineering are urged to write
Box 1904, Grand Central Sta-
tion, New York 17, N. Y., stating
experience and salary require-
ments.

At the crossroads of opportunity for men with
vision in Electronic Engineering.

|

| GOODYEAR

\ AIRCRAFT

 CORPORATION
ELECTRONIC LABORATORY

OPENINGS FOR HANDBOOK

WRITERS AND ILLUSTRATORS.
ALSO FOR SR. ENGINEERS IN
RELIABILITY, ENVIRONMENTAL
TEST AND GROUND SUPPORT.

Long range research and
development projects.
studies available under
financed evening courses.

LEISURE LIVING AT ITS BEST
“IN THE VALLEY OF THE SUN”

| Send resume to: A. E. Manning

Engineering and Scientific Personnel
 GOODSYEAR AIRCRAFT

LITCHFIELD PARK
| PHOENIX, ARIZONA

Similar opportunities available in our
ron, Ohio, Laboratory

‘ Graduate company
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TRIBUTION. L. Janossy and H. Messel
in The Proceedings of the Physical
Society, Section A, Vol. 63, Part 9,
No. 369A, pages 1,011-1,115; Sep-
tember 1, 1950.

WHERE Do Cosmic Rays COME FROM?
Bruno Rossi in Scientific American,
Vol. 189, No. 3, pages 64-88; Septem-
ber, 1953.

INSECTS AND PLANT GALLS

ABNORMAL PranT GrowTH. Robert
Bloch in Brookhaven Symposia in
Biology, No. 6, pages 41-54; 1954.

THE NATURE OF THE STIMULUS IN THE
Soripaco GAaLL INDUCED BY THE
Larva oF TROUINOSCHEMA GALLAE
SoLipacinis. Edwin G..Beck in Brook-
haven Symposia in Biology, No. 6,
pages 235-251; 1954.

| PLANT TuMORS AND THEIR RELATION TO

CaNCEeR. Michael Levine in The Bo-

tanical Review, Vol. 2, No. 9, pages

439-452; September, 1936.

THE IDEA OF MAN’S ANTIQUITY

A HunDRED YEARS OF ANTHROPOLOGY.
Thomas Kenneth Penniman. Duck-
worth & Co., Ltd., 1952.

THE TESTIMONY OF THE SPADE. Geoffrey
Bibby. Alfred A. Knopf, 1956.

MATHEMATICAL GAMES

ExpPERIMENTAL DESIGN AND ITS STATIS-
TICAL Basis. David John Finney. Uni-
versity of Chicago Press, 1955.

O~ THE Fausity oF EuLer’s Conjec-
TURE ABOUT THE NON-EXISTENCE OF
Two ORTHOGONAL L ATIN SQUARES OF
Orper 4t+2. R. C. Bose and S. S.
Shrikhande in Proceedings of the Na-
tional Academy of Sciences, Vol. 45,
No. 5, pages 734-737; May, 1959.

OrTHOGONAL LATIN SqQuUares. E. T.
Parker in Proceedings of the National
Academy of Sciences, Vol. 45, No. 6,
pages 859-862; June, 1959.

PranninG oF ExperiMENTS. D. R. Cox.
John Wiley & Sons, Inc., 1958.

THE AMATEUR SCIENTIST

|

AMATEUR TeELEscorE Makinc. Edited
by Albert G. Ingalls. Scientific Ameri-
can, Inc., 1943.

AMATEUR TELESCOPE MAKING AbD-
vancep. Edited by Albert G. Ingalls.
Scientific American, Inc., 1944.

PrROCEDURES IN EXPERIMENTAL PHYSICS.
John Strong, H. Victor Neher, Albert
E. Whitford, C. Hawley Cartwright

| and Roger Hayward. Prentice-Hall,

| Inc., 1938.




Ins’[a nt ContrOI Of SAC’S From this underground control center near Omaha

I b I f the Strategic Air Command directs global operations.

g obal force SAC commanders can contact instantly all
world-wide key bases as well as distant flight
missions by an adaptation of a radio technique
known as single sideband. Practical use of this

technique was made possible by research of Collins
Radio Company whose air and ground SSB radio
communication system serves as one of the major
lifelines for SAC’s operational efficiency.

= Coifins

COLLINS RADIO COMPANY . CEDAR RAPIDS, IOWA . DALLAS, TEXAS . BURBANK, CALIFORNIA
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Direct conversion of heat to electricity may point the way towards more economic power production. At General Atomic
Division of General Dynamics an expanding research program in thermoelectricity is underway for both civilian and military
applications, including the study of high-temperature direct conversion devices and their behavior in nuclear reactor environments.
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